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FEBME TS, MRA RS AN RE,
H 20 th42 70 - o 3 & 4] cDNA 37 K& [] it DA
K. HE cDNA XECHAIRIEER,F 5
REERAFINESFRZ—. WEFHIYHY
FRENMARENEENNSBR[E, NSIPER
RE B B5 SRS 2R A4 IR 9SS B
BEERVEM. Bk, B8RS4 E cDNA XX
FE s AMUFT MR R BX — A WM e e, m
BRvpe R EBEREE K —5 T R H S HEHE
AT M E R R .

& B 4R & B E (thyrotropin, thyroid-
stimulating hormone, TSH) & if 3 {& 43 1} B9 {2
BE R BR B A K AL BE 9 B R, R AR i B R BR 1Y
VLB AR AN RIBRE K PR ES T EHER
HEMEH., EWILE, HES05 WA 52 2REH
WRIE B £ B B B £ (thyrotropin-releasing
hormone, TRH)IE /1 # 7 X HRIEEE WA K
R, TSH 2—-MRR_BAEEEARE,
HIERF R o EEMEFER B WE DRI
BEEMR. ER—YMF, RR_REEAE
K o« WEAMR , LI 6B v 68 5 IR T B 3 L BF 19
BHEA L, B WEN 52 AR A A XN, Bl
2% TSH AR B WH Y Ta k(U0 H i T &
IR R R H WA LARGE .

A3 W A CloneMiner™ cDNA 3¢ B #1R,
FE&EMETHE KSR cDNA SCE, IF 8 3 B
W FREERE TR RBEREERN B EEER,
F YR H cDNA FHH#AT T 447, R4
PR ER T 5 55 HE 3h W R AH B 1
HATRIVRE I T B s Ra LR .
AT T RERE KB AR AL+ mRNA
RESW R — R ED R ¥k .

1 ME5FE

1.1 ##

H BRI S T S BUK = BHER FRA R R4t 4 ¢
TR GIHE S — 2, KPR Ry 78 cm,
RBREN 2. 60 ke HEMARK Y 77 cm, R E A
3.25 kg, 2 R E KB LIS 57 B BAN L 2 4K L JIFIE
O BELRE L F BEE PSR LER LB B B2 ARG BE L DL
. B, BB, ETRASRXRE.FT
- 80 CHEIKIEIKE &,

1.2 &A#H

RNA B H] & Trizol Reagent, 3 FE# &
74 CloneMiner™ ¢DNA Library Construction Kit
& Thermoscript™ RT-PCR i 57 & ¥y iy B
Invitrogen A ], E. Z. N. E. i B BRF &N
Omega Bio-Tek 2 &) j© fi. Taq ¥ B MBI
Fermentas 24 &) #& 4t , Ho 4 0 B ™ 4 g il A
YA BRGI Y FF WE 1)K DNA FF 3l E H
R EYHARE FRA F (Invitrogen) 58 1,
1.3 FH#&E

% RNA # & A K 50 I R R R R
1 mL Trizol# 1.5 mL B.0& o, 1 mL — &
HHERMITOE ., SEBEBRBE 5 min FMA
200 plL @45, % 15s, IR M E 10 min, F
4°C,12000X g B.0> 15 min, BB EEZE —HK
1.5mL B.LEF.IA 00 pL RNEBEES,.&E
10 min J&, F 4 C,12 000 X g B £» 8 min, # I
B BN BB EAR,. K TRE. BTEE
DEPC 43 iy K o, 540 0656 B 1 Ll e 2
B, PR

cDNA L B HE L ¥ i & #% Clone
Miner™ 3¢ FE ¥ 2 A ) & B /FE R, X K8
cDNA SCE#1TY KRR, BAERENT.
B 3 pg & RNA, £ biotin-attB2-oligo dT #lI
SuperScript™ Il Wi %% FEFEE R T #17 R =
HRHITHE DNA RA M 1 40058 8. WE
cDNA BAWERE attBl L FEHEEN L5,
PR PR ENIC iR € cDNA 3B, R/ R
F500 bp B cDNA H B4 150 ng 5§ pDONR™
222 Bifkii1T BP EA M. W EHYWHEEL
#| ElectroMAX™ DH10B T1 Phage Resistant &
ZAMMEE,F 37°C, 225 remin ' §53: 2 h, RS
AZ IR R ER T (60% S. 0. C 1%k
AN HMH, BREUE . AREEGERAET
- 80 C #KIEIKIE.

B 100 pL SCRERE R, HEATWR E B E R RS 3
WE LB RHMREFEL . TEXENEES
EAR. BRI 24 Mk, 37T CHEFELAERE,
FRRE N YIEE BsrG 1 g U146 I PH 14 72 & 2 A
SERIEA R B R,

VIR SCEHATY 3, 3 J5 ORI MR
ERBEIFER, BIMMBEEER 21, 37 CHH
BRE . HBEEBO T AR E .



B3 2 B 5 BE B Pk B FH M T B, 2
M13 5|9 5 , e BUE A R Be K T % F500 bp
W5 BE AT ¥ FI W, BT DNA il 3 A R
ABI 377 % $k75 19 cDNA F%I# ¢ BLAST 5
Br % B FE (GenBank) B9 77 51 # 17 e 8, R B3R
R SR HOR AR BB R B MEZE (TSHR) cDNA
o, & w8 BOEsE.

4+ BB F DNA STAR K& CLUSTAL W #
HHTEERTIEIFIMEIREEST . REMK
e PAUP 4.0 b10 58 R, H o & K f 4 #
(maximum parsimony, MP)[MEHFH B &R
HER, SMEEREARFMR, SEABEE
g, B B % (bootstrap analysis) % >4 1000
W, 4B (Neighbor-joining, NI) B4 H mean
number of pairwise character differences (MEAN)
FERG 445 2], [F] it SR A Bootstrap 1000 #258 R 4t
WESXHERE,

F£1 PCRYBHASIYRFT
Tab.1 Primers for PCR analysis

Bk} R GB'—~3"

primer sequence(5’'—>3")

M13-F GTA AAA CGA CGG CCA G
M13-R CAG GAA ACA GCT ATG AC
dnTSH-F GTA GCA TCC ATA CTC CTC TG
dnTSH-R TGT TGC ACT TAC AGG TCA C

185D AGC AAC TTT AGT ATA CGC TAT TGG AG
185-U CCT GAG AAA CGG CTA CCA CAT CC

TSHR & AR v RiA  HERLERSAH
21 RNA % &, 22 DNase I(Invitrogen, Amplification
Grade) #b 3 )5, # BB Thermoscript™ RT-PCR i
B, B 1 pg RNA #AT R % s H L 0.5 pL OB 5%

a6 ™
K>
0.5kb
0.25kb >

=Y kMM, A dnTSH-F # dnTSH-R 3|4 3k
1 PCR#"# ., PCR RRiARN 20 uL, KN BRF
94 CHiAE M 3 min, S5 35 MG 94 CHE
#: 30s, 55 °C Bk 30s, 72 °C #&Efh 30 s, B&J5
72 °C %&f# 5 min, DA 18S-D,18S-U #5|#, 4K I
BPCREF,¥H 18S,/EAATSEY. B
5L RT-PCR =#7E 1.5% B8 - s 3k
F§ BIO-RAD GELDOC2000 i H ¥k & 4% 3 17
T,

2 #R

2.1 ¥ RNA W12

FASE 53 J6 06 BE I B K8 4 4 5 RNA
Al B MR B, o Assonn/ Assonm 8 1. 985 WK FE R
1.3g°L7", £ 1 %35 M 6 st ol ik 4 0, W] 2%
# 18S A1 28S rRNA B 4B 52 1975 , R ik, BT 42 X
B9 E RNA REMF S ERER,
2.2 cDNAXEMME.¥FESRELN

WEE cDNA REYWLEEN 448G, RAK
FOPARENIC L S R 1 B cDNA: R 35 2 % 0 1
pEXP7-tet ¥R , A B K& DNA WRFE, B RE
X EBRIH DNA =&, 55 W& T4 200 ng X
F Bt cDNA A FIUEME.

KB cDNA SCEAERBIRE N 107°8), 4
A 50~100 N ATEE KB SCEFETHEAR
BE CefuemL™") = FLRES X i B AE 50/ 3 BT 44
M85 KM cDNA 3CE KR E R 5.0 X 10°
cfusmL™", PAMLPKEN 24 1~ 5EfE,37 CH BT
BB EN, REH BsrG 1 ST I X 2,
1.5% BHIRFMESER KL (B 1D, XY Ei%
BTG 0T, R KB cDNA XEEHE R
91.70% , 3% A BB K/ EE 0. 35~3. 9 kb, - K
/KR 0.791 kb,

M1 2443EKEWM BsrG TEEYIE
Fig.1 Electrophoresis patterns of 24 colones digested by Bs»G 1



cDNA XY 5, R MR ER 4 ¥
10° cfuemL™?,
23 FIANERREAREBEEZITEEER
cDNA B FF 51 43 #7

Fi M13 5] 4%t B M 5 B 3 47 PCR # T (&
2), ¥k 200 MEA R K F % F 500 bp B FLRE
BATFFI M E . BTl J¥ 5] 4 GenBank £ R Al 4
YIREFH®, RAA 51 1~ cDNA F BEF5 L
HEMRBEE.20MNFBRSEREMNERERR
FEME. 77X 20 M EAREEMRFEYE 3R
BRAERERBAR . REFHXNERERE
A, aFEEPRERRER AR EERE R
FERAFE D HP=AmEANEFRERE B
TE cDNA, B2 KT, BKEHR 705 bp, 18
& 417 bp FFHORHE, R BIFRE R 138 M EE

B, RIEEECHEHRZIY TSHE EENFES
IR FE IR 4 LR &, HEW K8 TSHB WEAF 5 Ak
R 19 ANEER, MR B EER MBS 19
HER(DAFES KIS, FHE 119 MEERAR
B TSHE WEERAK (B 4, FIHBRERE
B, 7EHHES Y TSHE EREEBRFHI ., # &
AEMAFR 12 PP BREREE (B 5, 4 B
F TSHP ¥E 2 % BB 58 3.17.20,28,32,53,
68.,84,86.,89,96,108 i,
2.4 HEKXE TSHp SEBRHE LS H

254 SCHERHE K GenBank W F BB HES
TSHR &EMIFF % 17 M #sh ¥ TSHR R
JREISE 1 258 12 A f Pr & FR R 5 (1 F R T 7))
AT T TR R oM. X 17 AN YR a5
K : 4l (Rana catesbeiana)™™ . A A d5 (Bufo

B2 sPEXSE DNA SCFEMYLYE SRR PCR 453

Fig. 2 PCR electrophoresis patterns of the representative clones from the brain
c¢DNA library of Andrias davidianus
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A RPRBUEEFEBEE; B AALEEHR; C. AKYUFER
Fig.3 The results of blasting with TSHS, prolactin and growth hormone cDNA

sequences of Andrias davidianus

A. TSHB, B. prolactin gene, C. grouth hormone gene

japonicus) (BAB93563) . JkE ¥ JR ¥& ( Xenopus
laevis) (LO7618) , H 42 e ( Pelodiscus sinensis)
(AAT69236 ), & 8 ( Nipponia nippon )
(BAC07313 )., & B ( Anas platyrhynchos )
(ABB71120) . ¥ (Gallus gallus) (057340), A
(Homo sapiens) (NP_000540) , & (Bos taurus)
(P01223) . Kk B (Rattus norvegicus) (P04652) | Bk
VBB HH (Anguilla anguilla) (Q08127) , H 7 45 #ifi
( Anguilla japonica ) ( Q7TZZV4 ), ¥ fi

(Ctenopharyngodon idella ) (BAA20083) ., fif
carpio ) ( BAA20082 ), T #4
(Oncorhynchus mykiss) (P37240) , #3 (Acipenser
baerii) ( CAB93505) #lI fiti i ( Neoceratodus
forsteri) (AJ578039),

S B B 5 ) R i TSHP & 35 BR ¥ ) 47
57, 45 R BRTE 106 AL E H L 3H 79 4
RS HFE 1M AHARFEAL, MP &
B — BB AR, KoK R 336, —B A

( Cyprinus



1 ATG CAT TCC GTIC TTC GTA GCA TCC ATA CTC CTC TGC CTG GCG TTC GAG CAT GGG ATC TCA 60
1M H#H § vV F vV A § T L L ¢ L A F E H 6 I § 20
61 TTC TGT GTIT CCT ACT GAA TAC ACT ATG TAT GTG GAA AAC AAA GAG TGT GCC TAC TGC CTG 120
2lF C Vv P T E Y T M Y V E N K E C A Y C L 40
121 GCC ATC AAC ACC ACA GTT TGC TCT GGA TTIC TGT CAC ACG CGG GAT CCT AAT CTT AAG GAG 180
414 I N T T VvV €C §$ 66 F €C H T R bD P N L K E 60
181 GGG CTC CCT AAA AGC ACT CTG TCT CAG ACG GCG TGC ACC TAT AAA GCC TAC ATT CAG AAG 240
606 L P K § T L § @ T A € T Y X A Y I @ K 80
241 ACA GTA TTG GIT CCA GGG TGT CCT CTIT CAT GIC AAT CCC TAC TTC TCC TAT CCC ATG GCC 300
s1tT V L VvV P G C P L H V N P Y F § Y P M A 100
301 GTG ACC TGT AAG TGC AAC AAA TGC AAC ACA GAC TAC AGT GAC TGC ATA CAT GAG CCA ATA 360
1rv T ¢ K ¢ N K ¢ N T D Y § D C I H E P I 120
361 AAG ACC AAC TAC TGT ACC AAA CCG CAG AAG ACT TAC AAC ATG AGG TTT GCT ATA TGA 417
122K T N Y ¢C T XK P @ K T Y N M R F A I = 138

M4 wEXS TSHR EE cDNA F5 AN W& ERT 5]
RLMA HESK, » RELEB/T
Fig. 4 Nucleotide sequence of Andrias davidianus TSHR ¢cDNA and the deduced amino acid sequence

Signal peptide of Andrias davidianus TSHR is underlined. The translation stop codon
is designated with asterisk ( * )
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Fig. 5 Multiple protein sequences alignment of vertebrate TSHf3 mature proteins

Amino acids identical to those of the Andrias davidianus are indicated by a dot (. ). Hyphens (—) have been inserted
to obtain maximum homology. Twelve conserved cysteine residues are designated as C1 through C12 in shaded letters.
wdenotes one putative asparagine (N)-linked glycosylation site is conserved
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(consistency indices, CI) . 433 ¥ 8 X (retention
indices,RI) K T B Il & — 3 1 48 % (rescaled
consistency indices, RC) 4y 824 0. 747, 0. 744 #

0.556, ZMF X HBEE X HELE 6, NJ
W EE T MEAN JES, R B B RO
THRHERTF 50 % B—FHE D,
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Fig. 6 Phylogenetic tree of vertebrate reconstructed by Maximum Patsimony (MP)

algorithm based on TSHf amino acid sequence
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Fig. 7 Phylogenetic tree of vertebrate reconstructed by Neighbor-joining (N]J) algorithm

based on TSHR amino

acid sequence



RESHAEIE MP A NI W IR it 2
F—2 . BOMRERaKREE oLk Eiifh .8
BoRm AR S A s RE—R. WENES
Y (IEPISh Yy LR sh ¥ KB, ST
3 Fo R — ST R WA B4  JF Hh B TR AT 3 v
B R, R FBR LG B AL s 53 — SO
RBhY) , T PL2K 5 3K R B AT I 4 A, BT L TSHP
RG] ARSI R BB  RAE R R

2.5 HEXEGEHHALA G TSHP mRNA Rix
S

FA B 5o BT 2 a7 19 € & RT-PCR 43 #F
Tkt E KA 16 F A S BTN, &R m
B 8fim, 16 a4 pg 18S BN KX MIE, T
TSHREH RAEEK EBESR Y H K, SH
TSHBR REE|MA& MR F KK, HoEMAE TSHB
KA B FHE TSHB,

B8 rE AL TSHR fl 18S mRNA FEik L E& RT-PCR 44
A. 18S; B. TSHB
15 2. 2483, Lok ;4. WAL ;5. FFAE ;6 B§LAE, 7 AR O 8) ;8. 83,9 i1 10. B 511. 45
12:325%;13:}]5% ;14:,1]“%' ;15:‘% ;16:%%;1\10: lﬁﬁXﬂ‘Hﬁ
Fig. 8 RT-PCR analysis of the tissue distribution of TSHf and 18S mRNAs in Andrias davidianus
A. 18S; B. TSHB
1: Brain; 2 Pituitary; 3: Heart; 4;: Kidney; 5: Liver; 6: Spleen; 7: Gonads; 8: Eye; 9: Lung; 10;: Stomach; 11: Intestine;
12: Skin; 13; Fat; 14; Muscle; 15; Bone; 16; Bladder; Nc: Negative control

3 Wig

XERENFAEEA=AEESR . ER.
BEHXERBAR BN, ZEFTEHERAR M
RF MR CENTERER: RRXEE
ZHFHE 5. 0X10°~5.0X 107 cfusmL ™!, BHE K
F 90% , A K Wi AR/DTF 0.3 kb, 4R A K B
AKF1.0kb M, ARSCLERFW, FTHEKN K
i cDNA XEFRE R, EidHE s cDNA
3CRE, — 7 T B PA— R Mk AR K B R R IR
S5 — 75 W BT LA A o BB R . R BT G R R
Southern 232 # K HLELW F F R 0 FEY*
BARRIREARBARK RESMHEERN, £H
RESKEFEHLIF, RIA 51 4~ cDNA F B
FHEHBHRESE.20 M BRE5ERENER
FREREESE, HPaf P REREER AK
BEEAMBARERS., RBELAK. REHX
3 R R4S Ry 1 — 25 50 9 2 A R N AL AR 4R 43
ek, FIWE2E7E5 1 3h W B i b b Ak T — MR
WAL R, W BEAT N A W R, TEHIE L, AT
BEMNEE BN WFNE L=, 1]

S SE BB AR AR AR R IR LIRS R IE

AR5 58 3 SCPE BEAL I B I 5 , LT3R5 K8
{RHUR RS E B EE cDNA 2K 55, fFEFLE
RS Y TSHR E HF 5, AR EmFLK,
WHEAEEMMERM 12 AP ERERE, BAIER
RAKHAITE N 6 s, % TSHE WEEH M IE
WY B R 25 R 4500 S AR 2R R MR S
KBIEA., AN ERE =58 ERRE
FFAE—METFRRLERBREEE R
HIN-X-8/T, BEAEATHEEEAREE
EYEESRSE R E, AR EBEPER,
AR R g es . RIS
LR, TR R kR TSHR K388 55 5 Hi il
Feok ik R KRB R — & 3 Y 8 IR 4 4 30 R
53.6% .52.2% F160.3% ;& F RICITR. 5K K
T FL I AHIPE (60. 9% ~61.9%) , (HA B F 5a%K
B R YR PR (37 Yo ~42 %6 , {83 R 53.620) . XL RR
S HRUE RIS Y o Kb — B A A 2R
P, HTE R, TR BT TSHB % A 3k 1k 3 2 i R
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Construction of ¢cDNA library from the brain of Chinese giant
salamander Andrias davidianus with cloning and sequence analysis of
the cDNA encoding thyroid-stimulating hormone B-subunit
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LIU Xiao-chun', MENG Zi-ning';, HUANG Jun-hai’, LIN Hao-ran"?

(1. Institute of Aquatic Economic Animals and Guangdong Provincial Key Laboratory for
Aquatic Economic Animals, Sun Yat-Sen University, Guangzhou 510275, China;
2. Animal Science College, South China Agricultural University, Guangzhou 510642, China;
3. Ocean College of Hainan University, Haikou 570228, China;
4. Doumen Golden Salamander Aquatic Technology Limited Company, Zhuhai 519100, China)

Abstract: Chinese giant salamander (Andrias davidianus) is endemic to China mainland, which is the
transitional style for evolution from aquatic fish to reptiles. In order to save the cDNA genetic
information of this rarity and clone some hormone genes, a cDNA library from the brain was
constructed using the CloneMiner™ c¢DNA Library Construction Kit. The titer of the primary library
was 5. 0X 10° cfusmL™!, and the recombined efficiency of cDNA library was 91.70%. The average
insert size was 0. 791 kb, while the titer of the amplified library was 4. 0 X 10° cfu*mL™!. Random
sequencing of 200 cDNA clones generated 20 sequences of high identify with the known genes,
including thyroid-stimulating hormone B-subunit(TSHB), prolactin and growth hormone, suggesting
some full length cDNAs were contained in the library. There were three clones of TSHB, which was
705 bp in length, including an open reading frame of 417 bp. The deduced TSH subunit contained 138
amino acids consisting of a putative signal peptide of 19 amino acids and a putative mature protein of
119 amino acids. The deduced amino acids of the Chinese giant salamander TSHf mature protein
shared identities of 53.6%, 52.2% and 60.3% with bullfrog, Japanese toad and xenopus
respectively. The vertebrate TSH protein sequences were used to construct Neighbor-joining (NJ)
and Maximum parsimony (MP) phylogenetic tree. As analyzed, A. davidianus derived from amphibia
first, which could reflect its original evolutionary status. RT-PCR analysis indicated that the TSH
mRNA was expressed abundantly not only in pituitary but also in gonads.

Key words: Andrias davidianus; cDNA library; thyroid-stimulating hormone B-subunit;

tissue distribution



