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CHINESE STURGEON PITUITARY

CAO Hong"?, ZHOU Li" and QU | Jian-Fang
(1. State Key Laboratory of Freshwater Ecology and B iotechnology, Institute of Hydrobiology, Chinese Academy of Sciences Wuhan 430072
2. Graduate School of the Chinese Acadeny of Sciences Beijing 100039)

Abstract: Expressed sequence tag (EST) analysis is an efficient tool for gene discovery and for profiling gene
expression. In order o ilate Pecific functional genes involved in reproduction and endocrine regulation and to
reveal their evolutionary mechanisns in Chinese sturgeon (Acipenser sinensis Gray) , a chondrostean fish with a
history of 140 million years, we constructed its pituitary dONA library fram a 4 year-old male. A total of 944
random cloneswere squenced and compared with sequences in GerBank database. Among all the 944 EST
clones, 802 (84.96%) cloneswere identified as 461 knowvn genes, and additional 142 (15.04%) as un-
known genes Functional categorization indicated that the most abundantly expressed functional gene was the
proopiomelanocortin (FOMC) , which accounted for aimost 10. 17% of the overall expression, indicating its im-
portant function in the pituitary. Interestingly, the expression patternsof 7 unknown geneswere analyzed in va-
rious tissues, such asheart, liver, pleen, kidney, muscle, testes, ovary and pituitary. Three different catego-
ries of expression patternswere observed from them. Several unknovn ESTs, such as EG009334, EG009337,
EGD09338 and EGD09340, were detected to be pituitary-secific, or pituitary and ovary-ecific genes Further
studieson their functionswill be very useful for better understanding the mechanisns of sturgeon reproduction
biology and endocrinology.
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Expressed squence tag (EST) analysisisan effi-
cient gpproach © identify nev genes and profile gene
expression in cellsof a tissue™™* . Careful analysis of
the squence data can further provide functional,
Further-
more, squence information fran ESTs ocould al® be

structural and ewvolutionary infomation'®’ .

used in many other gpplications such as the discovery

of molecular markerg®™

that influence a quantitative trait locus (QTL), such
0]

and the detection of gene loci

as gowth and reproduction® **' . Recently, EST s

quence resurces are rapidly growing in molecular data-
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base. But most of the fish ESTswere generated from
model fish such as zebrafish'™ and medakd ** or com-
mercial fish such aswinter flounder®' , Japanese floun-
del™ | samon'™ ', channel catfish*® ™, red sea
91 tilgpid®™’, common cap'®', gilthead sea
, and orange-gotted grouper .
Hypothalanuspituitary-gonad is an important en-
docrine axis 1o regulate reproduction and sx differenti-

bream

bream'*

ation. And pituitary is just the central role of thisaxis
Therefore, the screening and identification of genes ex-
presed in pituitary will be able © provide useful in-
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sight into the molecular mechanisn of growth, repro-
duction, and sx differentiation behind the Chinese
sturgeon. Al®, the infomationwill be helpful for us o
make und conservation progran o protect this e
cies

The Chinese sturgeon (Acipenser sinensis Gray) is
a rare pecies which belonging to the group of chon-
drichthyans It is a primitive teleost with a history of
140 million years It mainly lives in the continental
dhelf of the Yellov Sea and the East China Sea and
gavns in the upper Yangtze River and is one of the
largest fish o enter freshwater. The construction of the
GezhoubaDan in 1981 in the Yichang section of the
Yangtze blocked the gawning migration of Chines
sturgeon o the Yibin gavning reach. As a reault of
damming and over fishing, populations of the Chinese
sturgeon have greatly declined in abundancé®' . To
save this pecies from extinction, artificial propagation
has been put into practice. Previous studieson Chinese
sturgeon reproduction were mainly focused on the go-
nad ultrastructure and histology at different develop-
mental stages®
was knovn with regards o the reproduction regulation
and =x differentiation. Our previouswork of a24 year-
old female Chines sturgeon's pituitary EST library
found 8 reproduction or endocrine regulation related
genes in Chinese sturgeon. Here, we described the
study on gene identification by screening 944 clones
fran the pituitary dDNA library of a 4 year-old male
Chinese sturgeon. In this study, several unknown ESTs
were detected © be pituitary-gecific, or pituitary and
ovary-gecific genes Thismeans they may include m-
portant infomation concerning about reproduction or
It would be interesting to study
their function on molecule regulation mechanisn of re-
production and endocrine regulation in Chines stur-
geon.

, but little molecular infomation

X differentiation.

1 M aterialsand methods

1.1 RNA extraction and M ART dDNA gynthesis

Pituitary was collected from a 4-year-old male
Chinese sturgeon with 15. 3 kilograns This sturgeon
was reared in the Yangtze River FisheriesResearch In-
stitute from eggs and was sampled in June 2005. Total

RNA s were extracted using S/ total RNA ilation
system (Promega, USA) . The RNA quantity was
measured ectrophotometrically at A260 mm and the
ratio of A260: A280 mm by biophotometer ( Eppen-
dorf) . The RNA quality was assessd by gel-electro-
phoresis o enaure the integrality. The dNA s were
gynthesized fram 50ng of total RNA s according o pre-
vious reports®! using the Switching M echanisn at 5’
end of RNA Transcript (MART) dDNA L ibrary Con-
struction Kit (Clontech) . Briefly, 50ng of otal RNA
was reverse-transcribed at42  for 1h at the presence
of both 3'BD MART DNA synthesis (CDS) primer
1A (5 -AAGCA GTGGTA TCAACGCA GA GTACTVN-
3) (N=A, C, G, orT; V=A, G, orC), andBD
MART 1l A oligonucleotide (5'-AA GCAGTGGTAT-
CAACGCAGAGTACGCGGG-3') . Then 2u L of first-
strand reaction product was added into each 100 M L
long-distance PCR system containing 0.2 UM PCR
priner (5'-AAGCAGTGGTATCAACGCAGAGT-3') .
TheLD PCR paraneterswere 95°C for 15s and 65°C
for 30s and 68°C for 6min regectively on Perkin-El-
mer PCR Systam 2400 for 20 cycles Fivemicmolitersof
the anplified productswere sgparated by electrophore-
sison 1% agamo<se gels
1.2 Plasnid preparation and ssquencng analysis
The dONA swere ligated o pMD-18T vector (Pro-
mega) and the plasnidswere used o trandom E. coli
DH® sauper canpetent cells The plasnid dDNA li-
brary was plated to gppropriate density  pick individ-
ual colonies 944 colonies (with insert lengths of >
150 base pairs) were randamly picked for single-pass
squencing of the 5'-temini fram the above constructed
MART DNA plasnid library. DNA squencing was
perfomed using dRhodamine teminator cycle squen-
cing Kit and ABIl PRISMT™ 310 Genetic Analyzer
(Perkin Eimer) . In order to identify sequences, all
ESTswere compared with nucleotide and protein s
quence databases of NCB | using BLAST through Inter-
net (http: / Mmw. nchi. nim. nih. gov) . All sequences
were canpared by BLASIN and BLA STX with the =
quences in GerBank, orthologs of known genes were
identified on the basis of three criteria percentage
match (usually >50%) , the length of match (usually
>100 bp or >50 amino acids) and matcheswere con-
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sidered o be significant only when the probability (P)
was less than 10" “.
1.3 Sami-quantitative RT-PCR

The ilated RNA swere repectively reverse-tran-
scribed withM MLV Reverse Transcriptase (Pramega)
and oligo (dT) 15 (Promega) as described by the
manufacturer. Total wolume for each reaction is 2% L
containing 19 L of the iolated RNA's, 10 mM of each
dNTP, 200 unitsofM MLV RT, and 40 unitsof rRNa-
sin® Ribonuclease Inhibitor with 5 X MMLV buffer
(Promega) . The reaction mixture was incubated at
37 forl.5h.

All of the resultant DNA swere regectively dilu-
ted 1 2, and then used as tenplates for PCR with Tag
DNA polymerase (MBI, Fementas) . Seven pairs of
primerswere synthesized (Sangon, Shanghai, China) ,
and usd b identify tissue distribution. Amplification
reactionswere perfomed in volume of 294 L containing
VL DNA as tanplate, 0.2 M each prmer, 0.5
units Taq polymerae (MBI, Fementas), 5 mM of
each dNTP, 1 xBuffer for Taq polymerase (MBI, Fer-
mentas) . The details about each PCR cycle were in-
cluded in Tab. 1.

A's a positive control for the RT-PCR analysis,

B -actin (B -actin-F. 5'-CACTGTGCCCATCTACGAG-3'
and B -actin-R: 5'-CCATCTCCTGCTCGAAGTC-3')
was anplified o detemine the template concentration
for PCR reaction efficiency under the same reaction
conditions as the 7 unknovn ESTs Briefly, alternate
cycle numbers from 30 to 40 ensured that the sami-
guantitative RT-PCR productswere in a linear range of
accumulation perfomed ten duplicate reactions After
the cycle numberswere optmized to 40 cyclesfor the 7
unknown ESTs andf3 -actin, the sami-quantitative RT-
PCR assayswere usd © evaluate expression level of
the 7 unknown ESTs

2 Realts

2.1 Gene identification from the 944 expressed
Fguence tags

After elmination of the vector sequence, 944
DNA squenceswere chosen and analyzed by BLAST
searches through Interet using NCB | database. The
average EST length was 553 bp. Of all the expressd
Lquence tags, 802 (84.96%) clonesof known genes
represent transcripts of 461 genes, and additional 142
(15.04%) clones were identified as unknovn ESTs
(Tab. 2).

Tab.1 The length of 7 unknown ESTs oligonucleotide primer ssquencesand conditionsused in RT-PCR anaysis

. L ength of Annealing Cycle number
Catego | Accesson| The length of The length of »
o Sequence (5'-3") anplified DNA| temperature of
ries Na unknowvn ESTs| prediction ORF
fragment (bp) (°C) RT-PCR
CCTTTGCGA GA GA GCA GTCGGTTCA
EG009335 991 159 851 51 40
TCGCGTAATCA GCTCCCTTCTA
ACTCCCACAATGCTCTACTAGCC
1 EG009336 597 243 479 50 40
CTGGTTGTGTTGGTATGGAATGA
GGGAA GAA GACACA GGCTAAAGGC
EG009339 580 165 329 58 40
A GAGACCCAACGACGGGCGATT
GCCCAGCAGTTTGTGAAGCAGCCATTC
EG009337 1358 381 1184 51 40
GCAA GGGTGA GGCATTCAGC
2
ATCA GCA GACACA GCCCTCCGCA
EG009340 589 174 455 58 40
CCTCACTTCCGAAA GGGCACTAA
GGTCTGTGAAGGTGCTTAGC
EG009338 527 222 419 53 40
CACAATGCCATCTAACCACTGAAG
3
TCA GGCGA GGAA GA GAA GCGTGGT
EG009334 512 273 416 53 40
CTGAACCAA GCAACATGACCCAC
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Tab.2 Gene categorization of 944 Chinese sturgeon pituitary ESTs
Categpry Number of clones N umber of Redundency Expression

sequenced genes factor (%)
1 Gene inwlved in the protein translation machinery 38 22 1.73 4.03
2 Cellular structural genes 16 12 1.34 1.69
3 Enzymes 26 22 1.18 2.75
4 Trancriptional factors, DNA repair and DNA -binding 13 9 1. 44 1.38
5 Genes inwlved in immune systan 7 7 1.00 0.74
6 lonic channels, metal metabolisn, <rting proteins % 17 153 275

and trangorters

7 Proto-oncogenes, tumor-related proteins, tumor suppresors 5 3 1.67 0.53

8 Homones, receptors, and regulabry proteins 133 14 9.50 14. 09

9 Development and differentiation-related proteins 15 9 1.67 1.59

10 Stress induced proteins 3 2 1.50 0.32
11 Genes inwlved in lipid metabolisn 1 1 1.00 0.11
12 Genes hamologous to human mental disase-related genes 1 1 1.00 0.11
13 Genes hamologous o sequences of unknawn functions 341 329 1.04 36. 12
14 M itochondrial genes 161 10 16. 10 17. 06
15 Other genes 16 3 5.33 1.69
Subtotal 802 461 1.74 84. 96
Unknown clones 142 — — 15.04

Total 944 — — —

2.2 Functional categor ization of the known genes

The 461 known genes were categorized into 15
goups according t categories described previously
[4]. Among the known genes, the genes hamologous
to knowvn sequences of unknowvn functions are the lar-
gest group, which acoounts for 36. 12%. The following
groups are: 22 in genes inwlved in the protein transa-
tion machinery (16.7%); 12 in cellular structural
genes (9.1%); 22 in enzymes (16.7%); 9 in tran-
<riptional faciors, DNA repair andDNA -binding pro-
teins (6.8%); 7 in genes inwlved in mmune systams
(5.3%) ;
orting proteins, and trangorters (12.9%); 3 in pro-

17 in ionic channels, metal metabolisn,

to-oncogenes, tumor-related proteins, tumor ppres
ors (2.3%); 14 in homones, recgptors, and regular
tory proteins (10. 6%); 9 in development and differ-
entiation-related proteins (6. 3% ) ; 2 in stress induced
proteins (1. 5%) ; 1 in genes inwolved in lipid metabo-
lisn (0.8%); 1 in genes hamologous o human men-
tal disease related genes (0. 8%); 10 in mitochondrial
genes (7.6%) and 3 genes (2.3%) lacking enough

infomation © be classified. A summary of the identi-
fied known function geneswas shown in Tab. 2. The
132 distinct known function genes are iolated and re-
ported for the first time in Chinese sturgeon. The dD-
NA sequences of known genes reported in the present
study have been deposited into GerBank database at
NCB | with accession numbers fran EC268297 1
EC268399 and EC324431 b EC324459.
2.3 Abundantly expressed genes n the pituitary
Of the 944 EST clones identified by BLASIN and
BLASTX, themost abundant DNA was FOMC ( Pro-
opiomelanocortin) , which was sequenced 96 times,
acoounting for amost 10. 2% of the transcripts in the
pituitary, indicating its important function in the pitui-
tary. The tp 10 abundant ESTs weree PFOMC
(10.2%), 18s IRNA (8.4%), mitochondrion gene
(5.1%), growvth homone (1.9%), AfuG microsat-
ellite gene (1.4%), cyiochrome ¢ (1.3%), 28s
RNA (0.8%), secreograin Il (0.6%), cyibo-
chrome b (0.5%), MRNA 39 (0.5%) . These p
10 genes acoounted for aimost 30. 7% of the 944 =
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quenced clones (Fig. 1) . Among the top 10 most
abundantly expresed genes, 3 were related © riboo-
mal proteins (18s IRNA, 28s IRNA, and RNA S39
ribosomal protein) .

1102

Percentage (%)

Fig 1  Expresson percentages of 10 most abundantly expressed
genes in the Chinese sturgeon pituitary

2.4 Tisue digr ibution of 7 unknown ESTs

The dNA squences of 7 unknovn genes have
been deposited into GerBank database at NCB | with
accession numbers fran Eg009334 to Eg009340. To
analyze the 7 unknown ESTs 7 pairsof primers (Tab. 1)
were gynthesized and used o detect the tissue distribu-
tion by RT-PCR. Their RT-PCR analysis revealed 3
different categories of expression patterns The first
category includes 3 ESTs that are detected in sme tis
wes For example, EG009339 mRNA was expressed
abundantly in pituitary and ovary, dlightly in heart,
liver, leen, and muscle, and no signalswere detec-
ted from other analyzed tissues (Fig 2e) . The second
categories (2 ESTS) were very important and interest-
ing because they only expressed in pituitary. A s showvn
in Fig- 3c, the EGD09337 mRNA was expresxd in pi-
tuitary, and no signals can be detected in any other tis-
ues The third category were al very attractive, they
were desribed as pattern of EG009338 and
EG009334, which were pituitary and ovary gecific
gene (Fig. 3d and 3g) .

3 D iscussion

Expresed sequence tag (EST) analysis, which
urvey sequences contained in ADNA libraries is a

bp M H L S
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Fig 2 RT-PCR detection of 7 typical unknovn ESTs (a-g, asshowvnon
the above) in different tissues, such as heart (H), liver (L), $leen
(9, kidney (K), muscle (Mu), testis (T), ovary (O) and pituitary
(P) B -actin (h) wasused ascontrol. NC: negative control of PCR. M
is the 2kb DNA L adder marker (TaKaRa) . A rrows indicate the
anplified fragnents and their sizes are shown on the right

powerful gpproach © identify nev genes and profile
gene expression in cellsof a tissue™™* . In this study,
we described our primary work using an EST goproach
for the identification of genes in the pituitary dNA Ii-
brary of the 4 year-old male Chinese sturgeon. Among
the 944 sequenced clones, we identified 461 known
genes (802 clones) and only identified 132 known
function genes from the 944 ESTs Sume reaons may
be ussful © explain the factwhy only 132 known func-
tion geneswere identified fran the 944 ESTs For ex-
ample, many genes could be novel and therefore there
are no orthologs existing in the GerBank, and there ex-
ists lov sequence conservation anong many sturgeon
genes with those in the GerBank. Therefore, longer
fragnents should be sequenced o reveal the hamolo-
oous sequences™’ .
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FOMC (proopiomelanocortin) is the first abun-
dantly expressed gene, which accounts for 10. 17% of
the Chinese sturgeon pituitary ESTs FOMC is typically
composed of segments for adrenocorticotropic hoimone
(ACTH), lipotropic homone (LPH) and N-teminal
peptide, and each segment contains one melanophore-
stimulating homone (M SH) , although a single endor-
phin (BEND) al® existsin theL PH segnent[zg] . Thex
*gnents can mediate many physiological processes
uch as «Kin coloration, steridogenesis, energy bal-
ance and food intaké*®’ . Moreover, in relation © re-
production, transcriptional activation and/or repression
of FOMC have been reported in sveral studies in late
gestation and during active labor in manmals® . It
is generally recognized that the opioid peptides inhibit
GnRH-mediated LH release and interfere with the GiH
stimulabry effect on gonadal sex steid production' ™’ .
In our previouswork of a 24 year-old fenale Chines
sturgeon’s pituitary EST library (data not shown) , the
FOMC is the second abundant gene which accounting
for 7. 26% of the whole EST library. Our reqult sug-
gested that FOM C should be highly expressed in the pi-
tuitary of Chinese sturgeon. It would be interesting
do furtherworks o reveal the FOMC’smolecular mech-
anisns and its characteristic in this ancient ray-finned
fish fram an ewolutionary point of view.

Three different categories of expression patterns
were observed fran 7 unknowvn genes and sme inter-
ested geneswere revealed fram the expression pattern
analysis For exanple, the EG009338 gene and
EG009334 gene only express in the ovary and pituitary
(Fig 3dand g); the EGO09337 gene and EGO09340
gene were pituitary Pecific genes These suggested
that they might be very important during reproduction
regulation and sx differentiation. Further investigation
on these geneswill provide useful sight for physiologi-
cal functions of pituitary in the Chinese sturgeon.

Chinese sturgeon is an endangered ecieswhich
under the first rank protection in China nov because
sme danes such as the Three Gorges Dam and the
Gezhouba Dan blocked the migratbory route of theam.
A Ithough the success of artificial propagation based on
the wild sturgeon ceptured just belov the dan was

achieved in 1983, little molecular infomation was

known with regards o the reproduction regulation and
X differentiation. In this study, some reproduction
relevant genes were identified and ilated. Further
studies on their functionswill be very useful for better
understanding the mechanisnsof its reproduction biolo-

gy.
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