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WE: DR T IR A6 KB Bl ABFRXN S, s HE A . 7574 2% 55 R0 o3 B J00 JLAY i X IR
(Litopenaeus vannamei) R REHESTEME . 2R TR, SXTRALL, SUR7EZ BB B1 fil#)5, My 2 Ko+
53924 65 kD Al 35 kD (YEE FI AR (506 % 24 p65 I p35)FRIA/KF- W3 L. £8503E A Western blot %7E, p65 .,
p35 SALFEXER p-1,3- A RS A A HEREEIECRBIIR R L R A AETE AR 13 AN B B R, H
H p65 5 ARBTIN K P HUA R TR A BAME RN . SER PO E B PCR AN iR, kBE BT RO ER 24 h J5, 5 Bk
YTEGRPEAHOCHE N M AR IR AL L AR N . A E B A . o2 FERE TR 2. 0 EREE R
JEHE A LE IR | SRR I 20 B 55 ZH 21 mRNA (9355 7K1 i 2 14 (P<0.05) BUH 8 35E (P<0.01) B9, piy g eI, I
T PLA TR i 35 2 A A U B B XL I 3 2 1 7E N B 2 A i I i R HAA — s TR AR

K FLNEXER; ISR A, KB B, SpEiiiE
FESES: S917 WERARERD: A

L5 2 e —Fh V2 AR AE T B B R Ak
ES)E 7/ (1R W =S A |28~ 2 B Rk TR & o4
Mo EAERMFE RV, W& A AR A i )
g, M HIEBA A R . U . POwEE . Bub
ORISR ek T AR, RS
WFFEITRA, AT & B 5 B b ] DL RS A 7= AE
ZARPEM KB, Fl, ARREA R 12
PR T 000 85 2 Ak AE A Uk B (B1-3, BY9-11,
B13-14, S7-10, A=W{5F B2 0 ik 48 Jik B m] ph i
W5 R e AR ) X B L 9K & (Vibrio para-
haemolyticus) . . IEEIKTA (Streptococcus iniae) Fil
i 5% (Aspergillus niger)2: HAT W B PpE "2,
P OH 8 B, X M i A 2 A S AT D AR 2 AR TR
KNEY AT DL B AR AL TS ELA | 40 1 55 22 R I
TR T Y kB

BEAEMTFEUESE, A= Wy iA N 25 Fh S e X 7~ 22 18]
FEARRAAFAE, MRAFTEE WM EIRR, ©

ks B HA: 2018-08-22; f&iT HEA: 2019-01-30.
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LG H: ERK1/2 (extracellular regulated protein
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#%(Taura syndrome virus, TSV) AR AN . Hiltk
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PEAE TR SN, A AT R AT B g T 0
PE— XA IR R A A E R

NI, AT SN PRAEZE B AR AT /Y 12 AP T I
i R A A UK BE R, 8 EOH T T M5 Y
e 5 IR BE BT AWFFEXS 4R, SRS B4
O TR A A S TR LA B PR P T 1, X ) T
L35 2 1 I Sk JOR B % B £ 982 7 680 v ) 3t o LAY
HERE S, TR A I A R R A IR B A K R AR
Hh AR I FH B AR 4 L

1 #MEEFE

1.1 EIgHHH

FUANEERT IR 3K T T AR A8 0 Sk T 4R 5 K ™= A
FELA W1 A P 7 5 i b
1.2 XWAHZE
120 FBKERARL AR R 4 R W ot 4 1,
K FHE AR 2= G Bk & BOR T 1m  A 1 KL B,
1.2.2 RERMSZE 208 Wen PHRGHE 197k
H1T. B 56 0.01 mol/L pH 7.2 WICE PBS iAW
Vi A KB B, il A5 Btk N 0.1 mg/mL
FITESHR . ARER IR 2 d B9XF IR BEL Sy X} R
AR, B 80 B, B H 100 uL
0.1 mg/mL KBt B1 &5k 0.01 mol/L pH 7.2 TG
PBS iAW TXHIREE 2, 3 &1 Z AT LA A,
24 h J5 b BROG AR afn gk L8P 7 0 o) 4 o
1.2.3 XHUFM3ZEAEIZ 2 M BREe 25U HGE
JEHEAT, B 1 mL S X R0 A e BB it gk
BV, JF 8 H 5 P sEF (115 mmol/L 4 %45 B |
336 mmol/L NaCl. 27 mmol/L 74 44 . 9 mmol/L
EDTA-Na,-2H,0, pH 7.0) 1 : 1 {84, 800 g 4°C &
> 10~15 min, HX 3%, 32000 r/min  4°C 5.0 10 h,
LY, 433805 T-20° CHAA7E& o
1.2.4 SDS-PAGE 5 Western blot 7 =3
R B S5 IR 1 AT B 1.2.3 Wi 1 S B 4
X HR 1% A AR 26 uL (1.65 mg/mL), X
5%IRAGIE . 12%57 B i 4T SDS-PAGE 730 #r. H
KGR, Hew ML TR, S%IAR IR %
EE 2 h, 43515 RPUi SR APnE 1 : 2000)
FIEHi % 1gG-HRP (1 : 1500) 25°CHFF 2 h Fl 1 h,
TBST 743k, DAB & (A4

1.2.5 LC-MS/MS¥E R Wen 55 Hf i (19 5
TR ] AN 1.2.4 SDS-PAGE #Ei% - YIHL
H I 2515 (p65 M1 p35), 70 BIMKUCHEAT I P9 3 1
fit . LC-MS/MS 43-HiFll Mascot &R 51 % .,
1.2.6 RNA ZELS cDNA &5 S 1.2.2 fug
IO 24 hJs, B2 A B RSB ZH 21, SR
FHE RNA PRag i 0] 32 U RNA, g
i) & (TransScript One-Step gDNA Removal and
cDNA Synthesis SuperMix )l H: 5 5% 5% i, cDNA,
—20°CHRAFE .

1.2.7 S ET RS ESR, A MK
SCHR[18-20], HEHL 11 SRR SCHE A, J3 5l S i
il #% % FA K I % (hemocyanin large subunit,
HMCL) . il # & H /)y . 3 (hemocyanin small
subunit, HMCS) . M3 % ft. i )i (prophenoloxidase,
PPO). 4 % Wt e i % i (transglutaminase, TGase)
B-1,3-7% T WE 45 & £ 11 (B-1,3-glucan-binding  pro-
tein, SGBP) . 02 E. 3K 1.5 2(02 macroglobulin
isoform 2, 02-M2). Il ik EE4S 5 ] (hemolymph
clottable protein, HCP) . N fiil FR ¥ i (pyruvate
kinase, PK). %24 & & 1 g 917 il 7] (serine pro-
teinase inhibitor, Spi) . 44 Z R4 i (arginine kinase,
AK) 1 5 b #5510 9 B8 B A (glucan  pat-
tern-recognition lipoprotein, GPL), K /] Primer
Premier 5.0 I EERFR MG IMGER 1),
1.2.8 RN E= PCR 8N #% Kamikawa
4 U 57 ) Tagman qPCR 57 kb 47 . R H
Eppendorf Mastercycler ep realplex 32H}%¢ Y6 12 =
PCR AT N, MK ZR A : Premix Ex Taq
Mix 10 pL, MilliQ /K 7 uL, 1FJZ[85[#(10 pmol/L)
% 1 uL, cDNA ##z 1 uL, PCR F&/5: 95°CHias
P 10 min; 95°CAEME 155, 60°CiR %k 30's, J 40 4
P, BRI E 3 AT, AR
P 1G S IS I P A A A i 2o B — B IS, 3R
W CAB(C B B RVAR R NI PEOLME 5 B
VA 1 I P e 28 D73 )08 PR 50 FH T4 b 2
1.2.9 WA RH SPSS 19.0 XF i EdE ik
oMb B, SR HJT 2250 AT (ANOVA) AT i & V4>
B, A 25 3R 3R R - S8R iE 22 (X £SD),
Hr P<0.05 AR EELR, P<0.01 W EEER,
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Tab.1 Nucleotide primers for immune related
genes of Litopenaeus vannamei

5% primer J¥ 31 (5'-3") sequence (5'-3")
a2-M2-F GATCACCACCAAGAGGAACGG
a2-M2-R ACAACATCAAGCTTCCCTTCGTA

AK-F CCTCCGCTGTGAACGAGATTG
AK-R GGTTGGTGGGGCAGAAAGTG
BGBP-F GTCAACCCCGTCTTGAGCG
BGBP-R CCAGTTACGAGGCAACATCCA
EF-F TATGCTCCTTTTGGACGTTTTGC
EF-R CCTTTTCTGCGGCCTTGGTAG
GPL-F ATGGCAGAATGTGTCTGGAA
GPL-R AAGCTTGCCTCTGGCATTAT
HCP-F TCGTGCGAAACCTTGGGAA
HCP-R GATCTGCGAGAGGGCGGA
HMCL-F GAGTAGCCTATTTCGGAGAGGACAT
HMCL-R AAGCGAACGGTAAGTTGATGATGTA
HMCS-F CCTGGCCTCATAAAGACAACA
HMCS-R TTTTCCACCCTTCAAAGATACC
PK-F TGGTGAAGAAGCCCCGTCC
PK-R GGGTAGCCTCCCTTAGCAGTTT
PPO-F TTCCCGTCCCGCTTCGT
PPO-R CGGCTTCGCTCTGGTTAGG
Spi-F GGGAGGGCGGTAGCGTGTA
Spi-R CTTCAAACTGGCGTATCTGTGG
TGase-F CCACGACCTTATCAAGAGCA
TGase-R AGGACACCCTTATGGGAACA
2 HRESH

2.1 AKEE Bl RIBXTHRF MR SDS-PAGE &3 #f
WE 1 s, KB B RIOATER 24 h 5, S5XF
TRLHAH L, SCER4LHEL 2 &4 FR 90 65 kD
135 kD YA B & FRAE A KO Bla sl
p65 F p35).
2.2 p65 F1 p35 LC-MS/MS F1 Western blot 43
h TS RREE B1 JI 24 h JE R i3 Y
EREN, %8 p65. p3s #EfT LC-MS/MS 5 #7 .
SRR LB, p65 5 -1 3- MR A E N . ke
EELSE R PUNIEEA . MEEA . a2
ERREAR 2, 222 M E IS5 . 428
et g . W SRR . a- 1,47 RAEBE R T I |
PR R S 10 A3 HBEA R RN PE(E 24,

kD

1 2 3
1160 B
972 O -
66.4 WS <«—p65
443 W

<«— p35
29.0

Bl 1 KBS B1 I 24 h 5 PLAN BT ER I 3
SDS-PAGE 43#t
1 bRifEsr TR A; 2-3: 405008 PBS. JIkEE Bl
FBERIMUT X ER LK SDS-PAGE 4347
Fig. 1 SDS-PAGE analysis of plasma from Litopenaeus
vannamei injected with peptide B1 for 24 h
1: markers; 2—3: SDS-PAGE analysis of plasma

of Litopenaeus vannamei injected with PBS
and peptide B1, respectively.

% 2);p35 5 p-13-WEMLAGEA . MEEA
By, By fbE)R-2 . 222 R R EI A . a2 B
REMWA 2, AR . kS EN .
JREE IR B) . A = ke e A Mg AR 1 90
10 ANEAEA mEREME(E 2B, £ 3). HHE
FIRE A -1, 3- M RMESEAEA . MEFEAS 7
MEAEEHIE

b 7 s 2 11 Y s e 1 I D 1 | e 4
HPLINLE A —PTi 1T Western blot 5387, &I p65
AT 5 G I 5 A P AR S B I 0 BH M RO (B 3).
HUC UL, S P Al SRk sy, ATH T T —
AT S b .
2.3 LC-MS/MS $EZER XM R EE PCR RKIE

J T AR FOKF i — 2Rk Bk LC-MS/MS
YOESEIRER 2, R 3), AR EUNE & R
L MEER A/ B A LR . A ARG
AN p-13- RS G RN o2 EXRE A 2,
MR EELEE . R PR N . 22 24 R 2 1 g )
AL A 2 R Ul AN A SR AR R AR T AE 1
Ao P I R HE AT S 58 2 7 PCR 20 #T o 45
RINE 4 FiR, SXRAME, 3 Fagirp it



S5 P &S R A5 R T FLAA X I I 5 2 11 09 b2 B R B 1 S 238 T 42 1 1 847
+ yl0 y8 y6ySydy3
190 ra ’ DIF E[SAT|GI [P NR 101 p 4+ y4 y3
\aggo L \oggo AVEGTL[]I VIQFNS
= g 3 X7 . L )
% é 60 > % g 60 o T8 S b6 b7
= g 40 2 Y |
e b i
o ‘ o Ll TR P T (A T
400 800 1100 400 800 1200
JEAer tm/z SR Ebm/z
[§ 2 p65(A)FI p35(B)LC-MS/MS 4347 51 K%
A: MEHEMA; B: SR B 2 5.
Fig. 2 LC-MS/MS sequencing spectra of p65 (A) and p35 (B)
A: hemocyanin; B: transglutaminase.
2 BRER Bl RIBULAESTER 24 h BRI EH p6s B9 LC-MS/MS ¥ E LR
Tab.2 LC-MS/MS identification of p65 band from Litopenaeus vannamei injected with peptide B1 for 24 h
M protein 1 15 protein Q score /> F i protein mass
B-1,3- 45 R BELE A A p-1,3-glucan-binding protein 168.2935078 163911.485
MLk ELEELEEE I hemolymph clottable protein 113.285204 187945.2601
R PR AIEE 1 glucan pattern-recognition lipoprotein 101.7657039 240627.6144
1ML 1% % 1 hemocyanin 80.164632951 74934.4904447004
a2 BEEREEHIEA 2 02 macroglobulin isoform 2 51.26975639 166166.5717
24 G R M7 serine proteinase inhibitor 43.02725628 80293.698
B RN BB transglutaminase 42.89809253 84805.49707
1 &AL prophenoloxidase 40.7346937 78094.3902
a-1,4-75 BHEWEFR L «-1,4 glucan phosphorylase 19.37108174 97955.72286
BRI pyruvate kinase 18.41254715 63740.66055
=3 BRER B1 RIS LAEXTER 24 h [F MR FIEET p35S LC-MS/MS £ EZER
Tab.3 LC-MS/MS identification of p35 band from Litopenaeus vannamei injected with peptide B1 for 24 h
#E [ protein FE 45347 protein Q score /> F 1= protein mass
S-1,3-F RBELE A B-1,3-glucan-binding protein 79.93939256 163911.485
1fi % 2 11 (Fr Bt) hemocyanin (fragment) 305177104157 77036.1967647004
i % fk i )5 -2 prophenoloxidase-2 23.88797017 78784.56147
2 FPRE BN HIF] serine proteinase inhibitor 23.28158739 80293.698
02 FLBRE [ 2 a2 macroglobulin isoform 2 22.29631606 166166.5717
Y& MR BLME arginine kinase 20.11811313 40142.3883
MLk ELEELEEE I hemolymph clottable protein 11.6023681 187945.2601
JHEZE A i (F BY) trypsin (fragment) 9.486318973 19525.90913
AW % % B transglutaminase 7.2008256 85889.07368
P AE M 90 Hsp90 3.6004128 83248.95645

5 PhEE RIS B, 6 PRI RIAT M, Hrp, 7£ 43R EFH(P<0.05) Ik i % FFH(P<0.01),
e A (s R = N 2 S 7 = A N 27 3 Wi

mRNA FKiEK R % B FH(P<0.01), 78R

a2 EBRE WAL 2 FIAs & EE % 2 B mRNA AT LR A i 3 AR A5 1) 410 TR T 1 A iR 1Y
TR B E T (P<0.05), el p st JET LNEEXTER i ¥ A Ak A B Bl B
RIS AN B KA mRNA FEkKE SN, KBHAEXHIRR, mh 2 &0 1&



848 [ K R R A %26 4%
kD 6
1 2 3 i A )
75 i 2 3 PBS
RN kB B1
6 P63 g % n=10; x+SD
45 £32
<«— p35 e
35
%C?g
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3 4 =10; %SD = PBS *
WF 1M 2% Western blot 437 5l " B
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A 558 IS X R IS Western blot 234

Fig. 3 Western blot analysis of plasma from Litopenaeus
vannamei injected with peptide B1 for 24 h
1: markers; 2—3: Western blot analysis of plasma of Litopenaeus
vannamei injected with PBS and peptide B1, respectively.

535024 65 kD I 35 kD [ 1 5%l b KT g %
.4 LC-MS/MS %5 Fl Western blot B IE, 1%
2 REE A SR B-1 3-SR S E A R
PERCEIIRE D MRS B AMEAOEA R
FE[RJEME . R R Z |, dE— D RE TS B-1,3-
HRESS G EN . MR A R AL | I8 H /)
WAELETEN Y 11 A F e b OCHE PR R A7 58 i 2
JE 1 PCR 3T, TREHAEH AT R RBBE
00, KB 5 ASHEPA (i i 3 RS | i g
BN AR 2 . o2 B ERE AT A
2 A SRR R IR 8 DR R B BT B0 iR
24 h JEFRIRAKF O W L, S5
RV —E, XL 45 R R, IR T I &
HERRE: B1 ] ReXH 045 I #E & H7E N i 24> e
PEH - HA P

5Z A, AR F 5 e BN 1ok
AN RVEEBR TR RIS LA XS ER 72 h e, I R
H AT s I i e ad Wl 2 R R R 2 IEAH OGO R, H
I 8 R PO A 2 Tt g e 2 il i R ) A B —
PR P, e, R A S o2 BERE
M2 ZAEMEEH, HimEHEAX o2 BEEREH 2
ik BT — 5 AR R4 Y, Li 2EPHR By
X HF(Penaeus monodon)Pi i Ik penaeidin & A

HHXTmRNAZR X &
relatived mRNA expression
— [\

HIXTmRNAZ X &
relatived mRNA expression
'S

Bl 4 KBt B1 BIEOEE 24 h 5 AR 412155
AHOCHE mRNA £k K224k 53 Hr
A IMAAH; B. FFBERR; C. 8. *F1**3R/R 5 PBS 41
2 5 3 (P<0.05) 3k i % (P<0.01)

Fig. 4 Analysis of mRNA expression levels of different
immune related genes in different tissues of Litopenaeus
vannamei at 24 h after peptide B1 injection
A. Hemocytes; B. Hepatopancreas; C. Gill. * and ** denote
significant difference (P<0.05) and extremely significant
difference (P<0.01) with PBS group, respectively.
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o 4 S I 20 PR R BRI D 20%, AR B RITI R
MBS BIEAR 91%F1 64%, 5 il 6 15 4
T 396%, 1k2F4 L penaeidin [WIKM 3R F2ik 1E
W, ULBH penaeidin EAT ZSLI40 M R A9 PR $5 )
e, HHUGIED, KB B1 B & 45 09 S s e o is p m]
fiE 5 185 8 (K RN, PR =2 1814 AT BEA7AE A
BRI R S

{EASF—HEAY &, Western blot 711 & B p65 &
F AT 5 e T I % 25 A po A 2 B I 0 BH M sy, &5
B AR UGB A 5 e BRI I A A B R VR
AT AR AR AR AL G 65 KD 7E P 1 2R i R Bt
ORI 25 SR 200 MR BE B1 A al REAE 9E 1 s 26
PR B R A IR B0 72 2 o Song 25 PO MLak %
XTHF Janus #EF(LVIAK)S 21 F Rl KL LvJAK H
EYE LvSTAT #8755, M AT BRI 5 45t 1 15 [0 %
Zhao 2PV IEF Ran & W LIS Ran B3I F45
A, dEad A B BRI Ran SR EE SR X
SERF R S5 BN, IS AR AR A B P AR T
REA7AE F T WY 00 15 SR T AL, HnT R Xt
BB A D 2 40 8 — o ) O X

ZE LRIk, AWFSY 32 L IR F I & A 0
f2 4 IR BE B1 FTREXS L6 B 1 . A 2 ki
F. 02 BEERE R 2, H Sk R s &
HAE R T 19 R 8 BAA HEIEYE, Irikg 1
i — 2L ) B X6 0 I 3 AR 1 D e R e O B 1) B g
S I LA M, & FAREE Bl
(i BT LR S50 A fr it — T SRR R o
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Immunological regulatory properties of chemically synthesized
peptides from the hemocyanin of shrimp Litopenaeus vannamei

TAO Mengyuan, LI Changping, LUN Jingsheng, ZHONG Mingqi, CHEN Jiehui, ZHANG Yueling

Department of Biology and Guangdong Provincial Key Laboratory of Marine Biotechnology, Shantou University,
Shantou 515063, China

Abstract: Previous studies have demonstrated that chemically synthesized peptides from the hemocyanin of the
shrimp Litopenaeus vannamei possess antibacterial activities. However, to date, little is known about their immune
regulatory function. In this study, a chemically synthesized peptide, B1, from the hemocyanin of shrimp L. van-
namei was investigated using proteomics, molecular biology, and immunological strategies. The results showed
that, compared with the control, two protein bands with sizes 65 kD and 35 kD (designated as p65 and p35, re-
spectively) were significantly upregulated in shrimp plasma following stimulation with peptide B1. LC-MS/MS
and Western blot analyses revealed that p35 and p65 shared a high degree of homology with 13 proteins, including
hemocyanin, f-1,3-glucan-binding protein, and transglutaminase. Moreover, p65 could bind specifically to rabbit
anti-shrimp hemocyanin antibody. Quantitative real-time PCR analysis demonstrated that five LC-MS/MS-identi-
fied genes, including hemocyanin large subunit, hemocyanin small subunit, transglutaminase, a2 macroglobulin,
and glucan pattern-recognition lipoprotein, were significantly (P<0.05 or P<0.01) upregulated in shrimp
hepatopancreas, gills, and hemocytes following stimulation with peptide B1. Collectively, our data demonstrated
that peptide B1, chemically synthesized from hemocyanin of the shrimp L. vannamei, may possess regulatory
properties and induce the expression of different immunological factors including hemocyanin.
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