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2 WHRAERBEEE WA

266071
2660715 3. JOEWPERSK 5AEAER LT KiE 116023)
e AT JIE & 3k U K 2 (liver-expressed antimicrobial peptide 2, LEAP-2)7 # £ & X %% 2 4+
KEEZER ., Ao ET RACE AR T # 2 H 45 LEAP-2 (Acipenser gueldenstaedti LEAP-2,
AQLEAP-2)ty &K cDNA J¥ 7|, *fH 7o FFAEAn Rk KFIHATT 2475 WHE AgLEAP-2 B KA R
Bt EAE AT S — P RATIEHR B RSN AgLEAP2 EAW M EER 4R LR,
AgLEAP-2 # [F] ¢cDNA 2K 4 622 bp, JT# [ 4E(ORF) N 246 bp, T4 81 NA KB, »F&
4% 11.2 kDa, 535 4 45 %5 [X Jy 184 bp, 33 FE 4 75 X 4 192 bp, AgLEAP-2 4 — /M5 5 fk(1~25 aa)
M — AR K (26~81 aa), AGAIKEH 4 MRFHFM AR ZEL, £ Cys58-Cys69 1 Cys64-Cys74
9 AE XL B 2 B BT R — A A AL G GE A, 2B IROK % & PCR (qQRT-PCR)% R & 7~ , AQLEAP-2
EFHERAR Y ZREK, EFETRAKTFRE, ERENAFREKTFARZ, £EF KL
B K. 5 0h 4, AQLEAP-2 7 & %t 2% 7k A, . /il H (Aeromonas hydrophila) & #9 7F [7] B 8] & 6 A AE |
JapE, B, kG, Sf iR AL FHEE R N, FA AgLEAP-2 & B (rAgLEAP-2)7E R 4h
MEZRKHEEEREL K AMRES AR A TR FFEEANERSL, AR KH, AJLEAP-2 7 &
BEPHHANER AT RATREEEER L L MREE A — 2 NIE R, KRNI L H R

H IR T KA
KA

FESES S9174  XHEERIRFE A

1 # K (antimicrobial peptides, AMPs) 3 %3 i1 5
5558 KA 5 28 G2 R AR AP A= W A4 A 52 s D A 1 42
(Fjell etal, 2011; Nguyen et al, 2011), A[alFhZE1H
AMPXT AT s 75 AR S 5 2 R B — 0 R fE
H(Boas et al, 2016; Hong et al, 2019; Mohammadi
etal, 2020; Travkova et al, 2017; Shaykhiev et al, 2005;

FFREREFLE K 2 (LEAP-2); HE Rk, MHEW;, AFEL; R ZHH
NEHE  2095-9869(2023)03-0037-15

Valero et al, 2020), JFAEFRIBPLH A2 (liver-expressed
antimicrobial peptide 2, LEAP-2)J& THHE K E %, =&
HHE S 5 K G ZR SR A SRR A AR I SRR 4 o
LEAP-27E bl B i FE AR SE, S 4 m ARSI
e I R R L RIS R, VR 20 B 40 A ) 5
tyseser:, HAPURIEEL et al, 2015),
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LEAP-2 7ERHMESIY T35 T 25, Krause
Z5(2003) I HhE Y43 B NZE LEAP-2, JfXfH
HEAT T Y€ . PR R, WFLEhY LEAP-2 NMUEA
YU bR ETIRE , 0 B W AR K KR E AER (Omar
etal, 2018; Ge et al, 2018), i LEAP-2 (Y57 £ &
Eh T FREMPLEEE S L, &RRXET
LEAP-2 HF5E & 5efE 1 WL (Oncorhynchus mykiss)
f) LEAP-2A Fil LEAP-2B J& [ (Zhang et al, 2004), #
— W 5% & B, £ 4 (Slurus asotus) . 3k fi
(Megal obrama amblycephala) . #: ffi (Ctenopharynodon
idellus), BRIEEE S (Trachinotus ovatus) LEAP-2 ¥y,
B —ME S IR — A IR, BB 4 e
JE AR ST B 2F B R 5% 55 (Bao et al, 2006; Liang et al,
2013; Liu et al, 2010; Liu et al, 2020),

1 % Wi 5 (Acipenser gueldenstaedti) 7 F [ E. A
— E MY FF FH BB, WE UK KB L T (Aeromonas
hydrophila) &3 ff1 i) 3 200 A, B R 25 B K
LU AR, SR K EIET, i s E
KEFHR(Di et al, 2018), Kr=FRFN H ib2z 254
MPTAERZEH, A EAPUR KRG REEM. B
i, &% Wris LEAP-2 (AgLEAP-2)%E K (il iF 5% R WL
i, AHFSE RIS AQLEAP-2 JE[H, % H4H 4
AP AAR L | 9 D PR R 5 R R IR D S B v I M A
WATGE, B Nt — BT LEAP-2 195 5L B
FEAIL T B2 AL 0 Al

1 M5
1.1 St

LU 0 N A (47.542.5) em., {KHE(450£10) g,
1.5 % 1 e B AR 2 Hor 655 (e N T 5% T 63 £ S A A PR
AL, FEEA 2 m. KK 0.5 m, 7Kl 17~20 CHY
[FE 3B AW FRIEA PR 9 15d, DR asiimfii .

S AL E T IR AR B i i g K R T
A B 3 1A S0 B 35 A6 I 1% 2K 1 #F 14 (Esscherichia
coli). 4 %% {67 %% Bk 7 (Staphylococcus aureus) . HEER
& (Sreptococcus) . A2 K (Vbrio anguillarum) 175 L
[C A (Shewanella) 52 50 35k F2 rf BT FH 21 A9 T8 Al 32 S A
FEE KRR, VR T-80 C.
12 tH#Fm*%E
121 ERRT HEFALHFRRE PEHC 3 B
FRARZ BB A~ A, A IWCAR e . JLNE . il 6
M. K. EE. B k. B OB LR AP
HIko13 AHA, THETRATRER, REHEA

—80 CHRAF

122 ERALEMEBRLERHBRE K FIE &
WSR2, ESHATR N 100 pL 2EEIEH E N 2.07 %
10* CFU/g AYME /K< PN R BT o o M 20 7 B A AR
f) PBS Wl BETESTAT 0 h MG 6. 12, 24,

48 F1 72 h 3 6 ANIFIE] A5, AN]SR 4 3 R K
DB M. 6 . KB 6 Fhalgl, Sf
BI4 A AT, IE5 A-80 CHEAE, FIT RNA #2211,

1.3 RNA #2EX#0 cDNA &5

B ¥ R 4H2H MR 3E TransZol Up id7 & (420 4)
BT AR B U RNA . RNA YR B 4l B3 o e
SPIEYEEETHINE , RNA SEHEMEE 1 1% A WH e i B
KA, i E RNA JEH 5, F PrimeScript'™ 55 —4%
cDNA & ik 7] & (TaKaRa, HA)S L cDNA, T
20 CH#-4F.

1.4 AQLEAP-2 EE#£ 1 cDNA K7E[E

DLk BT 6k R e S 4L BCHE PO BE Y
AgLEAP-2 JE[H By 384> cDNA JF %1 4 # % %1 (Chen
et al, 2016), i#id Primer Premier 5.0 FX {1148 55 1
519 P1FI P2 (3R 1), DIEREMRA Bl 13 M2HEU IR
4 cDNA MR iE41T PCR 714, FFEUFH ORF,
B PCR W A& : 10 pL 2xTagq Master Mix (i ME#E,
HiE), 514 P1 AT P2 45 1 uL,cDNA #i#y 2 uL,ddH,0
NZ 50 uL, K A5 94 °C 5 min; 30 MEHN(94 C
30s, 60 °C 30s, 72 °C 1 min); 72 °C 10 min, ¥ PCR
FEIHEAT 1% BE R R F DK A I, et e R ik
R (M, EDSEAT gl Ak T, K 5 ™ 5
pEASY-T1 #fk (@4, THE)ER, 42 TR A
Trans-T1 B2 A GNH, 332720 55 55 I 18 86 PH 1 s e 1R A 7
M, 3R45 AgLEAP-2 i) ORF J£51),

T RIS R AgLEAP-2 KE[H ) ORF 41, i&it
2 ZHF5SE519(GSPS' Al GSP3'), it RACE Fikd”
R cDNA F%1 ., RACE ¥ 1438 519~ short
primer il long primer (¥ 1), f#iff] Smart™ RACE
cDNA ¥ 357 & (BD, EE)#H 1T 5-RACE Fl
3'-RACE #"## , Touchdown PCR £514: 5 MG (94 C
2min; 94°C 5s, 72 °C 3 min); 10 PME¥H 94 C 55,
70 ‘C 10s, 72 °C 3 min); 20 ME#H(94 C 5s, 64 C
10s, 72 °C 3 min); f/i 72 °C 10 min, 4 #7533
FrBefdi i Qiaex I &ML $2 UL £ (Qiagen, 5 [ )ik
o esaifh, itk =W 5 8RS, A B S,
IR I B IR SR EA TN, 345 AgLEAP-2
4K ¢cDNA 571,
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Tab.1 The primers used in this study
5|¥) Primers %H B F¥) Nucleotide sequence (5'~3") I Application

P1 GCCTTGCTTGGTTCCC I3H PCR

P2 GTGGTGATACTATGCTGGTT Regular PCR

P3 ATGAGGACAGTAATCTGCAG W F

P4 CTAAGAAGAAAACACTCGGA Recombinant
expression

P5 TTGCTATCAGCCTCATACTCTT qRT-PCR

P6 GGTAATCCAGCGCCACA

P7 CCTGAGAAACGGCTACCACATC 18S rRNA

P8 CTCATTCCAATTACAGGGCCTC

K51Y Long primer CTAATACGACTCACTATAGGGCAAGCAGTGGTATCAACGCAGAGT RACE

55514 Short primer
GSP5’
GSP3’

CTAATACGACTCACTATAGGGC
CTAAGAAGAAAACACTCGGATTGAGCA
ATGAGGACAGTAATCTGCAGAGTGTTT

15 £WERFESH

{#iFl BLAST (http://www.ncbi.nlm.nih.gov/BLAST/)
¥ AgLEAP-2 FIH ALY Fl LEAP-2 (& IERR 7 51 i1 7
[FIJEPE LY. RIFELEF SMART (http:/SMART.
embl-heidelberg.de/) Wil 4 [ T 45 A 30, HAE L4k
{4 ExPASy (http://au.expasy.org/tools/protparam.html)
1155 AgLEAP-2 WYAHXT 4y sk . it ORFfinder
(https://www.ncbi.nlm.nih.gov/orffinder/) #¥ #% AgLEAP-2
PR AR e 124 38 17 DNAMAN (http://www.Lynnon.com/)
PEATE LR P S LX) . it MEGA-X #(ff, %7
AgLEAP-2 Jz H:fh f1 2% LEAP-2A . LEAP-2B Al
LEAP-2C WY ZHEIR P4, ] NI EE R G LB .
i %4 SWISS-MODEL (https://swissmodel.expasy.
org/) il AgLEAP-2 FlIAZS LEAP-2 & 1) =4k&EH) .

1.6 AgLEAP-2 EFE mRNA Rix/KFESH

LTI 31579 AQLEAP-2 53 cDNA FE51), ¥
qRT-PCR 5|4 PS5 1 P6 (3 1), FKs Mk & Wi g i 18S
RNA YER NS, 51%)°8 P71 P8 (% 1) (Livak
etal, 2001; Lu et al, 2015), #R#i Talent qgPCR PreMix
(SYBR Green) (K#E, HENMULAF, 7E ABI 7500
P Sz ) g Y (ABT, 38 ) HE AT H oAy 3
qRT-PCR Al . AR EEAN I B 3 AN E R, ] 244
AT B AR FEAS [ 2 A X Kb o

1.7 rAgQLEAP-2 ZEHHIRIEFILL

P& CDS (coding domain sequence) X 541, % i1
FESEPES |9 P3 P4 (3R 1), FEERMR D Hred 13 Fhal

LIRS cDNA FEMBNETT PCR 3734 [ b o K PH
P TERE = W% 38 pEASY-Blunt E1 (2304, W)
b RIGEEREE YR A BL21 (DE3)I&AZ 5401t
WREFE, PREUBH M v B - % .

H I IE A 1 B S PR ST A RN R R MY LB
Figp kb ii 9%, Y4 ODeoo nm i3 0.6~0.8 B, i
WeBEk 1 mmol/L HY IPTG, 7E 28 C&MFT, #em
200r/min K IEFE 12 ho 4 CEHT, il
12 000 r/min #.0> 5 min, WHELNHTIIE . MR BB
RPTTEH A 15 mL AR . 29k H 1 mmol/L 1)
PMSF F1 0.3 mg/mL HJ% # B, 7514 I8 50
WCEETTTE o K TR IV F UM A BITTE I, 4 C4&
PFF, SR 2 h, HENAREW., BO0E LG
& , FHl His Trap FF 1 mL #Zlifb At 4lifk rAgLEAP-2 1 .
1.8 ESMEEMELLE

KIGFFER . BBONE . A ELICH . BBk M & O
HATERE S 37 5 W2 20 Y BERWOEE ODeoo am

®2 ZREMNEREZH

Tab.2 Culture conditions of experimental bacteria

B3 414 Culture conditions

2

Bacteria Wigr sk i 2
Medium  Temperature/C
KFFE Escherichia coli LB 37
#83(E Vibrio anguillarum 2216E 28
# LK HE Shewanella LB 30
BEERE Sreptococcus THY 37
& ¥ O A PR LB 37

Saphylococcus aureus
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A
s

9 0.6~0.8 At , 45 18 i B 2 10°~10° CFU/mL. 1 xPBS
Jo Xt HRLH , ¥ rAgLEAP-2 #5114 100, 200, 300, 400
H1500 pg/mL ¥ B2 AR TR SVl T iR e e, R
Je B AN TR 40 T Y TR O O A TR A A [ vk R
rAgLEAP-2 5 [ 1Y 355 15 F5 5L R 1 o AR HE A [m] B Al i)
W ERE R R, 5 2 RIEFFTREE O G abT
rAgLEAP-2 £ RS [ 40 TR A HE TR 80K

1.9 FitanHr

qRT-PCR %5 544 D) SF- Y {E +45 fE 1% (Mean+SE) %
AN, AR SR R B R, R 3 AR
EE, BNMEYFERRE 3 NMEREZ., RH
SPSS 26.0 Gt it A X 18 7K <R TR Ik L 4H AT PBS 2H
Z [H] AgLEAP-2 JE K AR ek it 25 R AT IR R
72437 (one-way ANOVA)FI Duncan 2 & tb#%, JHik
y P<0.05 i, HAREEZER.

#HR

2.1 AgQLEAP-2 R &

2

Wit RACE 3515 AgLEAP-2 3[4 K, H ¢cDNA
42K} 644 bp,5’-UTR K 184 bp F1 3-UTR K 192 bp.,
AgQLEAP-2 ) ORF &y 246 bp, 4ty 81 M2
AgLEAP-2 A 4rF A 11.2 kDa, PSS TN
9.15, 155 BRMEEHEArE5 R IR, ZEHERT 5
A5 R 25 N FER A N E 5 IR 43 DU EERR2H A
M RLRVIK(E 1) RS FHN 3 Hr 2B (E 2A. B),
AgLEAP-2 Fil A2 (Homo sapiens) LEAP-2 75 4 i1y
A 4 DORSF KB E R Bk 5L, AgLEAP-2 1E
Cys58-Cys69 Hl Cys64-Cys74 AR B 2 6] 43 B
W1 XF T RiE#E, A& LEAP-2 7E Cys54-Cys65 Fil
Cys60-Cys70 FAHXS 7 B 2 [ 435908 A% 1 4 —fiidge,
AgLEAP-2 #5445 LEAP-2 F GRS ML .

1 ttgaaacctggtcgccaacggtggttataggcgcgccgccgaaggcaggccttgcttggttcccagccagggagggaggggttﬂttgga

agcaggctttttaagtcggegttct: jccagqc

91

agcattccceegegte

+ prey "
yagtgcatttgccagcetgtagtctcgttat

caac

)

1 @AGGACAGTAATCTGCAGAGTGTTTGCTATCAGCCTCATACTCTTCTTGATCTGTGACATC

C R V F A

Il s L I L F L I C D I

248
22 Q VvV.Q A A A L P

311

CAGGTTCAGGCTGCTGCTCTCCCGCGAGGTGATGGGGTTCAGCTGGTAAACCGTGTGAAGAGA
R G D G V Q L

TCGATGATGTGGCGCTGGATTACCCAAAGACCAATAGGAGCCAGCTGCAGAGACCACTCTGAG

V N|R V K R

43s M MW R W I T

Q R P |

G A s CRDH s E|

374 AACTA AN
N Y C K

D D Y C s |

437
536

F 1
Fig.1

REG TR TP e ;

tacctaaagaaatgcagcegtctggaagtagagaatgtggaagttcttcacatcaacccgttatagtattcagac
ttaaagaaaatgtgtctatcaatgttactattgagcaacattaaaccagcatagtatcaccacc

AQLEAP-2 JE [K (% 11 IR 5 E AL IR 41
Nucleotide and deduced amino acid sequence of AQLEAP-2
INE TR JEIIX; T RIZ:
BEHE . BIREN T (ATG) ML L E T(TAG): KEF

tggccttcacgatcatctg

SRRk ORI
R PR IEC).

Uppercase letters: ORF; Lowercase letters: UTR; Underline: Signal peptlde; Blue box: Mature peptide;
Black box: Start codon (ATG) and stop codon (TAG); Gray shadow: Cysteine residue (C).

AZKLEAP-2
Human LEAP-2

2 HHHLEAP-2
AgLEAP-2

B2 RP W (A)FIAZE(B) LEAP-2 R 1 1 %5 [ 45 44
Fig.2 Spatial structure of LEAP-2 protein of
A. gueldenstaedti (A) and human (B)

22 SEBEZEFIILMMRERESH

FIH BLAST 1 DNAMAN #4557 & (5 5
SR LRSS KA AgLEAP-2 S5ZLshyr . Wikish

Y. SIS 14 R E R IT Y], AR
ZEIFH AR BN, B 55K AgLEAP-2 5
H Al F LEAP-2 B)F I AHIPELE 38.24%F1 100%Z
[B(F% 3). AgLEAP-2 SRR CRTIL, H
5 /MA (Acipenser ruthenus)AH LI 5 25 (100%), 5
Wi Y1 58 i (Anguilla anguilla)Hi BRI AR (55.56%); 5
WL sh W . B S A S 28 M H, 5 MR B
57 TUiE (Xenopus  tropicalis) Al P14 5% 1% (38.24%)
(E 3A). LBR1E 5K AgLEAP-2 5 H by F
LEAP-2 FES BAHAUAE N 45.83%~100% (£ 4)., Hf,
55 /MA S FHK YT £ (Acipenser dabryanus) (1) H B 1: £
5(100%), 5K HR 5% (Megalops cyprinoides) i #H bl
PR (60.71%) ;5 A A AL 5 55 (55.88%), 5
J X (Gallus gallus) 1A B 5 1%.(45.83%) (K] 3B).
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41

T IR LEAP-2 WL )T 5, it NJ
EE RGN, ERER, RELEMSK 2 4
5332, AgLEAP-2 FlfaZhy—A~7r 32, izl .
WISl F S 2R R EEAE 5 — > . 55 AgLEAP-2 %
Z I B VIR /MASG LEAP-2 (/8 4), 3£ T AgLEAP-2
FHAh 525 LEAP-2A . LEAP-2B 1 LEAP-2C fi¥ % 5L
RIFINERGELBW ., 458 TR, AgLEAP-2 Al
LEAP-2C % h—~/3 37 . LEAP-2A I LEAP-2B # %
E S — A . AgLEAP-2 5 R 4B /N Ak 5
LEAP-2C MR K ARl o

2.3 AQLEAP-2 EAREALRFHFRIEKTE

FIFH qRT-PCR 43 B i FE (5 Wi 13 A~ 414014 5
RNA G OLGER 1). 53R IR, AGLEAP-2 7]
APz Rk TEE P A BRI, HRk ek
JENPRIETE 1.0, kK f w2 2L AFIE(RO %),

M B2 JRANHA 2 2 B SR KA (K 6)

BEKSEBMEBRLEE AgLEAP-2 EARRREA
AR RIEER

FIF qRT-PCR L ARXI R P Hrfid 6 Fh G g 21 40
AQLEAP-2 78 AS[R] Bisf 1] 5 () mRNA F kb 2045 Sk A7
SAT(E 7). AQLEAP-2 7E 6 Fl g 2141 v i Kk 7E
72 h PEER R FIEFRIAHE(P <0.05), ik E ARG
(BRI ) A A6 TP 7E 48 h F1 72 ho P FLE . Sk
SRR B 23R B AE 72 hakBEf . BHrh 72 h 19
FikERE, 20 h 95000 1%; M RFREELAE
72 hikFWE(E, S22 0 h A9 1500 1%; LBEHRERER
TE 72 h IAFE(E, J& 0h Ay 1100 %5 MK HIFEIE
HAE 72 h IR FIEAE, J& 0 h /) 950 f%; AL KRB &
[FAETE 72 h IRBNIE(E, 4 0 h A9 150 £i5. WilmiE Ay
FIRETE 48 h K F|IE(H, J£ 0h 19 900 £%, JEHTE 72h

24

N SR N
FURW (55 15 LA (24 £i) FIEN (20 1) TEMNE . BPREFRSETZKF, 4 0 h (1 600 %,
Signal peptide
A Acipenser gueldenstaedti [ MRTVICRVFAISLILELICDIR LPRG. . . DGVQLVNRVKRS 80
Acipenser dabryanus | MRTVICRVFAISLILFLVCDI® LPRG. . . DGVOLVNRVKRS 80
Acipenser ruthenus | MRTVICRVFAISLILFLICDI® LPRG. . . DGVQLVNRVKRS 80
Polyodon spathula . MRKVLCRVEVISLILEFLVCNI® LPRG. . . DGVQLVNRVKRS| 80
Polypterus senegalus | MRNGIHILLATLLIMASVCDL® LSHG. . . VEVHLVHRVRRSM 80
Erpetoichthys calabaricus | MRNGIHILLATLLIMASVCD SLSHG. . . VEVHLVRRVRRSM 80
Lepisosteus oculatus MMRTLLSKIFAVTLIMSLLCGI® PLEEGEIRGAYELVHRAKRSM 84
Scleropages formosus | METTYQKLFAISLVLCLVASI® PVS..... YGAGLIQRAKRSL 78
Anguilla anguilla | MRTLLRKLFATFFLLSLVCV PVPDE. . .WGTDLIYRAKRSL 80
Megalops cyprinoides | MMTLHHKLAALLILLCLLCA PLPDD. . .WGMDLIYRAKRSL 80
Xenopus tropicalis . ..MOPGKWTLILVLECLET CLINPS. .VRAAVR.LPRMTP 77
Homo sapiens | . . .MLQLKLFAVLLTCLLLL PVPEV. .. .SSAKR.SRRMTP 75
Macaca mulatta . . .MWHLKLCAVILMIFLLLLG PIPEV....SSAKRRPRRMTP 76
Mus musculus . .MWHLKLCAVEMIFLLLL PIPEV....SSAKRRPRRMTP 76
Gallus gallus MHCLKIMAFLLEFSLILS@VYJASLHQP. . . .QPLLR.LKRMTP 75

B Acipenser gueldenstaedti  AALPRG. .DGV.QLVNRVKRS
Acipenser dabryanus AALPRG. . DGV .QLVNRVKRS
Acipenser ruthenus AALPRG. . DGV . QOLVNRVKRS!
Polyodon spathula AALPRG. . DGV . QLVNRVKRS!
Polypterus senegalus AALSHG. . VEV . HLVHRVRRSM

ASLSHG. . VEV . HLVRRVRRSM

Erpetoichthys calabaricus
Lepisosteus oculatus

APLEEGEIRGAYELVHRAKRSM

Scleropages formosus APVPDE. . WGT . DLIYRAKRSL
Anguilla anguilla APLPDD. .WGM. DLIYRAKRSL
Megalops cyprinoides ... ... ...............

Xenopus tropicalis
Homo sapiens
Macaca mulatta
Mus musculus
Gallus gallus

.......... Q.PLLRLKRMTP

Disulfide bond

Disulfide bond

Bl 3 55 BK(A)FI L BR 15 5 B (B)Y AgLEAP-2 5 H A4 %l LEAP-2 £ 5 )41 L %t
Fig.3 Multiple sequence alignment of AgLEAP-2 with (A) and without (B) signal peptides with LEAP-2 from other species

100%HH 7] 14 5% 5 F 2 5 B 2

N, = T5%H R 5 R TR (B 2

o[RS RHBMER R . HAERCH ¢ AFRPIA

FRERIE, 2 A FHARER AL Z B R —wi s gbRic . oA PR P81 736 3 ik 4 vh
100% identical residues are indicated by black shading, =75% identical residues are indicated by pink shading. Signal peptides
are indicated by black boxes. ¢ marked with red box represents conserved cysteine residue, and disulfide bonds formed between
two opposite residues are marked. The sequences used in the analysis are listed in Tab.3 and Tab.4.
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100

52

7 Acipenser dabryanus
‘|_{ W Acipenser gueldenstaedti

64 ' Acipenser ruthenus

Polyodon spathula
— Erpetoichthys calabaricus

100 L Polypterus senegalus

100

99

Lepisosteus oculatus

—

Anguilla anguilla

Megalops cyprinoides

Scleropages formosus

95

Gallus gallus

100 [ Homo sapiens
Macaca mulatta

|

100 Y Mus musculus

5

Xenopus tropicalis

K4 J:TF AgLEAP-2 FIHABYFh LEAP-2 FHLTR T E N R 5% kT M
Fig.4 Phylogenetic tree based on the amino acid sequences of AgLEAP-2 and LEAP-2 from other species

FIFH MEGA X i, RAAEEESE 1 000 RINERGEEETW. “V” F£R AgLEAP-2,
AT ERTR D0 HTT, KWFIY GenBank H 55 L 3,

Using MEGA X software, the phylogenetic tree was constructed by repeating the NJ method for 1 000 times.
AgLEAP-2 marked with “V¥”. Each node represents a classification unit. The GenBank No. of species are same in Tab.3.

25 fESMAEEMES

XM IPTG %S AgLEAP-2 HAE M FKik,
SDS-PAGE MLk /r, fiT 8~15 kDa &b —45
T 2 & R/ N—B 45 . 464 His Trap FF 46
fbiE2lifb i35 rAgLEAP-2 KM H—, HAoT 8
254 11.2 kDa, 58BN 2—2E 8).
rAgLEAP-2 F A X 5 2% [ BH P B (R ok v 1 4 7 (Al
2 BRTA) AN 22 [CBA I o AT T . B850 A Ay PL IR
PR R I R R BT TE AR, Bl AR R 1 Y
fn, IR SOR BN A (B 9. 10, 11, 12
13), rAgLEAP-2 & I ¥R FE 35 3] 500 pg/mL W}, F
B HADRMEAR, HESHEHV T2 X
i EE

AWFFENT AQLEAP-2 HE1T TP 51 %58 . FikFiX
BT IS T . AQLEAP-2 J:H 4K 622 bp, cDNA
41K 246 bp, i 81 NEIEMR ., HREZEH ALY
A —FE, G5 IR — A AR A
K AGLEAP-2 17 4 PMMRSFRUE e , JTH7E 2 455
WK 2 A~ ik, AQLEAP-2 JLIH 551 76 1k h i
JELRSF o R HETR 2 )T 5 o R 58 & B MIEE &

P, AgLEAP-2 5a251) LEAP-2C B N—Ir 3,
SR AEE ) LEAP-2C MR E, W
AgLEAP-2 AlfiEJ& T LEAP-2C. KT FIrhAEMiTH)
LEAP-2B #l LEAP-2C B #% a2 y Hifth 12 LEAP-2B
Fl LEAP-2C 1Y [H) P4 (Zhang et al, 2018), KEFHRE
W3 L PR ZH 0 PP AIE 5 1 A TR, A H TR ATT I BAAR 2
S G 2 ST 28 DN R AR 2 M0 B R R P SR 2 0 ) 2
RAR K AgLEAP-2 1y H AR 4 (Chen et al, 2016;
Gong et al, 2019),

LEAP-2 LIAN [7] A5 370 5 HE 50 0 7y e B 20 21
[Tz Rk, WSR2 LEAP-2 76T I Hh s B
F3K ., LEAP-2A Fl LEAP-2B kP 75 T 6 ik v v 28
Fak, e HARA 2 R FE K (Zhang et al, 2004),
LEAP-2 7EUPJE 8R4 T IE b i ik i de . (R
ik fi(Lei et al, 2020), LEAP-2C 7E i FEK VL&
JIf Fr 5 3 $5 34 (Zhang et al, 2018), Hifth .25 /) LEAP-2
8¢ LEAP-2C i fE b FE ik . i, LEAP-2 7rfd
FRER B A0 ) I i 63k, 1T LEAP-2C 78 i i
Fik(Li et al, 2014), B R B MY —FF,
AgLEAP-2 TEMk B It 1Y 13 FhERERLLLh 2 %655,
FE T E A 38 Th kK- B . LEAP-2 ZEAR (R Fh
TR AL, UL LEAP-2 1A Rl #h rh 2 figm
E—5, HEmEA AL YRR
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100 |— A Acipenser gueldenstaedti LEAP-2
Acipenser dabryanus LEAP-2C
Acipenser sinensis LEAP-2C

100
64 Cynoglossus semilaevis LEAP-2C

Takifugu rubripes LEAP-2C
— Larimichthys crocea LEAP-2C

Maylandia zebra LEAP-2-C LEAP-2C

100 Oreochromis niloticus LEAP-2C

100

81

Oryzias latipes LEAP-2C
Xiphophorus maculatus LEAP-2C
[— Oncorhynchus mykiss LEAP-2C
69 100 | Saimo salar LEAP-2C

Danio rerio LEAP-2C

54 Boleophthalmus pectinirostris LEAP-2A

Cynoglossus semilaevis LEAP-2A
94 [ Larimichthys crocea LEAP-2A
Oreochromis niloticus LEAP-2A
79 Takifugu rubripes LEAP-2A
,— Oryzias latipes LEAP-2A LEAP-2A
M Xiphophorus maculatus LEAP-2A
85 L Cyprinus carpio LEAP-2A
— 1l Danio rerio LEAP-2A
_|—7 Oncorhynchus mykiss LEAP-2A
7 Salmo salar LEAP-2A

26 95 o
Plecoglossus altivelis LEAP-2B

100 | Acipenser dabryanus LEAP-2B

! Acipenser sinensis LEAP-2B

85

62

46

96

48

LEAP-2B

[ Oncorhynchus mykiss LEAP-2B

34 100 — Salmo salar LEAP-2B

Cyprinus carpio LEAP-2B

—_—
5

K5 T AgLEAP-2 5HAb 2% LEAP-2A. LEAP-2B il LEAP-2C R IR P HIM A RS L T W
Fig.5 Phylogenetic tree based on amino acid sequences of AGLEAP-2 and LEAP-2A, LEAP-2B and LEAP-2C from other fishes

M MEGA X 8/, R HIAB L 1000 W RGE R B . 206 =ML KRR AgLEAP-2, R 15 SAUR— 2o,
LEAP-2A . LEAP-2B il LEAP-2C & Jf % GenBank & 3¢5 U, LEAP-2A: Kk (ANO39624.1), HHL(AGK89728.1),
AT (NP_001117936.1), KM (AHY01375.1), FH#(XP_004080006.1), &1 (XP_005806470.1), £1f#& % Jy fili
(XP_003966912.1). B (AAI62807.1), KVGIEEEM(XP 014062864.1), JE % B HEM(XP_003457771.1), 17 i
(XP_008318762.1); LEAP-2B: H#ifi(AGK89729.1), iE/FHLHE(NP_001117937.1), HFH(AIZ00779.1), KPH¥:fEfh
(XP_013985003.1) ., KITHH(AWO14378.1) , FHHEHEF(AWO14379.1); LEAP-2C : I 7 T 5 (ADN34603.1) . K # 1 (AHY01377.1)
T i (XP_004074868.1) . HELL LI £ (XP_004538259.1), &R (XP_005810076.1). ZIHEAR Jrfifi(XP_011603261.1),
BETh £ (NP_001373333.1). KPHHAEf(ADN34604.1), JEe & F k1 (XP_013126243.1),

W T #H(XP_008322564.1), FhAE#(AWO14380.1),

Using MEGA X software, the phylogenetic tree was constructed by repeating the NJ method for 1 000 times. The red triangle
indicates AgLEAP-2. Each node represents a classification unit. The sources and GenBank No. of LEAP-2A, LEAP-2B and
LEAP-2C are as follows, LEAP-2A: Boleophthal mus pectinirostris (AN039624.1), Cyprinus carpio (AGK89728.1),
Oncorhynchus mykiss (NP_001117936.1), Larimichthys crocea (AHY01375.1), Oryzias | atipes (XP_004080006.1), Xiphophorus
macul atus (XP_005806470.1), Takifugu rubripes (XP_003966912.1), Danio rerio (AA162807.1), Salmo salar (XP_014062864.1),
Oreochromis niloticus (XP_003457771.1), Cynoglossus semilaevis (XP_008318762.1); LEAP-2B: Cyprinus carpio
(AGK89729.1), Oncorhynchus mykiss (NP_001117937.1), Plecoglossus altivelis (A1Z00779.1), Salmo salar (XP_013985003.1),
Acipenser dabryanus (AWO14378.1), Acipenser sinensis (AW014379.1); LEAP-2C: Oncorhynchus mykiss (ADN34603.1),
Larimichthys crocea (AHY01377.1), Oryzias latipes (XP_004074868.1), Maylandia zebra (XP_004538259.1), Xiphophorus
maculatus (XP_005810076.1), Takifugu rubripes (XP_011603261.1), Danio rerio (NP_001373333.1), Salmo salar (ADN34604.1),
Oreochromis niloticus (XP_013126243.1), Cynoglossus semilaevis (XP_008322564.1), Acipenser sinensis (AWO14380.1).
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Fig.6 Relative expression levels of AGQLEAP-2 in different tissues (Mean+SD, n=3)
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Lane M: Protein marker; Lane 1: rAgLEAP-2 before

YL g K SRS, AQLEAP-2 ZEMRZ Hrfi i
10 778 1= SN [ 1S = Ll o I
Hph a2 s R —5. Wk, LEAP-2 fB)
TP IR AR BN, 208 K SRR G )
KAITEFRRFIE . AT . i8R 5 o LEAP-2 [ 363k
i+ WL (Zhang et al, 2018), B Gyl R 450 &0k
TN Y% R G0 H B R A, EA AR B 25 A )
e, RHCBER AR — AR 2. B8 . AR R 3 4
B RG E GRE 41 2, A0 R DR A B A B —
1 J7# B (Magnadottir, 2006) ., {41, i 8 Jk Y 25 i < .
Jid B (Aeromonas salmonicida) 5 , LEAP-2 7£ 7 3E T
JE#iK(Zhang et al, 2004), HfRYLRE KSR
J&, LEAP-2 TEMFME. MUIE. Fefik . WLA ANz E iy

K18 AGLEAP-2 i SDS-PAGE M7 FIRIKF FiR(Liu et al, 2010), #5140 25 5 18 i 1 5 48
Fig.8 SDS-PAGE analysis of AQLEAP-2 LA LEAP-2 {8 BBk 3RI0KF G 45 14 (Yang
etal, 2014), AWFFRERY, HRP W 1E G g KR
M PRHERE O TRANCH; W 1: SR JLH 72 h R, AQLEAP-2 7SIt 1 335 7K 743 3
rAgLEAP-2; kil 2: 4lifb)5 1 rAgLEAP-2 0 h B 5 000 f5H 600 fF. 25T T HAALL, &

purification; Lane 2: Purified rAgLEAP-2 Rk, AgLEAP-2 H Tﬁ%%‘]—ﬁ Tﬁtﬂ)]'j ,ﬂ;ﬁﬁjﬂ’ﬂ*ﬁﬂﬁﬁaf 5 o
B

Escherichia coli

] e
A B C D E F
ZE FWE Protein concentration/(ug/mL)

B9 AIRHEE rAgLEAP-2 Z& U0 I T B A= KA B0 (A) B B VB SE 71 (B)
Fig.9 Different concentrations of rAgLEAP-2 protein inhibit the growth of E. coli (A) and CFU count (B)

AN b: 100 pg/mL; c: 200 pg/mL; d: 300 pg/mL; e: 400 ug/mL; f: 500 ug/mL, K[,
a: No-treatment control; b: 100 pg/mL; c: 200 pg/mL; d: 300 pg/mL; e: 400 pg/mL; f: 500 pg/mL. The same as below.

1500. B SREARE

Staphylococcus aureus

A B C D E F
FE Y E Protein concentration/(ug/mL)

F10 AR rAgLEAP-2 H 4 il 6 35 (03] 4 BR R AE 1 0 (A) S v B SE 71 (B)
Fig.10 Different concentrations of rAgLEAP-2 protein inhibit the growth of S. aureus (A) and CFU count (B)
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Bl ARFIHE rAgLEAP-2 48 41 il Bk B A AV 0 (A) S P K SE 71 (B)

Fig.11

B 12

A[EYEEE rtAgLEAP-2 & (401

Different concentrations of rAgLEAP-2 protein inhibit the growth of Streptococcus (A) and CFU count (B)

1000 #8YNEE Vibrio anguillarum

A B C D E F
FEHHE Protein concentration/(ug/mL)

BRI G A= R DL (A) B P K e 1 (B)

Fig.12 Different concentrations of rAgLEAP-2 protein inhibit the growth of V. anguillarum (A) and CFU count (B)

K 13
Fig.13 Different concentrations of rAgLEAP-2 protein inhibit the growth of Shewanella (A) and CFU count (B)

LEAP-2 I HVE AR BRI —Fp, FEHAPIE
93 I TR AR PP B AR T o R EO0 i 2L s i
625 LEAP-2 [HIF 5% 32 BL4E R FE B 18 AP0 25 o 2 0%
P . B4 LEAP-2 S Bos hE A ZE MM
295 JELAR Y e T 1 DD RE (Krause et al, 2003; Liu et al,
2010; Townes et al, 2004), W75 & Bl, Mz & fa
LEAP-2 & VR BRI, HXT g K S M v 1 T B
T S (Liu et al, 2010), KZE6F LEAP-2 & 11 fig

5 BLECH Shewanella

H&%L CFU
s o
(=3 (=3
(=] (=]

A B C D E F
FE YK F Protein concentration/(ug/mL)

TR BE rAgLEAP-2 £ M il Ay FU BRI AR KA B0 (A) S 7% B SE 11(B)

A7 0 1 78 8 TR T (Micrococeus luteus) . 1R 9% % 1
1E G (Edwardsiella tarda) fi@ gl & 4 K, H 857
i PE(Zhang et al, 2014), fivfii LEAP-2 &5 FHREA 5K
P06 R 22 = R AL QTR A a2 N G, S IRk oy
6.25 mg/mL (Li et al, 2015), UNIEEEES LEAP-2 & X}
JCF, # %5 BR 1 (Sreptococcus agalactiae) . A 5 2F #1 T
T (Bacillus subtilis)Fl4x # 5 8 2 KA 3 AP >4 [CFH
PETE, DL YA TR (Vibrio alginolyticus) . &Il I 3K
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B (Mibrio parahaemolyticus) . " 4 [X 5K B (Mibrio
harveyi) . & A fi % Jt: 4T i (Photobacterium damsel ae) |
KIGFFEE 5 Bl 22 0GB PR B 0% S AR ) ik B2 oy
312.5 ug/mL (Liu et al, 2020), S5HAb 2 LEAP-2 &
H—#F, rAgLEAP-2 8 H BEA R i 4 =2 [C P i
MR AR, JFRF R, e
AgLEAP-2 i EA —& P EPE .

25 BRI, AQLEAP-2 (1 7 [ [ V1 43 Hr ik B
I JE T LEAP-2C, AgLEAP-2 75 HGAH 41 B B Y 1)
Yo RE S KA EAE R, rAgLEAP-2 25 (4 o] LA i
2% TG BH P TR A 22 PO TR 1 A R o AR S INIR T
Xof £ S AR S G SN (R IA TR, IR AR AR 2 17
fit LEAP-2 BT A AL B2 L T 0 58 2 hilh .
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Abstract
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Antimicrobial peptides (AMPs) are an important part of the innate immune defense system,;

they can effectively kill viruses, fungi, and bacteria, preventing infection (and even sepsis). AMPs also

have other functional roles in immune regulation, anti-tumor activity, angiogenesis, and wound healing.

Liver-expressed antimicrobial peptide 2 (LEAP-2) is an AMP that has been extensively studied in
mammals, birds, and fishes. The earliest fish LEAP-2 study reported the cloning of LEAP-2A and
LEAP-2B of rainbow trout. So far, LEAP-2 has been studied in various fishes, including blunt snout
bream, grass carp, golden pompano, ayu, and large yellow croaker. These studies found that LEAP-2
generally contains four highly conserved cysteine residues and two disulfide bonds; it can disrupt the

structural integrity of bacterial cell membrane, revealing its antibacterial activity with an important role in
the innate immune system of fishes. Russian sturgeon (Acipenser gueldenstaedtii) is cultivated on a
certain scale in China, and Aeromonas hydrophila is its main pathogen. Hemorrhagic ascites and tissue

hemorrhage appear after infection, causing huge economic losses to Russian sturgeon aquaculture. As an

important innate immunity component, LEAP-2 research is of great significance. At present, studies on

AJLEAP-2 have not been reported. To study the molecular characteristics and the transcriptional
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expression patterns of AGQLEAP-2, as well as its antibacterial activity in vitro, the full-length AgLEAP-2
cDNA sequence was obtained by RACE. AgLEAP-2 was cloned and its sequence characteristics were
analyzed by bioinformatics. The qRT-PCR method was used to detect AQLEAP-2 in 13 different tissues
(liver, intestine, spleen, head kidney, blood, gill, skin, ovary, brain, heart, stomach, metanephros, and
muscle) of healthy Russian sturgeon, and the AGQLEAP-2 transcriptional expression pattern in immune
tissues after infection with A. hydrophila. The AgLEAP-2 prokaryotic expression vector was constructed
and the recombinant AgLEAP-2 protein (designated rAgLEAP-2) was purified. The antibacterial activity
of rAgLEAP-2 was preliminarily detected by the agar dilution method. The results showed that the
full-length ¢cDNA of the AGLEAP-2 gene was 622 bp in length, of which the 5'-UTR was 184 bp, the
3-UTR was 192 bp, and the ORF was 246 bp in length, encoding an 81-amino acid peptide. The
molecular mass of the rAgLEAP-2 protein was predicted to be 11.2 kDa, and the theoretical isoelectric
point was 9.15. AgLEAP-2 contained a signal peptide (1~25 aa) and a mature peptide (26~81 aa). The
mature peptide contained four conserved cysteine residues and formed a core structure is consistent with
two disulfide bonds between the Cys58-Cys69 and Cys64-Cys74. The AgLEAP-2 structure agreed with
the LEAP-2 family characteristics. Moreover, the results showed that the AGQLEAP-2 sequence was highly
evolutionary conserved. Amino acid sequence alignment and phylogenetic analysis showed that
AgLEAP-2 was clustered into a clade with the LEAP-2C of fishes, with the highest similarity with the
LEAP-2C of Yangtze sturgeon and Chinese sturgeon. The qRT-PCR analysis showed that AQLEAP-2 was
widely expressed in all healthy tissues, with the highest expression level in the liver, followed by the
intestine and muscle, with the lowest expression in the gill. The expression patterns of LEAP-2 in different
fish species were slightly different, with the highest expression level in the liver of Russian sturgeon and
the intestine of large yellow croaker. The similar LEAP-2 expression patterns in different species
suggested that its functions may be consistent, although it also had tissue and species specificity. The
AgLEAP-2 expression reached its maximum within 72 h in the liver, spleen, head kidney, gill, and blood
immune tissues. Among them, the expression AQLEAP-2 changed most significantly on the gill, which
increased 5 000-fold compared with 0 h. The highest relative expression level was observed in the spleen
at 72 h, corresponding to a 1500-fold induction relative to 0 h, and in the intestine at 48 h, with a 900-fold
induction compared to 0 h kept constant until 72 h. In addition, the rAgLEAP-2 protein exhibited good
antibacterial effects against both Gram-positive bacteria (Sreptococcus sp. and S aureus) and
Gram-negative bacteria (E. coli, Vibrio anguillarum, and Shewanella spp.) in a dose-dependent manner in
vitro. The rAgLEAP-2 protein at 500 pg/mL could inhibit the growth of most bacteria, significantly
reducing the number of colonies on the plate. In conclusion, cloning and homology analysis revealed that
AgLEAP-2 was closely related to LEAP-2C. AGLEAP-2 plays an important role in the immune response of
Russian sturgeon against bacterial infection, and the rAgLEAP-2 protein could inhibit the growth of
Gram-positive and Gram-negative bacteria in vitro. This study enhanced our current understanding of the
nonspecific immune response in fish and provided a research basis for further studies on the antibacterial
mechanism of LEAP-2 found in Russian sturgeon.

Key words  Liver-expressed antimicrobial peptide 2 (LEAP-2); Gene expression; Antibacterial activity;
Bacterial challenge; Acipenser gueldenstaedti



