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BRERIE 7D PspA Zp 3 IEHIRYRE ST, Jilk LA PspA i Faml [ Cladel W28 Fam2 [ Clade3 i7.2¢ DNA
JEHN T 2K AR, J-G IS SR (PCR) 418 ELA 5 (AP PE BT RN RIS AE SUR LAY PspA G5 W2 PspA-Faml -
Cladel I PspA-Fam2-Clade3 5 Bf, 7o 2 EA% 204 pcDNA3. 1( +) , #9841 Fokr pcDNA3. 1-Cladel F1 pcDNA3. 1-Clade3,
o E ET7E ( Western blot) F s 5 34l % 2 i ( RT-PCR) A6 26 4 b A6 W 2L 2h ) 4l il BHK-21 w3 ik, a4 il o
R PspA 24 DNA S (pcDNA3. 1-Cladel + pcDNA3. 1-Clade3 ) fJL P 1 SF e 5 /N B, W40 552 /N B R PspA R i
R VR P A [ fili 8 i R B H8 195 000, A8 A s e /N BRL 21 AR A L. B0 T il R A BR B PspA TR K2k
PRI S BEBR A 24 DNA B2 . 21 (peDNA3. 1-Cladel + peDNA3. 1-Clade3 ) 52 21 /)N Bl 5 I PR 4577 (1 PspA S 5%
R A 7] il 58 5% BR R RV RO P22 % (P >0.05) , T B i 20 T 28 1 Bk S PBS X BRZH /R (P < 0. 01) 5 351
(pcDNA3. 1-Cladel + pcDNA3. 1-Clade3 ) S 2H/INERETXT PspA S5 G0 K U 1) AN [] i £ 5% 3K 11 1 1 B8t I v 2 A A s 1] T8
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Evaluation of cross-immune protection of PspA multivalent DNA vaccine against

Streptococcus pneumoniae

Zhang Qiao , Lin Kexiong, Yao Wei, Li Qi, Qian Guisheng,Wang Changzheng, Ma Qianli (Institute of Respiratory Disea-
ses, Xingiao Hospital, Third Military Medical University. Chongqing, 400037, China)

[ Abstract | Objective  To evaluate the ability of Streptococcus pneumoniae multivalent DNA vaccine
with dominant pneumococcal surface protein A ( PspA) clades against heterogeneous PspA from different
Streptococcus pneumoniae. Methods — PspA-Faml-Cladel and PspA-Fam2-Clade3 fragments, which were the
clades of PspA-dominant family with high protective antibody titers and strong cross-reaction, were amplified
using polymerase chain reaction (PCR) from their recombinant T vectors. Then the PCR products were cloned
into a eukaryotic vector pcDNA3. 1 ( + ) for construction of the recombinant plasmids pcDNA3. 1-Cladel and
pcDNA3. 1-Clade3. Western blotting and reverse transcription-polymerase chain reaction ( RT-PCR) were
performed for detecting expression of the recombinant plasmids in mammalian cells BHK-21. Recombinant PspA
multivalent DNA vaccines ( pcDNA3. 1-Cladel + pcDNA3. 1-Clade3) were injected to immunize mice, and then
the mice nasopharyngeal carriage of Streptococcus pneumoniae isolates from different PspA family clades were
evaluated, and median survival time of the immunized mice by abdominal attack of Streptococcus pneumoniae
isolates of different PspA family clades were calculated after 21 d. Results  The PspA-dominant family clades
recombinant multivalent DNA vaccines ( pcDNA3. 1-Cladel + pcDNA3. 1-Clade3) were successfully construc-
ted. Colony counts of 5 Sireptococcus pneumoniae isolates in the groups of mice immunized with the DNA
vaccines (pcDNA3. 1-Cladel + pcDNA3. 1-Clade3) had no significant difference (P <0.01), but were lower

than those of the control groups of which mice were immunized with vectors and PBS, respectively. The median
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survival time of the groups of mice immunized with the DNA vaccines ( pcDNA3. 1-Cladel + pcDNA3. 1-

Clade3) had no significant difference (P <0.01), but were all significantly longer than those of the groups of

mice immunized with vectors and PBS (P <0.01). Conclusion

PspA-dominant family clades ( PspA-Faml -

Cladel and PspA-Fam2-Clade3) can effectively solve the problem of heterogeneity of PspA, and the constructed

Streptococcus pneumoniae DNA vaccine could be applied to target clinical infections by Streptococcus pneumoniae

strains with PspA from different family.
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ity 5 ik BR TR 2 A DX FR 15 P IR G B H UL Y B0
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N TR SO A0 T B Y L AT, il e s Bk TR 23
MIERELHEE A T R -2 A SR AT IR
PR 2588 t 1 i 9 AU | G i L4 ok o 25 ] d
AT N TR G W e , BFSE LA 48 4 1K 1 75
JIEE UM HE SR DNA 2 A B — A 2% ik 3R 77 922
BB i BEBR T 1 A5 1 A (pneumococcal
surface protein A,PspA) {F 2y H Hij e Sy BEAH 1 952 1 fie
VEHTIR ELAG i 58 B 1K va P s 7 S5 1 B ik A g2 B PR ARG
TN (HR ) PspA 231 Ml BRI 43 I 7E 19 CDR
WHEAPRZHM A3 3 DNFKE 6 2, Kt Faml
FIEALFE 2 W25 (Clade 1 F1 Clade 2) , Fam2 F %Al
5 3 2K (Clade 3, Clade 4 1 Clade 5) ,Fam3 FKJi&%
{UALHE 1 A2 (Clade 6) o BRI Z2 BUBFSEIN N
SBh PspA R A W AEAE ] 12 WP R PR e SR
1 B 30 R 48 R AR DR ZH I Bt 9 285 SR YR Sk 22
SR PAAEAE FIRIFE MR

AR A HT AR ST o 0 6 T EE D b DX i 4% B
BRTA G R IBR YR A PspA $7T 5L 19 0 558 05 W 25 st 4
4 (Cladel + Clade2) "™ | ASBF 5 16 I FE Rl 1M 2 7 i
REEFKTEZ A DNA S, I — 20 PP 1 HXH il 4 4%
BRTRT S S 2 L) B 10 B B A= 28 PR SRR G (R VR T, DA
Syt — P i S A BRTA DNA 22 v i AR A A 5 25 0 LAt

1 HESF %

L1 BB Fk etk

25 PspA Ui 2 A EEKHE (Faml Fl Fam2) (R [R]E.2E
(Cladel ,Clade2, Clade3 , Clade4 , CladeS ) B A [F) i 4 ik 1R T4 2 28
P Sk R 1 9 BF 58 0% 4E ) OR A£ Bk S. POOT7 #k ( PspA-Faml-
Cladel) . S. P023 #f ( PspA-Faml-Clade2 ) . S. P028 #f ( PspA-
Fam2-Clade3 ) , S. PO09 #% ( PspA-Fam2-Clade4 ) . S. P045 #f
(PspA-Fam2-Clade5 ) , 45 & PspA #i{ Jit Faml-Cladel ¥ 2%l
Fam2-Clade3 V.2 DNA FF 3 /) T 2% 4K 4 75 1 0 58 4 28
T A3 SIS DR TR SR 22 P SR 4 9 K A AP e R 1) 1R
ZEPERG I B R BEBR T S. POOT BRAN S. PO28 #k. KIGHFF I
DH5 o e ELAZ 244 peDNA3. 1( + ) AR EIRAF . 400 R 400

BHK-21"" i (1 e 2 g 4
1.2 3k, T BAEfaiX 7

AL F B B A R AT ST B AR L Tag
DNA U P DI Kpn | Xba T T, DNA 3 SRR | TaKa-
Ra 2A#], Brki R R BUXF & W 5 Promega 24 7] , it T 4% 4
B LipofectamineTM 2000 g B Invetrogen /A&, RT-PCR 7] &
WA H Fermentas 23 1) , SR 1k S AL W) MR IC A9 UL TG A A
Southern A= 4 T F2/N & , ¥ His BAFEREHTIARN H Santa Cruz A4
HARTREAH,
1.3 xishih

TN BABL ¢ /NELL6 ~ 8 JHIE IR RE (19 £2) g, I F
HEHEERET S G
1.4 FHABFE A HE

VLR A8 2 5 00 P B A /) R LS. p007 4% ( PspA-Faml -
Cladel ) FiI S. p028 #f ( PspA-Fam2-Clade3 ) fif) PspA’ ( pspA JE&[H
N S8 IR AN Bt 519, 51t a1 A His-tag J 31, JF
A Kpn 1 . Xba 1 i ) {57 &5 : PspA-Faml-Cladel ; 1F X :5'-
GGGGTACCATGGCGTCGCTATCTTAGGGGCTGGT-3"; Jx X :5'-
GCTCTAGATTAGTGGTGGTGGTGGTGGTGAGTTTCTTCTTCATC-
TCCGTCAG-3"; PspA-Fam2-Clade3: 1F X :5'-GG GGTACCATG-
GTTACGTC-TCAGCCAGTAAC-3"; Jz X :5'-GCTCTAGATTAGT-
GGTGGTGGTGGTGGTGAGTGCTTCAGTTTTTTCTAATTC-3", LI
A1 PspA Pr i Faml (1) Cladel V.25 A0 Fam2 i) Clade3 W 2&
DNA JFFI() T 3 8iH, PCR SR & AR A E T " 4L
PEIREESN 55 C, §7 309 H 1Y i Bt (Faml (1) Cladel 7281
Fam2 ) Clade3 .28 f) DNA J3 41 ) % 4 BLA% 2k {A& peDNA3. 1
(+) A5k DHS o JREZAS 40 M, PRk P S ke, fih 48
20 BHE T Bk 2% TaKaRa 23 w0
1.5 PR JE Y ¥4 44 % BHK-21 % e % RT-PCR

#» Western blot % &

RT-PCR ¥l PspA-Fam1-Cladel 5 BEAl PspA-Fam2-Clade3
J B3 R 2R R 0 - 4% RNA $ G300 & 100 I 2 UG e 40 il
B RNA, & W51 ¥ L iif: PspA-Faml-Cladel ; F;5'- AGCTGCTA-
AGAAAGATTACGA-3’, R:5'-TTCATCCGCTTTTCGAAC-3 ; PspA-
Fam2-Clade3; F: 5'-CAACCAATACTTACAAAACGCTT-3', R:5'-
ACTTTCGCTTTTGCTTGCT-3' . 4% #1745 7 RT-PCR J% 4" 14 j=
Y,k % 5E PspA-Faml1-Cladel F1 PspA-Fam2-Clade3 &K (1%
k. Western blot ¥l PspA-Fam1-Cladel FI PspA-Fam2-Clade3
| B Ok R
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KEAhAR TR peDNA3. 1( + ) B 2 i 2H Bz ( peDNA3. 1-
Cladel ,pcDNA3. 1-Clade3) , #i B 2 1g/L ¥ B£-20°C R 77 45
6 ~8 JEI% MEME BAIB/c /NERL 300 H, 43k 3 M40, A 4. PBS
ZH, B 4H:pcDNA3. 1 ( + ) Zs Giki4H, C ZH : pcDNA3. 1-Cladel +
pcDNA3. 1-Clade3 , 202k 100 B, 430 5 A4, 444 20 H
B /N BT G BE AT 1 U A% DY Sk WL S0 ILEE 2 100l
(10 pmol/L) TALEEIT , 55 O RAHE/ N, A HL/IN BRI e ol S
UL 100 (50 b/ A0) 55 28 KIE SR e 11K,
1.7 Sedi s RSB 3R K Ak sl ) T 2

IR 2l g/ N ORI e 28 d ), # TR AT I 58 b i ar
() 8022 1 /1N B Jok DO 0 il 48 8 R 40 A A R ) 45 ikt S
Tl ils ¢ 5 2K B il 58 B BR P& S. POOT #k ( PspA-Faml-Cladel ) |
S.P023 #f ( PspA-Faml-Clade2 ), S. P028 #f ( PspA-Fam2-
Clade3) . S. PO09 #f ( PspA-Fam2-Claded ) | S. P045 #f ( PspA-
Fam2-CladeS ) , T M E N 10° CFU, L 10 ol B0 S 2k
SRS E AR 7d SR AR SE /N B (R 10 2 45 S0k
(10,14 JHRIE 7 LA T B I HE VA T P TR L B
1.8 Z b RMXMRAREREESLEE21dA

A B R AT

R A RN AR R R RE 28 d J5, e HE Sk [ 15 ] IRiE
FENT. 1A 8 S IR VAT 4= 2 T M s BB A Y A - 3R I 5 P BUE
KIAR i 48 55 BR & S. POO7 #k ( PspA-Faml-Cladel ) \S. P23 #k
(PspA-Faml-Clade2) . S. P028 #f ( PspA-Fam2-Clade3 ) . S. PO09
1 (PspA-Fam2-Clade4 ) .S. P045 £f ( PspA-Fam2-Clade5 ) 15 &
T E N 10° CFU . BE41/N A% AR 5 i T8GR (434 10
R F/NBUE ST 10° CFU (B 6pl) Ja B A5 1L
1.9 %t E ot

iz i SPSS 13. 0 R Ge 1143 A1, 5 WA 0 0 O v v 7 114
CFU #J{ERH LoglO(x =) A1 LLBERH ¢ Kie . AEAF I A%
Keplan-Meier JEGETH 5 A AFIT ], 2 E] 73BT Log-rank 6%

&R

F 28 PspA ARk BARE

£ & PspA-Faml-Cladel # PspA-Fam2-Clade3 F B¢ ) 2 F
LR ORI Y 7 91 5 A PRAETZH A5 5 Wi 4 S. p007 BN S. p028
BRI 1 91 56 4 — B, R W 5 2H B Fah AR AT
2.2 FWFA L BHK21 ey Ak

RT-PCR Z53R 7R, 7574 T pcDNA3. 1-Cladel £ pcDNA3. 1-
Clade3 7 41 0B ) BHK-21 41 K %) 118 bp ) PspA-
Faml1-Cladel ) mRNA F1 139bp (1Y) PspA-Fam2-Clade3 [ mRNA

2

2.1

3%, T 7E BHK-21 2440 B AT peDNAB. 1( + ) 28 ok
2 R T3R5 4 , A K PAIEW] T PspA-Faml-Cladel fil
PspA-Fam2-Clade3 J1 B S EFL b ANNLAY Rk (1)

1 2 3 4

600 bp—
500 bp—
400 bp—

300 bp—
200 bp—

133

100 bp—

1:DNA & F & 47 %;2: peDNA3. 1-Cladel 4 % 41,3 pcDNA3. 1-

Clade3 # 5434: peDNA3. 1( +) % Rk k440

E 1 pcDNA3.1-Cladel 1 pcDNA3. 1-Clade3 iRt #E s BHK-21
0 RT-PCR FHAS MR F ik 45 R

R Y BHK-21 40 i B8 32 HUY) Western blot /3
Mol LR /NS5 42 x 10° Fi1 46 x 10° 3K (447, 23 1l 45 PspA-
Faml1-Cladel #{1 PspA-Fam2-Clade3 F Bty T 84545, ¥ R 25 R
LI YL R WS AR 1 2R, B K FIER] T PspA-Faml -
Cladel Fll PspA-Fam2-Clade3 25 1 J B 78 Wi FL 25 4 41 Ba 1) i 2
Fik(E2),

46x10°
42x10 . *

1 (PspAl) : pcDNA3. 1-Cladel %% 40 ;2 ( PspA3) . pcDNA3. 1-
Clade3 #5448
E 2 pcDNA3.1-Cladel #1 pcDNA3. 1-Clade3 [& 5 5% B 4% 3 BHK-21
WA EABIKER

2.3 FdE ) R E R K AR IR R E AL 6 T B

G /N ER S S 2 58 7 d 5 Gl R VR A Y TN R 1
T 2 25 FUBORL B, PBS X JB A /N BR S AT 5 o it 5 4 Bk 1 Ak 340
B ALY VRO B %22 % (P >0.05) . pcDNA3. 1-Cladel +
pcDNA3. 1-Clade3 1 G2 241 /N FR G IEER 5 Fft il 9 5% BR BT 1) 11
FIPHUAE T WA 225 (P >0.05) , 1 5548 B (28 BUKL AT PBS) X
TR LB BTl /b e gt 22 5 (P <0.01)

x1 HENRBBEES MR EREEEITH [ 7 =20,CFU (g xse) ]
13 S. POO7 kR S. P023 fk S. P028 fk S. P009 #k S. P045 kR
(PspA-Faml-Cladel ) (PspA-Faml-Clade2) (PspA-Fam2-Clade3) (PspA-Fam2-Clade4) (PspA-Fam2-Clade5)
PBS 41 5.42+0.328 5.44 +£0.45% 5.38 +0.38% 5.44 +0.342 5.47 £0.332
peDNA3. 1( +) %5 Bk 5.36 £0.21*° 5.41 £0.26* 5.40 £0.332 5.39 +£0.32¢ 5.43 £0.29¢
pcDNA3. 1-Cladel + pcDNA3. 1-Clade3 4 3.14+0.18 3.61 +0.21 3.07 +0.16 3.59+0.20 3.66 +0.15

a: P<0.01,%5 pcDNA3. 1-Cladel + pcDNA3. 1-Clade3 41 tbix
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F2 HRBNRS MAREKEERIEEPAEFRE[2=20,d(5EH) ]
1) S. PO07 4k S. P023 tf S. P028 tf S. PO09 Ff S. P045 4k
= (PspA-Faml-Cladel ) (PspA-Faml-Clade2) (PspA-Fam2-Clade3) (PspA-Fam2-Clade4 ) (PspA-Fam2-Clade5)
PBS 24 0(0-2)2 0(0-1)2 0(0-2)2 0(0-3)2 0(0-1)2
peDNA3. 1( + ) 2z FUki 4l 1(0-2)° 1(0-2)° 1(0-2)2 1(0-2)2 1(0-2)°
pcDNA3. 1-Cladel + pecDNA3. 1-Clade3 24 8(5-21) 5(3-17) 9(5-21) 6(2-19) 8(4-21)

a: P<0.01,5 pcDNA3. 1-Cladel + pcDNA3. 1-Clade3 41 b4z

2.4 R gk RO SRR IR Sk A BT pLa AT

K S/ NR 28 d fa R LRI AL PspA B E %
2 NG 9 AN TR) 7 28 1 AS [ il 2% 5% Bk 14 12 28 /R S. POOT #k
(PspA-Faml-Cladel ) . S. P023 #k ( PspA-Faml-Clade2 ) | S. P028
¥ ( PspA-Fam2-Clade3 ) . S. P009 #f ( PspA-Fam2-Clade4 ) .
. PO4S B ( PspA-Fam2-Clades ) I HSHCH /N B B3 Fof o 2 7
[A] 413 2 7R :pcDNA3. 1-Cladel + pcDNA3. 1-Clade3 £ 1 H
ZH/INERLA 2L IR T AL A A I TR TC 25 1 25 57 (P > 0. 05 ), T 55
AR (25 Bk Al PBS) Xif B2 I 35 JE K, FRAE R ITF 22 57 (P <
0.01),

3 itig

PspA J2 fili & 5 BR TR DNA i i 5 2 i e 1 i
FEAE T i 48 B BR 1 2 10 , 3594 otk S g R vk (H
S, B —E 2R 1Y PspA il £ (1) il 48 5% BR B 1 A
e 78 75 P A B B0 Il 28 S BR T e . AP STk 3 Y
PspA Z3 FHOL IR Z APk s 3 vk 25 S e ke AR
A A Y R R I ML IX. PspA S5 H AL 7% Faml
J Fam2 [ 5 %k, UL Fam1-Clade2 (31. 0% ) 1 Fam2-
Clade3(47.6% ) N H A W2, ekt 5t LAT
JIF 4 jing %SRRGS T 8 P D LR 2 PR Y 171
PRI 58 5% 2K T T Kt PspA I3 5% W25 D) Faml -
Cladel (24. 6% ) 11 Fam2-Clade3 (49. 7% ) ML ¥4
Mo BBA, Gnfe] fif o PspA (4L It 22 FF PE ] 02 i 28
BEBRTA PspA (1) DNA REH AT i i OCHR R, ASPRAS
HE— 2P T Ml AR BERK A ARG E LT PspA K
T 53 A B S GRS ) 70 s 0 A 58 U A% L, 2 B
I R SRR fili 28 BE K B AR PspA 1 Faml &R 26
] ) 22 S v X Cladel 948 SR Clade2 2
LA S8 35 10 58 SU R, T Clade2 [ 4% S Pk e Ak 15
Cladel Z 8] JC B 1242 RN 5 78 Fam2 P HRAEZE 1) 28
X i, Clade3 4R MEHIIA S Claded , CladeS 2 [H]
TETE B 3 19 38 R I, Claded (19 %5 5 VE P iR (L 5
Clade3 Z [AJfFAE .35 52 LRV, CladeS fYRF S P44
55 Clade3, Claded 2 [ JE W] 3 L i ™, PR, %
B FEBK T PspA 1Y DNA J22 {8 BET i 28 J et 1 [w] bsf
AL 7 A B AR PR D TR FN iR 38 S e XL
1y Clade W2 50 A BEA BUCEF X122 W i R 20 it
REEERTA ARG . 5 H AT Jo i L3 PspA I
PO A HZ M DNA FE G HGE , AR AT 45 &

PspA (1) b st fIE 553 A 5 i S 28 AR RKIGA 350
2k Faml-Cladel F By 3L + Fam2-Clade3 A B3 41
BT OB, A T 98 BEBR TR PspA 1) Z2 4/ DNA %
B, R FH /IS BB 9 B8 BR AT 1 S MR 30 A B AR 28 M Rk e
FEEAY TR SE T 20RE W A XA TR] PspA G201 W 28 5k I
Jiti 9 4% 2K T EL A7 AH RL 1) B AE BB T , A3 SR U T PspA
) b 3l PR 0 D 22 R A [, i 4 2 9 il R 4% 3K 7R DNA
PE AT AN XS PspA SRR I

A il 2% i BR TR AR R %

EAF—FE 0, A 5T 3R ATTULEE 31 fii 2% 41k 3K 7
DNA £ P G J 149 /0N B MR 00 06 9 v il 4% 4% R 7
BEVE TR B2 1 R LA kb (H R IR ANRE 5E
SV 5 AT X il 98 4% BR AR 28 PR B ) R AP IR AT PR
S 2H /0N B RS A A I ] B AR IR S, B
Guitef i S HRRY AR 10 d, FE e 51550
DNA i i F i Jr M OC, AL e i DNA s 1 2 LA
S5, LA 40 %k AP PR DNA ) 45 BURE 7 J& Hifth H 4 1Y
100 ~ 1 000 £, {H &7 Z A 58 2 B A5 WL 41 2L 1Y)
DNA $5HURE 7 N IR K T4, (H 2 B T LA 4 4L
= S ) T IV 200 AR 2 TR 240 R ok B2 400 i, s G DR
IR RE RS , B A 5 Y TR R I B ARGR
UKL, AT BRI S e AR AR I, ok, H A
BT 5T & BT 9 e K B A9 B0 i F2 P AEE AR 2 75 ) 2R
HZ 5, A —Fh [ 0T A 3500 R BK R 1 ZH B
ERE GER REMBEN TR, A, 1 EEN
Jr P H TS DNA 92 3 $ R0 =0 & 1) fe g2 1oy 25 ik
= BTSSR A R s R N . R, RE SR E— 2P T
Gufary s B AT 2 HEBR TR DNA 2 1 1Y S i Pk, 36 m
PSR ZH 8 B o Al S MR S S R A A 28 R B 2 FRAT T —
HARAN R 5 BR TR 24 DNA 2 1 A8 3 0
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