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[ Abstract | Objective To study the immunoprotective activity of PotD proteins from Streptococcus
pneumoniae (S. pn) and its application possibility as a vaccine candidate. Methods After expression and
purification of PotD protein, BALB/¢ mice were immunized with PotD protein to produce polyclonal antibody.
The immunogenicity of PotD protein was assessed, and then further its effects on children were analyzed. The
conservation of PotD gene in 8 different S. pn strains was tested by PCR and sequencing. Using Western blot,
the expression level and the conservation of PotD protein in 8 different S. pn strains was tested. Adherence
inhibition experiments were used to analyze the immunogenicity of PotD protein. Results Recombinant PotD
protein with high purity and high-titer anti-PotD antibody were successfully obtained. Anti-PotD antibody was
also found in the sera from children under the age of 10 who were infected with S. pn. The PotD gene was
highly conservative in the 8 different S. pn strains. All of the 8 S. pn strains expressed the PotD protein.
Adherence inhibition experiments showed that the recombinant PotD and anti-PotD antiserum had a significant
inhibition effect on S. pn adhesion to A549 cells. Conclusion PotD protein with high conservation and
immunological activity can be prepared conveniently. It can significantly inhibit S. pn adhesion to host cells and
may be a good protein vaccine candidate.
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1.1 ##
L1 SEg/MR fd RERL RS S g sy v B2 43t 4 e
P BALB/c /NEL(6 ~8 JEES, 18 ~20 g) .
1.1.2  FEFh R TIGR4 ( serotype 4) \NCTC7466 (D39,
serotype 2) S. pn FRUETEARIE [F R B FPLRAEH0 5 S, pn ATH]
1LY Y it PR &k CMCC (B) 31693 ( serotype 19F) ,CMCC ( B)
31614 (serotype 14) \CMCC(B) 31507 ( serotype 7F) ,CMCC (B)
31436 (serotype 3) \CMCC(B) 31216 ( serotype 9V) ,CMCC(B)
31207 ( serotype 6B ) %5 W [ v [¥] P& 2 40 14 {4 58 4 2 0
E. coli DH52a, E. coli BI21(DE3) , pET28a( + ) ki Jy & K
PR} R 2 A 0 1 2 B AR A
1.1.3 {5 DNA i {k i 7 & . PrimerStar 5 /% B DNA &
A BRI N YT Nde T Xho 1 3 K 3% TaKaRa 23 7] 42 725
T, DNA 3% 421y Promega /A ) Az 7 s IPTG | PR s Bk i WU 445 e
JiE Y4y Sigma 7 i 5 JBOREHl 42 1057 & Omega 23 W] 2E 7 ; His
Bind Column (Ni-NTA) # & %3 E GE 4: 7=, HRP #nic P i
IgG & Novagen 7\ 7 A 775 BRI NaCl J Tris 4 /1 BBI 23 &) 4
7 B[R 2H DNA S B & A2 oGl ) & 38 v RARAE AL
BAT PR R AR s HAR IR 428 [ 7= 4 B )
1.2 PotD & & RAZ A E BARAM L

LLS. pn D39 BARFERZH DNA st , R BS54 F.5'-
GACTCTCCATATG AGTCGA GATAGTCAAAAAT-3' (R R4k A
Nde 1 Ji§ U162 51), F #5149 R: 5'-GTACTCTCGAGCTACTT

CCGATACATT-3' ( FRIZ N Xho 1 YL f5) 14 PotD 3L,
P HE=YR 1. 0% B3N BHEE IS Fa Uk E AT 45 58 , X H 1457
VI B Rali b 25 H o B4 26 Nde T Xho T BR 144 N 4]
B LG V) )5 3% 32 A pET28a JTURE, 4R 5 K B4 ki #5 4k E. coli
BL21(DE3) 414 .
1.3 PotD & & RM kL LR LT
WAL MR FD & 5 50 pe/mL R IIR B 200 MBS 75 3%
W37 CH IR Ag =0.5 -0.6 i, AL ¥R 0. 2 mmol/L
B IPTG, 45 37 CfE T, B O SE B, SOl i B0,
S BITIE S L3 4T SDS-PAGE HLyk , A4 AT PotD EEA1FE 3%
RIER, B 40 % )5 A9 L3 W, #% 18 His Bind Column ( Ni-
NTA) #E UL I %1% 8 A R b7 5 2T, 4l fbJa & A AT
SDS-PAGE Hayk 4> T2l . W5 B e bk i 4l Ak 7K [ i 28 Brad-
ford 25 &, PR AW E ] 1 ng/ul, /MR G T - 80 C
77 L3R PotD K 145 SDS-PAGE LYk, SR 5 B LUK G 25 1 4%
HWERS 2 PVDF B, LL5.0 % MIMGAR W5 H) 37 CH:f14] 2 h, 4% 5 H
/NI His tag HUAARy—H0(1: 1 000) , HRP FR1C (9 th -5/ R
IgG Pt (1:5000) ,%: ECL {4, Western blot 285 PotD 7K
[, LL E. coli BL21(DE3 ) TRRR{E A B X R .
1.4 PotD T%& G % L EIikH &
B - 80 CHRAFH PotD I (4 i 5 Alum AFIREI(V:V R
3:1 Feiil) . 9254l 5 2 BALB/c /N, 20 51 T 45 0.14.28 Kt
TR (10 e/ ) s XL 5 H BALB/ ¢ /N R s R 5
APER K S Alum AFIRA Y. A SER/INBRAE 15 IR S 5 o8
35 K& H KB, /3 2 Mg . LAHI &Y PotD B4 FI1EN
ALREBLIE, /NPT PotD ILE L 1:2 000 A% H 14 475 B A g —
P, LA HRP FRig Mt £ P/ B 1sG g =41 (1:5 000) , 47
ELISA L E LA E . 45 58 br i : 72 6% % D (450) nm
Aib L e KR RS L A RO BE (AR Alum A 577 41 X6 1o
TEALAG 2. 1A%, T B B R 5 B0 2 Az L 375 PO B
1.5 {@EBFEES S pn B g iE P A7 PotD AR5 HF
T Pk B R E R R W B LB BE e LRG3 S. pn e i
K132 S. pr 5 B EFETHRE 45 20 ], P ARid <1 B3
LA 10 B, 1 ~ 10 2 JL#E 4 3L 10 B, 4 i 4E i i
1.0 mL, 47T - 80 CUkA. FHALBE T PotD 2K 11 (4 faf & i 1
Mot e R T B OE % IR L3 TR T PotD BT AR
FEVEFT ELISA 460
1.6 RREFAS. pn & PotD A& B 4% 5 M 4541
TR [ AT 8 BRAFIMLTEAL S. pn, 78 C + Y 5550
REFR BN HUE K, DA DNA SR ATl PCR 455 , [W]
WY 3= 1. 0% BB AR EEE R f Yk A A A e A T30 e
HATFIN T
1.7 PotD F & ERE fiF A S. pn F#y F KT oM
L3R 8 ARG RS S. pn 4350 F C + Y WRAREE =3 b 1
FEEXMBAE KT, B2 mL F#, £ 12 000 r/min B> 10 min
IEE B, F PBS YRIEDULTE 2 YK, A 1 x Loading buffer 20 L
JEFEATIRAT, 25 100 °C &k 10 min, 17 SDS-PAGE Hiyk, #& J5 5%
ENZE PVDF i 1=, 1 5. 0% WA W5k 25 <C 14 2 h i/ Bt
PotD IfiL3# (1: 1 000) J5 25 “CHLE 2 h; FH TBST ¥k 3 K, HIK
10 min, il A HRP AR 1LEH/NR TG (1:5 000) ,25 CIRH
1 h; TBST Pei%k 3 W, 4K 10 min; ECL €0, ARG EITE 25707 107
FIWT PotD 2 [A7EA A ML AL S. pn Hh ARSI .
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W AS49 dfiff bk (T AU b B S AR ) 2R T 24 FLEEFRAR
b, 55 IR R AL FLIT , SRS H4 PotD FE4H AR 1R BSA (X HR)
S BILAAHE 10 pg/mL NZ IR AS49 4,37 CHEE
1 h J5,HJCHE PBS ¥, M A 1.0 x 10° CFU (1 S. pn D39 B
B,37 CHRIBER | h 2 J0H PBS whsk )5 , W 4R &3 fL AS49 4
LG AR, 3R P AR T 3%, A R T 3 8. A T
RS54 PotD HT AL A3 HIRG BHE 2 , ¥ 5537109 S. pn D39 T4
P53 15 PotD i FMA AL R0 7 30 min, FRIIA A549 4fififl
b AR ERAE AL BRI AT . BTA RS NI SE g AT 3 IR
1.9 %itF oM
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2.2 PotD & &gk ik RS E

AL pET28a-PotD-E. coli BL21( DE3) £ IPTG %5 , H:
FPH1%: SDS-PAGE 437, 3k4% i K F- 3= ik PotD EH, EZ LI
BRI AT, 2 Ni-NTA KM BN aiib s, 215 4w
>95% W H A (2 H0%E 6.7 JKkif) o £ Western blot
ALY AT, PR B PotD B HARAE ST His tag FERPEES &
(K 3),
2.3 3% PotD FARIE B AW
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1:pET28a-E. coli BI21 = # 4 W% F 414 ; 2:PoD T H K F
KA G R ;3 PolD E BRI SR A A G0 Lk 4 PoD ¥
FRAHMA G LK% N ARG F £%;5:4 10 mmol/T wked
#7 1 x Washing Buffer 2 Ni A£G 69 2t BLi& ;6 : 4 20 mmol/L =k ¢4
1 x Washing Buffer 2 Ni 4£ )5 69 26 Bt.i% ;7 : 4 300 mmol/L =k nk 49
1 x Elution Buffer 2 Ni #£ )5 #9 PotD B #9%& &
B2 FEHFEH PotD 22 SDS-PAGE HEik&ER

1 2

1:PotD F40% & ;2 E. coli BI21(DE3) & #,
3  Western blot 1l EHE H PotD A KL

2.4 fEFEFL S pn BB H bk P AR PotD A

X <1 2R84 LA 1 ~ 10 % JLE AT G BL PotD Hiif
BRI 25 FESEAE S. pn (BT B & YL 3 1035 3 Bt
PotD f74F , 1E 7 X} IR I 3% P AR KL I B Z Biid, S. pn 5 R &
INF T IS T-PotD HLATE EE 350 1:1 600,1 ~1 2 24K
1:1 200, S. pn BYLF/INT 1 S 40 1:400,1 ~ 10 %20 Jy1: 800,
$27R PotD HALHE A X 24 L K LB A R e R v, ml
AR (9375 AR I SN o
2.5 PotD A R&FHLH

i e TR B AT 8 MRAS[E LIS 7Y S. pn I ARIE L PCR
P10 JE BTN e 5, 45 SRR SE T AR SE UG B bR HH 39 PotD %
R/ D39 BARAHAT , )5 45 5 5 BLAST 3[R FE 47 L
Xt ANFMLETY S. pn EAEH PotD 2K F51 H Cluster K 7F 5 xR
TE B AR B R P B0 T E X, X 25 58 UL IR 4, 3 R 3 — B ik
99% , ¥/~ PotD J K 7EFR [ 3= AT RRR A A 1R = i AR <F 4 o
2.6 PotD E& AFRE xR S pn Py kL

8 FhASIAI LY B S. pn £ T8 Z588 75 W e 5 0 J I i &
SDS-PAGE Ry )5, 5 53¢ PotD IfiliE4T Western blot £ R34,
TE 41 x 10° b2t B S 1 SR 25 (B S) |, 42 AN [ o 375 2
S. pn ¥k PotD T
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S R - 110

1 -8.CMCC (B) 31216, CMCC ( B) 31436, CMCC ( B) 31507, CMCC
(B)31614,CMCC (B)31207,CMCC(B)31693,TIGR4 ,NCTC7466.
5 Western blot #&il] PotD & HEAREMFER S. pn RHYRIE

2.7 E2 PotD &G Fedt PotD fuiF %75 kb M Fph) 52 6

REEEAEI IR 25 R R, 10 wg/mL F 4] PotD 2 HEEM B
i S. pn D39 FARXT AS49 21 ML BRS B VR, XS iR BSA ZHA
R A EARGFY (P < 0.001) , PotD HLif 35+ 1: 500 i B f5 ,
JRAERH A S. pn D39 BRI AKX AS49 40 L RS B AE FH . DA
FAVFN A BER A TR A 0 R A 0 B/ BRUR 7 A BBt il 3 CBH P X
08 FHASBEMH S. pn D39 B ARXT AS49 411 A () Kl BN (P <
0.001), BSA ZH . PotD &[40 . Alum £H . PotD $i Ifil 175 2H T 7% %X
AR (6.30 £0.30) x10°.(3.03 £0.17) x10°,(7.82 =
1.55) x10°.(2.91 £0.17) x 10°CFU/Well,

3 iFig

S. pn T (A R ST
e WAL EFE 20 A5, & 200 S. pn BEW A IT RS
WFEIESE, 250 S. pn 3 11 S s, 7T L™ A4
HEHT S. pn SRS B o 8 AR P VR T, IR 25 5 B 1 A
(CbpA) \S. pn AT A( PspA) 251 A hy Fix e
B ATEARFME AL S. pn BARIANAS SPER, RRE )
PR TEOR . I, A B — A5 T R B B S, pn
R

PRARE S. pn 25 1R 1 0 A5 N A IR SRR A
TN b 5 EOR S VIR, BLEAT B0 s
TR A 5 S e — 2 A AE T RS LA
AL N AL A4, 5 DNA RNA 4 A% mRNA % 554
SO0 SCHR[ T 4RIE L TR S. pn PAFAE— 2 518
YT (4L3E potA B.C.D 4 MR, KR EH S 5L 0%
iz f2, Hp . PoD 8 A #HESZENLF S. pn
T, R — R 2 e s A E L 7R/ USRI hiE
Sz, PotD J K R B bR B H R AR T bk I R R
W' W] PotD FE 5 S. pn BORAE, BIEERE A
YR e I A

AHFFEE it % PotD B 1A TR i, K18 T i
AiE IR . A PotD 8 5/ NEUR , RS B 4t
&, FZ W PotD & HH A B AR, o —25 %
10 2 LIRS, pn JER YL A e 1 3 105 T HiS. pn
PORIEAT S0 , 45 5 % A A BT PotD 275, BB PotD
B BB RO 40 L7 A W S 2, SR AR A 1Y)
T I R B S AR s I E AT TS 1 23 ¢ S M
BT B4 LG TS 25 ROt T R R AT
LI 7Y 2 70 3 % 4 & 14 %1 6B % 19F #4510
BB PotD JERRIJEFTARSF LSBT , 25 BiF S 3% ik PR 4
FAEF LR S pn MIERH, AN, Western blot SZ5

TESE, 75 8 BRIL AT Y ML BB Ak A PotD 25 1
ik, dE— Uil PotD 8 FARSTPEAF, ARG 1 H
PEVIRIEAL AT o D T 25 PotD H F A8 i 42 5 BR BRRG
B ik 5 HP 0 1 T, 0 e P ORS R 76 52 58I 5, PotD
EARE R ETE S, pn XF A549 2L A K B, 560 PotD
FHS S pn WEURTEE VIR, 8 TIFH PotD 3 H
PURLTE BRI ROR , T 10 1 2 38 50 A & B, PotD
YU AERS W E A0 S. pn XF AS49 AiHIERE T, 34
O A OB AT RETE Il 2 BE BR DR B 7 Al R 20 7
H R FEVE, FRRAR 7 PotD 2R FH 2 R g (14 4 1
AT

AL RSN PotD F2H il 45 7 1, 73 H
AT AR L5 Y S. pn T8 R T DR ST PR B f 5 Sk
SR, LN TR LR L 2 AT RS A SR e PR3P AL
I 5 S A BT I RE 8 1. 35 410 ) it ¢ B 2k
RN A S A I AR RS PR 1, S AR 14 2 1 2 o e
S, ARSI A RN IR BIT AR S. pn A RE R AL
B SR

SE 3k

[1] Kang C I, Song J H, Kim S H, et al. Risk factors and pathogenic sig-
nificance of bacteremic pneumonia in adult patients with community-ac-
quired pneumococcal pneumonia[ J]. J Infect, 2013, 66(1) : 34 —40.

[2] Lujan M, Burgos J, Gallego M, et al. Effects of immunocompromise
and comorbidities on pneumococcal serotypes causing invasive respirato-
ry infection in adults: implications for vaccine strategies[ J]. Clin In-
fect Dis, 2013, 57(12) . 1722 - 1730.

[3] Weinberger D M, Malley R, Lipsitch M. Serotype replacement in dis-
ease after pneumococcal vaccination[ J]. Lancet, 2011, 378 (9807 ) :
1962 - 1973.

[4] Darrieux M, Goulart C, Briles D, et al. Current status and perspec-
tives on protein-based pneumococcal vaccines[ J]. Crit Rev Microbiol ,
2013, [ Epub ahead of print .

[5] CaoJ, Li D, Gong Y, et al . Caseinolytic protease: a protein vaccine
which could elicit serotype-independent protection against invasive pneu-
mococcal infection[ J]. Clin Exp Immunol, 2009, 156(1) ; 52 —60.

[6] Di-Martino M L, Campilongo R, Casalino M, et al. Polyamines; emer-
ging players in bacteria-host interactions [ J]. Int J Med Microbiol ,
2013, 303(8) : 484 —491.

[7] Shah P, Nanduri B, Swiatlo E, et al. Polyamine biosynthesis and
transport mechanisms are crucial for fitness and pathogenesis of Strepto-
coccus pneumoniae| J |. Microbiology, 2011, 157 (Pt 2) ; 504 —515.

[8] Shah P, Marquart M, Quin L R, et al. Cellular location of polyamine
transport protein PotD in Streptococcus pneumoniae[ J|. FEMS Micro-
biol Lett, 2006, 261(2) : 235 -237.

[9] Ware D, Jiang Y, Lin W, et al. Involvement of potD in Streptococcus
pneumoniae polyamine transport and pathogenesis| J ]. Infect Immun,
2006, 74(1): 352 -361.

[10] Yao K H, Wang L B, Zhao G M, et al. Pneumococcal serotype distri-
bution and antimicrobial resistance in Chinese children hospitalized for
pneumonial J]. Vaccine, 2011, 29(12) ; 2296 -2301.

(U#5:2014-01-23 ;&[5] :2014-03-26)

(%#  RIRIE)



