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EaRM 13 MRS AR EERAEERTAM
RT3, ARk 0 X 75550 b & B, 16 4
B-UR e 1Y 2 HE IR 45 M HESN B il — A VOB R 1
PRN 737", PRN J& Ui [ 5 J& 10 7 328 o 038 {3 ok
HNEEER U4 o Sl 1 R SR PRN K 4T 1l 75 3 R
PR A e /N BRHE P BOFE 7 & Bb 19 T 5 W] B 0 RE
i B 38 /0N B 3 IR Bb 8 il U A1) 2 A K S
TERE B L5 AN 77 28 PRN Y Bb B R A fig
oW kAP R, BRI 35 PRN HiikoK
52RO R BN O & Bb B B E AR P B
Jr U AR I pra 3 R Y 40 BE R 0k
HAE BALB/c /B F2 8l Fingl sh e ) AR 30 il 30 R 42
i e PRN o (8 LR 4 e J i

1 AR %

1.1 #H
L1 bk BB 5 FR R SC 5 B % U B 3R

i kk HHO809 ( FHA*,PRN*,DNT* )"’ K #F
W DH5« 1 BL21, 3 ik PRN & A () & 4 i ki
pGEX-PRN'" # {4 J§i ki pGEX-KG . HHO0809 #f 5% FH
PE IS % i AR S0 AR 6, LB 55 3R B H 56 [E BD

KNl B R R 3 -4 FE MEE BALB/c /i
H ) B R R 2 S S i 4R
1.1.2  FFALES AL F : Pyrobest DNA Polymerase |
T, DNA Ligase PRl £ N VI 8§ 25 1 H TaKaRa 23 #] .
GST f & 2 [ 21k ik 7| Glutathione SepharoseTM 4B
4 H Amersham Biosciences 2 ), 3 4L F W H
Sigma-Aldrich A %], F BAL#$ A : BioRed 2 H % 8
W7 A FL UK AL (PCR ASCRT UVP B8 AR 53 BT 5 55
1.2 BEEMEERREHEENEE

27 GenBank /A fi 1Y prn 3 K /¥ 31 AJ245927
Wit 10 2514 (L Sangon 23 &l 4 L) , 43 51 9™
B pro AR X Be (3% 1) o )1 PL/P2 9 4%
PRN (1 N iy 5 [ 4 855 )5 51 (1173 bp) , 14 1t = 20 Jo
KL, i 44 0 pGEX-PN. $# [A] B 19 75 3%, 151 %) P3/
P4 P5/P6 I P1/P8 ¥4 PRN /) C LA K& R T Al R
I DX 38 2 B P 50 (&1 1), I 3 o 2 oKL, 7003 i 44
4 pGEX-PC . pGEX-PR | #1 pGEX-PR Il , #—2E1fH
HI P5°/P6” Fil P7°/P8° 43 Il 4 14 RIFI RIIX I8k 4 1) )5
G|, IF BB s 5 pGEX-PRIF pGEX-PRII, 44 £ %5 $%
D1 263K Bk pGEX-2PRIFN pGEX-2PRII,

®x1 XBPEASIWRIEH
Table 1 The primer sets for PCR in this study
Gene Primer Sequence (5'—3") Restriction site Amplicon size/bp
prnN P1 TTTTGGATCCGACTGGAACAACCAGTCCAT BamH | 3
117
(PN) P2 TTTTGAATCCGTCGACCGCGCGGGTAGCGC EcoR 1
prnC P3 TTTTGGATCCGTCGACTCGCTGTCCATC BamH 1
867
(PC) P4 TTTTGAATCCGTCGACCGCGCGGGTAGCGC EcoR |
praR 1 P5 TTGGATCCAAGGAGCTTACGGTTGATGG BamH |
327
(PRT) P6 TTGTCGACGTGCGGTGCGGACAAGCTGC Sal 1
prnR 1 P5’ TTGTCGAAAGGAGCTTACGGTTGATGG Sal 1
327
(PRT) P6’ AACTGCAGGTGCGGTGCGGACAAGCTGC Hind Il
praR 1 pP7 TTGGATCCAACACCATGCTGCTGGTG BamH |
339
(PRII) P8 TTGTCGACCCAGAGCGTGCTGGCCAG Sal 1
prnR 1T P7’ TAATTGTCGACAACACCATGCTGCTGGTG Sal 1
339
(PRT) P8’ TTTAACTGCAGCCAGAGCGTGCTGGCCAG Hind Il
P92 PRN
P.68 PRN
RGD RI RII
Autotransporter domain
AN S A
Signal peptide PRN 680 aa Y ;o ’,’ e Y
’ ! Y
PL pN39laa %/ &2 fooN
K — P3, pchg9aa b =
P5 ps /PS5 P6™, 7 Yo
r"—) B — — L — i Lot L
/P7 P8./P7’ 8
2PRI 218aa = =

A1
Fig. 1

2PRII 226 aa

PRN WEMEES BT ERIE

Structure of PRN and constructed polypeptide segments.
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1.3 EFEBFRIE. 4L F1 Western blot 43

¥ 1 2 ok pGEX-PRN " 54 BL21, Pk B B
VT EA T H R (LWE 100 mg/L) ) LB K
FRIH 1, 37°C (225 v/min FE IR B 5% 2 06 EAE K B A
(ODyy =0.6 —1.0) A IPTG i 533k 4 h, il
12 %0 T TN #s ok g 458 62 H 7k ( SDS-PAGE ) 43§72 111 11
FERERPETY o MR B U AS , H GST Rl 4 1 4l
A5 Glutathione SepharoseTM 4B X RIEFEY (v 4
9 GST-PRN) A7 4fifk . #1138 2o 43 60 B2 1t
HE A7 W, 4l B 42 SDS-PAGE HL Kk A1 Bio-Rad
Quantity One program ( 35 [E Bio-Rad 2\ #] ) ¥ 17 43
Mro #% W BE 09 5 35 8% 5 41 IR pGEX-PN | pGEX-
PC .pGEX-2PR [ .pGEX-2PR I %k {A& Fi i pGEX-
KG 43 % 4k BL21 JEdEA7 5 T Rk falifh , ik =
Y14y Bl 6 4 H GST-PN | GST-PC  GST-2PR [ , GST-
2PRIT #1 GST, X 21k 1) % 2R 3k 7 ¥) # 47 Western
blot 43 #7""*", — 4 2 BbHHO809 Hk Jg& Y 5 B 1 i
T, 0 ORI S A B AR IC Y SE PR 1eG (35
SouthernBiotech /2] ) o
1.4 MREFRBERPIKE

¥ 146 1 3 — 4 JE I MEME BALB/c /N4 R 7
M. 1A H R g GST-PRN & [ 25 pg( 5
FHRBB R 2AERIRE ), 14 d J5nsR 4 1K
(I RAERER) o 4 2-6 4 REURFE T %5
W4 GST-PN  GST-PC  GST-2PR [ ,GST-2PR Il I
GST & 1. 55 7 4l GHAH R IR LA T PBS, 1 %
i & 5 10.30.50 .70 d X4 5 H/ANER (R I%
B ) HEAT R 00 R SR ML, FF L A5 LR A, 9 F PRN-
ELISA 75 K6 I H S 47T (R 7K S ( ELISA AR 42 8 Bt I
R ER PRN' 10 ng/fL) o B HJE 31 d, %44
Pl A /INEA AL FH 29 3 LDy, (4.0 x 10° CFU) 5 10
LD, (1.4 x 10" CFU) Bb HHO0809 47 /N Bl it £ Jixs
Yoy (32 2) , M8 &9 AT I Gl 22 30 d, 3BT/ B
ST RIS I R AT 0 DA B 1 3 B A
1.5 MR#EFHRERPIKE

¥ 23877 ¥) GST-PRN 150 pg 5 5 KB [Q 58
SR BISNR A, BT SR 2 KA, 500 7E 3
JEL5 JERVR T R G A R S s 1k (il 3k RS 52 4
50) o FERR — W ARPER 10 d PEFT.00 B R i, 42
B ,0. 22 pm P8 BT BEBR A, - 20°C R A4 .
PR RE 5 B % GST-PN ,GST-PC .GST-2PR [ .GST-
2PRIT AN GST 25 A M e i I 7 o St il v S H
10 5§ B 1ML 35 43 990 BE I 1 5 1 41 BALB/c /v R
(0.5 mL/ ), 55 ¥% GST Myl . 5 28 il He 1l 375

MICH PBS NXFHR(F 3) . 1 h J5 A /NEEH] 10
LD, (4.4 x 10° CFU) HHO809 # 17 i & 2% 7 , Wi 5%
30 d N R BAETZ G O, FE T /N BT B0 A OF 247
o I TR 118 3 B S5
L6 MEBEERPHEFRMEKE

Ry 2L B UE T I B R 5 B GST-PRN Yy
AL 0.5 mL 5K PRN #1750 pg ¥ 5118
AL A PBS GE 2 5 mL i AR % 10 45,37 CIE
30 min, /J PRN-ELISA J5 i & P & (19 5T 14 7K F .
SRIG , U & 5 L yE IS s 1 g 5 H/EL(0. 5 mL/
Hy . [a] BE ) g7 ¥ 4k B GST-PN | GST-PC, GST-
2PR 1 .GST-2PR [T Il GST & [ B St I 375 I & 4 5
H/ANR (R 3) o 1 h FrAa/MRAEH] 10 LD, (4. 4 x
10° CFU) HHO809 47 g i ek , WA%% 30 d P &%
KFCTAG B, FET /N B S7 B A I 140 47 0 Dt o1 A 40
1.7 Sita#n

BURZAN F /I B B 8 L 4 %6 43 1) 4 Student’s
¢t test Fll Fisher’s exact test #F47 Lt # 49-#7 35 i FH SAS
system software 9. 0 ( 3£ [E SAS Institute /A &) ) #4711t
B, P <0.05 BfFIh 22 7 0

2 #X

2.1 EEAHAEFEAMERIE.FLT Western blot 4 #7
SDS-PAGE Z5 5 i 7, & & 24 i ki pGEX-PRN |
pGEX-PN .pGEX-PC .pGEX-2R [ il pGEX-2R Il 1k
W FF T BL21 43 BIHE 2 96 .66 .57 .50 1 51 kDa kb4
W1 1 2R, & PRN SOH A& B GST iy Rl& &
HCE 2-A) o & 84K BTk pGEX-KG % BL21 {{ 1
27 kDafb A B i i) R ik . 4 Bio-Rad Quantity One
program ( 3£ [E Bio-Rad /A w]) #4770 M7, 2 L H
GST A& & MRk 5300 7 A SR Y 61.4% |
69.2% 59.3% 44.7% .61.3% F1 32.8% , & BUJ5 1Y
S B4y A R 92.4% 95.2% \94.4% . 88.3% .84.7%
F191.5% (& 2-C), Western blot 4> #7 75 B , %% & 41
HE e 5 BbHHO809 #k iy 8k e 4 1ML i A& A= 4 5+ Mk
Y B g5 RN, GST 2 NN RE 5 2 R 0 (] 2-B)
2.2 EAFEEREMRHNRMEEKAE
PRN-ELISA #; i 45 % 20 (&l 3) , GST-PRN 4
92 A1 /N BRI B AR K S T8 5 10 d i o
e, HAF PR R I8 10240 RS JE 16 d(HD
H G 30 &) FUARRN T 2] 1310720 K R BL T
R4 44, GST-PN, GST-PC . GST-2PR [ #i GST-2PR
I S 2H A PR T K 95 5 GST-PRN 435 41 AH AV,
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E 2 ZEZHZEHAR SDS-PAGE F1 Western blot 43 #f7
Fig. 2 SDS-PAGE and Western blotting analysis of the recombinant proteins. A ;SDS-PAGE analysis of the recombinant proteins in

crude Escherichia coli BL21 lysate. M: protein marker; 1 - 6:GST-PRN, GST-PN, GST-PC, GST-2PR [ , GST-2PR II and GST

proteins in BL21 cell lysates. B: Western blotting analysis of the recombinant proteins. 1 - 6:GST-PRN, GST-PN, GST-PC, GST-

2PR I ,GST-2PR Il and GST. C:SDS-PAGE analysis of purified proteins. M: protein marker; 1 — 6:SDS-PAGE analysis of the
purified proteins of GST-PRN, GST-PN,GST-PC,GST-2PR I ,GST and GST-PR1I.
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Fig. 3 Antibody titers against PRN by ELISA at different time points post-vaccination in mice. Series 1-6,immulization by GST-PRN, GST-
PN,GST-PC,GST-2PR I ,GST-2PR Il and GST,respectively. “ x” ,no detectable antibody levels of the titer > 10.

EHPAESN B EMRTREHE(P<0.05); fEH )5
30.50 1 70 d,GST-2PR [ 1 GST-2PR I 4 2 4H (1
PRN $i & 7K F L& AL T GST-PN fl GST-PC e %%
H(P<0.05), FEH M5 70 d, FAS S B 41 PRN
PO H 75 T 1000, GST 2 [ X% B2 /9 Bt AR 2%
W AE A R WK T 40,
2.3 MREFEBRHRPERRER

ffifi%y 3 LD,, (4.0 x 10° CFU) i Bb HHO809
PEAT IR IS , GST F1 PBS X BB 20 /)N Bl X 5 B0 A% i 25
JBE A, 16 h 5 IR bR BE T, AU T e 0 Y B TE AR
3K,5 dFAET IR . FET/IN BRI R UL il ok A BH
B AIRAE I, R 2 TR MR R
ZWA 2N, 5 # B . INFE T/ B IE 25 34 g
Ay B F| YL . GST-PRN GST-PN GST-PC Hl GST-

®2 EAZRAMNWINERENEHNRBRIPKE
Table 2 Vaccination with recombinant proteins protect

mice against lethal Bb challenge

No. of survivors/ total No. of mice

Groups 3 LD, 10 LD,
GST-PRN 9/9 7/9
GST-PN 9/9 3/9
GST-PC 9/9 6/9
GST2PR | 6/9 1/10
GST2PR Il 9/9 6/10
GST 3/9 0/5
PBS 1/9 0/5

2PR I G e /N R AR AF 15 (9/9) , HAE B Jm B
HVE B Y B RER . GST-2PR T fuyie 41/ Bl A 4
RN 66.7% (6/9) . GST & X HE4LF1 PBS =5 [
XA AT 3 HA L H(£2), S M Ed S
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2N R Z B PR A R 22 R B (P <0.01),
M YRR HE N F] 10 LD B, GST Fil PBS Xf FEZH /)
A EG 3 d NaiBatt, (04 5/ B 3
TORIEFREE R4 (R 2) o Bk GST-2PR T #9520 Sb
(P>0.05) ,JAth 4 e dl 5 2 A~ xF B4 22 ] 1
PRy 22 A i 3 (P <0.01)
2.4 MNREHNREHRPEREER

GST Ht il 7 % R 41 A1 PBS 25 1 % R 4 /)y B (il
H12y 10 LD, ) HHO809 17 5 B X i J= , % BN #f
EREAE,AANFMEENPRISE,8 h J5HF 6
HERAET B0 T 0 B B AE 24 - 36 h,2 4l/h BLIE

3 AN ATRAET: . FET /N BRI AR 16 0 5 S s 75
(UL 2.3) FR 995 78 17 0 ARARL, fEL 2 i JUE o 28 35 2 i o
IR ) A S A, A RN R SBE R . BT /N
B A UE 4% 24 8 43 25 B YL TR . GST-PRN | GST-PN |
GST-PC A1 GST-2PR I 4T 1ML 75 Ho 33 2H /Iy BUIE s T 7%
JERIAE VLA A B WE S Bk > B S
24 hILAWKEZ IE % 4 A/ B &A% (10/10) 510
FER R 4 B S o v o 753 2 T ALY 25 2R (R
3) . {HJE, %5 GST-2PR 1 Hi ML 7E G 28 41 /N BLAX
FETG 2 H(2/10) ,10 £5 % By GST-2PR 1 Pt il I
AR HR BT AT B Bl S e R4 (0/5) (K 3)

®3 EAZAMERMNBEMDNRARNEERPRE

Table 3 Bbchallenge survival studies in BALB/¢ mice using the antisera passively transferred intraperitoneally

No. of survivors/ total No. of mice

Titers of antisera

Groups . Diluted antisera PRN-absorbed

Intact antisera (1: 10) antisera Unabsorbed PRN-absorbed
Anti-GST-PRN 10/10 5/5 0/5 2621440 80
Anti-GST-PN 10/10 5/5 0/5 81920 160
Anti-GST-PC 10/10 5/5 0/5 327680 160
Anti-GST-2PR | 2/10 0/5 0/5 10240 40
Anti-GST-2PR I 10/10 5/5 0/5 10240 80
Anti-GST 0/10 ND ND <40 ND
Pre-vaccination 0/9 ND ND - ND
PBS 0/9 ND ND - ND

ND. Not determined. *

25 MREEGRPHBRMERKRER

S S B0 45 S W1, 45 19 GST-PRN | GST-
PN .GST-PC,GST-2PR 1 #i1 GST-2PR Il 45 A Y % $t
L3 2 M 285 F 10 000, i 4 F 4% PRN 25 11 1 bt
J5 )L 4 SRR AR (P <0. 0153 3) . LIS
R I 345 S5 928 /I8 BRI 10 LD, 7 i 9 HHO809
AT ek , % B0 PRN WGBS (9 GST-PRN # 11
Wk 2 TN B RE 1 (0/5) . [ARE, GST-PN
GST-PC .GST-2PR T 1 GST-2PR 1 ¥t ML 5 28 K 4k
PRN 7B [ b5 2% 2 T 48 47 /0 B Bb BaE
Yo A 1 (£ 3) .
3 it w

PRN 2 Bb 1 — 25 52 (1) 51 I 26 19 04 . K24
FIE 4 2235 19 PRN 3 B % /1N BRI 35 42 E B 47 19
(IS . Wi PRN &4 RGD 45419 R 1
X B 5 B & 45 A 5 Bb BB 32 0TI L 4T
PERT, T RO B I8 3 B2 A0 {5 97 1 40 I3 465 4 1X
BT (FR Hijnen 25 ish B 5 e 0 0 10 k41 31 4
AR L 1) 24 4B 2 4 43 4 76 PRN (19 R [f] [X
BT 1 PR 28725 (A 1 370 P 35 40 I 107 3% 30 07
1 2o A 12 5 Ve T 5 3018 49 A 7 PRN 1l 2 4>

-7 means that titers of sera from rabbit inocubated with PBS or pre-vaccination are negative by the PRN-ELISA method.

X3 XSS W] PRN B R [R] X 388 4l o —
ey JE R, R T BB AR A — o M S IR PR . (H
JE KT PRN 45058 D38 40 A 9 B 55 159 B0 I 3l ) 4
PECR YIS B SE Al B DAUESE . I, AR PRN
F AN [] B 5 T R DX Sl ik 47 J 20 3R GK, O ik — 2B AR B
Yy e g i B A b AT S PR T BIE SR, DT Bk
5 PRN LR B J5 K B DX 38 43 A7 1 O, Sk B4 B F
R BN BRLASE 9 T BT AR A RE 1 B B

T8 3 A 43 B kB, PR Y 420 KL 82 A A% 5T,
KEHARBEYE TREMEANR. T PRN MR I
(109 aa) fit R X 3K (113 aa) M Z Rk BN, I
K AT 7808 DL EREC K58 . SDS-PAGE 45 5 3
Wi EA R BRiE s REw S S Taifh, Bk
FFER TARPUR A B L & . Western blot 43 Hr 3
B PRN 1 N-sig A1 C-diii 235 2 IR BA R 4 09 ez
2RO G PR o 38 I AR ) Y B O e, FRAT
KB PRN 1 N i Fl C Sy & 3K 7 49 1 hy o B fr 47
PEPURE Z B R B, i C s T N S 5 41 22 B4 %
Bb B4 75 C o RIT DX Sl i 258 F N o R [ X
WHEAZIKARY T . BRSEHE A R BRI
JIBMRT GST-RPN, {H L 68 £ it A 2 9 PR 37 7, 4%
S5 GST-PN .GST-PC Fi1 GST-2R 1T fE5€ &% 37 o 58
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/N R AR BOAE TR R (9 4 U Bb 5iR 7 Ak HHO809 1 I
o X RWILE PG Bb G, BH W7 & e Bl A9
SRR BT R RIS B S8 4 TR O G RO A H . B
) G PR A U ) 45 2R 5 2 Bl G e DR A s A 4
— 3o X R WIS AP YA AT 8 i 3 3 e T
PR A9 T , -t AT 36 e o 8 470 a0 T e PR
HVAYT . RISt 22 B0, PRN 4 24 Bb & fid £ P 9
FE A F, 2 Bb R A Ses T Him
5 KR PRN 454 )5, B P sl il PRN 2 B A9 3%
P, Fe 2 5 80 Bb 3% E 1 B 5L Rz 41 i AE

AW 5E 70 3 vE B e 3k PRN Kz A [a] X3 ) &
FR 2 K, I3 i/ BT 3l g Bl 2 AR s B e
W] PRN 9 N 3 Al C ¥ 22 Ik ¥ B A 858 (19 £ % Bb
APk s, H C oo T N o [WRFIER], C o RITIX
MEAZKA R B FHRT N R T X, 2
PRN 2 f 37 PR BT UK Fr Be. AW 5% DK PRN
P T 22 0k s v o8 20 A R R O OT R B E T B
Befilr

%% Xk
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vaccine, as assessed in a murine model of respiratory

Immunogenicity and protective efficacy of pertactin
recombinants against Bordetella bronchiseptica challenge

Zhanqin Zhao', Chen Wang', Yun Xue’*, Ke Ding', Chunjie Zhang', Xiangchao
Cheng' ™, Yinju Li', Yichen Liu',Tingcai Wu'
('Lab of Veterinary Microbiology, College of Animal Science and Technology, Henan University of Science and

Techology,’Lab of Medical Engineering, College of Medical Technology and Engineering, Henan University of Science and

Techology , Luoyang 471003 , China)

Abstract ;[ Objective | In this study we showed the immunogenicity and protective efficacy of five pertactin recombinants
against Bordetella bronchiseptica (Bb) challenge. [ Methods and results] The complete coding sequence (2040 bp) of
the prn gene (PRN) and its fragments,5’-terminal 1173 bp fragment ( PN) ,3’-terminal 867 bp fragment ( PC) ,two copies
of region I (654 bp; PRI ) in PN,and 2 copies of region II (678 bp; PRIl ) in PC,were separately cloned into the
prokaryotic expression vector pPGEX-KG , and expressed in the Eschierichia coli BL21 (DE3) using induction by isopropyl-
B-D-thiogalactopyranoside. The recombinant proteins were named GST-PRN, GST-PN, GST-PC, GST-2PR [ and GST-
2PRII. All five recombinant proteins showed immunological reactivity in the Western-blot analysis. Mice, immunized
subcutaneously with two doses of the purified proteins mixed with an equal volume of Freund’s adjuvant, produced robust
PRN-specific IgG antibody levels. When challenged,6 of 9 mice in GST-2PR [ group and all 9 mice in the other groups
survived intranasal challenge with three times the 50% lethal dose (LD50) of virulent Bb HH0809. After challenge with
10 LD50 7/9,3/9,6/9,1/10 and 6/10 of the mice survived. Furthermore,complete protection against intraperitoneal (i.
p. ) challenge with 10 LD, of HHO809 was observed in mice that were injected i. p. with 0.5 ml rabbit anti-GST-PRN,
GST-PN,GST-PC or GST-2PR Il serum. Only 1 of 10 mice survived in the group of mice that received anti-GST-2PR [ ,
and no survivors were noted in the group of mice that received PRN-absorbed rabbit antiserum (0/5). [ Conclusion] In
this study,we showed that all of five pertactin recombinants had differential immunogenicity and protective efficacy against
Bb challenge. Mice immunized with GST-PC had better survival against fatal Bb challenge than did those immunized with
GST-PN. In addition, GST-2PR Il and GST-2PR I provided the similar results These data may have implications for the
development of safe and efficacious subunit vaccines for the prevention of bordetellosis on the basis of these five pertactin
recombinants.
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