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Abstract: Sterol regulatory element binding proteins (SREBPs) are transcription factors that bind to the
sterol regulatory element DNA sequence TCACNCCAC. SREBPs belong to the basic-helix-loop-helix
leucine zipper class of transcription factors. Unactivated SREBPs are attached to the nuclear envelope and
endoplasmic reticulum membranes. In cells with low levels of sterols, SREBPs are cleaved to a water
soluble N-terminal domain which is translocated to the nucleus. These activated SREBPs then bind to
specific sterol regulatory element DNA sequences which upregulate the synthesis of enzymes involved in
sterol biosynthesis. Sterols in turn inhibit the cleavage of SREBPs and therefore synthesis of additional
sterols is reduced through a negative feed back loop. [The Journal of American Science. 2008;4(2):88-94].
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1. Introduction

Sterol regulatory element binding proteins (SREBPSs) are transcription factors that bind to the
sterol regulatory element DNA sequence TCACNCCAC (Chen, Chen et al. 2006; Rasmussen, Blobaum et
al. 2008). SREBPs belong to the basic-helix-loop-helix leucine zipper class of transcription factors (Brown
and Goldstein 1997). Unactivated SREBPs are attached to the nuclear envelope and endoplasmic reticulum
membranes (Sakai, Nohturfft et al. 1997). In cells with low levels of sterols, SREBPs are cleaved to a water
soluble N-terminal domain which is translocated to the nucleus (Zhang, Shin et al. 2005). These activated
SREBPs then bind to specific sterol regulatory element DNA sequences which upregulate the synthesis of
enzymes involved in sterol biosynthesis (Yokoyama, Wang et al. 1993; Wang, Sato et al. 1994). Sterols in
turn inhibit the cleavage of SREBPs and therefore synthesis of additional sterols is reduced through a
negative feed back loop (Wikipedia, 2008).

Beginning with the discovery of the SREBPs in 1993, a productive combination of biochemistry,
molecular biology and genetics, has brought to light the complex mechanisms by which animal cells
maintain the proper levels of intracellular lipid (fats and oils) in the face of widely varying circumstances
(lipid homeostasis) (Brown and Goldstein 1999; Brown, Ye et al. 2000). These studies exposed a signaling
mechanism of beguiling complexity that is responsible for the end-product feedback regulation of gene
transcription. For example, when cellular cholesterol levels fall below the level needed, the cell makes
more of the enzymes necessary to make cholesterol. A principal step in this response is to make more of the
MRNA transcripts that direct the synthesis of these enzymes. Conversely, when there is enough cholesterol
around, the cell stops making those mMRNAs and the level of the enzymes falls. As a result, the cell quits
making cholesterol once it has enough.

The defining feature of the SREBP pathway is the proteolytic release of a membrane-bound
transcription factor, SREBP. Proteolytic cleavage frees it to move through the cytoplasm to the nucleus.
Once in the nucleus, SREBP can bind to specific DNA sequences that are found in the control regions of
the genes that encode enzymes needed to make lipids. This binding to DNA leads to the increased
transcription of the target genes.

The ~120 kDa SREBP precursor protein is anchored in the membranes of the endoplasmic
reticulum and nuclear envelope by virtue of two membrane-spanning helices in the middle of the protein.
The precursor has a hairpin orientation in the membrane, so that both the amino-terminal transcription
factor domain and the COOH-terminal regulatory domain face the cytoplasm. The two membrane-spanning
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helices are separated by a loop of about 30 amino acids that lies in the lumen of the endoplasmic reticulum.
Two separate, site-specific proteolytic cleavages are necessary for release of the transcriptionally active
amino-terminal domain. Regulation of SREBP cleavage employs a notable feature of eukaryotic cells,
subcellular compartmentalization defined by intracellular membranes, to ensure that cleavage occurs only
when needed.

2. SREBP-1 and SREBP-2

The mammalian gene for SREBP-1 contains two promoters that control the production of two
proteins, SREBP-1a and -1c, and each contains a unique N-terminal transcriptional activation domain, but
they are otherwise identical. The relative level of each mMRNA varies from tissue to tissue and they respond
differently to regulatory stimuli. SREBP-1c is more abundantly expressed in liver, where its level is also
regulated by insulin and liver X receptor activators, and it is also autoregulated by SREBPs. In contrast,
SREBP-1la mRNA levels are relatively low and constant in different tissues and few studies have
specifically analysed its pattern of expression and regulation. According to the studies by Zhang and Shin,
the promoter for SREBP-1a is contained in a very small promoter-proximal region containing two Spl
sites. The small and relatively simple structure for its promoter provides an explanation for the low level of
SREBP-1a expression. Additionally, since Spl has been implicated in the modest regulation of several
genes by insulin, its involvement in the expression of the SREBP-1a promoter provides an explanation for
the modest insulin regulation observed in animal experiments (Zhang, Shin et al. 2005). SREBP-2 regulates
the genes of cholesterol metabolism.

SREBP-1a is a unique membrane-bound transcription factor highly expressed in actively growing
cells and involved in the biosynthesis of cholesterol, fatty acids, and phospholipids. Because mammalian
cells need to synthesize membrane lipids for cell replication, the functional relevance of SREBP-1a in cell
proliferation has been considered a biological adaptation (Nakakuki, Shimano et al. 2007).

The 5' end of the mRNA-encoding SREBP-1 exists in two forms, designated 1a and 1c. The
divergence results from the use of two transcription start sites that produce two separate 5' exons, each of
which is spliced to a common exon 2. Mutations in the sterol regulatory element binding protein gene
(SREBF)-1 may contribute to insulin resistance states. However, the variants described to date do not affect
the SREBP function (Vernia, Eberle et al. 2006).

3. SREBP and diabetes

Diabetic renal disease is associated with lipid deposits in the kidney. In 2002, Sun et al made the
study to determine whether there is altered regulation of the sterol regulatory element-binding proteins
(SREBPsS) in the diabetic kidney and whether SREBPs mediate the abnormal renal lipid metabolism and
diabetic renal disease. In streptozotocin-induced diabetes in the rat, there were marked increases in SREBP-
1 and fatty acid synthase (FAS) expression, resulting in increased triglyceride (TG) accumulation.
Treatment of diabetic rats with insulin prevented the increased renal expression of SREBP-1 and the
accumulation of TG. The role of hyperglycemia in the up-regulation of SREBP-1 was confirmed in renal
cells cultured in a high glucose media. High glucose induced increased expression of SREBP-1a and -1c
mRNA, SREBP-1 protein, and FAS, resulting in increased TG content. To determine a direct role for
SREBP in mediating the increase in renal lipids and glomerulosclerosis, they studied SREBP-1a transgenic
mice with increased renal expression of SREBP-1. The increase in SREBP-1 was associated with increased
expression of FAS and acetyl CoA carboxylase, resulting in increased TG content, increased expression of
transforming growth factor betal and vascular endothelial growth factor, mesangial expansion,
glomerulosclerosis, and proteinuria. Their study therefore indicates that renal SREBP-1 expression is
increased in diabetes and that SREBP-1 plays an important role in the increased lipid synthesis, TG
accumulation, mesangial expansion, glomerulosclerosis, and proteinuria by increasing the expression of
transforming growth factor beta and vascular endothelial growth factor (Sun, Halaihel et al. 2002).

SREBP-1c is intimately involved in the regulation of lipid and glucose metabolism and SREBP-1c
gene might influence diabetes risk and plasma cholesterol level (Laudes, Barroso et al. 2004).

ABC transporter A1 (ABCA1) mediates and rate-limits biogenesis of high density lipoprotein
(HDL), and hepatic ABCAL1 plays a major role in regulating plasma HDL levels. HDL generation is also
responsible for release of cellular cholesterol. In peripheral cells ABCAL is up-regulated by the liver X
receptor (LXR) system when cell cholesterol increases. However, cholesterol feeding has failed to show a
significant increase in hepatic ABCAL1 gene expression, and its expression is up-regulated by statins (3-
hydroy-3-methylglutaryl-CoA reductase inhibitors), suggesting distinct regulation. Compactin activated the
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novel liver-type promoter in rat hepatoma McARH7777 cells by binding SREBP-2. In contrast, compactin
repressed the previously identified peripheral-type promoter in an LXR-responsive element-dependent but
not E-box-dependent manner. Thus, compactin increased the liver-type transcript and decreased the
peripheral-type transcript. The same two transcripts were also dominant in human and mouse livers,
whereas the intestine contains only the peripheral-type transcript. Treatment of rats with pravastatin and a
bile acid binding resin (colestimide), which is known to activate SREBP-2 in the liver, caused a reduction
in the hepatic cholesterol level and the same differential responses in vivo, leading to increases in hepatic
ABCAL mRNA and protein and plasma HDL levels. The dual promoter system driven by SREBP-2 and
LXR regulates hepatic ABCAL expression and may mediate the unique response of hepatic ABCA1 gene
expression to cellular cholesterol status (Tamehiro, Shigemoto-Mogami et al. 2007).

4. SREBP protein and gene strcuture
(1) Human SREBP1 protein sequence (Olsen, Blagoev et al. 2006):

1 mdeppfseaa leqalgepcd Idaalltdie dmiglinngd sdfpglfdpp yagsgaggtd
61 paspdtsspg slspppatls ssleaflsgp qaapsplspp gpaptplkmy psmpafspgp
121 gikeesvpls ilgtptpgpl pgallpgsfp apappgfsst pvigypsppg gfstgsppgn
181 tqqplpglpl asppgvppvs lhtgvasvvp qglltvtaap taapvtttvt sqiqqvpvll
241 gphfikadsl lltamktdga tvkaaglspl vsgttvatgp Iptlvsggti latvplvvda
301 eklpinrlaa gskapasags rgekrtahna iekryrssin dkiielkdlv vgteakinks
361 avlrkaidyi rflghsngkl kgenlsirta vhkskslkdl vsacgsggnt dvimegvkte
421 vedtltppps dagspfqgssp Islgsrgsgs ggsgsdsepd spvfedskak peqrpslhsr
481 gmldrsrlal ctlvflclsc nplasligar glpspsdtts vyhspgrnvl gtesrdgpgw
541 aqwlippvvw linglivivs Ivilifvygep vitrphsgpav yfwrhrkgad Idlargdfaq
601 aaqqlwlalr algrplptsh Idlacsliwn lirhllgriw vgrwlagrag glggdcalrv
661 dasasardaa Ivyhklhglh tmgkhtgghl tatnlalsal nlaecagdav svatlaeiyv
721 aaalrvktsl pralhfltrf flssargacl agsgsvppam gwlchpvghr ffvdgdwsvl
781 stpweslysl agnpvdplaq vtglfrehll eralncvtqp npspgsadgd kefsdalgyl
841 glinscsdaa gapaysfsis ssmatttgvd pvakwwaslt avvihwlrrd eeaaerlcpl
901 vehlprvlge serplpraal hsfkaarall gcakaesgpa slticekasg ylqgdslattp
961 asssidkavq Iflcdlllvv rtslwrqqgp papapaaqgt ssrpgasale Irgfqrdlss
1021 Irrlagsfrp amrrvflhea tarlmagasp trthglldrs Irrragpggk ggavaelepr
1081 ptrrehaeal llascylppg flsapggrvg mlaeaartle klgdrrllhd cqgmimrigg
1141 gttvtss

(2) Human SREBP2 protein sequence (Sjoblom, Jones et al. 2006):

1 mddsgelggl etmetltelg deltlgdide mlgfvsngvg efpdifseql cssfpgsggs

61 gsssgssgss ssssngrgss sgavdpsvar sftqvtlpsf spsaaspgap tlgvkvspts
121 vpttpratpi lgprpgpapg patglggqtv mitptfsttp gtriiqgpli ygnaatsfqv
181 Igpgvaslvt ssqvagpvtiq qgvatvgagr vitgtangtl gtlapatvat vaapgvgqvp
241 vivgpgiikt dslvlttlkt dgspvmaavq npaltalttp igtaalqvpt lvgssgtilt
301 tmpvmmggek vpikgvpggv kgleppkege rrithniiek ryrssindki ielkdlvmgt
361 dakmhksgvl rkaidyikyl qgvnhklrge nmvlklangk nkllkgidlg slvdnevdlk
421 iedfngnvIl msppasdsgs qagfspysid sepgsplidd akvkdepdsp pvalgmvdrs
481 rillevitfl clsfnpltsl Igwggahdsd ghphsgsgrs visfesgsgg wfdwmmptl|
541 Iwlvngvivl svfvkllvhg epvirphsrs svtfwrhrkq adldlargdf aaaagnlgtc
601 lavigralpt srldlacsls wnviryslgk Irlvrwllkk vfgcrratpa teagfedeak
661 tsardaalay hrlhqlhitg klpagsacsd vhmalcavnl aecaeekipp stlveihlta
721 amglktrcgg klgflasyfl sragslcgpe hsavpdslrw Ichplggkff merswsvksa
781 akeslycagr npadpiaqvh gafcknller aieslvkpga kkkagdgeee scefssaley
841 Ikllhsfvds vgvmspplsr ssviksalgp diicrwwisa itvaiswlqg ddaavrshft
901 kveripkale vtesplvkai fhacramhas Ipgkadgqqs sfchcerasg hlwssinvsg
961 atsdpalnhv vglltcdlll slrtalwgkq asasqavget yhasgaelag fqrdlgslrr
1021 lahsfrpayr kvflheatvr Imagasptrt hqllehslrr rttgstkhge vdawpgqrer
1081 ataillacrh Iplsflsspg gravllaeaa rtlekvgdrr scndcqgmiv klgggtaiaa
1141 s
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(3) Human SREBP1 gene sequence (Furuta, Pai et al. 2008):

1 agcagagctg cggccggggg aacccagttt ccgaggaact tttcgecgge gecgggecge
61 ctctgaggec agggcaggac acgaacgcge ggageggegg cggegactga gageecgggge
121 cgeggeggceg cteectagga agggecgtac gaggeggegg geccggeggg ceteeecggag
181 gaggcggctg cgccatggac gagecaccct tcagcgaggce ggctttggag caggegcetgg
241 gcgagcecgtg cgatctggac geggegetge tgaccgacat cgaagacatg cttcagctta
301 tcaacaacca agacagtgac ttccctggcec tatttgacce accctatget gggagtggag
361 cagggggcac agaccctgec agecccgata ccagcetecee aggeagcttg tctccaccte
421 ctgccacatt gagcetcctct cttgaagect tcctgagegg gecgeaggea gegececteac
481 ccctgtcccce tceccagect geacccactc cattgaagat gtaccegtee atgeccgctt
541 tctccectgg gectggtate aaggaagagt cagtgecact gagcatcctg cagaccccca
601 ccccacagcc cctgecaggg gecectectge cacagagcett cccageccca gecccaccge
661 agttcagctc cacccctgtg ttaggctace ccagecctce gggaggctte tctacaggaa
721 gececteecegg gaacacccag cagecgetge ctggectgec actggcttee ccgecagggg
781 tcecegceccgt ctecttgeac acccaggtce agagtgtggt ccceccageag ctactgacag
841 tcacagctgc cceccacggca gecectgtaa cgaccactgt gacctcgceag atccagecagg
901 tcceggtect getgeagecec cacttcatca aggcagactce getgcettctg acagccatga
961 agacagacgg agccactgtg aaggcggcag gtctcagtcc cctggtctct ggcaccactg
1021 tgcagacagg gcctttgeeg accetggtga gtggeggaac catcttggcea acagtcccac
1081 tggtcgtaga tgcggagaag ctgcctatca accggetcge agetggeage aaggececgg
1141 cctctgceca gagecgtgga gagaagegcea cageccacaa cgecattgag aagegetace
1201 gctcctecat caatgacaaa atcattgagc tcaaggatct ggtggtgggce actgaggcaa
1261 agctgaataa atctgctgtc ttgcgcaagg ccatcgacta cattcgcttt ctgcaacaca
1321 gcaaccagaa actcaagcag gagaacctaa gtctgcgeac tgctgtccac aaaagcaaat
1381 ctctgaagga tctggtgtcg gectgtggea gtggagggaa cacagacgtg ctcatggagg
1441 gcgtgaagac tgaggtggag gacacactga ccccaccecc ctcggatgcet ggetcacctt
1501 tccagagcag ccccttgtce cttggcagcea ggggceagtgg cagcggtgge agtggeagtg
1561 actcggagcc tgacagccca gtctttgagg acagcaaggc aaagccagag cagcggecgt
1621 ctctgcacag ccggggcatg ctggaccgct ccegectggce cctgtgeacg ctegtettec
1681 tctgcctgtc ctgcaacccc ttggectect tgctgggggce ccgggggctt cccageccct
1741 cagataccac cagcgtctac catagccctg ggegceaacgt gctgggeacce gagagcagag
1801 atggcccetgg ctgggececag tggetgetge cecccagtggt ctggetgete aatgggetgt
1861 tggtgctegt cteettggtg cttetctttg tctacggtga gecagtcaca cggecccact
1921 caggcccecgc cgtgtacttc tggaggcatc gcaagcaggce tgacctggac ctggeecggg
1981 gagactttgc ccaggctgec cagcagetgt ggetggecect gcgggeactg ggeecggecce
2041 tgcccaccte ccacctggac ctggcettgta gectectctg gaacctcatc cgtcacctge
2101 tgcagcgtct ctgggtgggce cgctggetgg caggecggge agggggectg cagcaggact
2161 gtgctctgeg agtggatgct agecgecageg cccgagacgce agecctggte taccataage
2221 tgcaccagct gcacaccatg gggaagcaca caggcgggca cctcactgec accaacctgg
2281 cgctgagtgc cctgaacctg gcagagtgtg caggggatge cgtgtetgtg gecgacgcetgg
2341 ccgagatcta tgtggcggct gcattgagag tgaagaccag tctcccacgg gecttgeatt
2401 ttctgacacg cttcttcctg agcagtgecc gecaggectg cctggceacag agtggcetcag
2461 tgcctcctge catgcagtgg ctctgecacc ccgtgggceca cegtttettc gtggatggag
2521 actggtccgt getcagtace ccatgggaga gectgtacag cttggecggg aacccagtgg
2581 accccctggc ccaggtgact cagctattcc gggaacatct cttagagcga gcactgaact
2641 gtgtgaccca gcccaacccce agecctgggt cagcetgatgg ggacaaggaa ttetcggatg
2701 ccctcgggta cctgcagctg ctgaacagct gttctgatge tgcgggggct cetgectaca
2761 gcttctccat cagttccagce atggcecacca ccaccggegt agacceggtg gecaagtggt
2821 gggcctetct gacagetgtg gtgatccact ggctgcggeg ggatgaggag geggcetgage
2881 ggctgtgccc getggtggag cacctgeecce gggtgetgea ggagtctgag agaccectge
2941 ccagggcagc tctgcactcc ttcaaggetg cccgggcecct getgggcetgt gccaaggeag
3001 agtctggtcc agccagectg accatctgtg agaaggccag tgggtacctg caggacagcc
3061 tggctaccac accagccagc agctccattg acaaggcecgt gecagcetgtte ctgtgtgacc
3121 tgcttcttgt ggtgcgeacc agectgtgge ggcageagcea geecececggec ccggeeccag
3181 cagcccaggg caccagceage aggecccagg cttecgecct tgagetgegt ggettccaac
3241 gggacctgag cagcctgagg cggctggeac agagcettceg geccgecatg cggagggtgt
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3301 tcctacatga ggccacggcc cggcetgatgg cgggggecag ccccacacgg acacaccage
3361 tcctcgaccg cagtctgagg cggecgggeag geececggtgg caaaggaggce geggtgacag
3421 agctggagcc gecggeccacg cggcgggage acgcggaggce cttgetgetg gectectget
3481 acctgccccc cggctteetg tcggegeeeg ggcagegegt gggeatgetg getgaggegg
3541 cgcgceacact cgagaagctt ggcgatcgec ggetgetgea cgactgtcag cagatgctca
3601 tgcgectggg cggtgggacc actgtcactt ccagcetagac ceegtgteee cggectcage
3661 acccctgtct ctagccactt tggtceegtg cagcettetgt cctgegtcga agcetttgaag

3721 gccgaaggcea gtgcaagaga ctetggecte cacagttcga cetgeggcetg ctgtgtgect
3781 tcgcggtgga aggeccgagg ggcgcegatct tgaccctaag accggeggcc atgatggtge
3841 tgacctctgg tggccgateg gggceactgca ggggecgagce cattttgggg ggeccceccte
3901 cttgctctge aggeacctta gtggcttttt tcctectgtg tacagggaag agaggggtac
3961 atttccctgt gctgacggaa gecaacttgg ctttccecgga ctgcaagcag ggctetgecc
4021 cagaggcctc tctcteegtc gtgggagaga gacgtgtaca tagtgtaggt cagegtgctt
4081 agcctcctga cctgaggctce ctgtgetact ttgecttttg caaactttat tttcatagat

4141 tgagaagttt tgtacagaga attaaaaatg aaattattta taatctggaa aaaa

(4) Human SREBP2 gene sequence (Lee and Kong 2007):

1 gcceectttetg tgcggegece gggegeaacg caaacatgge ggegggatggce accegteggt
61 gaggcggtgc cgggcggggg ttgtcgggty tecatgggegg tggegacgge accgeeeccy
121 cgtctcectg agcgggacgg cagggggggc ttetgegetg agecgggega tggacgacag
181 cggcgagctg ggtggtctgg agaccatgga gaccctcacg gagetgggeg acgagetgac
241 cctgggagac atcgacgaga tgctgcaatt tgtcagtaat caagtgggag agttccctga
301 cttgttttca gaacagctgt gtagctectt tcctggcagt ggtggtagtg gtagcagceag
361 cggcagcagt ggcagcagca gcagcagcag caatggcagg ggcagcagca geggagcetgt
421 ggacccttca gtgcaacggt cattcaccca ggtcacatta ccttccttct ctccetegge
481 ggcctcccca caggctccaa ctetgcaagt caaggtttct ccecacctcag ttceccaccac
541 acccagggca actcctattc ttcagceccg ccceccagece cagectcaac ctcaaactca
601 gctgcaacaa cagacggtaa tgatcacgcc aacattcagce accactccge agacgaggat
661 catccagcag cctttgatat accagaatgc agctactagc tttcaagtce ttcagcctca

721 agtccaaagc ctggtgacat cctcccaggt acagecggtce accattcagce agcaggtgcea
781 gacagtacag gcccageggg tgetgacaca aacggcecaat ggecacgetge agacccttge
841 cccggctacg gtgcagacag ttgctgegec acaggtgcag caggtcecegg tectggteca
901 gccteagatc atcaagacag attcecttgt tttgaccaca ctgaagacag atggcagcecc
961 tgttatggct gcggtccaga acccggecct caccgeccte accaccecta tccagacgge
1021 tgccecttcaa gtaccaaccc tggtgggeag cagtgggacc attctgacca caatgcectgt
1081 aatgatgggg caagagaaag tgcccattaa gcaggtacct gggggagtca agcagcttga
1141 gceecccaaa gaaggagaaa ggcggacaac ccataatatc attgagaaac gatatcgetc
1201 ctccatcaat gacaaaatca tcgaattgaa agacctggtc atggggacag acgccaagat
1261 gcacaagtct ggcgttctga ggaaggccat tgattacatc aaatacttgc agcaggtcaa
1321 tcataaactg cgccaggaga acatggtgct gaagctggca aatcaaaaga acaagcttct
1381 aaagggcatc gacctaggca gtctggtgga caatgaggtg gacctgaaga tcgaggactt
1441 taatcagaat gtccttctga tgtcceeccc agectetgac tcagggtecc aggcetggctt
1501 ctctccctac tecattgact ctgagccagg aagcecctcta ttggatgatg caaaggtcaa
1561 agatgagcca gactctcctc ctgtggeget gggceatggta gaccgcetcac ggattcttct
1621 gtgtgtcctc accttectgt gectetectt taacceectg acttccctgce tgcagtgggg
1681 aggggcccac gactctgacc agcacccaca ctcaggctct ggecgeagtg tectgtcatt
1741 cgagtcaggt tctgggggct ggtttgactg gatgatgcect actcttctct tatggetggt
1801 aaatggtgtg attgtcctga gegtctttgt gaagetgcetg gttcatgggg agccagtgat
1861 ccggccacac tcgegctect cggtcacctt ctggaggceac cggaaacagg cagatctgga
1921 tctcgecaga ggagattttg cagetgetge cggcaaccta caaacctgec tggeagtttt
1981 gggcegggcea ctgeccacct ccegectgga cetggectge agecteteet ggaacgtgat
2041 ccgctacagc ctgcagaagc tacgectggt gcgetggcetg ctcaagaaag tettccagtg
2101 ccggegggcc acgecagceca ctgaggeagg ctttgaagac gaagctaaga ccagegeccy
2161 ggatgcggct ctggcctatc accggcetgea ccagetgeac atcacaggga agcetteetge
2221 aggatccgcc tgttccgatg tacacatgge gttgtgtgece gtgaacctgg ctgaatgtge
2281 agaggagaag atcccaccga gcacactggt tgagatccat ctgactgctg ccatggggct
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2341 caagacccgg tgtggaggca agctgggctt cctggecagc tacttcctca gecgagecca
2401 gagcctgtgt ggcceccgagce acagtgcetgt tectgactcce ctgegcetgge tetgecacce
2461 cctgggccag aagtttttca tggagcggag ctggtctgtg aagtcagcetg ccaaggagag
2521 tctatactgt gcccagagga acccagctga ccccattgeg caggtccacc aggcecttctg
2581 caagaacctg ctggagcgag ctatagagtc cttggtgaaa cctcaggcca agaagaaggc
2641 tggagaccag gaagaagaga gctgtgaatt ctccagtgcet ctggagtact tgaaattact
2701 tcattctttt gtggactctg tgggggttat gagcccccca ctctccagga geteegtget

2761 caagtccgcc ctgggtccag acatcatctg tcggtggtgg acgtcetgeaa tcactgtgge
2821 catcagctgg ctccagggag acgatgcagc tgtgcgctct cattttacca aagtggaacg
2881 catccccaag geectggaag tgacagagag cccectggtg aaggcecatct tecatgectg
2941 cagagccatg catgcctcac tccctgggaa agcagatggg cagcagagtt cettctgeca
3001 ttgcgagagg gccagtggcec acctatggag cagcectcaac gtcagtgggg ccacctetga
3061 ccctgecectc aaccacgtgg tccagetget cacctgtgac ctgctactgt cgctacggac
3121 agcgctctgg caaaaacagg ccagtgccag ccaggcetgtg ggggagacct accacgcegte
3181 aggcgctgaa ctggecgggct tccaacggga cctgggeage ctgegeaggce tggcacacag
3241 cttccgececa geataccgea aggtgttect geatgaagec accgtgegcec tgatggcagg
3301 agccagcececc accegeacce accagcetget ggaacacage ctgcggegge geaccacgea
3361 gagcaccaag cacggagagg tggatgcctg geeecggecag cgagageggg ccaccgecat
3421 cctgetggec tgeegecacc tgeccctete cttectctee teeceegggec agegggeagt
3481 gctgctggcee gaagctgece geaccetgga gaaggtggge gaccggegcet cctgcaacga
3541 ctgccageag atgattgtta agctgggtgg tggcactgcec attgecgect cctgaccace
3601 aggctcagcce cacccctcca cctetetete gatttctcete tetceeecte ageatcttee

3661 cgctgagagt ggtggggaag agccttgtct tcttagetgt cacctgecga ggcttctggg
3721 ccactcaggc cagtgcaccc ctgggcagag ccccttaaag ctgcetgtcac tagatgecca
3781 tggtccaggg cctggtggge gtgagaggat aggtggcagg gcagaaactg ggcagecctg
3841 acttgatagc agcaggggga gctcccaagc tgccaagecc ctgectceag ccttectgag
3901 tttctetetc ctgaacccta ctetetectt tttgettect cagtttttat caggcetttct

3961 ctgggggaca gcagtctctg agcaccaggg agcagttgcc ctcaggcectg tgcccagcat
4021 gccctceccct ttttatacga atgttttcta ccagtgtgct tgggtttgec atgatgcgag

4081 gctgagttgc tgtagegtct tgattctcte cctgggtetg cgtteectee cctgggectg

4141 actgagcctg ctcattgttt ttccctttat tacacaggac agccagggga ggaggggagce
4201 ccagccectgg gaggcetggtg ggaggcaggg ggcaggectg cggatgceatg aaataatgtt
4261 ggcattattt tttaattttt taaaaaataa atggtatctt atttaaaaaa aaaaaaaaaa

4321 aaaaa
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