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WE (R %K 4E R E(luteinizing hormone, LH)7E # £ B F a2 . HE A X EBRAZ AR T HAEE
FAEJR 1t [ IR 7 R K 1T £ B & 88 (Conger myriaster) LH #£ /] CDS X 77|, A JH 4 415 B #8514
Mok B & A& 54, R ERZRAEL U LH & ATk %K, wBikE LH
L H CDS X % 423 bp, 4 140 N & AL B 04T LH 2 & 38 (M T 4o, AR X 20 F JE  15.56 kDa,
HEBEH E N 585 BFRAMMTAN, LHEA N FAMEG; MEERMERERXMNERL T,
HAr 122 NAFER N E TR, TEE X ; &M 0T, A AR T ERELN GHB £ 43 (d 27~132
fLHg 105 MEEBRAR); Tk, LHE A EE T 00T @; R a s Rt
AR, HEE 1D NBEEMLEF I A O-BHMAE, £48H 17T NEBENBBRMALE;
LH &8 —REMEESH -2 (13.6%). B-1 & (25%)F8 THLI % #(61.4%); it = F A i &
M, H£5 H R (Anguilla japonica) LH & & = R LM A HL, 5 A(Homo sapiens) LH & & 1) = &
EMEE—EEZR, ZFIAMHRREREMANERE T, LH 5N B8 (4. anguilla). 1655 47
(A. marmorata)fn H R x ZEIT, BIREDF] O 92.14% . 91.43%H1 90.71%., 142 1y E 41 it
#r pET-28a-LH % Rosetta (DE3)&Z A4 sk, HERANTAME LHEABSEALTE
SDS-PAGE #, J Il % Western Blot 2 & # 4 % 26.5 kDa, 5H iRk th»FEMME., ZHRNE
TERER LHAFNN > FRHRAEREAYRES T HM, VEZEREFBATLTRANM AR
THREZ,
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02 BB R A (P & A FIORS A) F s (B
20 L S RIORS )X 2 AN A B B B S AR i = A=
AN ] A= FE R 45, BV 1 R 3R (gonadotropin
hormone, GtH)H12i [ F£# 2 (Ramos-Judez et al, 2022).
R TR A 2 F GtHs, BRI 51 313 3K (follicle-
stimulating hormone, FSH)FIiE # {44 1% & (luteinizing
hormone, LH), ‘{1t — 2 Fl3 25 MBS & Bk,
FEPERR AR L B AL s FSH A LH 7RI MR &
BRI C - R ik b A 45 A [6] 1 2E 31 ) BB (Zhang
etal, 2024), FSH Al LH 250 — Rk, BA IR
o WWHEEHURTE Y B 3, LHP H FSHP B H R G ARF
P (Fakriadis et al, 2024), TEXHSBE T 6F(Paralichthys
lethostigma) 52 & B, B S () LHPB WE3E mRNA
RIKIKTE = A B, BEBTH S5 O RE 20 Y
e 2 R LA R HE I A BP A R B (WA R 48, 2014)
TEF W5 85 (Cynoglossus  semilaevis) ) B T 1l i 1)
FIGR L0 M A ), LHB (5 ¢ 2 25 54 (Shi et al,
2015), #4bh, TFEEGLA(Scomber japonicus)t T & A )
FUXE LH 7R & B, HAE ARk i B 2k
A, ABTEPERR BCAR Be R A R GA R B, AR
FC SRR AL SRS [ IR 195 B 89 A A HE
I (Nyuiji et al, 2022).

TEK P SRR, R T v R B R ik
% % (gonadotropin-releasing hormone, GnRH) , 4§ If
fE P B 1% 2 (human chorionic gonadotropin, HCG)F1f
RS B ) AP IR R A T BOR Rt R+ & F
M (Ramos-Jadez ef al, 2022), {#i HE L LH 7] K2
fiff £ 28 A BE B R ORN R TR R 2R TR P B A R AR i
(Molés et al, 2020)., 4k, O A X 4Bt (Scatophagus
argus) (Zhang et al, 2018) , F[J B B #8655 (Heteropneustes
fossilis)(Aizen et al, 2023). K Z% &} (Scophthalmus
maximus) (B =40, 2021), ZEKHfdi(Diodon hystrix)
GRIESCAE, 2023) 5 25 LH e . 4] R IR IE i
1, 76888 H (Anguilliformes) fa 285 F 2 X6 R Y1 8 i
(Anguilla anguilla) (Degani et al, 2003)F1 H 7 8 i
(4. japonica) (Suzuki et al, 2020)(¥) LH JFJ& T 4 Z
5%, A% R RE T 88 (Conger myriaster) LH WA A5
EAER D

B SR AT D S R B L AR L i LA SO e
2 W SsfUR H AR AC FRME 382 oA o LR B8 AT B
PRGN, TR e B AR X R — (T
85,2020), LAk, AR 68 A BT R I 2 435 PR
ok, FEBEE H 53 2 (Zhao er al, 2024), HET,

BT B TE R E CE S T IR K IRAE L T ARTT
WK IRGE M SR AE A N T3R5 05 s AT IR
(BHT T4, 2024), EHANTIREM I REZR,
BN JETE N T IRGE A5 AF T 0 22 B o B8 AR e 1k 2 4
A, Tk N TS S B A8 A, AR T T R
F2 R 8 B BRI (S 5%, 2023) o AW i X
FERES 880 LH RN AT se e LU S AR W5 B ad o #r, O
R RB DT ARG TEA LHEH, DI —
AR 88 LH Y BE5E R 15 2 RE S E PSSR
NGRS E 4 LH & AE 2 A LA NoE
g1 AR (3t R

1 #MR57EE
11 k®s

S T FH A R S B8 1 L AR AR i BH T B K
A BT o T FhFRE S T ) B RE o 65 68 J5 4
FEAR R BEALEE RN | R IE R . B RO T 1
Fefi, SRR (578.4£12.5) mm, “FEAR TR
(330.6+5.2) g. SLHHIE T = NIEHFKIRH ARG M
3000 L FRFEKHE PR F2 Ik 2 A, A H a4
11K, 24 h FFEE 74, FRAKIRN 21.5~24.0 C, &R
<0.45mg/L, WH§REL A < 0.06 mg/L, pH 4ERF7E
7.8~8.2, EhEEN 28~32, WAHE =6.0 mg/L. KM
MS-222 P, R O R AR SR A TR AT
(196 C), JEkk A-80 CHAKIRKF PI-IF, HTE
RNA 21,

1.2 H RNA 2EF1 cDNA £—# &K

# F§ RNAex Pro i LR s, A EDIEEE ET
HBITRAZUP A E RNA, 3 1B (LR
iy, ) FL K S5 i 42 Az { (NanoDrop  2000C)
(Thermo, 3&[E)MIE RNA fy4lE FIHSE . 4% 41 cDNA
BN A OB, R EDBEWI K RNA TR
St WU —HE cDNA., FK7#H1) cDNA BURUIRAF 520
&

1.3 LH #[E cDNA BEER ST

D)L B 7 8 (A 2H 41 cDNA R AT LH K[
Yol BE T NCBI L OV A0 1 B R 88 35 W Fh v LH
FEH SRSy X F5, R AE Primer Premier 5.0
Bt vikE 51 Y LH-F (5-ATGTTAAATTCAGGGCTGA
CCTAC-3")HI LH-R (5-CTAAGCAGGGAGACTGGCT
TT-3)), HEICAETAY TR BOARAFE
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. i Bio-Rad S1000 PCR X ({4, Hrimyk)Fi i
ApexHF HS DNA R & B R -FS(F& Jukh G R i,
rh EDPRAVE UL B X FE A cDNA Bk 1T PCR 9731, 7
VI 1%3nt e B Fic P VRS #5325, B DNA 58 [l
WA & CCR, D EIf2li4k B (1) PCR 74, ¥4
H 4% #25) pEASY-T1 safe sk (24, ),
RIGHALE] Trans1-T1 BZASAM(24, TE)H,
WA T HA N EERCM, PEDBUE SRR
I, 37 T REFE, PREH M re gt =4 TAEY TR
() B BRA A . PCR KRR (25 ul): 12.5 uL
2xAccurate Tag Master Mix, 0.5 pL cDNA, 0.5 pL 1F
FRIA51#97,11 pL ddH,0,PCR 454 : 94 “CFiZ5: 5 min;
98 CAEE 10s, 55 ‘CiEk 155, 72 ‘CZEfH 1 min, 35
MG ; 72 CHEH 5 min,

1.4 LHEREMEEES

i A DNAMAN 6.0 Hil 7 fir 45 1) A2 5 75 3
LH FEHJFH) Bl A7 b Pf ez, R R R 68 LH
FER 1 58 B i [X (ORF) 7 91 I 4 7 H A B IR ¥ 91 5
A NCBI %48 2 XoF Dy e 45 14 3802 7 7500 (hteps://
www.ncbi.nlm.nih.gov/Structure/cdd/wrpsb.cgi) ; FE{k
4 Jii Wi ] ProtParam B A4E #4743 #1 (https://web.expasy.
org/protparam/); FE/KVESEKPEF|H ProtScale #A4F:
PEAT 43 M7 (https://web.expasy.org/protscale/) ; 5[5 [X Fl]
JH DeepTMHMM 7 4% ¥ 3 i#£47 1500 (https://dtu.biolib.
com/DeepTMHMMY/); {55 Ikl iz A SignalP 6.0
Server F #1743 M7 (https://services.healthtech.dtu.dk/
services/SignalP-6.0/) ; N-##HL LA 15,32 F NetNGlyc1.0
i 47 4 Fr (https:/services.healthtech.dtu.dk/services/
NetNGlye-1.0/); O-#iFAb (7 sz ] YinOYangl.2 i#
17 4+ i (https://services.healthtech.dtu.dk/services/
YinOYang-1.2/); BRRALAL 5 FIH] NetPhos3.1 #4753#r
(https://services.healthtech.dtu.dk/services/ NetPhos-3.1/);
L PSORT Prediction #F47 V4H I {37 5347 (https://
www.genscript.com/psort.html) ; & FH it — 2 25 44 38 i3
Psipred P4 7750 (http://bioinf.cs.ucl.ac.uk/psipred/) ;
H A5 AlphaFold 5 45 50 % P iR
(https://alphafold. ebi.ac.uk/), it NCBI 4k % (1)
BLAST #17 LH &AM FEEMEI T, R HALY Fh
M IR IT 5. 2 MEGA 6.0 BfF, DI4BH#zk
(Neighbor-Joining, NNMHA[FHFN LH R4 A F ik
A (E Y (N 1.000); 2R 88 LH ZAEMR 7515
HAAF 02 LH 24 5202 7 91 [ U5 iz e 2 )
Clustal Omega (https://www.ebi.ac.uk/jdispatcher/msa/

clustalo) 47 HEXT 437 o
15 #MELH ZEAMEARIEHAK

YGRS 48 LH JERF5), S8 pET-28a(+)%,
RCRAR, H D B 2 so e s HEFI RS, S Nde |
M Xho 1 18 R EFYIN 15, FIFHHAF Primer Premier 5.0
#it 1 SRS 4 LH-MF: 5-GGICATATGATGTC
AATCTACCCAGAATGCAG-3' fl LH-MR: 5'-AA
CTCGAG|C-TAAGCA-GGGAGACTGGCTTT-3', 7£5|
¥ LH-MF F1 LH-MR [ 5'3 5% B Nde T F1 Xho 1
RV 7 A5 (O HERRTE ). PCR ¥ B4 41 94 C il P
30s;98 ‘CA1E 10s, 57 ‘CiBk 155, 72 ‘CHE{H 1 min
30s, 35 MEH; fe)g 72 CIEMH 5 min, FHE3009 H
() B % 4 & pEASY-T1 sefE R4k, 7% {L 3] Trans1-T1
AL, WA T 2N H E R PO
I, 37 CRIpdRs g%, PRHHMEERE, i LB ik
FRILRESE f UKL DNA BEBGRH & CERH, P
P 4 Bk, pEASY-T1-LH, ¥ BRikE ik 24 T
A ) TR (i ) I3 A R w0 P B

FE37 CHMT, (EHBREIM:AYIEG Nde 1 F1 Xho |
(TaKaRa, H %)% J¥ u% 2 (%) 55 4 Jit ki pEASY-
T1-LH 5 pET-28a(+) &K 17 3 h XWAEGY], A EGY) ™
VI 1 %3 B e e A . XUV =0 R DNA
S R R & AT OOt alife, T4 i
(TaKaRa, HZA)TE 16 CAF MRAUGY) ™ Y)i%+H: 3 h,
RIGHALE] BL21 BS54 4, bE), 255
WA T & RIRER@E, T EHIUE IR
I, 37 CRltdRs g%, PREPHMEERE, (i LB ik
FRILHATR SR, R BEREWSEST PCR § 344,
Ji 8 i ok DNA 2 Bt &, $2 B 4L R
pET-28a-LH, ORI FE ik 24 TAY TR L)
U345 BR2S F) I e 361

1.6 LHZEHAZEBHBESRIE. 4L K Western Blot
IS IE

0 T B 09 L 4H JBORE pET-28a-LH %4k 3] 363k
W #E Rosetta (DE3)EAZ S, FE), kp
FERIBFEZ ISR b, 37 Cidni s,
HUPHPE e B (] LB ARG F2 35 5% 4 b, 5B
¥ %) 41100 mL % RABEE 2 (100 pg/mL)HY LB 557
Fe P REE IR E ODgoo [HM 0.6~0.8, SR J5 43l fin A 2¢
WelEJ 0.0, 0.1, 0.5, 1 mmol/L A IPTG 7£ 16 C %%
RS RE 16 ho B0 WA H 4(8 000 r/min,
10 min), PBS YEMIFEBFAK, HAS B 1 mL
T35 SR 76l A o BR VR A 7 U0 A0 A WML BT 2,
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TS, 12 000 t/min Z5.0> 10 min, 435
B LVEWCRUTIE , F 12% 2% 9 M Ik e 6 e (4 307 3, +h
) FL 1k (SDS-PAGE) K _ 375 Wi AL v Hh () 2R ik
L KEFEM S 5 x SDS ARG vl 8 5+ 1 (R
YR 2IIE T 100 CK A 10 min, AR5
12 000r/min &.C> 10 min, B 10 pL #47 SDS-PAGE(¥
A 100 V, 10 min; 5358 140 V, 60 min), [ 4% 5
WA =R, PEHYE, ddH,0 RIS
Z eI L% 2 55 (Bio-Rad, 25 [E) W84 5H

] His fr&E AT ECEE R, FEHXT
H A A AT e MUE kL alifl, il Ig B0 (R
35, )4, R SDS-PAGE ¥l , 77 ¥:[R I .
WL Aifk 5 ) LH 408 A, 78 SDS-PAGE HLIK 5
H eBlot™ L1 & FIPREIR A (& ks, HEHE®E 2
MR EF 4 R (PVDF) K I, 7630 = IR B 4] PVDF

1 hs F TBST YR 3 ¥, &K 5 min; ATA 1 : 2 000
TR BT 6xHis FRFLFEHUA(HRP conjugated)i)—
i, 4 CHRWEE, FEERNEE 1 h; H TBST
VEME 3 Uk, BK S min; BRI E —bi; H ECL b2
EAHAR & (RKE, PEYEREN B A 1~2 min, 5
fdi F AL 22 K OC R 2 G5 (VILBER, 5 E) IR WLEE .

2 HRE5HW

21 BETELHEENEINST

MR B0y 5 [ % R 68 LH 5P CDS X
17944, 1958 LH FEHP CDS XJFHIKN 423 bp
(GenBank &35 PP210936.1), 2465 140 N KM,
JPHIAEAE 1 1> GHB Z53( 27~132 £y 105 4
AHERA ) (K 1),

1 TCAATCTACCCAGAATGCAGTTGGCTCCTCTTTGCATGCATGTGCCATCTCCTTGTGTCTGCTGGAGGCTCT

1 M §s I ¥ p E C S WL L F A CMTCHULLV S A G G S
76 GTACTGCAGCCTTGCGAGCCAATCAATGAGACCATTTCTGTGGAGAAAGATGGATGTCCAAAATGTCTGGTGTTC
s v E K D G C€C P K C L V F

26 vV L 0O P C E P I N E T I

151 CAGACCTCCATCTGCAGTGGCCACTGCATGACCAAGGACCCAAGCTACAAGAGCCGACTGTCCACAGTGTACCAG

51 ¢ T § T € 8 G H € M T K D P S Y K S R L § T V Y Q

226 CGAGTGTGCACGTACCGGGACGTCCGCTATGAGACAGTCCGTCTGCCAGATTGCCGCCCCGGAGTGGATCCCCAT

76 R_V C T ¥ R D V R ¥ E T V R L P D C R P G V D P H

301 GTGACCTTCCCCGTGGCTCTGAGCTGTGACTGTAACCTGTGCACCATGGAGACCTCTGACTGCACCATCCAGAGC

01 v. T F P V A L S €C D C N

L ¢ T M E T S D C T I Q S

376 CTGAGGCCTGACTTCTGCATGAGCCAGAAAGCCAGTCTCCCTGCTTAG

26 L R P D F C M S Q K A

L P A *

K1 BEEEE 68 LH L CDS FF3 K S 1 & L iR 7 51

Fig.1 Coding sequence of C. myriaster LH gene and the deduced amino acid sequence

THERR ST REIRES T BUNRIZ: GHB MIResifall; L Ib%id1 %R,

Start codon is marked with frame. Functional domain GHB is marked with virtual underline. The termination codon is denoted by *.

22 LHEBEYMERESH

221 EREHE LH &G R LH %
T 6 1 %) B 1 O T o A 45 R o, R R G
140 N2 FEm, i, IR (Cys) FlZ2 Z 2 (Ser)
i R, Yo 15 A, R EIE R Y 10.7%,
MEZRR(Trp) i i, 08 1A, 5 0.7%, 25
R 5 8 1 93138 CosoHi060N 1800206520, R
A 1447 B HL A 1Y 24 BE R (Asp+Glu) Fl 12 47 1 HL i
M LR (Arg+Lys) . FHXT43F & (Mw) A 15.56 kDa,
fIg I %46 % (aliphatic index) & 73.71, FRIEZEHL 5 (pl)
y 5.85, A E & $ (instability index)} 66.49, #
iz E A AR EEE A .

222 EREE LH &G FAKMES GACRTRM 57
i1t ProtScale 7M1 LH £ [ B9 3£ K4 5 &K M,
SERWRE 16 (i E LR (Cys)bi K P fie s, o 2.233,
565 P IEFR(Ser) K MR, H-2.333, KERH
FIEMRF PN, W LH & A ] fE 2 — R e E 1)
KR E 2),
223 EEEH LHEGNE T K% R R
fii ] DeepTMHMM W3 500 LH £ 1 25 FE 45 44
B, 4R ER, ZEAKERX(E 3), 1zH] SignalP
6.0 Server FAF IS5 Bk, 50 /R, Signal Peptide
(Sec/SPI){H K 0.999 2, Other {H4 0.000 2, FW LH
HEEBYRET 1~22 DR 155K,
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224 EREESLHE G AAL S R BB S
Fm XFLH 8 NG SR O-Fl Ak
ST EI, ZE AR 1A NBESEAAL s (& 4)
3 A4 O-WEFLALA 45 (] 5). NetPhos3.1 Pl 4314k
R, LH EAdA 17 Ml senyskmibi s, H
Wi, Ser. Thr }& Tyr BB A543 A 9 A~ 6 MFI
21 (& 6).

— Threshold

— Potential
1.00

0.75

0.50

N-FERL A

N-glycosylation potential
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0 1 1 1 L L 1
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{37 ' Position

K4 LH & H# N-BEEEA AL
Fig.4 Prediction of N-glycosylation site of LH protein

ke

Phosphorylation potential
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0 20 40 60 80 100 120 140

{37 & Position

K6 LH & B s i
Fig.6  Prediction of phosphorylation site of LH protein

225 E2EET®H LH HawWyLmp i FIH
PSORT Prediction # i LH & A 20 i 2 £
GERL NN, R TR A A . SR AR 4 5 e ) R
REPEST AN 39.1% . 26.1%H1 17.4%. #)L Tl &
W LH A AL T 20 %
226 ERETHRILHEOW AL ME = gEHmn
TREEMERER, LH EASH 191 a-
BRHE, ik 13.6%; 354 B-HrE, Ak 25%; 86
TCHN M, 5 61.4%. FIFH AlphaFold Protein
Structure Database [P} 46; 2% 31| 52 FR 7 5 A1 HCfib B #E
Y LH AR = RE5 (& 7). R RI, B
% LH 0 =R a5 5 B A B LH 811 — 9
LEMECNARRL, 5 AN (Homo sapiens) LH 5 H — 24k
MAEfE—EER.

23 BEEEEE LH SERFIIERBEEILRMRESH
il

X R 8 LH 235075 5 H A 6B . Ko 68
fifi . FEBSHH(A. marmorata) S AR T LH 23R 7
SUBEAT LU, FF2sthil T 2 YR T2 5L 7 51 1 NJ
REGHR, KRR 68A) LH 56865 H (1) R 68
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45

iy AE B | H A S LH £E JE R 2R —7E (4 8).
X B 681 LH 2 R 7 51 5 2 A P Rl G LH 25
R 7 4 R IR PR SEAT A0 8, 45 oR, B8 LH
55 R I 465 fi 14 [R) R 1 SR 92.14% , 5 78 68 fig 1) [i] 5 1
H91.43%, 5 H A S Y [ I 90.71%, S BED
fti(Danio rerio)IEIIEE N 65.47%; S5/ (Mus
musculus YFEIJRME R 41.73%, 584 (Bos taurus)IF)
Mk 41.73%, 5 AREMER 43.31%(R 1), BHEH
B579 LH 5 A AR REMER R, (H 52
SRR, UL LH b h B T ik

45
47

>
'v‘j'f*f“/\

B\K& c‘ﬁ;&

%

K7 R S AL A HES) Y LH 8 AR = 45

Fig.7 The predicted 3D structures of LH protein in

C. myriaster and other vertebrates

A: BREEE; B: HARBEHN; C. A,
A: C. myriaster; B: A. japonica; C: H. Sapiens.

2141 Oplegnathus fasciatus (A1Z66847.1)

PGt Sebastes schlegelii (AAU14142.1)

B L s e Epinephelus merra (BAJ05297.1)

99

= 100

&4 Scatophagus argus (XP_046258169.1)

B8 Seriola dumerili (BAR79710.1)
F ki Seriola quinqueradiata (BAW34923.1)

81

0.10

2 ¥GE8 Cynoglossus semilaevis (AFF59207.1)

BELL£f Danio rerio (NP_991185.1)
—— B 788 Conger myriaster Y

H #8845 Anguilla japonica (BAD14302.1)

100
87 || ALIBEN Anguilla marmorata (ACK87153.1)
88 | W 8B4 Anguilla anguilla (XP_035255290.1)

N Homo sapiens (NP_000885.1)

100 { /Nl Mus musculus (NP_032523.2)
98 JE4: Bos taurus (NP_776355.1)

K8 LH Z LM Fr 81 i 2 Gt A 7 M (b B 8073 M)

Fig.8 Phylogenetic tree based on LH amino acid sequences (Numbers on branches indicate bootstrap support values)

&1 LH SEBEF AR R Xt

Tab.l Homology comparison of LH amino acid sequence

YFi Species (GenBank Accession No.)

[R]VE: Identity/%

VR B8 6 Anguilla anguilla (XP_035255290.1)
BB Anguilla marmorata (ACK87153.1)

H A8 Anguilla japonica (BAD14302.1)
BEh 41 Danio rerio (NP_991185.1)

44k Af Scatophagus argus (XP_046258169.1)
YRRl Sebastes schlegelii (AAU14142.1)

W 847 BE A0 Epinephelus merra (BAJ05297.1)
=Kl Seriola dumerili (BAR79710.1)

T 5% il Seriola quinqueradiata (BAW34923.1)
A Oplegnathus fasciatus (A1266847.1)
2L Cynoglossus semilaevis (AFF59207.1)
N Homo sapiens (NP_000885.1)

/INE Mus musculus (NP_032523.2)

J7 4= Bos taurus (NP_776355.1)

92.14
91.43
90.71
65.47
54.26
53.38
52.90
52.90
52.90
52.52
49.64
43.31
41.73
41.73
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225 R FPEFERRFFI% LA BT GHB Kk )
PREF(5 5 51 GCP(43~45) . ICSGHC(54~59), VCTY
(77~80). LPDC(90~93). PVALSC(104~109) (/& 9).

2.4 EHRRH pET-28a-LH Wyt

PCR ¥ 3475 21| LH FE 6 A B V)AL 505 19 B Bk
FEZR 439 bp (K 10), SHUAR/IMAST . ¥ H Bt
PR TR pEASY-T1 J&, XE4Fk. pEASY-TI-LH

M, 458 BRFHE2IE# . E4HR pEASY-
T1-LH 5 pET-28a(+)# ARG Y) 5, HLUkAG I 25 5
SR, BEYIFEH RN R 428 bp A1 5289 bp ( 11),
U1 =) 2 AR 2 ALk, pET-28a-LH, %4k
Trans1-T1 BZ S, X 5 4HE AL S PCR K&,
15 25 BB /AT B4R 7 4l (] 12) . BRI 20 5
ki pET-28a-LH, /345 4L F W] IEaff A4 £ 1 o 20 ok
pET-28a-LH,

EREHHE Conger myriaster B ———- FACM SAGGSV 2 INBTHSIEKRGCP {CIAal
BRN G4 Anguilla anguilla SVYPECT-————————- EVCLC \GGSL PR SV D KoL VE
18895 Anguilla marmorata SVYPECT—————- FveLouipyslleest N SV Rk VE
H A48 Anguilla japonica SVYPECT-———————— FveLCHLBVScesL B RLVE
BE 44 Danio rerio LAGNGV——————— FFLE-SLF NQSLVFP OL.VF
TR Seriola dumerili -MTAPQVTRVILPLMLSLFEGAPSSTWPHAPRAAFQ (BHAV
T4 Seriola quinqueradiata  -MTAPQVTRVILPLMLSLFEGAPSSIW MAAFQ NA OHAV
VEEA Cynoglos sussemilaevis !L‘!A‘!QMHRLIVHLTLTLL.PASSPD.,_ PRAARMEPGEQT TINOINVIS GCPHCENY
* * K * * K

BFRETE S Conger myriaster TS ICSGHCYT R
R Y24 Anguilla anguilla rdrcscudin QI*fVCTY
AL4BEN Anguilla marmorata _lAT%TCSGHCT ———————— QRVCTY
H ABB4E Anguilla japonica ATSICSGHCHT QEVCTY
BE 4 Danio rerio A TUTCSGHO TRIP vilfivery
1 148 Seriola dumerili ST TCSGHOITIO PRIKI: IS S \ QHVCTY
FLEH Seriola quinqueradiata '1‘“1CSGHC ———————— vV QHVCTY
W H 5 Cynoglossus semilaevis E\TIONEIORIKEIENT YKMPSFQSPFNFAQ
B R #8 Conger myriaster i I
XM EEEN Anguilla anguilla MAPVALSCYCNICIE I

oM Ang VAL RN R
AEHSER Anguilla marmorata PVALSORONICHI
H A& Anguilla japonica ] PVALSCHO I
BELyf4 Danio rerio 0SLOT [
BT Seriolad umerili T| PVALSCEC R®AMD

R4 Seriola quinqueradiata | PVALSCIilC 'C“ D
WY Cynoglos sussemilaevis I A

Ko EFEHE LH 2755 H AP Fh LH ZEEm X
Fig.9 Amino acid alignment of LH from C. myriaster and other species

PIABIYE 50% 8 BIE, =50%VAWE kR, =75%LIBOARiE, 100% UL B @FRT:

* . PRSP BERRR GRS s WA SRR T A LY 51 2 ) Y — BCPE R B d A T B A Y TR B

Similarity is set at 50% as threshold, greater than or equal to
in pink, and 100% is in black. . Conserved cysteine res

50% is highlighted blue, greater than or equal to 75% is
idues; Dashes represent gaps created to maximize the

degree of identity among all compared sequences.

25 EREE LH EHEANTESRE. UK

Western Blot £7F

41 Tk pET-28a-LH #41L %] Rosetta (DE3)JE
TR HEFTE S # ik, SDS-PAGE 45 R, &
ARV EE IPTG 753 5 B R W 7E 25~35 kDa Z 8] H B
FESFPEAHT, M a A IR B, LA RN
LH E4EH, K/NAHN 26.5 kDa, RN T ANHE
WRER) IPTG Rk, HEAMRAREIFEA BN
W2, I, ABFSOR LH EHE AR IPTG i
FHEERE N 0.5 mmol/L., XA E IPTG 5 S 10
R 75 W R S o s B R RTUTTE , SDS-PAGE

RN, LH HAHE A FEE LSRR, M
His-tagged 224 2 2 AT AT 2l 4k 9 82 1 0 kA T
SDS-PAGE HLUKKZ I 5 & B, B HE A5, 31
TR E I (F 13), 4 Western Blot SE¥0 % 5E , fr4l
FR AT LAk His JURRES MU0, IFAE 26.5 kDa
AAT R S A5, R 6xHis bR MRl & 8 K
IFR(E 14),

it

AT 5T N L B T R TR TR S AR B 423 bp 1Y LH
N CDS XJEF, 4t 140 NMREER ., 5 HAb @A

3
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439bp —>

1 M

K10 LH P A BRI 85 09 R B3
Fig.10 Fragment amplification of LH after
insertion into restriction site

M: DL1000 DNA marker; 1: PCR =¥y,
M: DL1000 DNA marker; 1: PCR amplification products.

bp
5289
428
1 2 M
B 11 F4H BB pEASY-T1-LH 5 pET-28a(+) &k A1
XU )
Fig.11 Double digestion product of recombinant plasmid

pEASY-T1-LH and pET-28a(+) vector

1. TR pEASY-T1-LH XEFVI =45 2: pET-28a(+)
BAXEFYI 4 ; M: DL5000 DNA marker
1: Double digestion product of recombinant plasmid
pEASY-T1-LH; 2: Double digestion product of pET-28a(+)
vector; M: DL5000 DNA marker.

B LH 2R P57 e, e Bp S 68 fig H 1 25 p
A R it | AR A G g ) PR S ) 90.7 1%~
92.14%, HHABHE M LH BFEIE RS 49.64%~
65.47%, SIHFLSIYIIRIEYE N 41.73%~ 43.31%, T
LH 207 5 [FR A a0 R 5k B bt s
LR T 5 5 8 i [ e (0 RN 0 B | 1 8 B R I A 4 i
RBAN—H, XEEGEIEAF ARG R —5 N-FiL
TUIE T B AR vh e A2 2% e 0 1) 2 1 SABAA
i N-BESEEAb Bl Ol 2L fh 181 19 & 1 o ml 38 8 1 o
4 A B o, DA Y 3 TR 4 G A ) KSR B T R B
fiE(Lee et al, 2015), MEFALE—FREE A B RIIE S &1,
TER AU K A SReA 4548 | 4e 358 A R A5 A RS E &

439 bp

1 23 45M

Kl 12 F4H kL pET-28a-LH 1557 W PCR %€
Fig.12 PCR identification of recombinant plasmid
pET-28a-LH culture bacteria

1: FEED 15 20 KRS 25 3: MRS 35 4: M 45 50 HEAL 5
M: DL2000 DNA marker,
1: Sample 1; 2: Sample 2; 3: Sample 3; 4: Sample 4;
5: Sample 5; M: DL2000 DNA marker.

— e — —

=
= -

i -

NN -
-

25 —> I b =0
= Target band

M 1 2 3 4 5 6 7 38

K13 LHEHEANRIEMAILR) SDS-PAGE 5l
Fig.13 SDS-PAGE analysis of expressed and purified
recombinant LH protein

M: YR FAFRIC(11~180 kDa); 1: pET-28a(+)75#k;
2~5: 0.01, 0.1, 0.5 #1 1 mmol/L IPTG i5'%;
6: 0.5 mmol/L IPTG ¥ F/m LiH#; 7: 0.5 mmol/L IPTG
WHREUIE; 8. difkfeHEHAEN,
M: Prestained protein ladder (11-180 kDa); 1: pET-28a(+)
empty; 2-5: 0.01, 0.1, 0.5, and 1 mmol/L IPTG-induced;
6: Supernatant of bacterial induction by 0.5 mmol/L IPTG;

7: Sediment of bacterial induction by 0.5 mmol/L IPTG;
8: Purification of target protein.

Yt A& 45 55 7 T HA EEAENT, 252 B AR 1 A
Iz AT R R e 40 TR (E A% T A () R A
2022) B A LH 5 HAZ RS 5 1 6E T LU 5 R
TRIRBIRREESSHE NRERR AL A7 25 R o R Ak A
(AR kT A2 B 52 (MR 26 %055, 2014; Chi er al, 2015),
8 [5G (Acipenser schrenkii). KAk (Mastacembelus
armatus) A2 RER B8 A9 LH 28 38082 7 5 YA AE 12 MR
SERY D 2 R R LA 1R A7 s (I LLEE 4%, 2006;
FNLAE ) 2020, SR SCEE, 2023), AHFSTE X N-
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-
kDa ‘
33 —
25 —» < HEW
Target band
M1 2

Kl 14 LH #E4H 1 Western Blot 28 4%
Fig.14 Results of LH recombinant protein
identification by Western Blot
M: FREAPRIC(11~180 kDa); 1: pET-28a(+)Z5#%;
2: LHEHAEA,

1: Prestained protein ladder (11-180 kDa);
2: pET-28a(+) empty; 3: LH recombinant protein.

WEIACAL S AT BB, BREE 8 LH i 23 m)y 5 h
TA A N-BESARO AT, S H AR R e A
BHESI YR B . A 281 U 2 SR R B
B8 LH AERTINSGH 15 Mk,
55 H A 68 6 H 028 LH 208 7 9160 3 1928 e =i vk
FEBCRAA], (05 AR i H 2 LH 2 3EM P55
()2 e S R AR L B R AP R 22 5, F— 25 U T i fig
a2 LH R A A v o B S
pET-28a(H)E A& —Fl W ) ZMRIERS%, B
BIEdtr & . EmEmE . E TS, =
H: K AR H i (Baciu et al, 2023), pET-28a(+) 34k %
RE AT R E AR E R E A EEE—E, KN
G ®EE, HEAF% R His-tag F1 T7-tag, FXI 5
FRiE2) 10 kDa (ZE30HSE, 2010), 7Eff 1] pET-28a(+)
RN A LH 7R B L H, Western
Blot 25 on LH 41 A A AT 437 i 7e
15.0~16.0 kDa Z [u], W] LH & H C H2h 715 (Zhang
et al, 2018), AHFFE B WK pET-28a(+) 34k 5 2 JH
Fi g LH LR T B4 iR pET-28a-LH, SEEL T A
B 68 LH 2 RSN FAZ B 40 £k, 4 Western Blot
Kgs R R, RESE LH S AEAESN
26.5kDa I EA 1 RFrmEas &4, I LH 4
Ri-& AP AT His-tag il T7-tag #5345, WBR =4
&5 LH 8 H R B WA 0 F iR 20 16.5 kDa,
T A XS 43 F B d K 1 kDa 247, ©ABISEIEY,
T2 AR 43 B EE T A D A, ) R R
A RE 2 W 3 Ak 6 T 41 2 Y VK GE S 5 TR (Chen
etal, 2012), P, AHFo0rh B 68 LH HA RS
FEHOGEA)FERE RGN RE, NS EE
FRET 8 LH 5 1 AR RS2 06 DA SRR S5 B4 58 T 6

ARG AE LI T R & B, >R BL21(DE3)/E 52
AANLAE ] i F2 P TC T T 3Rk B R 68 ) LH 4
AR FERERIE RS, PRS2
WaKT W (Escherichia coli)i A %W T BIAFAAE, ZIMKE
FEAARBRMEB S RN EEYWHARZ ~(FAD
4, 2012) XTAHFSE FEREAS RN LH FE K 75 1776
A BT 87, H CAL{EHN 0.66, /NTF 0.80, HAF
TEESL IR A % T, X TRES M LH 8 A 7E K
FI i A9 2655  Rosetta (DE3)JEZ 25 40 fif 2 3# i BL21
(DE3)EZ S Mt =0, EEwAa — A
AFERPUMETR A 5 KB A W A % 1 AUA.
AGG., AGA. CUA, CCC f1 GGA A9 tRNA, W[5k
HRE A RIEEESE, 2021), WL, A#F5EEHL
B I 1) & T %8 KA A % ST
Rosetta(DE3)BAZ 40, MM = s 3838 1 AT i1
) LH =41 fl & 8 o 75X Mx (Myxovirus resistance)
HNFEE KBNS RT RN, HYHEMATE Rosetta
(DE3)EAZ A4 M rp R I 21 T 35, 1MifE BL21(DE3)
JEAZ A 20 B TP R A I B RIR OB OGAE, 2009), 14
REARLE SR A —8 ., 7216 L 6868 (Petromyzon
marinus) CXCL8 JE [N i 5% Rk, Rosetta(DE3)/k
ZAMM T B A& AR E S ST BL21(DE3)EK
Z AR 5, 2018), DABsgo IL-2 25 115 5%
Fikd B FEAE &I, BL21(DE3)EAZ 2540 i A RE XS
HE 72635, 1 Rosetta(DE3)/EAZ 2540 il J& IE A £535
% B IS Wbk (Zarkar et al, 2020), ASBF5E A8 T
Rosetta(DE3)B% 32 A A Ml i M) K3k 7 2 FEE 881 LH
HEAMAEN, NG ERR R R 2R Bz A4
J B ER AL TR

HAT, KIAFE A ST REEAE AW
ApE, SR, TERR R R A A R AR I E M
RAEM FHQMWM, BRI B E 552 A
1B B KA, B LR B vk B A AR R A T A
HASE R R o 2 M, S B B YE M  E E A™
SEARAIC, WG F 7S AR T AR ki o A TR AR 1
A IR ] P ) 2 1 (Kim et al, 2013; Nguyen
etal,2014), FAWIFREM, (KR T HEARAAAGER
TR A A A RO (Francis et al, 2010), ASHF
ik LH SEARGEPBRREMIRE . B, IPTG
WA T Ak, feZalid 16 °C. 16 h pLIIFIAH
AAMER) LH EARAE M . Kim Z5013)f/L THA
NAERKBEEARRERIRZE, #5E 16 °CHER 16 h
Rt B AM. FEK D BRES (Micropterus salmoides)
LH &AM RIA P R L I, 16 CIES &M T
H A8 H 2 v k2R, 2022), AWF5RE A,
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TEARRVEE IPTG ZAF T HE AR RIA R I P25
JFL 4N Xt BF (Penaeus vannamei) AR 5025 11 70 (heat
shock protein 70, HSP70) Y 5 AZ ik 5T BN, —E Wk
JEJEFE AR IPTG X RIATCHI AT, 0.1~1 mmol/L
IPTG i I FHE A BRI TS P RIK(RALE, 2006). 72
H ¥R (Exopalaemon carinicauda)#\K 5¢ 8 H 90 (HSP90)
JRiz Rk R B, BEE IPTG WM, HKY
B TR R Y L T B 2 R (AR O A
2011). ASHIFFE 25 BT I A% 2 35 i 4 P M 2 R o
T 2%, Wl R — LI B R 88 LH i H
ITHRESEE 1 ALl .

4 g

AR NI e T B R 88 LH JEHF) CDS X
JEH, JFx SRR 7 9 T AE G B i, K
T E A ki pET-28a-LH, i34 1k Rosetta (DE3)/%
AWML IPTG IS RYIRIE T 4 F AL 200
26.5kDa ) LH HA MG HEH, BREBARREMRHS
PREETR A, SCPRRIZME LR 16.5 kDa, X 5 Fij
KNHIFT o 4 Western Blot Rl 25 3 i o, 122 8 4H il
G T LIME His PriRse 00, RIS 6xHis
PRic iy LH S fh A 8 H R #Rak

L % X W

AIZEN J, SHARMA S, ELIZUR A, et al. Regulation of steroid
production and key genes in catfish Heteropneustes fossilis
using recombinant gonadotropins. Fish Physiology and
Biochemistry, 2023, 49(5): 911-923

BACIU D D, DINU S, PALADE B, et al. Comparison of
truncated human angiotensin-converting enzyme 2 (hACE2)
expression in pET28a(+) versus pPET-SUMO vector and two
Escherichia coli strains. Advances in Medical Sciences,
2023, 68(1): 61-70

CHEN J, ZHANG Y H, TANG Z G, et al. Production of
recombinant orange-spotted grouper (Epinephelus coioides)
follicle-stimulating hormone (FSH) in single-chain form and
dimer form by Pichia pastoris and their biological activities.
General and Comparative Endocrinology, 2012, 178(2):
237-249

CHEN S Y, LIU X Z, SHI B, et al. Cloning and expression
pattern of gonadotropin hormone f (FSH, LH) subunit in
Oplegnathus fasciatus. Journal of Fisheries of China, 2014,
38(10): 16731686 [FRER:, WIsAfH, 15, 4% SabEie
PERRIAER B(FSH, LH)WAE cDNA sl SR Ik E AT
IKFEEER, 2014, 38(10): 1673-1686]

CHI M L, NI M, LI J F, et al. Molecular cloning and
characterization of gonadotropin subunits (GTHa, FSHp and

LHP) and their regulation by hCG and GnRHa in Japanese
sea bass (Lateolabrax japonicas) in vivo. Fish Physiology
and Biochemistry, 2015, 41(3): 587-601

DEGANI G, GOLDBERG D, TZCHORI I, et al. Cloning of
European eel (Anguilla anguilla) FSH-beta subunit, and
expression of FSH-beta and LH-beta in males and females
after sex determination. Comparative Biochemistry and
Physiology Part B, Biochemistry & Molecular Biology,
2003, 136(2): 283293

FAKRIADIS I, MEIRI-ASHKENAZI I, BRACHA C, et al.
Gonadotropin expression, pituitary and plasma levels in the
reproductive cycle of wild and captive-reared greater
amberjack (Seriola dumerili). General and Comparative
Endocrinology, 2024, 350: 114465

FRANCIS D M, PAGE R. Strategies to optimize protein
expression in E. coli. Current Protocols in Protein Science,
2010, Chapter 5(1): 5.24.1-5.24.29

GAO Y H. Physiologcial functions of pituitary gonadotropin in
turbot (Scophthalmus maximus L.). Master’s Thesis of
Shanghai Ocean University, 2021 [ = £L. Kk 2% #f
(Scophthalmus maximus L)AL MR R A BIIREDFAT.
RS- TS AR S AR, 2021]

GUO Y W, LI Y K, DAI M S, et al. Cloning and expression
analysis of fshff and [hff gene in Diodon hystrix.
Oceanologia et Limnologia Sinica, 2023, 54(6)' 1775-1785
(#8030, 2=288l, MWLk, 5. % BE M & (Diodon
hystrix)fshB F1 1hp L 1 5akE X RB 0. WS EITE,
2023, 54(6): 1775-1785]

HANJ Y, LI J, LI J T, et al. High level prokaryotic expression
and identification of heat shock protein 90 in Exopalaemon
carinicauda. Progress in Fishery Sciences, 2011, 32(5):
44-50 [RhRSE, Ak, AU, S AR AR EN
HSP90 %IE’JL?*%EE KHEE. WL R EHERE, 2011,
32(5): 44-50]

HU H X, ZHANG Y, LIU X C, et al. cDNA cloning,
phylogenetic analysis of two gonadotropins [ subunits
sequences of Amur sturgeon. Acta Zoologica Sinica, 2006,
52(2): 362-375 [WAZLEE, 5k5, Xlbeds, . S CHEPR
PETERRIER B WHE cDNA ek XTI M. Sy
2, 2006, 52(2): 362-375]

HUANG X Q, ZHONG D M, HE P Y, et al. Cloning and tissue

(LH) gene in
Mastacembelus armatus. Journal of Southern Agriculture,
2020, 51(7): 17061713 [FE/NHE, SPARIH, M=, 55 K
k2 B A I ER e DR e B R L IR T . T AR
P2A4R, 2020, 51(7): 1706-1713]

KIM M J, PARK H S, SEO K H, et al. Complete solubilization
and purification of recombinant human growth hormone
produced in Escherichia coli. PLoS One, 2013, 8(2): 56168

LEE H S, QI Y F, IM W. Effects of N-glycosylation on protein
conformation and dynamics: Protein Data Bank analysis and

expression of luteinizing hormone

molecular dynamics simulation study. Scientific Reports,



50 ook B

¥ B 546 4

2015, 5: 8926

LI W G, XIAO B Z, LUO X J, et al. Construction and expression
of the recombinant plasmid pET28a-Sj32 of Schistosoma
japonicum in Escherichia coli BL21(DE3). Journal of
Pathogen Biology, 2010, 5(4): 286-289 [ZE3CHE, &,
BN, S HARIMY 2 Bk pET280-Sj32 AYFA A
HAERIRATE BL21(DE3)HBIRIE. PRSP
Z=i%, 2010, 5(4): 286-289]

LIYH, FUY H, WANG Y Z, et al. Prokaryotic expression and
identification of nucleoprotein of spring viremia of carp
virus. Chinese Journal of Preventive Veterinary Medicine,
2012, 34(4): 323-325 [BH L, F=L, Tk, % g
o B UL T A% B L B A SRR )2 e e . b [ T By
PEE2ER, 2012, 34(4): 323-325]

LIU X Z, ZANG K, XU Y J, et al. Molecular cloning and
differential expression of LH B subunit during the ovarian
maturation cycle of Paralichthys lethostigma. Progress in
Fishery Sciences, 2014, 35(4): 22-31 [MI=2J8, @i, %k
VL, 5. JRBEABE(Paralichthys lethostigma)LHP &K 7 f
KRN EAR K T IR RIRRFE. Hll Rt R, 2014,
35(4): 22-31]

LIU Z J, QIAO L, YE Z Y, et al. Identification of the
glycosylation sites

of Opsin3 and its glycosylation

modification function. Chinese Journal of Biotechnology,
2022, 38(3): 1173-1182 [XIH#E, T+ H, MFalfH, 2.
Opsin3 AHEALAL 519 %58 KRBT RE. B9 T2
2441, 2022, 38(3): 1173-1182]

MOLES G, HAUSKEN K, CARRILLO M, et al. Generation and
use of recombinant gonadotropins in fish. General and
Comparative Endocrinology, 2020, 299: 113555

NGUYEN M T, KOO B K, THI VU T T, et al. Prokaryotic
soluble overexpression and purification of bioactive human
growth hormone by fusion to thioredoxin, maltose binding
protein, and protein disulfide isomerase. PLoS One, 2014,
9(3): 89038

NYUJI M, HAMAGUCHI M, SHIMIZU A, et al. Development
of sandwich enzyme-linked immunosorbent assays for chub
mackerel Scomber japonicus gonadotropins and regulation
of their secretion in female reproduction. General and
Comparative Endocrinology, 2022, 328: 114103

RAMOS-JUDEZ S, GIMENEZ I, GUMBAU-POUS I, et al.
Recombinant Fsh and Lh therapy for spawning induction of
previtellogenic and early spermatogenic arrested teleost, the
Flathead grey mullet (Mugil cephalus). Scientific Reports,
2022, 12(1): 6563

SHI B, LIU X Z, XU Y J, et al. Molecular characterization of
three gonadotropin subunits and their expression patterns
during ovarian maturation in Cynoglossus semilaevis.
International Journal of Molecular Sciences, 2015, 16(2):
2767-2793

SHI B, WANG C G, TANG X H, et al. A study on sperm
ultrastructure in the whitespotted Conger, Conger myriaster.

Marine Sciences, 2023, 47(10): 112-120 [525, NI,
Ae, AF. R BRS TSP R,
2023, 47(10): 112—-120]

SUZUKI H, KAZETO Y, GEN K, et al. Functional analysis of
recombinant single-chain Japanese eel Fsh and Lh produced
in FreeStyle 293-F cell lines: Binding specificities to their
receptors and  differential efficacy on testicular
steroidogenesis. General and Comparative Endocrinology,
2020, 285: 113241

TUO P, XIE X, YU G H, ef al. Prokaryotic expression and mass
spectrometry determination of IAG gene in Portunus
trituberculatus. Journal of Biology, 2021, 38(5): 17-22 [Jiit
P, R, M, AR =R T TAG BN ARA
KR sE. YA, 2021, 38(5): 17-22]

WU R, XIE S T, SUN Y, et al. High level prokaryotic expression
of heat shock protein 70 in Litopenaeus vannamei. Journal
of Fishery Sciences of China, 2006, 13(2): 305-309 [#=AT,
WO, PN, SF NLANEXS IRV SR 70 )5 R
ek, HPEKFERRE, 2006, 13(2): 305-309]

YANG H, SHI B, NIU H X, et al. Advances and future prospects
in Conger myriaster research. Marine Sciences, 2020, 44(6):
152-158 [Bpih, L%, FR, 55 RREEEEEAEY) 54
DM R IR 5. RN, 2020, 44(6): 152-158]

YIN C G, DU L X, ZHAO G P, et al. Optimizing the expression
of Mx gene in Escherichia coli based on rare Codon and
mRNA structure. Hereditas, 2009, 31(1): 75-82 [F+FHE,
FENBT, BOHRE, 55, Mx FEPIAR A %551l mRNA 4514
KRk IRk, 81k, 2009, 31(1): 75-82]

ZARKAR N, ALI NASIRI KHALILI M, KHODADADI S, et al.
Expression and purification of soluble and functional fusion
protein DAB;gIL-2 into the E. coli strain Rosetta-gami
(DE3). Biotechnology and Applied Biochemistry, 2020,
67(2): 206-212

ZHANG D Y, XU S L, WANG Y J, ef al. The development of
gonads and changes of gonadotropin in silver pomfret
Pampus argenteus. Thalassas: an International Journal of
Marine Sciences, 2024, 40(1): 91-100

ZHANG G, WANG W, SU M L, et al. Effects of recombinant
gonadotropin hormones on the gonadal maturation in the
spotted scat, Scatophagus argus. Aquaculture, 2018, 483:
263-272

ZHANG L M. Effects of gonadotropin and receptor on oocytes
of Micropterus salmoides. Master’s Thesis of Henan Normal
University, 2022 [7KZ=. K H RS FEIERRIEER K2 R AE
RS2t ol R DL (S MR TN el RN 2 T R e S 2 VA7 o
2022]

ZHAO X Y, SHI B, WANG C B, et al. Effects of dietary
supplementation of compound probiotics on growth,
non-specific immunity, intestinal digestive enzyme, and
microbiota of whitespotted Conger (Conger myriaster) in
recirculating aquaculture system. Aquaculture International,
2024, 32(3): 2713-2738



%3 Wr 5 R LA IER B ERE | VRIE AT S R Rk 51

ZHAO X Y, SHI B, WANG C G, et al. Effects of feeding B, Gl BRE R, 2024, 45(2): 233-244]
frequency on the growth, physiological indices, and water ZHU X Y, DING S Q, ZHANG Z, et al. Prokaryotic expression
quality of Conger myriaster reared in industrial recirculating and purification of CXCL8 from Petromyzon marinus.
aquaculture systems. Progress in Fishery Sciences, 2024, Marine Fisheries, 2018, 40(1): 47-56 [Kfik=, T/, ik
45(2): 233-244 [BOBITE, S, TN, . BORAEST 7, 45 V-LHEBAE CXCLS LN Ay 5 ik I 4k,
T EA K SR R R 8 A . AR AR AR K HERE ML, 2018, 40(1): 47-56]

(3 G

LH Gene Cloning, Sequence Feature Analysis and Prokaryotic
Expression in Conger myriaster

CHEN Yan'?, SHI Baol(‘D, WANG Chenggang3 , BO Wanjunl, YAN Kewen',
TAO Meijun', ZHAO Xinyu', MA Xiaodong'

(1. State Key Laboratory of Mariculture Biobreeding and Sustainable Goods;

Key Laboratory of Marine Fisheries and Sustainable Development, Ministry of Agriculture and Rural Affairs;
Laboratory for Marine Fisheries Science and Food Production Processes, Qingdao Marine Science and Technology Center;
Yellow Sea Fisheries Research Institute, Chinese Academy of Fishery Sciences, Qingdao 266071, China;

2. College of Fisheries and Life Science, Dalian Ocean University, Dalian 116023, China;

3. Haiyang Yellow Sea Aquatic Product Co., Ltd., Yantai 265100, China)

Abstract Conger myriaster is an economic valuable fishery resources in the seas surrounding China,
Korea, and Japan. C. myriaster presents an important fishing target in Chinese fishery. However, due to
intense human fishing activities, C. myriaster populations have been declining steadily. Consequently,
safeguarding this species has become imperative. The luteinizing hormone (LH) gene plays an important
role in gamete maturation, ovulation, and steroid hormone synthesis in fish. However, the expression of
reproductive axis genes and the regulation of reproductive-related hormones, specifically in C. myriaster,
are not well understood. In this study, the coding sequence (CDS) of the LH gene was cloned using PCR
techniques. The LH gene structure and characteristics were bioinformatically analyzed. The CDS of the
LH gene consisted of 423 bp and encoded 140 amino acids. By analyzing the physical and chemical
properties of the protein, the LH protein molecular weight was 15.56 kDa. The aliphatic index was 73.71
and the theoretical pl was 5.85. Based on an instability index value of 66.49, the LH protein exhibits a
state of instability. Using functional domain analysis, we found that the LH protein possessed a highly
conserved GHB characteristic domain (composed of 105 amino acids at 27-132). Hydrophilicity and
hydrophobicity analysis of the protein revealed that the LH protein is hydrophilic. The 16th amino acid
(Cys) exhibited the strongest hydrophobicity (2.233), while the 65th amino acid (Ser) exhibited the
strongest hydrophilicity (—2.333). Through the signal peptide analysis and transmembrane domain
analysis of LH protein, the first 1-22 amino acids function as signal peptides without containing any
transmembrane domain. According to the analysis of protein glycosylation sites, the LH protein contain 1
N-glycosylation site and 3 O-glycosylation sites. The LH protein contain 17 potential phosphorylation
sites. Specifically, there are 9 Serine (Ser), 6 Threonine (Thr), and 2 Tyrosine (Tyr) phosphorylation sites.
Subcellular localization analysis revealed that the LH protein was mainly localized in the nucleus. The
secondary structure of the LH protein mainly consists of a-helix (13.6%), B-sheet (25%), and random coil
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(61.4%). Upon comparing the tertiary structure of the LH protein with that of Anguilla japonica and
Homo sapiens, the tertiary structure of the LH protein was similar to that of A. japanica. However, certain
differences were found compared to the tertiary structure of H. sapiens. Based on the sequence alignment
and phylogenetic analysis, LH in C. myriaster exhibited a closer evolutionary relationship with A.
anguilla, A. marmorata, and A. japonica. Compared with A. anguilla, A. marmorata, and A. japonica, the
C. myriaster LH amino acid sequence revealed the similarities of 92.14%, 91.43% and 90.71%,
respectively. In addition, the LH amino acid sequence of C. myriaster compared with H. sapiens, Mus
musculus and Bos taurus revealed the similarities of 43.34%, 41.73% and 41.73%, respectively. The LH
of C. myriaster exhibits high homology with other teleosts, but displays low homology with mammals,
which indicates that LH has evolutionary differences during evolution. In this study, we present the
successful production of recombinant C. myriaster LH protein using the pET-28a(+) expression system.
The restriction site Nde I /Xho 1 was inserted at both ends of LH fragment. The 439 bp fragment of LH
was amplified using RT-PCR. Subsequently, the fragment was cloned into the pEASY-T1 vector to obtain
recombined plasmids, which was designated as pEASY-T1-LH. The recombinant plasmid pEASY-T1-LH
and the pET-28a(+) vector were double-digested using Nde I /Xho I enzymes. After double-digested, the
fragment was successfully cloned into the pET-28a(+) vector to obtain recombined plasmids, which was
designated as pET-28a-LH. In order to investigate the biological activities and physiological significance
of pET-28a-LH, we used the pET protein fusion and purification system to produce pET-28a-LH in
Trans1-T1 competent cell. Recombinant plasmids (pET-28a-LH) were transferred into Rosetta (DE3) cells,
which were cultured under different IPTG induction conditions (0.01, 0.1, 0.5 and 1 mmol/L) at a
temperature of 16 C for 16 h. LH could be efficiently expressed across various IPTG concentrations and
under the aforementioned induction conditions. Consequently, the subsequent experiments were
conducted using the following optimized parameters: an IPTG concentration of 0.5 mmol/L, incubation at
16 °C for a duration of 16 h. The precipitate (insoluble fraction) was resuspended in lysis buffer. The
supernatant and precipitate were analyzed by SDS-PAGE following induction of expression. SDS-PAGE
analysis revealed the presence of distinct 26.5 kDa bands for the LH protein, which were soluble and
present in the clear supernatant. Western blot analysis revealed that histidine tagged LH protein reacted
with anti-His antibody, LH protein yielded clear bands of 26.5 kDa were detected. The observed size is in
accordance with the anticipated molecular weight expression, indicating successful expression of the
fusion protein carrying 6xHis tag. The protein was purified using a His-tagged nickel affinity
chromatography column. This result establishes a solid foundation for future utilization of recombinant
LH protein in inducing sexual maturity in cultured C. myriaster, while also providing valuable insights
into unraveling the regulatory mechanisms underlying LH gene-mediated steroidogenesis in C. myriaster.
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