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Abstract:A rep resentative cDNA library obtained from hepatopancreas of common carp (Cyprinus carpio) was constructed,

and 1016 exp ressed sequence tags were generated assembling into 115 contiguous sequences and 282 singletons. 215

(54. 15% ) of the assembled sequences were annotated based upon matching known genes in the GenBank public Databas2
es. Functional categorization and comparative analyses of the sequence p rovided gene identities, exp ression information and

a solid base for further research on common carp hepatopancreas. H igh exp ression of liver basic fatty acid binding p rotein

(Lb2Fabp) (11 /1016 ESTs) in the library was detected. Two types of L b2Fabpa and Lb2Fabpb had an open reading frame

of 381 bp encoding 126 am ino acids. mRNA exp ression of L b2Fabps in embryos, larva and adult common carp tissues were

determ ined using sem i2quantitative RT2PCR followed by Southern B lot analysis. Lb2Fabp mRNA was exp ressed with high

levels in hepatopancreas, m iddle intestine and posterior intestine. Low levels of L b2Fabp mRNA exp ression were observed

in testis and skin, while much lower levels in muscle, brain, ovary, kidney, sp leen, gill and heart. No Lb2Fabp mRNA

exp ression was observed in fat and anterior intestine. L b2Fabp mRNA was first observed in neurula stage, and exp ressed

higher in the following stages. The exp ression pattern of Lb2Fabp mRNA suggests that common carp Lb2FABPs p lay an im2
portant role in lip id metabolism after the morphogenesis of hepatopancreas and intestine.
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　　The fatty acid binding p rotein ( FABP) super2fam i2
ly is constituted by 14—15 kDa soluble p roteins which

bind with a high affinity either long2chain fatty acid

(LCFA) , bile acids or retinoids
[ 1 ]

. Based on the first

tissue from which are isolated, FABPs have been classi2
fied into several types including heart, intestinal, adi2
pocyte, myelin, ileal, liver, brain and ep idermal

[ 2 ]
.

The distinctive pattern of tissue exp ression of the differ2
ent types of FABPs, aswell as the co2exp ression of dif2

ferent FABPs in a single cell type, shows that each

FABP has a specific function in lip id metabolism
[ 3 ]

.

In the liver, L2FABP is structurally and functional2
ly different from the other FABP types: L2FABP can

bind two fatty acids per molecule but others only have

one fatty2acid2binding site
[ 4, 5 ]

. The L2FABP is able to

bind not only fatty acids but also other hydrophobic lig2
ands, such as acyl2CoA, retinoic acid, bile salts, p ros2
taglandins, heme and peroxisome p roliferators [ 6—8 ] . In
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function, L2FABP m ight be p referentially imp licated in

phospholip ids synthesis, membrane p rotection and gene

regulation
[ 9 ]

.

The L2FABP type was first reported in mammals,

then a basic FABP ( PI = 9. 0) was isolated from chick2
en (Gallus gallus) liver [ 10 ] . Subsequently, Lb2FABP

has been found in axolotl (Am bystom a m exicanum ) [ 8 ]
,

iguana (Anolis pu lchellus) ( GenBank accession number

U28756 ) , toad (B ufo arenarum ) [ 11 ]
, frog ( Rana

catesbeiana) [ 12 ]
, zebrafish (Danio rerio) [ 13 ]

, catfish

(Rham dia sapo) [ 14, 15 ] , shark (Halaetunus bivius) [ 16 ] ,

lungfish ( Lepidosiren paradoxus ) [ 17 ]
, and atlantic

salmon (Salm o salar)
[ 18 ]

. The two types of FABP in

liver are homologous genesmost likely arose by a whole2
genome dup lication event

[ 19, 20 ]
. But the function of Lb2

FABP, which is restricted to non2mammalian verte2
brates, is totally unclear.

Analysis of exp ressed sequence tags ( ESTs) by

single pass random sequencing of cDNA library is a

powerful tool for rap id and cost2effective gene

discovery. Some carp cDNA libraries have been con2
structed for special app lication

[ 21, 22 ]
. Common carp ,

one of the most widely cultured fish species, is consid2
ered to be a cheap source of p roteins. It is essential to

research on the efficiency of feed for culturing on a

large scale. Many researches have done in this do2
main, but molecular mechanism on the assim ilation,

especially lip ids metabolism is still not comp rehensive.

L iver is the most important organ on the lip ids metabo2
lism , so constructing the cDNA library and discovering

relevant genes on lip ids metabolism is indispensable.

In this paper, we choose hepatopancreas of com2
mon carp as the basic material to study the function

and mechanism of lip ids metabolism. Firstly, we con2
structed the hepatopancreatic cDNA library, and large2
scale EST sequencing was performed. Two cDNA s of

L b2Fabp were obtained. To get more information of

common carp L b2Fabp mRNA exp ression, the distribu2
tion pattern in adult tissues as well as in different sta2
ges of embryos and early larval development was exam2
ined.

1　M a ter ia ls and M ethods

1. 1　An ima ls　Common carp s ( Cyprinus ca rpio )

with body weight ranging from 500 to 1500g were ob2
tained from Huangsha aquatic market of Guangzhou,

and then they were cultured in tanks under the natural

conditions in the lab. Hepatopancreas and other tissues

were collected after the animals had been anesthetized

on ice. Samp les were immediately frozen in liquid ni2
trogen. Mature unfertilized eggs, embryos of different

stages and larval carp s from 12 to 302day2old were ob2
tained from February to March, 2007, during rep ro2
ductive season, and frozen in liquid nitrogen. A ll sam2
p les were stored at - 80℃ until assay.

1. 2　Con struction of the hepa topancrea tic cD NA

library　Total RNA was isolated from common carp

hepatopancreas, using Trizol
µ

Reagent ( Invitrogen,

U. S. A ) and subsequently the mRNA was purified by

PolyATtractµ Z5300 kit ( Promega, U1S1A ). cDNA

library was made from six m icrogram s poly (A ) +
RNA

purified above, using the CloneM iner
TM

cDNA library

construction kit ( Invitrogen, U1S1A ). The kit con2
tains a cDNA size2fractionation step using Sephacryls2
500 HR resin column chromatography to assure the

short segments away. Inserts were directionally cloned

into a ttP1 and a ttP2 of the pDNOR
TM

222 vector. Each

constructed p lasm id was transformed into DH10B
TM

cells by electroporation.

1. 3　 cD NA sequenc ing　 Individual transformants

from the p lasm id library were p icked into 962well m i2
crotiter p lated containing LB medium with 100μg/mL

kanamycin. Plates were incubated overnight at 37℃,

250 rpm and frozen at - 80℃ after being m ixed with

same volume of 25% glycerol. Extraction and sequen2
cing of p lasm id DNA were done by Invitrogen B io2
Tech, Shanghai of China. cDNA inserts were se2
quenced from the 5’2end using M13 p rimer.

1. 4　Sequence ana lysis　Raw sequences data were

p rocessed to assess quality, remove vector sequence

and contam inants, finally aligned and assembled into a

unigene set ( contig). The software used in the p rocess

was SeqMan II module of Lasergene Suite (DNAStar,

Madison, W I). The consensus sequence of each contig

was subjected to BLAST analysis against the GenBank

non2redundant p rotein and nucleotide databases. Based

on the sequence sim ilarity, contigs were grouped as

high significant sim ilarity E≤10
- 20

, moderately signif2
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icant sim ilarity 10 - 19≤E≤10 - 5 , and low or no signif2
icant sim ilarity E > 10

- 5
.

1. 5　RT2PCR ana lysis of comm on carp L b2F abp

gene　Based on the L b2Fabp cDNA sequences from

cDNA library, special PCR p rimers ( Forward: 5′2
CGTGGCAGGTTTATGT23′, Reverse: 5′2CTCCTACT2
GTCAGGGTCT23′) were designed in the conservative

areas of common carp L b2Fabpa and L b2Fabpb. Then

sem i2quantitative RT2PCR assay was performed to

measure the level of mRNA exp ression of common carp

L b2Fabp. Total RNA s of embryos, larvae and 15 tis2
sues were isolated using Trizol

µ
Reagent ( Invitrogen,

U. S. A ) , respectively. After digested with DNase I,

1μg of total RNA from each tissue was reverse2tran2
scribed into cDNA using oligo ( dT) 18 p rimer by Rever2
tA id

TM
H M inus M 2MuLV reverse transcrip tase kit

(MB I Fermentas, USA).

The PCR conditions consisted of a denaturation

cycle 94℃ for 3 m in, followed by 32 PCR cycles each

consisting of 15 s denaturation ( 94℃) , 15 s annealing

(56℃) and 30 s extension (72℃). Extension time of

the last cycle was increased to 10 m in. Five m icroliters

of each PCR reaction was electrophoresed and stained

with EB , and measured. An internal control PCR reac2
tion was performed in a separate tube, using two spe2
cific 18S ribosomal RNA ( GenBank accession number

AF133089) p rimers ( Forward: 5′2CCTGAGAAACG2
GCTACCACATCC23′, Reverse: 5′2AGCAACTTTA2
ATATACGCTATTGGAG23′). The PCR condition for

18S was the same as the L b2Fabp PCR, excep t for

using the 30 cycles instead of 32 cycles.

RT2PCR p roducts were conformed by Southern

B lot analysis. In brief, 5μL of the p roducts was elec2
trophoresed and stained. Gel with the amp lified DNA

band was excised, denatured, and then transferred on2
to a positively charged nylon membrane by electronic

transfer. The membrane was then hybridized with the

common carp L b2Fabp D ig2labeled cDNA p robe p re2
pared by PCR. The hybridization and detection p roce2
dure were carried out according to the manufacturer’s

instructions. Signal was cap tured in Syngene Gene2
nome ( Syngene, England).

2　Results

2. 1　cD NA library and cD NA sequence ana lysis　

The cDNA library created from hepatopancreas of

common carp contains 1. 432 ×10
7

cfu ( colony2form2
ing units). Twenty2six clones were random ly selected

( according to manipulation manual of CloneM iner
TM )

from the library and the length of each cDNA insertwas

measured by restriction digestion with B an Ⅱ, which

revealed an average insert size of 1. 03kb.

Sequencing reactions were performed for 1074

cDNA clones, and 1016 ESTs were generated after an

elim ination of inserts shorter than 100bp, sequence

with low quality and vector sequence only. The ESTs

were aligned and assembled into 115 contiguous se2
quence ( contigs) and 282 singletons. Contigs varied

in size from 2 ESTs to 49 ESTs ( Fig. 1) were divided

into 5 group s with a span of 10 ESTs. 76% (87 /115)

contigs contained 2 to 9 ESTs, while 24% (28 /115)

contig contained 10 or more ESTs. Parts of the highly

exp ression genes were cited in Tab. 1 ( non2claim in

the databases).

Fig. 1　Prevalence distribution of the contig size

Sequences were grouped according to the sim ilarity

with genes in the GenBank Database. 54. 15% (215)

had highly significant sim ilarity with known genes, 30.

73% (122) had moderate significant sim ilarity, inclu2
ding unnamed p rotein genes and cosm id DNA se2
quence. 15. 11% (60) had low or no significant sim i2
larity. The 215 ( 54. 15% ) sequences having highly

significant sim ilarity with known genes were grouped

into functional categories ( Tab. 2 ) : 180 sequences

consisting of 540 ESTs belonged to class A , which

comp rised a large fraction of the recognized p rotein2co2
ded mRNA transcrip ts, containing structural and enzy2



3期 陈文波等 :鲤鱼肝胰脏 cDNA文库的表达序列标签分析及 Lb2Fabp mRNA的特征 379　　

matic housekeep ing p roteins associated with the func2
tions of many different cells; class B , consisting of 25

p rotein2coded sequences from 156 ESTs associated with

cell2cell communication; class C contained 10 tran2
scrip tion factors and other gene regulatory p rotein2co2
ded sequences consisting of 25 ESTs.

Tab. 1　Part of the h ighly expression genes in the library

Contigs Expect2value Gene Descrip tion EST Numbers

Contig 1 0. 00e + 00 Fibrinogen gamma polypep tide 49

Contig 4 2. 00e - 61 14 kDa apolipop rotein 33

Contig 15 3. 00e - 139 Intelectin 33

Contig 180 2. 00e - 36 Hap toglobin p recursor isoform 21

Contig 112 0. 00e + 00 A ldolase b, fructose - bisphosphate 13

Contig 5 2. 00e - 77 Apolipop rotein A - I 30

Contig 6 5. 00e - 27 Prep rohepcidin 22

Contig 240 1. 00e - 168 Fibrinogen alpha chain 19

Contig 108 3. 00e - 35 Sim ilar to Apoa4 p rotein 13

Contig 123 4. 00e - 14 Tributyltin binding p rotein type 1 18

Contig 11 7. 00e - 120 Fatty acid binding p rotein 10 11

Contig 20 4. 00e - 170 Uncoup ling p rotein 1 10

Contig 78 7. 00e - 56 M icrofibrillar2associated p rotein 4 18

Contig 214 0. 00e + 00 Fibrinogen, B beta polypep tide 31

Tab. 2　The functiona l ca tegor ies of genes hav ing h igh sim ilar ity w ith the known genes

Classes of Gene Function and Gene Annotation Number of Genes Number of ESTs

A　Functions thatMany Kinds of Cells U se

Cytoskeleton and membrane p roteins 7 14

Transportation and binding p roteins 34 190

Cell rep lication related ( histones, cyclins, DNA polymerase, topoisomerases, RNA p rocessing, etc) 15 19

Protein synthesis , degradation related ( ribosomal p roteins etc) 43 83

Intermediary synthesis , catabolism related 47 79

Stress response, detoxification and cell defense p roteins 28 147

Apop tosis2related 6 8

B　Cell2Cell Communication

Signaling recep tors, signal pathway, signal intermediates 22 153

Extracellular matrix p roteins and cell adhesion 3 3

C　 Transcrip tion Factors and O ther Gene Regulatory Proteins 10 25

Total 215 721

2. 2　 Iden tif ica tion of the comm on carp L b2F abp

gene　

Common carp L b2Fabp was one of the high exp res2
sion genes in the hepatopancreatic cDNA library

(11 /1016 ESTs). Two types of L b2Fabp cDNA were

obtained by EST sequencing and assembling. cDNA

sequence of L b2Fabpa ( GenBank accession number

EU363800) was 507 bp long, while L b2Fabpb ( Gen2
Bank accession number EU363801) was 517 bp long.

The major difference was in the 3’2untranslated re2

gion. Both had an open reading frame (ORF) of 381

bp encoding 126 am ino acids, and a cytop lasm ic fatty

acid binding p roteins signature in the N2term inal. Fur2
ther secondary structure analysis revealed that both L b2
Fabps had 10 sheets and 2 helix, which were conserva2
tive in FABP fam ily. The two types of Lb2FABP shared

a 96. 8% am ino acid identity.

In the comparison of the deduced am ino acid se2
quences of FABPs between common carp and other

species ( Fig. 2, Tab. 3 ) , the two types of carp Lb2
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FABP had high homology to 90. 5% and 92. 1% re2
spectively with Lb2FABP of zebrafish ( FABP10). The

common carp Lb2FABP exhibited an overall higher se2

quence identity of 69. 8, 72. 15, 71. 4 to anolis, axo2
lotl, chicken Lb2FABP. The identity was lower

( < 50% ) to L2FABPs.

Fig. 2　A lignment of am ino acid sequences of common carp Lb2FABP and other species FABPs ( clustalx 1. 83) . The identical, highly conserved and

　　　　　　 less conserved am ino acid residues were indicated by (﹡ ) , (﹕ ) , (﹒ ) respectively

Tab. 3　Am ino ac id sequence percen t iden tity of comm on carp L b2FABP com pared to other vertebra tes

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

96. 8 35. 7 44. 4 90. 5 69. 8 40. 5 71. 4 42. 1 71. 4 40. 5 42. 9 1　 Carp Lb2FABPa

34. 1 45. 2 92. 1 69. 8 42. 1 73. 0 42. 9 71. 4 40. 5 41. 3 2　Carp Lb2FABPb

59. 8 34. 1 34. 9 61. 1 36. 5 63. 0 34. 9 59. 1 63. 8 3　Zebrafish FABP1a

43. 7 46. 0 61. 9 48. 4 60. 6 44. 4 53. 5 55. 9 4　Zebrafish FABP1b

67. 5 42. 1 69. 8 40. 5 69. 8 39. 7 42. 1 5　Zebrafish FABP10

42. 9 68. 3 42. 9 72. 2 42. 1 42. 9 6　Anolis Lb2FABP

42. 1 74. 6 38. 9 70. 6 73. 8 7　Axolotl L2FABP

42. 9 73. 8 38. 9 41. 3 8　Axolotl Lb2FABP

39. 7 69. 3 70. 1 9　Chicken L2FABP

39. 7 39. 7 10　Chicken Lb2FABP

84. 3 11　Mouse L2FABP

12　Human L2FABP

　　Note: The identity was calculated with MegA lign of DNAStar soft



3期 陈文波等 :鲤鱼肝胰脏 cDNA文库的表达序列标签分析及 Lb2Fabp mRNA的特征 381　　

　　Phylogenetic tree was constructed using alignment

of am ino acid sequences of FABPs among common carp

and other species ( Fig. 3 ). The results showed that

the two types of common carp Lb2FABP are grouped in2
to the Lb2FABP clade with high bootstrap support.

Fig. 3　Phylogenetic tree based on the am ino acid sequences alignment

of carp Lb2FABP and reported FABPs ( liver) in other species. Phylo2

genetic analysis was carried out by Mega 3. 1 based on the Neighbor2

jointing method with 1000 bootstrap rep licates. The number shown at

each branch indicates the bootstrap values ( % ). The FABPs and their

GenBank accession numbers are: human ( Hom o sapiens ) L2FABP,

AAA52419; mouse (M us m usculus) L2FABP, AAH09812; chicken

(Gallus gallus) L2FABP, AAP84705; chicken ( Gallus gallus) Lb2

FABP, p80226; anolis (A nolis pulchellus) Lb2FABP, Q90239; axolotl

(Am bystom a m exicanum ) L2FABP, P81399; axolotl (Am bystom a m exi2

canum ) Lb2FABP, P81400; zebrafish ( D anio rerio ) FABP1a,

AAZ08575; zebrafish (D anio rerio) FABP1b, AAZ08576; zebrafish

(D anio rerio) FABP10, NP694492; common carp ( Cyprinus carpio)

　　　　　　Lb2FABPa, EU363800; Lb2FABPb, EU363801

2. 3　T issue d istr ibution of L b2F abp gene　

The exp ression of Lb2FABP mRNA in different

adult tissues was analyzed by sem i2quantitative RT2
PCR followed by Southern B lot analysis, and the re2
sults are shown in Fig. 4. L b2Fabp mRNA was found

in the hepatopancreas, m iddle intestine and posterior

intestine by RT2PCR, and the hepatopancreas had the

strongest signal, while other tissues also had lower sig2
nals of L b2Fabp after Southern B lot analysis, such as

heart, red muscle, white muscle, brain, ovary, testis,

kidney, sp leen, gill and skin.

2. 4　Expression of L b2F abp m RNA dur ing em bry2
on ic and larva l developm en t　

The temporal exp ression patterns of Lb2FABP dur2
ing early development were analyzed by sem i2quantita2
tive RT2PCR followed by Southern B lot analysis, and

Fig. 4　RT2PCR /Southern B lot analysis of the exp ression of Lb2Fabp

transcrip t in adult common carp tissues. (A) RT2PCR analysis of the

exp ression of Lb2Fabp transcrip t in adult common carp tissues. (B )

18S ribosomal RNA transcrip t of tissues of adult common carp amp li2

fied as the internal control by RT2PCR. (C) Simultaneous Southern

B lot analysis of the same gel using D IG2labeled p robe. M: 100bp

DNA ladder; N: Negative control; 1: Hepatopancreas; 2: Anterior

intestine; 3: M iddle intestine; 4: Posterior intestine; 5: Heart; 6:

Red muscle; 7: W hite muscle; 8: B rain; 9: Fat; 10: Ovary; 11:

Testis; 12: Kidney; 13: Sp leen; 14: Gill; 15: Skin

the results are shown in Fig. 5 and Fig. 6. No L b2Fabp

mRNA exp ression was observed in the unfertilized

eggs, cell cleavage stage, blastula stage and gastrula

stage. The exp ression level of L b2Fabp mRNA in2
creased gradually from op tic bubble formation stage to

newly hatched larva ( Fig. 5). After hatching L b2Fabp

mRNA could be obviously detected by RT2PCR, and

the level increased firstly and then maintained relative2
ly high levels till 302day2old post hatching ( Fig. 6).

Fig. 5　RT2PCR / Southern B lot analysis of the exp ression of Lb2Fabp

transcrip t in the common carp embryos. (A ) RT2PCR analysis of the

exp ression of Lb2Fabp transcrip t in different embryonic stages. (B) 18S

ribosomal RNA transcrip t of common carp embryos amp lified as the in2

ternal control by RT2PCR. (C) Simultaneous Southern B lot analysis of

the same gel usingD IG2labeled p robe. M: 100bp DNA ladderN: Nega2

tive control; 1: Unfertilized eggs; 2: cell cleavage stage; 3: B lastula

stage; 4: Gastrula stage; 5: Neurula stage; 6: Op tic bubble formation

stage; 7: Lens formation stage; 8: Heart2beating stage; 9: B lood

　　　　　　cycling stage; 10: Hatching stage; 11: Newly hatched larva

3　D iscussion

It is possible to find a EST of a new gene by

screening 1000 clones [ 23 ] . So the cDNA library we

constructed from the common carp hepatopancreas con2
sisted of 1016 ESTs can reflect the hepatic gene ex2
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Fig. 6　RT2PCR /Southern B lot analysis of the exp ression of Lb2Fabp

transcrip t in the common carp larval stages. (A) RT2PCR analysis of

the exp ression of Lb2Fabp transcrip t in different larval stages.

(B) 18S ribosomal RNA transcrip t of common carp larvae amp lified

as the internal control by RT2PCR. ( C) Simultaneous Southern B lot

analysis of the same gel using D IG2labeled p robe. M: 100bp DNA

ladder; N: Negative control; 1: 12day2old post hatching (1dph) ; 2:

3 dph; 3: 5 dph; 4: 7 dph; 5: 10 dph; 6: 15 dph; 7: 20 dph; 8:

25 dph; 9: 30 dph

p ression pattern. The ESTs which are more than 150

bp long contain more information, and are very suit for

searching the homologous p roducts
[ 24 ]

. In the p resent

study, before sequencing we chose and identified the

clones which were 200 bp long to ensure the quantity of

the library, and got more information of the mRNA s in

common carp hepatopancreas. W hen searching the ho2
mologous p roducts in GenBank Database, our criterion

identifying the B last result was meaningfulness was:

the value of Score exceeding 80 [ 25 ] and the E value

under e - 10 [ 22, 26 ] . By screening the ESTs, 215 se2
quences had highly significant sim ilarity with known

genes. These genes contained enzymes related to p ro2
tein metabolism, lip id2transfer and binding Proteins,

and immune factors. These ESTs can fundamentally re2
flect the exp ression patterns of common carp hepato2
pancreas genes.

In contrast with the co2exp ression of different

FABPs in the liver, lungfish liver exp resses only Lb2
FABP. U sing antibody with specificity to rat L2FABP,

H2FABP, A2FABP, and I2FABP failed to recognize

such FABP types in lungfish liver
[ 17 ]

. The exp ression

pattern resembles that of tetrapods, which only exp res2
ses the L2FABP. In the 1016 ESTs, there were 11

ESTs rep resenting common carp Lb2FABP. But we did

not get the L2FABP. So we suppose that in the carp

liver Lb2FABP p lays more important roles than L2FABP

in the lip id metabolism , or their exp ression is relevant

to the developmental stages, or in the carp it is possi2
ble that there is only one type FABP.

The homology analysis based on the am ino acid se2
quences identities further indicates that the common

carp Lb2FABP is more closely related to the Lb2FABPs

than to L2FABPs, averagely 75. 8% and 41. 1% identi2
ty, respectively. A further comparison of the known L2
and Lb2FABP sequences indicates that there are 24 resi2
dues conserved in these p roteins (Fig. 2). This suggests

that these residues are important to those functions

shared by both liver FABP types. The A rg2121 and Ser2
123 that stabilize the fatty acid carboxyl group

[ 19, 27 ]
are

also p resent in the common carp Lb2FABP.

In order to investigate the Lb2FABP physiological

functions in the common carp, the Lb2Fabp mRNA ex2
p ression in the different tissueswas analyzed. The result

showed that the Lb2Fabp mostly exp ressed in the liver,

followed in m iddle and posterior intestine. The Lb2Fabp

exp ression pattern in common carp is different from that

reported p reviously in zebrafish
[ 13, 20 ]

. In situ hybridiza2
tion analysis of adult male and female zebrafish sections

revealed that the Lb2FABP2specific p robe hybridized to

mRNA only in the liver [ 13 ] . But using highly sensitive

RT2PCR technique, a fabp102specific p roduct was gen2
erated from total RNA extracted from liver, intestine

and testis of adult zebrafish
[ 20 ]

. U sing rabbit anti2( cat2
fish Lb2FABP) did not detect the p rotein in any catfish

tissue other than liver [ 15 ] . Sim ilarly using rabbit anti2
( axolotl Lb2FABP) did not detect the p rotein in any ax2
olotl tissue other than liver

[ 8 ]
. Common carp Lb2Fabp

is not highly restricted in the liver suggests that it has

more functions and p lays important roles in liver and in2
testine. The exp ression pattern in tissues of the adult

common carp extends the Lb2Fabp exp ression areas

known species. However, we did not distinguish their

exp ression pattern of Lb2Fabpa and Lb2Fabpb. In one

tissue, whether one of Lb2Fabps exp ressed or co2ex2
p ressed is still unkown.

Previous study reported that the exp ression of

FABP10 was detected in the liver of the zebrafish em2
bryos at 48 hpf

[ 20 ]
. Abundant fabp10 transcrip ts were

also detected in the liver of 52day2old larva. The p res2
ent results showed that no L b2Fabp mRNA exp ression

was observed in the unfertilized eggs, cell cleavage

stage, blastula and gastrula stages. W eak detection

was observed in neurula stage and increased gradually
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to 302day2old larval stage. This may be link to the de2
velopment of the hepatocytes.

In conclusion, the p resent study constructs the

cDNA library of common carp hepatopancreas and ana2
lyzes the ESTs. From the ESTs, we get two types of

common carp L b2Fabp cDNA s, and the am ino acids

alignment shows that there is a high degree of homology

with other species Lb2FABP. The exp ression pattern of

Fabp mRNA in adult tissues suggests that Lb2FABP

p lays an important role in liver and intestine. The p res2
ence of L b2Fabp mRNA at the late embryonic and lar2
val developmental stages of common carp indicates that

the level of L b2Fabp mRNA increases with the develop2
ment of the digestive organs ( liver and intestine). The

further study should focus on the function and mecha2
nism of the Lb2FABP on the lip id metabolism.
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鲤鱼肝胰脏 cDNA文库的表达序列标签分析及 L b2Fabp mRNA的特征

陈文波　刘黎黎　李文笙　林浩然
(中山大学生命科学学院水生经济动物研究所 ,有害生物控制和资源利用国家重点实验室 , 广州　510275)

摘要 :本文构建了鲤鱼肝胰脏 cDNA文库 ,共获得了 1016条有效的表达序列标签。拼接组装成 115个 contigs和 282个 single2
tons。其中 215个拼接序列在 GenBank公共数据库中寻找到相对应的基因。对它们进行功能性分类和比较分析为鲤鱼肝胰

脏的研究提供了基因表达信息的基础。文库中 1016条表达序列标签有 11条代表了鲤鱼肝基本型脂肪酸结合蛋白 (Lb2
FABP)。通过序列比较我们获得了两个具有相同开放阅读框长度的 L b2Fabp cDNA s。开放阅读框全长 381bp,编码 126个氨基

酸。半定量 RT2PCR结合 Southern blot技术研究了 Lb2Fabp mRNA在成鱼不同组织以及早期发育不同时期的表达图式。结果

表明 , Lb2Fabp mRNA在肝胰脏、中肠和后肠中表达量较高。同时在精巢和皮肤中有低水平的表达。脑、肌肉、卵巢、肾脏、脾

脏、鳃和心脏等组织中其表达量更低。而在脂肪和前肠中则没有检测到 Lb2Fabp mRNA表达。Lb2Fabp mRNA最早在胚体形

成期检测到有低水平表达 ,随后的发育阶段中表达量逐渐升高。鲤鱼 Lb2Fabp基因的表达图式提示在肝脏和肠等器官开始发

育后 ,它可能在脂肪代谢中具有重要作用。

关键词 :鲤鱼 ; cDNA文库 ;表达序列标签 ;脂肪酸结合蛋白 ; mRNA表达


