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K334 1 1 R B M 1 RO S TR

AEN, EWE, FTxEE, TE, B H"
(1 WFITHE A VR SRR 0, W5V (10 TARBEIE %, WAT s 316022,
2 FRRFAEEEB, KRBT, WL T3 315211)

TE: ARBREEXARTANE B &, KBREZRBRG L ERG W S5
FEAFUREN KIGEFEFFTAEAERZRE L. HARANT A IRE ZIRF R E 8 R
AT EK, AEERERITRT WA E AT & g RAF oM. Bt w Bk k&R
IR EE AR, RATAERRT AR R FEG N EEEER; - FAHEHN
WHABRERTES, RAEK IR ELT AT F S 005 K k250 30w 7
M ZF. FIAShotgunfT B A, oAWK E FIREFAREE, TR IREFHRE
BRARTEERAFN; #—FFASuinghk b s EaRFRTIEERME
ERTM. Kire LRBERAA T ENEEYE, SNEFANARRE LRI RS
FRAAL, 9B EZXAMENNEEEAL L7, EXEMERNITEEEEZR
THE. AABREZRBRPHERERE AR TITH, EALTHREGEMER
BERERBEREAEMN, BHHIEERANEZEERA. HREFEOSEREHLWER LK
BRFRE S, Hta kb ERIMBLrZamAhkrnEl. HEREFERER
BHEBRME P REE LS. ARREFZKRBRTCERNEASEERE R T AX
WM, BFE-— UM EANBOCHEEERMNSE. KEREEKERLEAAE
WM EN, EEARAKRS HME X R RET - WA, ARBEE AR

TRABRREZRFERW T ESHERD RN EET Eat.
REW: AMRE,; ARBE; ZEaRA¥; 2%, WHEEK

hESHES:Q71;S942

B IR #1126 FH DA BR 3P LA 14— 3 2257 i
M TR AAE TOKIREE, SRRV, H
B JIR L AT I o A Bl 2B 4R 2R A XU B vy, 4%
M EAL S N R R SR, I, 82K B Ik
M I o WA, 5 AR B A M — S A R G
ARG, WO RBMUE YR RS — B p L
1028 BR R 2oy A E A R ARSI REDT I
B KRB S 5 R e pi ™, FEpr & i
HH . WEEE. AMAER . BEER. WEM. E
LK T TR IR DL R e i 3R B 1 AR AR 2
IR AT S BEAR SO0 T BB AT RS AR B IK
LSS TR, BEMT . %, 2
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XRkPRERS: A

g, HRRE B AT AR R s T REY . g,
2 TR FE W0 AR W T AE 1 e 2 E E T b S A
LA,

K53k fi(Boleophthalmus pectinirostris)g& T
fifi -} £ 4 (Osteichthyes) . #9JE H (Perciformes) ., it
7k i B (Periophthalmidae) . K 5.1 11 J& (Boleophth-
almus). 5 HAWAE B A LG, RBRUR ARy —A>
B AT T =00 22— R I ) AT A 9 T TR
XFER RGP, A=W 2T MR A T (B R P A
M), il xb T R R bk 5 BT 5T
AU BT T Ak R SR IR A0 00 R BR AR TR ST 1 Y
RALH, WA BT 7 ak e bd fh, H

FEBIE : [ HRR LR G (31472279); WL A8 K 2 A BRI 3 v fl B 3 i A\ 4 it % 5T H (2017R411010)
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B R W 1) 43 2H BB AR B

IR T R U B R R 43 T 2R
30 ok P IR SO R R 0 R IR R, SO
Pl A T G AL T 0 R T P 25 S D M 68K T
(Vibrio anguillarum)ifs 5 X} {7 Jk 26 W0 (%) 300 B 15
PRI . TEOLIERE I, R FRW AL . b
Ji e Ak FT B i S, R IBUEE 1 B2 AR ORI, &
PN AR ISV €I TR | R A S Wiy
TR I S A28 8 1 o 1 3L 3197,
JExF bR E By 1 IT R TR A 3 B AU AR
FHFBCI o A ST R 1 ik R 5RO £ TR 26 R Y
BT 2 FEPERRE DL RO v f0 R Bk 2 R
AT RENLH B E T HEAit

QY R S RS RES

1.1 LEHR

BT P A R U A0 SR A T W0 T 7 D R U
MG, K 12~14 ecm, KRG MERA 2
1o VB R R K IR R (25 CC KA i gR24 h, 2
Jo BB B TG R 2 TG A A R R AT S
B SR AR WA R R R B e
R A A A T A 18 228 5k U AR T B9 7K
Hr, 210 VAR, BIBOR B0 (A 10 s, (7]
BRI 10 s)J5 4R 5 A I i IR BRIk, 28
B0 (12 000 r/min, 20 min, 4°C)fE, [IEWCKRA
BT (Viskase MD44, MWCO: 1 ku, 3&E)#HFT
BETHEE, WG, RAFT-20 °CH .

1.2 KR & FKRMBOINEFMLE S

K FAT AL F 58 I U 0 B 0K 385 9 B 1l 3
FE AR 14 B G B ey 3 S T, Heorp IR £
B R BEWRE ah A AR R TS MR R, B K R
0 ARIR KRS, DL K 3 59 25 W 48 H i e,
b 1 A | /AN O 1 0K 7 A T o
Vi © Verep=1 + HZARHEE (1 000 r/min,
15 min, 4 °C)Z: [ I 240 M )5 RAT I3 o 0 5 S5 58
ST FH AR A B e M A ) o e 4 B
L (CICC), SPhH 22 P PH M B« 4 8 €0 8 28 BR A
(Staphylococcus aureus) . FRKZEHFF H (Bacillus
megaterium) . ¥ ZF AT I (B. subtilis). 75242
ZEAUFT I (B. thuringiensis) . ¥ iER B (Microc-
occus luteus); TRVH = [CBAMETE . KIGHTIE (Esche-
richia coli) . Hi 2% A 5. M0 T8 (Pseudomonas aerugin-
osa). DICARH ML (P. fluorescens). IS L4 IR

http://www.scxuebao.cn

W (V. parahaemolyticus) . W [CINE (V. harveyi)
BN E . AR INE (V. alginolyticus); 2Fh H I .
{4, &5 2K I (Monilia albican)F 2 i %5 (Aspergillus
niger), B EIR A TLBREAR IR 5L [, DU4T
FLARTE AR EATHAL, TESLPIIAVEEE A1 mg/mL
R SR A0 TR B it L 5y TR SR £ 1l T VR
FE 1 mg/mLX} BE4H ; BAMEXTRR4H ek, iR
FEGL AR 10 pLo AR T 37 °CHRAF T H %
12 b5 WEEE T P O 0 L A . AR R B E i
>R FHAR PRI 25 9 RE I 5 3057 £ [C505031, A= T
AP TR A RA A, #A50 & e
WIEAT, At AR g HE A .

SR JUA: Kt 4 o ik U 03 BT R B I £ 5 6
TR T 58175 5 5 HE B R G v ) 9 T 0 P A A, 8
IS RO A SCIR(12]8817 . 829N T4
FEERIK (10° CFU/mL), 2808 i vE 51 (100 uL/R2 )i
F:24 hiy R VR 0 25 I T SO B R R
SRR TG AT A BUE i S IR
PARIA Lo DX P AR T LB 57 3 1 (ODg o fH 1
0.01), H(80 uLEE7 & T96fLMH, InA20 LA
A TR (B R FE R 0 1 mg/mL); X FRZH 480 L
PRV N20 pL&lizK , 7E37 °CREFRA T B 3R8 h)m
W5 H ODggoo KBRAIRAEST , ML 5 XT
HRZH (1) OD oo HU (B HI BT M TR RICR , il 3 i AR
TR I PR
13 KRS B IEE B RS 54T

R VA 1 7 R B TR A DR b SR A L R
BB . ShotgunfTiil% /0 Hr 2 BB B 47 SCHk[13].
W KBV £ 1 R B VRORE S 7 T 50 mmol/Lik R
SRV, A B 5 A B (dithiothreitol, DTT)
FARWRE 10 mmol/L, F57 °C&AF FiRJE1 h,
N AL Z B (iodoacetamide, TAM) BT £
WeFE 520 mmol/L, FEER . BEE &AM T 174
FAL 45 min, W EEHIE, #1 : SOELBImA
Ji% 25 1 i (proteomics grade, Sigma), 37 °C&{F T
WEE 12h, BESERUE, FEMEIZAE L (12000 1
min, 20 min, 4 °C) FIEWAR G TG, B
TF4%H) C G (0.1% =L TR)IEAT R 3% 4047
5 1% 1 5 QSTAR-Elite (Applied Biosystems, 3£[H),

it fiFE S TR A T S 48 VR TR R 55 R
%4:(20AD HPLC system, Shimadzu, HZA)#E474r
By Y B RE 3BT B Zorbax 300SB-C g [ AH (01
FE (0.1 mmx150 mm, 5pm, 300 A, % K); ¥k
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I8V 53531 SR % 0. 1% H R 14 5% £ ¥ W (AT ) il
95% S (BIRL); iR I 2990 min A BIR 14 L 171]
H15% b7+ 3135%, Jii #70.3 mL/min. J5 %404
A9 R 42 1 3 1F Analyst QS 1.1 (Applied Biosystems,
K EDTER; — R H Y Flm/z 350~1 5005
I HEAR 510 60 000(4x 3 4#)F12 000(MS/MSH H);
58 JEE £ K IR 8/~ I (m/z 100~2 000)28 5 A HERR 1k
G F I 34T .

K FAMSCOT 2. 18 RT3 A B4 5E o Kt
J3E SR FH R 53 04 £01 Bz R 7 53t 2H unigene B0 85 52 (R 3
U i R LRGN FRG 4 AR TTHCR 0, Hi1119 848
Zkunigene/¥ 51", | A unigene 5 £ MSCOT 2.1
A5 AR 6 AT RE 1Y 25 1 5T B R A T 4 S Y
REMRITH, ML A & A B . 9
TR LIRS % BT 90BN P s i BT
AR 22 B E R 5%107° me/L (— )02 u
(i) e BisoE h S, w22 B
BOE NEA; EE B TE605) DL H R 1
57 (ion score)7E4053 LA R AT E 24 g 45 28

XFARAT S e 25 L, Fl H Lasergene v7. 1%k
v Y EditSeq i e i 47 HF 755 e 152 HE (open reading
frame, ORF)ZH#. ORFf S & IR T 51 5 MS/
MSJoit i [ ) BK B 5145 B AT A B UE, DL
Wit S ORFIX J8k LA S MS/MSH s 19 7T {5 13 . A H]
SignalP 4.17F £ 74 (http://www.cbs.dtu.dk/services/
SignalP/)#EFT 5 5 K43 AT 5 17 %1 [R] R K 2 7E NCBI
K4 12 7R ABLAST T H. (http://blast.ncbi.nlm.nih.
gov/Blast.cg)fEZk#E 1T ; 4535 Hr FISMART .
HL A4 (http://smart.embl-heidelberg.de/) 7F £k T ;
% F ProtParam7E £& T. H. (https://web.expasy.org/
protparam/)73 AT & [ T 4 F I BE A BRAL M BT . SR
FH String 78 2k A (WA v9.05) (https://string-db.org/)
HEAT HE 1 BUA BAE 43 A o

1.4 BUESH

SIS K R F Excel 2013 3E 4746 B8, SR
SPSS 22.05K AT B2 43 A e . 35 1 25 7 ot
P<0.05H i 2255 P<0.01JgH i 225 5

2 HEiH

21 KERERRMRNEREINEE

RS AR DR T T P 22 RS, I
T RIRFR K, @BEN s RT. &

IV B A BT AR B, LR IR B VR T R
FI TR B 220.9% 0 SR BUFT L i A 0 A B 0k £ e
JER 286 V80 RV X 14RP A By ARl e . R R
11z 1R B RE S 7E 1 mg/mLAR [ ¥R BE T % BT A )
14 14 TR X5 T SO0 2% 3] B 8 A 900 B BB (6 1) T A
2R MR EE T, RS U 0 i 3 S0k A 5 2 A AT
TRUF 4 B R 4 BR A P AR SRR T, X Al 12
AR TE W AN IS YEGR D 3R
KM AM A e T KR 288 E 5 s, H
FERRFE MM BTS2 5, S5 R BoR, R¥R ML
JR B R RE S AE T mg/mLfe B TR X 14058 1 4 1
Tl R FER0% LA [ (&), ZMBINE AT 2405, 5
KRB FHMEL, KR 08 BRBERORE & 2 5000
T3 AR 14T R 25 ORI R (&1 ), ARG 4y
B QR , WRIAAT I . SR RAT o R g LGOI
B B0 2 B3 F 5 (P<0.05, n=3), TMixtE Kk
ZEFEFT B 10 300 ] S0 A A R B (P<0.01, n=3),

22 KERERKRFMBRELEE

X R A AR R B ORE A R AL 8 R e
Ak DL K JE 2R A B S 7 5, JF 2 Shotgun it 3%
S3HT, G RTHRAS ) B RE R OR R
B IR s G e, RIS ORI R 1, XF T
U5 1 R A VS L Y unigenedtE A7 FF 5 1) 132 4E 43 BT
Xof I i 58] 152 AT 44 % 14 A 1 5 e B T R TR 8 )
VRPEAEF . S5 R BT AE = BRI (2 1) .

JIT % 5E 97N AR 111 BT & ik BLAST /3 #r, A
94T 1 T R B[Rl F 1, HAR3F AR H R AR
KR s T ERE D, 490 E A B
Z, uimEN. aEn . NshERSEE
H. UiskE R ERER . 488 afR
JREE A, Hit30%h; HUCHEERE N, i
e A B . A LR . o B
R . FEAS BT 1SRl pbAh, WA E R R
FEAH G (R Bk . BEEE RS, FRis Mk
HEHENREA . BEREN . MLE N A,
PE TS EAEMED . FSEE RS ME
FEHLURFREN . ZREN . TBTEGEN . H
EAFWERD.

JiT S R B A 6 VRR B [ Y [ R 3 ok
PR R R A, HABEE P [P 51 2 R U5 T
Hfa 2, Horbafpok [ S€m il & & f (Scleropa-
ges formosus), 3Fhk A 25 8 (Oryzias melasti-
gma), 3FFK H K ffi (Larimichthys crocea), 2F
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R®1 KBREFEFRERRILEESR
S4MENINEEEE
Tab. 1 Zone diameter of 14 microorganisms inhibited
by B. pectinirostris skin mucus and serum

samples at protein concentration of 1 mg/mL mm

i BRI B MEMEE
microorganisms mucus serum
S O ET R R 5.73£0.41" 4.900.82"

S. aureus

EORZF fAT i 4.1740.05™ -
B. megaterium

Fili B 2 FAT 4.57+0.09™ 4.63+0.42"
B. subtilis

T G A AT 5.13+0.26" -
B. thuringiensis

TR IR 4.63£0.29” -
M. luteus

KT B 5.73+0.56" -
E. coli

23 L B 5.10£0.29" -
P. aeruginosa

FOCIR N 4.80+0.22" -
P. fluorescens

TR AL P SIC T 5.77£0.21° -
V. parahaemolyticus

HE R 4.53+0.12" -
V. harveyi

E LN 5.03+0.12" -
V. anguillarum

e TN 4.13+0.05™ -
V. alginolyticus

[SRERESY N 4.17+0.25 -
M. albican

i % 4.27+0.76" -
A. niger

T *FP<0.01; — TG

Notes: **. P<0.01; —. no antibacterial activity

ok B W BB Sk 1 (Labrus bergylta)¥ . AN, WA
DB VLR Y 9 () 5 5 2R s, i DG S 1Y [ 9
EEk AR, WIEmMILIE. Prakds
(1),

T M E AT, A 8OFREE [ vl i 2y
G g5 A B (B R 1) 1380 8 [ n] w5
SRS, Hr s R E m . Rk E A . B
£ER. BNEH. SEED. fEEAMULE
BREFSFGEEERD, R ERERE THWEH,

P S £ IR R P M E 9T RN R B
A T 9 BE R 7 51 #1228 2 https://string-db.org/,
VA BE L fi (Dania rario) N W) FikH , F) H Stringk
P57 e A B A B AE T 2% 53 1, S5 R WR
A 56F0E F AR S , H P A 40R A 7E T LU
IE PO A EAER MG, SR 16ME A
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120 O Yriaeal] - FEFSE
before induction after induction
100 % . - x ok
8 = ;
X & 80
o S
T2 oe0f
s
FE 40}
=
20 +

1 234567 8 91011121314

TRIEY)
different microorganisms
1 EKHZIBERNENE T SRIEXMEE
B BRFh i RE SR X 1479 B B9 H I 3R
LRIGF B, 2.80E Myl E, 3SR R, 48 W OHE
FRE, SHREMIKE, 6 FEINE, 7.0 58 F MM HE, 86851
B, 9OANGMRPIE, 100 KINE, 11L36RPPE, 12.5R
FRAFE, 13AGEKRE, 148 MhE, K P<0.05, “**»
R&EP<0.01; n=3

Fig. 1 The inhibition rate of skin mucus from B.
pectinirostris before and after V. anguillarum induction

1. E. coli, 2. V. parahaemolyticus, 3. B. subtilis, 4. S. aureus, 5. M.
luteus, 6. V. alginolyticus, 7. B. thuringiensis, 8. V. anguillarum, 9. P.
aeruginosa, 10. V. harveyi, 11. P. fluorescens, 12. B. megaterium, 13. M.
albican, 14. A. niger; "*" P<0.05, "**" P<0.01; n=3

S F Mgz M- 2, #2),
3 iR

KRR R — BB, AR
N, HIE R TR R VY B A G AR 1 (A TR I
BPEREER M . BEAE . AEOEE . BPUEARE . A
A B AN BT B ) B0 M R R T
e WY 70 M6 4 92 DA S B RR b v T 2 A fr BLR
SV, R EIRF A THRE 2, mEH
B R R F W T R EE M. BET, X
TR R E A LA =R A Z W, L
“Proteomic-fish-skin-mucus™{E kS8 in], 7E 3 [H
] 57 = 2 ] 5 1R B P (https://www.nebi.nlm.nih.gov/
pubmed/?term=Proteomic+fish-+skin+mucus) 1 £ %
SR FH I SCHRAN 18K, B PAES | |
R AE D BULAS b

M TR SR AR A SRIRAS TR B2 Bk b W 53
A, PR, SR H R AR 5 R B T £ )
WA Z2 ) G W LA RS o P IR T T A
B Jk = WA 5 v B UE B2 — B T 7 1
FBU, B AE RS R R B A B 5E i AN 2 0
T I VG R R R, TR B R L A A R R
TERE I e W 3 . SO f S IR, SR
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F2 String P ERFEAREBMNBEEN MR

Tab.2 The full names and the corresponding abbreviations of identified proteins in String analysis

EHC] 2FREE aa) EHC] 2 aa)
abbreviations full name (length) abbreviations full name (length)
pgamla T T T R A 6 il ATP5B ATPA Fi
phosphoglycerate mutase 1a (254) ATP synthase (529)
ptmaa I R 2 uba52 ZRASVRFEHRE A A 74
prothymosin (105) ubiquitin A-52 residue ribosomal protein
fusion product 1 (128)
ldhba FLIR b ENSDARG00000042535  Wlsh&H
lactate dehydrogenase Ba (334) actin, alpha (377)
fgb EaRZa S calr A5 A
fibrinogen (485) calreticulin (418)
msna moesin a (579) sodl A B AL B
superoxide dismutase 1(154)
impal JULTEE - B 1 19 T txn i S
inositol (myo)-1(or 4)-monophosphatase 1 (282) thioredoxin (107)
ENSDARG00000015050 45 iH& A tagin transgelin (199)
calmodulin 2a (149)
fabplla JRiR & EA flna 2R
fatty acid binding protein 11a (134) filamin A, alpha (2614)
cahz TR T g a2ml a-2FEERE
carbonic anhydrase (260) alpha-2-macroglobulin-like (1442)
cfl2l cofilin 1 (165) fa56g11 si-dkey-46g23.5 (1453)
eef2b HA R A T cdhl KR A
eukaryotic translation elongation factor 2b (858) cadherin 1(864)
flncb MerEH ptx3a pentraxin 3(447)
filamin C (2 743)
tfa transferrin-a (675) gpxda B W I A
glutathione peroxidase 4a (112)
ywhaba it e R 3 - ER i 4/ € S R S - B N VAL 2B || ubb ZH
tyrosine 3-monooxygenase/tryptophan 5- ubiquitin C (533)
monooxygenase activation protein (244)
pvalb3 ANEEHE krtl5 fEA
parvalbumin 3 (109) keratin 15 (460)
ptgdsb HI 4 IR E D24 ikl TMSBI15A i i 2%
bprostaglandin D2 synthase b (184) thymosin beta 15a (44)
cotll coactosin-like 1(142) zgc:173994 zgc-173994 (219)
fabp3 iEifiveteig=| rbp4 MR LS & E A
fatty acid binding protein 3(133) retinol binding protein 4(192)
LOC573769 si-ch211-161h7.6 (100) 7gc:92066 7gc-92066(226)
mpx R AL ENSDARG00000089124 1412 H
myeloid-specific peroxidase (893) hemoglobin alpha embryonic-1 (143)
ndrgla n-myc downstream regulated gene la (392) blvrb JHEE R IE R
biliverdin reductase B (NADPH) (260)
ethd2 EF-hand domain family (233) rps27a R E A
ribosomal protein S27a (172)
enpp2 HME TR TR/ B R — R pfnl profilin 1 (141)
ectonucleotide pyrophosphatase/phosphodiesterase
2 (850)
actbl WzhEH apoalb #HEEH
actin, beta 1(375) A-lapolipoprotein A-1(257)
actclb MahiE A myl12.2 MEkEH
actin, alpha (377) myosin, light chain 12 (172)
apoa2 #EEE colla2 e, 1, o2

A-Ilapolipoprotein A-II (141)

collagen, type I, alpha 2 (1352)

http://www.scxuebao.cn
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1276 Ko R 3%
g2
45 SR an) 45 LR aa)
abbreviations full name (length) abbreviations full name (length)
pycard PYD and CARD domain containing (203) actb2 WshE A
actin, beta 2(375)
tpilb RER I HE 5 M ighv6-1 JPEEREH
triosephosphate isomerase 1b (248) immunoglobulin heavy variable 6-1 (114)
eimpal
fabp3
pgamla .
- / ENSDARG00000089124
7g¢:92066 24
‘ . ""tagln zgc:173994
ndrgla — %
6calr 6 \ ~ , /
Al il colla2
rbp4 fabplla N [{
whaba cfl2l NSDA! ")
blvrb Y - A \6
— (T ~ — B 8a12ml
pycard _my 12220/ %"/
P oY,
dhi _. fa56gl11
6 ENSDAR 00000
ptedsb cahz
6 e 6LOC573769
enpp2 efhd2

ighv6-1

e

krtl5 ptx3a

apoa2 6

2 R String®R fF(v9.05) 3 T B R38R & A F R E B RV EE(E R MK E

ARSI AR, 2 AR 99 100 AR A

Fig.2 Confidence view of protein-protein interaction network of identified proteins created by String v9.05

Thick lines represent strong interactions, thin lines represent weak interactions

I Shotgun i 1% 5 W 25 45 e sk L Bl IR A &%, X
AT TR ARA S0, SaF% e B TR E M
oy, i H A REEEER . WREA. &
JEMKRER . B MHLER. B8 F4AED
AR oK,

KR R B LAy b, SR
EHET T 2%530.9%), HbFEEEMAEAM
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WIS E AR AR, IEANB AR 4EE . 4N
M2 RRE A, Rl g R e HA
A S R BRI A AL R B i . B
n, 43k (Sparus aurata) Bz Bk 5 0 8 A A
ST, TS E MR TP 44% 0 S R MR
FM s T e X B B 15 8 (Dicentrarchus labrax) )%
ok 1) 2 T AT R, 25 2% E N
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SRR AU, G A e 2R R R A T
PN N E — P T %, Hh, f
EHMLE AN SRR C, i,
TEAR Y HU YL 5 0 R VG P i (Salmo salar) i Bz Ik
b, MEAMREEVE FREY EEIE
YL S5 ) K VU85 (Gadus morhua) B2 K5 W8 1H
JRAH ZEWFFE AR R 2582, EAh, Molled5™!
J% BT 65 (Oncorhynchus mykiss) 5 1285 % 1) £f 25
RT3 ) 2 LU S SO R A, X R A
EHARREES S T 28 J R R0 ey B 10
Uitie. MiWLShHE A R R AR AN (W] £ 28 Je Bk 26 v b
BIf R B, HAE 028 37 B g 5 30 )
Ja, HFRkEGHW RN 22 s, fER
BN & A A B, WL & AT DL
G55 TR R W R T AR KA, B0
3 3 T A S A I A L 58 ORT BAE ) ) A A
FHRY eI WL2h 8 1 A 2R R R B P T R 2 A
AU DI HE o

il 248 B 1R R O 0 R R B T A S 22
(ORI N N 1 AN T =R 7/ ST A N
AL . WEERREE . FAEEESE . HohE A
5 Akl RN 2o S A BN S 2 5 0 R N )
BIRGSS, TEZ RS R RN g e 1 2
Horbr, KR f0 Rz IR 6 Hh 25 0 1 R A B Ak
fif§(c39279 gl iS4y F i A 159 ku, 543k
R R i B IR 8 TR v 4 Y R Ak B AL T 1)
s, ISR WA T (pIh6 A A);
8 AL W I AR IR S 5 e g AR OGP
W, DR B R f0 B TR R U T 0 AR ) B AL il T
REWZ 5 T KRB T RE . Ak, Ko
TR0 R R B S B2 | ALY, o3 e
63909 gl ilFlc54456 gl il, G FHH&E5S
JRIF . BT C R iE 7E 2R b, oA A
YIRS AE o e 5 5 5 HoaRik & B sk, A
A& it 3 A B 5 9 0 B g AT SR

KR 0 5 IR B h R S By AR S
A KM, BLFEEESE R (c38038_gl _il),
G REERE 171 (c55569 gl i2F1c34104 gl il)%:, H
A TE £0 28 R JER RV O i 2 /0 SR S AR Y e AR
RU BEERE R B, BA TR
ol R T A A L A TR L, DRI A £ 2K R B
WP BT S AR Y, R b A #
IBEER R o0 T 17 8 h B A5 5 IRFNE LR B 1 (PTX
pentraxin)Z5 3k, E—FHHAIIE R REH, IE

FIRAR B R 7 0 28BS R S S I 2 — R
LY AHE AR, B 7EREE(Raja kenojei) F 5 8
111 (Cyclopterus lumpus) 2 B b % g B0 2
T PEBREE (A 0208 R R A A e A ™,
(EIFAE—FP G, BN, e XF 4 Sk 08 A 5 g
0149 Bz Ik 26 W T 9 v ol R 2 0 B S e BREE 1Y
FEFElT 390 (B 2% e B AR ST R Y e
XL Ta) FEL K 45 B 1 JOE e 0 S R R, I AR B
5% K FH Y Shotgun it 1% 5 A A W] F Lk w5y, I
I, ANHERR PR R R (4 R O AN [ 8. B,
10 28 B JER R Y S e R AR 1 R 1T B,
HAO T 45 A EAE MASREELL AN, Hoh F B
S FHENT0~80 ku, H24EST R 20~30 ka7, K
SHLYR £ 7 TR 288 A 68 e 3] 2 i 95 BR B 1 55569
gl _i2M1c34104 gl i1, HAFAEE A>T 5000
66F127 ku, HEMCc55569 gl i2 N M e k& (M HiE,
Mc34104_gl il Ry 5 sk FeE . oAb, X2Fh
EAWEAFESIKTY], R 2R E A58 5
WAL EE o 0SB R G R A S BR A AR A
¥R . J7 105 05 T e BR B (I AR 22 5%,
BN Ay SR 0 28 B R R R A g AR R 1Y) o 2
GyPTO B IR ER 28 R Rk B S e Bk
TR A7 W Al 1R DA S 77 A SRR, LA
1E i — 25 I | Bz 4

AR B U 0 F R 6 T v 3 s B 5 ) o
EAXRMEN, AFEEEED . BRE AL
LA EAE, o E s & e O kAR
i AETEN, TR S RS, HRA RS
B b TR0 20 A, A RS 2R B A 2 R R B
TR R 2R AR 7R AR A T S A0 B O B A R
(4 A% TRAE RS2 DA R B e a2 JER 280 R v 4 )
Ui 55 28 B 3 11 45 0 3 ) 2 1 R AR 5 B J5 s i 45
B, K2R BA 55 KT8 (c54454_g6_
i1F1c14526_gl_il), i C 4 8 % H At £6. 255 Jz K 3
W rERE A Z AN E A, X R
0 R IR ZG Wb i 20 R A ] BE R O R Y
it 5 Yi6e. AN, TERIRR 0 R Bk EL W ik
KERDBMERE FAAGEN, BN RSS
F1(c62810_gl_il)FI2Fp 4% 8 8 11 (c47931_gl_i3Fil
20630 gl il), 2K F45 6 8 H 7 HAl 0 25 i ik
B gk iz e B 22 IR ] DLE i
S8 A KB T T A A A AR, DT 35 B G
740 1 4 I

UEAh, R K R W e A S R T
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1278 KopE o R 43 45

i EE, B3I E A (c35670_gl_il .
¢35670 g2 il1fi1c46827 gl il), 15 EFF(EF-
hand)Z5 #4358 (1) 2 1 (57025 g5 il), 1R 45 & M
(c46982_gl _il)FI1FM 45 %E 8 1 (c56178_gl_il).
HC v A 3 2 A 2 R R R R B A AR A
EW, AR RF D T2, ZEAA
5 1028 B2 BRFE 5 8 1R A LA PR IR A 6™,
W5 1 28 1 N R I A e e A A SR T A X 2R
AT DL S 5 O A S S O e A
WM AR, I, S AR o 2
JER: 8 VR 1) S 8 o AR ) B RS B T R AR O

KA o R B hic e B T, 2
FEEE (57849 gl il). 14-3-3  [1(c23513 gl i2).
7 EHE (58032 gl il, 51162 gl ilfi1c76039
gl il). MR % (c35418 g2 il. ¢36334 g2 ilFl
62622 gl il)FIZEfH K F(c20684 gl il c20195 g2
i1f1c51081_gl2_il)%, bFiREMAT, FEMHLH
25 Bz IR B b 208 B 4 i A K (100 ku b 1)
M H BT, i A R e, W T
LEILEE KA F, R IRRIE i — 28
21, 14-3-3 8 1 7E £ 28l IR B R bt vk
Iz KRB, Wl kR — R E S A e Y,
S BRTC T 14-3-388 78 10288 J Ik J i b i 1
MR, HeAHRERS, ZEAERD
1 1) 2 JE 7 05 DA B AR s 2B 0 TR H5 O R
FERIPY, Bk, AT RAEI 14-3-3 88 L AE R iR
B Bk W b AT R SE A 15 S e ok VO B R
TR e B T RE . LA, Wz REA .
o R R A5, DN 1 UL 0 2 B R R R A R,
KT XEE A REE e, H
¥ JCAH R I

X FRE AR ITAH EAE T, KB
AMEERHMEA DU EA S ZO, Hib
Bl A WLBREE [ (myosin, myl). 2247 [ (cofilin,
cfl). 40427 M (filamin, flna). 72 & & [ (ubiqu-
itin, ubb)M1/)Ni & F (parvalbumin, pvalb)%s, T
1E LR E AANE, 8 A7 LE AL K F (translation
elongation factor, eef). £ 4E%E /)& (fibrinogen,
fgb). ¥4%k#E M (transferrin, trf), HE LB 1k
fitf (superoxide dismutase, SOD)HI# g5 H
(apolipoprotein, apo)dF. FI UL, JKifyR o iz Bk Eh
W, SRR . BE2S A R AR E A B
VE Y B 45 I BRI A 5 T R B8 0k i 2 JBR 8
(1) 25 Fh DI HE
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Antimicrobial activity and proteomic analysis of
Boleophthalmus pectinirostris skin mucus

LIU Honghan ', JIANG Yuting', FAN Meihua', WANG Rixin’>, LIAO Zhi "

(1. Laboratory of Marine Biology Protein Engineering, Marine Science and Technology College,
Zhejiang Ocean University, Zhoushan 316022, China,
2. Laboratory of Fish Health and Evolution, School of Marine Sciences, Ningbo University, Ningbo 315211, China)

Abstract: Fish skin mucus serves as the first line of defense against pathogens and external stressors. The
mudskipper Boleophthalmus pectinirostris inhabit intertidal mudflats containing abundant and diverse microbial
population, thus, the skin together with the mucus of B. pectinirostris are very important for the immune defense,
osmotic pressure maintenance and adaptation to amphibian life. For exploring the proteomic profile of the skin
mucus and understanding the molecular mechanism of B. pectinirostris adaptation to amphibious environments,
the antibacterial activity was determined by agar diffusion plate method for the mucus and the serum samples. In
addition, a growth curve inhibition method was used to compare the antibacterial activities of B. pectinirostris
mucus before and after vibrio induction. Furthermore, the proteomic profile of natural B. pectinirostris mucus was
identified by Shotgun mass spectrometry technology combining with skin transcriptome searching. The interaction
network analysis of the identified proteins from mucus was performed by String software. Skin mucus was
collected from B. pectinirostris after electrical stimulation. The mucus of B. pectinirostris showed a broad
spectrum of antimicrobial activity more than serum of the same species, indicating that the mucus has a stronger
antimicrobial activity than the serum. After vibrio induction, the antibacterial activity of mucus was slightly
stronger for some gram-negative bacteria than that of un-induced mucus. A total of 97 proteins were identified
from natural mucus of B. pectinirostris with a similar results from studies of other fish species, including actins,
keratins, apolipoproteins, transferrins, calmodulins, ubiquitins, pentraxins, and various enzymes. However, some
proteins, such as ubiquitin-like proteins and thymosin, were identified first from fish mucus. The identified
proteins can be clustered into structural proteins, enzymes, material transport related proteins, immune proteins,
and other proteins. Most of these proteins are known to be involved in immune and/or stress responses. Protein
interaction analysis showed strong interactions among the identified proteins, such as actin, myosin, cofilin,
filamin, apolipoprotein, transferrin, calmodulin, and superoxide dismutase. The proteomic profile established in
this study could not only provide knowledge on the routes involved in mucosal innate immunity, but also put
forward a non-invasive technique based on locating immune markers with a potential use for prevention and/or

diagnosis of fish diseases.
Key words: Boleophthalmus pectinirostris; skin mucus; proteomics; immunology; antimicrobial activity
Corresponding author: LIAO Zhi. E-mail: liaozhi@zjou.edu.cn

Funding projects: National Natural Science Foundation of China (31472279); Innovation Plan of Science and
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