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Immune enhancement of Riemerella anatipestifer inactivated
vaccine by the recombinant plasmid pUC18-CpG

XIA Yu', JIANG Wencan ', WANG Liang', CHENG Ping'

1 College of Veterinary Medicine, Sichuan Agricultural University, Chengdu 611130, Sichuan, China

2 Key Laboratory of Animal Diseases and Human Health of Sichuan Province, Chengdu 611130, Sichuan, China
Abstract: [Background] Riemerella anatipestifer (RA), a major pathogen that causes losses in
the poultry industry, can cause serositis and septicemia in ducks and other birds. The available
vaccines generally have weak reaction and low immunogenicity and induce low antibody levels.
[Objective] To explore the immune response and protective effect of CpG adjuvant and provide
evidence for the prevention of duck serositis with CpG adjuvant. [Methods] The proliferation
test of lymphocytes in duck peripheral blood and real-time fluorescence quantitative PCR were
employed to determine the optimal sequence. The recombinant plasmid pUCI18-CpG was
constructed and compared with CpG ODN for immunogenicity. Ducklings were immunized via
subcutaneous injection twice with inactivated RA-GHS as the antigen and pUCI18-CpG as the
adjuvant, and then the serum antibody titer and cytokine level were determined. The ducklings
RA-GHS and the
histopathological changes and immune protection rate were examined. [Results] The optimal

were then challenged by strain through intramuscular injection,
sequence CpG-3 was screened out. The immunostimulatory activity of pUC18-CpG containing
CpG-3 was not significantly different from that of CpG-3. Compared with RA vaccine alone,
the addition of pUC18-CpG significantly increased the serum antibody titer and the levels of
interleukin-2 (IL-2) and IL-4. The immune protection rates of 80 pg, 20 pg, and 40 pg
pUC18-CpG to the ducklings were 70%, 60%, and 60%, respectively. [Conclusion] The
combination of pUC18-CpG and RA-GHS5 inactivated vaccine can induce stronger humoral and
cellular immune responses.

Keywords: Riemerella anatipestifer; CpG ODN; pUC18-CpG; adjuvant

PUERIE 50%-60%. 772 2 VLM 10 FIHS 5
L BR PR N TR R 5 T LR K T S 3 H
BRARETS , S )E 7 d B8, RYRR 70%. Dot
SR AT I 37 2 TR 2 EEL R TR O T ok o e
KIEW, %I 7d 5, HPRHR 70%.

CpG %7 (CpG motif) & 48 AIE H L fL 1Y

5 33 B 2R G 7 (Riemerella anatipestifer, RA)
JEfeEH AR M EEIGR R — g
RA 5 (18 DL ILRE o R4, SE T F60] iy ik
75%, RA Xt ZRpPiA R 252>, 2y 1 i
Bi RA YR HRIEEFB ., KGN R
il At N TR 7 B B AR I TS 5 i AGE 444

UG, LA FEM LA KA W SRR K
VT T KT T A o S 2 U A O 3 1 3R Il
2 TS gz HER PG TR O o SR AR AR K TR, T
5 Hg AT, %5 5. 10 f 15 d 7%,

CpG BN, KERSA 2 DL
IS T IR o R B AR AL 5F R O AT TR
(cytosine-phosphate-guanine  oligodeoxynucleotide,

CpG ODN)EESN AN T A MEEH CpG HF 1Y
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HRBAFRREE . CpG ODN B4 15 /1
REWs T Bt 2R shWpes®, (HIEfER &1
Bz 5 B b . CpG ODN X &3¢ TLR-21
PRI, BRI R 43 W A AT e 4N i
SEAE NI A G 4

FWF IR H] CpG ODN 1 53 1if 2 T Bk
G RA-GHS & W 10 o It AR AE Y38
i i AN Rl 25 9 25/ CpG ODN, #y# T &
41 TR pUCT8-CpG, 75 1A Y PEAS H I 51 RA
T FEME, DA RA RIS IR LRl 22 2 %
el

1 MRETE

1.1 E#RFME

KWGHF R DHSo W4 A RARAALRHEAT FRA
w); MoyE HER G E GHS (RA-GH5, Il —
). RA-GH5 P IMYE iU ARk K2 sh il
W) 5 G 5T B R o
1.2 SRIGzh4)

— H &AL RS I R b L B A A R
Nl ARG T e e )1 ARk R 2= (A )
Bt AHESE F U)ol R 2= ST B R RN
SRR T S HEHEEILIESCS A XF2014-18),
1.3 FERF. NBFEFE

2xTag PCR Master Mix . BiiSHiEERE 11
G PR /MREGRE . 40M RNA $2HGA5
AR HRP-DAB JEY B &, Jta
RIMEFHHABR AR ; IPTG, Sigma 247 ;
DNA /37 EArifE Marker, Z %% XM BCA
FEERIRKA G, DIBEE R RAEYEARRNF; 3
N&. H4 82 . Tris-HC1 (pH 8.0)F1E &k J& ifi 2o
1% 41 il (peripheral blood mononuclear cell, PBMC)
sl G, AR EREAABRAF; IL-2
FI IL-4 ELISA {7 &, TLIREg st A BR A Al .

WHRLELL, CO AMMEEEFRAR . R RIATREL

BL, FERRCH/RBH A B#HY, Bio-Rad 2AH],

R IR ARG 52 3580 LB R i3, A&
TAY TR BROARAF .,
1.4 FHERITSEK

H1 - E i AU T R
PR LA R B S % T O 40k 501 fUs
CpG ODN (B2006) A A5 AR Al PH P Xef B> 13353
T 5% CpG ODN (5 1), MAMAETH T —4H
MXTHRF S GCo JPal A TAEY) TRE( )
1A B2 Fl A o

{8 ] Oligo 6.0 B2t ¢ % & i PCR 4 4%
S 2), A TAY TR BROA R
Hl A .

%1 CpG ODN 7

Table 1 The sequence of CpG ODN

AR 751

Name Sequence (5'—3")

GC TGCTGCTTTTGTGCTTTTGTGCTT

1 TCGTCGAACGTTCGAGATGAT

2 TCGTCGTCGAACGTTCGAACGTT

3 TCGTCGGTCGTTTTGTCGTTGAT

4 TCGTCGTTGTCGTTTTGTCGTT

5 TCGTCGTTTTGTCGTTGGCGCGCGCCG
6 (Control) TCGTCGTTTTGTCGTTTTGTCGTT

*x2 SIPMER

Table 2 The information of primers

GlIE/ B2 Fr 31

Primer name Sequence (5'—3")

IFN-o-F CACGACATCCTTCAGCACCTCTT
IFN-0-R GTTGAGGAGGCTTTGGCGTTGG
IL-2-F GCCAAGAGCTGACCAACTTC
IL-2-R ATCGCCCACACTAAGAGCAT
IL-6-F TTCGACGAGGAGAAATGCTT
IL-6-R CCTTATCGTCGTTGCCAGAT
IL-10-F ACCTGCTGCTGAGCCTGAAG
IL-10-R ATCGCCTTGTAGATGCCGTTCT
GAPDH-F ATGTTCGTGATGGGTGTGAA
GAPDH-R CTGTCTTCGTGTGTGGCTGT
TLR-21-F CAACCTCAGCCTCCTCCACCTC
TLR-21 R CCTTCAGCTTCTGGCACACCTTC
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1.5 CpG ODN ffi%
1.5.1  BS5E itk B 40 AR tE5E i 36

HRPETS PBMC 43 1 3245 & 15 B 5 e b o g
FITIEE 4> MLHEA T 43 B R4S 15 S0 ] i B> 427 240 Pl
(PBMC), H& 10%i5 45 1135 ) RPMI-1640 4 fifd
BE SRR T B 1504 - RPMI-1640 % CpG
ODN Fi B 20 pg/mL, il 100 pL 9k B2 40 2004 5
FHPEXTREZH . TG AR A (ConA, 20 ug/mL), il
100 pL b B2 40 A 5 B PR X HEZH - RPMI-1640,
TR EL B 45 FIXT HRZH . RPMI-1640. i
AR EZH IS T 490 nm AbiSE%. W TS %K
(stimilation index, SI)cy6 ooN=(ODcpc opn—OD zspssm)/
(OD ptesse—OD s pusm)|
1.5.2 KBREEE PCR

K AE AT CpG ODN #I T IL-2, 1L-6,
IL-10 &% TLR-21 #J mRNA /KA kG, 4b
JE bk 4075 CpG ODN HIL 24 h )i, ML 482
Ml RNA $2BU50 & Ui B 3 RNA,
S cDNA #4752 2t it PCR. WA R
(25 uL): TB Green Premix ExTaq 1l 12.5 uL., I
RS 45(10 pmol/L)4%- 1.0 uL, cDNA 2.0 uL,
KK 8.5 uLo Jeis&fF: 95 °C 30 s; 95 °C
5s, 60 °C 30 s, 40 NEH; Wik h &
65-95 °C, i 0.5 °C/5 s, FPILFE M 3
Fio SRA 27k A ek
1.6 CpG ODN ZHRMHIMESERE

DA 1.5 5126 H 6T 8 PBMC AT B i 8 e 1)
CpG JPHI s, &itd 5 WEEM CpG J¥
H), FFZEFHIMANA Hind 11T FI EcoR 1 Btz
A, ARG RAY AR A I s EA pUCLS
A XSRS G T AL TR T T D) 4 R A
1.7 pUCI8-CpG EESHNEZEMAN

£ pUC18-CpG Jit ki E. coli DH5a 7 LB
(& 100 pg/mL Amp)F 37 °C, 160 r/min

PEIR IR E 7% . 3 000 r/min .0 10 min
WA B A, 1 JC PN 5 3 Bk R B350 S i o
i, BHHEEUY pUC18-CpG Jikiif 4 NanoDrop
PO T T i AR AR,
%)M E pUC18-CpG BTk INEE R o
1.8 pUCI18-CpG 5 CpG ODN By % & #i#
{EF ELER
1.8.1 18 PBMC &35 AL &M

ZM1.5.1, ¥ CpG ODN LA K pUC18-CpG
T2 SR NS 4 i 9k £ 200 I 200 i 4 g
B, TR R AE E, X G O OR i
17 A 53T o
1.8.2 HREEFRIHEMNRIEE

S 1.5.2, WA UOEE R PCR K
CpG ODN D)z pUC18-CpG T 2H J3 i 3l S5 S 411
e b L A0 L A5 A B R T mRNA KOF B
FHXT Fik
1.9 #H¥eREPRE
1.9.1 Y RZIAE

B 1 B AL st WS 2= 4 Hit, FRREdL0 N
6 41, 414 10 H. F 4 HS ke, i
A3 ES 0.5 mLER . 76 14 Hi%, FAHFH
S E TN TR o X HRZH AN A P A [ e e
JGE PBS 0.5 mL. 7E5 1, 14, 21 il 28 Kilitde
M3 . I 3k 3,
1.9.2  MiEHARIK AN

4% ELISA RrIMigFHiiAKF-. RA Hils
PL 8 pg/mL F 4 cCRPLIR . HKIKZE 5% MiiE Y
KBRS A HRP L2400 1eG HAATR L
1:3 000 YEFJE , BOEHIA 50 uL TMB JEYIATR,
15 min JG /A 2 mol/L H,SO, 28 1k S v, BlAR YL
K ODysoo HMAERS S22 1 (0 d)IMIVE RA T
T, SV, R AR SN IIPE T . SRR M E
OD.so (P) 5 FATEIME OD4so (N)EL{E(P/N)>2.1,
Fil 52 R BE N
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3 it
Table 3 Experimental design

4 PR SR

Names Antigens Dose of adjuvants

A RA-GH5 4.5 mL inactivated vaccine and 0.5 mL pUC18-CpG (0.4 mg/mL) 0.5 10

mixed emulsification

B RA-GHS5 4.5 mL inactivated vaccine and 0.5 mL pUC18-CpG (0.8 mg/mL) 0.5 10

mixed emulsification

C RA-GHS5 4.5 mL inactivated vaccine and 0.5 mL pUC18-CpG (1.2 mg/mL) 0.5 10

mixed emulsification

D RA-GHS5 4.5 mL inactivated vaccine and PBS mixed emulsification 0.5 10

Control PBS None
Blank PBS None

BP0 SRR
Immunizing dose (mL) Animal numbers
0.5 10

0.5 10

1.9.3  ZHBEE F4&N
Fie Bt ELISA 12050 & 15 B A I i 35 1L-2
IL-4 7K MRHEARVE R 15045 419 1 35 A
IL-2 Fl IL-4 2l
1.94 KHFARK

T A G 2E W JR] I, KT B g 2 RN HE A £ A
B9UEFT 10 LDsy (1x107 CFUWLIAVEST (R, =5
2 LA VRS 45 (19 PBS. MEEIFIC R 7d N
AR e i R AR RSB T 100 o
1.9.5 HHLREFESE

ARG RS 0 o FIE . ML ZURE A 4%
ZRWEE(pH 7.4) 58, 810 A7 35 ) s 1
Yk, BRI ANE-H4] (hematoxylin-eosin, HE)
ety (EFABCER T S YR AT
1.10 HitFESH

fdi 1] SPSS27.0 HATGE o0 M, AT
FEA t £ 5 (student’s two-tailed unpaired t test)Fll
R E 25T (one-way  ANOVA)Z351) b 458 H
H M ZHZ MG EER, P<0.05 HASIT

NYRETSEN
F & KXo

2 BRS04

2.1 A[EF% CpG ODN %I HS PBMC 1%
JERE DM R
mE 1 R, S5XTER4 GC fHEE, CpG-3

(SI=2.80)F1 CpG-6 (SI=2.58)%s BN Ia 1k i %
PR3 (P<0.01)
2.2 ‘AiEEF mRNA B RIEE

IL-2 .IL-6 .IL-10 . IFN-a 1 TLR-21 #J mRNA
FIXACHLE CpG-3 JRAf T ER RS, HYS
GC =5 WE (K 2).
23 FHRNMBYIEE

DL 2k XTI PBMC  HL A R4 3038 19
CpG A AL, & 5 WWEE, FEWEEINA
Hind 111 #1 EcoR 1§V i, A A ERAG &
2H Tk pUC18-CpG ., X 55 41 Jii Hr gk £ 7 il U %
TE, RIS 100 bp B H KRB, FF4 T
KN, 2500 5 Tk A R ) (] 3)

4
%
ko ]
1
% s
2
= *
=
[ |
E | -
a1t
0! 1 1 1 I (I.J L 1
N o
6 ’ , - V4 ’ G
TS SE QOY\

1 HEHAIEEIRIENES CpG ODN R4
Figure 1 The stimulation index of CpG ODN
measured by lymphocyte proliferation experiment. *:
P<0.05; **: P<0.01.
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- ok ol = GC
.% = CpG-2
g 10 == CpG-3
3 = CpG-6
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Z 5L Hokok
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0 ﬂﬁ. rl |_||1]. |_|ﬂ. |_||;||

IL-2 IL-6  IL-10 IFN-a TLR-21

2 CpGODN {Ef T&EREMMHEXMRIEE
Figure 2 The relative expression of genes
stimulated by CpG ODN. **: P<(.01; ***: P<0.001.

3 ESYI4E M: DNA 4 FEbrifE Marker
(100-5 000 bp); 1: pUC18-CpG; 2: pUC18-CpG EcoR
1 5AH); 3« pUCI8-CpG EcoR I il Hind IIT XU
Figure 3 Enzyme digestion identification. M: DNA
marker (100-5 000 bp); 1: pUCI8-CpG; 2:
pUC18-CpG identification with EcoR I; 3:
pUC18-CpG identification with ECoR I and Hind III.
24 pUCI8-CpG EESHSEMNLE

pUC18-CpG JFiki%: NanoDrop iz /)6
i E RN 1.77 mg/mL., KM NEER SR
F 50 EU/mg, &,
2.5 pUCI18-CpG [RHFA CpG-3 Rtk BB
HIEE

WK 4 fioR, ¥ pUC18-CpG Ji kLAl CpG-3
it AU (1R NG 1 R KTV
STucis.cpa=2.79, Slcpcs=2.88, HEFAREFE,

2.6 pUC18-CpG JR#F1 CpG-3 RIZHAEE
FHEHNRIEE

R s Fs, SxTREgAEL, pUC18-CpG Al
CpG-3 MIAEXTRIEHA W35 25 7(P<0.001), {HjE
pUC18-CpG Fil CpG-3 MF Z 227N R E
2.7 FREBERPREER
271 MERARK TN R

WE 6 Fis , ARG H Y, X B2 i
HIRARKMBIPUAR, 21 RAIE 28K, 5
A. BRI DML, CAILHEF 1gG % ¥ & H
2 5Pk .35 (P<0.05), 7% 28 K, A, B, C Al
D A HURTHEE 73002 9.98, 11.31, 12.98 I

9.64,
2.7.2 AR FKE
mE 7 o, SXTRRAUEL, P glim
5 =
% 4r ns T
=
S 3F ==
2,0
£
ﬁ l Lo
0 1 ] 1
CpG-3 pUCI8-CpG ConA

4 M EHAREEIKL N E /S CpG ODN RE

ik

Figure 4 The stimulation index of CpG ODN

measured by lymphocyte proliferation experiment. ns:

P>0.05.
15 -

8 ki L = CpG -3
2oL | [ 5 == pUCI8-CpG
=
5
o
=z
g 5
[}
[

0 i in

IL2 IL-6 IL-10 IFN-o TLR-21

E 5 CPGODNERTE&ERMMBEXRIEE
Figure 5 The relative expression of genes
stimulated by CpG ODN. *: P<0.05; **: P<0.01;
**%: P<0.001; ****: P<0.000 1.
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Figure 6 Duck antibody titer of immunized groups.
*: P<0.05; **: P<0.01.
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Figure 7 Detection of the cytokine level in the

serum of ducks. A: IL-2. B: IL-4. *: P<0.05; **:

P<0.01; ***: P <0.001.
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Figure 8 The survival rate of ducks challenged with
RA-GHS.
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Liver _ Heart __ Brain
s T R e I F NS

B9 HLAREESN A: FSHA. B: X R4
C: RA-GH5+20 pug pUC18-CpG 4. D: RA-GHS5+
40 pg pUC18-CpG 4. E:RA-GH5+80 pg pUC18-CpG
H.F: RA-GH5 2. b: JMERIAMEGRT%), I
SERB T LT AN (2 (T k), VBT TR I CR
#isk); h: WEARREGREFL), OILL 4R
fREETR); n: MEY KTMCRATL), &
BRCMERL AR L 22 (B (L k), PR AR AR TR (a0
fiisk)

Figure 9 Histopathologic analysis of ducks. A: The
blank group. B: The control group. C: The RA-GH5+
20 pg pUCI8-CpG group. D: The RA-GH5+40 pg
pUCI8-CpG group. E: The RA-GH5+80 pg

pUC18-CpG group. F: The RA-GHS5 group. b: Nuclear
lysis (yellow arrow), sinusoid space is filled with red

; R\

blood cells (green arrow), vasodilation and hyperemia
(black arrow); h: Lymphocytic infiltration (black arrow),
myocardial fibrinolysis (yellow arrow); n: Vasodilation
and hyperemia (black arrow), strongly basophilic chief
cells (black arrow), enlargement of nerve cells (green
arrow).

3 itk

I gk 2 B 0 %o G o) 8 2 7R Al s B T
FREZFFHARIY, CpG ODN REGEHE R 2 Flg
B S B O E s, ARV RN
A TLR-21 454 R A e &, M
T35 T A A 3R, CpG ODN g fa i il
WOE M A R R RE S, R e L S
(L5 FY & CpG JE e Mgk T+ H
T S BRI ey T A B A, AHIFgY
S22 T CAUE XS U CpG ODN (B2006)
BT T 5 FRF 51 o 205 S JE] i bk B 240 R 1 5 X 6
e BT B REE R CpG-2. CpG-3
Fl CpG-6, FFiEAT AT PCR ek
AR B TR RS CpG-3. CpG-3 IIFEF N
GTCGTT, FICMEA Gt F 3L A w20,
Al DL 5 22 CpG ODN W4 T 45 I i 1 4%
FAREAE SR $E CpG ODN [ itk . Kok
RELALE 225 T 5 A RS 5 5% CpG ODN.

CpG ODN A= 5P 2, @5 S mhg )
DNA & BACFN4l B & AT R, A A &
MELALESEBRAE P e T, BB TIF9E . AIHR
WEAFE pUC-18 #fA i A CpG H P A A 7
FERNBEPER, ST, AHFST BERE pUC-18 Ji
AR SR AR, 447 05 2 X TS EL AT A5 o e B R
(f) CpG-3 ¥4 Gk iz, WE T pUCIS-CpG
FH OB, pUCIS-CpG F A ki /E LA
[l F CpG ODN, VLS i) 2l 1o 20 A 7 e aft
AMIP, SRS MR M ERY TLR-21 454, Hili%
B G G &Y T AR 5% e 5 2
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KB K, NIEW pUCI8-CpG H4 kit HA
AR S i e, A pUCT8-CpG H4H it
KA1 CpG-3 XS A1 &) i bk 4 200 A Ay o) B4 45,
DL S Thl B Th2 BUAH AR 1 TLR-21 AAH YT
Feiki, skEIEEPRGE , CpG ODN H41 ki
Xof A A1 ) A9 £ 200 AR AT A0 () T P o A
FAWMER] TRMIFE, pUCIS-CpG H L ik
. CpG-3 XFH & Ji i bk 1 48 LR A 5 P 8L
YER, FFHME Z B2 R 40 i e 7
IL-2, IL-6, IL-10, IFN-a fl TLR-21 AYAHNTZ
A R ENREEER. H pUCI8-CpG B4
JER A JE AR T CpG-3, T BEJE R & W 2 ik
A5 TLR-21 BZ5 Gl A X5, s pia
FEUR N B R 7 SOR R, 5 i — 2 A oE &
WESE

LI pUCI8-CpG T AL i ki fE AL, 5
RA-GHS K 328 1 106 FH Ao e b st W8 14 7 3l 1A
WHRIEIREE . APFRas R E R, 5ol
RA-GHS5 KIGHEM ML, pUCI8-CpG HHIREDS
AT RA-GHS KIEREH5 S A W VS 4t
IR LA e IL-2 ., IL-4 7K, o8 HxF
RA-GHS I J8 1 77 A 16 AR VB 8 T 240 i e
HA N FFEE e - E . Z R A s B,
CpG ODN FI Al(OH); Bk 51 5 48 S R 2 0.
ARG, RROEAT RS = VR e 0 24 Fn Al
PG 2522, AR5 pUC18-CpG [l Rt A
PR AR LA B A i g 2%, AT S RS =~
M. FRUNZPHRIE, CpG ODN ] i 15h
I3 A IL-2 i IL-4 7K. ZEAESE rh o iige
N TRMIES, 3 FAFRKER CpG ODN Huj
S IL-2 Fl IL-4 ACEE B, (HART A
HEy B HGpEms, CAniESFEER IL-2 M
IL-4 7K¥F

RN Ry a5 R B R, A
RA-GHS KIEZEHMATEER 50%, W

pUC18-CpG I A, B Fl C 5 51H 60%.,
60%F1 T0%IH 1716 % o AT 1 POHRE o 5 =
H1 172 #)5 pUC18-CpG £ 1 AT kS 3H 71 506 75
AL 100%H9 -9, FH] pUCI8-CpG 4457 AT LA
PR ORI . AHIEGE T AL A TG R i
FAUH 70%. S50 AT, TEAHESR A TG R 1Y
BRI ATREAT : (1) MR . 76 XS % BLER [T R
KIGI, ASCEPE MR R 0.03%, HIREHR
ik, WIERETIS5, FEGT S AR P e
G DR REAR o B SR PO T8 R o B T R
S S 2 L OBR UG o 1Y) S i S P, > P VR I T
0. 1% HARA R T 23R8 (2) PoeE bk #E 1Ml
WHRNBAFAEZES . ASCHFHFEE RA-GHS 1Y
LDsy A 1.0x10° CFU, I #F7& A 10 LDsp
(1.0x107 CFU/R), 4Ky 50%. i HhaEERs)
WFFE B BCBEHRE LDso M 5.893x107 CFU, Tl
HAKT 2LDse (1.10x10° CFU/H), R K K
87.5% ASSCHIREF B 55 AW S8 HR (8 FH il 37 2 784
2% BELIBR FQ R R, AR SCIACEE MR LDso BEAIG
WEREER, TRFEUEHRT R TR, (3)
PE PR it o A SCAR RS B b 1) X e v B
oM 1.0x10° CFU/mL, TR ZE SRS i X35
BHUE Ay 3.8x10° CFU/mL, f£473% K 70%.
PE VO PR S FE AR VT BB R AR SCOR P RAS 15 1
HNZ—. (4) T FRPEIEAE . A SO A LR
KB B 4 Tkl pUCL8-CpG TEAMKN, IR %t
JECREEA TR, T2 ORI AR N 25 5 Bl 45
R, s A RE G (5) pUCT8-CpG 14715
it AN pUCI18-CpG H i el & R 80 pgo
Chu 52715 ] rOmpA+100 pg CpG ODN oy 4k
B, SXTRRZARLL, AETSHEEEUL I T 90%,
IS 0 B = I pUCT8-CpG ] RE23 AT B IF/Y
B REROR . R pUC18-CpG 4557 By e ) i
TN
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5T pUC18-CpG AL X RA-GHS K
P T SRR DA ST G SR A A R 52, e
AN[EIVE BE 1 pUC18-CpG Y REA St 1% RA-GHS5
TAEPEH 7 A A 5 A0 M A B W 2, e R B Y
pUC18-CpG H A B & iy e Jibk H B Ay i 5k
255

4 Hik

pUC18-CpG 1715 RA-GHS K S22 1 Bk
RE 2 5 | 22 T 5 ) A0 VAL i 9% TR 240 D e 92 10 2
pUCI8-CpG 1] F T3 5 32 15 1 S 8 Ji ik, ok
RA RISt TR LA o
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