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AR EETKE pesB AR FRIEH] yycF TP EPREIMIE R EH
fREEN

Hrk' kEsE' HEm® F-E' k54

| TRBER R b R R B SR A% T 400016

2 WRERCEMR LRERRRE Tk 400014

B ZE: [F %) YycFG R4 4 4o R K 483K B (Streptococcus pneumoniae, S. pn) L3t 4 3035 449
FREEABELEA, AT REREIATT YycF 694K E M XA KL F AR, 242
TR F S RFE, [8 6] MM 4R E pesB BRI E AR yycF $FGH , 54T YycF #f
Bl KA 3R AW FaF iAo 9%k, [ %] KA Janus cassette (JC)R ik 49 7 ix M #E pesB LA R A
F XA MR(Pc-PesBY), MIZE R B R B ARKE 89 F EMIE yycF B4 A MR (Pe-PesB AyycF), LA E
AR D39rpsid] . pesB 4L ARE R AR yycF AR ey £ R4F M. EJE % 2 (capsular polysaccharide,
CPS)y&&. HIIREZER A FB A £F. [4R] RAME pesB ARA ERZLE) yycF B F4H R
(Pc-PcsB AyycF); yycF #4538 A KZENZ . 2 A FF . BRAEE Sl T EE B S,
RINEI R BT, yycF $EF4 A MRAEH 48 /148 Pc-PesB i #RR 55 (P=0.006). AN & H F R 7, &
FEAF D RART, BH Pe-PesB F2 Pe-PesB AyycF Bk 89 N R TR0 H 4 91.7%. 75%,
—H A Gt F £ (P=0.183), 12 Pc-PcsB AyycF B MR 40 A ARAL e, IR LT, yycF &
P B R R e 2B 09 A £) B B F B KT 2 B 48(P=0.033). (456 mAMIE yyeF $:T6E#R, 5
JEH yyeF AR A Hoh it KRB 0 A MR A B R AL ), A E 4R YycFG 284 & goxt il K 44
HRH B R A AR G BT R T KA.
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Construction of yycF-deficient mutant Streptococcus pneumoniae
D39 with constitutive expression of pcsB and study on its
pathogenicity

XIAO Yun-Ju'! ZHANG Jing-Hui' XIAO Sheng-Nan® YIN Yi-Bing'
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Abstract: [Background] The YycFG two-component regulatory system plays a critical role in the
Streptococcus pneumoniae response to the external environment. The response regulator protein
YycF(VicR) is essential for the growth of Streptococcus pneumoniae, but the function of YycF in
regulating bacterial virulence is unclear. [Objective] To analyze the effect of the response regulator protein
YycF on biological characteristics and pathogenicity, the pcsB constitutive-expressing, yycF-deficient
mutant strain of Streptococcus pneumoniae was constructed and characterized. [Methods] First, the pcsB
constitutive expression strain (Pc-PcsB") was constructed by janus cassette (JC) counter selection, and the
yycF gene in Pc-PcsB™ was replaced with an erythromycin resistance gene (erm). The growth
characteristics, the contents of capsular polysaccharide, cell adhesion and invasion abilities, and
pathogenicity of D39rpsl41, Pc-PcsB™ and Pc-PcsB AyycF were assessed. [Results] The yycF-deficient
mutant strain (Pc-PcsB"AyycF) was derived from Pc-PcsB'. Compared with Pc-PcsB”, we observed slower
growth, abnormal division, increasing amount of capsular polysaccharide in intracellular and smaller
molecule capsular polysaccharide in the Pc-PcsB AyycF. In vitro studies showed that the adherence ability
of Pc-PcsB AyycF was significantly reduced than that of Pc-PcsB™ (P=0.006). The virulence test suggested
that all mice infected with D39rpsi41 died, while the mortality rates of mice challenged with Pc-PcsB™,
Pc-PcsB AyycF were decreased to 91.7% and 75% respectively, though no statistical significance between
them was observed (P=0.183). The colonization study revealed that the bacterial burden of Pc-PcsB AyycF
in the lung tissue was significantly lower than that of Pc-PcsB” (P=0.033). [Conclusion] In this study, the
yycF-deficient mutant Streptococcus pneumoniae D39 was constructed successfully, and the biological
characteristics and pathogenicity of Pc-PcsB AyycF were identified, which provide a theoretical basis for
further study on the regulatory mechanism of YycFG on the pathogenicity of Streptococcus pneumoniae.

Keywords: Streptococcus pneumoniae, YycFG two-component regulatory system, Adhesion, Invasion,
Resistance to phagocytosis

Jiti % B BK T8 (Streptococcus  pneumonia, S. pn)
2 NIRRT F) 5 DL I, Tl g R it 48 b H %
BRI . AT A R i e, L AR
N UL KA IR A1 1 o S 3 B 32 S e il
TRYT V) BB I 58 S TR TR I 1 e S AT, )
I, i 8 B 3K BT T LA TG TR i T (R ) 25
MRS, 2 T 10 R {2 2 i i 8 e oK 1 el 4
FH O PR Ay 2 38 DASE LA 32 A P AN TR) 0 PR G 2%
PN UL 4345 54 5 2 5t (two-component signal

transduction systems, TCS)7E 2l B3 b /A 3855 Hh 473
T E A,

PRI ZEAA E TP B YycFG (HLgifR
#f VicRK., WalRK. MicAB. TCS02)& %4t VZ171E
FR(GHC)mol% & ft 8L = [CBHPE R, IS
RSP SR G AT G S, 7R 2
MIEF# A EREE T, RIZH AR YycG i
NPT EE T YycF RYSERER A K AT, Bk
PR (AAERERR B R, A RO R AR
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YycF JEANmEA KT, MAZREEE YycG
ARTT I, FIr LA yyeG 0] LIS EEBR 1T yyeF ABEH
RN HRTRIRTIE R, MG R IAT
G W (O 2 BR R AN R BEBR B P YycFG X4 4)
RG2S S YRR AN MORERSAS AN TR A3 0 400 i 234
%[11’16_17]0

W, YycFG 2 5 il 4% R ) 1 %
PLRESTRYIEE, YyeG BPE B0 N BT
KRS, WAL RGN PER AR A e 4
TR RYEER, W RS ComDE H, ComE
Xt T VIR B PR FE I AT ComD!™,
I, YycF J&755 59 4 bR A UL 15 /e 110
M — PR .

E R TSR D RN 4 v B R A ER IR R, il R
BEERTAIY YycFG WA RS H, (A yycF SRdbifs
DR . PesB 1E N —Fi il 9 i BR oA AN ALRE K i, <2
YycFG M5 ZGAYE , AR EM, YycFG &40
RS pesB FEMMANIBE R 532E, pesB XTI K
VLIRIEE R AT A1), 1 3R3K pesB AT LATHBR YycF
e RN, I, ABFTEBLELL pesB ZH
FIRM MR BEBR T yyeF BRFETERR, WEE yyeF
I R Bl B I A0 R AR AR A KA B, IR ST AR Ak
AN TR B ARY | PRIT yyeF KD BB J5 20 T 2 e 18
FRET AL, DASERE YycF 78 IR A% BR A
Homae P VER, WG S oy IR LIS
255 FL A
1 MRETE®
1.1 SR

SPF 2 C57BL/6 /MR, 6-8 JElifsy, MfEbE, MK
THERRERIKZSLWm Y, Fra sh) SEik
A 4 38 R PR R B R 2 S 30 3l ) v O RV SR
P,

1.2 EHE. EFE. EERLTFLE

Jiti &R EEBREE D39, TH4702 HHk(E IC B
THARR AR B G . D39 #E8 Rtk
(D39rpsi4 1)@ TE S. pn D39 H AR E(A—C)
rpsL FEH Y LysS6(AAA) A Thr(ACA)RTF ., C+Y

HEEFRIE . WHL C+Y B3RP 5.0 gL
Yeast $EHY) . CTM KigR3E: 10 mL C+Y o5 s
FEFrp4 1 mmol/L CaCl, A1 0.2% BSA., FHEH
M Pk, R PEE A F

BT SR T CSPL,  bifgssb i A
FR/\T]; Prime-STAR DNA E{f EL IR A EHA ] &
PCR 7=¥y4lifkif7] £ . DNA Marker, # 4 Marker .,
RNA 15545476 . SYBR Premix ExTaq ifif &,
FAY TROGE)E R Al ECL iFI £, MillPore
Nl AN 20 DNA $RBGGR 6 . A/ 40 e
RNA £ G, RARAEMBHL AR ARG R
"l BIMIE RN, AT A TR (M)A
FRAF]

PCR ¥, B FIHIKIL . BERBIR RS, Bio-Rad
ol BEREMEACE UKL, At —APRHEA R
AN 6B E T, Amersham Biosciences 22 F) o
NanoDrop 1000, Thermo Fisher Scientific 23 ),

1.3 AR EEE

DU 95 BR TR D39 42 5L 2H DNA S5tk , PCR
14 mreCD (950 bp)Fl pesB/1 (889 bp), LA TH4702
PR B 1 JC R Bt(1 465 bp), Pc JAshTF
(100 bp) A= T AW TRE( M) B A BRA FI AR,
A2 1, i#id Overlap-PCR %45 mreCD-JC-Pc-
pesB/1, BEIRIGESE R B

DLt BEER T Pe-PesB 423 [K 20 DNA it ,
PCR ¥4 mreD (518 bp)Fl Pc-pesB/2 (594 bp), i#id
Overlap-PCR %1% mreD-Pc-pesB/2 , e IAGEE BB o

DU R BERK TR D39 445 (K 2H DNA S #tl , PCR
P18 yyeF-up (497 bp)Fl yycF-dw (453 bp), LA CMPS8
18 R AR AEBARY H erm (738 bp), i
Overlap-PCR #$% yycF-up-erm-yycF-dw, B RIIE
B
14 PhREKREMNLEEHLVESEE

H—80 °C PRAFIANT R BEERE D39rpsl41 50T
FHE M A, BT 5% CO, R 37 °C AT
At i, AR AP~ A b A T T R BT Y
C+Y IR RE ODgoo M 0.5 247, HL 50 pL FEK
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ERF S mL CTM B533E, MR A K E ODgoo M
0.08-0.10 B}, fnABSZEHEF CSPL, 37 °C
J¥F 10 min, fIIA 400 ng A B, WK FACE
30 min, 37 °C M5 90 min J5 54 TS AR e hid:
REFZE 025 pgmL, FHFEE 200 pg/mL, 58
# 150 pug/mL)JSFEH ., 37 °C 5 F 555F 24 h 155
FHRE AT o PRIBOPAR ) B g AR, 43531
EHSMUS I H PCR % BAYERAL T, FRRFETE
PCR i Btikill [y %€ .
1.5 LR EE PCR (RT-qPCR)

HPEE KT CHY 855, 6 000 r/min &0
10 min WCAE A, FEHC RNA {5 FH40 5 5 RNA 471

A, F 1% HHEE R 4 4 U S RNA A
FEf# AL, NanoDrop 1000 J5E RNA ¥#JE, RNA
WA SRR G T S o KR SR AR B cDNA
fEF] SYBR Premix ExTaq i\ & 7550 & w43
Br, PCR SRR 2 528 SCHR[22], $dis b BEA L) gyrB
YERNS R, SERrh s R Seh e s 1 R 1.
1.6 4Lk

AR INFH - IRIE 8, FJGE PBS it i F-
M iGN TETE , PBS U8 2 3, J#4E ODgoo 4 0.5,
B 100 uL R0 5 mL B C+Y Kk,
30 min WIE ODgoo MICIETE, LA ODgoo WOGEETH
RYNAebR, BERCAREAR, 2R

£1 31955

Table 1 Primers sequence
519 52l HAR 1Y)
Primers Sequence (5'—3") Template Amplicon product
Pr1001 tctccggtatettggaageagga D39rpsi4] mreCD
Pr1002 caaggagttttcagcattatccttatagataatatttttcaaa D39rpsi41 mreCD
Pr1003 tttgaaaaatattatctataaggataatgctgaaaactccttg TH4702 JC
Pr1004 caaacaaattttgggcccggectttccttatgcttttggacgtt TH4702 JC
Pr1005 aacgtccaaaagcataaggaaaggccgggcccaaaatttgtttg T1T2Pc Pc
Pr1006 gtaatcactccttcttaattacaaa TI1T2Pc Pc
Pr1007 tttgtaattaagaaggagtgattac-atgaagaaaaaaatcttagcgtca D39rpsi4l] pesB/1
Pr1008 gtcaatgcttgagcatcatcagec D39rpsi41 pesB/1
Pr1009 tacaaatcaaacaaattttgggcccggttatagataatatttttcaa D39rpsi4l mreD
Pr1010 atgagacagttgaagcgagttgg D39rpsi4l mreD
Pr1011 ttgaaaaatattatctataaccgggcccaaaatttgtttgatttgta PC—PCSB+(JC) Pc-pcsB/2
Pr1012 ggctgatgatgetcaageattgac Pc-PcsB (JC) Pc-pcsB/2
Pr1013 ccatggaccgttatccaatta D39rpsi4] yyeF-up
Pr1014 atcaaacaaattttgggcccggtagetagtcttggetactgtctaag D39rpsi41 yycF-up
Pr1015 attctatgagtcgctgecgactgtcegeacagttgatgtgac D39rpsi4i yyeF-dw
Pr1016 cceegacggttagtcgcaagaacccee D39rpsi4] yyeF-dw
Erm-F atgaacaaaaatataaaatatt AfabT(erm) erm
Erm-R ttatttcctcccgttaaataat AfabT(erm) erm
g-PCR
Pr1066 cattggcaccttgggctggag pcsB(cDNA)
Pr1067 cctgtacggaaacctgetgetg pcsB(cDNA)
Pr1068 tcagcagaccagggtggata mutY(cDNA)
Pr1069 gtaaactctcctcaggegea mutY(cDNA)
Pr1070 agcaggagaaggaagaacgc »vcG(cDNA)
Pr1071 tggaggagatcctecgtcaccat yvcG(cDNA)
Pc ccgggceccaaaatttgtttgatttgtatctaaaattttgtataataggaattgaagttaaattagatgcta

aaaatttgtaattaagaaggagtgattac
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1.7 ELISA NAREFAAXRSZESE
BRI R CrY JigRiEd, 1§ ODgoo M 0.5
A W 5 mL L4 °C .12 000 r/min Z5.0> 5 min,
i E RS AES] EP 45, ANEUIIERA PBS Uk
23, HEJT 58 °C /KIEALFE 45 min, 12 000 r/min
20> 5min, PBS HAGMK, & FRFEAT 96 fLik
H 4 °C AR, DA RISERE 241 A —H1(1:5 000),
LPrf 1gG-HRP S —FHi(1:8 000), {05 18 L AG
OD 450 WG FE 7K -0 5 240 B % ThT JE TR 22 W 15 o
1.8 FITC-HEMEEINNEIRSESE
BANR R R 2 C+Y B 55, 1F ODgoo M 0.5
IHCAE A, PBS HEEL, 10 uL BINA 2 uL FITC-
HIZRPE(10 mg/mL), W2 pL BN b, w3
B R IEED B T A R HERR FITC ATHIFL
1.9 Western blot #7382 HELTHEL
BRI R CrY JigRiEd, 1§ ODgoo M 0.5
ZiAT U S mL B , 4 °C .12 000 r/min B> 5 min,
PBS ¥k 2 1K, B.05% BI  ERIATTIE A 200 puL
0.5% DOC H &, 37 °C /K 15 min, fHpER 241
SE42 A5 ML 60 pL 24 f5 BRI, il 1xLoading buffer
T 7K 10 min, REZF = Y)%4 SDS-PAGE HLJK
SRR, DL RISEE 2T h—Pr(1:2 000),
Ptk IgG-HRP i —H1(1:8 000), i il ECL /R 7k
I B AA SRS 2 W %) 25 A o
1.10 {ASMHEHEHHMRE S MR
W g NS LI b 2 i AS49 $EFp =
12 fLBH, 29 5%10° cell/fL; ¥ S. pn §i3iF C+Y
1% ODgoo H 0.5 Zidy, WEERIA PBS ¥ 2 i,
DMEM 2 A . I Y PBS K AS549 vk
2 3, Arain A 2x10" CFU/{LAY D39rpsi4l |
Pc-PcsB" ., Pc-PesB AyycF K, 37 °C 15 30 min;
REBFSCEE . R PBS, JiLA 200 pL ddHO, ZEiRK
B 10 min fHAAZAR , FEMCHE] N M, KRR
FEEERR BRI M AR, K HE, (RZB5EE:: 7
W, F PBS ME4iiE S, JA 100 pg/mL PR
2, 37°CHFHE 15min, RIGFEPid%, PBS ik
YR S 3, BRSO TR A AR R AT

AR A0 BRI RSB AR A S AR, Pk
EQUSLIERG e U E sk e wa N iV R S e
R(Yoy= M2 I AT I B S A1 =< 100,

/N BRI R ST 1 mL G T A i A A
ML, 5-7 d WrsikbsE/ NG, FHJCTA PBS #E UE I
PEHUFAC EEAN A, 2T 4N 2 A AL FE 2 min,
BiZ 12 LR, 29 1x10° cell/AL, 535 548 E w41
ML . B S pn H5372T C+Y & ODgoo 4 0.5
ik, WG R PBS Uk 2 i, DMEM &4
W o BEFRL A E R DR Y PBS TR
i, 2B A 2x107 CFU/AL D39rpsi41  Pc-PesB™
Pc-PcsB AyycF, 37 °C #H 30 min; J52E5L5 (A
Kb 28, i KA MICHU A R AL FA
T BT S AR T8 A W3R (%) =47 A B A T 5/ A
AL A1 TR £ 100
1.11 FAREFERNEERR

% D39rpsi41 .Pc-PcsB" . Pc-PesB AyycF T C+Y
HIEFE R ODgoo M7 0.5 BFISEE TR A, JCFR PBS ¥k 2 i,
PTG A R K AR S HHE R 10° CFU/20 L.
¥ 36 X 6-8 R MENE C5TBL/6 /NEBEHLSY 3 4,
Fe 12 K, SRS E 20 L D39rpsi4l .
Pc-PcsB il Pc-PesB AyycF B, AT R AR,
TRME/ NI AEAERE, EZUEE 14 do 18 H
6—8 JERMEE CS7BL/6 /INRBEDLSY M 3 41, AR
6 H., ZrRlEEHEG: 2x10" CFU B D39rpsi4] .
Pc-PcsB H1 Pc-PesB AyycF Hk, FEEAli AR
0 48 h S 235l BN BRURS) S RS RE VR | GO UM L il
SIHA T SR FE R R AT
112 FitESH

/INBRUEE T S0 RN B 7 S e R AR X« A
%% ; DL Graphpad Zeil#kfFdttr ot /NRAEIE
RKIECKH Log-rank ¥:56; UL P<0.05 NA ST
2 ZR545W
2.1 S.pnPc-PesB HHKRIMBEREE

W pesB A1 FRIRA Al R BEER AT yycF it
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FE (1€ 1), i i PCR B 21452 mreCD-JC-Pc-pesB/1
(3 404 bp)Fll mreD-Pc-pesB/2 (1 202 bp) i BL(E 2A .
B), FIFHMREEBRIA [ AR, Kty [FIURRT % 4%
B mreCD-JC-Pe-pesB/1 B 40 BB 5 i PE il
REEERF(D39rpsi4 ), thT IC FE&A RIS
RPMEIERN rpsl” (RRALH) rpsl ZEN), 24 IC Jr

B3 D39rpsid] bk, AN RN BEE
FHUK, FIRE R 1), FRIREZ MR
e BHME R . LA Pr1001 ., Pr1008 A5 |41 PCR
P38, D39rpsi4] MY 3G 1 932 bp R/ H Y
FrBt, JC-Pe-PesB B R 1 H 3 404 bp /N H I
HBL(E 20)

Pr1003 Janus cassette
':[ kan N rpsl y—+H
>< ><'Pr1004
——> Pc(Pr1005/Pr1006)
Pr1001 I\ Pr1007
[ MreC > MreD l/ ' PcsB
Pr1002 Pri008 "p3grpsi
—> PC KnSSmR
| MreC >| MreD PesB
P.B*(JC)
Pr100 Pr1010 Kn®Sm?®
Pr1009 l Pr1008
—> Pc
[ MreD PcsB >:
P.B*
KnSmR
B
I*PCR
Overlap PCR
Transformation
— MutY >| YycF 1>( YyeG —
— MutY YyveG >:

1 Pc-PesB'AyycF Bk RIERE B

Figure 1 The construction theory of the yycF-deficient mutant strain

T A JCJRIEMEE Pe-PesB MM /R I&]; B: LFH-PCR WiZ4KiE I Pe-PesB AyyeF Hitkn K.
Note: A: Construction of pcsB constitutive expression strain (Pc-PcsB™) by Janus cassette (JC) counter selection; B: Construction of

yycF-deficient mutant strain (Pc-PcsB*AyycF) by LFH-PCR.
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El2 PCRXTE Pc-PesB HHk
Figure 2 Identification of the Pc-PcsB* strain by PCR
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#: A: M: DNA Marker, 1: mreCD-JC-Pc-pcsB/1 T2 7 Bt; B: M: DNA Marker, 1-3: mreD . Pc-PcsB/2., mreD-Pc-pcsB/2 B4
FrBt; C: M: DNA Marker, 1-3: mreCD-pcsB/1. mreCD-JC-Pc-pcsB/1. mreCD-Pc-pesB/1.

Note: A: M: DNA Marker, 1: recombinant mreCD-JC-Pc-pcsB/1 fragment; B: M: DNA Marker, 1-3: mreD, Pc-PcsB/2, recombinant
mreD-Pc-pcsB/2 fragment; C: M: DNA Marker, 1-3: mreCD-pcsB/1, mreCD-JC-Pc-pesB/1, mreCD-Pc-pesB/1.

BENAGA JC-Pe v BeJm , FERUCH FH [w] 5 8 2H it
B IC R B (Bl 1A), 4 IC B &k, S
FRPUPEIMCE A e I PE R . B Pr1001 ., Pr1008 5]
YIEAT PCR 71 , JC-Pc-PesB THAKDY 14 1 3 404 bp
F/NH BB, Pe-PesB TEARY 1 H 2 032 bp K
JNEE R BE(E] 2C), PCR 18 K i 4% SR e i
Pc-PesB A FRIE R
2.2 S.pn Pc-PesB'AyycF BEHRRIMERETE

PCR §"'88 yycF-up. erm. yycF-dw F BIFibAT
BHAHE 3A), Bt yycF-up-erm-yycF-dw B4 Bk
| Pc-PesB TRRE, FHELES ZHUM: AR I 12 BE 14 DA 7
PCR %5, LA Pr1013, erm-R N5|Y), yycF BfE
MR Y 1 1 235 bp K/NEB R BE, DU
erm-F, Pr1016 514, yyeFx SREERM AR 1
1191 bp K/MWHB B, LA Pri013, Pr1016 K
19, yycF SBATEME AR S 1 688 bp K/
Hi R B (K 3B), PCR 14 K i /v 45 5 & B
Pc-PcsB AyyeF BRI EERLEN
23 HEEIMEKER

ARl 2k g5 R SR, Pe-PesBT 1Y AR KR
D39rpsi4] 218, Pc-PesB AyycF 5 Pe-PesB #H A4

KB IR (K 4A), 3 ANTHRAEMLEAR -0 75 T2
BT 25 (K 4B-D). Bt I AN B A e o Fl
22YLEBRA, RIN Pe-PesB AyyeF 47 B B A /3 25
W, RICHKERRRIE AR (B 4E).

A M1234 B

23 4

bp M 1

2 000
: 9(5)8 2000
I
200 500
100 200
100

3 PCR X7 Pc-PesB'AyycF H ik

Figure 3 Identification of the Pc-PesB*AyycF strain by PCR
#: A: M: DNA Marker, 1-4: yycF-up. erm. yycF-dw.
yycF-up-erm-yycF-dw B4 i Bt; B: M: DNA marker, 1-4: B
HEXTHR . yyeF-up-erm . erm-yycF-dw. yycF-up-erm-yycF-dw.
Note: A: M: DNA Marker, 1-4: yycF-up, erm, yycF-dw, recombinant
yycF-up-erm-yycF-dw fragment; B: M: DNA marker, 1-4: Negative
control, yyc-upF-erm, erm-yycF-dw, yycF-up-erm-yycF-dw.
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A 1.2

0.9 -

oD, 600
f=]
[=)}

T

03

—— D39rpsi4]
== Pc-PcsB*
™ Pc-PesB*AyycF

0.0 &

D39rpsi41]

1 23 45 6 789 10
t(h)
C Pc-PesB*

D Pc-PesB*AyyeF

D39rpsi41

Pc-PcsB*

Pc-PesB*AyycF

I ‘\.

|

\
S
-
~ - \

\

El 4 D39rpsi41. Pc-PcsB*. Pc-PesBAyycF A& N7
Figure 4 The growth curves and morphological of D39rpsi41, Pc-PcsB*, Pe-PesB*AyycF
T A: ARz B-D: MPH EWERIES: E: R FAREAEHH M 2R AR HHmARIES

Note: A: Growth curves; B—D: Colony morphology on blood plate; E: Morphological observation of bacteria under the phase contrast

microscope, unstained (upper) and Gram stained (bottom).

2.4 D39rpsi41. Pc-PcsB'. Pc-PesB AyycF Bk
B pesB EF BRI yyeF £ TiisE ERYEE
RIKFE

JyWHf D39rpsi4l. Pc-PesB. Pc-PesB AyycF
HEAET pesB FERIAOFE SR, R 3 4 EHRAS A
ALY RNA #7208 & PCR Z0HT . 45 R IR,
D39rpsi41 Pc-PcsB il Pe-PesB AyycF HRRAE ODgoo
M 0.3 W pesB 1YFE K- S5 AHBL EARTE ODeoo 1
0.6 K- & 2R, $FORTCIRAE pesB Kk
K8 A 5 8 8 2 R A28 A Pe a8 T, pesB

FEHNI N TEE R, B Pc-PesB il Pc-PesB AyycF
ARTEAN[R] ODgoo (ELIT Y pes B B4 s /K34 i 2 vy
T D39rpsi4] Bitk, $&R Pe J3sh T4 pesB B4
BT IIECEE (Bl SA).

R yyeF J2& 15 5% H AR SR 1y Rk,
W yyeF bR ESE R A B SR OK -, A5 R BOR
3AERF yyeF FUEREH mutY MR HERE A yyeG
%%%7@@&%.@%%% PR yyeF JEDR B

A BT AL B R A, A AR R AR
(IEI 5B).
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Figure 5 Transcription levels of the pcsB, mutY and yycG genes in D39rpsi41, Pc-PcsB™ and Pe-PesB* AyycF

TE: A: pesB BIARREESROKFs B murY Fil yyeG BRI FE SRR gyrB AFANSIER. #*: P<0.01. ns: JoGEi¥ 225,
Note: A: The relative transcription levels (n-fold) of pcsB; B: The relative transcription levels (n-fold) of mutY and yycG. gyrB is the
reference gene. ¥*: P<0.01. ns: No significance.
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HERRTE B0 1 -, JCIERE il R BEBR TR S A
TCEORRE ST . FRNTHTHIA L yyeG BRFANS, 2T
A a R, ik, H#EM YycF AlRES H¥eiL
WG AR . DFT R, CPS 43 Ai AN i A

FITC- % % Hi 3 % I D39rpsi4l . Pc-PcsB™ Al
Pc-PesB AyyeF R 1h FE M Z b 5wt , 45 R BIR
Pc-PesB AyycF #kEFE I CPS Ay 7 55 Pe-PesB I
PRIA i 22 57 (B 6A—C), /R YycF JE R4l
TR #1f CPS Ak,

A s ¢ C D
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Figure 6 Analysis on the content of capsular polysaccharide

TE: A: ELISA KGN i rh e mi & B; B: ELISA M40 2 i JEE 0 7 5
Wi D: Western blot 434742 B 1 SERE MR 4515 43 A A =X

Note: A: The content of CPS in bacteria culture supernatant was detected by ELISA; B: The content of CPS on the surface of bacteria was
detected by ELISA; C: The content of CPS on the surface of bacteria was detected by Dextran-FITC; D: The banding pattern of CPS of the

whole bacteria lysate was detected by Western blot.

C: FITC-H SR ML AIN 4 1 % 1 el 2
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Rt —2 W YycF J& 55 M IE o+ i i
i, SR SR 4T /MY Western blot 4387 CPS.
N T IR EDR 2 BRI R T SHAY B CPS &%
H, S NERE CPS M4l CPS, 45 R ER,
Pc-PesB AyyeF Btk CPS R Fll /Ny F 55740 5
Pc-PesB i FRHH B 1% £ (K 6D), %454 ELISA i
FITC-H ML MR ZE R, R yyeF ShEGJG TR
HANML NN F CPS A Z .
2.6 yycF SREEBEBRIRIN R B BE 7117 55

RRIHARS AN B R AR SRS R 28 Re T i A8 1k,
R T 3 AN X AS49 AR MRR RS FNiZ 2868 7 .
SEIGEE R B IR Pe-PesB AyyeF HRENT A549 4HAfEAY

A

!
't

7 A549 HRAIRSMNE B 5 1R ZEIR IS
Figure 7 Adhesion and invasion ability to A549 cells

R BFTRE TR A TP 1 2055 (P=0.006) , {H 3 ZH 1§
WizZR TR EE & 7).
2.7 yycF SREABEPRAL T B 1G4 BE RS BE 118055

X} H D39rpsi4 1, Pc-PesB Al Pe-PesB™ AyyceF 7E
B AN P BT ERE S, 45 B R, Pc-PesBT
AyycF AR5 TE B W 4 2 11 DL SRl A s A s 2
PN R4 R R4 D39rpsi4l] . Pe-PesB 4 i /b .
[AISE, WELE) B WEAN %) Pe-PesB AyycF AR IR
# Pe-PesB R TR, HIEGE 2425 55 (P=0.14)
(1 8). %L RHIR Pe-PesB HMKERIA yyeF J5, H
Xof L W2 A A R B RE 005, (EBTARIERE ) T 3

[ &3

B —_
15 -
_ -
S
S0k T
& o Sy
.8 e
S
= SRR
e,
Qe& @8
¥ 7
o
¥

W A: AS49 AUIRTER I M M PR BRI A Al B RZEF. **. P<0.01.ns: JLHITHER.

Note: A: Total number of bacteria adhering to the surface of A549 cells and invading to 549 cells; B: The ratio of invasion. **: P<0.01. ns:

No significance.
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Figure 8 The ability of anti-macrophage phagocytosis

B

TR

Phagocytosis rate of

macrophae (%)

e A ERRANMR RS S A TR A AN A AG B: AFIRER. *: P<0.05.ns: JCGTAZES

Note: A: Total number of bacteria adhering to the surface of macrophages and invading to macrophages; B: The ratio of phagocytosis.

*: P<0.05. ns: No significance.
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Figure 9 Survival rates of mice and the bacterial ability of colonization

e A DEBTRAERI A7 B-D: SEHEUER, MMM A G ns: TG HE2ER. *: P<0.05.
Note: A: Survival rates of mice in pneumonia model; B-D: Bacteria number (CFU) in nasal wash, lung homogenate and blood. ns: No

significance. *: P<0.05.
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