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Abstract: This experiment aims to study the immune-enhancing effects of peptide gCK-16 combined
with the attenuated vaccine of infectious bursal disease (IBD) and to evaluate the protective effects of

the vaccination on SPF chickens(14-day-old). To investigate the toxicity of the peptide gCK-16, the
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immune effect of vaccine and the levels of cytokines (IFN-vy, IL.-4 and 11.-6) in serum, the cells were
stimulated by the different concentrations of peptide gCK-16 in vitro, and then the chickens were
immunized with the different concentrations of peptide gCK-6 in combination with attenuated vaccine
of IBD. Meanwhile, the challenge protection of infectious bursal disease virus (IBDV) was
performed by detecting the survival rate, the bursa-weight/body-weight index (BBIX) , the splenic
lymphocyte viability, the level of immunoglobulin (IgM and IgA) , the level of immunoglobulin
(IgY) in the serum, the histopathological changes and the expression level of apoptosis-related
proteins in the bursa. The results show that peptide gCK-16 has no obvious toxicity both in vivo and
in vitro, and peptide gCK-16 combined with the attenuated vaccine of IBD can significantly increase
the antibody titer of IBDV in the serum of chickens immunized with the attenuated vaccine of IBD and
the level of cytokines (IFN-7y, IL-4 and IL.-6) in the serum. Moreover, the peptide gCK-16
significantly promoted the stimulation index of LPS, ConA and IBDV to PBMCs. Immunization and
challenge experiments also showed that the peptide gCK-16 significantly increased the survival rate
and BBIX of chickens infected with IBDV, and reduced the pathological changes of bursa tissues,
while the expression levels of pro-apoptotic proteins Bax, Caspase-3, Caspase-9 were significantly
decreased, and the expression level of anti-apoptotic protein Bel-2 was significantly increased. In
conclusion, peptide gCK-16 can significantly enhance the humoral and cellular immune responses of
the attenuated vaccine of IBD, and achieved an effective immune protection in chickens infected with
IBDV, which provides theoretical reference and data support for the application of this peptide as an
immunopotentiator of the attenuated vaccine of IBD.

Keywords: peptide gCK-16; infectious bursal disease; immunopotentiator; chicken; immunoglobulin;
immune protection
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Fig. 1 The effects of peptide gCK-16 on the change of body temperature and in vifro cytotoxicity
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Fig. 3 Peptide gCK-16 enhanced the level of cytokines in serum of chicken immunized by the attenuated vaccine of IBD
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Fig. 4 Peptide gCK-16 enhanced the proliferation of PBMCs in chicken immunized by the attenuated vaccine of IBD

2.5 %R gCK-16Xf IBDV B /G
TIEH MM

FHIBDV 25 ¥k 23 510 % 20 G 73 41 0 %oF 16 4 08 it
T CRE , 7% 22 10 d WLZERS (Y i PRAE AR, IF 10 sk SE 1
ARG M Sk [CHE &, NI SA Al UL, 7E 07
Ji 10 d I £E 3% R - Mock 41 4 100% . IBDV 41 Xy
40% . Vaccine+1BDV 41 & 70% F1 Vaccine+ gCK-
16+IBDV 4 R 90% . #H 45 R BIR, 5 Mock 4l
A, IBDV IR YL J5 3 d, % & H B 8 TH /5, IBDV Jg&
PeJ5 3.5.7d 10 d, B I & T % 5 Vaccine+
IBDV 4 AH kb , IBDV & Y4 J5 5.7 #1 10 d, Vaccine+
gCK-16+1BDV 41 4 & b B & F+ &5 (15 5B) . K3
PRI IR 25 R KB, 2K gCK-16 7] D) & 3 12 = 4
TG RN, IF Bl AT 80 P vk R4 00 1IE %
KE.

BIFHEERMER

2.6 %BkgCK-16%t IBDV B % ik B 40 fiE S
MEEHREAKFEHZME

i CCK-8 7 il £ ik gCK-16 X IBDV Jk
Y J5 NG bk O 20 B 0 3% g, NI 8A R L 5 Mock
ML, IBDV IFE T 3.5.7 A1 10 d I 3 B AR T 15 itk
B 40 M B9 3% J1, i 5 Vaccine+1IBDV 4 #H H
Vaccine+gCK-16-+1BDV 41 Ji ik & 40 it 1% 71 8 +
IEH (E6A). ELISAZ5 R B8, 5 Mock 41 # L,
IBDV W EEJ5 7 #0110 d 5 2% B ARk [ 4 v TgM UK F-
BB MY Vaccine+gCK-16+1BDV 41 #
e, IBDV I3 J5 5.7 1 10 d 1 3 F% % Vaccine+
IBDV 4 ¥ K% IgM K SF (K 6B) . b 4h, 5
Mock ZH A [, IBDV B 5 5.7 A1 10 d 5 % B IR i
B 2 v IgM A1l 3 0 IgY 7K F 5 1 5 Vaccine+
gCK-16+1BDV 4 A It , IBDV W # 5 3.5.7 F 10 d
i %K Vaccine +1IBDV 41 % & 4 IgM Al IfiL 5



1690 oM OB OE % ) 57 %
A
100 1 1 1 1 1 1 1 1 1 J i — Mock
Jl_l_l_l IBDV
- 801 Vaccine+IBDV
<
o - Vaccine+gCK-16+IBDV
£5
o=
%8 404
5
(=9
201
0 T T T T T T T T T 1
01 2 3 4 5 6 7 8 9 10
JRY S i) /d
Days post-infection
B
101 . [ Mock
3 * =3 IBDV
1 & L TR % [ Vaccine+IBDV
® = 6 e B Vaccine+gCK-16+IBDV
o
@E 44
pad
2- ’}‘ ’%‘ ﬂ
0 T T T T T
0 1 3 5 7 10
SR S i) /d
Days post-infection
A TR F B B W (x. P<C0.05, **. P<C0.01)
A. Survival rate; B. BBIX (*. P<C0.05, **. P<(0.01)
El5 %A gCK-1631IBDV BLEBEFEEMERERHNZ I
Fig. 5 The effects of peptide gCK-16 on the survival rate and BBIX in IBDV-infected chickens
HIgA K- (B 6C HI D). X segh ]RE W, £k E UL R SR 7op i R E A S =S S S I A TN

gCK-16 Bk 4 IBD 55 # % 11 % 9% J5 7] LLidi % IBDV
JR Yt T BN I Ib A0 P IS O 0 A 2 BR AR 1K Y
TR
2.7 %RkgCK-163f IBDV B /5% K T H A K18
ZTHHF M

w7 fis, 5 Mock A AH e, IBDV B # 5 1 d,
125 TR 4 2H AU B AL B8 s FE O 3 d L, iR L e
KT, B 5 P Ik L A0 B AR BT B B D R AR
W AETCRES 5 d, b 8 I ™ R U (R nT UL AF
Yr 0 ZUHG A B TR 41 e BV, B T P Ak 2 4
JiL R i SR AE I/ 0 A TP BB AN A Y A R, O
Jiil [ 31 58 36 R B 7 19 e BT s FE I RE S 7 A 10 d L ik
i R(UEREA S <E N L1 T B R NG U8 N7 3
B 5 % e B[] AiE K, HG o AR R ofe bk B i, i
S B2 BE R4y BN 1 Vaccine+IBDV 40 7E IBDV
WREJG 7 d, ¥ ICHE A 5% G000 o B8 b, Ik B 0 v 1)
B b G, R T T 10 d, ik O 08 U 25 M B, B
JoT A7 B 0 B 7 L 43 S TE B 5 T Vaceine +-gCK-
16+1BDV 47k [R# Ik g 25/ 78 3%, K B IEH

gCK-16 Bk & IBD 55 8 % 1 %o % J5 vl L) 8 3% B AIX
IBDV &2t 5| 3 i vk [ 451 45 -

2.8 ZRtgCK-16Xf IBDV B xR BRHTHX
E=:0p-A10)

Western blotting 2% 5 & 7~ , IBDV JE& 4t J5 0 il
1d, 25 4 2Z 8] T2 AH 5C HR F K P B0 B 8728 4k (&
SAFIB). IBDV X # )5 3.5.7 fl 10 d, 5 Mock 41
FH LG, IBDV ZH A2 J4 T #H O¢ & 1 Bax , Caspase-3 F
Caspase-9 FIA K- b 3 Fh i, PO 1240 G HE 1 Bel-
2 HHAKFBFEEAL, M Vaccine+IBDV 4L e,
Vaccine+gCK-16-+1BDV 4 i} & [ Ik T 42 8 1= 4
% M Bax ,Caspase-3 Fll Caspase-9 & ik /K ¥, fig F
P T SCH H Bel-2 RiBKF- (K 8C.D.EMF).
X LE LR, 2k gCK-16 Bk & IBD 55 2 % 1 %
3 5 Al DL 3 AR IBDV R G 5 i ) 9% G2 40 g
i
3 4 i
IBD 55 8 % 17 1IE7E 2B FE N Tz i), DhE



34 TR AT 45« 22 Ik gCK - 16 X A8 £ Yotk 1 [C A 55 55 255 28 B 0028 A0SR 114 5 1691

A
120+ —e— Mock
1001 & ————} BV
O\Q 2 Vaccine+IBDV
_ﬁg 80 23 : ~+- Vaccine+gCK-16+IBDV
H1-E 607 # *k
%% 40 #h
R ##
#Hi#
04— T r T T ]
0 1 3 5 7 10
SR T I i) /d
Days post-infection
C
0.57 - Mock
IBDV
Z 04 =% 3 Fd i Vaccine+IBDV
= ; . > —= Vaccine+gCK-16+IBDV
S i
;0'3 #i iy ok
y #H
8 021 i

JRYL IS ) /d
Days post-infection

B

0.87 —— Mock
IBDV
g 0.61 o0 i oz = I Vaccine+IBDV
g L 8 T 1 - VaccinetgCK-16+IBDV
E 0.41 4 * 3
B #i
o 0.2 44
0.0 r
0 1 3 S 7 10
S i)/ d
Days post-infection
0.81 —e— Mock
IBDV
; 0.6 = - ——— 3 Vaccine+IBDV
= - ~* Vaccine+gCK-16+IBDV
204 X
5 o b
a
O 0.21 #i
0.0

SR fE I I)/d
Days post-infection

AL PR E ARG F75B. IR RE P IgM K. C LR IgA KD, MiEH IgY K. 5 Mock LA b, #3808 22 5 . 3 (8.
P<C0.05) , Mi### 7 2% B B % (52, P<<0.01); 5 Vaccine+gCK-16+IBDV 414 I, * /% 2 5 3% (x. P<<0.05), i ** 3

IR SRR 3 (kx. P<C0.01)

A. Splenic lymphocyte viability; B. The levels of IgM in the BF; C. The levels of IgA in the BF; D. The levels of IgY in the

serum. Compared with the Mock group, # indicates a significant difference (#. P<C0.05), ## indicates an extremely significant
difference (##. P<C0.01) ; Compared with the Vaccine+gCK-16+1BDV group, * indicates a significant difference (*. P<C
0.05), ** indicates an extremely significant difference (**. P<C0.01)

El6 %AkgCK-161532 IBDV B EG MM BAEENMERIKREBKTE

Fig. 6 Peptide gCK-16 enhanced the vitality of splenic lymphocytes and the level of immunoglobulins in IBDV -infected

chickens

il e, HACR A A AR, L HOZ 76 IBDV 38
AR SR AT E R SR g B
PE SRS LA B ™ F 1) 928 1 B P RN, 5 3G g8 R
ROR A Uk % SIR A R — S Ao B A, 32
H T IBDV 55 5 2 1 30 8 45 5 | vk [ 4 v B ol i 3
ZUR X5 B A M AR R AT O, T B
T Rk Bl S ] TR R R R E AW e
S TE B 328 2o AR v R e D R I B R AR
b, G 8 1 5 0] 55 TBD 55 75 52 v B A il P 2 figk ok
X — ) R ) — PR AT RO .

A 9% 6 AT 8 Ay 18 3 A Ok R R A Ak
FHW PD-1/PD-L145 A 19 £ Ik gCK-16, 78 1R 4h 3 i
X Bk L4l ) B8 7 N HEAT T R R TEY . #E
AR, Z K gCK-16 64 IBD 55 7 $5 1 o e 08
J5i L R G 3 S O R BN . T A O AR
s W, £k gCK-16 Al LLAT R4 42 3F 51 %
IBDV J& YL (1) G LR I 1EH -

PBMCs 2 %% T ik [ 40 Jifd . B bk B 41 Jiid Fn NK 4

JL2 o Horp T oA S 4 A PR AT 0 L G 2 Th e L B ik
20 M S B A 7 A A AR T AN B, 2 P RORN M =2 S &
EED DR N A 1 N v~ B s A NG 1
5 38 H T VR I B 20 T AR RN 40 i e SR
N A AR R T ik EL A B X Con A A K, 1T B
IR B H X LPS A7 R . FEAS RS, 5 AU
IBD 55 85 5 1 o 2% 4 A L, & A £ 1K gCK-16 B
# IBD 55 # % 1 19 X% 43 25 1) PBMCs % Con A I§
LPS (1) 38 55 )2 1% & 35 38 n , & W T R B bk B 40 fif 45
VTS o R, FE i 2 ik gCK-16 BX & IBD 55 5
PE B AR, 0 L% T IBDV R S M PR K S B T
5, 5 IBDV 3G Ik T 40 i 188 i 5 8 18 e — 3K
(1 3K ol 384 58 119 G 9% IV AT R 2 i T 2 Ik gCK-16
FIBD 55 2 % i 4L W4 A 9 25

20 B TR 76 8 28 X SO P e R AR 09 G 9% S
R E EXLEZEMMEMT™, Thl M Th2 40 i 2 4
Bl T 40 A v b HC R 22 A B AN S B, Th 40 i 35 2258
if 43 W TEN-y 2 5 41 il % 9% K20, 17 Th2 4 A ) 32



1692 HoMom OB ¥ W 57 %

Vaccine+ Vaccine+
IBDV gCK-16+IBDV

JEY I I/ d
Days post-infection

10d

—
_ lhes e <
B ZE AT (FRAEFT K ) 5 B PR W (LD @k ) 5 B A WIS A9 Jd v O /i Sk ) 5 T3 D9 bk L 2 MO B8 Lol 2 (B 6 75 ) 5 D[] 47
Y LU (AT ) s 2R O (37 36 ) 5 B BRI 20 R W A8 (i k)

Follicular atrophy (Black arrow) ; Cortical thinning (Red arrow) ; Cortical with obvious exfoliation (Orange arrow) ; Lymphocyte
necrosis and reduction in the medulla (Blue arrow) ; Fibrous tissue hyperplasia between follicles (Green arrow) ; Porous (Pink
arrow) ; Indistinct boundary between the cortex and medulla (Yellow arrow)

7 %Rk gCK-16 (% IBDV BB EEAREHLFELT N (HE, 100X)
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Fig. 8 The effects of peptide gCK-16 on the apoptosis-related proteins of BF tissues in IBDV-infected chickens
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