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WE 8 TR KEE XL (LeptinB, LepB)Fe JE Ty 2 JiF I 40 A, 7 (ZFL) MK 06 2 380 B 1R L, KB AR
¥ 8% 3k X T ¥ W # (Dissostichus mawsoni) LepB #H(DM-LepB)% %5 ) B A8 77|, 7 & 5| M ZEH
pTOL2-actin-EGFP Jftr # (f& 51§ A 9 & & # B-actin). EHL EcoR | #v BamH 1 7y IR B, ity
# 7 pTOL2-LepB+HIS-EGFP %k # &, H# L F ZFL @M. R BFHAIEE 10 CHATELH, X
FmA AR T RIEME AR FESR, FAEEE CCK-8 RKAaRM T IKIELHT 48
Wy A KB IF L, KOS DHE &0l 7 4008 e A (ROS) & &. £ R E T, LepB HE ML X
A Gk AR 48 B ROS B9 7= 4, 5 40 AL R - DA XHIRER I . TR B R, DM-LepB Wit &k 3k
WA F T EFRERHT RN ATP KT 5 &R EIRA, A SRR I8 R 5ot 40 e 8 8 1= A0 3K 30
e, A4 pe A A B R A . KA 4T O $ 8 fuH ok = B (TG) L Al X 3, DM-LepB 3t
(] i J8%, 2 1K R S8 e 4 B MR BT VR RR, IR % o IR R OR S R OB B MROR R B e A by 1 F B4R 4B B
FHHEMRERE, ARERV B rE R E KN RIEE L2 FHHRE T L F R

Kigia

hESZES Q786;S917.4  XEKFRIRED A

AR S, PRI AR AL B T AN K A5 T
BERARAL, TR R HAT R . AR B A T ad AR AN
1E [N (Nikoskelainen et al, 2004; 4B1E44E, 2016;
FWRAE, 2022), KA 20 T B2 5] K 2SR ZL R N
BN, AT eSS EUE KIS # FE T (Huang et al,
2017; Foulkes et al, 2007), 7£ [ 4R %, M 40 C iy
IKIREN-1.9 CHYREIINARA & Fh S0 iz o0 A, H
o A AR R R AR K 1.9 °C L, SR T N XA
W Mo f 25 AL T 1 B B AR A JE R B (Tien et al,
2018).

KR TFEAS s LeptinB; KB 5% AHAT; BRAH
XEHE  2095-9869(2023)06-0097-10

4 2 (Leptin) 2 —F AT ZHAEY ¥ e K
B, AERTRE . fe s A AR R R R
EEAEH (P 44, 2018; Huising et al, 2006; Zhang
etal,2011), 8 LI (Lep) B IR T FE T-NE ik 5828 B /)N
S (Mus musculus), FeWIars ANEREFER, ZHE K
AR S 30N B BE AR P (Zhang et al, 1994), #F— T
TR, TEMFLIIRN, Lep FEDH M i X HLAA %
AR R FESE TR, MBS iR & i,
17 S BR A AL A = RN AR I R () /E I (Ahima et al, 2000;
Elmquist et al, 2005), Lep 3NS5 HATHAR
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JENLE , HXT S IR IR & B AR B B A LR
(Khosropour et al, 2017; Pérez-Pérez et al, 2018), 1Eff
J5rh, Kurokawa %5 (2005) R FH HL 5L R 4 2% 5 R B IR
INEL 8 2R 5 i (Takifugu rubripes) s EF5 2 T lep F&H
JF9 o &T Leptin % il B 9845 5 T AE FHEE i #L3h
bt A 2, EEAEE X BE i A A TR 4 L X e
T W VAL S M 45 (Yang et al, 2008; McGaffin et al,
2009; Kanda et al, 2004; Yu et al, 2014; Toro et al,
2014). HAI, KT Lep TEAIEP/EM MG F24E
PR L R RE B A A A R R A T I, X
F IR AR ST i 0 A A

8% 3k K 7 5 W ff1 (Dissostichus mawsoni) & 1 VK
T Y N B A R S, AMOETRHA R, b
EEIZRANE SN FE BRI, FEM KSR
GiEEEAAE . fEE 3 T AER, Bk R mtk i —
HATETE K IE 1.9 “CIER X H LR AE
W B PR AR T kB 5 7 AL A 5 A B 44 L (Hanchet
et al, 2015), SHIEI/KIEMRHAB AL, B8k R F
R e T FALA AT )2 BB TR (Chen et al,
2019), ASLEEFTIFE R AT R, LepB HIHE 7St
e ARG M FAE 34 o I8¢, AR Lepd 5
TR AN AL B P A 26 (Wang et al, 2021), #EILIEN , LepB
AJ BEFE 9 3k R 2 p b 0 AT IR PR B8 30 N A AR
o ABFE s RS KA R A LepB FE, 145
kL LepB (DMLB)# Y ZFL 4, #8758 HAEM A
TEIABEIE N AE R, DL 48 s 5 Sk R oF B A f
LeptinB  J PRI 7 0 24 b X AP Ik Folp 360 Bk Gnn 8 35 ML il
R S FALH B AL LR BB

1 M5
1.1 SCIEHE

M S K 2 i W DA B Ll 9 K Al L A
Bk, WA ERA PR E oM,

il &~ ZFL (ATCC, E[H), JFifkih pTOL2-
B-actin-EGFP, %44t pTOL2-LepB+HIS-EGFP Jii ki1
ZFL #iffifir 454 DMLB LI 40, %4 TOL2 %
VORI ZFL 4 i aiy 4% S % BRAT TOL2 4 A

1.2 mthE LepB ERMREER ERRIEZHENITE

i H Trizol (Invitrogen, 3% [&)H sk K m
1P 858 RNA, F NanoDrop 2366 T4 Tk FE A
AT K, FH TransScript” First-Strand cDNA Synthesis
SuperMix 5| & (TaKaRa) [ % 5% & B HL6E cDNA, MR
I S 2 AR Oy 5 Sk R F i B R A, 4]
Primer Premier 5.0 B IHEFMELIMIGER 1), #17
PCR U1, DIARAR 2 T B 2 HE(ORF) . HH T
fif = 63 K i A £ R S R R IR, AR T
F9# T pTOL2-LepB+HIS-EGFP Fik#iAk (& 1), W
Ptk R Mt fa LepB LR gaiy ) Z L R)IT 5, R
B S B-actin FHA I 31+, B EcoR 1 #1 BamH
I BBV, SR s b, 5 = R AR
IK#AK pTOL2-bactin-2A-EGFP #EAT JC4% sale i,
SR 10 A T TR Bk Y IR 16 O, 16 C ¥
A HIS 1%,

TqA

. IZBAGHRPIOROE oo+ 115 ¢ EGiP S

TOL 5'end TOL 3’end

EcoR1 BamHI

K1 pTOL2-LepB+HIS-EGFP H.A% # ik 2 A A4 2t 3%
Fig.1 Expression vector map of pTOL2-LepB+HIS-EGFP

¥ LepB S ) 5ERE 1 H Qiagen fist TSGR £
A7 EZifk, ] In-Fusion HD cloning kit (TaKaRa)j%
B, B8 = KIGFFE(E coli) DH-50 /#3234
A, &M IRAIES 100 pg/mL RABEE R M)
FAR L, PCR B TESGA R B, BEA 48 5 7= Wik &
A TAY) TR B A7 R FIN T, PR S R
PRIGFE, R BT G AR BUTOR (Promega, 35
FE]) , $EECH TR AR A7 T-20 CokFE TR Ye S0 .
1.3 ZFL HfEEFERNER. EAKRE

¥ ZFL 553576 & 89% DMEM/F12 (% 1%%4 &k
Jii, HyClone). 10% FBS Hl 1%75 5 £ -5 55 R 1 5
H, R 28 'C, CO WREE N 5% (M il A 4 45 1F) o
RIS A E] 70%~80%MF, Fi polyplus jet

F1 LepB BEEMREFMTETZTIESY

Tab.1 The primers for LepB cloning and the In-Fusion cloning

5% Primer

5|97 %] Primer sequence (5'~3")

LepB-F(clone)
LepB-R(clone)
LepB-F
LepB-R

GGAGAGAGGAGGGCATTAGG
GTGTGGATTTCTCAGCAGACC
AGTTCAGCCGAATTCATGAATCCAGAGACTATTTC
GCCACCTCCGGATCCTCAGTGGTGGTGGTGGTGGT




%6 M

T 8055 Bk KAt LeptinB H B 76 HEARMICIR B 38 b 19 4 99

Optimus® DNA # Y870 (i B AH, Jba)sbfTikys,
PR FRIEH G418 TRk (A TAY), Lilg)B it
FEBOMA R 56 YL ) ZFL 4 M, 07 16 3 5 G s 4
Mil. 7 d B G418 N 1000 mg/mL, MJ5H
500 mg/mL, iXJEKRZHBORE I ANMICT MRE . &
3 G418, FFHSGRAADETE R BT G A A

1 Y LepB ZH LR TOL2 Xif e 40 it FH IR & 7K
I 24T (7 10% PMSF)IEAT 8 (R $, vk 34
f# 30 min, 4 CAKIE 12 000 r/min 2.0 15 min, B E
HR TR T 08T, —80 CLR-AF. fii H Bradford I
R M FWES, il SDS-PAGE 4384 15 (5N FE
fh 30 ng), A HE RS 5 R R LA R R 4T 4 R
B (Millipore, fE[E), BARA4-WE )5, M His —¥i
(1 : 1000, Abcam, F=[E) 4 Cidae, thFEH B -
500, HUMDZFIRIFE 2 h, WIEPEX IR A B-Lsh&E A .
38 58 Ak 2% & 6K IR (Beyotime,  H 1) i 7 2R
EP5is

1.4 Z8AEMRIE 4 32 72 75 0 22 70 48 AR i 1 4 i)

W 5 Y 25 TR AN LepB 41 J50H7 A9 40 i 0B 17
10 “CAR IR Wi Ab B 5 | >R FFE] B 2 b Sl e WL 22 41 it
IR, A CCK-8 IRFl &G s R, 1T
I )G T 200 it 184 B BE 0 DA K AN R, A e
FEAEB AR, B TR S A A SR L, 54
PR R L A IR e B A DU A AR 450 nm &b
SECICCAE, T[] 42 S e G 4 B A o il g K
W 4 AL AR, BTt 20 000 AL 2 96
FLtib, AL 200 L, BEANEER S ANERE, (HSLERd
UG RE 40 B 25 BEAR IR, 3 5I07E 0. 24, 48 h A IV 241 g
BEFE TR, AL 10 pL M5 A CCK-8 Kl , i
FAEWEE 4 h, RS R 450 nm 40 PO TE .
BE SO s FIROGE, EEBCEEME,
GraphPad Prism 8 #2424 K i 26

15 mRAAMALIEES

TEHEE(ROS)S S UM R3S 5E . ik . &R
TR R, T AR AR &R A 2%, nTHH
375 T A0 RS A ML P, JT R AR P Y ROS Ak,
ek DNA 856 k4 6o a s be . s
RIFTEUT HeFP 2 6 FLAR, FHTR) 25 B2 1 S50 21 it ]
HNEEEANNEL 10 CARMEANML 3 d, WKHELIML, 200 uL
1x10°~1x10° cells/mL A 4IHE BRI A 2 uL FILT (07
Y RHE W (S mmol/L), BRIRY, EhELHE
60 min Ji7,500 g &5.0> 5~10 min, £ YL A% , Tl DPBS
ZE 0P (Sigma)iE UL 2 K, fJ5 ] DPBS H &4,

BD C6 i 4idf(BD, 3% [H) AL FL2 i@ Bk Izt
&%, FlowJo #{F-53#7, {#[f] GraphPad Prism 8 X {4
] ROS FHXTFRIEE] , SCUA FXT AR E 3 1~ .

1.6 ZAEIEA T

i H Hoechst 33342/P1 X 4% & (Solarbio, H
FEDRI I T- 4 S RFE A0, ANARAL AR I8 E 96
FUMR, S 06 2 0% B 2L 200 i 2 B R ], 33 R SR
BEJS 435 F 28 ‘CHI 10 CREFE 3 d )5, BFLINA 5 uL
Hoechst & (3 Al 5 L PT JL (03, R4, vkiBEk 4 C
JEF 20~30 min, Y5 PBS PR 1 1K, TE9G M
B SR ATIR

1.7 ZHBE ATP #&

W, ATP KB T FBERRGARARIREZ 0, 1
AR A Y P T K, AU & (Sigma, 38 )
XTANBEIEAT ATP AGIN o S 56 28 1 XGT HE 20 s R 240 i
BT 10 CHEFRAE, IR 3 d, BUH JE MR IE FR 0,
6 FLAREFFLINA 200 pL 24K, AT IG5 &
EP 4, 4°C 12000 g .0 5 min, B EVEW, 96 fL
BALIN 100 puL ATP A I AR i Gl i 50] 5 4 B
1:4), FiRBCE 5 min J5EALAA 20 pL FRI0EE &
Frdtdn, MEIRS), PRI (Bio-Rad, 3 [E)fil{
22 R G A Excel A HIERRMER 2k, TR 5L ATP
1.8 M O BRiE#E

e Hl LA AEIR (015 g 4L O Bk K 50 mL
100% 5 79 B F AR (bt SE IR ST ) 4 CORAT, JHZL
TAER T SC R BUH BLEC , Bl Z0A8 A S K 25
FKIRHR 3 2 2 HBNEA IR S . 40 PE A ss
% 35 mm B FRIL, 28 CHIFFMKTFE, AN, REE 5 HL
— T 10 CHEFEFAMGIRALPE, 3 d JFEUE /5, DPBS
Yk 2 i, 4%Z B 15 min B 400, DPBS ¥t 2 i ;
BALMATEE ML TR, Ehs s ke
30 min; FY4, DPBS ¥t 2 i, /A DPBS #3540
M, 7EIF BT WS R .

1.9 Him=B5HI4& M

SR A I 350 65 (R U B 1 GPO-PAP A5
H =5, 4000E T 10 cm B53R10L, 10 ‘CAERE 3 d,
UM UTTE , DPBS ¥ 2 ¥, A 200~300 pL /) DPBS
VKB A13 1 min, R Bradford BeibAT 8 11V BE I A2
B HR A 595 nm WG, 96 FLARBEFLMARE i
2.5uL, BAFES 3AER, G 250 uL,
37 ‘C WL 10 min, ARSI 510 nm W GAE
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S /T 3 RS R, SEI LR I A K b
Se i AR R FR AR B, P08 SPSS 18 Bk k4777 2
S8 & Duncan’s £ 5 F 45, GraphPad Prism #4443
BIVEE . P<0.05 S IRI 22 A Ge it 2 3.

2 HRE5HH

2.1 ZFL #R%Ee e ME S Western-blot i

ZFL ZHi%% % DMLB Bk fl TOL2 25 # ik e
22921 d G418 Tk 925, Al WK AR 2O 4 A
(K 2), FRIOCTRLE G, 5555 25 Y dn i ik
60%n] A T5LE . i# T Western blot X BH:XT HE LepA |
LepB Il TOL2 ZH i S8 (A TR DN, >R A HIS 5
ZE R AR K/ S B Y LepA 16.04 kDa. LepB
14.39 kDa K/N—3, 25 %k TOL2 4 il A& i k6 5] HIS
PR 3), FRBAEE L R A Rtk ft LeptinB FEH 7 ZFL
4 o i Rk

Phase

EFGP

Tol2

DMLB

Kl 2 ZFL i L sk 5
Fig.2 ZFL cells with green fluorescence after infection with
supernatant containing lentivirus particles

Phase U137 HLEF, EGFP &ty CEr . Kl 4 8],
Phase is bright field vision, and EGFP is green fluorescence.
The same in Fig.4.

DMLA DMLB Tol2

his | —

| r—

El 3  Western-blot il LepA (BH %% 1) (6.04 kDa) .
LepB (14.39 kDa)#ll TOL2 & [

Fig.3 Western blot analysis of LepA (positive control)
(6.04 kDa), LepB (14.39 kDa) and TOL2 protein

2.2 DM-LEPB 7 ZFL AR KB M FTRIRE M E

¥ 28 CHEFRA A KRS RIFAY S50 41 DMLB
Y AN HRZH TOL2 ANMufE85 2 10 C 53R4T
I, HHWSEARKSIETORG, 25 14 K, AT
Xof R ZH 4 M JEAR LT, 5 Wi T BR AL 41 M A {1 FH
PEDGAL, X BRA TCOSICANMAF G 5 HZ 02 b e
B AEAF G, 2 WA T T WA 2 S 6(E 4).
ARG, ik @Sk R A Ftl 0 LepB He[H 0 40 il A
i A E T o

Phase

EFGP

Tol2

DMLB

4 TOL2 4iffL 5 DMLB 4il LR IR 14 d FET M1
Fig.4 Low temperature stimulated the death of TOL2 cells
and DMLB cells for 14 d

2.3 Hoechst/Pl 2Rt E T=#

XTHEZH TOL2 4l F15E 55 2H DMLB 2t G ol
W3 dJE, Y BB AE Hoechst 4% i €0 2¢ Gl
TN 2 ZH40H AT WL A Al B A YL BRIl 7E P 240 (R
WG R, TOL2 ML (oo 6 Y (B 50 i 5 & F51
K40 DMLB 400, £I (7 64nM% 36 - 10 (K 5),
TOL2 4 AL 7RI T & A= 45 22 1) 40 e o0 1 0 240 i
AL, X RN A LepB F&H it A 1T LI EL R IR
S ORT 24 AR A 9 T AR SEAE H o

2.4 CCK-8 ¢ iE 146 M)

SEE4H DMLB 4fiJifd 5 %) 40 TOL2 Ziiffi7E 28 C
BB RS R AF, fethalisr 2, B ianie
FERE R IR AN, OS24 RN XS BR AL 4B i = 10 °C
Kigedh, Gt RIS , X BRZH 40 it AE K S A
W, MSCEAAA — AR, T 25 0 3 (P<0.05)
(1 6)o FHIATAT, AP IS S S5O0t HE 4 40 e 7 9
5958 BAFH AR, MBS RA RN MO LepB FEH i 3R
TR T BT A0 AR T R3S A S T



%6 T G465 WS R A B A LeptinB 3 PR 7L A A AIG 55 38 1) 7 101

Hoechst PI

1S Hoechst/PT J e k6 I 4H it g5 1~
Fig.5 Apoptosis was detected by Hoechst/PI staining

Hoechst ARICANMAZ, PIARIC I T 40 FISRFEA0 i
Hoechst labeled the nucleus, and PI labeled apoptotic and
necrotic cells.

Tol2

DMLB

S5r 28 C
—o— Xt Control
4r -m DMLB
£3 ¢
a
O 2+t
1 -
0 0 24 48
it E] Time/h

25 RRAEAEN ROSE=

YA B Ry s, AR &Y DHE 21
OOCTREN R ROS B~ M50, R =4l L
ST LR XT R4 ROS 9 ME . &5 R, 28 C
A, ROS i # /b, 2 49 i B T i 3 25 5% 511 10 °C
ff, ROS 7 I 3 22, Xof BA 4 - 24 5 it ok i I 2 vy
T DMLB L5 41(F 7). ML, RS S 2
MIP ROS 5 & b Z 30, ik R A Fatl f LepB &
[H 3 2 IR BEAS IR 40 L ROS Y7728, W/ 4B B e T
2.6 ZHRE ATP il

R R, SRS, SXTREAM L, LK
HAMMLR) ATP 7Kl 235 15 (P<0.05)(& 8). HILAT
Hl, DM-LepB if Fih X ARG R T 4y ATP
KVABEERH, AR TR,

0.8r 10 °C N
—o— X}t Control

06| —= DMLB
g
a 0.4
o

02

0 0 24 48
B8] Time/h

Kl 6 TOL2 #Hffl 5 DMLB #Hffl 28 "C 5 10 °C 177 40 M 34 58 175 1t
Fig.6 Proliferation of TOL2 cells and DMLB cells cultured at 28 ‘C and 10 ‘C

* R ZERAE 0.01<P<0.05 /K, TFIAl, * indicates the difference on the level of 0.01<P<0.05, the same below.

A 200f 28°C
300¢ DMLB
‘§ 150 —1 %} #8 Control
2200}
O 100
!
100}k |
50F
oL L ibbude o i Mwm .
100 102 10¢ 10
B 5 500 FL2-A :: FL2-A
28 C
2 _
Z 2000}
wn 2
O -5 1500
=8
% § 1000
8
g 500t ﬁ
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0 1 1
%} Control DMLB
285 Group

DHE ROS

200} 10°¢C
DMLB
150 la 1 X} Control
g It
2 100 |
O '\
‘\
50k r’
il
0 e A . . . ! )
10° 10 104 106
FL2-A :: FL2-A
15 000 -
10C
2
§ 10000}
s .
5
8 5000]
[}
5]
=
= 0
%} 8 Control DMLB
28 5] Group

K7 dHMa T s
Fig.7 Cell apoptosis analysis

A Ui ROS FlowJo BAF0H7; B: ROS it (929G GraphPad Prism 8 £ PFHEAT 20 Hr A1 22 4]
A: Flow cytometer ROS FlowJo software analysis; B: Fluorescence values of ROS data were analyzed
and plotted using GraphPad Prism 8 software
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ATP/(pmol/pg)
[\)

-

DMLB
485 Group
P8 il b BT 40 i ATP &5 5 AR
Fig.8 Effect of low temperature treatment on
ATP content in cells

% #& Control

27 MO OREELE

T PRV Z0K B Y SR 0, OF B R s
M, BRI E R Imaged AT e 6

PR, F e 0 TR o R TR A 7 I IR G SR A
DMLB 28 20 g Fb %5 H8 2H 40 ffa A vri s 2D R 3R 9
Ja, NTER A T sE T, RS KB,
JIE T 25 /0, T DMLB 20 20 i s i B0 i 22 (8 9).
FEUA S R S R 1 LepB B A 5 U6 2% 1K 15 08K o 44
MR BT BT AE , IS5 A5, B 0 B o R B
21 i R T 4 b KBTI L A8 o

2.8 Hilm=Esasi&in

H I =R A0 P AL ) B, AR
fiffr RO P RERZ RBEIRY T, RIRIME T,
i = WE Ao BE IR O A A AR L AR B

10T

papiis
Control

DMLB

o AT O Yeta st SR —2 (K 10), 76 1E % iR 5 37
W, X IRAI4M L DMLB ZHZ0 0 H o = EEfs &2, i
PR RS, %k 2 40 vl — R B o T R
DMLB ZH 4 it H- i — i & f A8 o0 R AR - R W]
153 R A BN A LepB 3 RXHIGIR T B9 06 At
HIFIEH

3 g

R E AV AR LT | RE RS Mm%
PR B SRR EAE S, 2022), Ik, LT
TR 5 AR AR I RIS B 2R3, Hoh i 2 g A
RS> T2 H (Wang e al, 2022; FEBTNZE, 2020),
Leptin fEH—Fi s 41415 N i Z 0l {5 515 5
EEG IR, 2008), CUFSC 540k K, 5.
AT R 2 VA OC . AN FLEh I, Leptin iy 4228
L) E A2 38 25 18 15 i 1t 4 Q0 R 4 47 e 1t N A2 28 (Bakshi
et al, 2022), {BAOEAE RS 5HFL AR K
IANTR] o 2R FH B A7 ] LA R ok A0 37 A e 1) B 2%
leptin FZNREDLE . Leptin 4E Jy 455307 WR A 1 14 G it
A=Y, B E DS 5V N R AL 0 B
9% HI, AWM RINE IR IT LeptinB 7E 2K
20 it 7 2 A R W I TR A D RE o R 8 Sk R 2 ra A
ffi lepB (DMLB)JFCkiF5 4% ZFL 40f, FFXF HAE# i
K 10 CARIER Z& 4 ™ S A7 40 M 155 5% 5 (il FH 1 i Al
CCK-8 125 Gl 1 200 e 384 58 i 3 R 20 i 2 /)N
W R AN AR DMLB Fokifk gt ZFL 40
ROS ZHMIAT:, K DMLB AL ¥ Nt 74
R FERAE SO IR AL

B mm 28 C

* —10°C

15000 - *

*okk
*%
10 000 - —
5000
0 1 1
%t Control DMLB

#H % Group

K9 kiR AL S 40 IR AL O e
Fig.9 Low temperature treatment of cell lipid drop oil red O staining
A REBMBEIEEWZIMME R B: Imagel B AF /M (AL
RN AR P<0.01 KK, **#EIR 2 RAE P<0.001 KF-, T,

A: The staining microscope is being exposed to take pictures; B: Staining area was analyzed by ImageJ software.
** indicates the difference on the level of P<0.01, and *** indicates the difference on the level of P<0.001, the same below.



6 TT 4865 W53 R A Bt LeptinB Fe R 2 HRAHER IR 38 A 76 103
] ™ F Rt th LeprinB 5, % B DMLB KK %G8 57
i o mmasc AERRANNCE KA. Wb ROS P WARAINEI
M-'T 'T o TR, A RIT AR ATP AT, ALk
1,40 RLPORAS , ABOR AN T TR 5. A, Bk R
g 1 1 7R LeptinB H R DA 0 TR0 it 4 ML B
S 02f TG, WSR3, 52 1 M R A B 1 0 4
ol HOHT IR 3, A v I R B AR 1
0 £ £ X W

X1 #& Control DMLB

2151 Group

P10 ARl A B 200 H dih = 5 A9 2 )
Fig.10 Effect of low temperature treatment on cell
triglyceride content

BUARNY ATP FEHE A SRR, 7EiX
AR IR £ 4 ROS, RIFEA SR A e AR 1)
BT R R AR — R PR BT
WEFEY (SR 25, 2016), fEIEH4IMF, ROS 7&
7 A R B 2 AR K —FB /AR, 4 ROS M Rl
JRE T8 378 HE AR LA P R T AR B, R S X BL AR 2
KA (B AR EE, 2019). ROS 55 4 st | iy —
SO AL B R S R [ B s By, B R BN, X
FLEEAE T 20 i i S AR 5 B S A M A T (R U T
4, 2003), KL, 380 i A M B AR A I 28 i 9 ROS
o, —ERE R DGR MM T, 28 C
W, AN TR D, T 10 °C X A 2 41 A UE Tk
% ZF DMLB L4, viiKIRNNa S DM-LepB
FE R It Sk BERS W E PR AR ANAE ROS BYF=E, MR
AP T, SRR RE R AT AE, (SR ROS
() e AE AR — DA RS Ko RIS & B, KT
R AR TS, X IR BT Z AT TS RIIRAE
XA W Leptin 3 PR O XGRS 38T R T v k44
TEZEH.

RIRJE ATP P2 EE 70, ATP 241 H
PEALREM T, XA A A KA . dERR AR S
HEAE Al H R AL TR T R E R RS T,
R P ATP 7K 2B 4% (Malhi ef al, 2006), %887~
BRI BEAZ BRI 2 A IR s 1oy A
i P R NTTR S DL 5 M e s TR NS PR D
2L T 2 (0 B f R AR FE 0 T 9 A BTG B . ARAFSY
H, ZARIRALFE)S , DMLB SCEGZH 400 ATP /K H
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Abstract Variation in fish temperature is determined by changes in the external aquatic
environment, and temperature serves as a crucial regulatory factor for the behavior, physiology, and
molecular processes of fish. A rapid decline in water temperature can elicit a strong stress response in
fish, potentially inhibiting growth and even leading to mortality. Low temperature stress significantly
impacts various life processes of organisms, including growth and development, energy metabolism,
and reproductive development. In recent years, there has been increasing research on the effects of
low-temperature stress on organisms, with a greater focus at the molecular level. Low temperatures
induce a decrease in cellular activity and even growth arrest, resulting in apoptosis. Apoptosis is a
form of programmed cell death ubiquitous in the biological world, and it plays a vital role in
maintaining the normal physiological function of an organism. Once apoptosis occurs, it is
irreversible and cannot be stopped. Temperature regulation is crucial for fish, and current knowledge
of the role of leptin in fish primarily focuses on the regulation of feeding, lipid energy metabolism,
and reproduction, with limited reports on its role in temperature regulation.

Leptin, a protein hormone produced by adipocytes, has long been recognized as a product of the
obese gene, which regulates organismal metabolism, neuroendocrine function, and other
physiological processes. In animals, it exerts diverse physiological functions related to cell growth,
proliferation, apoptosis, and metabolism. The homology of the /eptin gene in fish is relatively low
compared to that in mammals, and multiple leptin proteins encoded by multiple /eptin genes can be
produced due to genomic duplication events. Regarding the role of leptin in temperature regulation,
more research has been conducted on mammals, mainly related to the regulation of energy
metabolism and the influence on temperature adaptation evolution. There has been limited research
on the regulatory mechanism of leptin in fish during cold stress.

Dissostichus mawsoni belongs to the group of Antarctic vertebrates and has lived in the cold and
isolated environment of the Southern Ocean at a temperature of —1.9 “C for ~30 million years. It has
adapted to the extremely low temperatures of the surrounding Antarctic waters and is an excellent
material and living fossil for studying temperature adaptation mechanisms in extreme environments.
Compared with other fish species at the same depth, it has a large amount of lipid deposition in its
subcutaneous and muscle tissues, mainly triglycerides (TGs). Predictions based on 3D structural
models suggest that the partial absence of the lepB structure in D. mawsoni leads to only three
a-helices, and lepA has four o-helices and a short and twisted E-helix as well as several irregular
turns, forming a hollow barrel-like structure, which differs from the protein structure of all other
known leptins. Moreover, previous studies have found a close correlation between lepA4 and
temperature evolution, leading to speculation that Antarctic fish /lepB may play an essential role in
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low-temperature adaptation.

In this study, a eukaryotic expression vector of the Antarctic toothfish leph gene was
constructed and transfected into ZFL cells to establish a model of overexpression of the D. mawsoni
lepb (DMLB) gene in the ZFL cells. After conducting a cell culture temperature experiment, 10 C
was selected as the significant difference temperature. Following 2 weeks of cold stimulation, the
DMLB experimental group cells remained viable, whereas the control group cells died. The results
indicated that the overexpression of the DMLB gene provided strong resistance to low-temperature
conditions. By detecting changes in cell proliferation, apoptosis, reactive oxygen species (ROS) level,
and ATP content under low-temperature stress, it was discovered that DMLB maintained cell growth
and proliferation, reduced ROS production, and inhibited cell apoptosis. DMLB effectively
maintained ATP levels in cells under low-temperature stress, which helps maintain the mitochondrial
status and reduce the effects of apoptosis and necrosis caused by low-temperature stress, thereby
protecting cells from cold stress. Additionally, the results of Oil red O staining and TG detection
suggested that the DMLB gene may slow down the depletion of cell lipids under low-temperature
stress, perhaps by lowering lipid metabolism to preserve lipids to cope with low-temperature damage.
Consequently, the DMLB gene may be functional in the cold resistance of D. mawsoni by protecting
cells from damage at low temperatures, but its specific molecular regulatory mechanism needs to be
further explored. In this study, 10 ‘C was used as the key temperature, providing a basis for
understanding the regulation of energy homeostasis by the lepb gene in D. mawsoni under
low-temperature stress. This study explored the role of the lepB gene in the adaptation of D. mawsoni
to extremely low-temperature environments and provided fundamental data for further study of the
evolution of similar species in the Antarctic region. Furthermore, this study enriched the basic data
related to low-temperature tolerance and provided reference materials for further investigation of the
low-temperature tolerance mechanism of leptin in Notothenioids, as well as laid a foundation for
further study of the mechanism of leptin in temperature regulation.

Key words Dissostichus mawsoni; LeptinB; Low-temperature stress; Apoptosis; Lipid metabolism.



