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(1) Goals: As an international journal published both in print and on
internet, The Journal of American Science is dedicated to the
dissemination of fundamental knowledge in all areas of nature and
science. The main purpose of The Journal of American Science is to
enhance our knowledge spreading in the world. It publishes full-length
papers (original contributions), reviews, rapid communications, and
any debates and opinions in all the fields of nature and science.

(2) What to Do: The Journal of American Science provides a place
for discussion of scientific news, research, theory, philosophy,
profession and technology - that will drive scientific progress.
Research reports and regular manuscripts that contain new and
significant information of general interest are welcome.

(3) Who: All people are welcome to submit manuscripts in any fields
of nature and science.

(4) Distributions: Web version of the journal is opened to the world.
The printed journal will be distributed to the selected libraries and
institutions. For the subscription of other readers please contact with:
editor@americanscience.org or americansciencej@gmail.com or
editor@sciencepub.net

(5) Advertisements: The price will be calculated as US$400/page, i.e.
US$200/a half page, US$100/a quarter page, etc. Any size of the
advertisement is welcome.

2. Manuscripts Submission

(1) Submission Methods: Electronic submission through email is
encouraged and hard copies plus an IBM formatted computer diskette
would also be accepted.

(2) Software: The Microsoft Word file will be preferred.

(3) Font: Normal, Times New Roman, 10 pt, single space.

(4) Indent: Type 4 spaces in the beginning of each new paragraph.

(5) Manuscript: Don’t use “Footnote” or “Header and Footer”.

(6) Cover Page: Put detail information of authors and a short title in
the cover page.

(7) Title: Use Title Case in the title and subtitles, e.g. “Debt and
Agency Costs”.

(8) Figures and Tables: Use full word of figure and table, e.g.
“Figure 1. Annul Income of Different Groups”, Table 1. Annual
Increase of Investment”.

(9) References: Cite references by “last name, year”, e.g. “(Smith,
2003)”. References should include all the authors’ last names and
initials, title, journal, year, volume, issue, and pages etc.

Reference Examples:

Journal Article: Hacker J, Hentschel
Prokaryotic chromosomes and
2003;301(34):790-3.

Book: Berkowitz BA, Katzung BG. Basic and clinical
evaluation of new drugs. In: Katzung BG, ed. Basic and clinical

U, Dobrindt U.
disease. Science

pharmacology. Appleton & Lance Publisher. Norwalk,
Connecticut, USA. 1995:60-9.
(10) Submission Address: editor@sciencepub.net, Marsland

Company, P.O. Box 21126, Lansing, Michigan 48909, The United
States, 517-980-4106.

(11) Reviewers: Authors are encouraged to suggest 2-8 competent
reviewers with their name and email.

2. Manuscript Preparation

Each manuscript is suggested to include the following components but
authors can do their own ways:

(1) Title page: including the complete article title; each author’s full
name; institution(s) with which each author is affiliated, with city,
state/province, zip code, and country; and the name, complete mailing
address, telephone number, facsimile number (if available), and e-mail
address for all correspondence.

(2) Abstract: including Background, Materials and Methods, Results,
and Discussions.

(3) Key Words.

(4) Introduction.

(5) Materials and Methods.

(6) Results.

(7) Discussions.

(8) References.
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The Geology and Geochemistry of Metavolcanic Rocks from Artoli
Area, Berber Province, Northern Sudan: An Implication for
Petrogenetic and Tectonic Setting
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Abstract: The study investigates the geology and the rock geochemistry across an area of about 1250 km2 in the
vicinity of Artoli village, Berber Province, Northern Sudan, in order to determine the petrographic characteristics of
the rock assemblages, their original protoliths and tectonic environment. Field and laboratory works have revealed
that the study area is entirely underlain by crystalline Proterozioc basement complex, which comprises dominantly
low-grade schistosed metavolcanic rocks and minor high-grade metasediments, intruded by voluminous granitiod
batholiths and covered locally by Tertiary and Recent sediments. The metavolcanics are originally rocks of variable
compositions mostly of basic, intermediate to intermediate-acidic volcanic rocks parentage as confirmed by the
chemical classification, which classified them as differentiated rocks of andisites, basaltic-andisites with lesser
amount of dacites and basalts. The discrimination diagrams constructed enabled to identify the metavolcanic rocks
of the area as sub-alkaline volcanic series carrying evolutionary trends of calc-alkaline affinity in a plate tectonic
setting related to island arc environment. The overall geological and geochemical characteristics of the Artoli
metavolcanic rocks provided essential evidence indicating that the area is a part of the westernmost Nubian Shield,
as the features are consistent with the arc accretion models postulated in Sudan, Egypt and Saudi Arabia for the
Neoproterozoic evolution of the Arabian-Nubian Shield. [Journal of American Science 2010;6(8):1-13]. (ISSN:

1545-1003).

Keywords: Artoli; Tectonics N Sudan; Artoli Metavolcanics; Geochemistry ANS

1. Introduction

In NE Sudan, there are a number of
Precambrian terranes of exposed metamorphic rocks
(Fig. 1B); among these is the Artoli area, which
constitutes the study area for this research. It lies
some 56 km northeast of the River Nile coastal city
of Atbara in Berber Province, N Sudan, between
latitudes 18° 11" and 18° 20" N and longitudes 33° 55
and 34° 05" E, (Fig.1A) and covers an area of about
1250 km2.

The area and the adjacent terranes are not
only of important academic interest in their own
right, but also are related to an evolution of
auriferous gold mineralization. Only few regional
studies were conducted on this suite of rock series,
therefore, documented systematic field, geochemical,
and geochronological studies are needed in order to
provide a better understanding of the mode and
nature of tectonic and geological evolution of the
area and its associated ore deposits. In this study, the
local geochemical and petrographic details of the
metavolcanic rocks integrated with their field
observations are provided in an attempt to determine
the geochemical affinities and tectonic significance
of the area within the Arabian-Nubian Shield and
Saharan Metacraton realms.

http://www.americanscience.org

The Artoli area is located at the southern end
of the Keraf-Suture (KSZ) and between the high-
grade gneissic terrane of the Bayuda Desert in the
west and the spurs of the Red Sea Hills in the east,
thus, it is sandwiched between the reworked older
crust of Sharan Metacraton and the Neoproterozoic
juvenile, accreted arc terrane of the Arabian-Nubian
Shield (Kroner, et al., 1987a; and Stern, 1994, Fig.1).

The Saharan Metacraton is a heterogeneous
continental ~ crust, containing  abundant  pre-
Neoproterozoic rocks with intense Neoproterozoic
remobilization, dominated by high-grade gneisses,
migmatites and supracrustal rocks of ensialic
geochemical affinities (Kroner, et al., 1987a; Kister
and Liégeois, 2001; Abdelsalam, et al., 2002).

The eastern boundary of the Saharan
Metacraton in northeastern Sudan is defined by the
N-S trending, ophiolite-decorated, 500 km-long and
30-150 km wide structural belt of Keraf- Suture zone
(KSZ) (Fig. 1A). This suture has been interpreted as
an arc-continental, tectono-lithological suture that
resulted from NW-SE oblique collision between the
Saharan Metacraton and the Arabian-Nubian Shield.
The (KSZ) has rock assemblage comprising; high to
medium- grade gneisses, siliciclastics, carbonate-rich
low-grade  metasediments,  ophiolitic  nappes,
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molasse-type sediments and post-tectonic granitoids,
(Abdelsalam et al., 2002).

The Arabian-Nubian Shield (ANS) is the
northern sector of the East African Orogeny formed
in the Pan-African (1100-500 Ma: Kennedy, 1964;
900-450 Ma: Kroner, 1984). It comprises a vast
expanse of Neoproterozoic juvenile oceanic island
arc crust extending from southern Israel through
western Arabia, eastern Egypt and northeastern
Sudan into Eritrea and Ethiopia and bordered on the
west and east by older cratonic crust. The arc terranes
are believed to be intra-oceanic island arc/back arc-
basin complexes (Stern et al., 1994 and Kroner et al,
1987a). The Present widely accepted idea on the
geotectonic crustal evolution of the ANS is that it has
been developed by lateral crustal growth dominated
by subduction-related processes and ensimatic arc
construction through preponderate role of repeated
plate boundary convergence, formation of intra-
oceanic island arc system, subsequent ocean closure,
amalgamation of the arc complexes and accretion to
continental crust (Stern, 1994).

Figure 1. Locality map for; (A): A part of NE Sudan
showing major terranes and important suture zones;
(B): Artoli area

2. The Geology of the Study Area

The greater part of the Artoli area is
underlain by crystalline basement rocks, exposed in
most parts of the area except the western most (Fig.
2). The basement rocks comprise a series of spatially
overlapping metamorphosed complex of schists and
gneisses of volcanic and sedimentary origin cut by
various generation of syn, to late-orogenic intrusive
grainitiods and post-orogenic minor intrusions, all
covered locally by Nubian sands and Recent
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superficial deposits. The contact relations among the
rock types are obliterated by metamorphism and
deformation, hence, integration of obvious
lithological difference, metamorphic extents, field
appearance and structural styles were used to classify
the rock succession of the area into the following
units (Fig. 2):

2.1 High-grade Metasedimentary Rocks (Paleo-
Proterozoic)

Poorly defined and nearly continuous
exposures of mostly high-grade metasedimentary
rocks develop in the western part of the map area as a
local inlier in a narrow belt extending in N-S
direction (Fig. 2). The sedimentary origin of this
suite, which is obvious in the field by its
heterogeneous nature, frequent intercalation feature,
and the short-distance facie change, is also confirmed
by the geochemical and petrographic data. There is
no sufficient field evidences for precise contact
relations between this suite ant the other groups, as
the underlying group is not exposed and the contacts
with the overlying rocks are extensively modified by
superimposed deformation and metamorphic events
and obliterated by screes and alluvial deposits.
However, the suite everywhere studied in the region
ascertained to be disconformably overlying the high-
grade gneisses and structurally overlain by the Low-
grade volcano sedimentary series (Almond, 1982).
The suite comprises variably interbedded lithologies
of  biotite-gneiss,  quartzo-feldspathic  gneiss,
quartzite, marbles and amphibolites.

The biotite-gneiss, in general, is leucocratic
to mesocratic, medium-grained rock exhibiting
moderate gneissic layering in a NW-SE direction
coinciding with the regional trend defined by parallel
alignment of biotite and hornblende alternating with
elongated quartz and plagioclase grains. Under the
microscope the gneiss shows a simple mineral
assemblage composing of angular to subangular
quartz crystals within predominate orthoclase
feldspars and minor plagioclase (Albite- oligoclase
composition); both may be altered to turbid sericite.
Of the mafic minerals, oriented yellow biotite flakes
by far exceed green hornblende, muscovite and
garnet. Fe-oxides are unmissed with apatite and
opaques as accessories.

The quartzo-feldspathic gneiss is exposed
along dry streams with the above unit at the central-
west part as rather all-weathered surfaces concealed
under variable thickness of alluvial sands and lag
deposits. It is medium to coarse-grained, light to
grayish and with detectible gneissic banding in a NW
trend. Pterographically, consists of quartz, feldspars,
yellowish brown biotite, few flakes of muscovite and
prisms of hornblende. Secondary minerals of epidote,
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sericite and chlorite are commonly developed after
mafic minerals. Accessories of apatite, zircon, sphene
and iron oxides are also conspicuous.

Quartzitic rocks are encountered in the
eastern and the central parts of the map area as
relatively outstanding ridges extending in a NE
direction for considerable distance probably tracing a
linear regional pattern representing fault zone (Fig.
2). The quartzites are compact, brecciated rocks or
may be banded (Umtrambeish area), varying from
white to ferruginous reddish brown or grey varieties.
In thin section, they show abundant stout granular
quartz crystals besides, few silvery muscovite flakes,
plagioclase and K-feldspars.

Marbles occur in most parts of the area
especially in the eastern part as irregular bands or
thin layers of lenticular and tabular-shaped bodies,
seldom exceed a few meters wide (0.5- 8m). Most
marbles are medium to coarse-grained, massive rocks
ranging from pure sugary white to impure shaded,
dark gray, yellowish brown or buff coloured.
However, the pure varieties show granoblastic
texture, the sheared ones may show distinct
cataclastic textures. 70-80 % of the rock composition
is interlocking crystalline calcite with clear twin
lamellae and the remaining is mostly equigranular,
fine-grain quartz, sericite and plagioclase. Some mica
and epidote are accessories.

Sporadic lens-shaped and patches of
amphibole-rich rocks are observed in the NW part
intercalating with the plutonic suite in a rather
crosscutting relation and conformable with the
adjacent metasediments. They are generally
recognized by their dark to dark gray colour and
medium-grained texture, and commonly show
megascopic preferred mineral segregation banding in
accord with regional trend emphasized by preferred
orientation of hornblende prisms and aligned felsic
minerals. The amphibolites disclose granoblastic
texture and a mineral association comprising;
hornblende, plagioclase and quartz as essentials,
chlorite, epidote, sericite and biotite as secondary and
sphene, apatite, zircon, iron oxides, garnet and pyrite
as accessories ones.

2.2 The Ophiolitic Rocks (Neoproterozoic)

The occurrence of numerous dismembered
fragments of obducted oceanic crust along generally
NE-SW or NNE-SSW trending major belts
representing suture boundaries of once existed
island-arc system in the Arabian-Nubian Shield (Fig.
1A) became a general agreement among geologist
nowadays (Fitches, et al, 1983; Hussein et al., 1984;
Abdel Rahman, 1993). Although, Abdel Rahman,
1993, confirmed the occurrence of this suite in the
study area but the present account is based merely on
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few insufficient filed observations, as the suite
mostly lies outside the mapped area.

The term ophiolitic suite used here refers to
an integrated assemblage of altered rocks found a
long pinching and swelling belt (thrust bounded
sheared zone) within the low-grade sequence. They
represented by carbonated and serpentinized
ultramafic tectonic sequence (pyroxinite and
peridoditre) and retrogressed cumulous metabasic
rocks mainly gabbros and banded ampbhibolites
accompanied by altered sheeted doleritic dykes, lavas
and deep sea-water sediments (Phyllitic rocks, chert
and iron-rich quartzite) which may represent
scattered ophiolitic fragments.

The mentioned lithologies are neither found
in one stratigraphic unit nor as pure compositional
varieties. The mafic-ultramafic rocks are found at
scattered localities southeast and east Umtrambiesh
area as strongly altered rocks of talc, talc-chlorite and
chlorite-actinolite schists and serpentinites. Sheeted
dykes and lavas are of great scarcity, as only
scattered minute lensiod pods of lava and very small
and highly altered sheets of doleritic composition
found just southeast the bend of Wadi Dar Tawai

(fig. 2).

2.3 Low-Grade Schistosed Metavolcanics Rocks
(Neoproterozoic)

In the study area, a wide distribution of low-
grade, green schist facies rocks that are predominant
metavolcanics associated with relatively minor
sedimentary units encountered exposed in the
neighborhood of Umtrambeish ore field, in addition
to small sporadic outcrops in the granitoids plain to
the north (fig. 2). This group of rocks usually has a
gradational boundary with the underlying units and
includes metamorphosed basic to intermediate-acidic
volcanic rocks that show varying degrees of
deformation, ranging from massive, undeformed
bodies to strongly schistosed rocks. Most of them are
fine-grained  with primary volcanic textures
(porphyritic and sometimes amygdaloid) still
recognizable. Under the microscope, most rocks
contain quartz, sericitized plagioclase, chlorite and
actinolite, besides K-feldspar, opaques, calcite and
some rare relict pyroxene. This mineral assemblage
and the shown textures are indicative features of
green-schist facies metamorphism of originally
volcanic rocks. Based on field and petrographic data,
theses schistosed rocks are classified into; quartz-
mica schist, sericite-chlorite schist and actinolite-
schist.

The quartz-mica schists characterized by
clear microfolds, crenulation cleavages, nearly
vertical dips and well defined schistosity. They are
gray to light-greenish gray coloured rocks of fine
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texture and often disclose a typical low-grade mineral
assemblage comprising; quartz, chlorite, muscovite,
minor biotite, and subordinate sericite, plagioclase,
epidote and calcite with common accessories of
sphene, apatite, iron-oxides and garnet.

The sericite-chlorite schist is greenish to
greenish-gray coloured rock of fine-grain texture and
exhibits profound schistosity. Minerogically, it shows
lepidoblastic to garnoblastic appearance in sericite,
chlorite, plagioclase, quartz and minor biotite,
besides epidote, iron oxides and calcite with
accessory minerals of apatite, and pyrite.

The actinolite-schists are fine-gained green-
coloured rocks found predominantly around
Umtrambeish ore area. Under the microscope, they
show almost a complete alteration testified by the
high abundance of green minerals. The mineral
assemblage is a combination of irregularly oriented
bright green actinolite, elongated and highly altered
plagioclase, dragged crystals of quartz, aggregated
epidote, turbid and anhederal crystals of calcite,
small, spindle-shaped granules of sphene and
rounded apatite.

2.4 Syn, to Late-Orogenic Grainitiod Rocks
(Neoproterozoic)

Vast masses of intermediate to acidic
granitoids constitute a characteristic and dominant
element of the basement rocks of the area, especially
in the N and NE sectors, where they form about 50 %
of the outcrops. This granitoid suite is believed to be
a product of larger plutons of syn, to late-orogenic
igneous activities in the late Proterozioc time that
have been emplaced in both the high and low-grade
sequences as evident from their xenolithic contents.
Based on field and petrographic evidences, they are
generally range in composition from quartz diorite,
granites to micro-granites, but predominantly are
hornblende granodiorites (Fig. 2).

Quartz dioritic rocks occur as excellent
exposures of low to moderate relief in the NW part of
the mapped area. Macroscopically, they are gray
coloured rocks usually devoid of pervasive foliation,
but the intense deformation caused some verities to
develop a slight banding. Petrographically, they are
coarse hypidiomorphic rocks in which felsic minerals
constituent more than 60 %, of which quartz form
about 10 %, the other minerals are slightly sericitized
plagioclase, coarse subhedral hornblende, as main
primaries, oriented pale-brown pleochoric biotite,
mostly untwined orthoclase and perthites as minor
phase and sphene, zircon, apatite, pyrite and
magnetite as accessories. Secondary minerals are
sericite, chlorite, epidote and carbonates.

Granodiorites constitute a wide range of
rocks found in association with minor granites in the
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central part of area (Fig. 2). The rocks are medium to
coarse-grained, gray to grayish dark in colour and
mostly altered and deformed types to the extent that
all gradation from the moderately massive to
completely foliated types exist. Microscopic
observation revealed coarse hypidiomorphic granular
texture and disclosed main mineral phases in order of
decreasing abundance; extremely altered (to sericite
and chlorite) plagioclase, pleochoric prisms of
hornblende, quartz (form about 10 %), oriented pale
to dark-brown pleochoric biotite, sericite, chlorite,
small columnar epidote, highly sericitized and
discontinuously zoned k-feldspar, perthites, opaques,
sphene, hexagonal apatite, actionlite, zircon and
kaolin.

Granites and few micro-granites constitute
only minor phases within the granodiorite sequence
and believed to be emplacement products of the last
intrusion phase to which the area was subjected. The
granites are coarse to medium-grained, light to gray
rocks; most of them are intensely deformed and
sheared to the extent of foliation and partial
destruction of the granitic features. Under the
microscope, they show a porphyritic texture formed
by pink K-feldspar phenocrysts in affine cloudy
quartz and feldspar matrix associated with lesser
amount of mafic minerals; sub-hedral flakey, brown
biotite, green hornblende, chlorite, epidote and
sericite and accessories of zircon, apatite and iron
oxides.

2.5 Post-Orogenic  Minor Intrusive rocks
(Paleozoic / Early Mesozoic)

Commonly numerous quartz veins and
lesser amounts of pegmatitic bodies together with
scarce basic an acidic dykes are observed invading
the country rocks throughout the area. Occurrence of
these bodies with the associated alteration features
suggests an intense hydrothermal activity. They are
strongly deformed, broadly discordant, and irregular
or lensiod bodies maintaining a common sinuous
feature expressed mainly through swinging along N-
S and NE-SW directions with steep dip westwards. In
the field, the pegmatites seem to be older than most
generations of quartz veins as they found terminating
against some quartz veins.

The pegmatites are very coarse-grained
massive rocks made up essentially of aggregates of
coarse crystals of alkali-feldspar (orthoclase and
microcline), quartz, some plagioclase, few mica
flakes, tourmaline and apatite.

A number of scattered acidic and basic
dykes are found cutting the different units of the
basement complex. They are generally short and
narrow bodies (0.5-1.0 m in width and rarely
traceable for more than 3 m) occurring in contrast
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colour with host rocks. Lithologically, typical
granitic dykes (aplitic and granophyric) predominate,
though dark and fine-grained basic dikes are also
present.

The quartz veins represent an important
episode in the history of the area since their
emplacement was connected with the hydrothermal
activities that brought about the gold mineralization.
They are of variable sizes ranging from stringers,
pods and narrow veins up to wide ones. A close
examination reveals that more than a generation
exists in the area; (1) the first one comprises early
and widespread veins that are mainly concordant,
deformed and folded with enclosing rocks (more than
200 m in length, few cm to 3 m width). The veins of
this type exhibit varying colours, white, grey, milky,
smoky, yellowish, brown, reddish or stained greenish
depending on weather the quartz is pure,
contaminated or stained by iron oxides or malachite.
This type seems to be introduced along major
structures and older shear zones. The veins are
characterized by pinching and swell feature laterally
and vertically and are associated with the main gold
mineralization in Umtrambiesh area. (2) The second
generation represents a younger phase of less
abundant wveins with more wider dimensions
compared with the first generation, found striking in
NW-SE or E-W direction, and occur as
discontinuous, crashed and patchy bodies. This type
of veins is often barren clean whitish quartz with
some tourmaline crystals. Some smoky, gray and
pink types are present.

2.6 The Sedimentary Cover (Mesozoic - Recent)

Sedimentary rocks assigned to the formally
Nubian Sandstone Formation occur in the area as local
outlier chiefly confined to a narrow land-strip stretched
parallel to the eastern bank of the Nile. Most surface
spreads of the formation are deeply covered with
superficial deposits and loose rock screes. The
sediments as else where, in he country, comprise
undeformed, unmetamorphosed and bedded sequence
that uncomfortably overlie the basement complex in a
flat-lying attitude. Field and petrography revealed that
the greater bulk of these sediments consist of medium
to coarse-grained and variously cemented sandy facies
of multi-colours (white, gray, dark, yellowish and
brown), the coarser verities are always occupy the basal
parts in fining upward sequence with rare true
conglomerates.

Recent/Pleistocene superficial deposits
uncomfortably overlie the above sediments and the
underlying basement rocks. Gray to grayish dark heavy
overburden of sandy clay and silty mud cover the Nile
islands and the flood plains bordering it. The present-
day beds of the dried-up streams have their floors
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covered by thin reddish to dark grayish loams and
sandy clays of flush plain type mostly, coarse remnants
of water-worn sediments comprising sub-angular to
sub-rounded gravels.

18 20

1815

%1

al”] Seasonal [ 27| quartzvein |-
— matite

-~ o Bl

iR granite Amphlbolite

P es
e
5 Marble

i ranodlorite uartz fald-
e $iLE1 Quartz . spathic gneiss
s o) dlorite Quartzite

w o
o - ERE

= Axial trace @ 2= 2= ===

_ of a fold

Figure 2. Geological map of the study area.

3. Material and Methods

Several representative samples encompassing
the compositional and spatial range of metavolcanic
rocks were collected during surface mapping from the
Artoli area. Thirty-two samples were petrographically
selected for whole-rock chemical analyses.

The samples were submitted through Rida
Mining Company, Sudan to the ACME Analytical
Laboratories, Vancouver, Canada for analytical work
and calibration against international standards. The
analytical results are listed in tables 1 and 2.

Whole rock element compositions were
determined using inductively coupled plasma-atomic
emission spectroscopy (ICP-ES) technique at ACME
Analytical Laboratories, after lithium metaborate
[tetraborate fusion and dilute nitric acid digestion of
rock powder. Replicate analyses for some major and
trace elements for some key samples were carried out
by X-ray fluorescence spectrometry technique (XRF)
following standard techniques and using a Phillips
Venus 200 XRF instrument at the analytical
laboratories of the Geological Research Authority of the
Sudan (GRAS).

All major element values cited in table 1, and used in
plots, were recalculated to 100 % on an anhydrous
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basis. Loss on ignition (LOI) was determined from
total weight loss after repeated ignition of the
powdered samples at 100 °C for 1 hour and cooling.
Satisfying analytical accuracy was achieved by using
replicate analyses and compared with rock standards.

4. Rock Geochemistry and Tectonic Setting

The major, trace and rare earth elements
abundance of the 32 whole-rock samples of the rocks
believed to be metavolcanic from the area are shown
in tables 1 and 2. These data are used in construction
of several discrimination and variation diagrams in
order to classify the rocks, decipher their
geochemical nature and depict the tectonic setting of
the area.

For specification of suitable discrimination
and variation diagrams to be wused, field and
petrographic evidences were utilized in combination
with geochemical data screening through TiO, versus
SiO, diagram of Winchester and Max, 1984 and
P,Os/TiO, vs. MgO/CaO diagram after Werner,
1987, both discriminated the rocks as of magmatic
origin, (Fig. 3).
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Figure 3. (A): P,Os/ TiO, vs. MgO / CaO diagram
after Werner (1987); (B): SiO, vs. TiO, after
Winchester and Max, 1984, diagram for
discriminating between magmatic and non-magmatic
rocks. (Symbols: Closed triangle red = Basalt, closed
circle blue = Andesite, closed cubic box green =

Dacite and cross pink = Rhyodacite)

4.1 Chemical Alteration and Element Mobility

In fact, all analyzed samples from the
studied units are altered to some extent due to the
low-grade  metamorphism  and/or  extensive
deformations, as reflected in the concentrations of the
more mobile elements and the moderate loss on
ignition (LOI) values (Table 1). Thus, it is likely that
the present-day geochemical signature of these rocks
may not be the same as the protoliths at the time of
formation (lrvine and Green, 1976; Alfred and
Michael, 1989). Therefore, and in order to elucidate
the possible alteration effects of metamorphism and
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deformation, element mobility is noticed through
plotting major and selected trace elements against
Silica (SiO, wt %), Harker variation diagrams (Fig.
4), which show that compatible major oxides (MgO,
TiO,, Fe,Ost, MnO, Aleg), P,0Os5 and CaO have
normal, correlated and continuous differentiation
trends, as they tend to decrease systematically with
SiO, increases, (This suggests olivine, pyroxene,
magnetite, and calcic plagioclase were major
fractionating phases during evolution of the magma).

Sr, Ni, Zr, Y, Ba and Cr demonstrate no
clear variation with SiO,, where they remain nearly
unchanged particularly in the acid varieties, thus they
were probably immobile during metamorphism and
other alteration processes. Some trace elements show
slight gradual increase in their contents up to a
maximum value of approximately 60 wt. % SiO,
after which a decrease occurs with increasing SiO.. It
is evident from the figures 4-9 that, in spite of the
low-grade metamorphism and deformation, some
major and trace element signatures can be used for
deciphering the original protoliths and tectonic
environment.
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Figure 4. Harker variation diagrams; silica (SiO, wt
%) plotted against a range of major (in wt %) for the
metavolcanic rocks of the study area. (Symbols: as in
Figure 3)

4.2 Major Element Characteristics

The major element chemistry data used with
selected immobile trace and rare earth elements
showed indicative characteristics, in spite of their
known limited validity in classification schemes for
altered and metamorphosed volcanic rocks (Alfred
and Michael, 1989).

Some major element concentrations span a
wide compositional range (table 1), with silica SiO,
(47.58 - 72 wt %), MgO (3.33 — 8.82 wt %) and MnO
(0.03 - 0.82 wt %) suggesting diverse protolith.
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Table 1. Major Elements Data of the Metavolcanic Rocks from Artoli Area

Sample  sj0, Ti0, ALOs Fe:0s MnO MgO CaO NaO K:O0 P.0s L.O. Total
Amvl 70.78 0.60 1093 496 008 333 6.44 111 0.89 0.80 15 101.42
Amv2 5279 0.71 17.14 12.13 0.16 7.96 7.89 0.09 0.90 0.60 1.0 101.37
Amv3 72.00 0.40 1439 485 0.03 323 419 059 139 0.84 1.6 10351
Amv4 5198 050 1449 7.62 028 559 115 179 050 0.79 3.9 98.940
Amvd 5170 060 1350 10.6 0.17 7.29 1171 1.77 080 0.77 1.5 100.41
Amv6  48.33 0.22 14.02 12.01 0.17 1498 7.07 2.09 090 059 2.09 10247
Amv7 4958 0.36 16.46 10.10 0.16 853 11.37 1.65 0.84 0.37 1.9 101.32
Amv8 60.29 049 1547 7.92 031 442 7.12 319 080 0.13 0.9 101.04
Amv9 5328 0.86 13.15 11.36 0.09 8.82 11.88 0.90 0.80 0.38 0.8 102.32
Amvl0 52,17 051 1514 7.75 015 6.65 121 089 0.70 0.42 3.9 100.38
Amvll 50.10 0.58 1564 877 022 791 9.66 098 0.90 0.61 3.5 98.870
Amvl2 5945 0.86 16.25 6.18 0.12 363 6.11 3.60 1.32 0.23 2.1 99.850
Amvl3 5250 0.72 1583 8.98 0.18 6.88 9.98 272 1.08 0.25 0.6 99.720
Amvl4 6213 0.64 1551 7.18 0.13 595 593 252 1.19 0.28 1.3 102.76
AmvlS 5518 0.78 1535 7.80 0.16 553 821 379 0.88 0.22 1.3 99.200
Amvl6 5046 0.69 1524 12115 0.75 751 849 279 091 052 1.2 100.71
Amvl7 5858 0.64 1218 7.43 0.07 10.12 10.7 1.10 0.95 0.15 0.8 102.72
Amvl8 5876 0.82 1681 6.49 011 419 6.67 437 165 0.30 1.2 101.37
Amvl9 4790 058 1242 843 0.10 1482 1115 269 1.29 080 0.5 100.68
Amv20 5325 0.78 1578 869 0.82 596 9.11 289 1.00 0.19 1.2 99.670
Amv2l 72,00 0.42 1196 6.14 0.03 433 431 050 145 080 05 10244
Amv22 5810 0.65 1545 8.66 0.12 6.15 6.35 1.43 1.08 0.34 1.0 99.330
Amv23 5834 0.71 16.84 6.98 0.13 419 832 317 131 0.8 0.3 100.47
Amv24 5842 0.80 1460 6.31 0.09 397 1045 197 1.25 0.9 2.2 100.25
Amv25 67.13 0.48 1027 6.64 013 423 7.60 100 125 0.17 2.6 101.50
Amv26 5149 0.65 17.04 1221 0.17 6.23 6.59 200 1.31 0.27 1.4 99.360
Amv27 72,00 058 13.89 555 0.13 339 4.01 199 148 0.18 0.9 104.10
Amv28 5755 092 1683 749 017 4.18 7.27 3.38 1.89 0.29 0.7 100.67
Amv29 5533 0.59 16.00 8.86 0.17 5.12 1097 193 0.74 0.1 1.0 100.82
Amv30 5792 0.60 1596 6.25 0.15 493 7.14 381 1.63 0.26 2.9 101.55
Amv3l 48.69 0.53 1564 1151 0.22 893 11.07 1.10 0.69 0.54 1.3 100.22
Amv32 5791 0.83 1597 7.65 0.13 518 8.08 248 0.76 0.17 1.2 100.36
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Table 2. Selected Trace and REE Abundances of the Metavolcanic Rocks from Artoli area
(The Sample of “-“symbol = not analyzed )

Sample Ni Sc Nb Sr Zr Y Ba Hf Cr Th La Ce
Amvl 10 21 368 167 28 99 25 185 0.8 242 41
Amv3 10 15 223 115 16 129 15 435 2.1 25 35.9
Amv5 21 32 197 67 21 135 0.7 417 23 144 2838
Amv7 53 45 134 63 14 114 19 418 123 17 36.98
Amv8 72 22 490 105 22 138 25 265 1.4
Amv9 10 22 443 124 29 102 2.2 287 2.2 32 49

Amvli2 404 16 485 160 23 520 4.2 88 1.9 234 45

Amvli3 65.1 18 4.8 5227 665 20 282 37 1834 13

Amvl4 48 17 510 175 30 480 2.1 239 1.8

Amvl5 93 6 365 857 221 231 217 226 3.1 10.1 205

Amvlié 14 10 382 147 26 123 3.4 293 0.9

Amvl7 21 22 398 175 24 350 2.7 279 2.3

Amvl8 70.2 10 9.3 5889 129 20 419 3.7 137 2.9 16 33

Amvli9 12 12 222 129 32 370 1.9 298 1.3

Amv20 90.5 20 413 195 24 551 2.26 166 28 155 273

Amv21 35 12 225 97 29 256.4 098 189 0.7

Amv22 18 8 551 127 16 190 1.9 276 1.2

Amv23 223 26 6.3 268 95 24 193 2.3 53 2.4 12 25.3

Amv24 16 11 512 128 16 241 2.7 298 025 "

Amv25 17 13 395 115 21 248 1.6 389 1

Amv26 15 18 119 112 20 172 21 410 1.9 234 384

Amv27 17 7 501 185 41 187 1.7 418 0.9

Amv28 90 14 53 446 113 225 4554 31 706 29 139 274

Amv29 30.1 13 29 1798 87 15 118 0.9 78 0.82 20.3 356

Amv30 825 43 9 790 106.8 26.6 589.2 3.2 149 29 32 426

Amv3l 12 10 7 248 52 18 122 1.8 319 1.6

Amv32 787 26 4.15 1934 62 185 1004 1.9 277 1.2 258 427

Table 2—Continued
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Sample Pr Nd Sm Eu Gd Th Dy Ho Er Tm Yb Lu

Amvl 6.1 43 095 345 05 2.9 0.61 1.8 0.3 2.15 0.4
Amv3 5.6 239 45 1.2 267 036 279 0.57 1.6 041 2.4 0.39
Amv5 355 143 361 11 2.7 0.4 2.6 0.5 1.8 0.3 2.3 0.37
Amv7 461 184 39 1.2 3 062 321 0.69 2.1 0.3 2.1 0.3
Amv9 7.68 28 7.1 1.6 51 071 2.3 0.4 13 0.29 1.2 0.22
Amv12 6.7 26.2 5.5 13 3.9 0.7 4 0.65 24 031 2.2 0.3
Amv15 2 12 3 1 3.1 0.4 3.8 0.6 2 024 24 0.45
Amv18 4.2 17.8 4 0.86 36 0.69 3.9 0.7 1.9 0.3 1.3 0.4
Amv20 2.8 15.9 3.7 1.2 3.6 0.7 3.2 0.8 2.4 0.4 2.1 0.32
Amv23 2.7 12.8 3.1 0.9 3.4 0.6 35 0.9 2.2 0.31 2.3 0.35
Amv26 4.8 14 5.1 11 45 0.6 4 0.7 1.7 0.4 2.3 041
Amv28 3.1 15.7 3.7 1.4 38 051 3.7 0.8 2.3 034 24 0.4
Amv29 4.7 14.6 2.3 0.8 1.8 032 2.1 0.5 1.4 0.2 1.6 0.25
Amv30 6.5 28 7.1 15 41 0.7 34 081 1.9 0.36 1.7 0.35
Amv32 53 16.6 2.3 0.73 24 032 2.3 045 178 03 2.2 0.34
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Most samples show high-alumina (Al,Oj3)
contents from 10.27 wt % up to 17 wt %, (mean
15.41wt %) values similar to those of calc-alkaline
series rocks. Iron content (Fe,Oz;) seems to be
relatively high ranging between 4.85 and 12.21 wt %,
but only few samples have Fe,O; contents > 12 wt %
and Fe,03/MgO range < 2. The high iron contents
appear to reflect an abundant secondary opaque phase
(magnetite?). TiO, values are generally < 1 %,
therefore they are in the range accepted in calc-
alkaline lavas (Irvine and Baragar, 1971; Pearce and
Cann, 1973).

The majority of samples show relative high
abundance of CaO ranging between 4.19 to less than
12 wt % which may be related to the presence of
epidote and the non-intensive metamorphism (Jakes
and White, 1972).

The abundances of Na,O (mostly 0.59 -
4.37 wt %), K,0 (0.5 — 1.89 wt %), P,Os (0.11-0.84
wt. %) and the Na,O/K,O (mostly between 1 and 3)
are low compared to typical values of Jakes and
White, 1971 for calc-alkaline rocks, this can surely
be attributed to a loss during alteration and
metamorphism. The ratios of Zr/TiO,, Fe,0s/MgO
and TiO,/K,0 displayed by the rock samples are
consistent with the range given by most sub-alkaline
volcanic rocks of basic to intermediate composition
(Pearce and Cann, 1973; Winchester and Floyd,
1977).

4.3 Trace and Rare Earth Elements Characteristics

In terms of trace elements content (Table 2),
With the exception of Sr (119-790 ppm), Y (14-40
ppm) and La (12- 26.4 ppm), their abundance is
generally low Nb (2 -9 ppm), Ba (99- 589 ppm), Th
(0.8-2.9 ppm), Ni (10 — 90 ppm) and Zr (62-207
ppm), feature suggesting the generation of these
rocks within active plate margin (Pearce and Gale,
1977). The Cr abundances is generally low (53 -300
ppm), but some samples contain comparatively high
Cr content (315- 435 ppm)

The ratios of (Niobium with Yttrium) Y/Nb
and Nb/Y fall in the range between 0.83 -5.75 and
(0.1-0.6) respectively, Nb/Y and La/Sc ratios are
mostly < 1.0 and La/Th (5- 30.3), La/Y (0.5- 1.6)
implying possible approach to clac-alkaline and
tholeiitic affinities (Y/Nb always < 1.0 in typical to
clac-alkaline and tholeiitic basalts, Garcia, 1978).

4.4 Magma Characterization
Noting the trend displayed by the sample
sets and sample falling in a specific field in the total
alkali versus silica diagram of Le Bas, et al., 1986
(Fig. 5A) it is clear that the samples of the
metavolcanic rocks are principally identified as low-
silica andisites (53— 57 wt. % SiO,), and only a few
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samples fall in the basalt field and the felsic samples
are dacites. In the plot using immobile elements
Nb/Y versus Zr/TiO, of Winchester and Floyd 1977
(Fig. 5B), the mafic samples fall in the andesite and
the basalt/andesite fields, consistent with their
classification in Figure 5A. However, most of the
felsic samples plot in the andesite field rather than the
dacite field.

For the magma type, the silica versus total
alkali discrimination diagram of Irvine and Baragar,
1971(Fig 6A), defines distinct trend of sub-alkaline
affinity for all samples, and the same fact is also
confirmed by the (Na,O+K,0) vs. SiO, diagram after
Le Bas, et al., 1986, (Fig. 5A). The K,0 vs. SiO, plot
after Peccerillo and Taylor, 1976 (Fig, 6B), which
straddle the tholeiitic and calc-alkaline boundaries
indicates that the petrochemical composition of
metavolcanic rocks fall within the calc-alkaline field.

In the multi-element diagram (Fig. 7)
normalized to primitive mantle values of
McDonough and Sun (1995), the trace element data
show that the rocks possess a typical calc-alkaline
island arc trace element patterns, enriched
incompatible large ion lithophile elements (LILE: Sr,
Ba, and K) relative to high field strength elements
(HFSE: Zr, Hf, Y, Ti, and Nb) contents, that show a
negative Nb and Ni anomalies.

In the chondrite-normalized REE pattern
(Fig. 8), values of Sun and McDonough, 1989), all
the analyzed rocks samples display enrichment in
fractionated light rare earth element (LREE: La, Ce,
Pr, Nd and Sm) contents relative to heavy rare earth
elements (HREE: Th, Dy, Ho, Er, Tm, Yb and Lu)
contents. The Pattern is generally steep, moderately
strong enrichment right-inclined type and lack Eu-
anomalies similar to those from calc-alkaline series.
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Figure 5. Chemical classification diagrams of the
Artoli metavolcanics based on TAS (wt %) (Na,O +
K,O vs. SiO,) of Le Bas, et al., 1986 and Nb/Y-
Zr[TiO, of Winchester and Floyd 1977. (Symbols: as

in Figure 3)
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Figure 8. Chondrite-normalized REE patterns for the
Artoli metavolcanics, chondrite normalization values
are from Sun and McDonough (1989).

4.5 Geotectonic Setting
Samples were plotted on three immobile
elements’ geochemical diagrams that are proved to be
effective in discriminating tectonic settings of
volcanic rocks.
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Plotting the immobile elements that preserve
their abundance through post-formational processes
following Mdiller, et al., 2001, in Zr vs. Y diagram,
all samples discriminated as subduction-arc related
rocks (Fig. 9A). In the Th-Hf-Nb tertiary
discrimination diagram of Wood, 1980, most of the
metavolcanic rocks (except three) plot in the calc-
alkaline lavas subfield (Fig. 9B), but in the Zr vs. Ti
tectonomagmatic discrimination diagram of Pearce
and Cann, 1973, samples plot exclusively in the
island arc calc-alkaline lavas field (Fig. 9C).
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Figure 9. (A) Zr vs. Y Biaxial geochemical
discrimination diagram indicating the subduction-arc
features (Muller, et al., 2001), (B): Th-Hf-Nb
triangular discrimination diagram (Wood 1980) and
(C): Zrivs. Ti (Pearce and Cann , 1973) showing the
inferred tectonic setting of the study area. (Symbols:
as in Figure 3)

5. Discussion and Conclusions

The geological setting of the Artoli area,
which characterized by predominantly low-grade
metavolcanic  rocks and minor  high-grade
metasediments is obviously different form that of the
adjacent Bayuda terrane to the west (Saharan
Metacraton) and the Keraf petrotectonic assemblage
to the north (Suture zone), as the former is
heterogeneous continental crust of high-grade
gneisses, migmatites and supracrustal rocks of
ensialic geochemical affinities and the latter is
dominated by siliciclastic and carbonate-rich low-
grade metasediments, ophiolitic nappes, and molasse-
type sediments.

The dominant metamorphic rocks are from
volcanic protoliths as disclosed from the field,
petrographic work and geochemical petrogenesis
signature (Fig. 3). It is likely that the alteration have
not caused substantial mobility of element present in
the original protoliths as reflected by the normal,
correlated and continuous differentiation trends
(though some show broad scatter variation) in Harker
silica variation diagrams (Fig. 4) which may indicates
original source. Thus, major element can be used
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together with the alteration resistant trace and rare
elements in classifying rocks and identifying the
paleotectonic setting.

The characteristics of the major elements (a
relative decrease in Al,O;, Fe,03 MgO with silica
increase, and high Al,O; low TiO,) and chemical
classification diagrams (Fig. 5) confirm what was
suspected from field and petrographic work, the
existence of a volcanic suite consisting of basic,
intermediate and intermediate-acid rock types, with
fractionated rocks  predominance,  especially
andisites, basaltic-andisites and dacites with lesser
amount of basalts.

A distinctly sub-alkaline affinity is a
characteristic feature of these rocks as indicted by the
magma type discrimination diagrams (Fig. 6). Most
element concentration features displayed by the
metavolcanic rocks samples are those assigned to the
characteristic features of island arc calc-alkaline
rocks, among these are; the marked variation in silica
content, the low values of TiO, (generally < 1), low
Cr, Nb, Ba, Th, Ni and Nb/Y ratios (< 1.0), and the
high alumina AI203 content (Tables 1&2),
moreover, Fe203t, MgO, TiO2, CaO decrease
systematically with increasing SiO2 (Fig. 3). The
clear calc-alkaline geochemical signature is also
inferred from the predominance of high proportion of
basaltic andesite and andesite fractionated rocks (Fig.
5). The enrichment of large-ion lithophile elements
(LILE) and light rare earth element (LREE) contents
relative to heavy rare earth elements (HREE) and
high field strength elements (HFSE) contents
(Rollinson, 1993 and Bloomer et al., 1995), steep
moderately strong right-inclined enrichment type
pattern and the negative Nb-Ti anomalies (Figs. 7 &
8) all are confirming evidences.

The prominent negative Nb-Ti in spider
diagrams for all samples, low Cr and Ba coupled with
depletion in Y and Zr postulate subduction
environment (Jakes and White, 1972; Shandelmeir et
al.,, 1994b). The predominance of calc-alkaline
andesitic rock suites suggests that, the rock series in
the area are compatible with products of plate margin
tectonic settings of the island arc environment, a fact
confirmed by the discrimination and spider diagrams
used (Figs. 5-8).

Based on the above account, a conclusion
can be reached with the following outlined points
derived from the field and petrographic observations
combined with the interpretation of element
concentrations and trends revealed by the
discrimination and variation diagrams:

(1) The area under consideration is a
regionally metamorphosed terrane, the rocks of
which  have been subjected to low-grade
metamorphism and/or alterations, the dominant
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metamorphic rocks are from volcanic protoliths.
Although, metamorphism have destroyed most
original igneous features, a relationship between the
geochemical groups and field characteristics is
obvious, this will be helpful in separating and
mapping the rock units.

(2) Fractionated rocks are the dominant
among the Artoli metavolcanics, as more than two-
thirds of the rocks are andesites and basaltic andesites
and the remainder are dacites and basalts.

(3) Petrographic and geochemical results
give clear evidences that distinctly sub-alkaline
affinity is a characteristic feature of these rocks,
which are dominated by calc-alkaline suites.

(4) The predominant clear calc-alkaline
andesitic rocks, the LREE fractionation compared to
the HREE and the enrichment of LILE relative to
HFSE contents along with element contents suggest
the generation of the protoliths of the metavolcanic
rocks of the area in a tectonic environment of island
arc setting a fact which testified by the various
geochemical diagrams used.

(5) The overall geological and geochemical
characteristics of the Artoli metavolcanic rocks
disclosed by our study have provided essential
evidence to consider the area as part of the
westernmost Nubian Shield, because the features are
consistent with the arc accretion models postulated in
Sudan, Egypt and Saudi Arabia for the
Neoproterozoic evolution of the Arabian-Nubian
Shield.
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Abstract: The possible protective role of yeast extract from hepatotoxicity produced by flutamide administration
was evaluated using histological, quantitative histochemical and immunohistochemical methods. Twenty four adult
male albino rats were divided into three groups: the control group was drenched water; the flutamide treated group
was drenched 100mg/kg/ day aqueous flutamide solution; and the flutamide and yeast extract treated group was
drenched 4.8mg/kg/day yeast extract for 15 days then flutamide and yeast extract for another 15 days. At the end of
the experiment, the rats were sacrificed and their livers were fixed, processed for wax embedding. Six micrometer
sections were prepared for study of general structural changes using Hematoxylin and eosin stain, DNA evaluation
using Feulgen method, and immunohistochemical evaluation of PCNA (proliferating cell nuclear antigen).
Morphometry and cytophotometric measurements were performed using Image Pro Plus image analysis software
(Media Cybernetics Inc. 2002). The quantitative data were statistically analyzed using Microsoft Excel XP 2003.
Liver of rats treated with flutamide presented several signs of injury which was ameliorated in livers of animals
treated with yeast plus flutamide. [Journal of American Science 2010;6(8):14-18]. (ISSN: 1545-1003).

Keywords: Flutamide- yeast — Histology - Histochemistry - Immunohistochemistry —Liver - DNA

1. Introduction

Flutamide, an oral non steroidal The aim of the present work is to evaluate
antiandrogenic anilid compound which inhibits the the role of yeast extract in the protection against
uptake and binding of androgens to nuclear receptor hepatotoxicity in flutamide treated rats.
in the prostate, is used for treatment of prostate
cancer (Moguilewsky et al.1986). The therapeutic 2. Materials and methods
activity of flutamide is compromised because of its Materials:
potential liver toxicity (Wysowski and Fourcroy Yeast was produced by The Egyptian Starch,
1996). In isolated rat hepatocytes, Flutamide toxicity Yeast and Detergents Co.,Alexandria, Egypt.
can be decreased by piperonyl butoxide (an inhibitor Flutamide was produced by Schering Plough co.,
of cytochrome p450). Liver toxicity is increased by US.A.
administration of B-naphthoflavone (an inducer of
cytochrome p450) indicating that cytochrome p450 Expermintal animals and design:
plays an important role in flutamide induced liver Twenty four adult male albino rats weighing 170-200
toxicity (Wang et al. 2002). The inhibition of liver g, obtained from The Animal house of National
toxicity is bound to the action of the cellular Research Center, were used in this study. The
antioxidant, glutathione. Matsuzaki et al. (2006) animals were fed standard laboratory pallet diet and
reported that signs of liver injury were detected in tap water ad libitum. The environmental conditions
knockout mice fed with diet deficient in amino acid were standardized with respect to temperature,
with reduced GSH. Flutamid administration was also humidity and light. The animals were divided into
found to result in a decrease in cellular GSH and three groups, 8 rats each. The first group served as
increase in leakage of ALT, AST, and LDH (Wang et control and drenched water. The second was
al.2002). drenched aqueous flutamide solution (100 mg/ kg
Yeast Saccharomyces cerevisae extract was reported body weight (B.W.)/day) for 15 days. The animals of
to have antioxidative and antimutagenic effect due to the third group were drenched yeast extract
the effect of mannan, a component of its cell wall suspension (4.8 mg/kg/day) for 15 days, then a
(Krizkova et al.,, 2001). The water soluble mixture of yeast and flutamide was administered for
components of yeast extract, sulfoethyl-glucan was another 15 days.

also reported as having antioxidant properties
(Krizkova et al., 2003).
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Methods:At the end of the experiment, the rats were
sacrificed and their livers were fixed, processed for
wax embedding. Six pm sections were stained by
Hematoxylin and eosin and Feulgen method.

For immunohistochemical evaluation of PCNA,
sections were incubated with anti PCNA antibodies
labeled with horse raddish peroxidase enzyme. The
numbers of PCNA-positive and negative hepatocytes
were counted per fixed area using computerized
image analysis software. Under The percentage of
PCNA positive hepatocyte nuclei was derived from
nuclear count.

Phases of the cell cycle were elucidated from
Feulgen stained sections subjected to measurement of
optical density using Image Pro Plus image analysis
software (Media Cybernetics Inc. 2002).

The quantitative data were manipulated and
statistically analyzed by student (t) test and
graphically presented using Microsoft Excel XP
2003.

3. Results

Treatment with flutamide resulted in the death of
hepatocytes. Apoptosis was more evident in the
pericentral hepatocytes while extensive oncosis was
more pronounced in periportal cells (figure 1F). The
central vein, portal vein and hepatic artery were
highly congested with blood. Cell injury was
manifested by increased eosinophilia of hepatocytes.
In liver sections of animals treated by both yeast and
flutamide (Figure 1 FY), the incidence of cell injury
was much less than in the flutamide treated animal
liver and similar to control (Figure 1C).

In sections stained by Feulgen for DNA
demonstration, hepatocytes with different features of
injured and dying cells were observed in the liver of
flutamide treated animals (Figure 2F). Such features
were not observed in control (Figure 2C) or yeast and
flutamide treated animal liver (Figure 2FY). The
frequency distribution of the hepatocyte nuclear DNA
of the three experimental groups is presented in
figure (3). The population of cell nuclei containing
sub Go/G1 complement of DNA representing dying
cells was high in flutamide treated group (27.1%)
compared with control (7.9%) and flutamide and
yeast extract treated(4.3%) groups. On the other
hand, the percentage of cells in the S-phase was very
low in flutamide treated animal liver (.15%)
compared with control (16.5%) and flutamide and
yeast treated (24.5%) groups. liver sections stained
by immunohistochemical method for demonstration
of proliferating cell nuclear antigen (PCNA) are
demonstrated in figure (4). Quantitative evaluation of
the antibody bound antigen presented in figure (5)
indicates a significant increase

http://www.americanscience.org

in the antigen in flutamide treated animal hepatocytes
compared with control. The value for the yeast and
flutamide treated group was not significantly
different from control.

Figure 1: Histopathological changes in liver
sections of different groups. The right half is
pericentral and left half periportal areas. C: control,
F: flutamide treated, FY flutamide and yeast treated
specimens.

Notice the congested blood vessel (cv), apoptotic
bodies (arrow), eosinophilic cytoplasm (arrow head)
and oncotic cells (asterisk). Hx and Eosin X 400)

Figure 2: Feulgen stained nuclei to demonstrate
DNA. C: control, F: flutamide treated and FY
flutamide plus yeast

editor@americanscience.org




Journal of American Science 2010;6(8)

%0 -

80

70

60

50

40

30

% of total nuclear number

20

o Sub Go/G1 Go/G1 s
Cc o 7 73 1.184433164 80.54145516 0.169204738 16.5820643 0.169204738
F o 27.14723926 1.380368098 70.85889571 0.153374233 0.153374233 0.153374233
F+Y o 4.280155642 o 84.04669261 0.778210117 24.51361868 0.389105058

Figure 3: Frequency distribution of nuclear DNA in feulgen stained nuclei of different
groups.

£33

% Positive nuclei
(] e

[oee ]

Control Flutamide Flut+Yeast

Figure 4 : Figure 5: Mean number of PCNA positive nuclei.

immunohistochemical The error bar represents the standard deviation,
demonstration of

proliferating cell nuclear
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4. Discussion the progress of the replication fork, mono-
Flutamide (2-methyl-N-[4-nitro-3- ubiquitination of PCNA mediates the switch from

(trifluoromethyl) phenyl]-propan-amide), was the first
pure nonsteroidal antiandrogen compound discovered.
It is used in the treatment of prostate cancer. Patients
were reported to develop serious hepatotoxicity while
using flutamide. Some of these patients even died of
progressive liver disease(Wysowski et al.1993). This
calls for the search to avoid such effect on using the
drug. The present work is aimed to study the possible
protective effect of yeast extract in rats treated with
flutamide.

In flutamide treated rats, signs of hepatotoxicity
were demonstrated in histological sections of liver.
Hepatocytes undergoing apoptotic cell death were
found mainly in the pericentral area while oncosis was
more abundant in hepatocytes at the portal area. Both
the portal vein and central vein were congested with
blood. Frequency distribution analysis of nuclear DNA
content verified a high incidence of cell with sub
Go/G1 values (fragmented DNA).

The observed congestion could be the result of
inhibition of the vasodilator effect of testosterone by
flutamide (Hutchison et al 2005). Vascular
congestion and stagnant blood flow can lead to hypoxia
that affects mitochondrial respiration which was
reported in flutamide hepatotoxicity (Thole et al.2004;
Scatena et al. 2007). Flutamide result in the expression
of genes associated with oxidative phosphorylation,
fatty acid beta-oxidation, antioxidant defense, and cell
death pathways(Coe et al. 2007)

Another factor that can cause cell death is
oxidative stress (Hong et al.2009). The bioactivation
of flumide by P450, results in the formation of
hydroxylated and free radical metabolites (Tevell et
al. 2006). Such metabolites have the ability to deplete
reduced glutathione by oxidation and adduct formation
(Kang et al.2007). Induced glutathione (GSH)
depletion was reported to be the major contributor to
the oncotic and apoptotic cell death induction (Tsay et
al. 2009). GSH depletion can also cause the DNA
fragmentation (Kanz et al. 2003) observed in the DNA
frequency distribution.

The frequency of cells in the S-phase in flutamide
treated  population  calculated from  density
measurement of Feulgen stained liver sections was
very low. The results suggest an inhibitory effect of
flutamide on hepatocyte DNA replication and cell
proliferation. This effect was also reported for the
proliferation of human vascular cells (Somjen et al.
1998).

The percentage of PCNA positive hepatocyte
nuclei was significantly higher in flutamide treated
animals compared with control. This seems
controversial for the above results. However, following
exposure of cells to DNA damaging agents that block
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replicative DNA  polymerases to polymerases
specialized for translation synthesis ( Brown et al.
2009). It is possible that flutamide generated oxidative
stress and depletion of glutathione  results in DNA
damage that can cause such a switch replication to
translation synthesis (Himmetoglu et al. 2009).

The histological, immuno- histochemical and
DNA frequency distribution analysis indicate that
drenching aqueous yeast suspension greatly reduced
the signs of flutamide induced hepatotoxicity.

Histologically, signs of vascular congestion were
absent in sections of liver treated with yeast extract and
flutamide. This could be due to the antihypertensive
effect (Penna et al .2008) of yeast extract (Kanauchi
et al.2005) .

In sections of liver of animals treated with
flutamide and yeast extract, the frequency of cells in
the S-phase was high; and the mean percentage of
nuclei positively stained for PCNA were statistically
non significant from control. Both results support the
ability of yeast extract to maintain the cell proliferating
activity. The ability of yeast extract support for
proliferation was recorded by Erikssona et al.(2005).
They found that insect Trichoplusia ni cells were able
to proliferate in serum-free culture media only in the
presence of yeast extract.

The incidence of cell death was much lower in
yeast extract and flutamide treated group than that of
flutamide alone. This was evident in histological
sections as well as the percentage of cells containing
fragmented DNA. The yeast cell wall mannans was
found effective in reducing DNA damage and having
antioxidant properties (Krizkova et al., 2001) . The
same effect was also addressed to carboxymethyl-
glucan (CM-G) and sulfoethyl-glucan (SE-G) both
from the baker's yeast (Krizkova et al., 2003).

The present study, therefore, reports that drenching
yeast extract suspension to rats protected from the
signs of hepatotoxicity induced by flutamide. Vascular
congestion, cell death and DNA fragmentation induced
in liver of flutamide treated animals were much
ameliorated in the liver of rats treated by both
flutamide and yeast extract.
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Abstract: Autoclaved cement kiln dust (CKD) and sludge pastes made with and without silica fume were
hydrothermally hardened at a pressure of 8 atm. of saturated steam for different autoclaving ages. Hydration
characteristics of the autoclaved CKD-sludge-silica fume pastes were studied by the determination of compressive
strength and chemically combined water contents at different autoclaving ages. The phase composition and
morphology of the formed hydrates were studied using x-ray diffraction analysis and scanning electron microscope.
The replacement of silica fume in CKD-sludge mixtures results in a marked increase in strength values of the
autoclaved specimens at all stages of the hydrothermal process. The results of x-ray diffraction analysis and SEM-
micrographs of autoclaved specimens for various mixtures indicated that the main hydration products identified are
calcium silicates hydrated and minor amounts of CaCOs. [Journal of American Science 2010;6(8):19-26]. (ISSN:

1545-1003).

Key words: cement kiln dust, sludge, silica fume, hydrothermal treatment.

1. Introduction

Autoclaving building products possesses
several  advantages including the marked
development at shorter times of autoclaving at
relatively high steam pressures. In addition, the
utilization of industrial solid wastes in the
production of high strength building products is of
prim importance for environmental protection and
development.

Industrial solid wastes such as cement kiln
dust and other silica and alumina bearing materials
are widely used for the production of blended cement
and various cementations products. In this work we
studied the usage of three wastes which can act as
cementations materials as new building materials
namely; cement kiln dust, sludge and silica fume.
Hydrothermal treatment of these wastes is almost
associated with building products having improved
binding characteristics. The properties of these
autoclaved products are always governed by the
chemical composition and physical state of the
formed hydration products which act as the main
binding centers [1-3]. Cement kiln dust (CKD), is
produced in relatively large quantities during the
production of Portland cement. Various methods for
utilizing CKD in industrial applications, including
existing or proposed methods for alkali removal, are
reported in the literature. Bhatty [4] provides a
general review of these methods. Because of the
generally high lime content of CKD and subsequent
ability to harden upon exposure to moisture, CKD
has been used as a binder in soil stabilization suitable
for a sub-base in streets and high way construction. It
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is commonly used as a mixture with different solid-
waste materials such as waste glass, fly ash, waste
water sludge with the addition of cement or other
admixtures if necessary [5]. Recently, there has been
a trend of utilizing it in cement products [6-10].

Sludge is a byproduct produced in electrical
stations in large quantities. Many attempted of sludge
disposal alternatives such as agricultural use, land
filling, marine disposal and incineration, etc, have
adverse environmental impacts. There is a resulting
increase of interest in reuse of sludge by
incorporation into construction materials [11-12].

Silica fume is a byproduct of the reduction
of high-purity quartz with coal in electric furnaces in
the production of silicon and ferrosilicon alloys.
Silica Fume is also collected as a byproduct in the
production of other silicon alloys such as
ferrochromium, ferromanganese, Ferro magnesium,
and calcium silicon. Silica fume consists primarily of
amorphous (non-crystalline) silicon dioxide (SiO,).
The individual particles are extremely small,
approximately 1/100th the size of an average cement
particle. Because of its fine particles, large surface
area, and the high SiO, content, silica fume is a very
reactive pozzolana when used as a blend in cement
and concrete [13-15]. The quality of silica fume is
specified by ASTM C 1240 and AASHTO M 307.
Toutanji et al [16] studied the effect of silica fume on
the compressive and uniaxial direct tensile strength of
Portland cement pastes and mortars. Many authors
studied the durability of OPC blended with silica
fume against sulfate ions [17-18], fire [19-20] and
acid solutions [21-23].
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The object of this investigation is to study
the hydration characteristics of autoclaved specimens
made with cement kiln dust- sludge and cement kiln
dust -sludge- silica fume. The phase composition and
the morphology of the formed hydrates were studied
using x-ray diffraction analysis and scanning electron
microscope.

2. Material and Methods
a Materials:

The starting materials used in this investigation are:
-Cement Kiln Dust (CKD) of Blain surface area
about 2500 cm2/g collected during the manufacture
of cement by the dry process from Suez cement
company, Suez, Egypt. The chemical oxide
composition was given in Table (1).

-Condensed silica fume is a byproduct of silicon or
ferrosilicon alloys industries. It is obtained from
ferro-silicon Co; Kom-Ombo, Egypt. It is amorphous
silica with specific surface area 20 m2/g.

-Lime free sludge was obtained from West-Cairo
power station , sakeel-Giza, Egypt. The chemical
oxide composition was given in Table (1).

Table (1): The chemical oxide composition of
CKD and sludge.

Oxide %
CKD sludge
SiO, 15.4 60.25
Al,O, 3.76 2.06
Fe, O, 2.69 1.25
CaO 49.6 3.28
MgO 1.95 1.23
SO3~ 5.23 1.28
K,O 2.19 0.31
Na,O 2.68 0.49
L.O.l 15.6 29.0
Free CaO 21.85 -
Free CI~ 5.84 -

b Preparation of Mixes

Seven Mixes were prepared using different
weight composition ratios of CKD, sludge and silica
fume as shown in Table (2). The dry mixtures
showed in Table (2) were first mixed using ethanol
for one hour in order to ascertain a complete
homogeneity of the mixture. After evaporation of
ethanol, each dry mixture was mixed with distilled
water for 3 minutes at a water/solid ratio of 0.45.
From the paste produced, cylindrical specimens of
3.14 cm2 cross-section area and 2 cm height were
molded at a pressure of 50 kg/cm2. The specimens
were first cured at 100% humidity for 6 hours in
order to attain the initial setting. The specimens of
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each mix were autoclaved at 8 atmosphere of
saturated steam for 0.5, 2, 6, 12 and 24 hours. At the
end of each autoclaving period, the specimens were
dried, after being removed from the autoclave, in
CO2 free atmosphere at 105°C for 24 hours to
remove the free water.

At each autoclaving period, compressive
strength test was carried out on the dried specimens.
Then, chemically combined water contents were
carried out on the crushed specimens. The phase
composition of the formed hydrates is investigated
using x-ray diffraction analysis. The morphology and
microstructure of hydrated phases were identified
using scanning electron microscopy (SEM).

Table (2): Composition percentage (w/w) of
various dry mixtures and their notation.

Sample Composition percentage(w/w)
notation CKD Sludge Silica
fume

I 60 40 -

I 50 50 -

i 40 60 -

v 50 45 5

V 50 40 10

VI 40 55 5

Vil 40 50 10

3. Results and Discussion
1. Compressive Strength

The results of the compressive strength of
autoclaved mixes made of weight percentage ratios
60/40, 50/50 and 40/60 of CKD / sludge (Mixes I, I
and I1l) are shown in Fig.(1). The strength values
increases with increasing age of autoclaving for all
autoclaved Mixes (I —I11) up to 18 hours. This mainly
attributed to the hydrothermal interaction between the
lime released from CKD with sludge to give calcium
silicate hydrates which contribute considerably to the
compressive strength of these autoclaving specimens.
In addition, the presence of some alkali in CKD
activates the hydrothermal reaction [1, 6]. However,
the compressive strength values decrease after 24
hours of autoclaving, these results can be attributed to
the stabilization of the initially formed hydrates via
crystallization. Fig. (1) Shows also that the
autoclaved specimens made of Mixes Il and Il
possess the higher strength values compared to Mix .
This indicates these ratios of CKD to sludge in these
Mixes possess the best hydrothermal reaction that led
to the formation of hydration products having
considerable hydraulic character.
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Fig.(1): Compressive strength (Kg/cm?) of Mixes 1,11
and Il at various autoclaving ages.

The compressive strength  results of
autoclaved pastes made of Mixes II, IV and V are
shown in Fig.(2) indicate that the replacement of
sludge in Mix Il by 5 wt. % silica fume ( Mix IV ) or
by 10 wt. % silica fume (Mix V) result in a marked
increase in the strength values of the autoclaved
specimens made of CKD- sludge- silica fume
mixtures at all stages of the hydrothermal process.
The results of Fig.(2) indicate also that the autoclaved
pastes made of Mix V (containing 10 wt.% silica
fume ) possess relatively higher strength values
compared with those of the autoclaved paste made of
Mix IV (containing 5 wt. % silica fume ). As the
ratio of silica fume increased from 5 to 10 wt.%, the
compressive strength increase, and reach a values of
compressive strength in mix V (50 wt.% CKD + 40
wt.% sludge +10 wt.% silica fume) higher by 3 to 4
fold compared to mix Il (50 wt.% CKD +50 wt. %
sludge) at all the autoclaving times. Such results due
to the high reactivity of silica fume to react with lime
produced from CKD as compared to sludge in the
hydrothermal reaction. At later autoclaved ages (24
hrs.) for Mix V, a slight decrease in strength values is
observed, a result which is mainly associated with
two factors, these are: (i) the well crystallization of
the initially formed hydrates (mainly calcium silicate
hydrates); the well crystallized CSH possess low
hydraulic characteristics with relatively low strength
and/ or (ii) the transformation of lime —rich CSH into
low —lime CSH with a metastable state leads to lower
mechanical properties.
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Fig.(2): Compressive strength (Kg/cm?) of Mixes II,
IV and V at various autoclaving ages.

Fig. (3) shows the compressive strength results of
Mixes I, VI and VII in which a replacement of
sludge in Mix 111 by 5 wt.% silica fume (Mix VI) or
10 wt.% silica fume (Mix VII) are made. Again, Fig.
(3) shows the replacement of sludge by silica fume in
the hydrothermal specimens results in a marked
increase in the compressive strength at all stages of
the hydrothermal process. However, the compressive
strength values obtained here in these Mixes (VI and
VII) are lower than those obtained in Mixes 1V and
V. Such results can be attributed to the weight ratios
of CKD-sludge-silica fume in Mixes IV and V
possess the best hydrothermal reaction compared to
all autoclaving Mixes.

300 o

200 A

compressive strength (KgiCm?)

100

50 —— 11
—- Vi
—h— V11

o 5 10 15 20 25 30
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Fig.(3): Compressive strength (Kg/cm?) of Mixes III,
VI and VII at various autoclaving ages.
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2. Chemically Combined Water Content:

The result of combined (non evaporable) water
content (Wn, %) of mixes containing different weight
ratios of CKD and sludge (mixes I-111) are shown in
Fig. (4). Obviously, the combined water contents
values increases with increasing the autoclaving time
up to 12 hours which indicate a progress of the
hydrothermal reaction and formation of more
hydrates. At the period 18-24 hours, the values of the
chemically combined water contents slightly decrease
in all Mixes. This can be explained to the
transformation of lime-rich CSH into low —lime CSH
with a metastable state leads to low water content and
lower mechanical properties, and/or the stabilization
of the initially formed hydrates via crystallization.
Crystallized CSH characterized by low water content
and low compressive strength.

17

16 -

15 A

14 -

13 4

combined water (%)

12 4

11 4

10 A

-1
—-
9 4 — 1

10 15 20
autoclaving age (hours)

Fig.(4): Combined water contents of Mixes I, Il and
I11 at various autoclaving ages.

Combined water contents of autoclaved
specimens made of Mix Il, Mix IV (5 wt. % of sludge
is replaced by silica fume) and Mix V (10 wt.% of
sludge is replaced by silica fume) at different
autoclaving times are shown in Fig.(5). Here, a
similar trend of variation of chemically combined
water contents of specimens containing silica fume
(Mixes IV and V) to those free from silica fume (Mix
I1) was obtained but with relatively higher values.
The increased values of chemically combined water
contents indicate a formation of more hydrates and
these confirm the compressive strength results. Mix
(V) which composed of 50 wt. % CKD + 40 wt. %
sludge and 10 wt. % silica fume shows the highest
values of chemically combined water contents
compared with the other investigated Mixes.
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Fig.(5): Combined water contents of Mixes I, IV and
V at various autoclaving ages.

Fig.(6) shows chemically combined water contents of
autoclaved specimens of Mix I, Mix VI ( 5% of
sludge is replaced by silica fume) and Mix VII (10 %
of sludge is replaced by silica fume) at various
autoclaving times. Again, in these specimens the
replacement of sludge by silica fume led to an
increase in the values of combined water contents at
all the autoclaving times. These results confirm the
results of compressive strength and indicate the high
reactivity of silica fume compared to sludge in the
hydrothermal reaction.

20

18 o

16 o

14 +

comninea water (%)

12 o

10 - -1l

V11

o 5 10 15 20 25 30
autoclaving age (hours)

Fig.(6): Combined water contents of Mixes IlI, VI
and VII at various autoclaving ages.

.3. X-ray diffraction analysis

The main hydration products formed as a
result of hydrothermal reaction of the hardened
specimens made from CKD, sludge and silica fume
are identified by means of x-ray diffraction analysis.
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X-ray diffraction patterns of the autoclaved
CKD- sludge made of Mix Il and autoclaved CKD-
sludge —silica fume made of Mixes V at autoclaving
ages of 0.5, 6, 18 and 24 hours are shown in Figs. (7
and 8) respectively. The distinct main hydration
products identified were calcium silicate hydrates
(CSH I, 1) and minor amounts of CaCO;. In addition,
peaks characterized to unhydrated B-C2S and SiO2
were identified. At later autoclaving ages, 6, 18 and
24 hours, the intensities of the peaks characterized to
CSH LIl were increased while the intensities
characterized to unhydrated phases decreased. The
formation of lime rich calcium silicate hydrates
[mainly (CSH 1] in autoclaved specimens made of
Mix V (having high CKD content in dry mixture with
10 wt. % silica fume) is mainly responsible for the
increased intensities characterized for hydrated
phases ( Fig. 8) of autoclaving of hardened CKD-
sludge- silica fume pastes of Mix V compared to
those of mix Il. These results confirm the results of
compressive strength.

4. Morphology and Microstructure

Fig.(9-a) shows the SEM micrograph of the
hydration products formed after 6 hours of
autoclaving of specimens made of Mix Il ( 50 wt.%
CKD + 50 wt. % sludge). The hydration products are
mainly composed of semicrystalline calcium silicate
hydrates beside minor amounts of CaCO3 and
unhydrated phases B-C2S and SiO2. After 24 hours
of the hydrothermal reaction a massive structure of

calcium silicate hydrates appears as the minor
hydration products (9-b).

Fig.(10-a) shows the SEM micrograph of the
hydration products obtained after 6 hours of
autoclaving specimens of Mix V ((50 wt.% CKD +
40 wt.% sludge +10 wt.% silica fume). The hydration
products are mainly semicrystalline calcium silicate
hydrates (CSH 1,11). After 24 hours of autoclaving,
crumpled foils with interlocking fibrous structure of
calcium silicate hydrates appear in the SEM
micrographs shown in Fig.(10-b).

4. Conclusion:

On the basis of the results obtained in our
investigation we Concluded that:
1- Autoclaved cement kiln dust (CKD)-sludge pastes
possess a considerably compressive strength at all
different autoclaving ages. This mainly attributed to
the hydrothermal interaction between the limes
released from CKD with sludge to give calcium
silicate hydrates.
2- The replacement of sludge by silica fume results in
a marked increase in the compressive strength and the
combined water contents of the formed hydrates at all
the autoclaving ages. This mainly indicates the high
reactivity of silica fume compared to sludge to react
in the hydrothermal reaction.
3-X-ray diffraction analysis and SEM micrographs
show the main hydration products are calcium silicate
hydrates (CSH I,11) with a minor amounts of CaCOs.

CC: CaCOs3
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24 h
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3
can
-
2 -
0.5h
o T T T T T T T WWW&MM|
® £ 3

Fig. (7): X-ray diffraction patterns%M#li%¢¥ at various autoclaving times
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Fig.(8): X-ray diffraction patterns of Mix V at various autoclaving times

Fig. (9): SEM micrographs of Mix 1l at at various autoclaving times
(a) after 6 hours (b)after 24 hours

http://www.americanscience.org 24 editor@americanscience.org




Journal of American Science

2010;6(8)

Fig.(10): SEM micrograph of Mix V at various autoclaving times
(b)after 24 hours

(a) after 6 hours
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Effect of Rose Bengal on Hylemyia antiga (Meigen)
( Diptera :Anthomyiidae)

Noeman B. AREF

Plant protect. Dept., National Research Centre, Dokky, Cairo Egypt.

Abstract: Rose Bengal as photosensitizers material used as insecticide after the addition of a specific hydrocarbon

to control different stages of the onion fly Hylemyia antiqua (egg, larval,
doses ( 0.01270, 0.00145, 0.00127, 0.000029 pg /L) ,with different light expose time.

pupal and adult ) with different
Most of these treatments

eradicate the target pest. pupae stages of H. antiqua could be sensitive to photosensitizer because it can be controlled
during only 15 sec. then eggs instar that could be controlled during 30 sec . but adult instar could be controlled with
60 sec. from light exposure to direct sun light and later 4™ instar larvae which needed to, at lest 15 min. to be
controlled with the same concentration from used photosensitizer. This is to prove that photosynthtizers can play an
active role in pest control. [Journal of American Science 2010;6(8):27-30]. (ISSN: 1545-1003).

Keywords: Rose Bengal; photosensitizer; hydrocarbon; onion; fly Hylemyia

1. Introduction

Development of new pesticides that are
efficacious, environmentally safe, and being to non
target to organisms continues to be a priority for the
agriculture chemistry community in order to protect
and increase our food and fiber production. Over the
past few decades, new and better toxic strategies have
been applied to this problem. The rise and fall of the
organochlorine insecticides due to long-term
environmental concerns, and their replacement by the
organophosphate and carbamate insecticides. The
latter insecticides are under pressure at present as
being too toxic to non target species. The observation
of the development and the eventual difficulties of
synthetic pyrethriods may, due to insect resistance .
Also, fungi in the genus Cercospora produce
cercosporin, a potent singlet oxygen (102)-
generating photosensitize that plays a critical role in
the ability of these fungi to parasitize plants, mice
,bacteria and many fungi are sensitive to cercosporin
, Cercospora species are resistant to its toxicity. The
cellular resistance of these fungi to Cercosporin has
been correlated with fungal cell surface reducing
ability and ability to maintain Cercosporin in a
chemically reduced state ( Daub et al. 2000 ) . But
for Integrated pest management (I.P.M ) programmes
often look for more specific ways to control pests.
Biological control agents, such as the bacterium
Becillts thuringiensis and the fungus, Beauveria
bassiana, can control insects with minimal
disturbance to the environment because of their host
specify and short half — lives. Often these agents
alone cannot prevent yield loss or are too expensive.
Their for looking at combination of these agents and
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photoactive dyes like Rose Bengal, fluorescein |,
eosiny ( Martin et al . 1998).

Also, the encyrtid parasitoid, c. peregrinus has
been used as a biological control agent against the
mealy bags P. citri and P. ficus. With help of
photoactive dyes can examine the behavior and host
selection (Joyce et al. 2001). For medical filed,
photosynthtizer  plays a critical role in
epidemiological characteristics of diseases (Oliveira,
2000). Later, photosynthtizer as a method to describe
the effect of synthetic pyrethroid insecticides which
used in protection of fruits and vegetables as well as
public hygiene(Tyrkiel et al. 2001). As an effect of
the substitution position of the suger moieties, the
photosynthtizer bearing suger moieties at the meta-
position of PH group showed remarkably high
activity compared with para — substituted ones, and
the difference could not be explained by the opticald.
Confocal laser scanning microscopy revealed that
meta- substituted photosynthtizers are not readily
deactivated from the excited state in cellular
microenvironment, this may explain their potent
photocytoxicity. The phosphorescence quantum such
as uranine, eosion yellowish, erythrosine B and rose
Bengal or photosynthtizers was usually used as
insecticides. The photodynamic action has been
shown to function by one of two mechanisms Heitz
and Downum (1995). In type one mechanism the dye
absorbs a photon of light rises the first to singlet
exited state and then drops to the exited tripled stat.
The energy of the photon is then added to the target
substrate molecule, making an activated form
substrate. The activated molecule then adds to ground
state oxygen or their oxygen radicals and becomes
oxidized in the process, in type two mechanisms the
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dye again absorbs a photon of light as the first step in
the process. The dye rises first to the exited singlet
state and then to the excited triplet state. The excited
dye molecule then gives the energy to ground state
oxygen thereby rising the oxygen to the exited singlet
state. Finally, the excited oxygen adds to the target
substrate and oxidizes it. But there are an other new
ideas like, photosensitization via dye coordination a
new strategy to synthesize metal nitrosyls that release
NO under visible light (Harrop 2006).

Addition of hydrocarbon to Rose Bengal
(Patent R. no. 1788/ 2009) is very important , that
without this addition these material can not control
the pest with this efficiency.

The aim of this work to define the effect of
Rose Bengal as insecticide environmental friendly
compound.

2. Material and Methods

Chemical preparation: Rose  Bengal
fluorescent stain powder was mixed with 6 mg/dl ion
hydrocarbon patent R. No. 1788/2009; dissolved in
water to prepare concentrations of 0.01270, 0.00145,
0,000127 and 0.000029 pg/L.

Insect culture : Hylemyia antiqua was reared
in the laboratory of Plant Protection institute,
Ministry of Agriculture, Cairo, Egypt.

Design of experiment:

Each concentration of Rose Bengal was
topically applicated on each stage of insect instar by
micropipette at volume of 1 pl/insect instar in groups
of 10and15 replicate insects. Each group of selected
treated insects exposed to direct light sun for period
selected as it mentioned ,then keep it in room light.
The death recorded after 24 hours after the
application.

The period was selected for eggs were 30
and 60 sec.. As for larva 4th instars and pupa were
1.5, 15, 20 min and 15, 150sec. respectively. The
adult form the selected time of exposure was 60
and 120 sec.

Therefore the insects were classified into 4
groups according to the concentration of Rose Bengal
to reach as follow:

Group 1 at concentration was 0.01270 pg/I
Group?2 at concentration was 0.00145 p g/l
Group 3 at concentration was 0.00 0127 pg/I
Group 4 at concentration was 0.000029 p g/l

3. Results

From table (1), LC50 for egg s stage of
H.antiqua was 0.0 0 0 446 with slop 0.219 + 0.006 at
3 0 seconds exposure time to direct sun light, but it
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was 0.0 00 0 84 with slop 0.516 + 0.007 at 60
seconds that indicate the photosensitizer can control
eggs stage of H.antiqua, but in the other hand, it was
315.022 at LC90 in 30 seconds a s time of exposure
to direct sun light . But also, it was 0.0253

In 60 seconds exposure to direct sun light.
However, Rose Bengal can not only control eggs
stage of H.antiqua but also integrate this target which
time of exposure to direct sun light play an active
role with Rose Bengal concentration with the
additional material.

But for 4™ instar larvae of H.antiqua the
LC50 was 0.000347 with slop 0.316 + 0.006 at 15
min. as time of exposure to direct sun light , but it
was 0. 00003 with slop 0.547 = 0.008 at 20 min. as
time of exposure to direct sun light. But 4"
instarlarvae of H.antiqua LC90 was 3.892 at 15
min. exposure to direct sun light. In the other hand at
20 min. time exposure to direct sun light, LC90 was
0.0676. It notes that this stage take time for light
exposure more than eggs stage.

For Pupae stage LC50 of H. antiqua was 0. 0
0 0177815 with slop 0.3843 £ 0.0654 at 15 sec. time
exposure to direct sun light. But it was 0.0 0 O
0142837 with slop 0.4805 £ 0.0007 at 150 sec. time
exposure to direct sun light.

For LC90, it was for the same stage 0.3 8 4
with at 15 sec. time exposure to direct sun light .
But, it was 0.0 0 6 6 3 741 with at 15 O sec. time
exposure to direct sun light.

For Adult stage of H.antiqua , the LC50 was
0.0 0 0 2 6 with slop 0.070 £ 0.0003 at 60 sec. of
exposure to direct sun light. But it was 0.0 00 2 9
with slop1.088 + 0.0054 at 12 O sec. exposure to
direct sun light. For LC90 to adult stage of
H.antiqua, it was 0.0166 with slop 1.0 8 8 when it
exposed 60 sec. to direct sun light, but it was 0.0 0 3
when exposed 120 second to direct sun light.

4. Discussion

From all results, time of exposure to direct sun light
play an active role in controlling all stages of
H.antiqgua in order to complete photosensitizer
reaction . Increasing time exposure to direct sun light
decrease the used photosensitizer concentration and
vice verse. However eggs stage as stable stage, it can
be controlled with few seconds of light exposure to
direct sun light with low concentration of
photosensitize but 4™ instar larvae of H.antiqua takes
time of exposure to direct sun light, up to 20 minutes
, with the same concentration of photosensitizer.
Again to 15, 150 seconds of time exposure to direct
sun light with the same concentration of
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photosensitizer pupae stages can be controlled may
be due to it is powerless stage. Also at adult stage,
exposed to 60,120 sec. that can control this instar
similar to the previous one . However from all
treatments, pupae stages of H. antiqua could be
sensitive to photosensitizer because it can be
controlled during only 15 sec. then eggs instar that
could be controlled during 30 sec . but adult instar

couled be controlled with 6 0 sec. from light
exposure to direct sun light and later 4™ instar larvae
which needed to, at lest 15 min. to be controlled with
the same concentration from used photosensitizer.

Table (1): Effect of Rose Bengal on Hylemyia antique stages

Eggs
Time .
LC<, and confidence limits Slope + SE :}ri?f[’sand confidence
0.000446 315.022
30 Sec. 0.219 £ 0.006
(0.000087 — 0.0020) (2.2943 — 107583)
0.000084 0.0253
60 Sec. 0.516 +£0.007
(0.000036 — 0.000157) (0.00892 — 0.1387)
Fourth instar larvae
15 mi O 0.316 +0.006 3892
min. _ 316 +0.
(0.000119 - 0.000888) (0.2707 - 1601.33)
) 0.00030 0.0676
20 min. 0.547 +£0.008
(0.000169 — 0.00053) (0.0224 — 0.3862)
Pupae
15S 0.000177815 0.0654 0.3843 o
ec + 0. ) .
0.00038094) (0.00006586 - (1%%%224;{%%514%)
150 S 00000142837 0.4805 + 0.0007 .
ec. 4005 £ 0. (0.00253953-
(0.00000301-0.00003591) 0.0342026)
Adults
0.00026 0.0166
60 Sec. 0.070 £0.0003
(0.000158 — 0.000395) (0.000275 —
120 Sec. 0.00029 1.088 + 0.0054 0.003
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n
.A Ai C *
Abstract: In this paper we construct the derivations of i=2  in terms of the derivations of some simple -algebras

AT =2 N Also we introduce the concept of relative compatibility of finite number of A, - derivations

a;AAE:z' cl AT_A

We express the general form of any element c in the kernel of where =70 and

IR D
Lin terms of some simple tensor product ¢ =1 AA b, , bl Al A . Finally we get a precise form of

¥
.- / "i= X )i .
A, derivations @) 1=123,...,n in terms of a sequence of derivation ( ' )“1on A, and their basis
©,)i= "i=123...n

(ISSN. 1545-1003).

.For resent results see [1],[3],[5] and [10]. [Journal of American Science 2010;6(8):31-38].

Key words: Simple C ) -algebra; Tensor product of C ) -algebra; A-derivation; Compatible derivation.

1. Introduction It is called a*-derivation if it
n n n . - *_ *\ .
Ifd:AA ® AA, isaderivation where A A, bea satisfies D, (a;) =D, (ai ) 1£1 £n.
i=1 i=1 i=l T
For a fixed element @, | A;, we can define

tensor product of finite number of simple C = algebras.

hen for ad??\ag i O A O
8i:1 P & |¢|n gjé\lA, = we have

gb :d(%\q 3%\[3' _+6%\a 9d(§‘b| 3 thaF D.ai isa deriv:.ﬂtion,
9

D, A ®A,
where D, (b)) =[ai b ] =a,b, - b;a; . Itis known

'] which is called an inner derivation [9].
Let | be the identityof A " i =1,....,n. By A derivation Dai is called approximately inner if it is
—— ' . the limit of a sequence of inner derivations. For more
A; ("1 =12,....,n) weshall always mean simple details about the definitions and results we can refer to
C " - algebras with countable basis. Each simple C " - [7]and [8].
algebra A, has the property ¢ (A, ) =CI , where 2. Compatible derivations of finite number of simple
: C*- algebras.
¢ (Ai ) is the centre of A, see [9]. Recall that by a Now we are going to define a derivation of finite
simple C " - algebra A, ,we shall always meana C - number of simple C*- algebra.
algebras whose ideals are {0} and A. Definition 2.1
H . n —_ n
Alinear map D; 1 A; ® A;, 1=12,...n Let A A. be a tensor product of finite number of
is called a derivation if for each &, ,b, | A =
_ (a.b. ) =D (a_ )b- +aD (b- ) simple C " - algebras. A linear map @ : A, ® AA
1 171 1 1 1 1 1 1 *
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called an A, - derivation with respect to ,&Ai
, 1=12,. -
d(ab)=d(a)(bAR-!
d(ab)=

4(ah) =4 (a)(82DAR,) {AZDA )4 b,)

n
It is called a * - derivation with respect to A A, , if
i=1

d(a) =qa)

Example 2.2

., N if it satisfies,

))+aAB-))d(0).

"o=12,.n.

LetC 1 AA and define
=1

d:A ® AlAi i =12,...,n by

’%AA 0

k =2 ﬂ
agel 0 A

0:(31) a f—\ll aAa Agk'Al\+ll 5@

"1 =2..,n-1,
Sl A

and d, (an):ag a£}A I Aa, 9 Then d isan A, -
k =1 g

derivation with respect to AlAi "i=12,...,n,

which is called an inner A, - derivation.

Next we are introduce the notion of compatibility of
A, - derivations " i =1,2,...,n

Definition 2.3
n
Let @ be A, - derivation with respectto A A, ,
i=1

I =1,2,...,n, thend 's are compatible if the map

d, :,&Ai ® ,&Ai defined by

dé@ -q(qg A2 AAlq(q gB\IAAa{ 0;

k44 gy
is a derivation ofA A, . In this case we say that d 's are
i=1

the i {3, components of d.

http://www.americanscience.org

Note:

We can say thata{ ,1=2,3, .....n are compatible

with @, if the above condition is satisfied.

Example 2.4

d(a) (AR Ab, AR 1) +AGRL '>A%A%ﬁ')d£\b/1 andFEN A

94?1A,§2|6 i =1
d(a)= qg'?MAqAAl_ 2£i <n

84§%\IA610_ I =n.

Then @ 's are compatible i =1,2,....,n. Therefore we

have,
d e %=qFa?
&7 ‘&g
Example 2.5
Let X, be derivationson A, , 1 =1,2,...,n,then
a(a)=x(a)AAL
d(a)=A1Ax(a JA Al i=2..n-1

k=1 =i+l

and, d, (an) = Eil Ax (a ),are compatible for,

5 5 aa:l
8 I_+a8AIAX AKAI\+1IB+ kA_llAXE

see [7].

3. Main Results
We will be in need to the following Proposition which

gives a necessary and sufficient condition for some A, -
derivations to be compatible.

Proposition 3.1
For 1Ei1 £n, d s are compatible if and only if
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d (d,(a, ))8AIAAak§+

al/-'\/-'\l

d (d(a)=

1A A a
k:2k

+51§?AAakAA|— d (d(a ))?é‘e'a‘lA A ak_

k=i ﬂaAAl =i+l

q (d(a,)

+‘*fAAakA|
8 ﬂaAAl

Proof:-

Letd 's are compatible I =1,2,...,n. then there

d: AA ®AA ,where

i=1

d?q q’(q?AAa{ +a q{AAI_q’( )%\IAAq{_

exists a derivation

= k=4 [
afAlak Al _a’ (a,). @
However,
d(é‘"d:&a,_-d88 AkAZakgg?;\iAkA_\zlag
n A n 0

—dg?AézakggglAkAI;a?AAa ‘%A@Ja
= 4(')§A{§2ak 2GR 1 % (a) RN AAR S
+
r61 el <0
aFA qlﬂq(q gAlAm; AAqAI_q((aL)] AAIL
+

+g? AAa, Ba{(ai) AlS
(3.2)
From (3.1) and (3.2) we get,

0B Aa 0=
gAézakg(d( a))- (d(a )>§el Adcs
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aa:l .6

+eAa Al ga;, (a,).

Therefore,

d —d@) B I AAa OB AR
|Akﬁ«'_2ak(q(a1)) z(az)g k=3 %?il k=2 g

Adinia g B 344))?%%”%%9
c AA%AA%AQJ% @Akﬁﬁg Ao A fa A
+§‘? Ak\:,g\ak Al gé%lA k,gzl E(a’n ().
Then we have,

glda)= il 2cPla sl o canindel

+?éﬁ A A a Al a(dalm (2, (a,)))
On the other hand let,
Jlda)=g (Q(az)) JA@% Aka AAIO 40’((,’/(6}) 4IAkﬁ1q(E

+§?AAakA|°d . (d(a,)).

g aAAl

Now we need to show thata{ 's are
compatibles,i =1,2,..

Thatis d : A A ® A A, is a derivation where for each

a0 p 9 An

=1 i=1 i=1
8 ﬂ a

()@ EERZP0 S Pa b0

, and

d?a, =q(a a?AAq(;+aa%\a(Aélgq’( )&1l 5«

g
A%

8AakAl_a'( a,).

Since,
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OO !
e B oo - A A e b

(bARZah AR, 1) (la b)) A Aa) ?AA@QAI‘M a))

o

&Fan AR Jalan DA A A an &t A1 dq(a)

:1
i2

: =5 A Aab, Aa, dd (b,
=(d(a ))?AAaKOB?‘E\b—@AAuq )?AAaKbK- g nano e ﬂ(_l( ) )
#d(ab. ) B ATA Aab, Aa, 2
%1%1 2.0 n-2 i1 N _ i
aghab AL (&b ))EA A Aﬂakb 5 +5§?AAakbkAA|&q(qbi))glAAuA R ab, Aan_
1 1 i=3 k=2 k=i 9 k=2 =i+
%mmm( DEA1 Ao, 2ZAa ZAn, A1 96/ b,)
- (1AAZab AAL 1)(d(a b, ) (I ARSI Ag, )+

=d(a )?AAakoa?ib 9+a%1AkA2IE ?AézakbkAlg(q(an))gﬁAé\zlg
iq(q)g/'&gm/&ang@/&élgq(m I ARan Aa S B a9 ary(_g"?s-sz_v_v_e have,

d (géa,. g&lb %ﬂ%( )?Ak Ao % %A _+831A Al g
+a§AAakb Aélg( (ab, ))g‘?MA A ab, Aan_

=i+l

& A Rab, Ag, %o +a(an)BAIARaD Ag S

(AR 2ah AR, 1) dla, b, (A1 Aa) b AR ah Al)(a)
kA_ll Ab, _+aé/la Ab Al _(d( ) +a?AAakb AAI_(q’ )?AAIA,?\ﬂaKb Aan_
SN 1 AAZab AR 1) (a, b)) (b ARSI A
d (d(b))= d @(an) )a%\IAAakb Aan O . )
1AR 8D, Aan( b )) BAA +§? Aké‘zakbk Al g(af]( )aB A A I %8A I Ab s
+agi’AAakb AAIS 4 (g (qb))g“dAlAAakb AaS o s g i

iy ¢ +BaAb Al dd (b )=(@)FAAS géu
(Iméqmﬂ)q%.<qqnaxﬂrzlﬁq)+§%qmgg<qq)> BAAIC

Therefore,

1 N S - L lap i 0 5 el o)
a(n)FAAan Ag HEAAI g(q(azbz))gg 1A Aa iFAAaD Ag Ad(b)) +(d(a )b AAab. Aa 2+

. S e . .. Nl . o
?é‘? Aa,AA I B(a’z (bz))?éﬁlA | AAab, Aa, S

http://www.americanscience.org 34 editor@americanscience.org




Journal of American Science 2010;6(8)

agAAakb AAI_(q/ @AAlAbAAakb Aan_+§‘?Ab AAakb Al_a’ %aBAAIAb O

"f/& 0
?AAaKbkAqAAI_(q )?lAAmAaKbkAan @, &% Ab Al (d( )

k=41 Repeatlng the above process n-1 times, we get,

(AR Al DOARZI A B g G 0
+(1 AAZab, Aa,, Al) (G, (b,.)(b AALI Ag,) | v
=%(01(a1))§ A A, g
Fhan A1 ARSI Ay 9Ra Bp A dala)) nin i o
Frann QAR BRI et a1 DB A R
Then we have, é 1 (e 0
d BR o 0By 00 FghaAl _( (@) g%bi 5
88I:1 Bg 2 gg 35 i . ) " ¢
| : o el [IARRA A A SRR AAR A AAI gl
laa)F AAa 2EAAI a () Fh1A RS Y el Sl il
| g 4 k= . , o .
S, 0 A1 90, b, Al Ab, 2R, A1 % b,)
i1
}
Fa T ARDAACIRAI AT m, 0B b ¢
. 0B 2T gaT g G &
+?‘§:1ak A ésl B which impliesthat @/, 1 =12,...,n are
1 )%\I AAa(bk Aan 9+?Ab2A,& I 9(a§(a3)) compatible, that is, d : A_\lA ® A_\A is a derivation
I & a = g where
?ﬁql Ab, k,§4akbk Aa % (1A Al| glo)( A Ag, +agA|AAQA|q(q g‘AQAAllAbﬂE
?AbzAaSA%I%@(bg))g%llA%lakbkAang kA_ll_a’ (b, )?ééAzb Al Ab, 5
1 : A/l 1§
ggAbzAAa(q AAI 4q(q))§?\ll Ab A A  ah, Aqé +eAb Al Ba;, (b,) =d &bi ,%
+§?AbZAAa‘(Q< Ag A A | _(q’(q ))a/%\ll Akﬁﬂq A"%- In th_e _f(_)llowin_g _we introduce the conc?pt 9f relative
compatibility of finite number of A, - derivations
{1 Ab AR Zab AR 1) (& DA A Ag )+ i =12,
(IAbZA{:é@qAan 1A|)(q ( ))( —1I A‘%) Definition 3.2

Ifd and d¢ i =2,......, Nn. are compatible with
@, then we say that (@}, d, ....., al)is g - compatible
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to (d%dS.....,d%) written by
d°dimodd) "i=23,....,n.

We express the general form of any element c in the

kernel of d , .,  where cl A'_A and xT A in
k =2

terms of some simple tensor product ¢ =1 A Ark'zzbk
S
bl ALLA,.

Proposition 3.3

Let A, besimple C *- algebra " i =1,2,
Letcl A"_ A, for each
x1 A, a, AAL, ,(€) =0.Then
c=1AA]_b,
I AAY_b T Al_A, .Moreover
a°dimodd) "i =23,
f. derivations
of A, (d-d¥(a)=A 1A f(a)AA]
all
2f£i £n-1land,(d, - d@,)=A21 Af (a,).

for some

n,if for some

sing |, for

Proof.

¥

Firstly, let ¢ = § a, AAi”ZZbij where b; "sare

i=1

linearly independent " 1 =2,3,...... ,N.Since
AA" I(C) =d (x AA _1)=0.

thus, c(x AA]_1)- (x AAl,1)c=0 "xI A,
then ,
& I I o w &
a (a1j AAi:Zbij )(X AAk:zl )' (X AAk:zl )(a (a1j A
i=1 i=1
thus, Q ((aijx - xa JAALD, ) =0.

j=t

Secondly, since b, ’s are linearly independent
]

Then d, (x)=0 "xT A see[7]
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Thus, 8, x - xa, =0,a, 1 Z(A,)=CI then

a =a;l , a; 1 C see[9].
Finally

c=8a ALY )‘a(alAA_z b,)=a( A& ALb, )
=1 4

Now let (a AT b)) =AT _, 0. Therefore,

c=(I AA? :zbi(JF) the first part of the Proposition is
proved.

Let, (...,
(d$dg.....,

d)) be d, - compatible to
al®) then there is a mapping

d, :'AAi ® AlAi , defined by

"ALQIAA

d@q_w@gwg%a/%ﬁl %(a))élﬁéa?@q/&l%q))
—(cﬁq))geAAak +a§qAAI2cp(q )gmAAak +§“2\4A| Qtta)),

n

is a derivations of A A, .
i=1

Moreover,
4 (@)= d @@)gAIARs S
IAA a aAA o}
rb—l
+ a‘?AA AAI_a’a’ A LA A
iazsg ak ﬂalAAl( ( ))8 '+1akﬂ
+aEfAAa A12 o (d(a)).
8 “ ﬂaAAl( n( n))
A_,_ ) R
S Nake)gh A Aa 8
rb—l
+ a‘?AA AAI_a’a’ AIAA
iazsg ak ﬂalAAl( G(a) '+1akﬂ
a‘?AAa A2 o (a¢
*e ‘ rz:aAA.( (a.)).

editor@americanscience.org




Journal of American Science

2010;6(8)

Then,

2 n -
d ((d,- d A1AAa 2+
alAAI(( q)( )8 = k=3 g

+é§?AAakAA|_ d (d-d%(a)) )(é??uA A ak_

AAI k=i+

?éﬁAAa AS d ((d-an(a))=

zalAAI
Thus, o { (d,- d, AlAAa9+
u alAk/"xz|{ (2 2%( )8 o kﬂ
;1 . il L g
gg?Akezak AA1(d - a9(a) 8A ! Ak/fﬂakg

. -l - 0 _
+§? AAa Al E((a; - a®(a,)) } =0.
Using the first part of this Proposition, we have,

- %) §IAA3K +a§AAaKAA|9((q Aa) )gfamAaKg

Fana i1 g afa)) 2 A4, =(1AK.a)

where d is a derivation on A_ A, .
Hence,
(d - df@)=A 51 AT @)AAL I,
for
2Ei£n-1 and, (d,- d®@,)=AZ1Af (@a,)

where, f. are derivations of A,

The other direction of the Proposition can be proved by
using example (2.5), that is, let X; be derivationson A, ,

i =12,...,n,then
d(a)=x(a)A AL
d(a)=AlAx(@)A Al i=2..n-1

and, d, (an) = qéll AX (a ),are compatibles , since

.t n-1 =
d= ?AA|_+a§‘A|AxA A 183K

k=i+1 [} k=1
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And then the proof is completed.
Finally, we get a precise form of A, - derivations

(d) "i=123...,
derivations (Xij )le on A, and their basis (eij )j-‘:l,
"1 =123...,n.

N in terms of a sequence of

Proposition 3.4

¥
Let{ } arebases for A, "1 =12,3,...,n,
j=1

and @, be A, - derivations. Then there is sequence

(=}

of derivations of A, , such that,

ig N
|é21(a)AAk2k i =1.
e
T & .
ia (Alle, Az (a)AA is ) lpipn.
di(ai)=_|'_j:1 k=1 k k 1
I ¥
Ta (Ade, Az, (@) i =n.
|': ] ]
i
]
Proof.
Leta,bl A , "i1=23..,n-
Then we have,

4(ah)a:(ﬁ&i@j/&4j(am%ﬁqj)
q;f(a ""ﬂMA‘LI)ﬂ/‘SLiI/‘SaAAU)d@)
—*ol(ﬂi Az @hARLE )+a(A< Pz QARL8)

Thus,

A(e, A @) @h +az BAAL ., )=0

Since, Y )}y are linear independent
"i1=12....... ,N, see[7].
Therefore, Z; (a;b;) =(z; (a)b; +az; (b;)).

Then we have {Zi }j be sequence of derivations on
A "i=2,...,n-1
Similarly, we can show that { } and { } are

Al A X, 0 < sequences of derivationson A, A respectively.
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Study the Suitability of Cheese Whey for Bio-Butanol Production by
Clostridia
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Abstract: The aim of the present paper is to investigate the feasibility of bio-butanol production by batch
fermentation of cheese whey a dairy industry waste characterized by lactose concentration ranging from 4.5% to 5.0
% (w/w). The microorganisms used to carry out the fermentation processes was Clostridium acetobutylicum DSM
792 and Clostridium acetobutylicum AS 1.224. Preliminary experiments, performed in aerobic conditions on lactose
medium lab experiments, have shown that Clostridium acetobutylicum DSM 792 was the best in the solvents
production compared with AS 1.224. The bio reactor batch experiments were carried out on lactose and cheese whey
media. The experimental data have demonstrated the process feasibility that cheese whey is an excellent substrate
for fermentation and exhibits better performance with respect to lactose medium. [Journal of American Science
2010;6(8):39-46]. (ISSN: 1545-1003).

Key words: cheese whey, lactose, bio-butanol, bio-ethanol, Clostridium acetobutylicum

1. Introduction been stressed that butanol can be economically
When oil price suddenly increased in 1973, produced if cheaper substrates are used. Substrates
intensive research interests returned on the that require minimum processing and fall in this
conversion of agricultural products into fuels and category are by-products or waste products of
chemicals. agricultural industries such as molasses, and whey
Biofuels used in transport are typically permeate (Diirre, 2007).
bioethanol which is used as a petrol substitute and On the other hand, an estimated 90.5 billion
biodiesel which is used as a diesel substitute. Also, pounds of whey was generated as a byproduct of
butanol has sufficiently similar characteristics to cheese production in 2006, comprising about 85.8
gasoline to be used directly in any gasoline engine billion pounds of sweet whey and 4.7 billion pounds
without modification and/or substitution. Butanol is of acid whey. Over the last 5 years from 2001 to
superior to ethanol as a fuel additive in many regards: 2006, the volume of whey increased by 15 %
higher energy content, lower volatility, less commensurate of whey increases in the production of
hydroscopic (thus does not pick up water), and less cheeses. Besides the liquid carrier, the composition of
corrosive (Diirre, 2007). Branched chain 4-carbon whey is approximately 0.3 percent butterfat, 0.8
alcohols including isobutanol, 2-methyl-1-butanol percent whey proteins, 4.9 percent lactose, and 0.5
and 3-methyl-1-butanol have higher octane numbers percent minerals. Cumulatively, there were 4.4
compared with n-butanol (Atsumi et al., 2008) and billion pounds of lactose contained in the whey
thus are good candidates as fuel additives (Lee et al., produced that year (Charles, 2008).
2008). In Egypt, more than 70% of milk produced
During the early 1980s, many problems that is used in cheese making to produce about 336939
have prevented butanol fermentation from being tons fresh cheese annually (CAPMS, 2004), in
commercially viable were presented. These obstacles addition to, all cheese varieties. In China, cheese
can be enumerated as: (1) use of dilute sugar production is increased rapidly from 10.000 tons
solutions due to butanol inhibition; (2) low product (2006) to 15.000 tons (2008), which increased the
concentration in fermentation broth which is amount of whey from 90.000 to 135.000 tons
attributed to butanol inhibition and results in cost respectively. These are no plans for the utilization of
intensive recovery; (3) low product yield, usually of whey in Egypt and China as in the most countries in
the order of 0.3 due to conversion of approximately the world. So, increasing cheese production will
53% of substrate into CO, and H,; and (4) low create pollution problems in addition to its fuel
reactor productivity. In spite of these problems, it has interest.
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The present study is intended to investigate
the possibility of using cheese whey as a source for
bio-butanol production, evidencing the differences
existing between lactose medium and cheese whey,
which — in principle — could be used as raw materials
to achieve fermentation processes aimed at bio-
butanol production.

2. Material and Methods
Microorganisms

Clostridium acetobutylicum DSM 792, which
corresponds to ATCC strain 824 was donated by
Institute of Microbiology, Beijing, China. While,
Clostridium acetobutylicum AS 1.224 was isolated
from soil by Laboratory of Molecular Physiology and
Systems Biotechnology, Department of Industrial
Microbiology and Biotechnology, Institute of
Microbiology Chinese Academy of Sciences, Beijing,
China.

Preparation of lactose medium

The medium contained per L of deionized
water: KH,PO,, 0.75 g, K,HPO,, 0.75 g, Mg SO4 —
H,0, 0.4 g, MnS0,-H,0, 0.01g, FeSO, -7 H,0 = 0.01
g, Na CI, 1 g, Yeast extract, 5 g, Asparagine, 2 g,
(NHy4)2 SOy, 2 g, Cysteine-HCL , 1g, Rezurium, 50 g
lactose and 1 ml. CaCO,, 2 g (only for pre cultures).
The pH value was adjusted to 7 using Na OH (2 N).
After sterilization, the medium was sparged with
nitrogen to remove the oxygen, and maintained
under nitrogen pressure until its inoculation.

Preparation of cheese whey as fermentation medium

Cheese whey (containing 45— 50 g/l lactose)
was obtained from Inner Mongolia Yili Industrial
Group Co., Ltd., Mongolia, China. Whey was boiled
for 30 min to denature and precipitate most of the
whey proteins (Chen and Zall, 1982). The
precipitated whey protein was separated and the
supernatant was filtered through cheese cloth to
remove the balance of any minute amounts of
protein.

Lab batch experiment:

The 3 ml of inoculum were grown in 100-ml
screw-cap bottles with rubber septa under nitrogen
using 50 ml of degassed lactose medium and
inoculated at 37 °C for 75 hrs with the agitation rate
of 150 rpm, samples were taken after 50 and 75 hrs
for analysis.

Bio-reactor batch experiments:

Best strain for butanol production was used
to run bio-reactor batch experiments. Pre cultures
were grown in 100-ml screw-cap bottles with rubber
septa under nitrogen using 50 ml of degassed lactose
medium and inoculated at 37 °C. At least two
transfers were prepared before fermentor inoculated.

http://www.americanscience.org

40

A fermentor of 7.5-liter (New Brunswick Scientific
Co., Edison, NJ) with pH and temperature control
was used in batch fermentation. Two different batch
experiments were done using C. acetobutylicum
DSM 792 with lactose medium and deproteinized
whey (without adding yeast extract). Lactose medium
(containing 50 g of lactose /liter) reached volume of
3.0 liter was inoculated with 300 ml of the pre
culture. The pH for the fermentation was regulated at
5.0 by automatic addition of ammonia solution (NHj;-
H,0), the temperature was maintained at 37°C with
150 rpm agitation rate. Samples were taken every 12
hrs for 5 days to determine different biofuels
production.

HPLC analysis

The  concentration of  substrate and
fermentation products was measured by a High-
Pressure Liquid Chromatography (HPLC, Agilent
1200) with refractive index detector. The separation
was obtained with an Aminex HPX-87H (Bio-Rad)
column (300 by 7.8 mm). Elution was done at 15°C
with 0.05 mM H,SO, at a flow rate of 0.5 ml/min.

3. Results and Results
Bio-butanol formation in Lab batch experiment
Figure-1 and -2 show comparative formations
of biofuels in lab batch experiment (lactose
medium) using Clostridium acetobutylicum DSM
792, and Clostridium acetobutylicum AS 1.224 after
50 hrs of fermentation process.

It could be noticed that Clostridium
acetobutylicum DSM 792  showed obvious
differences from Clostridium acetobutylicum AS
1.224 by lactose utilization which has reflected to
fermentation products. The intermediate
accumulation of acetic and butyric acid was very low
in Clostridium acetobutylicum AS 1.224 compared to
Clostridium acetobutylicum DSM 792. These results
are in agreement with those obtained by Bieb, (1999),
found that butanol and acetone-producing strain
DSM 2152, invalidly described as ‘Clostridium
saccharoperbutyl- acetonicum °> was compared with
the type strain C. acetobutylicum, DSM 792, with
respect to solvent and acid formation at varying pH
values and growth rates. Under all conditions strain
DSM 2152 produced much lower amounts of butyric
and acetic acids than the type strain. The pH
optimum for solvent formation was higher, ie 5.5
instead of 4.5. Solvent formation occurred at higher
dilution rates, but below 0.1 h' a lower solvent
concentration was obtained, indicating that acid
production was too low to provide a sufficient
amount for acetone formation. The strain
(Clostridium acetobutylicum AS 1.224) is a candidate
for genetic improvement supplementary to the type
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strain of C. acetobutylicum which is the subject of a

rapid development in DNA recombination.
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Fig. (1): HPLC-chromatogram of biofuels formation by Clostridium acetobutylicum DSM 792

using lactose

medium (37° C, shaking velocity 150 rpm, pH 7.0) after incubation time for 50 hrs.
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Fig. (2): HPLC-chromatogram of biofuels formation by Clostridium acetobutylicum AS 1.224 using lactose medium
37° C, shaking velocity 150 rpm, pH 7.0) after incubation time for 50 hrs.

Francisco and Russell (1996) reported that
Clostridium acetobutylicum had phosphotransferase
systems for glucose and lactose, and the lactose
system was inducible. When C. acetobutylicum was
provided with glucose and lactose, the cultures grew
in a diauxic fashion, and glucose was used
preferentially. Cells grown on lactose took up
thiomethyl galactoside, and retained this non-
metabolizable lactose analog for long periods of time.
Because glucose inhibited thiomethyl galactoside
uptake and caused the efflux of thiomethyl
galactoside that had already been taken wup, it
appeared that C. acetobutylicum had inducer
exclusion and inducer expulsion mechanisms similar
to those found in lactic acid bacteria.

Table (1) shows lactose consumption and
related biofuels production by the two Clostridium
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strains in lactose medium with initial pH 7 after 75
hrs. It can be seen that production of acetic and
butyric acid by Clostridium acetobutylicum DSM 792
was higher amounts and slightly increased by
prolonging the incubation time from 50 to 75 hrs.
Ethanol and acetone production were decreased,
while butanol amount was not changed. By
Clostridium acetobutylicum AS 1.224, acetic acid and
ethanol production was increased after 50 hrs, while
other compounds did not detect. These results are in
agreement with those reported by Lee ef al., (2008)
who mentioned that the clostridia solvent production
is biphasic fermentation, the first phase is the
acidogenic phase, during which the acids forming
pathways are activated, and acetate, butyrate,
hydrogen, and carbon dioxide are produced as major
products.
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Table (1): Production of biofuels in lactose medium (37° C, shaking velocity 150 rpm, pH 7.0) by Clostridium
acetobutylicum DSM 792 and AS 1.224 after 75 hrs.

Clostridium acetobutylicum DSM 792 Clostridium acetobutylicum AS 1.224
Components
(g ——
Incubation Time (Hours)
50 75 50 75

Lactose 528+0.85 2.57+1.84 38.28 £ 1.69 35.02+1.80
Acetic acid 13.10 + 1.00 13.41 +£0.35 0.66 +0.35 2.56 £2.10
Ethanol 6.42+0.18 4.94 £2.24 2.13+1.52 438 +£2.57
Butyric acid 10.47+ 0.15 10.87 £ 0.53 0.59 +£0.62 0.00
Acetone 0.26+0.12 0.00 0.52+0.40 0.00
Butanol 0.71 £0.06 0.71+£0.13 0.01£0.01 0.00

During the first phase, the cells grow rapidly
and form carboxylic acids, mostly acetate and
butyrate; the excretion of these acids lowers the
external pH. These acids are suggested to act as
inducers for the biosynthesis of the solventogenic
enzymes during a second fermentative phase
(Ballongue et al., 1985). The acids formed earlier re-
enter the cells and act as co-substrates for the
production of neutral solvents (Fond et al., 1985). At
this point, the production of the acids ceases as well
as cell growth, and the medium pH increases slightly
due to the acid uptake (Terracciano and Kashket,
1986). It has been suggested that the switch to solvent
production is an adaptive response of the cells to the
low medium pH resulting from acid production (Bahl
et al, 1982). The major end product of the
fermentation is butanol, with acetone and ethanol
being minor products. The Dbacterium, C.
acetobutylicum is able to metabolize a great variety
of carbon resources. Depending on the nature of the
carbohydrate and the culture conditions, the extent of
solvent conversions can vary (Compere and Griffith,
1979).

The transition from acidogenic to solventogenic
phase is the result of a dramatic change in gene
expression pattern (Diirre et al., 1987). Bryant and
Blaschek, (1988) found that the pH of the medium is
very important to the biphasic acetone—butanol
fermentation. In acidogenesis, rapid formation of
acetic and butyric acids causes a decrease in pH.
Solventogenesis starts when pH reaches a critical
point, beyond which acids are reassimilated acetone
and butanol, are produced. Therefore, low pH is a
prerequisite for solvent production (Kim et al., 1984).
However, if the pH decreases below 4.5 before
enough acids are formed, solventogenesis will be
brief and unproductive. Increasing the buffering
capacity of the medium is a simple way to increase
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growth and carbohydrate utilization as well as
butanol production (Lee et al., 2008).

Desai et al., (1999) constructed a stoichiometric
model for the flux analysis of acid and solvent
formation pathways. As expected, higher acetate and
butyrate forming fluxes were observed in
acidogenesis compared with those in solventogenesis.
The direction of the butyrate forming pathway was
reversed in solventogenesis. During solventogenesis,
the fluxes toward acetone, butanol and ethanol
formation were greatly elevated. In addition, fluxes
linked to the acetone forming pathway (e.g., uptake
fluxes of acetate to acetyl-CoA and butyrate to
butyryl-CoA)  increased in  solventogenesis.
Transcriptome profiling strongly supported that this
flux pattern was driven by phase-dependent gene
expression (Alsaker et al., 2004).

2-Bio-butanol formation in bio-reactor batch
experiments

Figure-3 shows the lactose consumption by
Clostridium acetobutylicum DSM 792 in lactose
medium and deproteinized cheese whey after 5 days
of fermentation process. Lactose consumption in
lactose medium goes to completion after 3 days only,
while with cheese whey almost (20%) of lactose was
remained. These results are similar to that obtained
by Sansonetti, et al, (2009) and Salman
&Mohammad (2005) who found that lactose
consumption goes to completion within 13 h only, i.e.
much earlier than it was reported for raw cheese
whey fermentation, which might also affect the
process performance.

The highest fermentation product on lactose
medium (50g/1) was acetic acid as shows in Fig. (4)
reached the maximum formation after 3 days then
decreased. The production of butyric acid and ethanol
was almost constant after 2 days.
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Fig. (3): Effect of fermentation media on lactose consumption by Clostridium acetobutylicum DSM 792 after
fermentation process (37°C, shaking velocity 150 rpm, pH 5.0) for 5 days.
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Fig. (4): Fermentation products on lactose media (37°C, shaking velocity 150 rpm, pH 5.0) by Clostridium
acetobutylicum DSM 792 after fermentation process for 5 days.
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Fig. (5): Fermentation products from cheese whey medium (37°C, shaking velocity 150 rpm, pH 5.0) by
Clostridium acetobutylicum DSM 792 after fermentation process for 5 days.
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Figure (5) shows the production of acetic
acid in cheese whey, which increased to reached the
double amount compared to lactose medium. Ethanol
and butyric acid were reached the maximum after 3
days then decreased to constant amount almost
similar to lactose medium. These results are in
agreement with those obtained by Ezeji ef al., (2004)
who found that it takes 2—6 days to complete batch
fermentation depending on the condition and the type
of substrate employed. The final total concentration
of solvents produced ranges from 12 to 20 g L' in
batch fermentation, which can be separated from the
fermentation broth by distillation. Classical fed-batch
and continuous cultivation do not seem to be
economically feasible, because of solvent toxicity
and the biphasic nature of acetone-butanol
fermentation, respectively. To overcome this
problem, fed-batch culture has been coupled with an
in situ recovery process.

Sansonetti et al., (2009) studied the feasibility
of ricotta cheese whey (scotta) fermentation process to
produce bio-ethanol by K. marxianus. Furthermore, it
was showed that scotta represents an excellent
substrate since it allows attaining an ethanol yield of
97%, very close to the theoretical one. Complete
lactose consumption was observed after 13 h for scotta

as compared to 18 h for raw cheese whey. As far as the
fermentation process is concerned, scotta is to be
considered as a substrate completely different from
traditional raw cheese whey and, also, from
deproteinized whey, thus representing a valid
alternative source to produce bio-ethanol.

Qureshi and Maddox (2005) produced acetone-
butanol- ethanol (ABE) from whey permeate medium,
supplemented with lactose, in a batch reactor using
Clostridium acetobutylicum P262, coupled with ABE
removal by perstraction. ABE were produced from
lactose at a yield of 0.44. The ratio of acids to solvents
was significantly lower in the perstraction experiment
compared to the control batch process suggesting that
acids were converted to solvents. Qureshi and
Maddox (1987) immobilized cells of Clostridium
acetobutylicum by adsorption onto bonechar and used
in a packed bed reactor for the continuous production
of solvents from whey permeate. A maximum solvent
productivity of 4.1 g I'' h™!, representing a yield of
0.23 g solvent/g lactose utilized, was observed at a
dilution rate of 1.0 h™'. The reactor was operated under
stable conditions for 61 days. High concentrations of
lactose in the whey permeate favored solventogenesis,
while low concentrations favored acidogenesis.

2
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Fig (6): Butanol production from lactose and cheese whey media (37°C, shaking velocity 150 rpm, pH 5.0) by
Clostridium acetobutylicum DSM 792 after fermentation process for 5 days.

Butanol was observed after 1 day with cheese
whey medium and after 2 days when lactose medium
was used as shown in Fig (6). Butanol production
was increased dramatically with cheese whey during
the fermentation period till the end. While, with
lactose medium, the production was constant after 3
days till the end of fermentation period. This could be
due to highest lactose consumption in the lactose
medium compared to cheese whey (Fig-3).
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These results are in contrarily with those obtained
by (Qureshi et al., 1988) who reported that unused
lactose was toxicity due to ABE, in particular
butanol. Using C. acetobutylicum in a batch reactor a
total concentration of ABE of 20 g L' is rarely
reached. At various stages of fermentation lactose
utilization was fluctuated. A maximum lactose
utilization rate of 0.47 gL' was recorded between 56
and 75 h of fermentation. A yield o f solvent of 0.33
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was calculated from this run. During this
fermentation 0.70 gL’ acetic acid and 0.25 g L™
butyric acid was also produced. It was reported by
Zhao et al., (2005) that the initiation of butanol
formation corresponded to the time when butyryl-P
concentration reached its peak. It was suggested that
the concentration of butyryl-P should be higher than
60— 70 pmol g DCW1 for butanol production. The
higher butyryl-P peak concentration corresponds to
higher butanol formation fluxes. Supporting this
finding, the butyryl-P peak concentration never
exceeded 50 pmol gDCWI1 in the non-butanol
producing strain lacking the megaplasmid pSOL1.
One of the most critical problems in ABE
fermentation is solvent toxicity. Clostridial cellular
metabolism ceases in the presence of 20 g/L or more
solvents (Woods, 1995). This limits the concentration
of carbon substrate that can be used
for fermentation resulting in low final solvent
concentration and productivity. The lipophilic solvent
butanol is more toxic than others as it disrupts the
phospholipid components of the cell membrane
causing an increase in membrane fluidity (Bowles
and Ellefson, 1985).

Moreira et al., (1981) had attempted to
elucidate the mechanism of butanol toxicity in C.
acetobutylicum. They found that 0.1-0.15 M butanol
caused 50% inhibition of both cell growth and sugar
uptake rate by negatively affecting the ATPase
activity. Increased membrane fluidity causes
destabilization of the membrane and disruption of
membrane-associated functions and membrane-
bound ATPase activity (Bowles and Ellefson, 1985).

In batch bio-reactor experiments it could be
noticed the absent of acetone production in either
lactose medium or cheese whey. This result could be
due to the acetone-forming enzymes as mentioned by
Mermelstein et al., (1993). Who reported that the
acetone producing pathway is coupled with that
leading to the formation of the precursor of butanol,
butyryl-CoA, from butyrate. In the fermentation of
recombinant C. acetobutylicum with amplified adc
(encoding acetoacetate decarboxylase) and ctfAB
(encoding CoA transferase) genes, the acetone-
forming enzymes became active earlier, which led to
earlier induction of acetone formation.

4. Conclusion

Biotechnological production problems such
as solvent toxicity have traditionally been addressed
by random mutagenesis and process optimization.
Development of C. acetobutylicum strain should be
done to obtain a more solvent tolerant strain.

A more detailed investigation on the
influence of fermentation parameters such as
temperature, agitation velocity, pH and initial lactose
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concentration on butanol yield was beyond the scopes
of this preliminary analysis. It would be, however,
advisable to formulate a general kinetic model that
could be used to improve cheese whey fermentation
performance.

A deeper experimental analysis is, however,
necessary to better ascertain the reasons of such a
different behavior observed during fermentation
experiments.

As a matter of fact, lactose solution, therefore, can be
regarded as a poor fermentation substrate, as
compared to cheese whey.
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Abstract: Four large scale ponds of aquaculture (ca; 10.000m2x1.5m depth per each) were used in this
study to investigate the effect of algal addition on water quality and fish yield without water re-newing.
Prior cultivation at the first of October, each pond received 50 kg super phosphate, 50 kg urea 46.5% N and
6m?* organic poultry manure to enhance the growth of natural flora. Two weeks later (second half of
Octaber) about 70,000 fishes were inoculated. When fish reached 20g of their fresh weight, 100kg of fresh
a live algal bulk Scenedesmus sp. containing 75% moisture was added to each treated pond. Water analysis
including E.C, water pH and nutrients as well as dissolved oxygen were periodically conducted. Comparing
measurements of algal treated ponds with those of the control pond showed that the addition of algae
resulted in increasing of dissolved oxygen and reducing water pH (to become around the neutral pH
reaction) due to ammonium consumption, aeration and slightly to water re-newing. Decreasing electric
conductivity (E.C.) of the remained water was varied with respect to the former reasons. The results also
showed that night respiration of algae was slightly blocked as ponds were aerated by the circulated water
pump and illuminated during night growth. Fish yield of algal treated ponds was increased by 10%
increases, while such pond plus aeration was increased by about 25% as compared with the control pond.
[Journal of American Science 2010;6(8):47-55]. (ISSN: 1545-1003).

Keywords: Green Algae; Nutritional; Environmental; Fish Pond

1. Introduction: environment because they are able to tolerate

Interest in commercial of Tilapia sp. to meet adverse environmental conditions than Carp
the human needs is steadily increased. In situ, the species (FAO, 1992). Several species of fish feed
common processes including re-newing of water directly on fecal solids, use of raw sewage or
by changing about 25% of water volume to re- fresh night-soil as influent to fish ponds should
new the growth medium. This process removes a be prohibited for health reasons. Edwards (1990)
part of nitrogenous fish metabolites mainly represented the complex food chains in an
ammonical nitrogen, decreases the acid reaction excreta-fed fish pond involving ultimate
(pH) and increases dissolved oxygen (DO) and decomposers or bacteria, phytoplankton and
zooplankton communities. In a pond of zooplankton. Nutrients released by bacterial
16000m® capacity, about 4000m® of water must degradation of organic solids in sewage, night
change every two weeks, which in turn increases soil or excreta are taken up by phytoplankton.
the production costs including labors, power and Zooplankton graze phytoplankton and small
water requirements. detritus particles coated with bacteria, the latter

In a successful aquaculture system, there also serving as food for benthic invertebrate
must be both an organismic and chemical- detritivores. Phytoplankton is the major source
balance. The first is to produce an optimal of natural food in a fish pond. To optimize fish
supply of natural food at all levels to ensure production in human waste fed pond, the
sufficient oxygen supply for the growth of fish majority of the fish should be filter feeders, to
and their natural food organisms, while the exploit the plankton growth. The advantages of
second is to minimize the build-up of toxic using algae for that purpose include: the low cost
metabolic products (Colman and Edwards 1987). of the operation, the possibility of recycling
A wide range of fish species has been cultivated assimilated nitrogen and phosphorus into algae
in aquaculture ponds receiving human waste, biomass as a fertilizer, avoiding sludge handling
including common Tilapia. In some countries, a problem, and the discharge of oxygenated
poly-culture of several fish species is used. effluent into the water body. In addition, the
Tilapia is generally cultured to a lesser extent process has no carbon requirement for nitrogen
than Carps in excreta-fed systems although, and phosphorus removal, which is attractive for

Tilapia are more technically suitable for this
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the treatment of secondary effluents (Aslan and
Kapdan, 2006).

It is now recognized that depletion of
dissolved oxygen in fertilized fish ponds is a
primarily due to the high rates of respiration at
night of dense concentrations of phytoplankton.
There are two main processes that result in the
loss or transformation of ammonia. The most
important is the uptake of ammonia by algae and
other plants. The other important process of
ammonia transformation in fish ponds is
nitrification. Bacteria oxidize ammonia in a two-
step processes, first to nitrite (NO,) and then to
nitrate. Theoretically, there are several ways to
reduce ammonia concentration, but most
approaches are impractical for the large ponds
used in commercial aquaculture. Following is a
discussion of some options, their practicality and
their effectiveness. Stop feeding or reduce
feeding rate, increase aeration, add lime, fertilize
with phosphorus, reduce pond depth, increase
pond depth, flush the pond with well water, add
bacterial amendments, add a source of organic
carbon, add ion exchange materials and add acid
(Hargreaves and Tucker, 2004).

This study was carried out in order to
examine whether adding fresh microalgae to
ponds would counteract the effect of leaving
water  without re-newing by improving
environmental conditions and nutritional status.

2. Materials and Methods

The green alga Scenedesmus sp. (El-Sayed,
2004) was wused to fulfill the current
investigation. Alga was pre-cultivated in three
open ponds of 15m*® per each one at NRC,
Dokki, Cairo, Egypt. Continuous centrifugation
(50001.h™) was performed to obtain the algal
bulk. Chemical and biochemical analyses of such
bulk were done (Chapman and Pratt, 1974). Alga
was transferred at 5°C to the field and added at
night to allow the adaptation potential.

A mono sexual Tilapia sp. was cultivated
within four large scale ponds of aquaculture (ca;
10.000m?x1.5m depth). Prior cultivation, each
pond received 50 kg super phosphate, 50 kg of
urea 46.5% N and 6m? of organic poultry manure
to enhance the growth of natural flora. Two
weeks later (second half of October 2006) about
70,000 fishes were inoculated (8 fish.m™). When
fish reached about 20g of their fresh weight,
100kg of fresh a live algal bulk Scenedesmus sp.
containing 75% moisture were added.

The ponds were treated as a) pond 1 (control)
no algal addition and 25% of water was renewed
every two weeks, b) pond 2, received algae
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without aeration and water was not renewed, d)
pond 3 received algae with aeration and water
was not renewed and d) pond 4, received algae
with aeration, night illuminated and water was
not re-newed. As growth of fish and algae was
progress, water was aerated using water pump to
avoid the lacking of dissolved oxygen due to
algal night respiration. Night illumination was
performed by white lamps.

Water analyses including E.C, pH, macro and
micro-nutrients as well as dissolved oxygen were
periodically conducted every week. At the end of
cultivation season, fish yield was determined.
The results were expressed as the mean of
analyses per month.

3. Results and discussion
3.1. Algal community and growth

During the whole growth period, the
dominance of the inoculated alga Scenedesmus
sp. was observed, however other species mostly
belonging to Chlorophyta were detected. The
dominance of the local species was found with
non-treated pond and the rate of their growth was
periodically changed due to water re-newing
which in turn led to a reduction of algal
population or the growing mass. The other
treated ponds represented tow growth patterns
due to the effect of technical process mainly
aeration, where the third and fourth ponds
exhibited a massive dry weight as compared with
the second pond (Fig.1a).

Night illumination support pond by
additional chance to improve algal growth and
also block night respiration. In addition to
growth enhancement, algal growth enhancement
also increases DO concentration. Fish feeding
enhances bacterial degradation which in turn
increases nutrients releasing to algal growth
medium. Fish excretion; as well; increased by
increasing the feeding rate, environmental
improving and fish growth. During winter
season, where low fish growth and low feeding,
growth of algae could be attributed to the
environmental suitability. Furthermore, the main
problem in fish pond namely ammonia and
ammonium increases; in many literature; that
affect the growth of different algal species.

As for total chlorophyll, data was found to be
proportionally to those obtained by dry weight;
however the pond represented a slight decrease
on total chlorophyll accumulation as compared
with dry weight accumulation curves at the early
months of growth (Fig. 1b). This might be
attributed to the effect of water electric
conductivity due to salting effect with the
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absence of aeration and extra ammonical
nitrogen supplementation as well as water re-
newing. Comparing measurements of algal
treated ponds with those of the control pond
showed that the addition of algae resulted in both
the effect of algal addition and aeration.
Concerning algal growth, all of the treated and
non-treated ponds resulted in algal blooming, but
growth was surpasses with ponds received alga
in the presence of aeration and night
illumination. Dry weight of algal community
(Fig.1a) reached the maximum in the expense of
total chlorophyll. The lowest gain of total
chlorophyll during cultivation season might be
attributed to the effect of environmental
conditions especially during the sunny season.
Such effect was more obviously recorded with
non-aerated ponds. During dim and cool periods,
total chlorophyll was increased parallel with dry
weight accumulation with aerated ponds.
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Fig.1. Percentage development of a) dry
weight and b) total chlorophyll for
phytoplankton community at different
treated fish ponds as compared with 100%
of the fourth pond.

Batterson et al. (1988) suggested that source
water low in alkalinity (20-30 mg.I* CaCO;)
caused dissolved inorganic carbon (DIC),
limitation of NP at low chicken-manure
fertilization rates (12.5 and 25g dw.m?2.w™). At
higher fertilization rates, manure decomposition
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supplied sufficient DIC relative to the input of
other nutrients, and carbon no longer limited
phytoplankton ~ growth.  Otherwise, urea
fertilization (0.12 g N.m?2.d") of ponds filled
with untreated water resulted in NH, and NO; or
N concentrations of around 0.5 mg.I™, supporting
the hypothesis that nitrogen inputs were
inefficiently utilized when DIC was limiting
(McNabb et al., 1985).

The removal rates of Chlorella pyrenoidosa
were reported as 3.4mgN.d” and 10.7mgP.d™
(Tam and Wong, 1994). However, Jimenez-
Perez et al. (2004) reported substantially higher
removal rates of 20.83mgP.d and 83mgN.d™ for
suspended growth culture of Scenedesmus.
intermedius and 10.15mgP.d™* and 56.06mgN.d™
for Nannochloris sp.

The final phosphorus concentration was
around 1.7mg.I™" with 78% removal efficiency
for (PO4) = 7.7mg.I™*. The higher concentrations
resulted in mostly less than 30% removal.
Although nitrogen and phosphorus uptake by
algae did not provide efficient removal of these
nutrients from the synthetic media at high
concentrations of nutrients, final chlorophyll a
content of the culture significantly increased
from10.7mgl™ to 27.3mg.I™ with the increase in
(NH4) = 13.2mg.I"* to (NH,) = 410mg.I™". The
light limitation due to excess amount of
chlorophyll a could be one of the reasons for low
removal  efficiencies at high  nutrient
concentrations. These results indicate that
Chlorella vulgaris is very effective in removing
nutrient concentrations as NH, <22mg.|'1 and
PO,< 7.7mg.l'1. The specific NH,; removal rate
was increased with increasing the initial NH,
concentration. The maximum rate reached
3.0mg.mgchl a.d*. The specific PO, removal
rate increased from 0.2mg.mg~*chl a.d™ to
around 0.52mg.mg~*chl a.d™ for the PO,
concentrations between 7.7mg.I™" and 149mg.I™.
At higher concentrations it almost remained
constant around 0.47mg.mg‘chl a.d™ (Lau et
al., 1998).

3.2. Dissolved oxygen

Tow different patterns of the concentration of
dissolved oxygen with all examined ponds were
found. The first is the dissolved oxygen due to
algal growth and the second is the consumed
oxygen by fish during day and by algae during
night respiration. The net gain of dissolved
oxygen is the variation between two patterns.
The original water used for all treated ponds
characterized by 3.75 mg.I" dissolved oxygen
after the addition of fertilizers 15 days ago. At
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the early stages of Tilapia growth (5 months),
DO concentration represented slight decreases
with the first pond (control) and the variations
were observed among the next treated ponds (P2,
P3 and P4). The next growth period represented
different manner, where the first pond exhibited
a sigmoid curve on dissolved oxygen to lie
between 2 and 4 mg.1* (Fig.2).
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Fig.2. Dissolved oxygen (mg.I™") as affected
by pond practice and algal addition at different
treated ponds

The second pond results approximately
constant manner (around 3.0 mg.I™). Extending
increases were observed with the third and fourth
pond which received algae and aerated in
addition to night illumination.

The sensitivity of fish to low levels of DO
varies with species, life stage (eggs, larvae,
adults) and life process (feeding, growth, and
reproduction). A minimum constant DO
concentration of 5mg.I* is  considered
satisfactory, although an absolute minimum
consistent with the presence of fish is probably
less than 1 mg.I™ (Alabaster and Lloyd, 1980).

3.3. Acid reaction (water pH)

The main source of ammonia in fish ponds is
fish excretion which directly related to the
feeding rate and the protein level in feed. As
dietary protein is broken down in the body, some
of the nitrogen is used to form protein (including
muscle), some is used for energy, and some is
excreted through the gills as ammonia. Another
main source of ammonia in fish ponds is
diffusion from the sediment. Large quantities of
organic matter are produced by native algae or
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added to ponds as feed. Fecal solids excreted by
fish and dead algae settle to the pond bottom,
where they decompose. The decomposition of
this organic matter produces ammonia, which
diffuses from the sediment into the water
column.

Algal growth affects the acid reaction of
growth media and vice versa. Growth of algae
led to alkaline media and the later obligate algal
growth to decline and tended to shift their
growth metabolites to lipid accumulation and
other storage compounds other than protein. In
the present case, fish growth, water type,
fertilizers and addition of algae caused a
complicated profile.

ol =71

==l
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Fig.3. Acid reaction of different tested ponds as
affected by algal addition, aeration and night
illumination.

As shown in Fig.3, acid reaction of growth
media was drastically varied, however the same
curve profile was mainly observed. Values were
starting to rise by the second month of
cultivation due to fish growth with increasing of
biological system activity and slightly warm
temperature. The pH decline was observed by
the fifth month due to low temperature and
cultivation practice and tended to increase again
concerning to the same reason. As a general, the
lowest pH changes or the high stability against
alkaline reaction was observed by the ponds
received algae with aeration and night
illumination. Here, the main effect could be
attributed to algal addition that reduces pH by
ammonium consumption as well as aeration in
which evaporate ammonia and allow air
penetration.
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Many factors could affect pH values reflected
on fish pond. Of these are water source and its
alkalinity, fertilizers, farming, growth of fish,
growth of algae and environmental factors. The
net gains are nutrients releasing from fertilizers,
feeding, nutrients consumption by fish and algae
and finally ammonium emission. After 5 days,
the level of ammonium ion removal from the
wastewater by Chlorella vulgaris ranged from
60% to 78%, with an average of 72% from four
independent repetitions (Valderrama et al.,
2002). Ammonium is utilized as nitrogen source
by planktonic algae and many species inhabit
aquatic environments with very high ammonia
concentrations, e.g. bioconversion ponds for
municipal wastewater. Such ponds may become
more or less alkaline due to the photosynthesis of
algae and the protolytic equilibrium of
ammonium-water which will be in favor of un-
ionized ammonia (Alabaster and Lloyd 1980).

Fish excrete most of their excess metabolic
nitrogen as unionized ammonia rather than urea.
UIA is largely known to be toxic to fish at very
low concentrations. Despite a rather large variation
in the sensitivity of different fish species to UIA,
the common range for commercial growth is
narrow typically 0.05 to 0.27 mg N I=*. The second
excreted metabolite is toxic to the fish, but at
considerably higher concentrations is CO, (aq).
Surplus CO, (aq) is excreted by the fish through
the gills. Accumulation of CO, in the aqueous
phase decreases the driving gradient between CO,
concentrations in the fish blood and the water.
Consequently, CO, accumulates in the blood,
resulting in a decrease in the oxygen carrying
capacity (Lemarie et al., 2004). Here, the algal
inoculation could solve this case by utilizing CO,
into organic compounds. Otherwise, CO,
dissolving to carbonate and bicarbonate might be
enhances the same action.

Unionized ammonia (NHs) is toxic to fish in
the concentration range 0.2-2.0 mg.I™ (Alabaster
and Lloyd 1980). However, the tolerance of
different species of fish varies, with Tilapia
species being least affected by high ammonia
levels. Ammonia will not easily evaporate from
aqueous solutions at pH 11-11.3. Several hours
of violent gas stripping are required. The toxicity
of ammonium/ammonia was strongly pH
dependent. The sensitivity of Nephroselmis
pyriformis was high as compared with other
species of microalgae (Kallgvist and Svenson,
2003).

3.4. Electric conductivity and nutrients
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Macro and micro-nutrients were drastically
varied due to growth of algae, growth of fish,
water re-newing, algae addition and fish feeding.
It should be noticed that die algae and other
microorganisms including phyto and zoo-
plankton as well as fish excretion rough the net
nutritional  status. Routine grown pond
represented the sigmoid curve due to water re-
newing, but the removed water represented high
salinity concentration. As water was re-newed,
electric conductivity value (E.C) and acid
reaction (pH) were decreased and alkaline
reaction slightly disappeared. An opposite
pattern was observed as growth took place,
where alkaline reaction due to ammonical
nitrogen was shown. Other ponds with modified
practices showed a completely different pattern,
where addition of algae increased nutrients
removal and decreased the ammonical levels.
Extra improving was shown due to night
illumination and water movement. Thus the rate
of mineral accumulation on fish flesh and bon
due to algal feeding might be expected. The
rough gain of nutrients uptake was expressed as
the reduction on electric conductivity during the
whole experimental period (Fig. 4).
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Fig.4. Nutrients status as electric conductivity
changes of different tested fish ponds

Comparing water properties ot difterent tested
ponds (Original, used and drainage-water)
resulted in increase of nitrogen, phosphorous and
zinc, while potassium and magnesium exhibited
low concentrations (Table.l). The obvious
nutrient decreases were sodium and calcium;
however the used pond was formed of clayly
sodic soil. Increasing of nitrogen and
phosphorous in drainage water might be return to
fish exertion especially for phosphorous which
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not utilized by algae as organic phosphate in the
control pond. Otherwise microbial activity may
responsible for the biodegradation of such
phosphate form and makes it available for algal
consumption in the blooming ponds. It may be
mentioned here that nutrients or elements
movements is the main reason of pond status and
maintains. Nitrogen is the most required nutrient
after carbon, the harmful form (ammonia) could
be utilized by some algae species. Regardless the
nutrition, ammonia directly affect acid reaction
of pond and also affect the availability of some
nutrients to planktonic grazes which indirectly
increase alkalinity reaction. On the other hand, if
nutrients became available, growth of algae will
be accelerated and the media shift again to
alkaline.

Tablel. Average analysis (ppm) of the used
and drainage water

Water D.O pH E.C
Original 3.75 7.54 7.78
Treated 5.25 7.17 8.35
Drainage 2.3 8.4 1.54
N P K Mg | Na
Original | 0.12 | 5.25 17.6 | 6.00 | 1233
Treated | 0.08 | 5.00 195 | 6.00 | 122
Drainage| 0.15 | 7.75 15.7 | 5.54 | 239
Ca Fe Mn Zn | Cu
Original | 300 | 0.10 0.50 | 0.22 | 0.02
Treated | 300 | 0.11 0.52 | 0.96 | 0.03
Drainage| 45 | Traces | Traces | 0.61 | 0.02

In this context, the complicated relationship
between these factors was considered in many
ways, where treatment of the wastewater with
Chlorella vulgaris gradually decreases the
phosphorus concentration, while phosphorus in
the untreated aerated water varied greatly
between sampling times. The level of
phosphorus ion removal from the treated
wastewater ranged from 0% to 51%, with an
average of 28%. Chlorella vulgaris treatment
lowered COD after 5 days of incubation by 61%
(from 3100 to 1200 mg.I™ in one experiment and
similarly in other two repetitions (Valderrama et
al., 2002). Furthermore, nitrogen and phosphorus
removal efficiencies vary depending on the
media composition and environmental conditions
such as the initial nutrient concentration, the
light intensity, the nitrogen/phosphorus ratio. An
average of 72% nitrogen and 28% phosphorus
removal by Chlorella vulgaris from 3-8 mg NH,
and 1.5-3.5 mg PO, containing diluted ethanol
and citric acid production effluent. Organic
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fertilizers often are added to ponds to boost fish
yields by increasing primary productivity
through released inorganic nutrients, or by
providing organic carbon through heterotrophic
pathways (Colman and Edwards, 1987).

Over 97% nitrogen and phosphorus removal
was achieved by Scenedesmus obliquus for the
nutrient concentrations of 27.4 and 11.8mgl™,
respectively (Martinez et al., 2000), while
Chlorella kessleri able to uptake only 8-20%
phosphorus under the light/dark cycle for PO,
concentration of 10mg.I™ (Lee and Lee, 2001).
Although Dumas et al. (1998) reported complete
phosphorus removal by Phormidium bohneri,
Gonzales et al. (1997) obtained 55% phosphorus
removal from agro-industrial wastewater with
the total phosphorus concentration of 111mg.I™"
by 216 h batch cultivation of Chlorella vulgaris
and Scenedesmus dimorphus.

In waste stabilization ponds the effects of
phosphate concentration, light intensity, and
temperature on luxury uptake of phosphorus by
microalgae in continuous culture bioreactors was
studied by Powell et al., 2008. Increasing
temperature had a positive effect on intracellular
acid-insoluble polyphosphate concentration.

It is likely that elevated temperature
increased the rate of  polyphosphate
accumulation, but because the biomass was not
starved of phosphate, the stored acid-insoluble
polyphosphate was not utilized. Increasing light
intensity had no effect on acid-insoluble
polyphosphate, but had a negative effect on acid-
soluble polyphosphate. A possible explanation
for this is that the faster growth rate at high light
intensity results in this form of polyphosphate
being utilized by the cells for synthesis of
cellular constituents at a rate that exceeds
replenishment.

The widely used microalgae cultures for
nutrient removal are species of Chlorella,
Scenedesmus and Spirulina (Lee and Lee, 2001;
Gonzales et al., 1997, Martinez et al., 1999,
2000 and Olgu’in et al., 2003). Nutrient removal
capacities of Nannochloris, Botryococcus
brauinii and Phormidium have also been
investigated (Jimenez-Perez et al., 2004, An et
al., 2003, Laliberte et al., 1997and Dumas et al.,
1998).

3.5. Fish weight and yield

Fish fresh weights were improved due to
nutritional and environmental modifications.
Addition of algae increase dissolved oxygen
(DO), consume the liberated ammonical
nitrogen, increase zooplankton community and
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grazing rate, regulate acid reaction (pH) and
increase feeding rate. Water circulation also
increases air penetration (CO, and O into pond
which in turn enhances algal photosynthesis and
growth. Such practices also increased the rate of
ammonical nitrogen removing out of pond and
increased dissolved oxygen (DO). In addition,
night illuminations break down the respiratory
mode of algae and extended photosynthesis.
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Fig. 5 a) Fish fresh weight development and b) fish
yield per pond as affected by farming practice.

During the whole cultivation period, weights
of randomized fish samples were periodically
increased and the rate of increases was varied
due to practices modification. At the end of
cultivation season, ponds yield was found as
7.04, 7.98, 8.4 and 8.75 tons per fed for routine,
algae supplied, algae supplied with water
circulation and algae supplied with water
circulation-pond  plus night illumination;
respectively. A wide range of yields has been
reported from waste-fed aquaculture systems, for
example: 2-6 tons/ha yr in Indonesia, 2.7 - 9.3
tons.ha™. yr' in China and 3.5 - 7.8 tons/ha.yr™
in Taiwan. Although the majority of waste-fed
fish ponds stocks Carps, research in Peru and
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Thailand has demonstrated the potential of
Ttilapia for such systems. Management of fish
ponds can have a significant effect on fish yields
but the maximum attainable yield in practice is
of the order of 10 - 12 tons.ha™.yr* (Edwards
1990).

4. Conclusion

Many ways could be used to improve of
nutritional and environmental status of fish
ponds. Nutritional status and farming practices
are the most effective reasons affecting the
environmental conditions as growth media.
Addition of algae increases the rate of nutrients
consumption rather than the production of
oxygen which account as the true algal growth
monitor. Accordingly, factors affecting algal
growth should be improve nutritional and
environmental quality offish ponds and fish
production.
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Effect of Alpha Lipoic Acid and Vitamin E on Heavy Metals
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Abstract: The present study was carried out to investigate the effect of some nutrients on Nutritional and Health
status in copper and lead intoxicated male albino rats. Fifty male albino rats weighing (1257 g) were used. The rats
were divided into 5 groups (10 rats each). The first group received the basal diet only and served as control. The
second and third groups received copper (copper sulfate in water at dose of 0.1 mg /kg body weight) with alpha
lipoic acid (40 mg/kg body weight) and Vitamin E (20 mg/kg body weight) respectively. Fourth and fifth groups
received lead (lead acetate in water at a dose of 0.2 mg/kg body weight) with alpha lipoic acid and Vitamin E
respectively.. At the end of the experimental periods, blood samples were collected from Orbital plexus, the rats
sacrificed, organs were weighed, and kept for metal determination. The obtained results revealed that alpha lipoic
acid (ALA) and vitamin E could improved daily food intake, body weight gain and feed efficiency ratio; reduced
copper and lead levels in serum and tissues as well as diminished ALT, AST, urea and creatinine levels in lead and
copper intoxicated rats. Therefore, the current study recommends that alpha lipoic acid or Vit. E (or both of them),
should be administered to minimize the toxic effects of lead and copper. [Journal of American Science
2010;6(8):56-63]. (ISSN: 1545-1003).

Key words: heavy metals intoxication - copper lead - rats - alpha lipoic acid- vitamin E - liver function kidney
function.

1. Introduction function and integrity (Britton, 1996).

Heavy metals are widely distributed in the Antioxidant is a substance that prevents
environment. Among of them is lead and copper oxidation. In biological systems antioxidants can
(Walker et al., 1995). The most common heavy work in various ways, including catalytic removal of
metals, implicated in acute and / or chronic free radicals as scavengers of free radicals or in the
intoxication can effect the development and the form of proteins that minimize the availability of
overall health causing depression, learning pro-oxidants such as metal ions. However, there are
difficulties and neurological disorders. These metals circumstances in which certain antioxidants can
may cause cell damage, impairment of enzymes, actually behave as pro-oxidants (halliwell et al.,
functions or alter genetic material (DNA), causing 1992; and halliwell, 1996).
cancer or birth defects, when absorbed (David, Vitamin E is nature's major lipid soluble
2001). Lead and copper have been recognized as chain breaking antioxidant that is known to protect
highly toxic industrial and environmental pollutants biological membranes and lipoproteins from
representing a continuous hazard to biological oxidative stress. The main biological function of vit.
organisms due to its carcinogenic potential in E is its direct influencing of cellular responses to
humans (Kokilavanti et al., 2005). Industry produces oxidative stress through modulation of signal
about 2.5 million tons of lead throughout world transduction pathway (hsu and guo, 2002). Vit E
every year. Target organs affected by lead are bones, primarily scavenges peroxyl radicals and is a major
brain, blood, kidneys and thyroid gland inhibitor of the free radical chain reaction of lipid
(Occupational Safety and Health Information Center, peroxidation (Maxwell, 1995 and halliwell and
1999). Most studies have shown that copper (Cu) gutteridge,1999).
induced hepatotoxicity in rats, and reported that free Alpha lipoic acid (ALA) has the unique
radicals may play a role in cupper induced cell ability to regenerate several antioxidants such as
toxicity because of the powerful pro-oxidant action vitamin E (Packer and Coleman, 1999). ALA has
of its salts in vitro. They indicated that the resulting been classified as vitamin, which is a naturally
oxyradicals have the potential to damage cellular occurring antioxidant (OU et al., 1995 and Femiano
lipids, nucleic acids, proteins and carbohydrates, and Scully, 2002). It has been reported to be highly
resulting in wide ranging impairment in cellular effective in improving the thiol capacity of the cell
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and in reducing Lead induced oxidative stress; which Group - Il: fed the basal diet with copper in the
suggested its possible role as a therapeutic drinking water at a dose of 0.1 mg /kg body
intervention of lead poisoning in combination with a weight.
chelator (Gurer et al., 1998 and pandl, 2002). . . .
Production of antioxidants and free radicals in the Group - 1II: fed the basal diet with copper in the

body is theoretically balanced. When conditions
become favor free radical produced, a state known as
oxidative stress occurs. Free radicals are directly
cytotoxic. Prolonged oxidative stress can result in
oxidative damage to tissues (Halliwell, 1994),
specially, DNA, cellular protein and cellular lipids. It
also affect cellular calcium metabolism and the
cardiovascular system (Sally et al., 2003).

ALA and Vitamin E had been reported to have
highly protective effect on lipid peroxidation. So,
administration of ALA and Vitamin E. had
significant protective effect on blood, liver and
muscles against oxidative damage in diabetes
(Naziroglu, 2001 and Pandl, 2002). Therefore, the
aim of this work is to reduce or minimize the adverse
effects of Cupper and Lead induced toxicity.

2. Material and Methods
Materials:
1) Animals:

Seventy adult male albino rates weighing
(125 £ 7 g), were obtained from the laboratory
Animal Colony, Ministry of Health and Population,
Helwan, Cairo _ Egypt.

2) Metals and Drugs:

Lead & copper, Alpha Lipoic Acid &
Vitamin E. were purchased from EI Gomhoria
Company for Drugs and Chemical Industries, Cairo,

Egypt.

Methods:
1) Preparation of the basal diet:

Basal diet was prepared to meet (Table 1)
to meet the rats nutrient requirements according to
methods of Osfor (2003). It constituted of 10%
protein, 3404 K. Calorie Energy, 5 % fiber, 7.5 fat,
0.5% vitamins and minerals mixture, 0.3 % salt
(Sodium Chloride).

2) Experimental Design:

The present experiment was carried out on
seventy male Albino rats (125 + 7 g), that were
housed in plastic cages at a room temperature
maintained at 25 C°. All rats were kept under normal
healthy conditions and allowed to water and basal
diet freely for one week before starting the
experiment for acclimatization and then the rats were
divided into main seven groups as follows:

Group - I: fed the basal diet only and served as
control.

http://www.americanscience.org

57

drinking water at a dose of 0.1 mg /kg body
weight plus Alpha Lipoic acid (40 mg/kg body
weight).

Group - IV: fed the basal diet with copper in the
drinking water at a dose of 0.1 mg /kg body
weight plus Vitamin E (at a dose of 20 mg/kg
body weight).

Group - V: fed the basal diet with lead acetate in the
drinking water at a dose of 0.2 mg/ kg body.

Group - VI: fed the basal diet with Lead acetate in
the drinking water at a dose of 0.1 mg /kg body
weight plus Alpha Lipoic acid (40 mg/kg body
weight).

Group - VII: fed the basal diet with lead acetate in
the drinking water at a dose of 0.1 mg /kg body
weight plus vitamin E (at a dose of 20 mg/kg
body weight).

3) Clinical observation:

The animals were observed daily throughout
the experimental period. Complete physical
examination was conducted weekly. Body weights
were measured prior to offering the diet and
recorded individually every week. Food
consumption was calculated every other day to the
nearest gram for each group of rats as the difference
between the amounts of offered and residual food.

4) Clinical pathology:

Blood samples for clinical chemistry
determination were obtained from the retro-orbital
plexus of veins of all rats on the day before they
were scheduled for euthanasia.

5) Clinical Chemistry:

Clotted blood samples were centrifuged and
the serum was removed by aspiration for subsequent
determination of the following:

a) Liver function tests: Glutamic Oxaloacetic
Transaminase (GOT) "Unit/ dI", GlutamicPyruvic
Transaminase (GPT) "Unit/ dI" were estimated
according to the method of Pters et al., 1982

b) Renal function tests: Urea "mg/dl" and creatinine
"mg/dl" were estimated according to the method of
Sampson et al., 1980.

c) Lead and Copper Determination: Lead and
Copper were determined in blood and tissues (liver
and kidney), according to methods of Price, 1972,
using the Atomic absorption spectrophotometer
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6) Statistical analysis:

The obtained data were statistically analyzed

3. Results

using SPSS (2006).

Table (1): Composition of the basal diet:

Ingredients Percentage |
Sorghum 39
Corn yellow 31.6
Barley 8
Meat meal 8
Corn cobs 7.3
Vegetable oil 4
Lysin 0.3
Methionine 0.4
Di-calcium Phosphate 0.2
Lime stone 0.4
Sodium chloride 0.3
Vitamins and Minerals Mixture* 0.5
Calculated Nutrient Composition
Crude protein 11.99
Energy 3404.2
Crude fiber 4.46
Ethrer extract 7.51
Lysine 0.71
Methionine 0.61
Calcium 0.45
Phosphorus 0.4

Vitamins and Minerals Mixture (g)

Copper sulphate (0.05), Ferric citrate (0.59), Zinc carbonate (0.053), Calcium carbonate (7.25),
Calciumhydrogen phosphate (11.3), Di-sodium hydrogen phosphate (6.0), Potassium lodide (0.003), Magnesium
chloride (2.3), and Manganese sulphate (0.154).

Thiamine (0.3), Riboflavin (1.0), pyridoxine (0.2), Calcium carbonate (6.0), Nicotinicacid (20.0),
Cyanocobalamine (0.005), Folic acid (0.2), Biotin (20.0), Inositol (60.0), Choline chloride (60.0), vitamin A (4000
IU), vitamin D (1000 1U), Vitamin E (30 IU) and Vitamin K (50 IU).

Table (2): Effect of ALA and Vit. E on food intake, body weight gain, food efficiency ratio, liver and kidney
weights (g) in rats intoxicated with copper and lead:

Group Food Intake Body weight gain Food Efficiency Liver Kidney
(9) (%) Ratio
Group | 11.25+0.73a 75.63+4.92a 1.44+031la 4.95 + 0.50a 0.78 £0.10
Group Il 6.18 + 1.86b 18.77+7.31¢ 0.73+0.03b 2.96 £ 0.49¢ 0.72£0.03
Group 111 7.97+1.63b 34.35 +£8.96 bc 0.83+0.04 b 3.26 £ 0.54bc 0.69£0.13
Group IV 6.40 +1.60b 21.29+4.16 ¢ 0.78£0.03b 3.94 £ 0.69bc 0.77£0.13
Group V 6.72 +2.08b 31.79 £16.86bc 0.85+£0.09b 3.37 £1.04bc 0.76 £ 0.08
Group VI 1045+ 1.71a 53.3+13.83ab 0.99+0.14b 4.40 £ 0.42ab 0.77 £0.01
Group VII 10.87 + 0.98a 58.82 +18.86 a 1.05+0.29 ab 4.75+0.47a 0.83%0.12

Means with different superscript are significantly different (P< 0.05)
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Table (3): Effect of ALA and Vit. E on residues of copper and lead in serum and tissues of intoxicated rats:

Group Copper Lead
Serum Liver Kidney Serum Liver Kidney
Group | 0.116+0.005¢c | 0.67+0.19c 0.57+0.07c 0.403+0.045 0.305+0.24b 0.76+0.98b
Group Il 0.435+0.052a | 45.67+5.69a | 2.10+0.18a
Group 11 0.850+0.212 1.386+0.754a | 3.73+0.54a
Group IV 0.247+0.13bc | 39.19+4.22a | 1.53+0.40b
Group V 0.524+0.302 0.207+0.04b 1.99+1.73ab
Group VI 0.34+0.098ab | 29.71+7.15b | 0.90+0.36¢
Group VII 0.482+0.368 0.507+0.292b | 2.12+0.48ab
Means with different superscript are significantly different (P< 0.05)
Table (4): Effect of ALA and Vit. E on liver and kidney functions (u /1) of intoxicated rats:
Group Liver function tests Kidney function tests
Alt AST Urea Creatinine

Group | 47.00 £ 1.00c 6.33 +0.57c 64.66 + 1.52b 0.84 +0.05d

Group Il 65.33 + 3.05a 11.00 + 1.00a 75.00 £ 5.00a 1.85 + 0.05a

Group 11 55.33+3.51b 9.00 + 1.00b 59.66 £ 1.52¢ 1.80 £ 0.10a

Group IV 44.66 £ 2.51c 8.00 + 1.00bc 53.20+2.30d 1.20 £ 0.10c

Group V 43.66 + 1.52¢c 3.66+1.52d 23.10 + 1.85f 1.46 +0.15d

Group VI 41.66 +2.08c 3.00+1.00d 46.00 £ 2.00c 1.13+0.15¢

Group VII 46.33 + 1.52¢ 6.33+0.57c 27.20 + 2.55f 1.10 £ 0.10c

Means with different superscript are significantly different (P< 0.05)

4. Discussion

The goal of the present study was to
investigate the effect of some nutrients such as alpha
lipoic acid (ALA) and vitamin E (Vit. E), in" lead
and copper- induced toxicity in rats. The following
parameters were tested: daily food intake, body
weight gain and feed efficiency ratio; levels of Cu
and Pb in serum and tissues (liver and kidney), with
some biochemical parameters.

Rats fed on diets containing Cupper
and Lead, consumed statistically significant
less food as compared to their control. Injection of
Pbintoxicated rats with ALA acid or Vit. E.
significantly improved food intake and body weight
gain. In addition, injecting Cu- intoxicated rats with
alpha lipoic acid or vit. E. and Pb- intoxicated rats
with ALA had significantly improved feed efficiency
ratio. Such findings might be attributed to ALA,
which has two positive effects that influence weight
loss. Firstly, it decreases food intake. Secondly, it
increases energy expenditure. ALA exerts this effect
by decreasing the levels of a key enzyme, AMP-
activated protein  kinase (AMPK) within the
hypothalamus, whilst increasing AMPK activity
within muscles. AMPK is a major regulator of cellular
energy metabolism, which inhibits the synthesis of
fatty acids when activated, whilst increasing both fat,
and glucose metabolism, which will further enhances
weight loss (Lee et al., 2005a and Lee et al., 2005b).
Furthermore, ALA facilitates the production of
energy in cellsand enhancesthe effectiveness of
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other antioxidants, regenerating Vit. E. and supports
healthy function of blood glucose within normal
levels (Allergy Research Group, 2008).

In the present study,it was indicated that injecting Cu
or Pb- intoxicated rats with ALA or Vito E
significantly decreased liver enzymes levels when
compared to control rat groups which received Cu or
Pb only. On the protective roles of Vito E in Pb-
induced damage is the preventing effects of lipid
peroxidation and the inhibition of superoxide
dismutase and catalase activities in liver (Chaurasia
and Kar, 1997).

Sivaprasad et al (2004) tested the efficacies of
lipoic acid against Pb-induced lipid peroxidation in
rat liver. Rats had administered lead acetate (0.2 0/0)
in drinking water for five weeks to induce toxicity
and lipoic acid (25 mg /kg. body wt/day) was given
during the sixth week. The authors reported that lead
damage to the liver was evident through the
reductions in hepatic enzymes alanine transaminase
(-38%); aspartate transaminase (-42%), and lipoic
acid completely ameliorated the Pb-induced oxidative
damage.

The present study showed that injecting Pb
or Cuintoxicated rats with ALA or Vito E
significantly reduced urea and creatinine levels {as
compared to the Pb- or Cuintoxicaed rats]. These
findings were supported by those of (Hanafy and
Soltan 2004), who reported that blood urea and
creatinine levesl were significantly increased in
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Norway rats when Pb and Cu were administered
subcutaneously (at a dose of 0.5 mg/1 00 g body
weight or as a mixture 0.25 mg/1 00 g) for 4 weeks.
They also indicated that the exposure to Vito E (250
IU/1 00 g body weight) administered orally for 4
weeks and pretreatment for 7 days) minimized the
higher levels of urea and creatinine in rat groups
intoxicated with Cu and Pb. Pb is capable of
inducing oxidative damage to brain, heart, , kidneys
and reproductive organs. The mechanisms for Pb-
induced oxidative stress include its effects on
membranes, DNA, and antioxidant defense systems
of cells (Ahamed et al., 2005 ; Ahamed and
Siddiqui, 2007). Recent epidemiological studies
have reported that low-level of Pb exposure had an
association with several disease outcomes such as
hypertension, peripheral artery disease, kidney
disease, neurodegenerative disease, and cognitive
impairment (Ekong et al., 2006; Menke et al.,
2006). Acute exposure to lead acetate was shown to
increase levels of urinary excretion. Progression to
renal failure is significantly worsened by oxidative
stress in chronic inflammatory kidney disease.

Vitamin E supplement may be beneficial in
reducing and slowing progressive kidney diseases
that are significantly accelerated by oxidative stress.
Vitamin E therapy may also be effective in reducing
cardiovascular disease associated with chronic renal
failure and the uremia state. Vitamin E therapy is
also considered as a mean of correcting plasma
antioxidant status and attenuating the cardiovascular
disease that accompanies Kkidney failure. The
optimal dose for Vit. E that may be helpful in
slowing renal failure in humans may lie between
300 to 700 1U/day (Fryer, 2000). Vit. E. protects
against lipid peroxidation and copper toxicity and
prevents the majority of metal-mediated damage
both in vitro systems and in metalloaded animals
(Gaetke and Chow, 2003 ; Valko et al., 2005).

ALA supplementation has been shown to
enhance the uptake of creatinine within muscle cells
(Burke et al., 2003). This is likely to be due to ALA's
ability to enhance the uptake of glucose within
muscles. ALA exerts this effect via enhancing insulin
sensitivity (Lee et al., 2005a; Lee et al., 2005b).
Creatine has traditionally been combined with a high
sugar drink, which increases insulin levels and helps
to enhance creatine uptake by muscle fibers. Because
ALA increases muscles' sensitivity to insulin, it
further increases the uptake of creatine by the
muscles. In vitro and animal studies suggested that
lipoic acid supplementation might be a beneficial
component in the treatment of heavy metal toxicity,
particularly toxicity involving Pb and Cu (Packer et
al., 1995; Gurer et al., 1999 ; Yamamoto et al.,
2001). Intraperitoneal injection of 25 mg/kg ALA

http://www.americanscience.org

60

given to Pb- intoxicated rats for seven days was
reported to significantly alter oxidative stress induced
by Pb toxicity (Gurer et al., 1999).

The results of the present study indicated that

injecting Cu- intoxicated rats with ALA significantly
reduced serum copper. Moreover, whereas injecting
these rats with Vito E significantly reduced liver
copper. These results are supported by the findings of
(Allergy Research Group, 2008), who reported that
ALA is a powerful support for the detoxification
processes of the liver since it reduced Pb- toxicity
and excessive copper and increased cellular
glutathione levels; and by the findings of (Packer et
al. 1995). They indicated that ALA has been used for
decades to protect the liver and to detoxify the body
from heavy metal pollutants, further more concluded
that ALA alone or together with Vito E is an
effective treatment for lessening indices of oxidative
damage and normalizing organ's functions.
ALA is a potent antioxidant (Kagan et al., 1990;
Midaoui et al., 2003; Wollin and Jones, 2003). It was
identified as an effective antidote against heavy metal
induced toxicities (Anuradha and Varalakshmi.,
1999; Gurer et al., 1999; Gale Group, 2006).

The present study proved that the injection of
Cuintoxicated rats with either ALA or Vit. E.
significantly reduced kidney copper. These findings
agreed with those reported by (Hanafy and
Soltan,2004), who showed that Cu-intoxication to
Norway rats resulted in marked destruction and
distortion of the renal tubule cells; while oral
administration of Vit. E (250 IUIl 00 g body weight)
revealed no abnormal histological findings as
compared to normal kidney (control group). In
addition (Liu et al.,1992), suggested that the
increased urinary excretion of copper was related to
the manifestation of renal toxicity and the synthesis
of metallothionen in the kidney.

The present study showed a favorable
alteration in serum lead due to the injection of Pb-
intoxicated rats with ALA or Vit. E, although this
alteration was not statistically significant. The
hematopoietic system is one of the target organs in
lead toxicity. Lead has been shown to alter RBC
membrane flexibility and to increase red blood cells
fragility (RBC) leading to increased risk for
hemolysis (Ahmed and Siddiqui, 2007). Vit. E has a
known protective action in membrane stability and
prevents membrane lipoproteins from oxidative
damage (Packer, 1991). Alpha-tocopherol was shown
to prevent RBC membrane damage in Pb- toxicity by
lowering lipid peroxide levels and increasing
superoxide dismutase and catalase activity (Chaurasia
and Kar, 1997). Animal studies have reported that
Vit. E effectively prevented lipoperoxide-related lead
toxicity and was more effective than methionine r
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Influence of Nano-bodies produced from Gram-negative Bacteria
against infection with Pseudomonas Aeruginosa induced Bronchial
Pneumonia with special references to their effect on Immune system

in Male Albino Rats

M.M. H. Osfor; E. A. Azab* I. A. Selim* and Amal S. Abd El Azeem and Amany M. Hegazy
Nutrition & food Sciences Department, National Research Center, Dokki, Egypt
Microbiological Department, Faculty of Science, Tanta University,Egypt

Abstract: Seventeen Gram-negative isolates were tested for Nano bodies or Membrane Vesicles production and
their bacteriolytic activity against different Gram-positive and Gram-negative bacteria. The most Nano bodies
producing bacterial isolates were exposed to the antibiotics Cefotaxime and Gentamycin, which induced the
production of Cefotaxime membrane vesicles(c-MVs) and Gentamycin membrane Vesicles (g-MVs), respectively.
The c-MVs and g-MVs are larger with higher Iytic activities against the susceptible host bacteria when compared to
those produced under normal growth conditions. Influence of these Nano bodies from Proteus vulgaris on the
morbidity and mortality rates of albino rats was investigated and the results revealed that the animal resist the
pseudomonas aeruginosa infection which induced chronic bronchial pneumonia. Also, the nano bodies from Erwinia
cartovora and Proteus vulgaris were tested as vaccine in rats to protect them against Lethal (LD) and Sub-lethal
(SLD) doses (acute and chronic infection) of Pseudomonas aeruginosa and surprisingly results, the animals lived till
the end of the expermintal period. The vaccinated rats challenged with LD or SLD of Pseudomonas aeruginosa
showed high clearance of the pathogen from Lung, Spleen, Liver and Blood when compared to the bacterial counts
in control rat groups. The result of the present study proved that Nano bodies or membrane vesicles from Erwinia
cartovora and Proteus vulgaris could enhance the immune response of animals and gave the protection against
pseudomonas aeruginosa induced Bronchial Pneumonia. So, Nano bodies or membrane vesicles can be expressed as
a new strong antigenic structure could have the ability to enhance the immune response, and also, expressed as a
new hope as antibiotic,vaccine and a biological control for human and animal. Further studies on the effect of these
nano bodies on other Auto-immune, cncer and different chronic diseases might be needed. [Journal of American
Science 2010;6(8):64-71]. (ISSN: 1545-1003).

Keywords: Nano-bodies, Gram-negative Bacteria, Immune system.

1. Introduction polymer common to both Gram-positive and Gram-
Molecular biological methods have not yet given negative, and named as basal structure (Wack, 1957),
Scientists a precise historical record of Gram- mucopeptide (Mandelstem and Rogers, 1959);
negative  bacteria, but ancient stromatolites glycopeptide (Strange and Kent, 1959); murein
containing fossilized remained of Cyanobacteria- like (Weidel and Pelzer, 1964) and peptidoglycan
Prokaryotes date back to Archaen eon-over such (Stromimgeret al., 1967).
extraordinary periods of time (much of it when no Outer membrane vesicles or Nano-bodies
other life existed), we can imagine that random are defined by Li et al, (1998) as bilayered
mutation, selection and the slowly but ever-changing membraneous particles produced by Gram-negative
global environment gave rise to two fundamentally bacteria, into which degradative enzymes are
different cell wall formats in bacteria; Gram-positive concentrated (Autolysins, peptidoglycan hydrolase
and Gram-negative varieties (Beveridge, 1999). and other enzymes). It was reported that naturally
The Gram-negative bacterium contains produced bacterial vesicles are discrete, closed outer
Lipopolysaccharids lipoprotein major components, membrane blobs produced by growing cells
and relatively little peptidoglycan (less than 10 % of (McBroom and Kuchn, 2005).
the total cell wall) in their walls, whereas the walls of Although, outer membrane vesicles (Nano-
Gram-positive are mainly composed of peptidoglycan bodies) production has been observed for more than
(30 — 70 % of the tota; cell wall), polysaccharids or 50 years, the machinery that allows vesicle or nano-
teichoic acid (broth),or teichuronic acid (Tamm et al., bodies secretion while maintaining bacterial viability
2001). So, the peptidoglycan is the only cell wall remains elusive. Many theories exist on the
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mechanism of vesiculation based on biochemical and
genetic data and are reviewed elsewhere (McBroom
and Kuchn, 2005).

Nano bodies are capable of lysine a variety
of Gram-positive and Gram-negative bacteria and the
potency of lyses depended on the peptidoglycan
chemotype of the attacked cell (Beveridge, 1999).
For Gram-positive, Nano bodies adhere to the cell
wall, where they break open and digest the immediate
underlying peptidoglycan. It attacks the Gram-
negative bacteria in much different manner. Here, it
adheres to the outer membrane and rapidly fuse to it
(Kadurugamuwa and Beveridge, 1996) and the
luminal contents are released directly into the
periplasmic space of the recipient cell. Nano bodies
mediated lysis of bacteria occurs only when the
recipient cells are under insufficient nutrient
conditions (Beveridge, 1999).

Kadurugamuwa and Beveridge, (1995), have
been reported the membrane surface-active agents
such as Gentamycin could increase the production of
Nano bodies. Gentamycin Nano bodies can Kkill
Pseudomonas species, which is normally permeable
to amino-glycoside antibiotics through fusing the
normally impermeable outer membrane of the
resistant strain and deliver gentamycin into the
periplasm where it can be actively imported to the
cytoplasm and inhibit protein synthesis. Another
possible medical application is as vaccine agents.
Nano bodies (membrane vesicles) are strongly
antigenic particulate structures which also posses
natural adjuvant qualities for enhancing an immune
response Beveridge, (1999). This vaccine has many
advantages including ease of administration and
induction of a mucosal immune response at the site of
infection for many pathogens.

From the above mentioned, the study aimed
to produce nano bodies or membrane vesicles from
different Gram-negative bacteria isolated and
exposed or not exposed to antibiotics under normal
growth condition. Uses of these isolate (nano bodies
or membrane vesicles) against some dangerous
pathogens such as Pseudomonas species, which
induced Bronchial Pneumonia in Human and
Animals.

2. Material and Methods
Experimental Design

Random bred male albino rats weighing
approximately 110+3.71g, obtained from Animal
house laboratory, National research Center, Giza,
Egypt. The rats were evaluated prior to initiation of
the study to ensure a sanitary Hygienic condition and
acclimation to the study environment. Clinically
accepted animals were randomly assigned into two
major groups and each group was sub-divided into 4
groups (10rats / group).
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Environmental Condition
A total of 80 rats, were housed in stainless

steel wire mesh cages on a bedding of wood chips

(Five animals / Cage). They were kept in an ambient

temperature of 25 + 3 oC, on a light / dark cycle of 12

/ 12 hours and supplied rat chow (the diet) and fresh

water ad libitum.

Diet
A basal diet (Table: 1) was formulated to

meet the rat nutrient requirements as recorded by

Osfor (2003).

Antibiotics:

Cefotaxime and gentamycin were purchased
from the local market and they produced from T3A
Pharma Group and Glaxo Wellcome Companies
respectively.

Experimental design
This study was performed in two main

experiments.

The first one was divided into equal 4 groups as

follows:

Group I: Fed the basal diet and received the nano
bodies from Erwina Caroyovora injection
and served as control positive group.

Group Il:Fed the basal diet and received Saline
solution and challenged with Erwina
Carotovora and served as control negative
group.

Group Il1: Fed the basal diet and received the nano
bodies from Erwinia Caroyovora injection
and challenged with the lethal dose (2 x 105
CFU "Colony Forming Unit") of
Pseudomonas Aeruginosa (after 14 days).

Group IV: Fed the basal diet and received the nano
bodies from Erwina Caroyovora injection
and challenged with Sub-Lethal dose (2 x
103 CFU) of Pseudomonas Aeruginosa
(after 14 days).

The second experiment was also divided into equal

4 groups as follow:

Group I: Fed the basal diet and received the nano
bodies from Proteus Vulgaris injection and
served as control positive group.

Group IlI: Fed the basal diet and received Saline
solution and challenged with Proteus
Vulgaris injection and served as control
negative group.

Group IlI: Fed the basal diet and received the nano
bodies from Proteus Vulgaris injection and
challenged with the lethal dose (2 x 105
CFU "Colony Forming Unit") of
Pseudomonas Aeruginosa (after 14 days).

Group IV: Fed the basal diet and received the nano
bodies from Proteus Vulgaris injection and
challenged with Sub-Lethal dose (2 x 103
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(CFU) of Pseudomonas Aeruginosa (after 14 days).

Bacterial Strains:

The tow main used Bacteria were chosen
from 17 kinds of bacteria. They provided by
Professor H.H. Martin, Institute of Microbiology, TH
Darmstadt, Germany.

Culture Media:

Nutrient broth, Buffer (Phosphate & Borate)
and MacConkey Agar were used for cultivation and
Isolation of Bacteria from Oxford, England.

Electron Microscope Investigation:

Twenty micro-liters tested Gram-negative
bacteria suspension was placed on Carbon-Coated
nickel grids and stained with 2% aqueous solution of
uranyl acetate for 20 Seconds. Then, examined with
Zeiss EMI10 transmission electron microscope
operating under standard condition (60 Kilo volt).
Purification and Isolation of Nano bodies
(Membrane Vesicles):

3. Results and Discussion

Table (1): Composition of the basal Diet:

Nano bodies were purified and isolated as
described by Mayrand (1986).

Clinical Observation:

The rats were observed daily throughout the
experimental period to notice the morbidity and
mortality rats specially after challenge with bacteria.
Clinical Pathology:

Blood samples containing EDTA as
anticoagulant was used for the determination of
haemoglobin content, erythrocyte and leuckocyte
counts (Total and Differential).

Histopethological studies:

Immediately after sacrifice of animals,
samples of Lung tissues was fixed in 10 % formal
saline, dehydrated, cleared, embedded in paraffin and
were sectioned at 7 pm. Paraffin sections were
stained with hematozyline and eosin stain according
to the method of Pearse, (1985).

Statistical Analysis:

The obtained data were statistically analyzed

after Snedecor and Cochron, (1973).

Ingredients

Percentage

Sorghum

Barley
Meat meal
Corn Cobs

Lysine
Methionine

Lime Stone

Energy
Crude Fibe

Lysine
Methionine
Calcium
Phosphorus

Corn yellow

Vegetable Oil

Di-Calcium Phosphate

Sodium Chloride

Vitamins and Mineral Mixture* 0.5

Calculated Nutrient Composition:
Crude protein

Ether Extract

39
31.6
8
8
7.3
4
0.3
0.4
0.2
0.4
0.3

11.99
3404.2
4.46
7.51
0.71
0.61
0.45
0.4

*Vitamins and Minerals Mixture (g): Copper sulphate (0.05), Ferric Citrate (0.59), Zinc Carbonate (0.053), Calcium
carbonate (7.25), Calcium hydrogen phosphate (11.3), Di-sodium hydrogen phosphate (6.0), Potassium Chloride
(7.3), Potassium lodide (0.003), Magnesium Chloride (2.3) and Magnesium sulphate (0.154).

Thiamine (0.3), Riboflavin (1.0), Pyridoxine (0.2), Calcium pantothinate (6.0), Nicotinic acid (20.0),
Cyanocobalamine (0.005), Folic acid (0.2), Biotin (20.0), Inositol (60.0), Choline Chloride (60.0), Vitamin A (4000

IU), Vitamin E (30 IU) and Vitamin K (50 1U).
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Table (2): Lytic effect of Nano bodies or membrane vesicles formed by Citrobacter Freundii and
Enterobacter Cloacae on different bacteria:

Host bacteria

Clear zone (mm) caused by MV, of

Citrobacter Freundii

Clear zone (mm) caused by MV of

Enterobacter Cloacae

n-MV, c-MV; g-MV; n-MV c-MV; g-MV;
Bacillus cereus 14.7+0.07 | 23.5+0.07 | 18.0+0.14 0.0 0.0 0.0
Bacillus subtilis 0.0 0.0 0.0 15.4+0.06 0.0 20.540.20
Enterobacter cloacae 0.0 0.0 0.0 0.0 0.0 0.0
Erwinia carotovora 0.0 0.0 0.0 17.3+0.10 0.0 26.0+0.10
Escherchia coli 17.8+0.07 | 24.2+0.10 | 22.8+0.034 | 17.0+0.10 0.0 25.040.37
Proteus vulgaris 18.7£0.23 | 22.0+0.12 | 23.1+0.12 18.1+0.14 0.0 22.6%0.06
Pseudomonas solanacearum 0.0 0.0 0.0 17.1+0.07 0.0 22.9+0.10
Pseudomonas syringae 18.6+0.01 | 26.0+0.10 | 21.5%0.35 17.6+0.06 0.0 20.6+0.28
Serratia marcescens 19.3+0.06 | 19.5+0.12 | 23.3+0.06 0.0 0.0 0.0

n-MV,: Natural membrane vesicles

c-MV. Membrane vesicles produced in the presence of cefotaxime.

g-MV;: Membrane vesicles produced in the presence of gentamycin

+: Standard error of means.

Table (3): Lytic effect of Nano bodies or membrane vesicles formed by Erwinia carotovora and Klebsiella
pneumoniae on different bacteria:

Host bacteria

Clear zone (mm) caused by MV of

Erwinia carotovora

Clear zone (mm) caused by MV of

Klebsiella pneumoniae

n-MV c-MV; g-MV; n-MV c-MV; g-MV;
Bacillus cereus 18.0+0.14 20.5+0.07 20.0£0.14 0.0 35.0£0.5 0.0
Bacillus subtilis 15.6+0.06 16.1+0.07 19.0+0.14 0.0 33.240.04 0.0
Enterobacter cloacae 19.5+0.07 20.2+0.11 21.8+0.04 15.5+0.07 | 30.0+0.12 | 19.5+0.07
Erwinia carotovora 0.0 23.6+0.11 21.0+0.11 0.0 31.5+0.2 0.0
Escherchia coli 19.0+0.14 19.5£0.07 | 21.5+0.07 | 19.15+0.12 | 31.0+0.1 | 23.7+0.15
Proteus vulgaris 0.0 20.5+0.07 | 22.2+0.24 | 19.97+0.20 | 20.3+0.15 | 22.5+0.07
Pseudomonas solanacearum 16.7+0.11 16.5+0.03 19.0+0.40 0.0 29.0+0.30 0.0
Pseudomonas syringae 18.5+0.07 18.8+0.11 21.6+0.03 0.0 34.0+£0.14 | 22.0+0.10
Serratia marcescens 0.0 21.0£0.14 20.5+£0.07 | 19.55+0.01 | 32.5+0.20 | 23.3+0.08
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Table (4): Lytic effect of Nano bodies or membrane vesicles formed by Proteus vulgaris and Serratia
marcescens on different bacteria:

Clear zone (mm) caused by MV of Clear zone (mm) caused by MV of
Host bacteria Proteus vulgaris Serratia marcescens

n-MV c-MV; g-MV; n-MV c-MV; g-MV;
Bacillus cereus 15.8+0.03 | 20.3+0.06 | 27.0+0.15 19.0£0.14 | 19.5+0.07 | 23.9+0.11
Bacillus subtilis 16.5£0.07 | 22.5+0.07 | 24.0+0.14 23.0£0.10 | 25.5+0.53 | 27.1+0.08
Enterobacter cloacae 18.0+£0.14 | 27.5+0.07 26.1+0.10 0.0 0.0 0.0
Erwinia carotovora 15.6+£0.06 | 18.4+0.10 17.6x0.06 18.3+0.07 17.3+0.06 | 23.1+0.12
Escherchia coli 15.8+0.03 | 25.0+0.14 | 23.4+0.07 19.0£0.28 | 18.5+0.07 | 24.25+0.04
Proteus vulgaris 0.0 0.0 0.0 16.5+0.07 20.1+0.36 | 21.0+0.10
Pseudomonas solanacearum | 16.5+0.07 | 23.5+0.07 23.8+0.01 31.3+0.30 22.8+0.14 | 35.5+0.07
Pseudomonas syringae 0.0 0.0 0.0 30.2+0.12 24.3+0.15 | 23.1+0.10
Serratia marcescens 16.5+0.07 | 30.0+0.14 | 20.75+0.03 0.0 0.0 0.0

Table (5): Effect of different doses of Pseudomonas aeruginosa on mortality rate of non-immunized Animals.

First Experiment Second Experiment
Doses G-l G-l G-l G-IV G- G-Il G-ll1 G-IV
2x103 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
2x104 25 25 50 100 100 100 100 100
2x105 50 75 100 100 100 100 100 100
2x106 100 100 100 100 100 100 100 100
4. Discussion:

Many Gram-negative bacteria produced
external nano-bodies named membrane vesicles
during the normal growth. The release of these
vesicles or nano-bodies from the whole cell depends
on the bacterial strains as well as the nutritional
conditions (Ksdurugamuwa and beveridge, 1995 and
Wai et al., 1995). Nano bodies (Membrane Vesicles)
entrap several periplasmic components include
alkaline phosphatase, phospholipase, proelastase,
protease and peptidoglycan hydrolase (Kraft et al.,
1998). Nano bodies may be important during the
initial phases of infection, as they concentrate such
factors and convey them to host tissue
(Ksdurugamuwa and beveridge, 1997). This cell wall
degrading enzymes could be use to lyses surrounding
dissimilar bacteria in the bacterium environment,
thereby releasing organic compounds for growth.
Naturally produced bacterial vesicles are discrete,
closed outer membrane blebs produced by growing
cells, not products of cell lyses or cell death (Yaganza
et al., 2004 and McBroom & Kuehn, 2005).

In the present study, 17 bacterial strains of
Gram-negative bacteria were tested for their lyses or
killing effect on other 17 bacterial strains of different
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Gram-negative and Gram-positive bacteria under
suitable condition for action and production of Nano
bodies (Azab, 2004). Out of the tested isolates, ten
strains had high killing effect on the tested hosts.
The electron micrograph of the bacterial
strains which exhibited killing effect revealed that all
of these strains produced many outer membrane nano
bodies different in size and amount. They were
almost spherical in shape with average diameter of 25
— 200 nm, and they had a dense materials enclosed
inside them.
In this study six strains of the tested bacteria
exhibited high Killing effects with high nano bodies'
production, were exposed to Cefotaxime and
Gentamycin and the bacteriolytic activities were
determined. These six strains except Enterobacter
cloacae produced Nano bodies with higher Iytic
activities against most of the recipient bacteria after
exposure to cefotaxime (B-lactam antibiotics) or
gentamycin (aminogylicosid antibiotics). The higher
Iytic activities of the Nano-bodies might be due to the
formation of large vesicles filled with enzymes and
cefotaxime or gentamycin which might act
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synergistically with the degradative
enclosed to lyse hard-to-kill hosts.

The present study was investigated the effect
of intrapritoneal injection of different doses of
Proteus Vulgaris on the mortality of male albino rats
and it was found that all the challenged groups lived
till the end of the experimental period (ten days). No
illness symptoms were noticed on the rats, and they
had a significant increase in the total leuckocytic
counts, and percentage of neutrophils and
lymphocytes which indicated that the normal immune
response of the rats could manage the pathogen and
overcome it. So, no bacteria were detected in the
kidney, liver and spleen tissues from the challenged
animal groups. Also, the used doses of proteus
vulgaris did not affect the mortality of male albino
rats used, and there was noticed increase in the total
leuckocytic counts, neutrophil and lymphocytes
percentage. This give a conclusion that this strain of
proteus vulgaris is a weak pathogen and the natural
immune response of the animals can over come it.
The increased total leuckocytic counts and the
significant  increase in  lymphocytes  which
responsible for immune response and antibody
formation may explain how rats could over come the
pathogen. Also, the different in the rate of increase in
the total leuckocytic counts of rats may be due to the
difference in the age and species. This result was in
agreement with Larsson (1980) who reported that
Proteus bacteremia was dominated among the very
young and the elderly patients was explained by the
importance of the host-parasite relationship in
Proteus bacteremia.

In he present study the effect of Proteus
Aeruginosa (a human pathogen isolate) on the
mortality rate of albino rats was investigated. The
dose 2 x 105 Colony Forming Unit (CFU) / rat was
found to be the lethal dose and causing mortality
level more than 75% within 2 days, and the sub-lethal
dose 2 x 103 CFU / rat caused increase in the total
leuckocytic counts to 9.5 x 109 / mm3 compared the
untreated control, with a high significant increase in
the percentage of the neutrophils and in the
lymphocytes.

These findings were agreement with
Johansen et al., (1995) who reported that the rise in
polymorph nucleus lymphocytes is a distinctive
feature of patients with cystic fibrosis suffering from
the chronic infection of lung caused by Pseudomonas
aerugenosa. It was revealed also from the presented
results that the eosinophil and monocyte counts were
not significantly changed, and thesecan be explained
according to Mbajiorgu et al., (2007) who reported
that the eosinophil and monocyte counts did not
contribute to the change in the total leukocytes count,
since neutrophils and lymphocytes have the major

enzymes
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role in fighting foreign organisms, the variations in
leukocyte counts were essentially caused by
variations in neutrophil and lymphocyte numbers.
Also, it was found that the lung tissue of the rat
group, who received saline and challenged with
Proteus Vulgaris, was damaged and filled with
polymorph nucleus lymphocytes. This result was in
agreement with Hoiby, (1995) and Pedersen, (1992)
whom reported that patient's lung infected with
Pseudomonas aeruginosa slowly progressive damage
of lung parenchyma and eventually respiratory
insufficiency.

The present study was investigated the
immune response for the isolated Nano bodies, as a
vaccine in rats protection against Pseudomnas
aeruginosa lethal (LD) and sub-lethal (SLD) doses,
and the result revealed that all the vaccinated rat
groups with Nano bodies (Membrane Vesicles) of
Erwinia carotovora showed a high resistance against
the LD and SLD of Pseudomonas aeruginosa, and all
the rats lived till end of the experimental period. This
means that the MVs vaccine stimulated the immune
response of the rats which persist for two weeks after
vaccination and help the rats to overcome the
infection with Pseudomonas aeruginosa as a Cross-
protection immune response. This may be explained
by the results of Alaniz et al, (2007) who
demonstrated that MVs possess important
inflammatory properties as well as B ant T cell
antigens known to influence the development of
salmonella specific immunity to infection in vivo.
Also, these authors revealed that MVs are a
functional nonviable complex vaccine for salmonella
by their ability to prime protective B and T cell
responses in vivo.

In the present study the bacterial count was
significantly decreased in target organ (lung),
parenchymal and immune organs (Spleen and Liver)
and Blood of the vaccinated animal groups, when
compared with the infected group. These indicate the
high immune response induced by the used vaccines.
On the other hand, for the group injected with LD of
Pseudomonas aerugenosa specially that vaccinated
with membrane vesicles of Erwinia Carotovora, the
immune response induced was not solid enough to
give adequate elimination of the pathogen, this could
be attributed to; the shared antibodies formed were
not highly specific; the intra-species variability of the
pathogen or it may be the dose regimen followed in
this study was not adequate.

The lung of all rat groups were examined for
histopathological changes and the results revealed
that the lung tissues of the rat groups vaccinated with
membrane vesicles of Erwinia carotovora or Proteus
Vulgaris were as normal as the control one and the
groups of the tow vaccines which challenged with
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SLD of Pseudomonas aerugenosa showed no change
and they were almost normal. These indicated that
the vaccinated animals were highly protected against
damaging effect of Pseudomonas aerugenosa on the
lung. On the other hand, the lungs of rat group
vaccinated with membrane vesicles of Erwinia
carotovora after challenged with LD of Pseudomonas
aerugenosa showed some inflammation and exudates
in the bronchiole space and slightly damaged
parenchyma cell walls when compared with the lung
tissue of the infected group. The lung of the rat group
immunized with membrane vesicles of Proteus
Vulgaris when challenged by LD of Pseudomonas
aerugenosa had some inflammation without any
damages in the cells. These results could be
explained according to Bertot et al., (2007) who
reported that the chronic lung infection by
opportunistic pathogen, such as Pseudomonas
aerugenosa and Burkholderia cepacia complex, is a
major cause of morbidity and mortality in patients
with  cystic fibrosis. Each outer membrane
preparative given to the rats intraperitoneally in a
single dose injection (5 micrograms / rat) protected
the animals not only in homologous but also in
varying intensity in heterologous systems. Evidence
was obtained that this nonspecific protection is cell
mediated. Moreover, Shoemaker et al., (2005)
reported that native outer membrane vesicles vaccine
was administered to rabbits via different routs using
different primary immunization schedules. Similar

high levels of serum bactericidal activity were
induced regardless of route or number on
immunization.

At the end, one can conclude that the membrane
vesicles of Erwinia Cartovora and Proteus Vulgaris
enhanced the immune response of the rats and gave a
cross-protection against Pseudomonas aerugenosa,
but the result of protection from membrane vesicles
of Proteus Vulgaris were more effective than that
induced by Erwinia Cartovora. So, nano-bodies or
membrane vesicles are strong antigenic structures and
could have the ability to enhance an immune
response. Nano bodies or membrane vesicles are a
new hope as antibiotic, vaccine, immune enhancer
and as biological control for human and animal
diseases.
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Effect of Red Mite (Dermanyssus gallinae) I nfestation on the

Performance and | mmune Profilein Vaccinated broiler breeder flocks
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Abstract: The article aimed to: (1) Investigate the impact of red mite infestation on performance of broiler breeders
(egg production, mortality and egg- livability). (2) Assess the effect of red mite on immunological response of
humeral antibodies (antibody levels) of vaccinated broiler breeders against Infectious bronchitis (1B), Infectious
bursal disease (IBD), Avian Encephalomyelitis (AE), Chicken infectious anemia (CAV), Newcastle Disease (ND)
and Avian Influenza (H5N1). According to the degree of infestation of the house, the obtained data were arranged
into 4 groups. G1: houses of no infestation, G2: low, G3: houses of high and G4: houses of very high infestation.
Results revealed that: (1) there were significant differences between the house infestation and mortality rate, egg
production as well as egg livability percentage of breeders. (2) There were highly significant differences between the
house infestation and the immune response (level of antibodies titre) in vaccinated breeders against:, Infectious
bronchitis (IB), Infectious bursal disease (IBD), Avian Encephalomyelitis (AE) , Chicken infectious anemia (CAV) ,
Newcastle Disease (ND) and Avian Influenza (H5N2). [Journal of American Science 2010;6(8):72-78]. (ISSN:

1545-1003).

Keywords: Degree of infestation, Vaccination, |mmune response, Egg performance

1. Introduction

The poultry red mite Dermanyssus gallinae is
regarded as the most important external parasite of
laying hens in organic as well as in conventiona egg
production in Europe (Maurer et al., 1993; Héglund et
al., 1995; Kilpinen and Steenberg, 2009).It attacks the
resting hens mainly at night for a short blood meal
(Kirkwood, 1968; Lancaster & Meisch, 1986; Guy et
al., 2004; Amosova and Stanyukovich, 2008)). After
feeding, the mites hide in cracks and crevices, where
they also mate and lay their eggs (Hearle, 1938). Under
favorable warm and moist conditions, the life cycle can
be completed in less than 1 week (Kirkwood, 1968,
Nordenfors and Chirico, 1999).

At high infestations, red mites can cause anemia;
however low mite populations irritate the hens to an
extent that they refuse to go into the henhouse or rest
on the perches. The poultry red mite is currently
amost impossible to control during the production
cycle with traditional measure, and decrease their
welfare significantly during egg production may result
in poorer hen performance, associated with reduced
production and cause decreased feed intake and weight
loss (Williams, 2003). Scientific information on the
effects of poultry red mite on hens is incomplete as
information is mainly sourced from the industry and is
not well documented. Researchers agree that there are
indications for the following effects of poultry red
mite, which include, increased water intake in infested
hens and lower egg production from the flock overall(
Mul et al.,2009 ).
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Infested hens increase their production of new
blood cells, but during periods of rapid mite population
growth, blood loss exceeds blood production capacity
resulting in severe anaemia (Kilpinen et al., 2005).
Other negative effects of poultry red mite include high
mortality, stress behaviour (higher levels of preening,
head scratching and gentle feather pecking), lower
body weight and reduced egg quality due to blood
spots (Chauve, 1998). The productivity link could be
that a severe mite infestation can increase mortality,
and as Arkle (2005) showed, there is a direct effect of
the size of the mite population on bird mortality. This
of course means lower hock productivity: however,
lower egg production per hen has not been found as a
result of a mite infestation (Kilpinen, 2005). Chicken
mites may also act as carrier of several important
disease-causing agents, e.g. Salmonella (Zeman et al,
1982), spirochaetosis (Hungerford & Hart, 1937), and
encephalitis. Some of these survive in the mite for
severa months, thus forming a potential source of
reinfection of new flocks, as the mite can live without
feeding for up to 9 months (Nordenfors et al, 1999).
Chicken mites are also known to cause puritic
dermatosis in humans (Baselga et al,, 1997) and may
create serious problems for workers in the poultry
industry due to the nuisance of mites crawling on the
skin. Furthermore, it is likely that the mite act as
reservoirs for zoonotic bacteria since the mite will hide
in the structure and thus be out of reach of the
sanitation measures carried out between flocks
(Steenberg et al., 2005).
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Red mite (Dermanyssus gallinae De Geer, 1778)
is considered the most economically deleterious
(Chauve, 1998). In commercial egg production, red
mite is a serious problem, not only as a potential vector
of severa avian of pathogens, but more importantly as
a direct parasite effecting both production and welfare
(Nordenfors, et al., 1999; Kilpinen, 2001). Exposure to
red mite may induce a number of symptomsrelative to
the severity of infestation, including irritation,
restlessness, anemia and occasionaly death. This
subsequently leads to reduced egg production (Axtell
and Arends, 1990)., reduced egg weight and increased
downgrading as a result of poor shell integrity and
superficial blood staining (spotting) from engorged
mites which are crushed on egg belts etc. (Chauve,
1998; Cosoroaba, 2001).

Therefore the aims of this study were: (1) to
investigate the impact of red mite infestation on
performance of breeders (including egg production,
mortality and egglivahility). (2) to assess the probable
effect of red miteinfestation on the immune response
(antibody levels) of vaccinated breeders against:
Infectious bronchitis (IB), Infectious bursal disease
(IBD), Avian Encephalomyelitis (AE), Chicken
infectious anemia (CAV), Newcastle Disease (ND) and
Avian Influenza (H5N1).

2. Material and Methods
Birdsand location

Seven red mite (Dermanayssus gallinae) infested
commercial breeder farms were studied. The farms were
environmentally controlled and the densities of farms
were ranged between 15,000 to 50,000. Two farms of
battery-cage system (five-tier wire battery cages, 5
hensicage of Ross 308 breed and depended on artificial
insemination) and 5 built up litter house system (Avian
breed 48) as well as two non-infested commercial built
up litter house breeder farms (Avian breed 48); as control
(Environmentally controlled with 1:8 male to femae
ratio).The farms were in Wadi El-Natron, El- Behera and
Alexanderia Governorates of Egypt. The farms were
surveyed from October 2007 to October 2009.

Vaccination programme (Tablel)
All flocks were received the same vaccination

programme (Table 1).

Red mite population (Collection and counting of red
mite)

Traps (10 traps\house) made of corrugated
cardboard measuring 200 x 80 x 3 mm were placed on
the floor of built up litter and battery-cage houses. The
traps were collected every month to count mites in
control and mite-infested houses. At low densities (below
approximately 5000 mites/trap), mites were counted
individually, but if they were abundant, the total number
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of mites were estimated by pouring them into a calibrated
measuring cylinder and recording the number of mites.

Mites were counted by pouring them into a
calibrated measuring cylinder and recording the number
of mites (Nordenfors and Chirico, 1999). Score mite
count: (1) O No evidence of infestation; 250 < 5000 Low
infestation; (2) > 5,000 < 8,000 Moderate infestation; (3)
>8,000 < 15,000 High infestation and (4) < 15,000 Very
high infestation.[ Score mite counts (mite\trap)during the
study period, were ranged 385- 4890;5588-7443;8227-
14880 and 15983-17654 in low; moderate; high and very
high infested farms, respectively.

Blood sampling

Venous blood was obtained from hens at 45, 47
and 49 wks of age. On each occasion, 1% randomly
selected hens were bled directly from the wing vein to
yield a volume of approximately 2 ml of blood. Blood
was allowed to clot at room temperature and sera were
obtained following centrifugation and stored -20°C, until
required for further analysis. An enzyme linked
immunosorbant assay (ELISA test- Synbiotics
Corporation Company) to measure the antibody titre for
Infectious bursal disease (IBD), Infectious bronchitis
(IB), Chicken infectious anemia (CVA) and Avian
Encephalomyelitis (AE) by using specific antigen for
each one. Haemaggl utination (HA) and
Haemagglutination Inhibition (HI)) tests were performed
to assess the immunological responses against both
Newcastle Disease (ND) and Avian Influenza (Al).
Enzyme-linked immunosorbent assay procedures were
carried out according to manufactures protocol.

Hemagglutination and hemagglutination inhibition
(HI) tests:

The recommended method use V -bottomed micro
well plastic plates were applied. In which the final
volume for both types of HA and HI test was 0.075 ml.
The reagents required for these tests are isotonic PBS
(0.1 M), pH 7.0-7.2 and RBCs. Positive and negative
control antigens and antisera should be run with each
test. The test was applied to quantify AV and NDV
antibodies in chicken sera according to OIE (2005)

Plate hemaggluntination inhibition (HI) test

(I) 25 pL of PBS was dispensed into each well of
aplastic U-bottomed microtitre plate, except well 1 and
7 of each raw.

(i) 25 pL of known positive antiserum (Newcastle
Disease, Charles River SPAFAS ;) was placed into first
and second wells of each raw of the plate.

(iii) From well two and eight of each raw two-fold
dilution was made across the plate.

(iv) 25 pL of HA positive virus was added into
each well and left for a minimum of 30 min at room
temperature.
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(v) 25 pL of 0.5% (v/v) chicken RBC was added
to each well. After gentle mixing the plate was allowed
to keep for about 40 min at room temperature.

(vi) In each raw two wells (six and twelve) were
kept as control.

infestation and G4: houses of very high infestation. By
using the analysis of variance test, we found that, (1)
there was a difference between the degree of house
infestation and the mortality rate, the egg production
as well as the egg-livability percentage of breeders,

(vii) The hemaggluntination inhibition activity was Table [2-a(built up litter and cage systems) and 2-b
observed after 40 min and compared with control one. HI (built up litter)] showed that, with houses of high or
titres may be regarded as being positive if there is very high infestation having higher mortality rate,
inhibition at a serum dilution of 1/16 (24 or 4 log-2 when lower egg production and lower egg-livability than
expressed as the reciprocal) or more against 4 HAU of those that had no or low degree of infestation (P<

antigen.
Plate Hemaggutination (HA) test

This test was done to detect the
hemagglutinating viruses in the collected samples. The
procedure of plate hemaggluntination test was as
follows:

(i) 25 pL of PBS was dispensed in each well of a
plastic U-bottomed microtitre plate.

(if) 25 pL of AF was placed in the first well and
mixed well.

(iii) From first well 25 pL of mixture was
transferred into second well to make two fold dilutions.
This process was continued up to the last well (11th)
and from there 25 uL of mixture was discarded. Well
12 was used as control.

(iv) 25 uL of 0.5% (v/v) chicken RBC was
dispensed into each well.

(V) The plate was tapped gently and was alowed
to keep at room temperature for about 15 min.

(vi) HA was determined by tilting the plate and
observing the hemaggluntination of the RBC.

(vii) A uniform layer of hemaggluntination
covering the bottom of well of the plate was
considered as positive HA and a sharp buttoning of
RBC at the bottom of well of the plate was considered
as negative. The titration should be read to the highest
dilution giving complete HA (no streaming); this
represents 1 HA unit (HAU) and can be calculated
accurately from the" initial range of dilutions.

Production performance

A number of additional weekly production
parameters were recorded including egg production %
(actual egg production), mortality %( actual mortality)
and egg- livability %).

Statistical analysis (SPSS, 2006)
Data were analyzed by analysis of variance and
Pearson's  correlation, which  calculated the

relationships between serum antibody levels and
degree of mite numbers (Infestation).

3. Results and Discussion

According to the degree of infestation of the house, the
obtained data were arranged into four groups: - G1:
houses of no infestation, G2: low, G3: houses of high
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0.05). The difference between bird mortality and total
mite population, suggesting that an increase in mite
number (very high infestation) contributes towards an
increase in total bird losses. However, the difference is
relatively moderate, indicating that the relationships
are likely to be effected by other variables. Arends et
al. (1984) reported decreased egg production and feed
efficiency in broiler breeder flocks caused by NFM's
(North fowl mites). During two separate 1-year trials, a
significant reduction in egg production was produced
by mites for only 1 month in one trial, and 2 monthsin
the other. Internal quality of eggsis not affected by the
presence of NFM's on hens ((DeVaney, 1979,
DeVaney 1981). DeVaney (1978) estimated an annual
loss of $66 million due to externa parasites causing
decreases in egg production; parasite prevention might
cost as much as $1.1 million. High densities of mites
during egg production may result in poorer hen
performance, associated with reduced production and
cause decreased feed intake and weight loss
(Kirkwood, 1968). The birds become susceptible to
other parasites and diseases, aso, mortaity rate
increases especialy in heavy infestation (Williams,
2003).

Cencek (2003) investigated the prevalence of
Dermanyssus gallinae in 10 systems (battery cage,
perchery system and deep litter), he found that 2-10 %
reduction of egg production in heavy infested farms.
The severity of infestation, including irritation,
restlessness, anemia and occasionally death, this
subsequently leads to reduced egg production, from
reduced egg weight and increased downgrading as a
result of poor shell integrity and superficial blood
staining (spotting) from engorged mites which are
crushed on egg belts. (Axtell and Arends 1990;Chauve,
1998; Cosoroaba, 2001). In commercia egg
production, red miteis a serious problem, not only as a
potential vector of several avian of pathogens, but
more importantly as a direct parasite effecting
production and welfare (Nordenfors, et al,. 1999;
Kilpinen, 2001), anemia (CAV), Newcastle Disease
(ND) and Avian Influenza (H5N2).

In spite of there were two different systems of
housing the results showed that [Tables (3-a and 3-b)],
the houses of high and very high infestation had lower
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immune titre, than those that had no (Control) or low
infestation.

In houses of high (G3) and very high (G4)
infestation which vaccinated against AE (Avian
Encephalomyelitis), both had lower immune titre
(2262152 and 2440+77, respectively) than those that
had no or low degree infestation (737173 and
7371164 respectively) (P < 0.001).

Breeder houses (built-up litter system) of very
high infestation (G4) which vaccinated against: IB,
IBD, CAV, and Al (H5N2) had lower immune titre,
than control group. Concerning the degree of
infestation (ignoring the house system) ,low or high
infestation, G1: houses (No evidence of infestation),

G2: (low infestation) and G3: high infestation
{(17956+72, 16258+67, 12258+43; 5374+44,
4873+33, 5374+67, 8632+55, 8661+44,

8632+44;8+0.4, 7.6+0.3, 7.6£0.34 and 4.2+0.7,
4+0.22, 4+0.33 (P < 0.05) respectively} have higher
immune response than those of very high infestation,{
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9894488, 5092+43, 6938+78, 5.4+0.44 and 3.8+0.34
(P < 0.05), respectively}.

Red mite shows preference for laying hens, although
they have been known to engorge on a range of hosts,
including humans (Bruneau et al.,, 2001). In
commercial egg production, red mite is a serious
problem, not only as a potential vector of several avian
of pathogens, but more importantly as a direct parasite
affecting both production and welfare (Nordenfors, et
al,. 1996).

In Summary, our data indicated that, (1) red mite
infestation has deleterious impacts on the performance
of broiler breeders (egg production, mortality and egg-
livability). (2) it affects the immune response (Level
of antibodies titre) in vaccinated breeders against:,
IB(Infectious  bronchitis), IBD(Infectious bursal
disease), AE  (Avian  Encephalomyelitis),CAV  (
Chicken infectious anemia) , NDV( Newcastle
Disease) and AV( Avian Influenza) and as a result ,it
will probably have a negative effect on the transferred
maternal immunity to baby chicks.
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Table 1: Vaccination programmed.

Agein days Type of vaccine Method of vaccination

1 Infectious bronchitis (1B 120) Spray

3 Coccidia (Coccivac B) Dw1

5 Chicken infectious anaemia (CVA) S/Cinj2 (0.2 mL/chieck)
7 Newcastle disease (HB1) DW

8 Marek's disease S/Cinj. (0.2 mL / chieck)
10 Avian Influenza (H5N2)2 S/Cinj. (0.2 mL / chieck)
14 Infectious bursal disease (IBD) DW

19 Newcastle disease (LaSota) DW

22 Infectious bursal disease (IBD) DW

28 Newcastle disease (HB1) DW

32 Infectious bursal disease (IBD) DW

36 Chicken infection anaemia (CVA) DW

44 Newcastle disease + Infectious bronchitis I/M inj3. (0.5 mL / chieck)
50 Infectious bronchitis(IB) DW

55 Fowl Pox Wing web

58 Infectious Coryza S/Cinj. (0.2 mL / chieck)
65 Fowl Cholera S/Cinj. (0.2 mL / chieck)
77 H5N2 [/M inj (0.5 mL /poullet)
82 Infectious Coryza S/Cinj. (0.2 mL / pullet)
85 Newcastle disease (LaSota) DW

90 Chicken infectious anaemia (CVA) S/Cinj. (0.5 mL / pullet)
95 Infecti ous laryngotracheitis (ILT) Eye drop

105 Avian encephalomyelitis (AE) DW

110 Infectious bursal disease (IBD) S/ICinj. (0.5 mL / poullet)
115 Fowl Cholera S/Cinj. (0.2 mL / poullet)
122 Infectious bronchitis(IB) DW

128 Avian Influenza (H5N2) 2 [/M inj. (0.5 mL/ pullet)

DW!: Drinking water; S/C Inj2. Subcutaneous injection; I/M Inj3: Intramuscular injection, al vaccines
manufactured by Schering Plough except Avian Influenza vaccine (H5N2) @ which produced by Ceva

Sante” company.

Asterisks indicate values that are significantly different from controls. *P <0.05, *: Significance (P < 0.05). &
5 built up litter house system (Avian breed 48).

Asterisks indicate values that are significantly different from controls. *P <0.05. *: Significance (P < 0.05). &
(actual mortality %): the difference between bird mortality and total mite population, suggesting that an increase in
mite number (high and very high infestation) contributes towards an increase in total bird losses. 2. (actual egg
production %), 3: (actual egg livability %), & built up litter house system,b: built up litter and cage systems.
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Table 2-a. Effect of red mite infestation on Mortality %, Egg production % and Egg livability % in poultry breeders

(Environmentally controlled built-up litter and battery- cage systems).

form M D
Group Control(G1)2
(n=2)
Parameters
Mortality %1 0.38+0.04
Egg production %? 74+6.3
Egg livability % 88+3.2

Low(G2)"™
(n=2)

0.45+0.08
71+5.3*

88+8.2

High(G3)®  Very high(G4) 2
(n=3) (n=2)
0.55+0.1* 0.68+0.2*
67+6.5* 62+6.3*
78+9.2*% 68+7.2*

Table 2-b. Effect of red mite infestation on Mortality %, Egg production % and Egg livability %in environmentally

controlled built-up litter broiler breederst

Performance (Mean SD)

Group Control (G1) Low(G2) High(G3) Very high(G4)
Parameters (n=2) (rrl) (n=2) (n=2)
Mortality % 0.38+004 0.42+0.09 0.54+0.2* 0.68+0.2*

Egg production  74+6.3 71.5+7.3* 65.2+8.5* 62+6.3*

Egg livability %  88+3.2 86+8.5 77+ 9.4* 68+7.2

Table 3-a. Effect of red mite infestation on immune response in poultry breeders (Environmentally controlled

built-up litter and cages).
Immune responses (Mean SD)
Group. _Control(G1) 2 Low(G2)_"™ High(G3)™ Very high(G4) 2
(n=2) (n=2) (n=3) (n=2)
1B 1795672 16258+67 12258+43* 9894+88**
IBD 5374144 4873£33 5374167 5092+43
AE 737173 7371+64 2262452** 244077
CVA 863255 8661+44 8632+44 6938+7
ND 8+0.4 7.6+£0.3 7.6£0.34 5.4+0.44*
AIV(H5N1) 4.2+0.7 4+0.22 4+0.33 3.8+0.34*
**: Significant (P < 0.001). Asterisks indicate values that are significantly different

*: Significant (P < 0.05).
from controls, %: three testing of antibody titre at; 45, 47 and 49 weeks of age. & built up litter house system, ™: cage
systems(1+1), %2 puilt up litter and cage systems(2+1, respectively).
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Table 3-b. Effect of red mite infestation on immune response in poultry breeders (Environmentally controlled built-

up litter system) 2,

Immune responses (Mean SD)
Group Control Low_ High Very high
(n=2) (n=1) (n=2) (n=2)
Type of vaccine*
1B 17956+72 17254+63 12118+64* 9894+88**
IBD 5374144 4972127 5474144 5092+43
AE 7371+73 7066143 2252+44** 2440177
CAV 8632155 87631134 8552+84 6938+78*
ND 8+0.4 7.4+0.3 7.2+0.34 5.4+0.44*
AV(H5N2) 4.2+0.7 4.1+0.12 4+0.63 3.84£0.34*

Asterisksindicate values that are significantly different from controls, *: Significant (P < 0.05).

**: Significant

(P < 0.001). % three testing of antibody titre at; 45, 47 and 49 weeks of age; Z 5 built up litter house system (Avian

breed 48)
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Heavy Metals Bio-Remediation by Immobilized Saccharomyces
cervisiae and Opuntia ficus indica Waste
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Abstract: The working concentrations used in the biosorption medium of Saccharomyces cervisiae was 35 mg/l,
Cu(l1); 15 mg/l,Cd(I1) and 25 mg/l, Fe(lll) . 18 h equilibrium time needed for maximum metal removal, (100mg/l)
metals adapted S. cervisiae hasn't prominent enhancing effect, while addition of (4 mg/l) cystine has such effect
upon metal removal , with 5.5 initial pH, and 3 %(v/v) inoculums concentration while NaOH treatment resulted in
36.11, 18.11, 33.52% for Cu(ll),Cd(Il) and Fe(l1), respectively .Alginate immobilized S. cervisiae cells removed
67.33 %and 45.995 % for Cu(l1),Cd(I1) and 60.768% for Fe(Il1),respectively at 30°C and 200rpm from biosorption
medium advanced over polyutherene foam immobilized cells . 10%(v/v) Opuntia ficus indica polyelectrolyte and
150 rpm are optimum for metal removal in biosorption medium at 30°C . Wastewater treatment with alginate-,
polyurethane foam - immobilized cells and natural polyelectrolyte revealed that alginate immobilized cells is the
most successful. [Journal of American Science 2010;6(8):79-87]. (ISSN: 1545-1003).

Keywords: Heavy Metals; Bio-Remediation; Saccharomyces cervisiae; Opuntia ficus indica

1. Introduction

The phenomenon of biosorption is defined as
a metabolism independent adsorption of pollutants
based on the partition process on a microbial biomass
(Ringot et al. 2006).Or, It is a passive non-
metabolically-mediated process of metal binding by
biosorbent (Davis et al., 2003). Bacteria, yeasts,
fungi and algae have been used as biosorbents of
heavy metals. Among these, yeasts are known to be
selective metal biosorbents as compared to fungi,
actinomycetes and bacteria (Zouboulis et al., 1999,
2001). The yeast Saccharomyces cerevisiae as a
promising biosorbent has been used to remove
Cr(VI), Fe (1l1) (Goyal et al., 2003), Cd (II) (Liu et
al., 1997), Cu (Il) (Jianlong, 2002 and Machado et
al., 2009) from aqueous solutions. Moreover,It can
distinguish different metal species based on their
toxicity, such as selenium, antimony and mercury.
Microorganism have had to develop different
mechanism of metal resistance that include cell
membrane metal efflux , intracellular chelation by
metallothionine protein and  glutathione derived
peptides called phytochelatins and metal
artmentalization in vacuoles (El Aasar, 2005). Other
mechanisms exist for the removal of heavy metals
from aqueous solution by bacteria, fungi, ciliates,
algae, mosses, macrophytes and higher plants (Holan
and Volesky, 1995; Pattanapipitpaisal et al.,
2002;Wang and Chen,2006 ,and Rehman et al., 2007,
2008).As cellular response to the presence of metals
includes various processes such as biosorption by cell
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biomass, active cell transport, binding by cytosolic
molecules, entrapment into cellular capsule,
precipitation and oxidation-reduction reactions
(Gadd, 1990; Lovely and Coates, 1997) .

Immobilization is either artificial, having to
rely on incorporation into a polymer gel, Willaert.
and Baron (1996 ) or natural, relying on the innate
properties of microbes to become entrapped in
biomass support particles; Atkinson et al. (1980) or
attached to solid supports, such as coke; Dempsey
(1994), Wilkins and Yang (1996) or even
polyurethane foam as it is the case of immaobilization
with bacteria and Candida sp., Quek et al., (2006).

Different agriculture residues were used for
heavy metal removal (Lee et al., 1998; Marshal et al.,
1999). Opuntia, is another source of viscous natural
polyelectrolyte bearing negative surface charges
(Forni et al., 1994). Aim of this study is to evaluate
some physiological factors of S. cervisiae as a
biosorbent: concentration of heavy metal, equilibrium
time, adaptation to higher concentration, cystine
addition, , pH, inoculum concentration, and NaOH -
treatment of biomass, to maximize the heavy metal
removal and to find effective use of immobilized
alginate and PFU as means to offset substrate
toxicity. Another trail regarding the use of Opuntia
natural electrolyte to increase metal removal ;its
concentration, and agitation speed were studied, to
understand the specificity of both biosorptions for the
metal ions involved during the treatment .
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2. Material and Methods
Biosorbent:

Culture of Saccaromyces cervisiae obtained
from the microbial stock collection of Chemistry of
Natural and Microbial products lab. NRC. Egypt.

Maintenance medium:

Stocks of strains were maintained on
standard yeast extract/peptone/dextrose (YPD) rich
medium comprising in (w/v) %: Glucose, 2; Yeast
extract, 1 and Peptone, 2, otherwise stated agar, 2 %,
Liu et al. (1997).

Inoculum preparation:

A loop full of (YPD) slant yeast cells was
cultivated in 50 ml liquid YPD medium in 250
Erlenmeyer flask at 30 °C on a rotary shaker for 24h
at 200 rpm.

Biosorption medium:

Fifty ml liquid (YPD) medium in 250 ml
Erlenmeyer flask adjusted to pH 5.5 by using 0.1M
HCI or 0.1M NaOH. sterilized at 121°C for 20 min.,
inoculated with 2%(v/v) 24h S. cerevisiae inoculum
suspension containing 10’ cells /ml , with the
sterilized metal salts being added at different
concentrations after autoclaving . The flasks were
incubated at 30 °C for different time intervals
shaking at 200 rpm; Pearce and Sherman(1999) .

Preparation of the heavy metal solutions:

The different metal ions were sterilized by
filtration through a pore filter of 0.22 um and were
added to achieve final concentrations of 15 35, 25
(mg/l) CdS0O,.8H,0; CuS0,.5H,0,and FeCly
respectively in biosorption media , Liu et al. (1997) .
At the end of incubation period, cultures were
harvested, centrifuged at 10,000 x g , final metals
concentration were determined and metal removal (%)
was calculated .

The effect of type and initial metal concentration on
S. cerevisiae growth :

Concentrations of heavy metals ions were

adjusted between 5- 35 (mg/l) in 50 ml biosorption
media in 250 ml Erlenmeyer flasks , inoculated
Jncubated for 24h time and were evaluated in
relation to growth.
Determination of S. cerevisiae growth : At different
heavy metals concentrations ,optical density was
quantified at 600 nm using spectrophotometer with
respect to the control containing no metal at 30°C for
24h; Liu et al. (1997).

Effect of equilibrium time on heavy metal removal:
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Final metals concentrations in cultures at
different incubation time 12, 18, 24,48h at 30°C at
200 rpm were measured, (%) metal removal was
calculated. Effect of adaptation to higher metals
concentration;: Series of repeated 5 generations sub
culturing on YPD agar plates with gradual increased
concentrations from 35 mg/I of
CdS0,.8H,0;CuS0,4.5H20, and FeCl; to 100 ppm
incubated for 48h at 30°C on .The resistant. S.
cervisiae inoculums prepared as mentioned before
and used to inoculate 50 ml biosorption media in 250
ml Erlenmeyer flasks incubated for 18h. Control and
higher concentrations adapted flasks were centrifuged
and final heavy metals concentrations were measured
in the filtrate, (%) metal removal was calculated; El
Aasar (2005) .

Effect of cystine on heavy metal removal:

Different concentrations of sterilized cystine
(2-6 mg/l) were added to the sets of 50 ml
biosorption media flasks in 250ml Erlenmeyer flasks
after autoclaving. Treated and control flasks were
2%(v/v)inoculated ,incubated for 18h at 200 rpm at
30°C , centrifuged, final metals concentrations were
measured,(%) metal removal were calculated; Pearce
and Sherman (1999) .

Effect of initial pH on heavy metals removal :
S.cervisiae culture in biosorption media at 30°C,200
rpm for 18h adjusted to different pH values (2.5 —
6.5)were harvested, centrifuged ; final metals
concentrations in different flasks were measured .
(%) metal removal was determined; Pearce and
Sherman (1999):

Effect of inoculums concentration on heavy metal
removal:

Different biosorbent inoculums
concentrations (2, 3, 4, viv %,) flasks containing
biosorption media were harvested after18h
centrifuged and final metals concentrations were
measured for (%) metal removal calculation.

Effect of NaOH treated biomass;

Centrifuged S. cerevisiae biomass was divided into 2
portions ,one part was heated in 0.75 M NaOH at
70-90°C for 10-15 min ,the cells were converted to
non viable and the cell wall microstructure was
altered ,washed thoroughly till the washing becomes
near neutral, suspended in 5 ml sterilized water and |
ml was used for inoculating 50 ml biosorption media
in 250 ml Erlenmeyer flasks .Similarly, the other
part was suspended in 5 ml water, 1ml suspension of
untreated biomass were inoculated in biosorption
media as control flasks, incubated as mentioned,
harvested, and centrifuged. Final  metals
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concentrations in all media were evaluated and (%)
metal removal were calculated; Goksungur et al.
(2005).

S. cervisiae cells immobilization:
Calcium alginate :

S. cervisiae cells were separated by YPD
centrifugation at 10,000 rpm for 10 min,. The cells
were washed and re-suspended in sterile 50 ml of
acetate buffer (pH , 4.0) and 10ml suspension was
mixed homogeneously with 90ml volume of aliquot
of Na-alginate suspension to contain 2%(w/v) Na-
alginate. Alginate-biosorbent suspension was added
drop wise to 500 ml of 2%(w/v) CaCl; with a pipette.
Alginate drops solidified upon contact with CaCl,,
forming beads and thus entrapping biosorbent
particles. The beads were allowed to harden for 30
min and were then washed with sterile physiological
saline solution (0.85%, w/v,NaCl) to remove excess
calcium ions, Equal number of control beads without
cells and immobilized cell beads were used to
inoculate 50 ml portions of biosorption media at 200
rpm at 30°C. After 18h, filtration to harvest the
beads, centrifugation at 10,000 x g for the escaped
cells and determination of final heavy metals
concentrations in the filtrates by atomic absorption
were carried out for control beads flasks and beads
with entrapped yeast cells flasks .(%) metal removal
were calculated; Ksunger et al.(2003)

Determination of beads dry weight according to
Aloiu et al. (2008).
Polyurethane foam (PUF):

Preparation of Polyurethane foam (PUF):
Commercial type of different densities with different
pore sizes PUF was obtained from glass Industries,
Egypt. PUF were washed with distilled water and
then dried at 30 °C overnight and weighed; Quek et
al. (2006).

PUF Immobilization of S.cervisiae cells

Weighed PUF are placed into a 100 ml conical flask
containing 18 ml of YPD broth and autoclaved at 121
°C for 15 min. Two ml of 2-day old liquid cultures
were used for inoculation. Control foam flask kept
un-inoculated The flasks were incubated at 30 °C
with shaking at 200 rpm for 48h .YPD biosorption
media was inoculated under aseptic conditions with
equal number of PUF with immabilized yeast cells
and control foam cubes flasks without cells |,
incubated at 30°C at 200rpm,for 18h;Quek et al.
(2006).

Determination of PUF immobilized cells dry weight:.
The content of the flasks was separated by filtration,
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using a Whatman No. 1 filter paper, dried overnight
and weighed. An average control foam cube dry
weight was subtracted from dry weight of foam plus
cells to determine the dry weight of the attached cells
.The filtrates were centrifuged at 10,000 x g for
escaped cells, and the concentrations of the metals
ions in the filtrates was determined for control flasks
(no yeast) and immobilized cells flasks using an
atomic absorption spectrophotometer and (%) metal
removal was determined; Tsekoa and Petrov (2002).

The extraction of Opuntia natural polyelectrolytes:

The cactus waste was cut in small pieces,
and approximately 132 g of cactus pieces with 750
ml of tap water were transferred to a 2 | flask and
stirred for 30 min. The extraction of viscous natural
polyelectrolyte (soluble sugars) was performed by
decantation and keeping at 4°C until use. Different
mucilage concentrations (5-20%,v/v) and different
agitation speed (50-200rpm) were tested for
maximum metal removal (%)with a control in
biosorption medium and also in treating wastewater
under the same incubation conditions;Olivera et
al.(2001).

Wastewater samples were collected in screw capped
Sterilized bottles from a stagnant fresh water port in
Helwan , Egypt. Some physicochemical parameters
of wastewater as biological and chemical oxygen
demands (COD, BOD), and total suspended matter
were measured according to Apha (2001). Cu
(IN,Cd(I1), Fe(lll) concentrations were determined
using atomic absorption .

Wastewater treatment with immobilized yeast cells
and natural polyelectrolytes:

Alginate- and PUF- immobilized cells (=0.25,
0.12 dry weight /flask) were used to inoculate 50 ml
of wastewater in 250 ml Erlenmeyer flasks that
adjusted to pH 5.5, respectively, another set of 250
ml Erlenmeyer flask with 50 ml wastewater were
treated with 10% (v/v) natural polyelectrolyte and a
control wastewater flask kept untreated, incubated at
30°C and 150 rpm for 18 h. and different previous
parameters were evaluated.

Determination of heavy metal concentration in the
filtrate:

Following metal treatment, culture filtrates
were taken at certain intervals , centrifuged at 10,000
x g for 5 min and the clear supernatant liquids was
used to determine heavy metals ions concentrations
by wusing atomic absorption spectrophotometer,
Varian absorption spectra AA20-NRC.Egypt;
Ksunger, et al.(2003).
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-Metal removal (%)=Initial metal conc.(mg/l) -
Residual conc.(mg/l)/Initial metal conc. (mg/l)x100;
Berekaa and Hussein (2005).

3. Results and Discussion
Effect of type and concentration of heavy metal ion
on growth of S. cervisiae:

As it could be seen from fig (1), The O.D.

measurement indicated that selected working
concentrations, were (35,15,25,)mg/I for
Cu(ll),Cd(ll), and Fe(lll), respectively, as it

moderately inhibit the growth of Saccaromyces when
assayed singly compared to the biomass growth
obtained under control conditions on agitation at 200
rpm for 24h at 30°C . Above 35, 15, and 25 mg/l of
Cu(ll),Cd (1) and Fe(Ill) ,respectively  yeast
decreased gradually in growth as indicated by
0O.D,fig (1). The role of the microbial cell wall in the
biosorption process is to adsorb metal ions in the cell
wall itself or pass through the cell membrane into the
vacuoles. To balance the stimulatory or inhibitory
effects of essential ions and to counteract the toxicity
of nonessential metals, all organisms possess
homeostatic mechanisms that properly control the
cellular accumulation, distribution, and detoxification
of metals, .S. cerevisiae provides an ideal system.
Gadd (1988) stated that microorganisms can take up
nickel intracellular or the presence of chelating
ligands that may be present on the cell surface in
trace amount even after washing the biomass
thoroughly and before wusing in biosorption
experiments. Hence, both type of the heavy metal and
its concentration affect behavior of Saccaromyces
biosorption. .

—e— Cd(D
—=— Fe(lll)

0.D. 600 nm
o
IS
L

—a— Cu(ll)

o a0 20 30 40
(mg/l) Heavy metals
concentrations

Fig.(1).The growth of S cervisia in the presence of
cadmium, copper and iron different
concentrations after 24h at 30°C and 200rpm.

Effect of equilibrium time on biosorption of heavy
metal ion by S. cervisiae:

Table (1) indicated that with equilibrium
timel8 h, (%) metal removal was 14.532 in
biosorption medium with Cu(ll), 10.433 in Cd(ll)
medium and 15.594 biosorption medium with Fe(l11)
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culture .This is may be due to the ratio of protein to
hydrocarbon or as Park and Choi (2002) stated that
after 24 h at 200 rpm at 30°C there is no serious
metal accumulation of cadmium in the cell which
was related to the cell metabolism. Equilibrium time
varied according to the biosorption conditions as it
was attained after 30 and 60min for dead and live cell
used for removal of Cu?*,Machado et al.(2009).

Table(1). Effect of incubation equilibrium time on
(%) metal removal ion by S. cervisiae.

Time in (h.) (%) metal removal

Cu(ll) Cd(1n Fe(l11)
12 12.031 9.011 12.191
18 14.532 10.433 15.594
24 12.411 11.313 14. 356
48 11.087 12.058 11.081

The effect of adaptation of S. cervusiae on removal
of heavy metal:

As it could be seen from fig (2), increased
adaptation to 100 mg/l, for Cu (1), Cd (Il) and Fe
(1), has no enhanced effect on S. cervisiae as it
showed no much advanced difference in the process
of heavy metals removal compared to that of the non
adapted S. cerevisiae. under the same incubation
conditions as it exhibited (%) removal of
15.99,10.67,and 14.0 for Fe(lll), Cd(Il) and Cu(ll)
for control (untreated),respectively compared to
16.75,11.56and 14.87% for adapted biosorbent in the

same order .
- &
L]
H
i Pl —-
3 o | | I OFe(lll)
3 - : . mCd(ll_
r | I ocu(ll)
g : ;

adapted Non adapted

S.cervisiae biomass behaviour to heavy
metals.

Fig.(2).Effect of (100mg/l )adapted S.cervisiae on
(%)heavy metals removal

Effect of cystine on the biosorption of heavy metals :

Table (2) suggested that , sensitivity to Cu(ll),
Cd(I1), and Fe(l1l) can be reversed by the addition of
cystine to the media to enhance the ability to
synthesize this amino acid, so, a somewhat high
level of cystine was required to reverse the metals
toxicity .These results indicate that the intracellular
cystine alleviates the toxicity of Cu (Il), Cd II), and
Fe (1I1),.As, 4 mg/l cystine resulted in (%)metal
removal of 18.31lin presence of copper and
15.311Cd(Il) and 19. 996 % in iron biosorption
medium after 18h at 200rpm and 30°C .Engle and
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Kunz (1995) stated that removal carried out in three
steps; rapid binding to the negatively charged groups
on the cell wall and passive transport of the metal ion
through the cell wall within short time 3-5 min ,
penetration though cell wall to the cytoplasm and
accumulation of the heavy metal in the cytoplasm,.
Similarly, Pearce and Sherman (1999 ) revealed that
histidine binds divalent metals, and is routinely
exploited by insertion of polyhistidine tracts into
proteins, so that the protein can be bound to resins
wi'gh bound divalent metals ions such as Co** and
[

Table (2). Effect of cystine on(%) metal removal
by S. cervisiae.

cystine (%) metal removal

(mg/l) Cu(ll) Cd(l Fe(lll)
2 12.332 12.413 15.454

4 18.311 15.311 19. 996
6 12.087 14.098 12.018

Initial pH effect on heavy metal removal by S.

cervisiae:

Table(3) revealed that, pH of the solution was a
critical parameter for the adsorption process
(%)metal removal was 18.911 in Cu(ll) medium at
pH 5.5 and 15.213 in Cd(ll) medium and 19.256 in
Fe(lll) medium after 18h at 200rpm and 30°C,in
presence of 4 mg/l cystine. On increasing pH, the
biosorption capacity increased as there is an increase
in ligands with negative charges which results in
increased binding of cations because the ligands on
the cell are closely associated with the hydronium
ions. With increased pH, the hydronium ions are
gradually dissociated and the positively charged
metal ions are associated with the free binding sites
;Ahlya et al.( 2003). However, at pH 6.5, (%) metal
removal of Cu (I1),Cd(ll) and Fe (Ill) decreased to
15.187,10.198,14.198 due to its partial precipitation.
Little metal removal was observed at pH 2.5 is an
indication of competition of excess of protons for the
same binding sites on the cell wall. The iron,
cadmium and copper uptake increased with
increasing pH, to the maximum near pH 5.5 then
decreased at 6.5 pH .At pH values higher than 6.5,
metal ions precipitated, so it is not conducted, due to
the high concentration of OH- ions in the adsorption
medium to avoid possible hydroxide precipitation.
and biosorption . Ahlya et al.( 2003) indicated the
importance of pH in the biosorptive process: it affects
the solution chemistry of the metals, and the activity
of the functional groups in the biomass. The more
rapid increase in metal removal in accordance with
pH may be presumed by larger degree of
deprotontion of the cell wall at higher pH because
the hydrolysis degree of heavy metal in the solution
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at a given pH was nearly constant regardless the
microbial species.

Table (3). The pH effect on (%) metal removal of
S . cervisiae.

oH (%) metal removal

Cu(ll) Cd() Fe(lll)
2.5 3.131 1.211 2.091
4.5 12.132 11.123 12.154
5.5 18.911 15.213 19. 256
6.5 15.187 10.198 14.198

Effect of inoculum concentration on sorption of
heavy metals by S. cervisiae :

As it could be seen from table (4), decreasing the
biomass resulted in the increase of the metal removal
due to exhaustion of metal ion in the biosorption
medium or the interaction between the metal ion
binding sites; Park and Choi(2002). The biosorption
capacity profiles of Fe (I1) and Cu (lI) are somewhat
similar. Also, it is clear that the carboxyl group, the
phosphoric and amino groups in the cell wall
reported to be involved on metal ion adsorption
group, El Aasar (2005). For 3%,(v/v) inoculum
concentration 28.44, 17.47 and 25.57% of the Cu
(IN,Cd (I1) and Fe(Ill) ,respectively were biosorbed
after 18 h at 200rpm and 30°C in presence of 4 mg/I
cystine; the auto-aggregation of yeast biomass is
rapid. High biosorbent concentrations at (4%,v/v) are
known to cause cell agglomeration and consequent
reduction in inter-cellular distance resulted in
decrease in metal removal (%) as indicated in table
(4) 20.24, 17.36. and 16.33 for Cu(ll),Cd(Il) and
Fe(l11), respectively . In other words, metal removal
is higher when the inter-cellular distance is more (at
low biosorbent concentration), as this condition
ensures optimal electrostatic interaction between
cells, a significant factor for biosorption (ltoh et al.
1975). The affinity for cadmium ion penetration of
the cell wall during biosorption although thicker
outer wall of S.cervisiae may inhibit the penetration
through the cell wall like ex-polysaccharide pullan
from A. pullanus. However , Park and Choi(2002)
stated that many ligands on the outer cell wall
mannan layer seemed to contribute to the high
cadmium removal capacity by S.cervisiae. However,
the ligand in microorganisms accumulates heavy
metals on the cell wall. On the cell wall sorption,
complexation, ion exchange , precipitation and
accumulation of the heavy metal occurred according
to the species of the microorganisms , the formation
rate of the cell wall during cultivation , the ultra
structure of cytoplasm and the creation rate of
polysaccharide can vary ; Park and Choi(2002).
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Table (4). Effect of inoculum concentration on(%o)
metal removal by S. cervisiae.

S. cervisiae cells conc. (%) metal removal
(Yo)viv cu(ll) [ cd(n) | Fe(i1n)
2 18.34 | 15.26 19.34
3 28.44 | 17.47 25.57
4 20.24 | 17.36 16.33

NaOH effect on heavy metal removal cells of S.
cervisiae

Fig (3) indicated that pretreatment of biomass
by NaOH enhanced metals removal 18.11% of
Cd(I1) and 36.11% for Cu(ll) and 33.52% for Fe(l11)
from biosorption media after 18h at 200 rpm at
30°C,compared to untreated biosorbent which
resulted 11.45,15.47,14.98 % for metals in the same
order in biosorption media without additives , this is
because S.cervisiae has the toughest cell wall
structure among microorganisms hitherto with
characteristic combination between glucan and
mannaoproteins ,Meena and Raja (2006). So, non-
living biomass appears to present specific advantages
in comparison to the use of living microorganisms.
Killed cells may be stored or used for extended
periods at room temperature, they are not subject to
metal toxicity and nutrient supply is not necessary.
So, living cells can be pretreated using chemical
means with the objective of increasing the metal
biosorption capacity such as treating the cells with
acid, or alkali chemicals showed enhancement in
removal of heavy metals. As increased biosorption
after pretreatment may be due to chemical
modification of cell wall components or the exposure
of active metal binding sites embedded in the cell
wall. Ahlya et al. (2003) showed that alkali treatment
of biomass may destroy autolytic enzymes that cause
putrefaction of biomass and remove lipids and
proteins that mask reactive sites. Also, Besides, the
pre-treatment could release polymers such as
polysaccharides that have a high affinity towards
certain metal ,Ahlya et al.(2003).Also, Norris and
Kelly (1979) revealed that the adsorption between
microorganisms and heavy metals occurred initially
in the cell surface by ion exchange reaction and that
the plasma  membrane which play a role in
transmitting metal selectively must be destroyed for
heavy metal to accumulate in the cell.

However, Yan and Viraraghavan, (2001)
indicated in the contrary, acid pretreatment of
Mucor  rouxii  significantly  decreased the
bioadsorption of heavy metals , this is attributed to
the binding of H" ions to the biomass after acid
treatment may be responsible for the reduction in

http://www.americanscience.org

84

adsorption of heavy metals, this comes in agreement
with the findings of Michado et al. (2009).

S 40 .
g2 30 P! @ Fe(lll)
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NaOH control

Biomass NaOH treatment

Fig (3). The effect of NaOH -treated S. cervisiae
cells on (%)metal removal .

Effect of immobilized S.cervisiae cells on sorption
of heavy metals:

Table (5) indicated the moderate adsorption affinity
between the PEU on inert supports foam as sorbent
and metals sorbets .However, with still low efficiency
than alginate immobilized cells of Saccharomyces as
(%) metal removal was 21.33 for Cu(ll), 23.995 for
Cd(ll) and 26.768 for Fe(lll) ,respectively in
comparison with 67.33, 45.995, and 60.768, in the
same order with alginate because of both yeast cells
and the polymeric matrix of alginate beads itself in
absorbing the metals, moreover, alkaline earth metal-
alginate entrappers matrix is a known procedure,
Meena and Raja (2006) . Stoll ,and Duncan,.(1997
)stated that medium accumulation of heavy metals by
microbial biomass with high surface area-to-volume
ratio holds great potential for heavy metal removal in
both soluble and particular forms, especially when
the heavy metal concentrations are low (<50 mg/L)
Immobilization offer advantages such as easier
separation and reuse of cells, maintenance of higher
cell concentrations and stabilization adhesion to
supports ; Aloiu et al. (2008).

Table (5).(%) Metal removal by immobilized S.
cervisiae.

(PUF) Alginate
Metal cells dry cells dr %Metal | %Metal
ion wit. wt y removal | removal
(g/cu)lture (g/culture) alginate (PFU)
Cu(ll) | 0.211 0.576 67.33 21.33
Cd(l1) | 0.113 0.546 45,995 23.995
Fe(lll) | 0.101 0.454 60.768 26.768
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Effect of agitation speed on heavy metal settlement
by Opuntia extract:

Table (6) indicated that, 150 rpm is the
optimum agitation for settlement of heavy metals in
biosorption media as (%) removal of Cu(ll) 32.13,,
12.54 Cd(I1) ,Fe(111) 22.51(mg/l) on using 20% (v/v)
Opuntia natural polyelectrolyte under the same
incubation conditions .This is may be due to
mucilage hydrophilic character, several hydrogen
bonds are formed between polyelectrolyte and water
molecules. This association tends to occupy larger
surface area causing its very high viscosity; Oliveira
et al. (2001). This comes in agreement with La Mer
and Healy (1963) and Nozaki, et al. (1993) who
stated that natural polyelectrolyte have been used as
auxiliary of flocculation and coagulation in
wastewater treatment and water cleaning process
.However, Olivera et al. (2001), stated that optimum
conditions for flocculation and coagulations were: 30
sec. of strong shaking but with addition of aluminum
sulfate and natural polyelectrolyte, followed by 15
min. of slow shaking, and then 30 min. for complete
settlement .Iron and copper settlement increased
more than 2-fold with rise in agitation speed from 50
to 150 rpm, beyond which there was no further
increase.

Table (6).Effect of agitation speed on (%) metal
removal by Opuntia polyelectrolyte.

Metat Removal(%0)
Agitation
speed(rpm) Cu(ln Cd(r) Fe(lll)
50 13.54 10.67 10.55
100 22.14 11.55 17.33
150 32.13 12.54 22.51
200 32.65 12.54 22.54

Effect of natural electrolyte concentrations on heavy
metal settlement:

Table (7) showed the mucilage efficiency
for reducing heavy metals from biosorption media
,also, proved its flocculation with the efficiency
increase with10 9%(v/v) mucilage concentration

resulted in  38.50%Cu (1) 16.12;Cd(ll) 30.12
Fe(ll1).Olivera et al. (2001), revealed that the
flocculation ~ process induced by  anionic

polyelectrolyte such as the natural polyelectrolyte
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extracted from Opuntia ficus indica. The positive
metals ion serves to form a bridge among the anionic
polyelectrolyte and negatively charged functional
groups on the colloidal particle surface. Cactus
mucilage is a neutral mixture of approximately 55
high-molecular weight sugar residues composed
basically of arabinose, galactose, rhamnose, xylose,
and galacturonic acid. This natural product was
characterized for its use as a flocculating agent.
Table(7) shored that 10%, v/v of mucilage provided
the optimal effectiveness for metals removal in
biosorption media,. Table(7)also ,suggested that
Opuntia mucilage proved the feasibility of applying
mucilage as a method for heavy metals removal as a
natural flocculating agents, as covalent bonds in
vector compounds, or on cell cross-linking, that are
innovative, environmentally benign, and cost-
effective.

Table (7). (%)removal of heavy metals by Opuntia
polyelectrolyte different concentrations.

Polyelectrol Metal removal(%0)
yte conc.%

(VIV) Cu(ln) Cd(11) Fe(lll)
5 14.30 19.43 22.44
10 38.50 16.12 30.12
20 30.40 16.43 25.23

Finally, The use of this type of green
chemistry shows Opuntia mucilage as a resource for
achieving potable water, as the use of natural
environmentally benign agents in the treatment of
drinking water is rapidly gaining interest due to their
inherently renewable character and low toxicity. As a
gum-like substance, cactus mucilage, which shows
excellent flocculating abilities, is an economically
viable alternative for low-income communities and
overcoming many problems and its use beside PUF-
and alginate- immobilized cells, which have the
advance of the ease of cell separation, for efficient
metals removal and in decreasing the parameters
indicated in table (8 ): total suspended solids |,
Cu(I),Cd(1I) and Fe(l1l) concentrations , chemical
and Biological oxygen demands(COD,BOD). Thus
suggesting clarifying a local port sample regarding
environmental impacts as permissible Egyptian
limits Laws in 44/2000 and 48/1982 lows ,which may
grant the possibility of its applications.
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Table(8) .Bio-treatment of a fresh water port sample with immobilized yeast and Opuntia polyelectrolyte
e . . Final conc. | Final conc. L

Factor(mg/l) Permissible limit (mg/l Final onc. | immobilize | immobilized | T

48/1982 | 44 /2000 POTYEIECIIOIVEE | Alginate Foam conc.
Cu(ll) 1 0.2 0.106 0.065 0.101 0.512
Cd(11) 1 15 0.311 0.105 0.299 0.325
Fe(l11) - 1 0.321 0.177 0.349 0.633
COD 1100 60 800 900 900 900
BOD 600 80 600 700 700 700
Total suspended solids 60 800 600 500 1100 1200
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Potency of Pseudomonas fluorescens a Biotic Inducer Inhibitors
Against Cucummber mosaic Cucumovirus.
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Abstract: An antiviral producing Ps. Fluorescens when designated a EG isolates from potato rhizosphere soil in
Egypt were identified based on morphological; biochemical tests and protein polymorphism. The strains were grown
in King’s B broth medium and the culture supernatent obtained was filtered through a 0.45 pl filter. It was further
boiled at 100°C for 10 min and tested to induce LAR and SAR for its ability to control a Satellite cucumber mosaic
virus (st. CMV-EQG). In Local acquire resistance (LAR) boiled culture filtrate (BCF) was treated on one half of the
leaves of Chenopodium amaranticolor followed by st. CMV. EG inoculated on both halves. In the systemic acquire
resistance (SAR), BCF was treated on the lower leaves of Nicotiana glutinosa, and st CMV-EC mechanically
inoculated onto the untreated upper leaves. In LAR. BCF treatment was able to considerably reduce the number of
viral lesion and in SAR plants treated with BCF shown no visible and mild mosaic viral symptoms, compared to the
King’s B media and remained throughout the study period. Thus, Ps. Fluorescens was able to produce an antiviral
component in the culture filtrate, which was found to be heat stable, non-phytotoxic and effective in local as well as
systemic host of CMV. [Journal of American Science 2010;6(8):88-93]. (ISSN: 1545-1003).

Key words: Boiled culture filtrate (BCF), cucumber mosaic virus (CMV), local lesion, Pseudomonas fluorescens.

1. Introduction and Trichoderma sp. Respectively, to systemically
Cucumber mosaic virus (CMV) belong to control some viruses.
the genus cucumovirus (family bromoviridae), is one This study was described the antiviral
of the economically important viruses, which causes activity from the heat stable culture filtrate of Ps.
enormous losses by infecting more than 1.000 species Fluorescens EG against st-CMV EG which produces
of plants shrubs and trees world-wide. It is local lesions in the hypersensitive host and
transmitted non-persistently into healthy plants by systemically infected many important plants.
aphids, which acquire the virus during their brief
probes on infected hosts or the symptomless carrier 2. Material and Methods
woods in the field (Zehnder et al, 2000). Various Bacterial strains and growth conditions:
strategies, based on the avoidance of sources of Soil-adhered cucumber roots were obtained from a
infection, control of vectors, modification of cultural cucumber field. The roots were homogenized using
practices, and the use of resistant varieties and demineralized water and the homogenate was serially
transgenic plants have been conventionally employed diluted and plated onto King’s B media (King et al.,
to minimize the losses caused by CMV. These 1954) followed by 24 hr incubation at 28°C.
strategies, however, have not been effective as Numerous colonies with different morphologies were
control measures. Many screening studies have been picked from the dilution plates. Each of these was
conducted on antiviral agents from different sources. assayed for antiviral activity using half leaf method,
Most of these come from plants sources, with some as described by Noordam (1973). One colony that
showing systemic control ability against a range of showing maximum antiviral activity was selected.
viruses that infect plants (Kubo et al., 1990). This colony was stored on nutrient broth medium
Comparatively, antivirals from microbial sources containing 20% glycerol. Other bacterial strain Ps.
have been little studied. Recently, Raupach et al. Fluorescens ATCC, 10325 was obtained from Cairo
(1996); El-Badry et al. (2006); Ipper et al. (2005) and microbiological resources center (MIRCEN) , faculty
Megahed (2008) showed the systemic control of of agriculture , Ain Shams university. This strain was
CMV in cucumbers and tomato employing used for identification and comparative study of the
rhizosphere colonization of some bacteria by a ISR morphological, physiological, biochemical and
mechanism. Kim, et al. (2004); Ipper et al. (2005) protein patterns of Ps. Fluorescens EG.
and Megahed (2008) wused -culture filtrate of In order to identify the Ps. fluorescens EG
Acenetobacter, species KTB3, Ps. Fluorescens Gpfol strain, morphological, physiological and biochemical
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tested (Table 1) were carried out as described by
Sehaad et al. (1988).

Maintenance of virus: St.CMV-EG was
obtained from Virology Lab., Fac. Agric., Ain Shams
Univ. (Megahed, 2008). The virus was inoculated
into N. glutinosa and maintained on the same host
throughout the period of this study. The inoculum
consisted St-CMV-EG systematically infected leaves
ground in 0.01M sodium phosphate buffer (SPB) pH
7.0.

Preparation of boiled culture filtrate (BCF):
Each of 5 isolates of Ps. fluorescens were inoculated
onto 100 ml King’s broth and grown at 28°C for 48
hr. with shaking at 175 rpm. The cultures were
centrifugated at 12.000 rpm for 10 min.The cultures
supernatant were then filtered through a 0.45 pm
filter. The filtrates obtained were boiled at 100°C for
10 min and used for the antiviral assay.

Antiviral bioassay: The antiviral activity of
the BCF of 5 Ps. fluorescens isolates were assayed
via induced local acquired (LAR) and systemic
acquired resistance (SAR), LAR was assayed on a
hypersensitive host of CMV, Ch. amaranticolor using
the half leaf assay. The upper right halves of the
leaves were treated with the BCF, using paintbrush,
and the upper left halves were left untreated. As a
control treatment, the upper right halves of another
leaves were treated with sterilized water, with the left
halves of the leaves for both treatments. Each
treatment was performed in duplicate with 3 leaves
each. The local lesions were counted after 7-10 days
intreated and control and calculated formula: (I-T/C)
x 100 where, C is the number of LL on the control
half of the leaves and T the number of LL on the
treated half on the leaves.

In SAR, 5 to 6 leaved N. glutinosa plants
were used under SAR. BCF was treated onto the
three basal leaves, after 24 h. CMV isolate inoculated
onto one upper untreated leaf. As a control treatment,
the lower leaves were treated with King’s B media
and the CMV isolated was inoculated the upper
untreated leaves. Each treatment was replicated five
times. The plants were kept in a greenhouse, with 12-
14 h daylight and on temperature of 28-30°C.

Determination of protein: Protein content of
Pseudomonas isolates were determined by Bradford
(1976) using bovine serum albumin as a standard.

Protein analysis : Sodium dodecyl sulfate
polyacrylamide gel electrophoresis (SDS-PAGE) was
performed as described by Laemmli (1970) under
reducing conditions in discontinuous electrode buffer
system. Protein samples were denatured and reduced
completely by mixing the protein with in equal vol.
Of 2x sample buffer (Lucine et al., 1987) and heating
mixture at 92°C in a water bath for 5 min and chilled
on ice buffer. Treated protein were centrifuged at
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12000 rpm for 10 min. Electrophoresis was carried
out at room temperature at a constant current at 25
mA for 1 hr followed by 30 mA for 4 hr. At end of
the run the gel was stained with comassie blue and
distained in the stain solvent and photographed.

3. Results and Discussion

Isolation of Pseudomonas spp.: The bacteria
were isolated from rhizosphere potato soil. Different
morphological colonies were developed on King’s B
plates. Each one isolated colony was inoculated on
slant medium. The bacterial isolates Pseudomonas sp.
were subjected to an identification program to the
genera level was performed as shown in Table (1).
Pseudomonas appears fluorescence pigment on
nutrient agar, short rod shape, gram negative and no
spore formers. As well as, physiological and
biochemical tests on Ps. fluorescens isolates showed,
oxidase, proteolytic and lipolytic activities as most
Ps. fluorescens isolates. As well as utilization of
mannitol glucose, galactose and sobritol as most Ps.
fluorescens isolates. However, no ethanol of
utilization was observed. The growths at higher
temperatures tests were negative. The growth of
Pseudomonas isolates on butryrate, galactose as most
of isolates. However no growth of isolate on
Nicotiana were observed, which is usually shown by
Ps. fluorescens isolate No. 1. Plotted on the basis of
specific media and other test results, as shown in
Table (1), indicates that these isolates are closely
placed with the other Ps. fluorescens strains (Table
1). It is suggested to belong to the species Fluorscens
according to criteria described by consulting Bergy’s
Manual of Systemic Bacteriology (Sneath, 1986). It
could be given the tentative name Pseudomonas
fluorescens EG isolates. The purified Pseudomonas
isolates were subjected to screening against program
of antiviral activities. All isolates exhibited antiviral
activities against Cucumber mosaic virus (Ipper et al.,
2005).

The most potent Psedomonas isolates
belonging to Ps. fluorescens EG were selected for the
biosynthesis of the active metabolite having antiviral
activity. For this reason Ps. fluorescens EG was
inoculated in nutrient broth media for antiviral
production.

Antiviral, effect: The antiviral culture filtrate
from Ps. fluorescens isolates (hamely ATCC, 1,2,3,4
and 5) showed inhibitory inactivity against CMV
with variability among isolates. The BCF treatment
due to LAR whereas the half leaves of the
hypersensitive host; Ch. Amaranticolor showed 85.0,
182.5, 72.9, 75.0, 68.5 and 85.4% inhibition of the
production of LL respectively. Compared to the
untreated the half leaves. The control plants were
unable to show inhibitions of CMV-EG which is
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shown 95 L.L. The average numbers of L.L. in the
case of the BCF were much lower, 11.8, 18.5, 28.6,

26.4, 33.2 and 30.7 L.L than those of the sterilized
water treated half leaves. The BCF due to elucidate

Table 1. Morphological, physiological and biochemical characteristics of Pseudomonas spp. isolates.

Ps. fluorescences Pseudomonas isolates
Characteristic ATCC 10325 Ps1 Ps2 Ps3 Ps4 Ps5
Morphological
Cell shape Rod Rod Rod Rod Rod Rod
Size (nm) 2x12 3x1.1 3x1.9 2.5x1.0 2x1.7 1x1.5
Gram reaction SR SR SR SR SR ST
Physiological Diffusible Diffusible | Diffusible | Diffusible | Diffusible | Non-diffusible
Fluorescent pigment
Oxidase + + + + + +
Pectolytic activity + + + + + +
Lipolytic activity + + + + + -
Proteolytic activity + + + + + +
Amylolytic activity - + - - - +
Urease - Vv - - \Y -
Utilization
Mannitol + + + + + +
Benzoate - - - - - +
Cellobiase - - - + - -
Starch - - - + - -
Serbitol + + + + + +
Sucrose - - - + - -
Glucose + + + + + -
Glycerol + + + + + +
Galactose + + + + + +
Xylose - - - - + -
Fructose - - + - + -
Growth on:
Butyrate + + + + + +
Ethanol - - - - - -
Nicotinate + + - - + -
Growth at
40°C - - - - + -
35°C + - + - + -
5°C + + + + + +
V = Variable - Negative result + = Positive result

SAR, it was found that, the plants treated with
BCF showed variation in viral symptom due to Ps.
fluorescens isolates, ATCC and Pl revealed
symptomless (0.0 L.L), P2,P3,P4 and P5 revealed
mild mosaic (8.5, 10.2, 12.9 and 9.5 L.L respectively
throughout the study period. The plants treated with
both media (as a control) showed severe symptoms
(Fig. 1(A). This results reveals the antiviral activity
of BCF from Ps. fluorescens isolates was due to
involvement of plant defense mechanism. In both the
above LAR and SAR, no damage to the host plant
was observed due to BCF treatment. BCF, thus can
be characterized as a non-tioxic antiviral agent,
which could give the necessary efficiency in
combating CMV-EG. The activity of the inhibitory
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agent percent in the BCF obtained from Ps.
fluorescne isolates was not destroyed by heating at
100°C for 10 min, indicating that the antiviral agent
percent in BCF is a heat stable BCF induces
protection against CMV-EG in both local as well as a
systemic hosts.

Virus variability and concentration were
determined as local lesion morphology and mean
number on Ch. amaranticolor as indicator plant for
CMV |Fig.1(B). The virus variability produced by
Pseudomonas isolates considered as indication of
LAR and SAR. The obtained results showed that, all
isolates treatments were able to vary number and
similarly (size, center, halo or without halo) produced
by CMV infection. Ps. fluorescens isolates has the
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lowest mean number of L.L compared to control. The
same results were obtained by Zhong et al. (2002);
Ipper et al. (2005); Zhao and Wu (2007) and
Megahed (2008).

Protein content were determined in
Pseudomonas isolates related to BSA as standard
protein; the results revealed that, all isolates differed
in protein content (1.305; 1.596; 1.770, 1.581, 1.602
and 1.575 mg/g fresh weight cells for ATCC, P1, P2,
P3, P4 and P5 respectively.

Quantitative of antiviral protein were
determined on the basis of the number, intensity,
molecular weight and reproducibility of SDS-PAGE
five biotic inducers bands. The total number of
protein bands were 13 bands include of 10, 10,9, 7, 7
and 7 for ATCC, P1, P2, P3, P4 and P5 respectively
(Table 4 and Fig.2). Sex bands with the same
mobility were treated as identical fragment for
Pseudomonas isolates (monomorphic) or common
fragment with 46%. Weak bands with negligible
intensity and smear band were both excluded from
final analysis. The numbers of scored new bands
varied among isolates were 28.4, 30.5, 105.5 and
95.0 KbDa-bands of ATCC, P1, P2 and P3
respectively, were treated as unique 9genetic marker)
with 31%. The polymorphic (specific bands) for each
isolate 80.2, 33.4 and 14.3 KDa bands.

Fig.1 (A): Single local lesion diversity of CMV
inoculated on Ch. Amaranticolor treated with BCF of
Ps. fluorescens isolates (ATCC 13223; O1, P2, P3,
P4 and P5). (B): N. glutinosa treated with BCF of
Pseudomonas isolates and mechanically inoculated
with CMV-EG. showing different of symptoms on
leaves. Ps. ATCC, Ps.1, Ps.2, Ps. 3, Ps. 4and Ps. 5, C
= untreated with BCF.

Table (2): Effect of BCF on CMV-EG infection in Ch. amaranticolor using local lesion assay.

LAR* SAR*
Ps. fluorescens Control BCF BCF Inhibition BCF BCF Inhibition

treated | untreated (%) treated | untreated (%)
ATCC 105.5** 11.8 22.5 85.0 0.0 0.0 0.0
Pl 105.5 18.5 36.1 82.5 0.0 6.5 0.0
P2 105.5 28.6 36.7 72.9 8.5 16.3 91.0
P3 105.5 26.4 35.8 75.0 10.2 17.5 89.2
P4 105.5 33.2 44.2 58.5 12.9 18.5 86.4
P5 105.5 30.7 415 70.9 9.5 15.1 89.9

LAR = Local acquire resistance.
Treated -= Half or leaf treated with BCF
Determinated as local lesion

The BCF of Ps. fluorescens isolates treated
Ch. amaranticolor and N. glutinosa due to induce
increase in the accumulation of host proteins. The
induction of additional proteins may merely a
disturbance in host physiology and have related to the
primary mechanism responsible for the reduction of
infection. It has been suggested that, the induced
protein may help to Ilimit virus spread or
multiplication (Gianinazzi and Kassanis, 1974 and
Chen, et al., 2006). Lochenstein (1972) considers an
protein inhibitor can be an inhibite of virus
replication of its effective when applied 5 to 8 hours
past-virus inoculation.
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SAR = Systemic acquire resistance. Control = Leaf treated with sterilized water
Untreated = upper half or leaf untreated with BCF

Four types of antiviral protein activities have
been characterized and some antiviral proteins have
been capable of more than one activity. The activities
were; 1- Aggregation; 2-inhibition of establishment;
3-induction of a systemic viral resistant state and 4-
inhibition of replication by inactivation of protein
synthesis, cited from Chessin et al. (1995).
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Fig. (2): SDS-PAGE 12% of protein fractions
extracted from 6 Ps. fluorescens isolates (ATCC, P1,
P2, P3, P4 and P5). M = marker protein (KDa).

Table (4): Protein fractions of Ps. fluorescens isolates using SDS-PAGE.

Isolates Ps. fluorescens isolates Polymorphism
MW (KDa) ATCC P4 P2 P3 P4 P5

10585 - - ++ - - - Unique
95.0 - - - ++ - - Unique
85.5 ++ ++ +4++ + + + Monomorphic
80.2 ++ ++ ++ - - - Polymorphic
75.0 ++ ++ +4++ + + + Monomorphic
54.7 +++ ++++ ++++ +++ +++ +++ Monomorphic
70.5 +++ +++ +++ ++ ++ ++ Monomorphic
33.4 ++ ++ ++ - + + Polymorphic
30.5 - ++ - - - - Unique
28.4 ++ - - - - - Unique
14.3 + + - - - - Polymorphic
13.7 ++ ++ ++ ++ ++ ++ Monomorphic
12.0 ++ +4++ +4++ ++ ++ ++ Monomorphic
No. bands 10 10 9 7 7 7 -

Ps, fkyirescebs (ATCC 1°3223)
Monomorphic = or common polypeptides on all isolates
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Molecular Analysis of Cucumber Mosaic Cucumovirus Symptoms
Development on Squash Plants

M.M.M. El-Shamy

Botany Dept., Fac. of Sci. EI-Monofia Univ., Egypt.

Abstract: A wide range of severe symptoms were appeared on inoculated squash plants (Cucmus pepo cv. El-
Skandrani) with CMV under greenhouse condition. One of the first signs of systemic CMV infection, is vein
clearing in the youngest leaves (about 7 days), the veins become translucent and leave produced subsequently
showed a mosaic (about 10 days) severe mosaic and mottling (about 15 days). Then changed in leaves growth form
i.e. little, malformation and no-Lamina giving shoestring the so-called fern leaf (about 20-25 days). The virus was
transferred from each symptom to squash and chenopodium amaranticolor plants by sap mechanical inoculation then
conformed by DBIA-assay. The change in chlorophyll contents to ensure that all these symptoms resulted from
CMV-s EG. SDS-PAGE, peroxidase isozyme separation and RAPD-PCR to molecular analyze of S-CMV-EG
symptoms development on squash plant leaves. SDS-PAGE of protein separation showed variability protein pattern
and contents of healthy and S-CMV symptoms infected squash leaves (m-mosaic, S-mosaic, crinkling and
malformation) with 24, 26, 28, 25, 20 and 22, 21, 20, 22, 16 soluble and unsoluble polypeptides respectively. As
well as. DISC-PAGE isozyme showed 6, 7, 8 and 8 peroxidase isozymes respectively. RAPD-analysis revealed
DNA polymorphic among CMV-symptom development on squash plants. RAPD analysis using two random primers
revealed 8 polymorphic of total 15 amplified fragments with 53% under CMV infection. Crinkle symptoms revealed
the highest number with 18 markers followed by S-mosaic 17 and malformation 16 and mild mosaic with 15 bands.
[Journal of American Science 2010;6(8):94-103]. (ISSN: 1545-1003).

Key words: Squash plants, CMV symptoms development, SDS-PAGE, DISC-PAGE, PAPD PCR.

1. Introduction response in infection by viruses and other pathoens
Cucumber mosaic cucumorius is widely distributed (Comacho-Henriquez and Sanger, 1982). Viral
in different crops in Egypt and has been reported as a infection with yellow leaf carl, leaf roll, mosaic, curl,
main problem for squash crop production in open crinkle and malformation leaves of tomato and
field and protected agriculture besides causing severe squash exhibited higher activity of peroxidase
losses in cucurbit crops (Staniulus et al., 2000). The polyphenol oxidase and esterase (Tag EI-Din et al.,
virus showed several types of symptoms including, 2006).
vein clearing, mild and severe mosaic blisters, green The present study aims to the study the
vein banding and chlorotic local lesion followed by chemical and molecular variability of CMV
vein netting, yellow often necrosis and plant death, symptoms development in infected squash plants,
leaf distortion, crinkle and malformation, and using, SDS-PAGE, DISC-PAGE and RAPD-PCR.
filformshape (Gomaa, 2008). Therefore, it was
important to define the etiology of this virus by 2. Material and Methods
symptomatology, biology, serology and protein Virus source:
related index tests. Cucumber mosaic cucumoviridae CMV-s
Leal and Lastra (1984) revealed that the EG isolate was obtained from the Virology Lab,
reduction in chlorophylls, soluble proteins and (Megahed, 2008). Agric. Microbiology Dept., Fac. of
nitrogen contents was evident in leaves infected by Agric., Ain Shams Univ. The virus isolate maintance
tomato yellow mosaic virus that causes severe on Nicotiana glutinosa.
symptoms. The subcelular distraction of virus Virus detection : In order to determine the
stimulates the synthesis of soluble proteins which presence of CMV in inoculated and symptoms squash
were detected by SDS-PAGE. The most prominent as plants, the goat antirabbit immunoglobuline-alkaline
judged by the intensity of their staining, is the phosphtase conjugate (Sigma A 4503) was used by
enhancement of 14.3, 20, 39, 58 and 97 kDa proteins Dot blot immunoassay as described by Lin et al.
(Hadidi, 1988; EI-Dougdoug, 1996 and Sherif and El- (1995).
Habbaa, 2000). Certain host proteins were increased The seeds of squash (Cucurbita pepo cv,
dramatically as part of a general physiological Eskandarani) and indicator plants for CMV-s EG
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detection were kindly provided from Virology Lab.,
Fac. Agic., Ain Sham Univ., Cairo, Egypt.

The squash plants were grown into steam
sterilized soil in pots under greenhouse conditions
until the seedling stage (cotyledon leaf). The squash
leaves were mechanically inoculated with CMV-s EG
isolate prepared in 0.1 M phosphate buffer pH 7.4.
The symptoms were recorded at 2-6 weeks and
photographed after mechanical inoculation. The
plants showed symptoms were indexed by
Chenopodium amaranticolor as indicator host and
also by DBIA assay.

Chlorophyll content :

Chlorophyll a, b and carotenoids were
extracted and estimated according to Wettstein
(1957) as mg/L.

Biochemical analysis :
Protein content was determined by Bradford
(1976) using bovine serum albumin as a standard.

SDS-polyacrylamide gel electrophoresis :
S odium dodecyl sulfate polyacrylamide gel
electrophoresis (SDS-PAGE) was performed as
described by Laemmli (1970). Extraction of soluble
and non-soluble proteins were done according to
Studier (1973).

Peroxidase (PRX) isozymes electrophoresis:
Gel electrophoretic isozymes were performed
according to Stegemann et al. (1985) among four
symptoms leaves using one enzyme staining systems.
Peroxidase revealed the most variables with good
determined banding patterns.

Molecular analysis :
DNA extraction was performed by the
method of Wulff et al. (2002).

DND amplification:

Random amplified polymorphic DNA
(RAPD) analysis was applied according to Williams
et al. (1990) using 10 mers of four random
oligonucleotide primers obtained from (Metobion
AG. Lena Christ Strasse, Martinsried, Deutschland)
as shown in Table (1). The gels analysis was applied
by programme (UVI geltec version 12.4, 1444-2005
USA).

Table 1. The four random primers used in DNA

amplification
Primer name Sequence (5°-3)
OPD-11 5 AGCGCCATTG3®
OPT-20 5" GACCAATGCC3’
2-19 5" GCACGGCGTT3
2 5" AACGCGCAAC3’
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Agarose gel electrophoresis :

PCR amplified products were analyzed
using 1.2% agarose gel electrophoresis staining with
ethidium bromate. The amplified DNA bands were
visualized under UV light and the sizes of the
fragments were estimated based on a DNA ladder of
100 to 2000 bp (manufactured by Bloron).

3. Results
Symptoms development :

Sequency of symptoms development on

CMV infected squash plants (Cucurbita pepo cv.
Eskandarani) showing signs of viral symptoms a
wide range of severe symptoms were appeared on
squash plants. One of the first signs of systemic
infection is vein clearing in the youngest leaves (at 7
days), the vein become translucent and leaves
produced subsequently showed a mosaic (10 days),
severe mosaic yellowing, mottling (chlorosis) (20
days). Then changed in leave growth forms i.e. little,
blisters, crikle, malformation and no-lamina giving
shoestring (at 25-35 days). The so-called fern leaf.
The symptoms were than developed into four main
features on cultivated plants and thus they were
classified into the following four categories:
1- The leaves were mild mosaic (Fig. 1-a); 2- The
leaves were severe mosaic and blisters (Fig. 1-B). 3-
The leaves were curling and narrow (Fig. 1-C) and 4-
leaves showed reduction in blade and filiform or
shoestring shapes (Fig. 1-D).

A number of eight plants infected squash
plants showing viral different symptoms types were
examined by dot blot immunoassays assay using
specific polyclonal antibodies by DBIA. A purplish
blue color was developed infected plants in positive
reaction, whereas extracted from healthy plants
remain green in the negative reactions (Fig. 2).

Another assay for viral detection and
variability of symptom via local lesion diversity on
Ch. amaranticolor by characteristic of morphological
local lesions. It was observed variation in local
lesions i.e. size, shape, colour without center and
halo; chlorotic necrotic, fine and large (Fig. 1B).

Chloropyll and carotenoids :

Data presented in Table (2) showed that
chlorophyll a and b were significantly decreased in
infected plants showed mild and severe mosaic,
where as curling and deformation plants didn’t show
significantly different from healthy plants. On the
other hand carotenoids were not significantly
changed.
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Protein contents: was determined in squash leaves
with individual symptoms elated to BSA (Table 2), it
was revealed that, all the symptoms types due to

Table 2. chlorophyll;
symptoms developments

increasing in total protein content with different
values compared with healthy squash leaves.

carotenoids and protein contents in squash leaves at different periods of

toms development Symptoms development
Chlorophyll* a Healthy m-Mosaic | S-Mosaic | Crinkling | Malformat-ion
contents
Chlorophyll-a 1.015 0.234 0.095 0.695 0.792
Chlorophyll-b 0.625 0.185 0.047 0.375 0.410
Carotenoids 0.412 0.425 0.445 0.495 0.485
Proteins ** 7.87 4.76 5.44 6.37 6.23

* Photopigment : mg/g fresh.
** Protein content: mg/ml

SDS-PAGE proteins analysis :

SDS-PAGE profile of soluble proteins
extracted from infected and uninfected squash leaves
presented in Table (3) and Fig. (3). SDS-PAGE
analysis revealed 32 bands with different molecular
weights ranged from 275 to 10 as shown in Fig. (3).

The soluble protein bands of the four plants
which revealed different symptom types were varied
in number and density of bands, whereas mild
mosaic, severe mosaic, crinkle and malformation
were revealed the highest total number with 24, 26,
26, 25 respectively bands while healthy displayed the
lower number with 20 bands.

The variability analysis of symptoms
development showed some proteins  bands
disappeared in healthy for example 9, 7, 8 and 9 band
for mild, severe mosaic, crinkling and malformed
respectively (Table 2). The present of variability
between symptoms development was 53% related to
total bands.

The protein bands were appeared in both
healthy and in under all symptoms types with 32
bands. Some other protein 17 bands were appeared
under symptoms types and displayed in healthy.
Some of these bands were appeared in both healthy
and symptoms types such as bands number 15, 19, 18
and 16 protein bands respectively (Table 3).

‘

Fig. (1): Symptoms development on infected squash leaves by CMV, A. Systemic symptoms, B. Variability of local
lesion on Ch. amaranticolor 1- mild mosaic; 2- severe mosaic, 3- crinkle and 4- malformation symptoms.
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Fig. (2): Dot blot immunoassay for CMV detection in symptoms types on squash leaves against
specific IgG-CMV polyclonal, H = healthy leaves, M = mild mosaic, S= severe mosaic, C = crinkle and F
= malformation.

Table (3): SDS-PAGE analysis of soluble protein patterns of the variable the symptoms development related to
CMV-squash inoculated.

Band no. Healthy Mild mosaic Severe mosaic | crinkling Malformation
275 - + + - +

195 -
161
104
92
85
74
68
63
59
58
55
52
50
46
40
38
36
34
33
31
28
26
24
22
20
19
18
17
14
11
10

++ A+ A+ o+ F o+
T LS T ST S o S S T S B S S S S SR S S

++ + A+ 0+ o+ +

LT T S S S S S S S S . T I T T i
e T T I TS T Tk T SR S T S S B S S

+ + + 4
+ + + 4+ +++ A+ A+ A+

+

+

+

+ 4+ 4+ 4+ + +
++ + + o+

1
+
1

Total 20 24 26 26 25
bands

http://www.americanscience.org 97 editor@americanscience.org




Journal of American Science

2010;6(8)

SDS-PAGE analysis revealed 26 bands with
different molecular weight ranged from 238 to 20
kDa as shown in Fig. (3). The non-soluble protein of
symptoms development were varied in number and
density whereas 22, 21, 20, 22 bands of mild mosaic,
severe mosaic, crinkling and malformation
respectively, while healthy plant displayed the lower
16 bands.

SDS- profile of non-soluble proteins
extracted from the infected plants with CMV and
non-infected presented in Table (4). They were varied
between symptoms types in numbers and density
where as symptom types plants revealed increasing in
protein profiles their healthy plants. The number
increase was 6, 5, 4 and 6 bands for mild mosaic
severe mosaic, crinkle and malformation symptom
types respectively (Table 4 and Fig. 3).

On the other hand the newly induced bands
under CMV infection 9 bands in symptoms types
plants where disappeared in healthy plants.

The variability analysis of symptoms
showed some bands disappeared in healthy and
between symptoms plants. The percent of variability
between symptoms plants was 48% related to total
bands.

Peroxidase isozymes : Results of peroxidase
isozymes are shown in Table (5) and Fig. (4). Each
symptom types and healthy plants could be
characterized by unique set. of isozymes. The total

KD

200
150
120
100
85
70

60
50
40
30

25

Soluble protein

number of peroxidase isozymes shown in all
symptoms types were 11 isozymes while those of
each type 7, 8, 8 and 9 for mild mosaic severe
mosaic, crinkling and malformation respectively as
well as 7 bands for healthy ones. The variability
between symptoms types was 60% related total
peroxidase isozymes (Table 5).

Peroxidase isozyme (PRX) analysis
displayed a total of 11 band whereas 5 of them were
variable (polymorphic) and 5 (monomorphic) other
bands among the different symptoms types of CMV-
squash inoculated. As well as the control as presented
in the zymogram (Table 5) and Fig. (4). The effect of
CMV-EG strain infection could be observed among
of 4 peroxidase bands, whereas bands No. 2, 5, 6 and
7 disappeared in the control (healthy) plants and
appeared in some symptom types, on the other hand
polymorphic band No. 1 appeared in healthy and
symptom type 3; polymorphic band No. 2 appeared
in symptoms type 1 and 4; polymorphic band No. 5
appeared in four symptoms types; polymorphic band
No. 4 appeared in symptoms types 1, 2 and 4 and
polymorphic band No. 6 appeared in symptoms types
3 and 4. However, 7 bands were appeared in healthy
plants , 3 polymorphic bands No. 1 with symptom
type 3 and No. 7 with symptoms types 3 and 4, as
well as 3 monomorphic bands No. 3, 8 and 9 (Table 5
and Fig. 4).

non-soluble protein

Fig. (3): SDS-PAGE (12%) of soluble protein (a) and non-soluble protein fractions extracted from the infected
squash leaves with CMV. H = healthy leaves, m = mild mosaic, s = severe mosaic, c= crinkle and F =

malformation.
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Fig. (4): Peroxidase (PRX) isozyme profiles of squash leaves infected with CMV. H = healthy leaves, m = mild
mosaic, s = severe mosaic, c= crinkle and F = malformation.

Table (4):SDS-PAGE analysis of non-soluble proteins patterns of the variable the symptoms development related to
CMV squash infection.

Band no. Healthy Mild mosaic Severe mosaic crinkling Malformation

+
+
=+

238 +
161
109
92

85

74

68 -
63
51
58
57
55
52
50
46
40
38
36
34
33
31
28
26
24
22
20

+ + + +
+ + + +
+ + + + +
+ + +

+
+ + + 4+ + + + + +

+ +
+ + + + 4+ + A+
+ + + + A+ + 4
+ + + + + + + + +

+ +

+ + + + + +
+ + + 4+ +
+ + + 4+ + +

+ + + + + + +
+ + + ++ A+

+
+
+ +
+
+

Total 16 22 21 20 22
bands
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Table (5): Peroxidase (PRX) isozymes analysis of the variable bands of the variable the symptoms development

related to CMV squash infection

Band no. Healthy Symptoms development Polymorphism
m-mosaic S-mosair Crinkle malformation

1 + - - + - Polymorphic
2 - + - - + polymorphic
3 + + + ++ + monomorphic
4 + + + - + polymorphic
5 - + + + + polymorphic
6 - - + + + polymorphic
7 - - + + + monomorphic
8 + + + + + monomorphic
9 + + + + + monomorphic
10 + + + + + monomorphic
11 + + - - - Polymorphic
Total bands | 7 8 8 8 9

Such new peroxidase bands may related to
CMV infection in mild and severe symptoms types.
In general, results in table (5) which represent the
peroxidase enzyme polymorphism among the 4
symptoms types could be served as a model for
analyzing the gene action and different mild and
severe symptoms types.
RAPD analysis of CMV infected squash plants :

Four random primers, OPT-20, OPD-11, 2-
19 and 2 were used in random amplified polymorphic
DNA (RAPD) analysis in infected squash plants with
CMV-s EG.

Primers OPT-20 and OPD-1 revealed 12
amplified fragments with sizes ranged from 690 to

190 bp. Whereas 8 fragments were polymorphic and
4 commonly detected among the symptom type 5 ,
plants with molecular size 690, 590, 340 and 380 bp.
As well as the healthy squash plants revealed 16
amplified fragment (Table 6 and Fig. 5).

The healthy squash plants was varied
considerably in the presence of amplified fragments
where 14 fragments, thus m-mosaic, s-mosaic crinkle
and malformation were 15, 16 and 18 and 16
amplified fragments respectively. On the other hand 4
amplified fragments appeared in healthy plants only
and disappeared in infected plants, Table (6).

Table (6):RAPD analysis of symptom development on CMV-infected squash plants using RAPD primers

Molecular OPT-20 OPD-11 Polymorphism
weight (bp) | H M S C F H]IM]S ] C F
1045 + Unique
920 + Unique
865 + Unique
765 + Unique
690 + + + + + + + + + + | Monomorphic
630 ++ + + ++ ++ - - - - - | Polymorphic
590 - + ++ F++ F++ + + + + + | Monomorphic
415 + - ++ | - - - - - | Polymorphic
440 - | A | | - - - + - | Polymorphic
340 + ++ +++ | o+t | + + + + + | Monomorphic
331 - +++ +++ | o+t | + + - - - Polymorphic
320 - | |+ ++ - - - - - | Polymorphic
380 + + + + + + + + + + | Monomorphic
240 - + ++ + + - - + - - | Polymorphic
210 R R R + R R + - + ++ | Polymorphic
190 - - - - - - + + + + | Polymorphic
Total 9 9 10 | 11 10 5 | 6 | 6 | 7 |6
bands
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Fig. (5): RAPD amplified products of CMV-infected squash leaves using two primers. OPD-11 and OPT-20. H =
healthy leaves, m = mild mosaic, s = severe mosaic, c= crinkle and F = malformation.

Moreover, the numbers of fragments of
symptoms types were affected by different behaviour
either by increase or by decrease compared with
healthy plants. For contrast, the crinkle symptoms
increased in 9 bands, S-mosaic (7) and malformation
increased in 7 bands and m-mosaic increased 6 bands
related healthy plants. Meanwhile, the crinkle
symptoms type revealed induced amplified fragment

that were nor existed either in the healthy or mild and
severe mosaic and malformation symptoms (440 bp)
and s-mosaic symptoms with 240 bp in OPD-11
RAPD primer. There bands resulted from RAPD-
PCR amplified products could be used as RAPD
markers for symptoms types against CMV infection
in squash plants.

Table (7): Summarized results of biochemical and molecular variation among symptoms types of CMV-infected

squash plants.

Photopigments Proteins RAPD primers
MV Carote- Protein Total
symptom types | Chla | Chlb - content | SP | NSP | PRX | OPD20 | OPD11
noid M.M
Healthy plants 1.015 | 0.625 0.412 7.87 26 16 6 8 5 62
Mild-mosaic 0.234 | 0.185 0.425 4.76 24 22 7. 9 6 68
Severe mosaic 0.095 | 0.047 0.445 5.44 26 21 7 10 6 70
Crinkling 0.695 | 0.375 0.495 6.37 26 20 8 11 7 72
Malformation 0.792 | 0.410 0.485 6.23 25 22 8 10 6 71

Chl = chlorophylINSP = non-soluble protein
PRX = peroxidase isozymes

The results of biochemical and molecular
variation for symptom types of CMV-infected squash
plants were summarized in Table (7). Consequently
the genetic analysis of CMV symptom types showed
that crinkle was the highest biochemical and
molecular markers (72) followed by malformation
(71) severe mosaic (70) and m-mosaic (68) compared
healthy with 62 molecular markers.

http://www.americanscience.org

M.M = molecular markers

SP = Soluble rotein

4. Discussion

The effects of viruses on plants are multifarious,

practically and function of a plant may be disturbed.
Symptoms will be named and briefly described. They
may be grouped according to their effect on overall
growth, colour, water content, tissue life span, shape of
organs, plant anatomy and plant physiology. Most plant
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virus diseases and viruses are named after their main
symptoms in a particular host.

More obvious and better known are colour
changes, especially of leaves. Mosaic disease has
long been synonymous with virus disease.
CMV-s EG mosaic of squash is one type of
variegation as mentioned of tobacco and abutilon
(Bos, 1983 and Mathews, 1991). Diffusely bordered
variegation is often called mottling but there are
various intermediates. The term vein mosaic (vein
clearing) denotes an irregular mosaic along veins and
vein-banding a regular one.

Actually decrease in photosynthetic rate of the
infected leaves is often associated with development
of the symptoms (Plat et al. 1979).

The effects are, of may be, related to
changes within organs or entere plants, symptoms are
variable and greatly depend on the host plant and
how long it has been infected, the virus strain and the
environmental conditions. For example, symptoms
that are particularly noticeable in plants that have
been growing in cool bright conditions since
infection may become masked in host poorly-lit
conditions. The time after infection before symptoms
appear depends on the virus, the plant and the
environmental conditions too; it is commonly a few
days or weeks in herbaceous plants through it may be
One or more years in woody ones.

Under greenhouse conditions the symptoms
could be more clear and restricted. It should be
independent of the virus and should reflect the host
genetics. Symptoms of CMV disease on squash
differed depending on the isolates as well as the
environmental conditions (Makkouk et al., 1979 and
Aref and El-Dougdoug, 1996). By comparing the
data presented in this study of the viral symptoms
development and mechanically transmitted with the
results. CMV-s EG was detected biological and
serological in infected squash plaints (Megahed,
2008), Abo EI-Nasr et al. (2004), it was concluded
that the three viral symptoms had ZYMV viral
complex of one or more strains. Similar results were
obtained for TYLCV-E (Aref and EI-Dougdoug,
1996). Local lesions diversity of CMV produced n
Ch. amaranticolor were used CMV identification and
variability as well as isolation of CMV strains
(Megahed 2008).

Protein isozymes, and DNA analysis should
be independent of host genetics under virus inducer.
Whereas, amino acid sequence of polypeptides are
dependent on nucleotide sequence of their coding
genes; therefore on electrophoretic analysis of protein
and isozymes of CMV infected leaves which showing
different symptoms approximates the analysis of
there genetic variation. The variation of CMV
symptom types was detected via determination of

http://www.americanscience.org

polypeptides by using SDS-PAGE and peroxidase
isozymes using DISC-PAGE. Data presented in Table
(2) indicated that the number of protein fractions
increased in infected plants as recorded in severe mosaic
followed crinkle and malformation than mild mosaic.
Also this results indicated the CMV due to increasing
protein content or certain protein fraction or both
together. For example severe mosaic showed decrease in
protein content but increase in protein fractions. This
clearing that despite increasing the biodegradation of
protein content new protein types were detected due to
virus infection. The same observation was reported by
(Hadidi 1988 and El-Dougdoug, 1996). The synthesis of
new proteins are due to the host-virus interaction
previous results also indicated that protein contents could
be increased dramatically (Camacho-Henriquez and
Sanger 1982) or decreased (Lead and Lastra, 1984).

The enzymatic pools and their metabolic
pathways are the most important factors affecting
pathogenicity especially with viruses. The results
showed that the level of peroxidase in infects leaves of
crinkle and severe mosaic were higher than those in
healthy leaves. This high level play an important role in
the defense mechanism. Increase in this enzyme activity
and isozymes has been detected after infection by
pathogens in different host pathogen combination
(Hammeschmidt et al. 1982 and Sherif and El-Habbaa,
2000).

DNA prepared was found crucial for RAPD-
PCR. The vyields of DNA were determined of
spectrophotometrically as, 11, 14, 15 and 13 pg/0.05 ¢
fresh tissues. The PCR conditions for DNA analysis
were optimized by investigated each factor individually,
the optimized conditions were detailed in material and
methods section. A total of scoroble amplified DNA
fragments ranging in size 1045 to 190 bp were observed
using the two primers were as polymorphic with 8 and 4
bp monomorphic fragments with detected among
symptoms types. Interesting to note that, the four
symptoms types were varied in there formed and
developed. Where 15, 16, 18 and 16 for m-mosaic, S-
mosaic, crinkle and malformed symptom, respectively
compared with DNA fragments in healthy leaves. The
genetic variability among symptoms types has yet 16 to
be established rapid and unambiguous of genetic
variability among symptoms types has greatly benefied
from recent advances in DNA fragments based on the
PCR and random amplified polymorphic DNA (EI-
Dougdoug et al. 2007 and Sharma, 2003).
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Abstract: Five of Shistosoma mansoni isolates which differ in disease potential show genetic variability. Esterase
isozymes, protein pattern and DNA finger-print analysis successfully revealed genetic diversity. DISC PAGE
esterase isozymes revealed 5 bands which differ in density and relative mobility among SM1, SM3, SM4, SM5,
while 4 bands with SM2. SDS-PAGE of protein finger print varied among the five isolates in number of protein
species 19.18, 17.16 and 16 bands of SM1, SM2, SM3, SM4 and SM5 isolates respectively as well as in intensity.
Molecular weight and reproducibility polymorphism analysis presented 12 common fragments (monomorphic) with
54%, 8 specific bands (polymorphic) with 45% and 4 bands unique with 20%. RAPD-PCR for identification of the 5
S. monsoni isolates were conducted on the screening of primers and on the extraction of template DNA. Three out of
10 sequence 10 mer primers were successful in identification of the 5 S. monsoni isolates. PCR amplification
yielded reproducible RAPD patterns which differentiated the 5 isolates examined. The difference also recognized
the RAPD patterns specially of SM5. Esterase isozymes, protein and DNA fragments conformed the genetic
diversity among 5 S. mansoni isolates. [Journal of American Science 2010;6(8):104-110]. (ISSN: 1545-1003).

Key words: S. mansoni, esterase isozymes DISC-PAGE, RAPD-PCR, protein and DNA fragments.

1. Introduction 2. Material and Methods

Schistosoma mansoni is one of the most Parasite isolates: Five adult worms isolates
severe tropical diseases in the world. Egypt is one of of repeated twice S. mansoni from (Southern region).
the most highly endomic areas in some localities in (Delta region) and (east region) at Egypt. They were
the Nile Valley. Biomphalaria alexandrina snail as obtained from theodor Bilharz Research Institute and
specific intermediate host of S. sansoni are prevalent originally selected on the basis of healthy different
in both upper and lower Egypt, but during the last size and pathogenicity according to Longand and
decade, it become the most dominant species in the Marand (1995).
Nile Delta forming a main threat for Schistosomiasis SDS-PAGE electrophoresis: Protein content
transmission in the North of Egypt. This wide of adult worms was determined by Lowry’s method
distribution of the disease makes the study of (Lowry et al., 1951) using bovine serum albumin as a
genomic variability extremely important. There are standard.
well known two distinct geographical strains of S. Protein pattern was determined by sodium
mansoni, the Puerto Rican and the Egyptian strains dodecyl sulfate polyacrylamide gel electrophoresis
(Saoud, 1966). However a new geographical strain (SDS-PAGE) as described by Laemmli (1970) under
namely, Saudi Arabian strain has been reported based reducing condition using 12% pore gel with 3.7%
on differences with the Egyptian strain shown by stacking gel in a discontinuous electrode buffer
seanning electron microscopy (Shalaby et al., 1993). system. Protein samples and molecular weight

Several techniques of molecular biology for markers (Sigma) were denatured and reduced
studies S1, S2, S3, S4, S5, of genetic variability in completely before electrophoresis by mixing the
Schistosomiasis vector have been used (Da Silva et samples with an equal volume of 2x sample buffer
al., 2004). An introduction of the random amplified and heating the mixture at 95°C in a water bath for 5
polymorphic DNA-polymerase chain  reaction min. Treated samples were centrifuged at 12000 rpm
(RAPD-PCR) technique (Jamjoom, 2006) has for 10 min and chilled on ice before use. Each lane
amplified possibilities of polymorphism analysis and was charged with 25 pg protein of supernatant. For
biochemical markers, as enzyme isozymes (Lockyer subsequent fractions, the lanes were field up to their
et al., 2000). full capacity (50 ul). Electrophoreis was carried out a

The present study emphasizes our interest in room temperature at a constant current of 25 mA for
soil genetics to detect genetic variability among five 1 hr followed by 30 Am for 4 hr. At the end of the
S. mansoni using RAPD-PCR and isozymes for run, gel was stained with commassie blue and
genetic analysis of DNA genome of S. mansoni snails destained in the stain solvent and photographed.

and protein enzymes.
Isozyme electrophoresis:
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The adult worms were homogenized in Tris.
Glycine buffer and centrifuged at 10000 rpm for 10
min. The suprnatent was kept at -20°C until
electrophoresis according to Jonathan an Wondell,
1990). Isozyme variability was assayed by nature
polyacrylamide slob gel electrophoresis using 8%
acrylamide. Each sample was mixed with
bromophenol blue and applied to each well, the nels
were stained with the solution contain Na-phosphate
and o, B naphthyl acetate an fast blue CR salt. The
get was inoculated at 4°C in work and adding the
appropriate substrate and staining solution (Jonathan
and Wendell, 1990).

DNA isolation:

DNA was extracted from individual frozen
adult worms and homogenized with a pestle on
Eppendrof tube containing 100 pl of 10 mM Tris-
HCI pH 8.0; 1 mM EDTA, 10 mM NaCl an 70 mM
sucrose. Sodium dodecyl sulfate (10%) and (12 pl)
proteinase 10 mg ml-1 were added to Eppendrof
tube. The tubes were incubated at 57°C for 2 h. Then
extracted once with an equal volume of phenol and
once with chloroform. The DNA was precipitated by
0.3 M sodium acetate; 2 volume of absolute ethanol
at 20°C overnight. The DNA was pelleted by
centrifugation (15000 g/20 min at 4°C) then rinsed
with ethanol 10% dried and finally resuspended in
100 pl of TE buffer (10 mM Tris HCI pH 8.0 and 1
mM EDTA. The purified DNA concentration was
determined spectrophotometrically at 260 nm and
280 nm and also by using 2% agarose gel
electrophoresis.

RAPD-PCR analysis:

Three orbitrary primers, A7 (5° gaaocaaatg —
3") A8 (5 -gtgacgtagg-3") and A6 (5 -gtgcaagtct-37)
were used a described by Simpson et al. (1993) with
modifications: 2 ng of DNA genome were amplified
PCR thermal cycler). Each reaction was carried out
in a final vol. Of 10 ul containing 1 unit Tag DNA
polymerasem 1x PCR buffer, 0.2 mM each dNTP and
7 p mol of each random primer (Gibco). The
amplification conditions were as follows: 1 cycle at
95°C for 5 mm, 3 steps, at 95°C for 30 sec, 30°C for 2
min and 72°C for min and 72°C for 1 min and 33
cycles during which the annealing temperature was
changed to 40°C and the time of the extension step
was increased to 5 min during the final cycle.

The PCR products were visualized on 1.5%
agarose gels and stained with ethidium bromide to
resolve amplified fragments and photographed.

3. Results
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Somaclonal variations among 5 isolates of
S. mansoni were detected by protein pattern, esterase
activity, isozymes and DNA fingerprint.

Protein content was determined in adult
warm of each isolate related to BSA (Table 1). It was
revealed that the protein content was varied among 5
isolates with 480, 425, 392, 405 and 385 mg/g fresh
weight of adult worms.

Esterase activity was assayed of each
isolate. The specific activities of enzyme was 4.25;
4.75; 3.82; 5.12 and 3.25 p/mg protein for SM1;
SM2; SM3; SM4 and SM5 respectively (Table 1).
Esterase isozymes are shown in Fig. (1.A) and
calculated in Table (2). The total number of isozymes
8 bands differ in number and density among five
isolate such as 4 band of SM1 isolate and 5 bands of
each SM2, SM3, SM4 and SM5 out of 8 total
isozymes bands. The esterase isozyme variability
among isolates showed some isozymes band
disappeared in SM1 (0.25, 0.35, 0.55, 0.75 Rf); SM3
(0.25 M, 0.35, 0.75 Rf); SM3 (0.25, 0.55, 0.75 SM4
(0.35, 0.55, 0.75 Rf) and SM5 (0.25, 0.35, 0.55 Rf).
As well as one unique band (genetic marker) at Rf
0.25 (SM4), 0.35 (SM3); 0.55 (SM2) and 0.75 (SM5)
isolates and monomorphic (common isozyme band)
in five isolates at Rf 0.42, 0.45, 0.61 and 0.64.

Table (1):Protein content and esterase activity of
five Schitosoma mansoni isolates.

Esterase activity
S. monsoni | Protein Total Specific
isolates content activity activity
(mg/g) (1) (Wmg)
SM1 480 2040.00 4.25
SM2 425 2018.75 4.75
SM3 392 1497.44 3.82
SM4 405 2673.60 5.12
SM5 385 1251.25 3.25

SDS-PAGE protein fractions was illustrated
in Fig. (1-B) and Table (3). The results showed the
variation of S. monsoni isolates in protein fractions
and density bands. The variability analysis among
isolates appeared 24 protein fractions. Out of them
19, 18, 17 polypeptides appeared in SM1, SM2, SM3
isolates respectively and 16 polypeptides in both
SM4 and SM5. Some polypeptides bands disappeared
among isolates (Table 3). The molecular weight of
polypeptides were determined related to protein
marker (Table 3). The most prominent alteration
(polymorphic bands) among 5 isolates 122, 108, 60,
20 KDa with percentage 16%. The prominent
polypeptide bands in all isolates (monomorphic or
common fragments) were 156, 110, 100, 97, 85, 70,
54, 44, 36, 33, 24, 18 and 10 KDa with percentage
54%. The unique fragment (genetic markers) with 73,
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39 (SM1); 15 (SM2); 65 (SM3), 175 (SM4) and 28, 26 (SM5) with percentage 30%.
Table (2): Esterases isozymes analysis of the Schistosoma monsoni five isolates.
Schistosoma monsoni isolates
No. Ef SM1 SM2 SM3 SM4 SM5 Polymorphism
ands
1 0.25 - - - + - Unique
2 0.35 - - + - - Unique
3 0.42 ++ ++ ++ ++ ++ Monomorphic
4 0.45 +++ +++ +++ +++ +++ Monomorphic
5 0.55 - ++ - - - Unique
6 0.61 ++++ ++++ ++++ ++++ ++++ Monomorphic
7 0.64 +++ +++ +++ +++ +++ Monomorphic
8 0.75 - - - - + Unique
Total 4 5 5 5 5
Rf = Relative mobility Unique = Genetic marker Monomorphic or common isozyme band

Band density ++++ very strong; +++ Strong, ++ Moderate  +Weakand - Absent band

SM5 SM4 SM3 SM2 SM1 M KD SM5 SM4 SM3 SM2 SM1

...... ‘! '

" e T oos
16 i . # *

Fig. (1): Electrogram protein and isozymes profiles of five S. mansoni isolate.
1-A: SDS-PAGE (12%) of denaturated protein extracted from 5 isolates.
1-B: DISC-PAGE (12%o) of native protein esterase isozymes.

M: Markers protein (KDa), S1, S2, S3, S4 and S5: S. mansoni isolates.

Table (3): Protein fractions of Schistosoma monsoni five isolates by SDS-PAGE.

Schistosoma monsoni isolates
Molecular :
weight (KDa) S1 S2 S3 S4 S5 Polymorphism
175 - - - + - Unique
156 +++ +++ ++++ +++ ++ Monomorphic
122 ++ ++ ++ + - Polymorphic
110 ++ ++ ++ ++ + Monomorphic
108 + + + - - Polymorphic
100 ++ ++ ++ ++ + Monomorphic
97 +++ +++ +++ ++ ++ Monomorphic
85 +++ ++++ +++ +++ +++ Monomorphic
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73 + - - - - Unique
70 +++ +++ ++ ++ ++ Monomorphic
65 - - + - Unique
60 + + + + - Polymorphic
54 ++ ++ ++ ++ ++ Monomorphic
44 +++ +++ +++ +++ ++ Monomorphic
39 + - - - - Unique
36 ++ ++ ++ + ++ Monomorphic
33 +++ +++ +++ +++ +++ Monomorphic
28 - - - - + Unique
26 - - - - + Unique
24 ++++ +++ +++ +++ ++++ | Monomorphic
20 + + - - ++ Polymorphic
18 ++ ++ + + +++ Monomorphic
15 - + - - - Unique
10 ++++ +4+ ++ ++ ++++ | Monomorphic
Number protein 19 18 17 16 16

DNA fingerprint: Total DNA preparation as
found crucial for RAPD-PCR. The DNA yield was
determined spectrophotomatically as 8 pg/ 0.15 g
tissues. The DNA purity as indicated by 260/280 was
1.8. The reproducibility of RAPD analysis is known
to be singly influenced by experimental conditions. It
is therefore essential to optimize the PCR conditions
to obtain reproducible and interpretable results before
going on routine analysis. It was found that DNA
quality was a good template per PCR amplification.
However, treatments of DNA with RNase gave sharp
and clear amplification products compared with
untreated DNA.

The PCR reaction conditions, polymorphism
among the five S. mansoni isolates were detected
using different random primers by RAPD-PCR gave
the best results of amplification expressed on average
number of bands per primer. Of the three primers
(Operon random primer) were screened in RAPD
analysis for their ability to produce sufficient
amplification products. Three random primer namely

122161,;.\ Wl 282848601 288488

3045
2036
1636

1018
517

A8, A7 and A6 were more stable and reproducible
and gave sufficient polymorphism among five S.
manoni isolates. Therefore are focused our efforts on
these primers are summarized in Table (4, 5) and Fig.
(2). The RAPD analysis of DNA extracted from 5 S.
mansoni isolates revealed 22 amplified bands, (8, 7
and 7 bands) with different molecular weight ranged
from 1.450 ta 205 bp of primers A8, A7 and A6
respectively. The DNA amplified fragments of 5
isolates were varied in number, density and
molecular weight. The variability analysis among 5
isolates showed some DNA amplified fragments
absent or/fand in some isolates (Table 3). The
polymorphism  analysis among isolates, 11
monomorphic amplified bands (common in all
isolates) with 50%; 4 polymorphic amplified bands
(specific bands) with 18% and 7 unique bands
(genetic markers) with 32%. The genetic markers
were 575 bp (S1 isolate), 275 bp (S2 isolate), 1025
bp (S3 isolate) and 1450, 1025 and 855 bp (S5
isolate).

Fig. (2): Electrogram of agarose gel 15% showing DNA polymorphism based on RAPD analysis from the
studied five S. mansoni against random primers (A8, A7 and A6)
M: DNA molecular, S1, S2, S3, S4 and S5 isolates, A8, A7 and A6 random primers.
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Table (5): Polymorphism and genetic markers among 5 isolates of S. mansomi using random primers by

RAPD-PCR.
Primer Polymorphism Genetic markers of isolates
TAF | MAF | PAF | Unique '\(’t');’;’ s1 s2 s3 s4 S5
A8 855 -
8 4 2 2 275 + i ++++
A7 1450 - +
7 4 - 3 1025 - +
855 - +
A6 1025 - - + - -
7 3 2 2 575 + ) i )
Total bands 22 11 4 7 7 1 1 1 - 4
Percentage - 50 18 32 32 45 4.5 4.5 - 18
4. Discussion such changes back to the induction of chromosomal
Schistosoma are  dioecious  digenetic abnormalities such as bridges breakes, laggards and

treamatodes carrying a large (270 Mb) genome.
Gaining Knowledge about the genome of these
parasites is of importance for the understanding of
their biology, mechanisms of drug resistance and
antigenic variation that determine escape from the
host’s immune system (Franco et al., 2006). This aim
of the present study the genetic diversity of five S.
mansoni isolates selected on the basis of different in
disease potential (Longand and Morand, 1998).

Several techniques of molecular biology for
studies of genetic diversity in Schustosomiasis
vectors have been used (Spada et al., 2002; Florence
et al., 004; Hertel et al., 2004; Abdel-Hamid et al.,
2006; Jamjoom, 2006 and Haggag and El-Sherbiny,
2006).

Electrophoretic protein banding pattern of
an organism can be used to elucidate reliable
biochemical genetic markers of this organism. It can
also provide information about structural genes and
their regulatory systems which control the
biosynthetic pathways of that protein banding pattern
(Abdel Salam et al., 1992).

In the present study, variation in protein
banding patterns between five isolates were revealed
using SDS-PAGE electrophoresis. The obtained
protein profiles were analyzed and scanned for gel
quantitations using Gel Doc 2000 instrument and
quantity one. Software package (Bio-Rad). For
comparisons among the five isolates of S. mansoni
were analyzed in the same gel. The same procedures
of scanning and quantitations were done. The
observed changes in protein banding patterns in the
present study could be reasonably interpreted to be
the result of gene mutation. This conclusion is in
accordance with Brown and Langley (1979) and
Abdel Salam et al. (1992). However, other
investigators ElI-Gamal EI-Din et al. (1988) traced
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micronuclei which can lead to loss of some of the
genetic material. Therefore, some electrophoretic
bands disappeared due to the deletion of their
corresponding bands.

Disappearance of some bands could also be
explained on the basis of a mutational event at the
regulatory genes which are suppressed at
transcription level. Meanwhile, the appearance of
new bands could be explained on the basis of a
mutational event at the regulatory system of
unexpressed gene(s) that activate them (Abd El-
Salam et al., 1992).

Gel electrophoresis is a widely used tool in
studies of genetic variability. The electrophoretic
differences reflect the allelic variations of S. mansoni
enzymes which might due to mutational events
occurring in the shistosoma under stress and affecting
the loci controlling the synthesis of isozymes.

Several factors may be considered as
primary determinants of the number of bands
observed on a gel, including. (a) The number of
coding genes, (2) Their allelic states (homozygous or
heterozygous) and (3) The quaternary of the protein
products. The simplest case involves a single region
of salinity with variant electromorphs (allozymes)
observed in different individuals. Because allozymes
are usually codominanly inherited, the presence and
number of bands are depending on the number of
polypeptide subunits contained in the active enzyme
(Kahler and Allard, 1970).

An electrophoretic analysis was made on the
homogenate of progeny of five S. mansoni for
esterase isozymes in order to determine isozymes.
Since S. mansoni were collected and from different
locations, therefore separate electrophoretic runs
were made for some S. mansoni from each location.
Esterase isozymes are enzymes that characterized by
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their common activity on many naphthyl ester
substrates (Korochkin et al., 1973). The group of
esterase isozymes is one of the largest and most
complicated system that has been intensively studied
in many organisms of animal kingdom in vertebrates,
esterase  isozymes are  mostly  monomeric.
Consequently, each band of esterase activity reflects
a structure of one polypeptide chain. Hence, each
band on the gel represents the end product of one
locus (allele). As revealed from Est zymograms, all
bands were anndelly migrated and their distributions
were varied, some bands were present in a certain S.
mansoni and were lacking in another. A total number
of 4 were present in all five S. mansoni
(minomorphic) and could considered as common
bans for all the five S. mansoni which seem to be
necessary ones for the enzyme constitution. Bands
No. 1, No. 2 and No. 3 observed only in S. mansoni
isolatges S4, S3, S2 and S5 respectively which could
be a result of gene expressed under stress. The result
indicates that there were allelic variants in this locus
in all S. mansoni. Suggesting a polymorphic type of
inheritance for this enzyme.

The results obtained after RAPD-PCR are
presented in Fig. (3) and molecular weights of each
primer was summarized in Table (3-4). From the
RAPD profiles generated by these primers, bands
with MW 1450, 1025, 855, 700, 75 and 205 bp were
present in some S. mansoni and absent in others
(polymorphic), while the two bands MW 510 and 325
bp were present in all the five isolates
(monomaorphic). One unique band was detected in S1
isolate with MW of 575 bp while was not seen in the
other isolates.

Fortunately, the averages of similarities
among five S. mansoni were 52.5, 76.5, 70.5, 40.5
and 82.2% for S1, S, S3, S4 and S5 respectively. This
we expect the similarity of genetic backgrounds of
many S. mansoni isolates.

The introduction of RAPD-PCR technique
has amplified the possibilities of polymorphisms
analysis, as it allowed the use of small arbitrary
nucleotide segments without the need of a previous
knowledge of genes and/or genomic sequences
(Welsh and Mc Clellend, 1990). Also, RAPD assay
clearly has certain proactively advantages for
detecting DNA variation. It is technically less
demanding, cheaper and quicker than other molecular
techniques (Stothard and Rolliknson, 1996).

Rollinson et al. (1998) reported that, snails
resistant to infection occur naturally and there is a
genetic basis for this resistance, in B. glabrata
resistance to S. mansoni is known to be polygenic
trait. So, we have initiated a preliminary search for
snail genomic regions linked to, or involved in
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resistance by using a RAPD-PCR based approach in
conjunction with progeny individual methods.

The present study, demonstrated the utility
of RAPD-PCR method for the differentiation of S.
mansoni isolates. The isolates studied were selected
on the basis of different location and pathogenic by
well  characterized  resistance,  susceptibility
phenotypes upon exposure to S. mansoni.
Reproducible and inheritable stable polymorphic
markes for S. mansoni were identified with one out
of the ten arbitrary primers tested. Several of the
primers produced monomorphic bands among the
stocks, or the polymorphism identified were not
reproducible. In previous studies, genetic diversity
among S. mansoni snails was evaluated either by
allozyme or restriction fragment length.
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Phenotypic and Genetic Variability Among Three Bacillus
Megatherium Isolates. I. In Viro Evoluation of Tri-Calcium
Phosphate Solubilizing Potential and Growth Pattern

Nahid El-Aiat

Botany Dept., Fac. of Sci. Benha Univ., Egypt.

Abstract: Three B. megatherium isolates namely BM;, BM, and BMj; were isolated from different soil types. These
isolates were evaluated phosphate solubilizing ability in vitro. Aleksandrov’s medium (AM) supplemented with tri-
calcium phosphate at concentration (0.5%). These isolates formed three morphological colony types. Circular
colonies < 1 mm with entire margin and dry; flatter colonies > 1 mm irregular entire edge ith gum and convex
colonies < 2 mm with entire margin and wet. The isolates have a variable degrees in release of soluble phosphate
amount in culture media supplemental with insoluble phosphate. The BM; isolate was most powerful P-solubilizer
followed by BM; isolates detected on AM culture medium. It was observed decreasing in pH due to an increase of
total acidity and amount of soluble P in their culture media. The isolates were differed in exopolysaccharides (EPS)
production. However, the capacity of P dissolution and viscosity of culture media depending on the quality of EPS
produced by B. megatherium isolates. The BM; isolate grown in AM culture media produced the highest amount of
EPS and viscosity compared with BM, and BM; isolates. Higher amounts of organic acid oxalic citric, tartaric and
furmaric were produced by BM, and BMj; in AM culture media accompanied with lowest amount of EPS. Current
data showed that, inoculation AM media with 3 isolates of B. megatherium having a variable degrees of metabolic
effectiveness led to partial degradation of P, resulting in release of higher amounts of soluble P in the culture media.
[Journal of American Science 2010;6(8):111-115]. (ISSN: 1545-1003).

Key words: B. megatherium isolates, P rock mineral dissolution mechanism ESP, organic acid

1. Introduction al., 1991). Bacillus sp. seemed to be a good candidate
Phosphate is major essential macronutrient for biofertilizers application in agriculture.

required for plant growth to optimize yield. Thus, the Inoculation with bacteria, which can

use of alternative indigenous resources and minerals improve P and K availability in soils by producing

such as rock phosphate are growing importance to organic acids and other chemicals, stimulated growth

elleviate the dependence of imported or closely and mineral uptake of plants (Lucas Garcia et al.,

commercial fertilizers (Badr et al., 2006). The use of 2004).

plant growth promoting rhizobacteria (PGPR) A considerable number of bacterial species

including phosphate solubilizing bacteria as are able to exert a beneficial effect upon plant

biofertilizers was suggested as a sustainable solution growth. As the potential of PGPR is realized

in improve plant nutrient and production (Vessey researches on their application have increased

2003). Increasing the bioavailability of P in soils with dramatically over the last few decades. A diverse

inoculation of PGPR or/and rock material, which array of PGPR has been shown to enhance growth

may lead to increasing P uptake and plant growth and plant productivity by different mechanisms

(Sahin et al, 2004; Girgis, 2006 and Eweda et al., (Tilak et al., 2005).

2007). The present study was conducted to evaluate
Bacillus genus is ubiquitous and common the solubilization potential of selected Bacillus

soil microorganisms that play an important role in isolates to solubilize various insoluble soil phosphate

silicate biodegradation during the process of rock mineral in vitro.

disintegration (Liu et al., 2006). The results of such

activity involve both geochemical and structural 2. Material and Methods

changes in rocks and silicate and the most, powerful Microbial isolates :

phosphate solubilizers. Due to its ability to produce a Bacillus megatherium were isolated from

range of enzymes, solubilization pounded nutrients three different soils in Egypt, i.e Sandy; Sandy loam

and degrade organic wastes (Kubo et al., 1994), along and Clay soil. The physical, mechanical chatracters

with the N2-fixing ability of some strains (Berge et of collected soils samples were determined according
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to Jackson (1973) and Black et al. (1982) in the
laboratory of soil Analysis; Soil, Water and
Environmental Ins. Agric. Res. Center, Giza, Egypt.

Screening of B. megatherium for their phosphate
solubilizing :

Soil samples were serial diluted in dH20
and inoculated on nutrient agar medium at 30°C for
48 hr. the bacterial growth were harvested then
resuspended and rinsed several times with dH20 to
remove any remaining culture medium.

Bacterial isolates were screened for their
phosphate solubilizing ability on Pikovskaya medium
(PVK) (Pikovskayas, 1948) containing (g/l) to
glucose, 0.5 (NH4)2 SO4; 0.2 NaCl, 0.1 MgSO4
7H20; 0.2 KCL, 0.002, MnSO4 H20, 0.002 FeSO4
8H20; 0.5 yeast extract and pH was adjusted to 7.0.
PVK medium was supplemented with tricalcium
phosphate Ca2 (PO4)2, (PVK-TCP) at concentration
of 0.5%. Growth experiments were carried out in 100
ml Erlenmeyer flasks containing 25 ml of PVK +
TCP medium and inoculated with 1 ml of each isolate
suspension (109 cells ml-1). After 48 h. of
inoculation at 30°C with shaking at 100 rpm (The
biomass of Bacillus isolates was determined by direct
microscopic counting. Cultures were filtered through
0.2 um Whatman membrane filter, pH was directly
measured by pH-meter. And total acidity of culture
media was determined according to Helrich (1990).

The concentration of soluble P in the
digested  solutions  were  measured  using
spectrophotometer at 660 nm (Olsen and Sommers,
1982).

The growth curve of each isolate was
calculated as follow: Each isolate was grown on 25
ml PVK broth medium in 100 Erlenmeyer flasks and
incubated under continuous shaking (150 rpm) for 48
h at 30°C. The cells of each isolate were periodically
harvested by centrifugation at 4°C from broth culture
medium and washed twice with sterile water. The
cells yield was determined periodically by using
spectrophotometer at 600 nm optical density (Bauch
and Lamb Spectronic 21). An aliquot of cellular
pellet was resuspended in 0.1 N NaCl and employed
for the total protein. The protein content was assayed
according to the method of Bradford (1976).

The cultures fluid were treated with 6%
(VIV) H202 and sterilized at 121°C for 20 min to
decompose the exopolysaccharides (EPS) and release
the ions adsorbed by the polysaccharides. Thereafter
centrifuged at 10000 rpm for 20 min (Gancel and
Novel, 1994).

The total sugars content of EPS was
determined by the modified phenol sulfuric acid
method (Drapron and Guibot, 1962) using glucose as
a standard.
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Cultures viscosity was measured with a
Brookfield Viscometer model (Hbovll, USA) with
spindle 4 at 50 rpm/28°C.

Determination of organic acids : The organic
acids in cultures filtrate were determined by high
performance liquid chromatography (HPLC) with
ODS column (200 mm, 4.6 mm, 50 mm). The
operating conditions consisted of 0.1% H2PO4 as the
mobile phase, detector VWD (210 nm) and a constant
flow rate of 1.0 ml min, the pH was adjusted to 2 by
phosphoric acid and 50 pl of organic acids extract
was injected. The organic acids were quantitively
determined by comparing the retention times and
peak areas of chromatograms standards.

3. Results and Discussion

Data in Table (1) show the soil textures of
the tested soil, sandy, sandy loam and clay soil with
pH levels ranged from 6.5 to 8.5. Soil salinity
showed considerable variations among tested soils.
(Lab. Of soil analysis, Agric. Res. Center, Giza).
Characteritsitcsof B. megatherium isolates in vitro :

Three types of colony morphology were
observed after 24 hr of growth in nutrient agar,
circular colonies <1 mm with entire margin and dry
another flatter colonies > 1 mm, irregular edge with
gum. Third type convex colonies < 2 mm with entire
margin and wet. Three isolates namely BM1, BM2
and BM3.

Similar data was observed by Groudeva and
Groudeva (1987), Girgis et al. (2008) and Amer
(2008) whom found the varient Bradyrhizobium
haponicum and Bacillus spp. Isolates produced
punctiform and translucent colonies and markedly
distinct from the colony morphology and the other
varient showed abundant growth and acid production.

Data present in Table (2) show the
differences in pH of media supplemented with
insoluble tri-calcium phosphate inoculated with three
isolates. For instance the level of pH 4.25, 3.91 and
5.75 in culture media supplemented with tri-calcium
phosphate of BM1, BM2 and BM3 isolates
respectively. Compared with medium uninoculated
medium pH 7.0. The total acidity percentage were
increasing due to decrease pH. This effect was
observed in culture media supplemented with tri-
calcium phosphate of BM2 isolate indicating that,
solubilization was higher than BM1 and BMS3
isolates that solubilization was higher than BM1 and
BM3 isolates. The total acidity percentage recorded
4.75; 5.25 and 3.45 in culture media inoculated with
BM1, BM2 and BM3 isolates respectively compared
with control 0.30%, The amount of insoluble
phosphate were variation among three isolates
whereas BM2 isolate gave the higher amount 525.75
followed by BM1, 270.50 and BM3 145.25 mgl-1
compared with uninoculated medium 75.25.
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Table (1): Physico-chemical analysis of soils testing.

Soil Mechanical analysis Chemical analysis

Typed EC Sﬁ/zd Co'/i‘y Silt% | CaCO5 ?;?Sg;]c ni{fggén CN | SL | sUu | ca| Mg | Na K PH
Sand

Sandy 0.95 42,75 | 22.12 | 14.25 3.33 1.9 0.19 5.72 7.0 15 25 1.2 8.2 0.75 8.21
| y 1.25 32.85 | 18.25 5.41 25.15 1.9 0.16 2.01 | 25.0 94 | 217 | 14 | 70.25 15 7.90
oam | 092 | 57.25 | 51.31 | 2.50 | 10.27 0.9 017 |325| 90 | 25 | 43 | 20 | 910 | 09 | 84
Clay soil

The cell densities of B. megatherium in EPS production, viscosity and biomass density.

isolates were markedly increased in culture medium
of BM2 (2.75 x 108); followed by BM3 (1.45 x 108)
and BM1 (0.95 x 108) cell mi-1. The high density of
biomass was obtained with BM2 isolate. This
increase might to attributed the utilization of
phosphate by the organism which is followed by
effective metabolic activity on the substrate.
However, it can be deduced that exopolysaccharide
(EPS) may play an important role in the degradation
of the tri-calcium phosphate mineral and these results
were agreement with the finding by Welch and
Ullman (1999), Liu et al. (2006) and Girgis et al.
(2008).

Biomass, exopolysaccharide and organic
acids: It was found that, the EPS production is
common in all tested isolates but showed the variable
degrees of metabolic effectiveness between isolates

The variation in the amount of EPS production
among 3 isolates were recorded in Table 2. Isolate
BM2 grown in culture media supplemented with tri-
calcium phosphate produced the highest amount of
EPS 154.33 followed by BM1 (95.75) and BML1,
73.25 mg L-1 compared to control (uninoculated)
75.25 mg L-1. The superiority of BM2 isolate could
be expected as they produced higher viscosity 24.4
while BM1 and BM3 produced only 12.5 and 14.7
mPa.s, respectively. Therfore, the viscosity of the
culture media was related to the quantity of EPS for
all tested isolates. The increase of total acidity with
high production of EPS may explain that highest
concentration of phosphate was detected in insoluble
phosphate culture media. These results illustrate the
effect of EPS in the degradation of insoluble soil
minerals.

Table (2): Variation of three B. megatherium isolates grown on culture media supplemented with tri-calcium

phosphate.
Bacterial PH Phosphate Total EPS Viscosity Cell density
isolates insoluble acidity (mg L-1) (mPa-s) (X108 cell
(mg L-1) (%) mL-1)

Control 7.0 75.25 0.30 75.25 - -

BM1 4.25 270.50 4.75 73.25 12.5 0.95

BM2 391 525.75 5.25 154.32 24.2 2.75

BM3 5.75 145.25 3.45 95.75 14.7 1.45

Control = media uninoculated

Growth pattern of B. megatherium isolates:
The growth rates of isolates were measured by
increases in protein content (pug/ml). It is revealed
that isolates recorded the highest and lowest rates
(Fig. 1) and hence the longest doubling times (Table
3). However, the isolates were shown the amount of
protein produced ml-1 medium after 48 h of
incubation. According to the growth in PVK medium
as recorded in Table (3) the isolates could be
classified into three patterns 1- good growth, the
maximum amount of protein after 48 hr from
incubation was 35.25 for BM3 isolate 2-intermediate
growth 33.70 for BM2 isolate and 3-little growth
29.75 pg ml-1 for BM1 isolate.

Results presented in Table (3) and Fig. 1
show the variations in the organic acids quantity
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Eps = Exopolysaccharide

produced by isolates in the broth culture media
containing tri-calcium phosphate. High copious
amounts of organic acids i.e. citric, fumaric, oxalic
and tartaric acid accompanied with solubilization of
tri-calcium phosphate in culture medium were
produced by isolates as well as some unknown
organic acids with smaller concentrations were also
detected. A high concentration of tartaric acid was in
culture medium of PM2 (1875.25 pl-1) accompanied
by high amount of EPS (154.32 mg L-1) and high
amount of soluble phosphate (525.75 mg L-1).
However, this could be explained that the EPS
strongly absorb the organic acids under the effects of
organic acids the minerals are partially degraded
(Table 2).
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Table (3): Production of organic acid by three B. megatherium isolates.

Bacteria Organic acid (ng/ml) Growth characters

isolates Citric Formic Oxalic Tartatic (1) (12) (3) (4)
BM1 150.75 325.15 275.10 375.75 0.7 1.7 29.75 255.25
BM2 185.21 75.21 35.15 1875.25 0.8 1.45 33.70 282.75
BM3 420.21 150.75 45.15 265.12 0.8 1.65 35.25 305.15

1. Specific growth rate ().
3. Growth (g protein/ml).

2. Doubling time (day)
4. Viability (u mol INTF/ml)

Recently, Lin et al. (2006) and Girgis et
al.(2008) proved that the polysaccharides strongly
absorbed the organic acids and were attached to the
surface of the mineral, resulting in an area of high
concentration of organic acids near the mineral. They
stated that the polysaccharides also adsorbed S102,
which affected the equilibrium between the mineral
and fluid phases. In general way, variations in
organic acids quality and quantity were shown
between the isolates grown in their culture media.
The isolates grown in media containing insoluble
phosphorus showed variations in the production of
organic acids. Perhaps this is an indication that, the
solubilizing ability may have a relationship with the
type of organic acids produced by the isolates rather
than the quantity of acid.

phosphate dissolution rates either by decreasing pH,
forming frame work-destabilizing surface complexes
or by complexing metals in solution.

The decrease in the pH values with the
increase of total acidity in culture media may explain
whey higher concentration of phosphate released was
detected. Furthermore, linkage was observed between
the final pH and the total acidity of the culture media
and the amount of soluble phosphate. In this issue,
Groudeva and Groudeva (1987) noted that the
bacterial action on silicate and aluminosilicate is
connected with the formation of mucilaginous
capsules consisting of EPS as well as the production
of different metabolites such as organic and amino
acids. They did not exclude that the bacterial action
may also be resulting of an enzymatic nature and that
the bacteria are able to utilize energy released from
aluminosilicate biodegradation.

1. Back, C.A.; D.O. Evans; L.E. Ensminger;
J,I. White; L.E. Clark and R.C. Dinouer
(1982). Methods of soil analysis. Prt 2, 2nd
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Fig.(1). Growth curves of 3 B. megatherium
isolates under stirred conditions in PVK
medium.

Several mechanisms have been proposed to
explain  the  phosphate  solubilization by
microorganisms they are associated with the release
of organic and inorganic acids (Richardson, 2001). In
addition, the release of phosphatase enzyme that
mineralize organic phosphate compounds has also
been suggested as another mechanism involved
(Marschner, 1997). Since microbial produced organic
ligands include metabolic bioproducts, extracellular
enzymes, chelates and both simple and complex
organic acids. These substances can influence
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megatherium Isolates. 2- Molecular detection of Orthocide Fungicide
Biodegradation
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Abstract: Three B. megatherium isolates (BM1, BM2 and BM3) showed a great ability to degrade the fungicidal
orthocide 75 (95% Captan) in vitro and in vivo. They differed in their ability to orthocide degradation in vitro with
14, 10.8 and 9.0% for BM1, BM2 and BM3 isolates respectively in the course 48 hr incubation. In addition they
different in their ability to orthocide degradation in soil in the course 30 days earlier the fungicide treatment.
Residual fungicide determined by GLC after 10, 20 and 30 days. It is clear that B. megatherium isolate B1 was the
most active isolate degrading fungicide. The percentage of orthocide residual were 16, 20, 35 (non-sterilized soil)
43, 46 and 47% (sterilized soil) at 30 days for BM1, BM2and BM3 isolates respectively. On the other hand, the
effect of orthocide on B. megatherium growth was little (non-observed). B. megatherium isolates were varied in
dehalogenase activity the data showed the level of enzyme activity was found to be considerably higher in BM1
isolate followed by BM2 and BM3. Dehalogenase gene was successfully detected in total DNA genome of three
isolates by polymerase chain reaction (PCR), where as showed differences among isolates related to number, density
and size of isozymes (bands). In addition base pairs nucleotides (gene) were one band (478 bp) BM1, 3 bands (1059,
560, 478 bp) BM2 and 3 bands (1300, 800, 478 b[) BM3, isolates relative mobility and density. The similarity of
dehalogenase activity 20% among three B. megatherium isolates. [Journal of American Science 2010;6(8):116-
121]. (ISSN: 1545-1003).

Key words: Fungicide biodegradation, Dehalogenase PCR; B. megatherium, GLC.

1. Introduction carbons for chlorinated and up to at least to carbons
The  biodegradational  behaviour  of for  brominated alkans. Other  haloalkane

pesticides on and in various edible plants was studied dehalogenases of bread substrate range have been

by many authors. However, this type of study showed found in gram positive haloalkane, utilizing bacteria

be carried out under the local conditions of every (Janssen, et al, 1989).

country. They concluded that, the current levels of

the pesticides in surface water and plants at a not 2. Material and Methods

constitute on acute toxicity hazard to man on a short- Microbial cultures:

term basis, but as a result of its accumulation in man Three B. megatherium isolates (namely

body it causes hazard of large term exposure. On the BM1, BM2, BM3) from different soils were grown

other hand, some researches were published about the on nutrient broth medium. These isolates were

methods of removing pesticides from soil and water obtained from microbiology Lab. Botany Dept., Fac.

by activated carbon (Hegazi et al, 1990), Sci., Benha Univ. (Nahid, 2009).

biodegradation by microorganisms (Yakato et al,

1987, Dahrog et al., 2006, Amer, 2008 and Azhar, Fungicide:

2009). Orthocide 75 (95%  captan):  N-
So far haloalkane dehalogenases are the only Trichloromethyl-mercapto-4-Cyclohexan- 1,2-

enzymes known to be capable of direct hydrolytic dicarboximide, supplied by Kumia Chemical

dehalogenation of chlorinated and brominated Industries Co. Ltd., Japan. Emulsifiable of the active

hydrocarbons without the requirement for enzymes or ingredient 40% concentration of this orthocide was

oxygen. The enzyme of Xanthomonas autorophicus used in this investigation.

GlIO’s constitutively expressed 2 to 3%, of the

soluble cellular protein (Keuning et al, 1985) up to Detection of orthocide degradation:

30% (Janssen et al, 1989). It has a remarkably broad In Vitro: Orthocide clearing zone: Assay

substrate  range  which includes terminally medium contained (g/L): 6.0 NaCl, 1.0 (NH4)SO4;

halogenated alkanes with chain lengths up to 4 0.5 KH2PO4; 0.1 CaCl2, 1.0 yeast extract and d H20
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up to one liter according to Vincent (1970) and
supplemented with 0.5% (V/V) of emulsified
orthocide (50%). This assay was carried out to
determine the most potent degradation on the basis of
mean diameters of clean zones (mm) by the testing B.
megatherium isolates. After 24 hr petri-dishes were
inspected to estimate the efficacy of orthocide
degradation by millimeter ruler.

In vivo: Potted experimentally :

The soil taken from the surface layer (20 cm
depth) of clay loam soil. Fourty pots (250 ml
capacity) were filted with soil (about 200 pot-1).
Twenty pots were sterilized and an other twenty pots
were left without sterilization. The soil moisture
content in all pots was raised up to 60% of WHC at
15 ibs 21 hr during 2 days. All pots were
supplemented with 5000 ppm of orthocide and 100
ml broth media and mixed. Twenty ml of each broth
medium contained ~ 5x108 cfu of three B.
megatherium isolates used for inoculation of the soil
and soil without inoculation as control. Soil samples
were taken periodically after, 10, 20 and 30 days for
the determination of residual orthocide using Gas
liquid chromoatography (GLC) according to VVogeler
(1968). As well as counted B. megatherium in
sterilized and non-sterilized soil using plate count
method. The soil samples were kept in freezer until
analysis to determine the residual amount of
orthocide.

Determination of dihalogenase activity and isozyme
using polymerase chain reaction (PCR):

Enzyme activity: Cell cultures were
harvested at the end of the experimental growth
phase. The protein was extract from cell cultures as
described by Bradford (1976). The enzyme activity
was assayed according to Janssen et al (1987).

Isolation of genomic DNA:

Bacterial cells were cultured in broth
medium and incubated at 28°C with shaking at 200
rpm for 24 hr. and harvested by centrifugation. The
DNA was extracted using CTAB method as
described by Owen and Borman (1987).

Amplification of DNA:

The DNA was amplified by polymetase
chain reaction (PCR) in 100 pl react mixture
containing: 20 pl template DNA (25 mg), 0.2 ul Taq
DNA polymerase (unit); 3.0 ul DNTP, (25 mM of
each dATP, dCTP, dTTP, dGTP), 3.0 ul MgCI2 (25
mM); 30 pul PCR buffer (10X); 20 pl specific primer
(dehalogenase encoding gen) Table (1) and 23.8 pl
dH20. The mixture was assembled on ice overlaid
with 2 drop of mineral oil. The amplification was
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carried out in DNA thermal cycler (MWG-Biko-
TECH Primuse) programmed as follows: One cycle
at 94°C for 2 min and then 30 cycles at 94°C for 30
sec., 55°C for 30 sec. and 72°C for 20 sec. On cycle
at 72°C for 5 min then store in 4°C final mix of PCR.

Table (1): Oligonucleotide sequences specific
primers.
Primer sets 5" Sequence 3°
TF tgggcggatttttggggct
TR gtacgaaatggccagcgtcc

Gel electrophoresis analysis: Agarose gel
(1.5%) was prepared in TAE buffer. Total sample, 10
pl miniprep; 2 pl 6x loading dye and 6 pl dH20) of
each isolate was loaded in each well. The
electrophoresis was done of 65 V for 1 hr and then
stained with ethidium promide solution (10 mg/ml)
for about 10-15 min. DNA amplified was visualized
on UV transilluminator and photographed.

Determination of orthocide residues:
1-Extraction and clean up:

One gram of each treated soil and untreated
soil for each isolates were transferred into 250 ml
separating funnel and added 60 ml at 15% methylene
chloride/hexane (V/V). The funnel was stoppered and
shaken vigorously for 2 min and vented the pressure
during shaking. The two layers were separated. The
aqueous layer was drawn off into separating funnel.
This procedure was repeated using 30 ml of 15%
methylene chloride/hexane (V/V). The aqueous layer
was discarded and the solvent extracts in both
separating funnels were combined and poured on top
of anhydrous sodium sulphate column. Before the
solution recedes the top of sodium sulphate layer,
three 10 ml rinses of 15% methylene chloride/hexane
were added. The filtrates were collected for clearn up
by using the US.EPA, 1988 procedures.

For clean up on a florisil column
chromatography (300 mm long x 25 mm) internal
diameter (i.d) with a small glass plug in the bottom
was prepared by adding an activated florisil
(130°C/overnight) in small portions, while tabbing
until about 10 cm high. About one and a half cm
layer at anhydrous sodium sulphate was added to the
top carefully without mixing with florisil.

Mature solvents of 6% eiethyl ether-
petrolum ether was added then 10 ml of 15% diethyl
ether/petroleum ether and 50% diethyl/petroleum
ether were used for elution.

The filtered elution mixture was evaporated
using rotary evaporator 40°C for gas chromatographic
determination.
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peak area 10000

2. Determination:

Separating of the residues was done on a borosilicate
glass column 2 meters long, 3 mm internal diameter
containing 3% oV-17 (phenyl methyl silicone) on
chromosorb W, H.b. 100/120 mesh. The operating
conditions were column oven temperature (150°C)
carrier gas (Nitrogen) (1.2 kg/cm), Burner gas
(Hydrogen) (1.0 kg/cm), and air (1.0 kg/cm). Phillips
PU4410, computerized (Gas Chromatography with
FPD was used.

Soil free from Linuron was used to estimate
rate of recovery by using the previous producers. The
mean of the obtained recovery was 88%. All the
obtained data for the residues of Linuron on treated
soil were corrected by using such rate of recovery.

A series of concentration 10, 20, 30, 40, 50,
60, 70 mg of A falon analytical standard to 10 and
toluene were prepared for obtaining the standard
curve (Fig. 1). A suitable aliquot (5 pl) was injected
from each concentration.

25 7
20
16

10 J

10 20 30 40
conc. (mg/L)

Fig. (1). Standard calibration curve orthocide.

3. Results
Bacillus megatherium isolates under study showed a
great ability to degrade fungicide orthocide. They

differed in their ability to orthocide degradation in
vitro. Data concerning the amount of orthocide
degradation with 0.70; 0.54 and 0.44 gm with 14,
10.8, 0.9% for B1, B2 and B3 isolates respectively
(Table, 2).

Table (2).The potent ability of B. megatherium
isolates to orthocide degradation in vitro.

B. 2;22?;” Amount of | Percent of
megatherium sone g orthocide | degradation
i i 0,
isolates (cm) degradation (%)
BM1 3.5 0.70 14
BM2 2.7 0.54 10.8
BM3 2.2 0.44 9.0

Orthocide amount in plate 5%.

The biodegradation of orthocide in vitro in
sterilized and non-sterilized soil inoculated with B.
megatherium isolates (BM1, BM2, BM3) showed
that the amount of orthocide was decreased gradually
through 30 days in sterilized and non sterilized soils
(Table 3). The residual concentration of orthocide
were 35, 40 and 47 ppm in sterilized soil for
inoculated, B1, B2 and B3 respectively (Table 3).
While the orthocide concentration was completely
disappeared in non-sterilized inoculated soils were
16, 20 and 35 ppm after 30 days post inoculation
(Table 3).

On the other hand, the total count of B.
megatherium isolates were decreased in the first days
then increased gradually under sterilized and non-
sterilized soils (Table 3). The number of B.
megatherium isolates were 5x107, 4x107 and 3x107
cfu at 30 day post inoculation with BM1, BM2 and
BM3 respectively.

Table (3): Biodegradation of orthocide fungicide in soil inoculated with B. megatherium isolates.

Non-sterilized soil Sterilized soil
Isolates Orthocide % Of Total Orthocide % Of Total
(ppm) orth_omde count (ppm) orth_omde count
residue residue

BM1 10th 4250 89 1x106 4525 91 2x 106
20th 2750 55 2 x 106 3375 68 3x 106
30th 775 16 5 x 107 1750 35 5x 108
BM1 10th 4325 88 2 x 106 4500 90 2x 106
20th 2975 60 3 x 107 3605 82 3x 107
30th 1050 20 4 x 107 2000 40 3x 108
BM1 10th 4350 87 1x106 4625 93 2x 106
20th 3.50 61 2 x 107 3627 60 4 x 107
30th 1520 35 3 x 107 2375 47 4 x 108

*  After one hour from addition.
** 06 of orthocide residual related to control (without inoculated).30 days post inoculation.
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Dehalogenase enzyme analysis:

Dehalogenase activity was varied among
three B. megatherium isolates. Theresults in Table (4)
reveal the enzyme activity of three isolates. It was
found higher in isolate BM1 240 followed by BM2
180 and BM2, 120 sec. (Fig. 2).

Table (4). Rate of dehalogenase activity among B.

megatherium isolates.
Dehalogenase activity
Isolates BM1 BM2 BM3
isolate isolate isolate
0 time 1.25 1.05 0.70
60 sec. 1.75 1.50 1.10
120sec. | 2.20 1.95 1.50
180 sec. | 2.65 2.10 1.50
240 sec. | 3.25 2.10 1.50
300sec. | 2.25 2.10 1.50
360sec. | 2.25 2.10 1.50
20 e
g 18
z
2 0
2 o0—o0 BM1
08 I

0 30 60 90 120 150 180 210 240 270 300

Time sec.

Fig. (2). Showing the rate of dehalogenase activity
among three B. megatherium isolates.

Dehalogenase isozymes :

The quantity of DNA purified extracted
from 3 B. megatherium isolates were conformed by
UV spectrophotometer. The DNA concentration were
about 30 plg/0.5 g cells. The purity of DNA was
measured on 260/280 absorbance 1:65, 1:75 and 1:50
for 3 isolates respectively, these results indicating
high yield and DNA purity:

The dehalogenase gene of 3 isolates were
amplified of DNA, of 3 isolates using specific
primers, taq polymerase and PCR reaction mixture
using one set PCR method.

PCR amplification of dehalogenase gene
appeared variation among 3 B. megatherium isolates,
i.e. number, density and size of PCR products. The
results in Table 5 and Fig. 3 showed total 7 bands of
dehalogenase isozymes in all isolates as well as one
bands of dhl clone (505 bp) of dehalogenase.
B. megatherium isolate B1 has one isozyme band
with 478 bp and both isolates BM2, BM3 has three
isozyme bands with (1059; 560; 478) and (1300, 800
and 478 bp). On the other hand, these isozyme bands
were differed in density (percent of fraction). The
variability among 3 isolates, one monomorphic
(common) amplified band (590 bp with 14%
percentage and two polymorphic (specific) amplified
bands (1540 and 725 bp) with 29% percentage. The
different among three B. megatherium isolate related
to genetic variability.

Table (5).Genetic variability (DNA markers) of dehalogenase gene among, three B. megatherium isolates

using PCR.
Clone B. megatherium isolates

Rf Dhl % | MW BM1 BM?2 BM3 Polymor-

% MW | % MW | % MW phism
0.28 - - - - - - 54.7 1300 Unique
0.32 - - - - 15.5 1059 | - - Unique
0.34 - - - - - - 18.3 800 Unique
0.39 100 505 - - 78.7 560 - - Unique
0.42 - - 100 478 5.8 478 27.0 478 Mono-

morphic

Rf: Relative mobility.
MW: Size of expect band (bp).
Monomorphic or common amplified band.
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% : Percent of amplified band (DNA fraction)
Unique : Genetic marker
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Bp koM dhi clone * 1

Fig. 3. Agarose gel electrophoresis stained with
ethidium bromide showing the PCR
products of amplified dehalogenase gene
of three isolates using specific primers,
Lane M: DNA molecular weight marker,
Lanes gene clone, BM1, BM2 and BM3 B.
megatherium isolates.

4. Discussion

In the recent years, great quantities of
fungicides are consumed annually for the control of
plant pathogenic fungi during our chemical warfare
against a multitude of noxious organisms in the soil.
It is necessary to avoid the injury of these fungicides
together with their various carriers diluents and
solvents on the wvarious beneficial soil
microorganisms and their biological activities
contributing to soil fertility.

B. megatherium isolates showed great
ability to degrade orthocide fungicide in vitro and in
vivo which assimilation as a source of carbon. The
analysis of orthocide residual by GLC at 10, 20 and
30 days post-inoculation showed the decrease
gradually of orthocide at 20 days in sterilized and
non-sterilized soils.

The results indicate that, the biodegradation
of orthocide residues in inoculated sterilzized soil
was high rate (16, 20, 25) followed by non-sterilized
soil (43, 46, 47%) with Bl, B2, B3 isolates
respectively. This difference due to microbial flora in
soil may be antagonistic with B. megatherium as well
as it had the role in biodegradation of orthocide. In
addition, this may be attributed to the concentration
of soil (from drift occurrence of this fungicide.

Biodegradation of orthocide was detected in
vitro with bacterial isolates but in different values
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(0.70, 0.54 and 0.44 ppm) of B1, B2 and B3 isolates
respectively.

This obtained previous results are in
agreement with those obtained by Hashish et al.
(1990); Dahrog, et al. (2006), Amer, (2008) and
Azhar (2009) studied the ability Pseudomonas,
Bacillus, Rhizobium and Streptomyces to degrade the
Linuron, Diuron, Ktozin and dichlofunanid. The
actual degrade the fungicides and herbicides by
microorganisms is caused by the release of enzymes
that breakdown of them. The role of fungicide,
herbicide and pesticide on bacterial population in
treated soil was intensively studied the reported by
Berger (1998), bacteria capable of significant
biotransformation  and  reduced  phenylurea
concentrations in liquid culture.

Shin and Cheney (1989) and Amer, (2008),
conduced a trial to determine the effect of Linuron,
Simazine, alcohol and nonselective parquet on
Bradyrhizobium japonicum and Rh. Leguminosarum
bacteria. The alcohol and Linuron were decreased
significantly by 27.4 and 57.8% respectively, while
little effect was observed in simazine and marked
reduction of survivals observed in 200 ppm of
parquet.

The degradation of orthocide by B.
megatherium isolates proceeds through the concerted
enzyme actions that are specific for halogenated
compound and enzymes that are involved in the
metabolism of natural compounds. The former are
the dehalogenase that catalyze hydrolysis of
orthocide. The enzymes show a broad substrate range
and one only produced by isolates that utilize
halogenated substrates and thus can be considered
enzymes that are acquired by this specific strain of B.
metherum during genetic adaptation to degradation of
chlorinated hydrocarbons. Thispaper describe present
a further are lysis of the data alkane dehalogenase
encoding gene dhlA. The absence of dehalogenase
activities in natural of B. megatherijm allowed the
identification of clones containing the dehalogenase
gene. lIsolation of genes involved in methanol-
dehalogenase and chloroacetaldhyde dehydrogenase
activity was  possible by  screening  for
complementation  of mutants lacking the
dehalogenase activities. In this way; harboring genes
were identified and the genes were localized on
different DNA segments.

The efficient expression of the halkinase
dehalogenase gene in other gram-positive bacteria in
not surprising in view of the fact that two regions
with the consensus E. coli promoter sequence were
present. Copy number probably also plays a role,
since expression levels were higher in Xanthobacter
autotropicus G10 (p 120) than in the wild type
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isolates G110. The E. coli consensus promoter
sequence is known to stimulate transcription in B.
megatherium, (Dpyle et al, 1984 and Jeenes, et al.
1986) and our data suggest that it might also do so in
Pseudomonas sp. In order to determine which of
these sequences is the actual cause of the higher
expression and whether the promoter can be used for
expression of others genes in Pseudomonas spp., it
well be necessary to identify the transcription short
site of the gene and to study expression of different
genes linked to the promoter regions.
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Abstract L-asparaginase is one of the known drugs in the treatment of cancer, especially acute lymphoblastic
leukemia. In recent years several bio-conjugation protocols have been developed to improve the pharmacokinetic
and immunological properties of anti-leukemic enzyme, L-asparaginase. In this study, fifty two bacilli species were
newly isolated in our laboratory and screened for their ability to produce extracellular and intracellular L-
asparaginase enzyme. Bacillus sp R36 gave the highest intracellular enzyme production. Formation physiology of
the enzyme revealed that optimum culture conditions were 9:1 of air::medium ratio, with 55 x 10° CFU/mL
inoculums size. The optimum incubation period was found to be 24 hours under shaking growth conditions. The
initial pH value 5.6 was favorable for the highest enzyme production. Addition of 1% lactose or 1% raffinose
resulted in a doubled enzyme productivity (yielded 204% and 209%, respectively). The enzyme was efficiently
immobilized by covalent binding with activated carbon. Immobilized L-asparaginase activity was 33.0 U/g carrier;
with immobilization yield of 73.6%. Characterization of the enzyme was performed on native and immobilized
forms. Optimum pH value was 7.0 for free and immobilized forms. Optimum reaction temperature was 50 °C for
native enzyme, while it was 60 °C for the immobilized enzyme preparation. The immobilization process greatly
enhanced the thermal stability of the enzyme. Native L-asparaginase enzyme exhibited thermal stability up to 50 °C,
while immobilized form retained 100% of its activity up to 80 °C. Anti-tumor and antioxidant activities were
investigated. The enzyme inhibited the growth of two human cell lines including hepatocellular carcinoma (Hep-G2)
and colon carcinoma (HCT-116) with 1Cs, value of 112.19 pg/mL and 218.7 pg/mL, respectively. [Journal of
American Science 2010;6(8):131-140]. (ISSN: 1545-1003).

Keywords: -asparaginase, Bacillus, immobilization, anti-tumor effect.

1. Introduction pool of L-asparagine as in a great number of patients
with lymphoblastic leukemia, the malignant cells
depend on exogenous source of L-asparagine to be
able to survive, mean while, the normal cells are able
to synthesize L-asparagine [3, 9]. The discovery of
new L-asparaginase serologically different but having
similar therapeutic effects is highly desired [10]. One
approach to achieve improved function and
properties of the enzyme is its chemical modification
(immobilization) with various kinds of biocompatible
polymers. Immobilization of enzymes is one of the
important trends and goals of biotechnology.
Enzymes have an enormous potential as biocatalysts

L-asparaginases  (L-asparagine  amido-
hydrolase EC 3.5.1.1) hydrolyze L-asparagine to L-
asparate and ammonia (Fig. la). Bacterial L-
asparaginases are enzymes of high therapeutic value
due to their use in certain kinds of cancer therapies,
mainly in acute lymphoblastic leukemia (ALL) [1-3].
Many bacteria contain two L-asparaginases, a high
affinity periplasmic enzyme and a low affinity
cytoplasmic enzyme. These enzymes in some
bacteria accumulate mainly in periplasmic space [4, 5
and 6]. In Escherichia coli and many other bacteria,

igﬂgqﬁiltsive of Wr(]:ﬁt;pliim:gsg:zpargfglnaZ?i Iz;smiltsz in a wide range of industries and medicine. They
L . xp . peripiasm offer a distinct advantage due to their specificity,
asparaginase Il is activated during anaerobiosis.

high catalytic efficiency at low temperature and being
biodegradable. [11] The use of immobilized enzymes
lowers production costs as these can be readily
separated from reaction mixture and hence can be
used repeatedly and continuously. Several different
methods have been employed for enzyme
immobilization which includes adsorption onto
insoluble materials, entrapment in polymeric gels,

Further, only the type 1l enzyme has shown
substantial anti-tumor activity [7]. An ideal method
for the release of this enzyme would be rapid,
inexpensive, gentle and compatible with downstream
steps of its purification [8].

The anti-leukemic effect of L-asparaginase is a result
of rapid and complete depletion of the circulating
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encapsulation in membranes, cross linking with
bifunctional or multifunctional reagents and linking
to an insoluble carrier [12].

Activated carbon is a form of carbon that
has been processed to make it extremely porous and
thus to have a very large surface area available for
chemical reactions. One gram of activated carbon has
a surface area of approximately 500 m? with 1500 m?
being readily achievable. Powdered activated carbon
is made in particular form less than 1.0mm in size
with an average diameter between 0.15 and 0.25 mm.
Activated carbon is used to treat poisonings and
overdoses following oral ingestion. It is thought to
bind to poison and prevent its adsorption by the
gastrointestinal tract. The present work introduces the
production (from Bacillus sp R36), the physiology,
the characterization, and the anti-tumor activity of a
new L-asparaginase enzyme (EC 3.5.1.1) in its native
and immobilized forms.

2. Material and Methods
Chemicals

Anhydrous  L-asparagine, trichloroacetic
acid (TCA), Nessler reagent chemicals (Hgl2, KI,
and sodium hydroxide), Chitin and hexane were
purchased from Sigma Chemicals Co. Activated
carbon, celite, carboxymethyl cellulose; silica gel and
tricalcium phosphate were from Merck Chemicals.
All other chemicals used were of analytical grade.

Isolation of Bacteria

One Gram of soil was transferred to a vial
containing 10 mL of sterile water and kept on a
rotary shaker at 100 rpm for 30 min. The bacterial
suspension was pasteurized by heating at 65°C for 15
min. The supernatant was diluted 10-folds and 0.1
mL was spread on pre-solidified nutrient agar
medium composed of 5 g peptone, 3 g beef extract
and 15 g agar per liter of distilled water. The plates
were incubated at 30°C for 48 h and bacterial
colonies were purified on nutrient agar. Each of the
purified colonies was then sub-cultured on nutrient
agar slants.

Culture conditions and membrane permeablization
Bacterial isolates were screened for L-
asparaginase activity on Luria — Bertani (LB)
medium containing (1-1) 10 g peptone, 5 g yeast
extract and 10 g NaCl at pH 7.0. A 1/100 inoculum of
overnight cultures grown in LB medium was made in
40 mL LB medium in 250 mL Erlenmeyer conical
flasks and incubated for 24h at 30°C on a 200 rpm
orbital rotary shaker. Cells, cultivated for L-
asparaginase  production, were harvested by
centrifugation (6000 xg for 15 min), washed once
with 0.05 mole potassium phosphate buffer pH 8.6,
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and re-suspended to A 600 = 5.0 in the same buffer
containing n-hexane at 1% (V/V) for L-asparaginase
release. The suspensions were incubated at room
temperature for 1h, and briefly vortex every 10 min
[8].
L-asparaginase assay

The enzyme activity was assayed according
to wriston [13]. The reaction mixture contained 0.1
mL permeabilized cells free broth and 0.9 mL of 0.01
mole L-asparagine prepared in 0.05 mole tris- HCI
buffer, pH 8.6 and incubated for 30 min at 37°C. The
reaction mixture was centrifuged at 6000 xg for 10
min and the ammonia released in the supernatant was
determined by Nesslerization reaction. In brief, to 0.5
mL of supernatant, 1.75 mL dist. H20, 0.25 mL of
Nessler reagent was added. After 10 min. absorbance
at 480 nm were read with appropriate control. One
enzyme unit (U) is defined as the amount of enzyme
that librates 1 umole of ammonia per min at 37°C.
Standard curve of ammonium sulphate was used for
calculating ammonia concentrations.

Immobilization of L-asparaginase

Different supports were employed for L-
asparaginase immobilization according to [14].
Experimentally, 200 mg of each support was shaked
in 5 mL tris —-HCI buffer (0.01 mole, pH 8.6)
containing 2.5 % glutaraldehyde at room temperature
for 2h. The carriers were filtered off and washed with
distilled water to remove the excess of glutaraldehyde
then each treated carrier was incubated with 5 mL of
tris HCI buffer containing 1 mL of enzyme. After
being shaken for 2h at 30°C, the unbounded enzyme
was removed by washing with distilled water until no
protein or activity were detected in the wash.

Cell culture

Two human cell lines were used through this work
including: hepatocarcinoma (HepG2) and Colon
carcinoma (HCT-116), both lines purchased from
ATCC, VA, USA. Hep-G2 Cells were routinely
cultured in DMEM (Dulbeco’s Modified Eagle’s
Medium), while HCT-116 cells were cultured in Mc
Coy's medium. Media were supplemented with 10 %
fetal bovine serum (FBS), 2 mmole L-glutamine,
containing 100 units/mL penicillin G sodium, 100
units/ml  streptomycin sulphate, and 250 ng/ml
amphotericin B. Cells were maintained at sub-
confluence at 37°C in humidified air containing 5 %
CO2. For sub-culturing, monolayer cells were
harvested after trypsin / EDTA treatment at 37°C.
Tested samples were dissolved in dimethyl
sulphoxide (DMSO). All cell culture material was
obtained from Cambrex Bioscience (Copenhagen,
Denmark). All chemicals were from Sigma/Aldrich,
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USA, except mentioned. All experiments were
repeated three times, unless mentioned.

Anti-tumor activity

The cytotoxic effect of the samples against
Hep-G2 and HCT-116 cells was estimated by the 3-
[4,5-dimethylthiazole-2-yl]-2,5-diphenyltetrazolium
bromide (MTT) assay according to Hansen et al.,
1989 [15]. The yellow tetrazolium salt of MTT is
reduced by mitochondrial dehydrogenases in
metabolically active cells to form insoluble purple
formazan crystals, which are solubilized by the
addition of a detergent. Cells (5 x 104 cells / well)
were incubated with various concentrations of the
compound at 37 °C for 48 h in a FBS-free medium,
before submitted to MTT assay. The absorbance was
measured with an ELISA reader (BioRad, Miinchen,
Germany) at 570 nm. The relative cell viability was
determined by the amount of MTT converted to the
insoluble formazan salt. The data are expressed as the
mean percentage of viable cells as compared to the
respective control cultures treated with the solvent.
The half maximal growth inhibitory concentration
IC50 values were calculated from the linear equation
of the dose—dependent curve of each sample.

Antioxidant activity (scavenging of DPPH)

The antioxidant capacity of the tested
samples was studied through their scavenging
activity  against  1,1-diphenyl-2-picryl-hydrazyl
(DPPH) radicals [16]. DPPH is a stable deep violet
radical due to its unpaired electron. In the presence of
an antioxidant radical scavenger, which can donate
an electron to DPPH, the deep violet color
decolourize to the pale yellow non-radical. The
bleaching of DPPH was monitored at absorbance of
515 nm. The percentage of DPPH bleaching utilized
for SC50 (half maximal scavenging concentration)
was calculated as follows: 0% is the absorbance of
DPPH and 100 % is the absorbance of DPPH with an
efficient scavenger (10 mM ascorbic acid, AA).

3. Results and Discussion
Screening of bacterial isolates

Fifty two bacilli species were tested for
enzyme production. Extracellularly, no appreciable
levels of L-asparaginase were detected. After
membrane  permeabilization  with  potassium
phosphate / 1% hexane system [8], Bacillus sp R36
gave the highest enzyme productivity in the cell
suspension (20.15 U/mL). The determination of the
localization of any enzyme plays a vital role in the
development of bioprocess. The existence of L-
asparaginase in the membrane fraction of
Tetrahymena pyriformis and periplasmic space of
Enterobacter  aerogenes and  Pseudomonas.

http://www.americanscience.org

133

aeruginosa has been reported [8, 17]. There are many
reports on the production of intracellular L-
asparaginase from E. coli [18] Vibrio succinogenes
[19], Erwinia aroideae [20], S. marcescens[21], E.
aerogenes [22], and P. aeruginosa [10, 23]. Kumar
et al [24] that recently carried out a sub-cellular
localization of L-asparaginase enzyme using cell
fractionation techniques in various organisms. They
reported that there was no trace of extracellular
activity observed in the culture filtrates, which
inferred that the enzyme was secreted as an
intracellular product in all microorganisms tested.
The maximum L-asparaginase activity was found to
be 14.56 U/mL with Pectobacterium carotovorum
MTCC 1428.

Optimization of L-asparaginase production by
Bacillus sp R 36

Some factors affecting L-asparaginase productivity
were studied aiming at optimization the anti-
leukemic enzyme activity. With respect to the effect
of aeration level, 9:1 (25 mL LB medium per 250 mL
conical flask) air to medium ratio gave the highest
enzyme activity reaching 22.8 U/mL (Fig 1b).
Incubation period played an important role in enzyme
productivity as maximum enzyme activity was
obtained from 20-24 h reaching (20.0 U/mL) after 24
h only of incubation on an orbital shaker at 150 rpm.
At 48 h of incubation under the same conditions, the
activity decreased to 42% (8.4 U/mL) (Fig 1c). The
same incubation period was reported upon production
of L-asparaginase by isolated Bacillus circulans [25]
and Enterobacter aerogenes and Pseudomonas
aeruginosa [8]. Inoculum size in terms of colony
forming unit (CFU/mL) had a positively effect on
enzyme activity up to 55 x 105 CFU/mL. Higher
inoculum sizes were resulting in leveling off the
activity (Fig 2a). Prakasham [26] abstracted that
incubation temperature, inoculums level and medium
pH among all fermentation factors were major
influential parameters at their individual level, and
contributed to more than 60% of total L-asparaginase
production. The effect of initial pH of LB medium
was studied. Results revealed that 5.6 initial pH value
of production medium (without adjustment) was
suitable for enzyme production more than other
tested pH values (Fig 2b). In all cases the harvest pH
value ishighly alkaline~8.9dueto ammonia
production in the fermentation flask. All carbon
sources that were tested for L-asparaginase
production enhanced enzyme formation only upon
adding to Luria— Bertani (LB) medium.
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Fig (1): a. Role of L-asparaginases in hydrolysis of L-asparagine into L-asparate and ammonia. b. Effect of
aeration level on L-asparaginase activity produced by Bacillus sp R36 on LB medium. All data are
average value of triplicate measurements. c. Effect of incubation period on enzyme activity. The flasks
were incubated on an orbital shaker at 150 rpm at the indicated times. All data are average value of

triplicate measurements.
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Fig (2): a. Effect of inoculum size on L-asparaginase activity. b. Effect of initial pH value of LB medium on
L-asparaginase. All data are average value of triplicate measurements.

On mineral salt medium, Bacillus sp R36
neither could grow nor biosynthesize the enzyme. The
obtained results revealed that addition of 1% lactose or
1% Raffinose to LB medium doubled the enzyme
activity (204 % and 209 %, respectively). On the other
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hand, glucose was the most inhibitory carbon source
compared with the control LB medium (Fig 3). The
effect of carbon sources differ from organism to
another, but in general, glucose was regarded as a
repressor for L-asparaginase production in bacteria
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[27]. Optimization of the culture conditions of L-
asparaginase activity was the aim of many studies
through which the enzyme productivity increased to
many folds. Thus, Abdel —Fattand and olama [10]
obtained more than five folds the activity in basal
medium using Box-Behnken designing in solid state
culture. Kumar et al [28] obtained an over all 8.3 fold
in enzyme production compared to the un-optimized
medium using the central composite experimental
design. Hymavathi et al [29] improved L-asparaginase
yield by more than 300% using fractional factorial
central composite design (FFCCD).

Immobilization of L-asparaginase

Seven supports, pre-activated with
glutaraldehyde, react with different degrees with the
terminal amino residues of the enzyme protein.
Immobilization of Bacillus sp R36 L-asparaginase by
covalent binding was achieved by cross linking
between the enzyme and different carriers (i.e.
activated carbon, celite, chitin, carboxymethyl
cellulose, egg shell, silica gel, tricalcium phosphate and
chitosan) throughout glutaraldehyde. The amount of
enzyme used for immobilization was 50 U/g carrier.
The results (Table 1) indicated that the lowest
immobilized activity and immobilization yield 7.9 U/g
carrier and 17.8 % were detected with chitosan as a
carrier. On the other hand, the highest immobilized
activity (33.0 U/g carrier) and highest immobilization
yield (73.6%) were obtained with activated carbon as a
carrier. Medically activated carbon (activated charcoal)
is a supplement used when accidental poisonings have
occurred to absorb the poison and carry it out of the
body. It is also used to treat high cholesten stomach
and gas [30].
Our results are the first report for immobilization on
activated carbon of L-asparaginase enzyme. In
addition, immobilization of L-asparaginase R36 on
activated carbon had a characteristic of simpler
processing in comparison with that on silk sericin
protein [31], polysaccharide levan [32] and agarose
[33]. Kotzia et al [34] immobilizesd L-asparaginase of
Erwinia chrysantheni 3937 on epoxy- activated
Sepharose CL-6B. They reported that the immobilized
enzyme retains most of its activity (60%) and shows
high stability at 4°C. More recently, Tabandeh and
Aminlari [35] investigated the effect of conjugation
with oxidized inulin on the properties of L-
Asparaginase (L- ASNase) in the form of Elspar. They
found that modified L-asparaginase synthesized at ratio
of 2: 1 had activity of 65% of that of native enzyme.

Characterization of L-asparaginase of Bacillus sp R36

a. Effect of pH on free and immobilized enzymes
activities.
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The effect of pH on L-asparaginase activity of
free and immobilized preparations was studied by
changing the pH value from 3.0 to 8.6 using a series of
buffers namely citrate buffer (pH 3-5), phosphate
buffer (pH 6-7), and Tris buffer (pH 8-8.6), (Fig. 4a).
Both crude and immobilized L-asparaginase
preparations exhibited maximum activity at pH 7. The
immobilized form yielded more than 300 % increase in
activity (333.5 %). This clearly reflects the suitability
of activated carbon as a carrier for this enzyme. Our
results are in agreement with that reported by Zhang et
al [31] who immobilized E. coli L-asparaginase on
micro particles of the natural silk sericin protein. They
reported that the optimal range of pH value had no
evident changes in comparison with native enzyme.
Tabandeh and Aminlari [35] reported that the optimum
pH of modified L- ASNase and the native enzyme is at
alkaline pH (pH 8) probably due to produced L-
aspartic acid acting as competitive inhibitor for enzyme
in acidic condition.

b. Effect of Reaction temperature on free and
immobilized L-asparaginase.

The effect of the reaction temperature on free
and immobilized forms was investigated from 30 °C to
80 °C (Fig 4b). The optimum reaction temperature of
free enzyme was 50 °C while the immobilized
preparation reacted optimally at 60 °C reaction
temperature i.e. at 10 °C higher than the native enzyme,
with an increase of 355.8 % in enzyme activity. The
same results were reported by [31], who stated that the
optimum reaction temperature of immobilized enzyme
was at 60 °C while that of free L-ASN ase was at 50
oC.

¢. Thermal stability of immobilized enzyme

Residual activities after heating the enzyme at 30-
90°C for 10 min were measured (Fig 4c). An excellent
thermal stability was exhibited by the immobilized
enzyme preparation. The enzyme retained 100% of its
L-asparaginase activity up to 80 °C, while 62% of it
was retained upon heating for 10 min at 90°C. The
native form, maintained 100% of its activity at 50°C
while at 80°C it retained 65% of its L-asparaginase
activity. At 90 °C the native form maintained 57% of
its activity. An improvement of thermal stability of
immobilized enzyme may be acquired by multiple
attachment of activated carbon to the enzyme molecule
resulting in greater enzyme rigidity of enzyme
conformation and increasing the activation energy for
unfolding the enzyme. A marked improvement in
thermal stability of modified enzyme was obtained by
Tabandeh and Aminlari [35], Amiri et al [36] and
Scaman et al [37]. In contrast, [31] reported that the
thermo stability of the immobilized ASNase is very
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similar to that of the native enzyme and there were no
obvious changes in the activities.

Anti-tumor activity

Using MTT assay, the in vitro cytotoxicity
effect of Bacillus sp R36 L-asparaginase enzyme on
the growth of two tumor cell lines was studied. The
IC50 values were calculated from the linear equation of
the dose effect of the enzyme against hepatocellular
carcinoma Hep G2 cells (y = -0.4069x + 95.648) and
against colon carcinoma HCT-116 cells (y = -0.2233x
+ 98.838). The incubation of Hep G2 with gradual
doses of Bacillus sp R36 L-asparaginase enzyme leads

Celliobiose
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Dextrin
Raffinose
Maltose
D-Xylose

Sucrose

LdibuIsuuIeeS

D-Galactose

D-Lactose

D-Mannose

L-Arabinose

D-Glucose

control

to a gradual inhibition in the cell growth as concluded
from its low IC50 values 112.19 ug / mL (Fig. 5a). As
shown in (Fig. 5b), the treatment of HCT- 116 with the
enzyme resulted in a low anti-tumor activity with 1C50
value of 218.7 pg / mL compared with the growth of
untreated control cells. Cappelletti et al [38] studied in
vitro cytotoxicity of a novel L-asparaginase from the
pathogenic strain Helicobacter pylori CCUG 17874
against different cell lines. They reported that AGS and
MKN 28 gastric epithelial cells being the most
affected.

T
10

T T
20 30

Enzyme activity (U/ml)

Fig (3): Effect of different carbon sources on L-asparaginase activity (final concentration 1%6). All data are

average value of triplicate measurements.

Table (1): Immobilization of Bacillus sp R 36 L-asparaginase by covalent binding with different carriers.

Carrier Added enzyme Unbounded Immobilized Immobilizati-on yield
(Ulg) (A) enzyme (U/g) (B) enzyme (1) 1/ (A-B)%

Activated carbon 50 5.2 33.0 73.6
Celite 50 4.1 27.5 60.0
Chitin 50 3.5 14.3 30.7
CMC 50 115 19.8 51.4
Egg Shell 50 2.7 20.3 42.9
SG 50 4.8 28.1 62.1
TCP 50 7.2 8.6 20.1
Chitosan 50 55 7.9 17.8
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Fig (4): The effect of pH (a) and reaction temperature (b) on free (squared-line) and immobilized enzymes
(triangled-line). A series of buffers was used: citrate buffer (pH 3 -

Antioxidant activity

The antioxidant capacity of the enzyme was investigated using DPPH assay. DPPH is a stable non-
physiological radical, which could provide a relative figure of the radical scavenging capacity of a tested probe. The
DPPH assay showed that Bacillus sp R36 possessed low scavenging activity with high SC50 values of 325.4 pg/mL
compared to the scavenging activity of the well-known antioxidant (ascorbic acid, a.a., SC50 8.7 pug/mL).
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Abstract: Two pot experiments were carried out in the greenhouse of National Research Center. Dokki, Egypt
during 2008 and 2009 seasons in order to investigate the effect of different soil moisture levels (75, 55 and 35%
depletion of the available soil water) and yeast application (at rate of 8 g/L) by different ways (as a foliar, soil and
foliar plus soil treatments) on growth, yield and seed quality of Lupinus termis. The results indicated that the highest
growth parameters and RWC % observed when plants grown under the highest soil moisture level W3 and treated
with yeast by foliar plus soil treatment followed by foliar treatment where the difference between the two treatments
was insignificant. The number of seeds /plant, number of pods/plant and 100-seeds weight were decreased by
increasing drought stress so as reached their maximum decease under the most stressed level W1, treated plants with
yeast by different ways resulting in an increase in yield and yield attributes of lupinus plants. Also, both chla and
chlb showed progressive increase by increasing soil moisture levels from W1 to W3, yeast application by different
ways showed also progressive increase in chla and chlb. In addition, applied the highest level of soil moisture W3
combined with foliar application with yeast gave the highest significant values of nitrogen and protein percentages.
Moreover, decreasing soil moisture levels caused significant increase in proline and alkaloids contents, treated
plants with yeast by different ways induced significant decrease of proline and alkaloids content under different soil
moisture levels. Furthermore, the highest records for carbohydrates percentage appeared in plants sprayed with yeast
and grown under the highest soil moisture level W3. [Journal of American Science 2010;6(8):141-153]. (ISSN:
1545-1003).

Keywords: Growth; Yield and Seed Quality; Lupinus termis; Different Soil Moisture Levels; Yeast Application

1. Introduction been an important but largely unfulfilled aim of
Lupinus termis is cultivated in a wide range of modern agricultural development (Gaballah and
environments across Egypt. It's seed have a nutritional Gomaa, 2004). Bio-stimulants can be generally defined
quality similar to soybean seed and superior to other as some plant growth regulator or promoting
legumes seed (Raza and Jrnsgard, 2005), and could be substances such as vitamins, microelements, organic
an important source of protein and oil. In fact, lupinus acids as well as preparations containing live cells (like
seeds have been used for human consumption and as a bread yeast or Candida), which were microorganisms
medicinal plant in Egypt (Kattab, 1986; ARC, 1994) with the objective of increasing their number and of
and other countries for thousands of years. accelerating certain microbial process to increases the

The world is facing serious shortages of fresh availability of nutrients elements in form which can be
water and growing competition for clear water, makes easily taken by plants. Thus greater attention has been
less water available for agriculture. The great challenge directed on the use of microorganisms as bio-
for the coming decades will be the task of increasing stimulants to provide nutrients for higher plants with
food production with less water, particularly in out any pollution to the environment (Hayat, 2007).
countries with limited water and land resources. The objective of this work was mainly to investigate
Serious water shortages are developing in the arid and the response of growth, yield and seed quality of
semi arid regions, as existing water resources are fully lupinus termis crop to different soil moisture levels and

exploited (Jafar et al., 2007). To cope with the yeast application by different ways.

increasing food requirements and as drought is a major

stress which adversely affects plant growth and 2. Material and Methods

productivity (Tawfik, 2008); it is important to develop An experiment was conducted during two winter
stress tolerant crops (Mahajan and Tuteja, 2005). seasons of 2008 and 2009 at the green house of the
Improving tolerance of crop plats could be happened National Research Center, Dokki, Cairo, Egypt.

by different ways such using bio-stimulants which has
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Treatments:
Water Treatments:

The following three water treatments were
applied throughout the entire growth period of the
crop:

W 1= water stress maintained around 75% depletion of
the available soil water and the soil water is maintained
to field capacity when this depletion level is reached.
W2= water stress maintained around 55% depletion of
the available soil water and the soil water is maintained
to field capacity when this depletion level is reached.
W3= water level maintained around 35% depletion of
the available soil water is maintained to field capacity
when this depletion level is reached. The soil was
sandy and it's physical and chemical analysis is shown
in Table (1).

Yeast Application:

Yeast solution was prepared according to
method described by Skoog and Miller (1957) at rate of
8g/L. The plants were treated with yeast in three
different ways, the first was foliar application, and the
second was soil application, while the third was foliar
plus soil application. The plants were treated by these
treatments two times during the crop life, the first
application was after 45 days from planting and the
second was two weeks later. The plants were sprayed
until run off. The composition of yeast solution
employed in the experiment was described in Table (2)
as found by Nagodawithana (1991).

Planting and watering procedure:

Seeds of Lupinus termis (Var. Balady)
provided from the Egyptian Agricultural Research
Center and were thoroughly washed with distilled
water and soaked for about six hours, then the seeds
were directly planted in earthenware pots 40 diameter
and 40 cm height with perforated bottoms, and were
filed with 10 kg of sandy soil. Five seeds were planted
in each pot and thinned down to two plants after
emergency the number of plants per pot was
determined on the basis of the area of the pot at a
recommended seed rate m* (Soub, 1984). Each pot was
maintained to water field capacity 19%, one day before
starting the treatments, so that the soil moisture amount
at each pot is uniform. All pots were weighted every 1
to 3 days on abeam balance. The pots were then
irrigated to restore the soil to the appropriate moisture
regime by adding a calculated amount of water. The
general principal stated by Boutraa and Sanders (2001)
was used for the water treatment application.

Design of the Experiments:

This experiment included 12 treatments which
were the combination between three soil moisture
levels (75, 55, 35% depletion of the available soil
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water) and four ways of yeast application (0, foliar,
soil, foliar plus soil treatments), treatments were
arranged in a split plot design with three replicates,
different soil moisture levels were assigned at random
in the main plots, while sub-plots were devoted to the
different ways of yeast application.

Data Collection:

The following characters were
measured or computed on three lupinus plants:

Plant height (cm), number of leaves per plant,
root length, fresh and dry weights of the whole plant,
number of pods per plant, number of seeds per plant
and 100 seeds weight were obtained. The
photosynthetic pigments of fresh leaves, chlorophyll a
and b were determined using for such purpose the 4th
leaf from the growing point of the plant using the
spectrophotometric method recommended by Metzener
et al., (1965). The relative water content percent was
measured also on fresh leaves according to Weatherly
(1962). Samples were collected and dried for 48 h at
70 °C to determine the total N in the dry tissue by the
conventional micro kjeldabl method according to
Bremner and Mulvaney (1982), then the protein (%)
was also calculated using the equation of Alsmeyer et
al., (1974). Proline content was determined according
to Troll (1995). Total soluble carbohydrates were
determined according to Dubois et al., (1956). The total
Alkaloids content of samples was assessed using a
method described by Koriesh (1989).

either

Statistical analysis:

The collected data were subjected to
statistical analysis of variance using the normal (F) test
and the means separation were compared by using
Least Significant Difference (LSD) at 5% level
according to Snedecor and Cochran (1980).

3. Results and Discussion:
Growth Parameters:

Data presented in Tables 3 & 4 demonstrated
the effect of different soil moisture levels and different
ways of yeast application and their interaction on
growth parameters of Lupinus termis plants, the data
showed that increasing water stress from W3 to W1
caused significant decline in shoot length where the
highest means for shoot length observed in plants
grown under the highest water level W3 followed by
the moderate water level W2 where the difference
between to two levels was in significant, this result was
true for both vegetative and flowering stages. Similar
results were obtained by Mirsa and Srivastava (2000),
Choi et al., (2000), Ayodele (2001), Singh et al.,
(2001) and wvillager and Cavagnaro (2006). Such
decrease in shoot length in response to drought may
either due to
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Table (1): Mechanical and chemical analyses of the
tested soil.

Mechanical First
. Second season
characteristics: season
Clay % 18.00 16.00
Sand % 24.75 26.25
Chemical Properties
PH (1:2.5) 7.25 7.9
E.C. (1:5) 1.1dsm 1.0
Available macro nutrients (ppm)
Na 342 5.0
N 189.10 170
P 3.14 4.98
K 259.75 244.25
Ca 65.15 55.21
Mg 73.18 65.22
Available mirco nutrient (ppm)
Fe 15.14 12.21
Mn 21.81 19.32
Zn 1.18 1.34
Cu 1.31 1.0
Cl 0.78 0.66
Table (2): The composition of active yeast.
Protein 47%
Carbohydrates 33%
Minerals 8%
Nucleic acids 8%
Lipids 4%
The composition of minerals
Na 0.12 mg/g Cu 8.00 p/g
Ca 0.75 mg/g Se 0.10 /g
Fe 0.02 mg/g Mn 0.02 /g
Mg 1.65 mg/g Cr 2.20 p/g
K 21.0 mg/g Ni 3.00 w/g
P 13.5 mg/g Va 0.04 p/g
S 13.5 mg/g Mo 0.40 p/g
Zn 0.17 mg/g Sn 3.00 p/g
Si 0.03 mg/g Li 0.17 p/g
The composition of Vitamins
Thiamine 60 - 100 p/g
Riboflavin 35-50 u/g
Niacin 300 - 500 p/g
Pyridoxine HCL 28 w/g
Pantorhenate 70 w/g
Biotin 1.3 p/g
Cholin 40 p/g
Folic acid Vit. B12 5-13 /g
Vit.B12 0.001p/g

decrease in cell elongation resulting from water
shortage which led to decrease in each of cell turgor or
cell volume and eventually cell growth (Boyer, 1988)
and / or due to blocking up of xylem and phloem
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vessels thus hindering any translocation through
(Abdalla and El-Khoshiban, 2007).

The obtained data also revealed that there was
an inverse relationship between increasing drought and
number of leaves/plant, where the highest records
obtained under the highest soil moisture level W3
followed by the moderate soil moisture level W2 where
the difference between the two levels was insignificant.
This result was true for the vegetative and of flowering
stages. Such decrease in number of leaves/plant with
increasing stress levels detected by Sahid and Jurami
(1998), Choi et al., (2000), Ayodele (2001), Garg et
al., (2001), Singh et al., (2001), Koyro (2006), Martin
and Stephens (2006) and Abdalla and El-Khoshiban
(2007). The reduction in leaves number/plant due to
water stress can be attributed to its direct effect on cell
division which arose from reduction in nucleic acid
synthesis and /or enhancement of its breakdown
(Ashraf et al., 1996). This also may be attributed to
hormonal imbalance which arose from increased ABA
and decreased in IAA levels in stressed plants (Xu et
al., 2002).

Data presented in the same table revealed also
significant increase in root length with increase in
stress levels, where the highest significant increase in
root length obtained in plants grown under the most
stressed level W1, this result was gained in both
studied stages. Similar results obtained by Prior et al.,
(1997), Chiatante et al., (2000), Syman (2006) and
Abdalla and El-Khoshiban (2007). Such increase in
root length in response to drought was attributed to
either the increase in gibberellins and cytokinin content
of the root in response to drought which in turn
stimulates root cell division and elongation.

It was also clear from the obtained data that
both fresh and dry weights were highly significant
declined under the most stressed level W1 in both
stages. The decline in fresh weight may be attributed to
the decrease in water content of stressed plant cells and
tissue which led to loose of their turgor and thus shrink
(Boyer, 1988). The results reached by Saxena and
Nutiyal (2001), Fu and Huang (2001) and Monti et al.,
(2006) confirmed our data. The decrease in both fresh
and dry weights of stressed shoots revealed the
influence of water on stimulating and regulating the
photosynthetic enzymes which thus influence both the
dry matter production and fresh weights (Abdalla and
El-Khoshiban, 2007). For the effect of different ways
of yeast application, the data illustrated that almost all
ways of yeast application caused significant increase in
growth parameters of both stages compared with
control plants with few exceptions in soil treatments
which revealed sometimes insignificant increase. The
data also revealed that the highest significant means in
growth parameters appeared in plants treated with yeast
by spraying or by spraying plus soil treatments where
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the difference between the two treatments was
insignificant. While the lowest means observed under
soil treatments. These results were gained in both
vegetative and flowering stages. The positive response
of yeast application is in harmony with many others as
Ahmed et al., (1998), Ali (2001), Gad (2001), Heikal
(2005) and Hayat (2007). This increase in growth
parameters as well as fresh and dry weights may be
attributed to that yeast contains macro and micro
nutrition, also it has growth regulators and vitamins or
may be due to that yeast stimulates the plant to build up
dry matters. Concerning the effect of interaction

between soil moisture levels and different ways of
yeast treatment the data showed that the highest
significant means for growth parameters observed
when plants grown under the highest soil moisture
level W3 and treated with yeast by foliar plus soil
treatment followed by foliar treatment where the
difference between the two treatments was
insignificant, except for root length where the highest
significant increase obtained under the most stressed
level W1 and treated with yeast by foliar plus soil
treatment, these results were true for both vegetative
and flowering stages.

Table (3): Growth characters of Lupinus termis as affected by different soil moisture levels and different ways
of yeast application at the vegetative stage (combined analysis of two seasons).

Charac Plant height | No of leaves/ | Root length Fresh weight/plant Dry weight/plant (g)
Treatments (cm) plant (cm) (9) y weigntip g
Soil moisture levels
w1 29.50 10.83 13.96 4.01 1.34
W2 38.00 13.83 13.63 6.24 1.54
W3 38.83 14.50 9.63 6.43 1.76
LSDO0.05 1.20 2.37 0.98 0.62 0.28
Ways of yeast application
Control
Foliar 32.11 10.44 11.17 4.66 1.35
Soil 37.44 13.78 13.39 5.98 1.68
Foliar + Soil 35.11 13.67 11.61 5.49 1.37
LSD0.05 37.11 14.33 13.44 6.11 1.77
1.08 0.98 0.56 0.51 0.38
Soil moisture levels X Ways of yeast application
Control
W1 Foliar 29.00 8.67 13.00 2.85 1.12
Soil 29.67 12.00 13.33 4.62 1.52
Foliar + Soil 29.00 10.67 14.50 3.76 1.13
30.33 12.00 15.00 4.82 1.58
W2 Egl?;:o' 33.67 10.00 12.83 5.08 1.75
Soil 41.00 15.33 13.17 6.54 1.86
Foliar + Soil 33.67 14.67 14.00 6.17 1.45
40.00 15.33 14.50 6.34 1.81
Control
W3 Foliar 33.67 12.67 7.67 6.05 1.19
Soil 41.00 15.00 8.33 6.77 1.60
Foliar + Soil 39.00 14.67 11.17 6.54 1.53
41.67 15.67 11.33 7.16 1.99
LSD0.05 2.01 1.26 1.01 0.98 0.66

W1 = 75% depletion of the available soil water. W2 = 55% depletion of the available soil water. W3 = 35%
depletion of the available soil water.
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Table (4): Growth characters of Lupinus termis as affected by different soil moisture levels and different ways of yeast
application at the flowering stage (combined analysis of two seasons).

acters Plant height No of leaves/ Root length Fresh Dry weight/plant
Treatm (cm) plant (cm) weight/plant (g) (9)
Soil moisture levels
w1 40.08 9.17 18.83 4.48 1.12
w2 59.08 23.67 16.00 8.12 1.74
w3 60.83 2433 12.33 11.08 2.70
LSDO0.05 2.63 1.02 223 0.93 0.21
Ways of yeast application
Control 49.89 17.11 12.11 6.16 1.21
Foliar 56.33 21.11 16.78 9.37 2.18
Soil ) 50.56 17.44 16.22 9.06 1.68
Foliar + Soil 56.56 20.56 17.78 9.98 2.35
LSD0.05 1.19 0.89 1.39 0.82 0.11
Soil moisture levels X Ways of yeast application
Control 37.33 8.33 14.33 3.41 0.62
Wi Foliar 42.00 10.00 19.00 5.25 1.36
Soil _ 38.33 9..00 20.00 3.93 1.00
Foliar + Soil 42.67 9.33 22.00 5.33 1.51
Control 56.33 19.00 12.00 6.60 1.36
w2 Foliar 61.00 26.67 17.67 9.30 1.90
Soil _ 57.00 21.33 16.00 7.01 1.72
Foliar + Soil 62.00 24.00 18.00 9.58 2.00
Control 55.00 22.67 10.00 8.46 1.66
w3 Foliar 65.00 27.33 13.00 12.57 3.20
Sail ) 57.33 23.33 12.67 10.01 2.32
Foliar + Soil 66.00 27.67 13.67 13.27 3.63
LSDO0.05 221 1.48 247 1.25 0.22

W1 = 75% depletion of the available soil water. W2 = 55% depletion of the available soil water. W3 = 35% depletion of the

available soil water.

Relative water contents percent (RWC %):

Obtained data in Table 5 revealed that the
RWC % of lupines leaves decreased progressively
with decreasing soil moisture levels from W3 to W1
and with significant difference in both vegetative and
flowering stages. Our results were confirmed with
those obtained by Hayat et al., (1998), Toyagi et al.,
(1999), Choi et al., (2000), Flexas et al., (2000),
Phutela et al., (2000), Garg et al., (2001), Sanchez-
Blance et al.,, (2006) and Abdalla and Khoshiban
(2007). The decline in RWC% with decrease in soil
moisture level may be due to that stress causes
modifications in plants metabolic pathway thus
declining their osmotic and water potentials with
concomitant preliminary decrease in their RWC %
(Abdalla and Khashiban, 2007). Furthermore, treated
plants with yeast by different ways caused significant
increase in RWC% compared with control treatments
in both stages, except for soil treatment of the
flowering stage which revealed insignificant increase.
The highest records for RWC% obtained in plants
treated with foliar plus soil treatment followed by
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foliar treatment where the difference between the two
treatments was insignificant at the flowering stage,
while the lowest record obtained in soil treatment
compared with control plants of the two stages. In
addition, the data of interaction revealed that the
highest significant means of RWC % obtained when
plants grown under the highest soil moisture level
W3 and treated with yeast by foliar plus soil
treatment followed by foliar where the difference
between the two treatments was insignificant at the
flowering stage.

Yield and yield components:

Data in Table 6 revealed the effect of
different soil moisture levels and different ways of
yeast application on yield and yield components of
Lipinus termis, the data indicated that the different
soil moisture levels induced significant effect on
number of pods/plant, number of seeds/ plant and 100
seeds weight. Also, the data indicated that there was a
gradual decrease in all yield components with
decrease in soil moisture level from W3 two W1. The
reduction in yield and yield components of lupinus
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plant as a result of water stress was in harmony with
that reported by Sepaskhan (1977), Elia and
Mwandemele (1986), Osman (1989) and Hayat
(2007). The reduction in yield components as result
of water stress may attribute to reduction of leaf area,
chlorophyll content and photosynthetic rate Jafar et
al., (2007). Moreover, addition of adequate water
decreased Absisic acid (ABA) and increased
cytokinins (CYT) giberellin (GA) and indole acetic
acid (IAA), which reflecting good plant growth, good
carbohydrate anabolism and protein and finally
attaining higher yield, it is known also that addition
of water to plants has important functions in
physiological processes such as minerals absorption
from the soil, building different components in the
plant, which in turn increase plants growth and yield
(Hayat, 2007).

Table (5): Relative water content % of Lupinus
termis leaves as affected by different soil
moisture levels and different ways of
yeast application (combined analysis of
two seasons).

racters . Flowering
Treatme Vegetative stage stage
Soil moisture levels

W1 28.52 30.38

W2 41.39 53.24

W3 53.48 60.95
LSD0.05 3.40 3.15

Ways of yeast application

Control 36.79 44.64
Foliar 41.74 50.78

Soil 39.52 45.39

Foliar + Soil 46.48 51.95
LSD0.05 1.58 2.31

Soil moisture levels X Ways of yeast application
Control 25.09 27.65

Foliar 29.60 30.95

W1 Soil 28.20 30.03
Foliar + Soil 31.19 32.88
Control 39.04 51.06

Foliar 40.66 56.83

w2 Soil 4035 50.54
Foliar + Soil 45.52 54.51
Control 46.23 55.22

Foliar 54.96 64.55

w3 Soil 50.00 55.59
Foliar + Soil 62.74 68.46
LSD0.05 2.65 4.00

W1 = 75% depletion of the available soil water. W2
= 55% depletion of the available soil water. W3 =
35% depletion of the available soil water.
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Table (6): Yield and yield components of Lupinus
termis as affected by different soil moisture levels
and different ways of yeast application (combined
analysis of two seasons).

haracters 100
No of No of seeds
pods/plant | seeds/plant | weight
Treatmen @
Soil moisture levels
W1 3.25 7.67 1.78
W2 3.50 9.42 13.35
W3 4.83 13.17 14.82
LSDO0.05 0.68 1.09 0.48
Ways of yeast application
Control 3.00 7.67 8.40
Foliar 4.22 11.44 10.68
Soil 3.56 8.89 9.90
Foliar + Soil 4.67 12.33 10.95
LSDO0.05 0.48 0.63 0.53
Soil moisture levels X Ways of yeast application
?:Oor;itgf' 2.67 6.00 1.60
W1 Soil 3.33 8.33 1.94
Foliar + 3.00 7.00 1.67
. 4.00 9.33 1.91
Soil
(:Foor;it::' 2.67 6.33 10.74
W2 Soil 4.00 11.33 14.76
Foliar + 3.00 8.00 13.37
. 4.33 12.00 14.52
Soil
?:Oor;itgf' 3.67 1067 | 1285
W3 Soil 5.33 14.67 15.60
Foliar + 4.67 11.67 14.65
. 5.67 15.67 16.16
Soil
LSD0.05 0.82 1.09 0.82

W1 = 75% depletion of the available soil water. W2
= 55% depletion of the available soil water. W3 =
35% depletion of the available soil water.

Application of yeast by different ways induced
significant increase in yield components, except for
soil treatment of 100 seeds weight which reflect
insignificant increase. The highest records of yield
component obtained in foliar plus soil or foliar
treatment where the difference between the two
treatments was insignificant. The positive effect of
yeast are in line with those obtained by Ahmed et al.,
(1998), Eid (2001), Gad (2001), Hend (2002) and
Mekki and Amal (2005) whom reported that the
increase in yield components as a result of yeast
treatment mainly attributed to the effect of yeast
which can play a very significant role in making
available nutrient elements for plants, also yeast
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content macro and micro nutrients, growth regulators
and vitamins or may due to that yeast stimulate the
plant to build up dry matters (Heikal, 2005).
Regarding the data of interaction between
different soil moisture levels and different ways of
yeast application the obtained data illustrated that the
maximum records obtained when plants grown under
the highest soil moisture level W3 and treated with
yeast by foliar plus soil or foliar treatments where the
difference between two treatments was significant.

Photosynthetic pigments content:

The results presented in Table 7 showed that
there was an inverse proportional relationship
between increasing the severity of drought on one
hand and content of leaves of chlorophyll a and b on
the other hand where the highest means of chla and b
obtained under the highest soil moisture level W3
and with significant difference, this result was true
for both growth stages. Our result were fortified by
those of Flexas et al., (2000), El-Tayeb and
Hassanien (2000), Misra and Srivastava (2000),
Wang et al., (2001), Sawhney and Singh (2002),
Sanchez-Blanco et al., (2006), Zhang et al., (2006)
and Abdalla and El-khoshiban (2007). Such reduction
in the content of photosynthetic pigments in response
to water stress was attributed to the ultra structural
deformation of plastids including the protein
membranes forming the thylakoids which in turn
causes untying of photo system 2 which capture
photons, so its efficiency declined, thus causing
declines in electron transfer, ATP and NADPH
production and eventually CO2 fixation processes
(Maslenkova and Toncheva, 1997 and Zhang et al.,
2006). Data in the same table revealed also that
plants treated with yeast by different ways showed
significant increase in chla and chlb compared with
control plants in both stages. The data also showed
that the highest records of chla and chlb obtained in
foliar treatment of yeast and with significant
difference compared with control treatment. While
the lowest means obtained in soil treatment. The
positive effect of yeast on chla and chlb is in
harmony with that obtained by Hayat et al., (2007)
Stino et al., (2009).

Concerning the interaction between different
soil moisture levels and different ways of yeast
application, the data of interaction showed significant
effect on chla and chlb. Also both chla and chlb
showed also progressive increase by increasing soil
moisture levels from W1 to W3; it is also clear that
chla and chlb showed progressive increase with yeast
application by different ways under different soil
moisture levels as compared with control treatments.
Where the highest significant increase in chla and
chlb obtained in foliar treatments of yeast and under
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the highest soil moisture level W3, while the lowest
significant means obtained in untreated plants with
yeast and under the most stressed level W1 followed
by soil treatment.

Nitrogen and total protein %:

The data shown in Table 8 visualized that
both nitrogen and protein % of lupinus seeds were
significantly increased by increasing soil moisture
level so as to reach their maximum records under the
highest soil moisture level W3. These results were
documented by many researches done in this field e.g
Ahmed et al., (1995), Hammam (1996), Yousef
(1997), Neves and Lourenco (2001), Hayat (2007)
and Bibi et al., (2009) they all indicated that the
increase in protein % may attributed to the slow
hydrolysis of proteins under water stress conditions.

Application of active dry yeast by different
ways resulted in significant increase in nitrogen and
protein percentage as compared with control
treatment. Where the maximum values obtained in
plants sprayed with yeast (foliar application)
compared with control treatment. These results are in
harmony with those obtained by EI-Kholy and
Gomaa (2000), Schmid et al., (2000), Ahmed (2002),
Hassanein et al., (2003), Gaballah and Gomaa (2004)
and Hayat (2007). The increase in N and protein %
could be attributed to the growth hormones produced
by yeast (Gaballah and Gomaa, 2004) or may due to
that yeast application stimulate the synthesis of
protein (Stino, 2009). The interaction between
different soil moisture levels and different ways of
yeast application had significant effect on nitrogen
and protein percentage. Applied the highest level of
soil moisture W3 combined with foliar application
with yeast gave the highest significant value of
nitrogen and protein percentage. Similar results
obtained by Hayat (2007) she indicated that the
positive effect of yeast treatment under water stress
conditions may be due to that yeast provided plants
with essential nutrients elements required for protein
formation.

Proline percent:

It is apparent from Table 8 that decreasing
soil moisture levels from W3 to W1 showed
significant increase in proline content of lupinus
leaves so as to reach their maximum values in plants
irrigated with the most stressed level WI.
Accumulation of proline is an important indicator of
drought stress tolerance in higher plants (Aspinall
and Paleg, 1981). Karamanos et al., (1983) observed
that increased amounts of free proline in two wheat
cultivars could be associated with more effective
dehydration and drought avoidance mechanisms.

editor@americanscience.org




Journal of American Science

2010;6(8)

Table (7): Chlorophyll content of Lupinus termis as affected by different soil moisture levels and different ways of
yeast application (combined analysis of two seasons).

Characters | Vegetative stage Flowering stage
Treatments Chlorophyll a Chlorophyll b Chlorophyll a Chlorophyll b
Soil moisture levels
W1 1.65 0.28 0.56 0.30
W2 2.11 0.69 1.42 0.55
w3 3.60 1.51 1.97 0.82
LSDO0.05 0.56 0.11 0.17 0.04
Ways of yeast application
Control 1.70 0.63 1.09 0.45
Foliar 3.20 0.97 1.55 0.68
Soil 2.05 0.77 1.22 0.52
Foliar + Soil 2.88 0.94 1.41 0.57
LSD0.05 0.21 0.06 0.16 0.07
Soil moisture levels X Ways of yeast application
Control 0.40 0.17 0.28 0.11
W1 Foliar 2.78 0.34 0.74 0.44
Soil 0.68 0.23 0.49 0.23
Foliar +Soil | 2.76 0.39 0.73 0.41
Control 1.83 0.58 1.22 0.47
W2 Foliar 2.57 0.76 1.70 0.67
Soil 1.94 0.64 1.43 0.49
Foliar + 212 0.78 1.32 0.57
Soil
Control 2.87 1.14 1.55 0.78
W3 Foliar 4.26 1.82 2.21 0.94
Soil 3.53 1.44 1.95 0.84
Foliar +|3.74 1.65 2.18 0.72
Soil
LSDO0.05 0.37 0.11 0.25 0.12

W1 = 75% depletion of the available soil water. W2 = 55% depletion of the available soil water. W3 = 35%

depletion of the available soil water.

A similar trend was obtained by Ashraf and Ibram
(2005), Salma et al., (2006), Ashraf and Foolad (2007)
and Tawfik (2008) who found that osmoprotectants
such as proline and glycine betaine were increased
under drought stress. Production of osmolytes is
general way to stabilize membranes and maintain
protein conformations at low leaf water potentials, and
osmolytes play major role in osmotic adjustment and
also protect the cells (Pinhero et al., 2001).

Application of yeast by different ways caused
significant decrease in proline content of lupinus leaves
as compared with control plant where the lowest means
observed in foliar treatment followed by foliar plus soil
treatment where the difference between the two
treatments was insignificant, previous results were
supported by Levitt (1980), Hasegawa et al., (1986),
Hathout (1996) and Gaballah and Gomaa (2004) whom
reported that Dbiofertilization of faba bean with
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Rhodotrula sp (yeast) resulted in decreasing leaves
content of proline under stress conditions.

For the effect of interaction between the studied
factors, the data showed that decreasing soil moisture
levels caused significant increase in proline content,
also treated plants with yeast by different ways induced
significant decrease of proline content under different
soil moisture levels Moreover, the lowest means in
proline content obtained when plants sprayed (foliar
application) with yeast and grown under the moderate
and highest soil moisture levels (W2 and W3).
Alkaloids content:

It is clear from data in Table 8 that there was
an inverse proportional relationship between increasing
soil moisture levels on one hand and content of
alkaloids of lupinus seeds on the other hand, where the
highest significant increase in alkaloids content
obtained under the most stressed level W1. Similar
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results obtained by kennedy and Bush (1985) who
reported that N-acetytle alkaloid increased five times
under stress conditions above control treatment, while
N- acetylloline increased two times under stress
conditions above control treatment. Also Beverly
(1987) reported an increase in alkaloids of pearl millet
as influenced by drought stress, also Ho6ft (1996)
reported similar results. In addition, treated plants with
yeast by different ways caused significant decrease in
alkaloids content as compared with control treatment,
the highest decrease obtained in foliar plus soil
treatment. For the effect of interaction between the

studied factors, the data revealed significant effect on
alkaloids content of lupinus seeds, increasing soil
moisture levels caused significant decrease in alkaloids
content, while the different ways of yeast application
caused decrease in alkaloids content under different
soil moisture levels, the maximum records of alkaloids
content obtained in untreated plants and grown under
the lowest soil moisture level W1. While the lowest
means obtained in plants treated with yeast by soil plus
foliar addition and grown under the highest soil
moisture level W3.

Table (8): Nitrogen, protein and Carbohydrates percentages, as well as Alkaloids and Proline content of
Lupinus termis as affected by different soil moisture levels and different ways of yeast

application(combined analysis of two seasons).

racters Total Alkaloids Proline
Treatme N% Protein % (mg/g) (mg/1009) Carbohydrates?
Soil moisture levels
w1 3.63 22.63 16.67 1.06 42.52
W2 4.81 30.04 14.81 0.75 52.79
W3 5.71 34.92 10.78 0.63 60.79
LSDO0.05 0.42 2.64 0.73 0.09 2.28
Ways of yeast application
Control 4.01 25.09 16.30 0.99 46.65
Foliar 5.47 33.20 15.91 0.69 59.69
Soil 4.58 28.61 13.71 0.84 48.89
Foliar +Soil 4.79 29.90 10.42 0.73 52.89
LSDO0.05 0.26 1.60 0.31 0.05 1.00
Soil moisture levels X Ways of yeast application
Wi Egl?;:o' 2.70 16.88 19.07 1.34 29.76
Soil 4.27 26.67 18.90 0.98 52.22
Foliar + 391 24.44 17.67 1.04 43.62
Soil 3.62 22.54 11.03 0.87 44.47
W2 ggl?;:o' 427 26.67 16.87 0.89 50.64
Soil 5.48 34.25 16.43 0.54 59.32
Foliar + 443 27.71 15.20 0.84 48.08
Soil 5.05 31.54 10.73 0.74 53.12
W3 Egl?;:o' 5.08 31.73 12.97 0.73 59.55
Soil 6.67 38.67 12.40 0.54 67.54
Foliar + 5.39 33.67 9.50 0.65 54.98
Soil 5.70 35.63 8.26 0.59 61.07
LSDO0.05 1.23 2.88 0.54 0.09 1.56

W1 = 75% depletion of the available soil water. W2 = 55% depletion of the available soil water. W3 = 35%

depletion of the available soil water.

Total carbohydrates %:

It is evident from Table 8 that the values of
total carbohydrates of lupinus seeds were significantly
increased with increasing soil moisture levels from W1
to W3 and reached their maximum values under the
highest soil moisture level W3. Our results were shown
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to be similar to those of Wang and Quebedeaux (1997),
Osman (2000). Martinez et al., (2004), Wu and Xia
(2006), Abdalla and El-Khoshiban (2007) and Hayat
(2007). We attributed the above decline in total
carbohydrates percentages with decline in soil moisture
to its bad effect on certain chemical stimulus mostly
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ABA through xylem vessels to leaves and seeds of
stressed plants which led to stomata closure, reduction
of each of stomata conductance, CO2 concentration in
leaf tissues, electron transport system, CO2 fixation,
rate of photosynthesis and eventually quantity of
photosynthates, thus causing decline in growth rates.
Or it may be attributed to the decrease in chlorophyll
content under stress conditions.

Furthermore, treated plants with yeast by

different ways caused significant increase in total
carbohydrates percentage compared with control
treatment, where the highest significant increase in
carbohydrates percentage obtained in plants sprayed
(foliar spray) with yeast. While the lowest means
obtained in plants treated with yeast in soil. The
positive effect of yeast obtained also by Bahr and
Gomaa, (2002), Gaballah and Gomaa (2004), Heikal
(2005) and Hayat (2007). The increase in total
carbohydrates % as a result of yeast application in our
search may be due to the increases in chlorophyll a and
b or may be due to that yeast application had enhancing
role in cell division, cell elongation producing more
leaf area (Hayat, 2007).
The data of bi-interaction indicates that the highest
records of carbohydrates percentage appeared in plants
sprayed with yeast and grown under the highest soil
moisture level W3 as compared with other treatments,
while the lowest values obtained under the most
stressed levels W1 in control plants.
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Abstract: We report phenotypically normal female carrying structural variants on both chromosomes 1 and 9. She
was referred to the Recurrent Pregnancy Loss Clinic, National Research Centre, with a complaint of repeated
miscarriage (5 consecutive first trimester miscarriages). Conventional cytogenetic study of the peripheral blood of
the wife revealed 46, XX inv (1) (p32 g44) in all cells and inversion (9) (p12 q12) in 30% of the studied cells, while
the husband was normal 46, XY. FISH study was done to confirm and clarify the findings. To the best of our
knowledge, this is the first report of a phenotypically normal female carrying structural variant on both
chromosomes 1 and 9 leading to recurrent miscarriage. Our study highlights the deleterious effect of pericentric
inversion of chromosomes 1 and 9 on recurrent pregnancy loss. It also underlines the importance of performing
cytogenetic studies for couples with such complaint. In such cases, a well informed genetic counseling should be
given to the couple and prenatal diagnosis should be offered in future pregnancies. [Journal of American Science

2010:6(8):154-156]. (ISSN: 1545-1003).
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1. Introduction

Recurrent pregnancy loss is a serious health
problem that affects many couples. Miscarriage
occurs in up to 15% of pregnant women and is
considered the most common complication of
pregnancy [1]. Although 15% of clinically
recognized pregnancies miscarry, total reproductive
losses are closer to 50% [2]. It has been estimated
that 2 to 5% of women have 3 or more miscarriages

[1].

Recurrent  pregnancy loss requires a
multidisciplinary approach since genetic,
endocrinologic, anatomic, immunologic,

thrombophilic, infections and iatrogenic factors may
require evaluation and management [3]. Structural
chromosomal abnormalities are the single most
common cause for pregnancy loss. Among first
trimester abortions, 50 to 60% show chromosomal
abnormalities [4, 5]. Published studies have shown a
prevalence of chromosomal abnormalities that varies
from 2 to 8% of couples with recurrent miscarriage
[6, 7, 8].

In about 4% of couples with recurrent
pregnancy loss, one partner carries a balanced
reciprocal or Roberstonian translocation [9, 10].
Carriers of balanced reciprocal translocation are
phenotypically normal, but 50 to 70% of their
gametes are unbalanced, because of abnormal
segregation at meiosis. The reproductive risk
conferred by chromosome rearrangements is
dependent on the type of rearrangement and whether
it is carried by the female or the male partner [11].
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Pericentric inversions have been described
for all chromosomes. They are considered the less
common structural aberrations in human and their
incidence differs strongly from chromosome to
chromosome [12]. The frequency of pericentric
inversions in the general population vary from 0.089
t0 0.34 [13, 14].

Pericentric inversion of chromosome 9 is
usually a normal polymorphism and its incidence has
been reported to be approximately 1 to 2% in the
general population [15]. Although its clinical
consequences remain  unclear, studies have
implicated it with recurrent miscarriages [16].
Demirhan et al., [17] indicated a correlation between
pericentric inversions of 9 and recurrent miscarriages.
Inversions in chromosomes 1, 8 and 16 are rare. A
possible reason for such findings may be unequal
recombination causing lethality and thus, limited
detection [12]. Also, the additional genetic material
from chromosome 1 leads to early termination of
pregnancy and poor fetal development [18].

As inversions do not seem to influence
female fertility to any noticeable degree apart from
an increasing miscarriage rate [12], reproductive
guidance for the management of recurrent
miscarriage recommends chromosome analysis in
both partners.

2. Material and Methods

Pedigree analysis of 3 generations of the
couple having reproductive failure was performed in
order to determine the presence of consanguinity or
any other similar cases in the family.
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Detailed  medical and  gynecologic
evaluation was performed to exclude other causes for
the pregnancy loss. This included:
hysterosalpingogram  (HSG)  for  anatomical

evaluation, in addition to hormonal, immunologic
and haematologic investigations.

Chromosomal analysis for the couple was
done using G-banding technique according to the
method described by Seabright [19] and Verma and
Babu [20], a total of 25 metaphases were analyzed
for each case. Structural or numerical anomalies were
recorded and karyotyped according to the ISCN [21].
Fluorescence in situ Hybridization (FISH) analysis
was used for further identification of the
rearrangement type and the respective breakpoints.

3. Results

The female partner was of average height
and weight (1.68 m and 72 kg respectively). Her
basal hormone profile showed: FSH 6 mU/ml; LH
3.6 mU/ml; prolactin 19 ng/ml; progesterone 16
ng/ml (day 22 of the menstrual cycle) and her serum
TSH was 2.8 milU/ml. The results of lupus
anticoagulant and anticardiolipin antibodies (Ig G
and M) were negative. In addition, anatomical
evaluation by ultrasonography and HSG revealed
normal uterine cavity.

Semen analysis of the male partner revealed

normal parameters with less than 20% abnormal
forms.
The karyotype of the husband revealed normal male
46, XY, while that of the wife revealed 46, XX,
pericentric inversion (1) (p32g44) in all cells and
inversion (9) (p12g12) in 30% of the cells as shown
in Fig. [1, 2].
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Fig. [1]: Karyotype of the wife revealed 46, XX,
pericentric inversion (1) (p32g44).
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Fig. [2]: FISH using LSI p58 probe hybridized to
band region 1p36 (spectrum orange) and band
region 1p telomere (spectrum green) showing the
involved break points.

4. Discussion

Chromosomal inversions are associated with
a higher risk of pregnancy wastage; pericentric
inversion 9 is considered a population variant [2].
There are a number of studies showing a correlation
with  reproductive  failure. ~ As  previously
hypothesized, the large amount of additional genetic
material from chromosome 1 leads to a very early
termination of pregnancy and poor fetal development
[3, 4, 5].

To the best of our knowledge, this is the first
report of a phenotypically normal mother carrying
structural variants on both chromosomes 1 and 9
leading to repeated early miscarriage.

5. Conclusion

Genetic counseling is mandatory after the diagnosis
of pericentric inversion of chromosome 1 and 9 and
prenatal diagnosis should be offered in a subsequent
pregnancy.
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Abstract L-asparaginase is one of the known drugs in the treatment of cancer, especially acute lymphoblastic
leukemia. In recent years several bio-conjugation protocols have been developed to improve the pharmacokinetic
and immunological properties of anti-leukemic enzyme, L-asparaginase. In this study, fifty two bacilli species were
newly isolated in our laboratory and screened for their ability to produce extracellular and intracellular L-
asparaginase enzyme. Bacillus sp R36 gave the highest intracellular enzyme production. Formation physiology of
the enzyme revealed that optimum culture conditions were 9:1 of air::medium ratio, with 55 x 10° CFU/mL
inoculums size. The optimum incubation period was found to be 24 hours under shaking growth conditions. The
initial pH value 5.6 was favorable for the highest enzyme production. Addition of 1% lactose or 1% raffinose
resulted in a doubled enzyme productivity (yielded 204% and 209%, respectively). The enzyme was efficiently
immobilized by covalent binding with activated carbon. Immabilized L-asparaginase activity was 33.0 U/g carrier;
with immobilization yield of 73.6%. Characterization of the enzyme was performed on native and immobilized
forms. Optimum pH value was 7.0 for free and immobilized forms. Optimum reaction temperature was 50 °C for
native enzyme, while it was 60 °C for the immobilized enzyme preparation. The immobilization process greatly
enhanced the thermal stability of the enzyme. Native L-asparaginase enzyme exhibited thermal stability up to 50 °C,
while immobilized form retained 100% of its activity up to 80 °C. Anti-tumor and antioxidant activities were
investigated. The enzyme inhibited the growth of two human cell lines including hepatocellular carcinoma (Hep-G2)
and colon carcinoma (HCT-116) with 1Cs, value of 112.19 pg/mL and 218.7 pg/mL, respectively. [Journal of
American Science 2010;6(8):157-165]. (ISSN: 1545-1003).

Keywords: -asparaginase, Bacillus, immobilization, anti-tumor effect.

1. Introduction patients with lymphoblastic leukemia, the malignant
cells depend on exogenous source of L-asparagine to
be able to survive, mean while, the normal cells are
able to synthesize L-asparagine [3, 9]. The discovery of
new L-asparaginase serologically different but having
similar therapeutic effects is highly desired [10]. One
approach to achieve improved function and properties
of the enzyme is its chemical modification
(immobilization) with various kinds of biocompatible
polymers. Immobilization of enzymes is one of the
important trends and goals of biotechnology. Enzymes
have an enormous potential as biocatalysts in a wide
range of industries and medicine. They offer a distinct
advantage due to their specificity, high catalytic
efficiency at low temperature and being biodegradable.
[11] The wuse of immobilized enzymes lowers
production costs as these can be readily  separated
from reaction mixture and hence can be used
repeatedly and continuously. Several different methods
have been employed for enzyme immobilization which
includes adsorption onto insoluble materials,
entrapment in polymeric gels, encapsulation in

L-asparaginases (L-asparagine amido-
hydrolase EC 3.5.1.1) hydrolyze L-asparagine to L-
asparate and ammonia (Fig. la). Bacterial L-
asparaginases are enzymes of high therapeutic value
due to their use in certain kinds of cancer therapies,
mainly in acute lymphoblastic leukemia (ALL) [1-3].
Many bacteria contain two L-asparaginases, a high
affinity periplasmic enzyme and a low affinity
cytoplasmic enzyme. These enzymes in some bacteria
accumulate mainly in periplasmic space [4, 5 and 6]. In
Escherichia coli and many other bacteria, synthesis of
cytoplasmic asparaginase | is constitutive, while
expression of periplasmic asparaginase 1l is activated
during anaerobiosis. Further, only the type Il enzyme
has shown substantial anti-tumor activity [7]. An ideal
method for the release of this enzyme would be rapid,
inexpensive, gentle and compatible with downstream
steps of its purification [8].

The anti-leukemic effect of L-asparaginase is
a result of rapid and complete depletion of the
circulating pool of L-asparagine as in a great number of
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membranes, cross linking with bifunctional or
multifunctional reagents and linking to an insoluble
carrier [12].

Activated carbon is a form of carbon that has
been processed to make it extremely porous and thus to
have a very large surface area available for chemical
reactions. One gram of activated carbon has a surface
area of approximately 500 m? with 1500 m? being
readily achievable. Powdered activated carbon is made
in particular form less than 1.0mm in size with an
average diameter between 0.15 and 0.25 mm.
Activated carbon is used to treat poisonings and
overdoses following oral ingestion. It is thought to bind
to poison and prevent its adsorption by the
gastrointestinal tract. The present work introduces the
production (from Bacillus sp R36), the physiology, the
characterization, and the anti-tumor activity of a new
L-asparaginase enzyme (EC 3.5.1.1) in its native and
immobilized forms.

2. Material and Methods
Chemicals

Anhydrous L-asparagine, trichloroacetic acid
(TCA), Nessler reagent chemicals (Hgl2, KI, and
sodium hydroxide), Chitin and hexane were purchased
from Sigma Chemicals Co. Activated carbon, celite,
carboxymethyl cellulose; silica gel and tricalcium
phosphate were from Merck Chemicals. All other
chemicals used were of analytical grade.

Isolation of Bacteria

One Gram of soil was transferred to a vial
containing 10 mL of sterile water and kept on a rotary
shaker at 100 rpm for 30 min. The bacterial suspension
was pasteurized by heating at 65°C for 15 min. The
supernatant was diluted 10-folds and 0.1 mL was
spread on pre-solidified nutrient agar medium
composed of 5 g peptone, 3 g beef extract and 15 g
agar per liter of distilled water. The plates were
incubated at 30°C for 48 h and bacterial colonies were
purified on nutrient agar. Each of the purified colonies

was then sub-cultured on nutrient agar slants.

Culture conditions and membrane permeablization
Bacterial isolates were screened for L-
asparaginase activity on Luria — Bertani (LB) medium
containing (1-1) 10 g peptone, 5 g yeast extract and 10
g NaCl at pH 7.0. A 1/100 inoculum of overnight
cultures grown in LB medium was made in 40 mL LB
medium in 250 mL Erlenmeyer conical flasks and
incubated for 24h at 30°C on a 200 rpm orbital rotary
shaker. Cells, cultivated for L-asparaginase production,
were harvested by centrifugation (6000 xg for 15 min),
washed once with 0.05 mole potassium phosphate
buffer pH 8.6, and re-suspended to A 600 = 5.0 in the
same buffer containing n-hexane at 1% (V/V) for L-
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asparaginase release. The suspensions were incubated
at room temperature for 1h, and briefly vortex every 10
min [8].
L-asparaginase assay

The enzyme activity was assayed according to
wriston [13]. The reaction mixture contained 0.1 mL
permeabilized cells free broth and 0.9 mL of 0.01 mole
L-asparagine prepared in 0.05 mole tris- HCI buffer,
pH 8.6 and incubated for 30 min at 37°C. The reaction
mixture was centrifuged at 6000 xg for 10 min and the
ammonia released in the supernatant was determined
by Nesslerization reaction. In brief, to 0.5 mL of
supernatant, 1.75 mL dist. H20, 0.25 mL of Nessler
reagent was added. After 10 min. absorbance at 480 nm
were read with appropriate control. One enzyme unit
(V) is defined as the amount of enzyme that librates 1
umole of ammonia per min at 37°C. Standard curve of
ammonium sulphate was used for calculating ammonia
concentrations.

Immobilization of L-asparaginase

Different supports were employed for L-
asparaginase immobilization according to [14].
Experimentally, 200 mg of each support was shaked in
5 mL tris —HCI buffer (0.01 mole, pH 8.6) containing
2.5 % glutaraldehyde at room temperature for 2h. The
carriers were filtered off and washed with distilled
water to remove the excess of glutaraldehyde then each
treated carrier was incubated with 5 mL of tris HCI
buffer containing 1 mL of enzyme. After being shaken
for 2h at 30°C, the unbounded enzyme was removed by
washing with distilled water until no protein or activity
were detected in the wash.

Cell culture

Two human cell lines were used through this work
including: hepatocarcinoma (HepG2) and Colon
carcinoma (HCT-116), both lines purchased from
ATCC, VA, USA. Hep-G2 Cells were routinely
cultured in DMEM (Dulbeco’s Modified Eagle’s
Medium), while HCT-116 cells were cultured in Mc
Coy's medium. Media were supplemented with 10 %
fetal bovine serum (FBS), 2 mmole L-glutamine,
containing 100 units/mL penicillin G sodium, 100
units/ml  streptomycin sulphate, and 250 ng/ml
amphotericin  B. Cells were maintained at sub-
confluence at 37°C in humidified air containing 5 %
CO2. For sub-culturing, monolayer cells were
harvested after trypsin / EDTA treatment at 37°C.
Tested samples were dissolved in dimethyl sulphoxide
(DMSO). All cell culture material was obtained from
Cambrex Bioscience (Copenhagen, Denmark). All
chemicals were from Sigma/Aldrich, USA, except
mentioned. All experiments were repeated three times,
unless mentioned.
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Anti-tumor activity

The cytotoxic effect of the samples against
Hep-G2 and HCT-116 cells was estimated by the 3-
[4,5-dimethylthiazole-2-yl]-2,5-diphenyltetrazolium
bromide (MTT) assay according to Hansen et al., 1989
[15]. The yellow tetrazolium salt of MTT is reduced by
mitochondrial dehydrogenases in metabolically active
cells to form insoluble purple formazan crystals, which
are solubilized by the addition of a detergent. Cells (5 x
104 cells / well) were incubated with various
concentrations of the compound at 37 °C for 48 h in a
FBS-free medium, before submitted to MTT assay. The
absorbance was measured with an ELISA reader
(BioRad, Munchen, Germany) at 570 nm. The relative
cell viability was determined by the amount of MTT
converted to the insoluble formazan salt. The data are
expressed as the mean percentage of viable cells as
compared to the respective control cultures treated with
the solvent. The half maximal growth inhibitory
concentration 1C50 values were calculated from the
linear equation of the dose—dependent curve of each
sample.

Antioxidant activity (scavenging of DPPH)

The antioxidant capacity of the tested samples
was studied through their scavenging activity against
1,1-diphenyl-2-picryl-hydrazyl (DPPH) radicals [16].
DPPH is a stable deep violet radical due to its unpaired
electron. In the presence of an antioxidant radical
scavenger, which can donate an electron to DPPH, the
deep violet color decolourize to the pale yellow non-
radical. The bleaching of DPPH was monitored at
absorbance of 515 nm. The percentage of DPPH
bleaching utilized for SC50 (half maximal scavenging
concentration) was calculated as follows: 0% is the
absorbance of DPPH and 100 % is the absorbance of
DPPH with an efficient scavenger (10 mM ascorbic
acid, AA).

3. Results and Discussion
Screening of bacterial isolates

Fifty two bacilli species were tested for
enzyme production. Extracellularly, no appreciable
levels of L-asparaginase were detected. After
membrane permeabilization with potassium phosphate
/ 1% hexane system [8], Bacillus sp R36 gave the
highest enzyme productivity in the cell suspension
(20.15 U/mL). The determination of the localization of
any enzyme plays a vital role in the development of
bioprocess. The existence of L-asparaginase in the
membrane fraction of Tetrahymena pyriformis and
periplasmic space of Enterobacter aerogenes and
Pseudomonas. aeruginosa has been reported [8, 17].
There are many reports on the production of
intracellular L-asparaginase from E. coli [18] Vibrio
succinogenes [19], Erwinia aroideae [20], S.
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marcescens[21], E. aerogenes [22], and P. aeruginosa
[10, 23]. Kumar et al [24] that recently carried out a
sub-cellular localization of L-asparaginase enzyme
using cell fractionation techniques in various
organisms. They reported that there was no trace of
extracellular activity observed in the culture filtrates,
which inferred that the enzyme was secreted as an
intracellular product in all microorganisms tested. The
maximum L-asparaginase activity was found to be
14.56 U/mL with Pectobacterium carotovorum MTCC
1428.

Optimization of L-asparaginase production by Bacillus
SspR 36

Some factors affecting L-asparaginase
productivity were studied aiming at optimization the
anti-leukemic enzyme activity. With respect to the
effect of aeration level, 9:1 (25 mL LB medium per
250 mL conical flask) air to medium ratio gave the
highest enzyme activity reaching 22.8 U/mL (Fig 1b).
Incubation period played an important role in enzyme
productivity as maximum enzyme activity was
obtained from 20-24 h reaching (20.0 U/mL) after 24 h
only of incubation on an orbital shaker at 150 rpm. At
48 h of incubation under the same conditions, the
activity decreased to 42% (8.4 U/mL) (Fig 1c). The
same incubation period was reported upon production
of L-asparaginase by isolated Bacillus circulans [25]
and Enterobacter aerogenes and Pseudomonas
aeruginosa [8]. Inoculum size in terms of colony
forming unit (CFU/mL) had a positively effect on
enzyme activity up to 55 x 105 CFU/mL. Higher
inoculum sizes were resulting in leveling off the
activity (Fig 2a). Prakasham [26] abstracted that
incubation temperature, inoculums level and medium
pH among all fermentation factors were major
influential parameters at their individual level, and
contributed to more than 60% of total L-asparaginase
production. The effect of initial pH of LB medium was
studied. Results revealed that 5.6 initial pH value of
production medium (without adjustment) was suitable
for enzyme production more than other tested pH
values (Fig 2b). In all cases the harvest pH value s
highly  alkaline ~ 8.9 due to  ammonia production
in the fermentation flask. All carbon sources that were
tested for L-asparaginase production enhanced enzyme
formation only upon adding to Luria— Bertani (LB)
medium.

On mineral salt medium, Bacillus sp R36
neither could grow nor biosynthesize the enzyme. The
obtained results revealed that addition of 1% lactose or
1% Raffinose to LB medium doubled the enzyme
activity (204 % and 209 %, respectively). On the other
hand, glucose was the most inhibitory carbon source
compared with the control LB medium (Fig 3). The
effect of carbon sources differ from organism to
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another, but in general, glucose was regarded as a
repressor for L-asparaginase production in bacteria
[27]. Optimization of the culture conditions of L-
asparaginase activity was the aim of many studies
through which the enzyme productivity increased to
many folds. Thus, Abdel —Fattand and olama [10]
obtained more than five folds the activity in basal

A

L-asparaginase =
parag e O

medium using Box-Behnken designing in solid state
culture. Kumar et al [28] obtained an over all 8.3 fold
in enzyme production compared to the un-optimized
medium using the central composite experimental
design. Hymavathi et al [29] improved L-asparaginase
yield by more than 300% using fractional factorial
central composite design (FFCCD).

+
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Fig (1): a. Role of L-asparaginases in hydrolysis of L-asparagine into L-asparate and ammonia. b. Effect of
aeration level on L-asparaginase activity produced by Bacillus sp R36 on LB medium. All data are
average value of triplicate measurements. c. Effect of incubation period on enzyme activity. The flasks
were incubated on an orbital shaker at 150 rpm at the indicated times. All data are average value of

triplicate measurements.
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Fig (2): a. Effect of inoculum size on L-asparaginase activity. b. Effect of initial pH value of LB medium on
L-asparaginase. All data are average value of triplicate measurements.
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Immobilization of L-asparaginase

Seven  supports,  pre-activated  with
glutaraldehyde, react with different degrees with the
terminal amino residues of the enzyme protein.
Immobilization of Bacillus sp R36 L-asparaginase by
covalent binding was achieved by cross linking
between the enzyme and different carriers (i.e.
activated carbon, celite, chitin, carboxymethyl
cellulose, egg shell, silica gel, tricalcium phosphate
and chitosan) throughout glutaraldehyde. The amount
of enzyme used for immobilization was 50 Ulg
carrier. The results (Table 1) indicated that the lowest
immobilized activity and immobilization yield 7.9
U/g carrier and 17.8 % were detected with chitosan
as a carrier. On the other hand, the highest
immobilized activity (33.0 U/g carrier) and highest
immobilization yield (73.6%) were obtained with
activated carbon as a carrier. Medically activated
carbon (activated charcoal) is a supplement used
when accidental poisonings have occurred to absorb
the poison and carry it out of the body. It is also used
to treat high cholesten stomach and gas [30].
Our results are the first report for immobilization on
activated carbon of L-asparaginase enzyme. In
addition, immobilization of L-asparaginase R36 on
activated carbon had a characteristic of simpler
processing in comparison with that on silk sericin
protein [31], polysaccharide levan [32] and agarose
[33]. Kotzia et al [34] immobilizesd L-asparaginase
of Erwinia chrysantheni 3937 on epoxy- activated
Sepharose CL-6B. They reported that the
immobilized enzyme retains most of its activity
(60%) and shows high stability at 4°C. More
recently, Tabandeh and Aminlari [35] investigated
the effect of conjugation with oxidized inulin on the
properties of L-Asparaginase (L- ASNase) in the
form of Elspar. They found that modified L-
asparaginase synthesized at ratio of 2: 1 had activity
of 65% of that of native enzyme.

Characterization of L-asparaginase of Bacillus sp
R36

a. Effect of pH on free and immobilized enzymes
activities.

The effect of pH on L-asparaginase activity
of free and immobilized preparations was studied by
changing the pH value from 3.0 to 8.6 using a series
of buffers namely citrate buffer (pH 3-5), phosphate
buffer (pH 6-7), and Tris buffer (pH 8-8.6), (Fig. 4a).
Both crude and immobilized L-asparaginase
preparations exhibited maximum activity at pH 7.
The immobilized form yielded more than 300 %
increase in activity (333.5 %). This clearly reflects
the suitability of activated carbon as a carrier for this
enzyme. Our results are in agreement with that
reported by Zhang et al [31] who immobilized E. coli
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L-asparaginase on micro particles of the natural silk
sericin protein. They reported that the optimal range
of pH value had no evident changes in comparison
with native enzyme. Tabandeh and Aminlari [35]
reported that the optimum pH of modified L- ASNase
and the native enzyme is at alkaline pH (pH 8)
probably due to produced L-aspartic acid acting as
competitive inhibitor for enzyme in acidic condition.

b. Effect of Reaction temperature on free and
immobilized L-asparaginase.

The effect of the reaction temperature on
free and immobilized forms was investigated from
30°C to 80°C (Fig 4b). The optimum reaction
temperature of free enzyme was 50°C while the
immobilized preparation reacted optimally at 60 °C
reaction temperature i.e. at 10 °C higher than the
native enzyme, with an increase of 355.8 % in
enzyme activity. The same results were reported by
[31], who stated that the optimum reaction
temperature of immobilized enzyme was at 60°C
while that of free L-ASN ase was at 50°C.

¢. Thermal stability of immobilized enzyme
Residual activities after heating the enzyme at 30 - 90
°C for 10 min were measured (Fig 4c). An excellent
thermal stability was exhibited by the immobilized
enzyme preparation. The enzyme retained 100 % of
its L-asparaginase activity up to 80 °C, while 62 % of
it was retained upon heating for 10 min at 90 °C. The
native form, maintained 100 % of its activity at 50 °C
while at 80°C it retained 65 % of its L-asparaginase
activity. At 90 °C the native form maintained 57% of
its activity. An improvement of thermal stability of
immobilized enzyme may be acquired by multiple
attachment of activated carbon to the enzyme
molecule resulting in greater enzyme rigidity of
enzyme conformation and increasing the activation
energy for unfolding the enzyme. A marked
improvement in thermal stability of modified enzyme
was obtained by Tabandeh and Aminlari [35], Amiri
et al [36] and Scaman et al [37]. In contrast, [31]
reported that the thermo stability of the immobilized
ASNase is very similar to that of the native enzyme
and there were no obvious changes in the activities.
Anti-tumor activity

Using MTT assay, the in vitro cytotoxicity
effect of Bacillus sp R36 L-asparaginase enzyme on
the growth of two tumor cell lines was studied. The
IC50 values were calculated from the linear equation
of the dose effect of the enzyme against
hepatocellular carcinoma Hep G2 cells (y = -0.4069x
+ 95.648) and against colon carcinoma HCT-116
cells (y = -0.2233x + 98.838). The incubation of Hep
G2 with gradual doses of Bacillus sp R36 L-
asparaginase enzyme leads to a gradual inhibition in
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the cell growth as concluded from its low IC50
values 112.19 pg / mL (Fig. 5a). As shown in (Fig.
5b), the treatment of HCT- 116 with the enzyme
resulted in a low anti-tumor activity with IC50 value
of 218.7 pg / mL compared with the growth of
untreated control cells. Cappelletti et al [38] studied
in vitro cytotoxicity of a novel L-asparaginase from
the pathogenic strain Helicobacter pylori CCUG
17874 against different cell lines. They reported that
AGS and MKN 28 gastric epithelial cells being the
most affected.
Antioxidant activity

The antioxidant capacity of the enzyme was
investigated using DPPH assay. DPPH is a stable
non-physiological radical, which could provide a

Celliobiose
Cellulose
Starch
Dextrin
Raffinose
Maltose
D-Xylose

Sucrose

Ldluisuurees

D-Galactose
D-Lactose
D-Mannose
L-Arabinose
D-Glucose

control

relative figure of the radical scavenging capacity of a
tested probe. The DPPH assay showed that Bacillus
sp R36 possessed low scavenging activity with high
SC50 values of 325.4 pg/mL compared to the
scavenging activity of the well-known antioxidant
(ascorbic acid, a.a., SC50 8.7 pg/mL).
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Fig (3): Effect of different carbon sources on L-asparaginase activity (final concentration 1%6). All data are

average value of triplicate measurements.

Table (1): Immobilization of Bacillus sp R 36 L-asparaginase by covalent binding with different carriers.

Carrier Added enzyme Unbounded Immobilized Immobilizati-on yield
(U/g) (A) enzyme (U/g) (B) enzyme (1) 1/ (A-B)%

Activated carbon 50 5.2 33.0 73.6
Celite 50 4.1 27.5 60.0
Chitin 50 3.5 14.3 30.7
CMC 50 115 19.8 51.4
Egg Shell 50 2.7 20.3 42.9
SG 50 4.8 28.1 62.1
TCP 50 7.2 8.6 20.1
Chitosan 50 55 7.9 17.8
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