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ANALY SISOF EXPRESSED SEQUENCE TAGS FROM
HEPATOPANCREATIC d©DNA L IBRARY OF COMMON CARP
(CYPRINUS CARPIO) AND CHARACTERIZATION OF LB-Fabp mRNA
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Abstract: A representative d™NA library obtained fram hepatopancreasof canmon carp (Cyprinus carpio) was constructed,
and 1016 expressed sequence tags were generated assambling intb 115 contiguous sequences and 282 singletons 215
(54 15%) of the assambled sequenceswere annotated based upon matching known genes in the GerBank public D atabas-
es Functional categorization and camparative analysesof the sequence provided gene identities, expression infomation and
a olid base for further research on common camp hepatopancreas High expression of liver basic fatty acid binding protein
(Lb-Fabp) (11/1016 EST9) in the library was detected Two typesof L b-Fabpa and L b-Fabpb had an open reading frane
of 381 bp encoding 126 anino acids MRNA expression of L b-Fabps in enbryos, larva and adult common carp tissueswere
detemined using sami-quantitative RT-PCR followved by Southem B ot analysis Lb-Fabp mRNA was expressed with high
levels in hepatopancreas, middle intestine and posterior intestine Low levels of Lb-Fabp mRNA expression were observed
in testis and skin, whilemuch lower levels in muscle, brain, ovary, kidney, leen, gill and heart No Lb-Fabp mRNA
expression was observed in fat and anterior intestine Lb-Fabp mMRNA was first observed in neurula stage, and expressed
higher in the following stages The expression pattern of Lb-Fabp mRNA suggests that conmon camp L b-FABPsplay an im-
portant role in lipid metabolisn after the momphogenesis of hepatopancreas and intestine

Key words Cammon cap (Cyprinus carpio) ; dDNA library, Expressed sequence tags Fatty acid-binding protein; mRNA
expression
CL C number:Q785

Document code:A Article D :1000-3207 (2009) 03-0376-09

The fatty acid binding protein (FABP) super-fami- ferent FABPs in a single cell type, sows that each

ly is constituted by 14—15 kDa luble proteinswhich
bind with a high affinity either long-chain fatty acid
(LCFA), bile acidsor retinoids'"'. Basd on the first
tissue from which are ilated, FABPs have been classi-
fied into several types including heart, intestinal, adi-
pocyte, myelin, ileal, liver, brain and epidemal 2,
The distinctive pattern of tissue expression of the differ-
ent typesof FABPs, aswell as the co-expression of dif-
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FABP has a gecific function in lipid metabolisn s,

In the liver, L-FABP is structurally and functional-
ly different fran the other FABP types L-FABP can
bind wo fatty acids per molecule but others only have
one fatty-acid-binding site % TheL-FABP isable o
bind not only fatty acids but al® other hydrophobic lig-
ands, such asacyl-CoA, retinoic acid, bile salts pros

taglandins, heme and pexisme pmoliferators'*. In

Foundation item: The National Basic Research Progran (973 program, Na 2004CB117402) ; the National Natural Science Foundation of China
(Na 30671626) ; the Guangdong Provincial Science and technology Progran (Na 20068 36501006)
Brief introduction of author: ChenWenBo (1982—) , male, born in Shanggiu, Henan Province; Graduate student of Sun Yat-Sen University,
Major in marine biology E-mail: chwb1981@yahoa com. cn
LiuLiLi (1983—), Female, bom in Shaoyang, Hunan Province; Graduate student of Sun Yat-Sen University, M a-
jor in hydrobiology E-mail: echolili2005@163 com
Corresponding author: LiWen-Sheng, Prof E-mail: Issws@mail sysu edu cn; Lin Hao-ran, Prof E-mail: Isshr@mail sysu edu cn



3 : DNA

Lb-Fabp mRNA 377

function, L-FABP might be preferentially implicated in
phogholipids synthesis, mambrane protection and gene
regulation ',

TheL-FABP type was first reported in manmals
then a basic FABP (P1=9 0) was i®lated fran chick-
en (Gallus gallus) liver ™. Subsequently, Lb-FABP
has been found in axolotl (Ambystana mexicanum) o1
iguana (Anolis pulchellus) (GerBank accession number
U28756), toad (Bufo arenarun) ™, frog (Rana
catesbeiana) !, zebrafish (Danio rerio) ™', catfish
B4 ghark (Halaetunus biviug) ™™,
lungfish (Lepidosiren paradoxus) ', and atlantic
samon (Samo salar) ™. The wo typesof FABP in
liver are hanologous genesmogt likely arose by awhole-
gename duplication event ***!. But the function of L b-

FABP, which is restricted ©© nonmammalian verte-

(Rhamdia sapo)

brates, is otally unclear

Analysis of expressed squence tags (ESTs) by
single pass randam sequencing of ANA library is a
poverful tool for repid and cost-effective gene
discovery. Some cap dDNA libraries have been con-
structed for secial application'”*!.  Common camp,
one of themostwidely cultured fish ecies, isconsid-
ered o be a chegp urce of proteins
research on the efficiency of feed for culturing on a
large scale Many researches have done in this do-
main, but molecular mechanisn on the assmilation,
egecially lipidsmetabolisn is still not comprehensive
L iver is the most mportant organ on the lipidsmetabo-
lisn, 9 oonstructing the MNA library and discovering
relevant geneson lipidsmetabolisn is indigpensable

In thispaper, we choose hepaipancreas of can-
mon camp as the basic material © study the function
and mechanisn of lipidsmetabolisn. Firstly, we con-
structed the hepatopancreatic dDNA library, and large-
sale EST squencing was performed Two dDNA s of
Lb-Fabp were obtained To get more infomation of
common camp Lb-Fabp mRNA expression, the distribu-
tion pattern in adult tissues aswell as in different sta-
ges of enbryos and early larval developmentwas exan-
ined

It is esential ©

1 M aterialsand M ethods

11 Aninals Cammon camps (Cyprinus carpio)

with body weight ranging from 500 to 1500g were ob-
tained fran Huangsha aquatic market of Guangzhou,
and then they were cultured in tanks under the natural
conditions in the lah Hepatopancreas and other tissues
were collected after the animals had been anesthetized
on ice Sampleswere mmediately frozen in liquid ni-
trogen M ature unfertilized eggs, embryos of different
stages and larval caps from 1- to 30-day-old were ob-
tained fran February © March, 2007, during repro-
ductive saon, and frozen in liquid nitogen All san-
pleswere sored at - 80
1 2 Construction of the hepatopancreatic d NA
library Total RNA was i®lated fran common camp
hepatopancreas, using Trizml Reagent ( Invitrogen,
U. SA) and subsequently the mRNA was purified by
PolyATtract Z5300 kit (Promega, U. SA). DNA
library wasmade from six microgranspoly (A) © RNA
purified above, using the ClonéM iner™ DNA library
oonstruction kit ( Invitogen, U. SA). The kit con-
tains a ADNA size-fractionation step using Sephacryls
500 HR resin colunn chromatogrgphy o asure the
short segnents avay. Insertswere directionally cloned
inD attP1 and attP2 of the pDNOR" 222 vecior Each
constructed plasnid was trandomed into DH108™
cells by electroporation
13 OANA squenchg
fran the plasnid library were picked into 96-well mi-
crotiter plated containing LB medium with 10u g/mL
kananycin Plateswere incubated overnight at 37
250 rpm and frozen at - 80  after being mixed with
sane wolume of 25% glycerol Extraction and sequen-
cing of plasnid DNA were done by Invitrogen Bio-
Tech, Shanghai of China dNA
guenced from the 5’ -end usingM 13 primer

1 4 Sequence analysis Rawv sequences data were
procesed b asess quality, renove vector sequence
and contaminants, finally aligned and assmbled into a
unigene st (ocontig). The ftvare used in the process
was SedM anll module of L asergene Suite (DNA Star,
Madion, W I). The consensus sequence of each contig
was subjected to BLA ST analysis against the GerB ank
non-redundant protein and nucleotide databases Based

until assay.

Individual trandomants

inserts were «£-

on the squence smilarity, contigs were grouped as
high significant smilarity E< 10" *, moderately signif-



378

33

icant smilarity 10 < E< 10°°, and low or no signif-
icant smilarity E >10"°.
15 RT-PCR analysis of canmon carp L b-Fabp
gene Based on the Lb-Fabp dDNA squences from
DNA library, secial PCR primers ( Foward: 5'-
CGTGGCAGGTTTATGT-3', Revers: 5'-CTCCTACT-
GTCAGGGTCT-3') were designed in the conservative
areas of common camp Lb-Fabpa and Lb-Fabph Then
@ni-quantitative RT-PCR assy was performed ©
meaaure the level of MRNA expression of common camp
Lb-Fabp Total RNA s of anbryos larvae and 15 tis
sueswere iolated using Trizml Reagent ( Invitrogen,
U. S A), repectively After digested with DNase |,
Y gof ptal RNA from each tissuue was reverse-tran-
scribed into dNA using oligo (dT) ;5 primer by Rever-
Aid” H Minus MM WV
(MB | Fementas, USA).
The PCR conditions consisted of a denaturation

revere transriptae kit

cycle 94  for 3min, folloved by 32 PCR cycles each
conssting of 15s denaturation (94 ), 15s annealing
(56 ) and 30sextension (72 ).
the last cyclewas increased o 10 min  Fivemicroliters
of each PCR reaction was electrophoresed and stained
with BB, andmeasured An intemal control PCR reac-
tion was perfomed in a sparate tube, using o Pe-
cific 18S ribosomal RNA (GerBank accession number
AF133089) primers (Foward: 5'-CCTGA GAAACG-
GCTACCACATCC-3', Revere 5'-AGCAACTTIA-
ATATACGCTATTGGAG-3'). The PCR condition for
18Swas the sane as the Lb-Fabp PCR, except for
using the 30 cycles instead of 32 cycles

RT-PCR products were confomed by Southemn
Blot analysis In brief, 5p L of the productswas elec-
trophoresed and stained Gel with the anplified DNA
band was excised, denatured, and then tranderred on-
to a positively charged nylon manbrane by electronic
trander The mambrane was then hybridized with the
canmon cap Lb-Fabp Dig-labeled d™DNA probe pre-

Extension tme of

pared by PCR The hybridization and detection proce-
dure were carried out according o the manufacturer’ s
instructions  Signal was captured in Syngene Gene-
nome (Syngene, England).

2 Realts

21 ODNA library and d NA squence analysis

The dDNA library created fran hepatopancreas of
common cap contains 1 432 x 10" cfu ( colony-fom-
ing units). Twenty-six cloneswere randanly selected
(acoording to manipulation manual of CloneM iner” )
fram the library and the length of each dDNA insertwas
measured by restriction digestion with Ban , which
revealed an average insert size of 1 03kh

Sequencing reactions were perfomed for 1074
DNA clones, and 1016 ESTswere generated after an
elmination of inserts dorter than 100bp, <sequence
with lov quality and vector squence only. The ESTs
were aligned and assambled intb 115 contiguous s
quence (contigs) and 282 singletons Contigs varied
in size from 2 ESTs o 49 ESTs (Fig 1) were divided
into 5 groupswith a gan of 10 ESTs 76% (87/115)
oontigs contained 2 t 9 ESTs, while 24% (28/115)
oontig contained 10 or more ESTs Parts of the highly
expression genes were cited in Tah 1 (non-claim in
the databases).

300
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Contig size

Fig 1 Prevalence distribution of the contig size

Sequenceswere grouped according o the smilarity
with genes in the GerBank Database 54 15% (215)
had highly significant smilarity with knowvn genes, 30
73% (122) had moderate significant similarity, inclu-
ding unnamed protein genes and cosnid DNA <=
guence 15 11% (60) had lowv or no significant smi-
larity The 215 (54 15%) sequences having highly
significant smilarity with knowvn genes were grouped
into functional categories (Taa 2): 180 sequences
consisting of 540 ESTs belonged o class A, which
comprised a large fraction of the recognized p rotein-co-
ded mRNA tran<cripts, containing structural and enzy-
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matic housekeeping proteins asociated with the func-
tions of many different cells classB, consisting of 25
protein-coded sequences from 156 ESTs asociated with

cell-cell canmunication; class C contained 10 tran-
<ription factors and other gene regulatory protein-co-
ded sequences consisting of 25 ESTs

Tab. 1 Part of the highly expression genes in the library

Contigs Expect-value Gene D eription EST Numbers
Contig 1 0 00e*® Fibrinogen gamma polypeptide 49
Contig 4 2 00e ® 14 kDa apolipoprotein 33
Contig 15 3 00e ¥ Intelectin 33
Contig 180 2 00e” % Haptoglobin precurr isfom 21
Contig 112 Q 00e*® Aldolase b, fructose - biphophate 13
Contig 5 2 00e "’ Apolipoprotein A - | 30
Contig 6 5 00e” % Prep ohepcidin 22
Contig 240 1 00e 1% Fibrinogen alpha chain 19
Contig 108 3 00e ® Similar b Apoad protein 13
Contig 123 4 00e ¥ Tributyltin binding protein type 1 18
Contig 11 7. 00e™ 0 Fatty acid binding protein 10 11
Contig 20 4, 00e” 1 Uncoupling protein 1 10
Contig 78 7. 00e” % M icrofibrillar-asociated protein 4 18
Contig 214 Q 00e*® Fibrinogen, B beta polypeptide 31

Tab. 2 The functional categor ies of genes having high smilar ity with the known genes

Classs of Gene Function and Gene A nnotation

Number of Genes Number of ESTs

A Functions thatM any Kindsof CellsU s

Cytoskeleton and menbrane proteins 7 14
Trangortation and binding proteins 34 190
Cell replication related (hisones, cyclins DNA polymerase, iopoisimerases, RNA processing, etc) 15 19
Protein synthesis, degradation related ( ribosomal proteins etc) 43 83
Intemediary synthesis, catabolisn related 47 79
Stress reponse, detoxification and cell defense proteins 28 147
Apopiosis-related 6 8

B Cell-Cell Caommunication

Signaling receptors, signal pathway, signal intemediates 22 153
Extracellular matrix proteins and cell adhesion 3 3

C Tranription Factors and Other Gene Regulabry Proteins 10 25
Total 215 721

2 2 Identification of the canmon carp L b-Fabp
gene

Cammon carp L b-Fabpwasone of the high expres-
sion genes in the hepatpancreatic ANA library
(11/1016 ESTs). Two types of Lb-Fabp dDNA were
obtained by EST sequencing and assmbling dNA
squence of Lb-Fabpa (GerBank accession number
BU363800) was 507 bp long, while Lb-Fabpb (Gen-
Bank accession number BU363801) was517 bp long
The major difference was in the 3’ -untranslated re-

gion Both had an open reading frane (ORF) of 381
bp encoding 126 amino acids, and a cytoplasnic fatty
acid binding proteins signature in theN-teminal Fur-
ther secondary structure analysis revealed that both L b-
Fabps had 10 sheetsand 2 helix, which were conserva-
tive in FABP fanily The wo typesof Lb-FABP shared
a 96 8% anino acid identity,

In the camparion of the deduced anino acid s
quences of FABPs betveen canmon camp and other
pecies (Fig 2, Tah 3), the tvo types of cap Lb-
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FABP had high hamology © 90 5% and 92 1% re- quence identity of 69 8, 72 15, 71 4 1 anolis, axo-
spectively with Lb-FABP of zebrafish (FABP10). The lotl, chicken Lb-FABP The
canmon carp Lb-FABP exhibited an overall higher s=- ( <50%) toL-FABPs

identity was lower

Common_carp_Lb- FABPa
Common_carp_Lb - FABPb
Zebrafish_Lb - FABP10
Anolis _Lb-FABP
Axolotl_Lb- FABP
Chicken_Lb - FABP
Zebrafish_FABPla
Zebrafish FABP1b
Axolotl_L - FABP
Chicken_L - FABP
Mouse_L- FABP
Human_L - FABP

Common_carp_Lb - FABPa
Common_carp_Lb - FABPb
Zebrafish_Lb - FABP10
Anolis_Lb - FABP
Axolotl_Lb - FABP
Chicken_Lb - FABP
Zebrafish FABPla
Zebrafish_ FABP1b
Axolotl_L - FABP
Chicken_L - FABP
Mouse_L- FABP

Human L - FABP

MAFSGTWQVYVQENYEEFLRAISLPEDVIKMAKDVKPVTEIHQNGNDFTITSKTPGKTVTNSFT
MAFRGTWQVYVQENYEEFLRAISLPEDVIKMAKDVKPVTEIQQNGNDFTITSKTPGKTVTNSFT
MAFSGTWQVYAQENYEEFLRAISLPEEVIKLAKDVKPVTEIQONGSDFTITSKTPGKTVTNSFT
MAFNGTWQVYSQENYEDFLKAIALPDDIIKAAKDVKPVTEIRQTGNTFVVTSKTPNKSVTNSFT
MPFNGTWQVYSQENYEAFLRAVGLPEDIINVAKDINPIIEIQQNGDNFVVTSKTPNQSVT NSFT
MAFSGTWQVYAQENYEEFLKALALPEDLIKMARDIKPIVEIQQKGDDFVVTSKTPRQTVTNSFT
MAFTGKYQLESHENFEAFMKAVGVPDDEVEKGKDIKSISEIHQDGKDFKVTVTAGTKVILYSFT
MSFTGKYQLESQEGFEEFMKAVGLPDDMIEKGKDIKSVSEIEENGNQFKVTVTTGSKVLTNSFT
- SFAGKYELQSQENFEAFMKAIGLPDELIQKGKDIKSVSEIQQNGKSFKVTVTTGSKVLENEFT
MSFTGKYELQSHENFEPFMKALGLPDDQIQKGKDIKSISEIVQNGNKFKITVTTGSKVMTNEFT
MNFSGKYQLQSQENFEPFMKAIGLPEDLIQKGKDIKGVSEIVHEGKKIKLTITYGPKVVRNEFT
MSFSGKYQLQSQENFEAFMKAIGLPEELIQKGKDIKGVSEIVONGKHFKFTITAGSKVIQNEFT

Qi Bt b b N B ML L T o

VGKEAEITTMDGKKLKCIVRLEG-GKLVCQTDRFSHIQEIKG-GEMVETLTVGGTTMIRRSKKM-
IGKEAEITTMDGKKLKCIVKLEG-GKLVCQTDRFSHIQEIKG-GEMVETLTVGGTTMIRRSKKM-
IGKEAEITTMDGKKLKCIVKLDG-GKLVCRTDRFSHIQEIKA- GEMVETLTVGGTTMIRKSKKI-
LGKEADMTTMDGKK VKCTVNLVD-GKLVAKSDKFIHEQEIVG - NEMVETITSGSATFTRRSKKI-
IGKEAEITSMGGKKIKCTVVLEG-GKLVSKTDQFSHIQEVKG -NEMVETLTVGGATLIRRSKR V-
LGKEADITTMDGKKLKCTVHLAN-GKLVTKSEKFSHEQEVKG - NEMVETITFGGVTLIRRSKR V-
VGEECELETFTGDRAKTVVQMDG -NKLTAFVKGIESVTELDG-DTISNTLSFNGIVYKRISRRIS
IGQEADIETLTGEKVKTTVNREG - NKLKVVLNRITSITELVDTNTLVNTLTLGGLVYKRISKRVA
LGEEAELETLTGEKVKSIVKQEGDNKLVVNLKGITSVTELSG-DTLINTLQKGDDTYKRISKRI-
IGEECEMELLTGEKAKCIVNMEGNNKLVANLKGLKSVTELNG -DTITHTMTKGDLT YKRISKRI-
LGEECELETMTGEKVKAVVKLEGDNKMVTTFKGIKSVTELNG - DTITNTMTLGDIVYKRVSKRI-
VGEECELETMTGEKVKTVVQLEGDNKLVTTFKNIKSVTELNG -DIITNTMTLGDIVFKRISKRI-

ek * .ok * *. .o .ok * k.

Fig 2 Aligment of amino acid sequencesof cammon carp L b-FAB P and other pecies FABPs (clustalx 1. 83). The identical, highly conserved and

less conserved anino acid residueswere indicated by (), ( ), ( ) regpectively

Tab. 3 Am no acid ssquence percent identity of canmon carp L b-FABP compared to other vertebrates

1 2 3 4 5 6 7 8 9 10 11 12

9. 8 357 44 4 90 5 69. 8 40. 5 71 4 42 1 71 4 40 5 42 9
341 45 2 921 69 8 421 73 0 42 9 71 4 40 5 41 3

59 8 341 349 611 36 5 63 0 349 59 1 63 8

43 7 46. 0 61 9 48 4 60 6 44 4 53 5 55 9

1 CapLb-FABPa
2
3
4

67.5 421 698 405 698 397 421 5
6
7
8
9

Camp Lb-FABPb
Zebrafish FABPla
Zebrafish FABP1b
Zebrafish FABP10
ArolisLb-FABP
Axolotl L-FABP

42 9 68 3 42 9 72 2 42 1 42 9
421 74 6 38 9 70. 6 73 8
429 73 8 38 9 41 3
397 69 3 701 Chicken L-FABP
397 397 10 Chicken Lb-FABP
84 3 11 MousL-FABP
12 HumanL-FABP

Axolotl Lb-FABP

Note The identity was calculated with M egA lign of DNA Star ft
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Phylogenetic tree was constructed using alignment
of anino acid squencesof FABPs anong canmon carp
and other pecies (Fig 3). The reaults shoved that
the wo typesof cammon carp L b-FAB P are grouped in-
to the Lb-FABP clade with high bootstrgp support

86 Common carp Lb-FABPa
Common carp Lb-FABPb
Zebrafish Lb-FABP10
Axolotl Lb-FABP
Chicken Lb-FABP
Anolis Lb-FABP
Zebrafish FABP1b

Axolotl L-FABP

Chicken L-FABP

Zebrafish FABPla
Mouse L-FABP

98 Human L-FABP

40
100

41

30

—
0.05

Fig 3 Phylogenetic tree based on the amino acid sequences aligmment
of camp Lb-FABP and reported FABPs (liver) in other pecies Phylo-
genetic analysiswas carried out by Mega 3 1 based on the Neighbor-
jointing method with 1000 bootstrgp replicates The number shown at
each branch indicates the bootstrap values (%). The FABPsand their
GerBank accesson numbers are human (Hano sapiens) L-FABP,
AAA52419; mouse (Mus musculus) L-FABP, AAH09812; chicken
(Gallus gallus) L-FABP, AAP84705; chicken (Gallus gallus) Lb-
FABP, p80226; anolis (Anolis pulchellus) Lb-FABP, Q90239; axolotl
(Ambystana mexicanum) L-FABP, P81399; axolotl (Ambystana mexi-
canum) Lb-FABP, P81400; zebrafish (Danio rerio) FABPla,
AAZ08575; zebrafish (Danio rerio) FABPlb, AAZ08576; zebrafish
(Danio rerio) FABP10, NP694492; common cap (Cyprinus carpio)
Lb-FABPa, BJ363800; Lb-FABPh, BJ363801

2 3 Tiswue distribution of L b-Fabp gene

The expression of Lb-FABP mRNA in different
adult tissues was analyzed by smi-quantitative RT-
PCR folloved by Southern Blot analysis, and the re-
altsare showvn in Fig 4 Lb-Fabp mRNA was found
in the hepaipancreas, middle intestine and posterior
intestine by RT-PCR, and the hepatopancreas had the
strongest signal, while other tissues al® had lower sig-
nalsof Lb-Fabp after Southemn B lot analysis, such as
heart, red muscle, whitemuscle, brain, ovary, testis
kidney, pleen, gill and «in
2 4 Expression of L b-Fabp mRNA dur ng enbry-

onic and larval development

The tamporal expression patternsof L b-FABP dur-
ing early developmentwere analyzed by sami-quantita-
tive RT-PCR folloved by Suthem B lot analysis, and

151413121110 9 8 7 6 54 3 2 IMN bp
500
100
500
100

(A)

(B)

- - “s »

Fig 4 RT-PCR/Southem Blot analysisof the expression of L b-Fabp
transcript in adult common carp tissues (A) RT-PCR analysisof the
expression of Lb-Fabp transcript in adult common cap tisses (B)
18S ribosmal RNA transcript of tissuesof adult canmon camp anpli-
fied as the intemal control by RT-PCR. (C) Smultaneous Southem
Blot analysis of the same gel using D IG-labeled probe M: 100bp
DNA ladder; N: Negative control; 1: Hepatopancreas 2: Anterior
intesting 3: Middle intesting 4: Posterior intesting 5: Heart, 6:
Red musle; 7: White muscle; 8: Brain; 9: Fat 10: Ovary, 11:
Testis 12: Kidney;, 13: $leen; 14: Gill; 15: kin

the reaults are showvn in Fig 5 and Fig 6 No Lb-Fabp
MRNA expression was observed in the unfertilized
eggs, cell cleavage stage, blastula stage and gastrula
stage The expression level of Lb-Fabp mRNA in-
creased gradually fran optic bubble fomation stage ©
nevly hatched larva (Fig 5). After hatching L b-Fabp
mRNA coould be obviously detected by RT-PCR, and
the level increased firstly and then maintained relative-
ly high levels till 30-day-old post hatching (Fig 6).

11 10 9 8 7 6 5 4 3 2 1 N M bp
500

100
500
100

(€)

Fig 5 RT-PCR/Suthem B ot analysis of the expression of Lb-Fabp
transcript in the canmon cap embryos (A) RT-PCR analysis of the
expression of Lb-Fabp transcript in different enbryonic stages (B) 18S
ribosomal RNA transcript of common camp enbryos anplified as the in-
temal control by RT-PCR (C) Smultaneous Southemn B lot analysis of
the same gel usingD IG-labeled probe M: 100bp DNA ladderN: Nega-
tive control; 1: Unfertilized eggs 2: cell cleavage stage; 3: Blastula
stage, 4: Gastrula stage; 5: Neurula stage; 6: Optic bubble fomation
stage, 7: Lens fomation stage; 8: Heart-beating stage, 9: Blood
cycling stage; 10: Hatching stage; 11: Newly hatched larva

3 D iscussion

It is possible o find a EST of a nev gene by
<creening 1000 clones !, S the dDNA library we
constructed fram the cammon carp hepatopancreas con-
sisted of 1016 ESTs can reflect the hepatic gene ex-
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(A)
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— 500

100
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Fig 6 RT-PCR/Southem Blot analysisof the expression of Lb-Fabp
transcript in the canmon carmp larval stages (A) RT-PCR analysis of
the expresson of Lb-Fabp transcript in different larval stages
(B) 18S ribosmal RNA transcript of cammon carp larvae anplified
as the intermal control by RT-PCR. (C) Simultaneous Southem B lot
analysisof the same gel using D IG-labeled probe M: 100bp DNA
ladder; N: Negative control; 1: 1-day-old post hatching (1dph); 2:
3 dph; 3: 5dph; 4 7 dph; 5: 10 dph; 6: 15 dph; 7: 20 dph; 8:
25 dph; 9: 30 dph

pression pattemm The ESTswhich are more than 150
bp long contain more information, and are very auit for
searching the hamologous products ™. In the present
study, before sequencing we chose and identified the
cloneswhichwere 200 bp long to ensure the quantity of
the library, and got more infomation of the mRNA s in
cammon cap hepatopancreas W hen searching the ho-
mologous products in GerBank Database, our criterion
identifying the Blast reault was meaningfulness was
the value of Score exceeding 80 >
under e °'#*! By <reening the ESTs 215 s
quences had highly significant smilarity with known
genes These genes contained enzymes related © pro-
tein metabolisn,
and immune factors These ESTs can fundamentally re-

and the E value

lipid-trander and binding Proteins,

flect the expression patterns of common cap hepato-
pancreas genes

In contrast with the co-expression of different
FABPs in the liver, lungfish liver expresses only L b-
FABP U sing antibody with secificity to ratL-FABP,
H-FABP, A-FABP, and I-FABP failed to recognize
uch FABP types in lungfish liver '
pattern resanbles that of tetrgpods, which only expres
«s the L-FABP.  In the 1016 ESTs, there were 11
ESTs representing common camp Lb-FABP Butwe did
not get the L-FABP. S we suppose that in the cap
liver L b-FABP playsmore important roles than L -FAB P

The expression

in the lipid metabolisn, or their expression is relevant
o the developmental stages or in the camp it is possi-
ble that there isonly one type FABP

The hamology analysis based on the anino acid s=-
quences identities further indicates that the cammon
cap Lb-FABP ismore closly related to the Lb-FABPs
than © L-FABPs, averagely 75 8% and 41 1% identi-
ty, regectively A further comparion of the known L -
and L b-FAB P squences indicates that there are 24 resi-
dues conserved in these proteins (Fig 2). This suggests
that these residues are mportant o those functions
shared by both liver FABP types TheArg-121 and Ser-
123 that stabilize the fatty acid carboxyl group "% are
alo present in the common camp Lb-FABP

In order © investigate the L b-FABP physiological
functions in the canmon camp, the Lb-Fabp mRNA ex-
pression in the different tissueswasanalyzed The reault
showed that the Lb-Fabp mostly expressed in the liver,
folloved in middle and posterior intestine The L b-Fabp
expresson pattern in canmon carp is different from that
In situ hybridiza-
tion analysisof adult male and famale zebrafish sections
revealed that the L b-FAB P-9ecific probe hybridized
mRNA only in the liver '™
RT-PCR technique, a fabplO-gecific product was gen-
erated fran total RNA extracted fran liver, intestine
and testisof adult zebrafish . U sing rabbit anti- (cat-
fish Lb-FABP) did not detect the protein in any catfish
tissue other than liver ™. Smilarly using rabbit anti-
(axolotl Lb-FABP) did not detect the protein in any ax-
olotl tissue other than liver '®". Cammon cap Lb-Fabp
is not highly redtricted in the liver suggests that it has
more functions and plays important roles in liver and in-
testine The expression pattem in tisues of the adult

reported previously in zebrafish >

. But using highly sensitive

common cap extends the Lb-Fabp expresson areas
knovn pecies However, we did not distinguish their
expression pattem of Lb-Fabpa and Lb-Fabph
tissie, whether one of Lb-Fabps expresed or co-ex-
presed is still unkovn

Previous study reported that the expression of
FAB P10 was detected in the liver of the zebrafish en-
bryos at 48 hpf '**!
al detected in the liver of 5-day-old larva The pres
ent results shaved that no Lb-Fabp mRNA expression
was observed in the unfertilized eggs cell cleavage
stage, blastula and gastrula stages W eak detection
was observed in neurula stage and increased gradually

In one

. Abundant fabpl0O transcriptswere
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to 30-day-old larval stage Thismay be link © the de-
velopment of the hepatocytes

the present study constructs the
DNA library of caonmon camp hepatopancreas and ana-
lyzes the ESTs From the ESTs we get o types of
common cap Lb-Fabp dDNAs, and the anino acids

In conclusion,

aligrment show s that there is a high degree of hamology
with other geciesLb-FABP The expression pattern of
Fabp mRNA in adult tissues suggests that Lb-FABP
playsan mportant role in liver and intestine The pres
ence of Lb-Fabp mRNA at the late enbryonic and lar-
val developmental stagesof cammon carp indicates that
the level of Lb-Fabp mRNA increaseswith the develop-
ment of the digestive organs (liver and intestine). The
further study should focus on the function and mecha-
nisn of the Lb-FABP on the lipid metabolisn.
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