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Streptococcus pneumoniae (S. pneumoniae) |SHehfi%, SMPELR, HER, BuLE
DEROHRRNEFERBETH ), 1980FRLUBEN= U Ml ZIRE (penicillin-resistant
S. pneumoniae, PRSP) D BEEFEIZEFREICHEML T 3. LA U KH S BSMHK E Mt
BOBREMICEDEIBEVHHZPIOVTERCHMShTUVELY. 22 T5E, B%
HDE%L KD BB S. pneumoniae 4 D Mififa 2 B FEHEHREK TH S A
S4B DIFE, BABEICDVLWTREL 2. FBEREHEVThOREKTHIEMEER, &
BEEICKEFEL THEML -. RARIIKRET4%P 2HKICED, EEEEICL3EEIEHE
ot SERREILZ 4TI, RRESIMOBEVICLZAE - BABEDEIRDLH-
o ¥$ERABEEZAELTOVA 2KOMBRIEIRE6RIT, BRLMA,SHEBEEDS
VIER T H > 7-.

The Ability of Adherence and Penetration to A 549 Cells in Clinically Isolated
Streptococcus Pneumoniae

Shinsuke WATANABE

Streptococcus pneumoniae (S. pneumoniae) is the most common pathogen of community-
acquired pneumonia, acute otitis media, meningitis, and bacteremia. In the last two decades, there
has been a worldwide increase in the incidence rate of penicillin-resistant S. pneumoniae (PRSP).
The difference of pathogenicity between penicillin-susceptible S. pneumoniae (PSSP) and PRSP,
however, is not well known. In the present study, the ability of adherence and penetration to A 549
cells, a human lung alveolar carcinoma (type 2 pneumocyte) cell in the 4 strains of S. pneumoniae
clinically isolated from blood were examined in vitro. The ability of adherence depended on the
contact time and inoculum size in all strains. Results showed that two of the four strains (one is
susceptible and the other is intermediately resistant to penicillin) were found to penetrate into A
549 cells, but were not dependent on inoculum size. The ability of adherence and penetration in the
4 strains was not related to their susceptibility to penicillin. The serotypes of invasive strains were 3
and 6 , and were frequently isolated from blood in Japan. These results confirm previous clinical
study. (Accepted on October 21, 2000) Kawasaki Igakkaishi 27(1) > 23—-30, 2001

Key Words (D Penicillin-resistant Strepfococcus Pneumoniae

(2 Epithelial cells (3 Penetration @ Serotype

NIGFERFRS: PRI 2R P Division of Respiratory Diseases, Department of Medicine,
T701-0192 BEINRE577 Kawasaki Medical School : 577 Matsushima, Kurashiki,
Okayama, 701-0192 Japan



24 o R &G

& L & (£

Streptococcus pneumoniae (S. pneumoniae) %
NPl B B E DR R I & L Cid TEER{LE
5. gk, FCEEE 0T iR TIZ70~
0% WARICE B EEbNTHY, TR
OfLIEEREE %, SR ERORERE L LT
BR, HafEmTh, RLERLZLODO—D
Th b, MUEIFARHE CHEB Y 5 Ml S Bk
fifi 4812 B> T Ud5~30% D e T UL % & BF
LY-2, ZOREOETRETHESINL. A
LRIMED BRI EETFHRELAT AEELRN
FrExhTwab, L2 AT, S pneumoniae 3T
=D Y REREICEEZELRLTEY,
BRRRIICIE SN S EAIDENIERIR T HITT
W7z, LA L19674EIC R V) Uit 43k

(penicillin-resistant S. pneumoniae, PRSP) 734
HTHE SN TR V2R CERN LD
#RETHED, ZOmMELERIZ15~56% & HE
ERTWBEY™Y, RIFITB T D 19864 D/ E
5O & Y 0 12 ORIMEIR AR S,
19944E DAEF 512 X 2 ZEBEOR A TIZ41.8
Yo HSTH PR Td - 7257, BUE TIPSR
B (penicillin-intermediately-resistant S.pneumoniae,
PISP), PRSP Wi# % & b & 7ML & 13465
%2 THMLTWa Y. YT H1993~954,
1995~ 964F 12 2 FBE DFAAE % FEfti L TV 2 At
LRIZ K % 47.4%, 43.7% TH o 7219, £
DT IZ PCG R EDB- T 7 ¥ LRNE
EKOENBHRTHLR=V) Y #EEH (pe
nicillin-binding proteins, PBPs) D& RE,
¥IZPBP1A, 2A, 2B, FWHRICENT
B L TL 52X ORI L 2 EFBMEDOEK
FTTharEELRTWARW® ZLTIhbH
PBPs O Rix, PBPs % 32— N7 5#ifx
F pbpla, 2a, 2b, 2x ZDHDDOFWHW 7%
EROBRELTVERY2, AF5P I h
LERBRERTORLHAGDLEIILD, MIC
DHMBAETHLEERLTBY, SHIZAE
FBT19984E11 A 72 H19994F 5 RIZ/rlE s iz

(%27% 1% 2001)

S. pneumoniae TASKEH, BIZTERZ T o724
b VEIRDTNLTBICBE R o - L
LTwa'W, PISP, PRSP DA HE W BER %,
B IR 72 & D4R BRI S BR B IR HYAE  (invasive
pneumococcal disease, IPD) T {GHFEHUME: 1L
RIFIEE LTHE ISR Y DoH 5. It
F T L T\ % PISP, PRSP TH 5 DIZZ
OFEYE, FFCmEREYE GHEREME) FIC
BMLTIERZHL LIS VEV., T -ME
BEMED 558X N5 S. preumoniae DM
RIZH—EDRIFIZ RS, ERICIER R
SRR % 389 % S B R I A
LEZLRTWRY, £ THRIME % BET %
BRICBVWTEELEZOND, WO LR
Mg~ D%, 2 ARRICD W T Penicillin G
(PCG) 2% § % szt 0 B 7z 2 BE MR H 2k
S. pneumoniae % Ji\ > T HLBHRET L 72,

MoE & T

<fEREH#>

19964E 2 & 19974F 12 W8 BRRY R 27 Mt g e o
PR T, WOMLE B 2 5 7B S 7z S
pneumoniae 4 ¥ (penicillin-susceptible S. pneu-
moniae, PSSP 1 ¥k, PISP 3 #k) %A L 7z,
PCG \ZAf§ 5 2 MM 13 H AL A REFER
PR | U E AR RETEL L,
72 %% 4348 1% National Committee for Clinical
Laboratory Standards (NCCLS) 3£ #2092 3o
% PCG |2%F9 % MIC 75 0. 063 ug/ml LLF D b
D% &z (PSSP), [ 0.125~1.0ug/ml Db
D% HEERYE (PISP) & L7z, MiFEII R
FiIfi}E (Statens seruminstitute, Copenhagen) %
AV CHREBALRBRIC L D HEL 72,
<fEFiHkE>

v bt 2 B b AR ok T db B A 549
fi (ATCC CCL-185)%"® %M L /2 (Dai-
nippon Pharmaceutical company, Osaka, Japan) .
A 549513 1Z FEM L L 7210% fetal bovine serum
(FBS), 60ug/ml ¢ kanamycin (KM) %ML
7> Dulbecco’s modified Eagle’s medium (DMEM)
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WTITCITTIRER A AR 1%, MIRaEH Y~
FL, 1x100cells/ml & 72 % X 9 1210% FBS i
il DMEM THA R U FE A Rl & fE R L7z,
Z DA % 10% FBS il DMEM 1 ml % Jiil 2.
7224R 7L —bD% well 12 100ul 3257 L
(1x10° cells/well) 72 B¥ 4] X% # #%, phosphate-
buffered saline (PBS) (27T 5 [al ¥k LLLF 0%
BRI L7z o, EBRICHAT 2M013974k
R 5109 F TE L7,
<f1%E - RABE>

Talbot 52 D fiEx —EREL TiT-72. &
S. pneumoniae |3 MK FE R T 37C, 208F
R A ARG FEE, 530 =—% 5% yeast ex-
tract (Oxoid Ltd., Basingstoke, England) iRHN
Mueller Hinton Broth (Difco laboratories, Detroit,
USA) IZHFE, Z Dk, TOVERL L 72 T8 Bl il A%
EREICEOEEZNEL 226 W EAL <108
CFU/ml (ZH);#E T % £ T37C TH 18~ 2458,
WA AR L 72, PBSIZT 3 HPkEE, 1
% FBS I DMEM (2 8% L AR R (1%
10* CFU/ml) % A/E# L, [ medium 12X % 2 fif
R (5 X 10" CFU/mD), 10 & REH (1
x 10" CFU/ml), 201& & BB # (5 % 10° CFU/
ml) % & EBRIZHEH L.
BB 1 ml 224X 7L — b £ A4/ (1
X 10° cells/well) (ZHEFE LBEZR U 72, HRfilie i
(X2 BER, 3EER, 4BRRIE L7 M, A549
MBLIZ 1 ml @ 1 % FBS #41 medium @ & % Hl
2,3, ARHEEELb ORI Pu—)L L
L7:. BEEE &wll 20 zREL (=
¥ b u—)id medium), A 549#0 g K E A &
3" medium PJIZ1RE L T\ 5 S.pneumoniae %
HUD B < 7212 PBS T 5 [Pk L 7. APk
i (PBS) (3 Ml ¥ JE R B 3 112100 pl FEAE, 248
5% 28 L B 12 S.pneumoniae 3G LT
W WE R MR L 72, Trypsin (0. 25%) 100 ul,
EDTA (0.02%) 100 41, Triton X-100 (0. 03%)
400 ul %N Z 72 #4802 A S49M B R A58 L 72
S. pneumoniae (adherent bacteria) & FLAIZ42
A L7z S. pneumoniae (invasive bacteria) D& gt
R EERERICTHE L7, S. pneumoniae

DRAREETRD 720 ICFERICTH % HH,
PBS |2 & % % % 17 - 72 #&, adherent bacteria
ERWT 570K well 12 20 ug/ml @ me-
ropenem (MEPM ) & 200 ug/ml @ gentamycin
(GM) % &4 L 72 1 % FBS i&/il DMEM %1 ml
Mz 2 ReHEERELL BEZOVEERM
medium (3 ML FEREEH 12 100 u ] $eF8, 240%
[ 3% 2 L S.pneumoniae BN ETHBE I N TV 5
HEfR L. 2Ok well 55 FUHFE RN
medium % B3 L PBS € 5 B %, trypsin,
EDTA, Triton X -100% il . A 5494 i N 12 42
A L 7z invasive bacteria D A % E &R E L 7-.
i, DU S ALER 1R O R BE IS (PBS) 30 1l %,
FEEMEA LT WERIR 58 PSSP (PCG @
MIC : 0. 016 ug/ml) O B % & A L 7= 1 i) %€
REH LA T L, 24FpRI5E BB ICHIN R
WCEBROEEFEHHA L TR VWEZFERL
7z, F 7 Triton JLEEE D EEIFE 30 ul DA
REPICHURBEAEAE L R B % [F RO F i Tl
BL7z. BRAREZBEDZWICOWTILEMIER
ELT, FBRICHZ 80, PSRN, difz
17 72 % ICFHEE 1 % FBS &l DMEM % 1 ml
MR 1EEE 2> 5 4 KR ¥ CHERAYIC medium %
MEFEREEM ECREL, MM S FOHRE
¢ (medium N) ICHRT 2RWAGFEET A 0%
E AN

FEBRTIIZOD EHERNO ERIEE LT
W, BEEEN-ETHIHELMHRL. F72,
FEERBAAEE & J& TR IZ Trypan blue $ s T A549
ML o> viability & FX7z. & TOEERIIMT L
T 6 \ATV, #HRITZFND OFME £ EHERZE
T L7z
<IRETFRVREIT >

WEHAMTH Y 7 b StatView J-5.0 ( SAS In-
stitute Inc. NC, USA ) % FvT, Student’s ¢ test
THEEBREZ TR0, 01K (P <0.01)
RHEBAEED LR L.
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Table 1. Characteristics of 4 Streptococcus pneumoniae for experiments
Strain Speci MIC of Penicittin G Suscepibilicy o’ s
pecimen (u J,‘,‘,‘f‘) . Penicillin G erotype
SP7055 Blood 0.016 S 6
SP6016 Blood 0.5 1 23
SP6022 Blood 0.5 I 3
SP7067 Blood 0.5 I 14

a MIC, minimum inhibitory concentration
b S, susceptible ; I, intermediately resistant

Total number of bacteria (CFU/well)

Fig.

= 800
i)

3

=
jom}

= 6004
-2 5004
8
2 400-
o=

B 3004
b

Fig.

7004

120

1004 i

80 s T

601 SP7055
401 ] speoie

D SP6022
SP7067

2 3 4
Contact time (hours)
1. Effect of contact time on total number of adherent and invasive

Streptococcus pneumoniae

Inoculum size was 1X% 10" CFU/ml. Total number of bacteria were
determined as the number of adherent and invasive bacteria per 1 X 10° A
549 cells. Results shown are the means + standard deviations for triplicate
wells in six independent experiments.

* P<0.01 compared with contact time 2 hours in each strains.

* SP7055
SP6016

SP6022

AN E]

SP7067

0 5100 1x107
Inoculum size (CFU/ml)

2. Effect of inoculum size on total number of adherent and

Streptococcus pneumoniae

5%107

invasive

Contact time was four hours. Total number of bacteria were determined as the
number of adherent and invasive bacteria per 1X 10° A 549 cells. Results
shown are the means + standard deviations for triplicate wells in six
independent experiments.

* P<0.01 compared with two lower inoculum size in each strains.

8 P<(.01 compared with SP7067.

(35278 5175 2001)

¥ F
<fEREH%KOMBFEF] >

S EERICHER L 72S. pneu-
moniae 4 ¥ O FEH| KM, MmME
BB % Table 1 (277 L7z, 44k
18 (SP7055) (XMmiE# 6 B>
PSSP, 3 ¥Rl I {% 2237 (SP6016),
3 BI(SP 6022), 147 (SP 7067) &
PISP T&» - 7-.
<{}%E - RARE>

NS 4RO A 549~ DB
fil B D EVIC K BAE - B ARE
DORERERLE (Fig 1), K%E
B TR &L X 10" CFU/mI
E L7z, BRWMRE HEAE 3 R,
4 R RO - BARBITHEE
2ME R L EREEICHML Tw
72 (P<0.01). ZF7-KHmaFmE
BB A B TOfE - BAH
BICHBEZIRD o7z,
RICEERHBDOEWVIZE B
% - BAROHREZR L (Fig
2). AFEERT oA AR Y
L7z KWL HEMERES X
10° CFU/ml & 1 % 107 CFU/ml [ ¢
OfE - BARBIIEREZRD
o 7278, 5%x10" CFU/ml OB
BETIRMORE L LAEEICf
- BAWESHEML WA (P
<0.01).
<RBABE>

s U 7z48kdh A 549541 g ~ >
BABEZAELTWDIX 28 (SP
7055, SP6022) TH-o7z. W
T4 R EOZHEERETORA
R DS % Table 2 (2R L7-.
KEERHE COMBKBORAE
BUCEEEIZED P72, 72,
FNZEROBICBWCHEREIC
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Table 2. Number of invasive Streptococcus pneumoniae into A 549 cells

Inoculum size (CFU/ml)

Strain

5X10¢ 1X107 5% 107
SP7055 72 8+3 8+3
SP6016 0 0 0
SP6022 6+3 6t2 T£2
SP7067 0 0 0

Contact time was four hours. Values are means + standard deviations (CFU
/ well) for triplicate wells in six independent experiments. There is no
significant difference between SP 7055 and SP 6022 in each inoculum size.
Also, there is no significant difference among three inoculum size in each strain.

Table 3. Percent cell viability of A549 cells after four hours inoculation

FING 27

BT A0, 2 PAF re-
ceptor NDFEGIITRATTH T A
VARG X B bR o R
=234)~36) %o interleukin -1 (IL - 1),

tumour - necrosis factor (TNF - o )
LEOREBTA M HAL 285
PAF receptor @ up - regulate A3
ErEbhTWna®®, o
receptor & DFEHIT L D #ld TRK
RIS B, Fh, ZhbDH
BICBT2RNOBEELEMTH
AhiE LA~ OfFE - RAL

Strain . VT ORI & AT - 72

it s 4 [ O R R L
bk 4 Bk % M5 L7 (Table 1).
s ik 100 100 S. pneumoniae @ ¢ J& IfiL & Y 13 31
ki s Gt il TESATEIEIC S LT H ) PISP,
SP7067 100 100 100 PRSP -(‘:0) Jﬂl‘(%ﬂé‘j\#ﬁ L: Ci » b E@

Contact time was four hours. Values are expressed as percent cell viability
of mean viable cell count after inoculation per before inoculation in six

independent experiments.
#, P<0.01 compared with before inoculation in each strain

LHEBRARBICHDEREZIRDO Lo 7.
BARETH LTz 28 (SP7055, SP6022)
ZBWT, HIBENA S H U medium P RS
LHIIRD R h o 7.

< ASA9ARADAETFE>

FEERIC BT D W HEMER % O AS49RH FE
viability 1Z, T~ Fa— B X SP6016, SP
7067 CIX KW E, B T iz
L7 L SP7055, SP6022CIZEME &1
x 10" CFU/ml, 5x 107 CFU/ml TH#HE 4 BF
#0 viability 25 BT LT 7z (Table 3).

- 7.

Z &

S. pneumoniae W- W 25 J& G E FEFE D B T D
TG, FENE O B W) DB I3 SRR L B2 A e
~DEFH (colonization) Tdhb. EH LI
WX Zo%FEX R L TN, 2Bk B
#l Ha @ platelet - activating factor (PAF) receptor

WS R SRS EELR TS,
ElH PISP Cid 3 /Y, 671, 14%1,
23%173% {, PRSP Tl 6 &, 19
R, 23ISR DI0% % FHT»
5. FRENC X BEWIZDH DD BEEA RO
FRHIC S —Z DR 5N, FAE MK H
SERHRTTIZ 3R, 6 A, 198, 23WANIFIFFEIC
SEEEN, ROTURIOSEEENE W, £2
THEOFMABERIZ, MK S —MAI 5 S
NHWEITH5 6% (PSSP), 3 A, 14%], 23
B (PISP) % #iRL 7.

FM—E&E (1x10"CFU/ml) T ORI I1Z
Lot - BAREOE (Fig. 1) TiX, 4
ETICHEBIKEN 2B 7. T BRI
B AHREOMHE - RARBIZEIZRDLho 7.
4 R EMBOBREREICL 245 - BARKD
#g (Fig. 2) TlE, 4 RETWKHEEBKEE %
w72, 5%x10° CFU/ml B X U1 x 107 CFU/ml
DOEMEHETIL 4 HRE O - BARRIZEZ R
Mo 72H%, 5% 10" CFU/ml OB & T 1 # (SP
7067, IMiEEI14) O&X, o 3HRIZHE L TH
% BABBY P dol. TO¥K®DPCGIZ
4% MIC (34t 2 ¥k PISP & [FH 0.5 u g/
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ml THY, BARZHICL->TELLETIR
BN EZEZDDVFHMIIAHETH 5.

RIZ A AR~ DR ABED LI TH 5 25,
Bt A R RABEZAE LTV 2K TH -
7z (Table 2). SP7055 (PSSP, IiE#i6) &
SP6022 (PISP, IM{EM3) THY), RAWE
W HERE R R 0. 0001% K L WD TH Vb O
Thot:. ILEHEFEOEVICIIRARE
DEDLBD Lo 7. S. pneumoniae (PSSP)
H B\ GBS |2 & MM~ D& - BA
REICRET A8 Cik, 17508, BAREL DICH
BRI, WERENZ D TNnEY) 8~
SEORERIIMNERICHE L TIFAKDORERTH -
TeAMRARBICE L CH KA RRD e h o 7.
FDHE TIZ B M % O viability 1399% L ET
Holzb LTWBY, LaLichs5Eafit
DOIERTIEZ, BAEEZAE L7z 2 KT 4 RpRHAn
% @ viability P H BEKFWITE T LT
(Table 3). AREEIZBIT A A549MifL D via-
bility (2522 % RT3 HF & L T medium P D
FBS &, fH L/7-@%E (MEPM, GM) &
B, TERERMISE L E 2 oA TRERICB W
TINSD A 549K viability (2B % KT
XEWHERERZLTWS (F—yRER). T
7oA 2 #RCUE 4 BRI b viability 12Z1L
BRVWEPS NS DOEBITENTHS. L
LA R BN O W O R H 5V iZMa A~
DHEHOBEABRZML2ORERKAT, 2L S
pneumoniae ® H C.EEIZ X 4 pneumolysin D
HHC X 2 MiRa e AY 2 X ) A S49Mifa o
viability 2K F L 72 T REMEIZBETE v, £
LTINS AEREDS W EEER &
(5x 10" CFU/ml) T& ) BFIZHN-/20D1,
BEERE TIHRICEHIBAL TV TS A549

X

(%527% #5175 2001)

MM OFERIC X b B 2SH R, Bl S PR 3
(MEPM, GM ) &4 medium H |2 H S ik
BN EErEZ 5N 5.

4, BRARMISHEEMSEZRF L TWiz S pneu-
moniae 4 FRD A 5S4~ D 7 - E}\ﬁ‘éﬂl’)
WTHRE L7, 2heofbs - B ABEI SP705
5 (PSSP, Imi&#l 6) = SP6022 (PISP, Ifli
%I 3) = SP6016 (PISP, Iii%%I23) > SP 7067

(PISP, Imi#E#I14) DN TH > 72 ( SP7055,
SP 6022 & SP 601613 f & BEIC 213 2 VW AYHT 2 Bk
BRABZAEL TV O IDNEME L),
4 BROIMFERNFER 3 5 & 2 DAL EER b1
W 58S N D MIERIO M L FAROKE R T
»H Y, S pneumoniae ® A SAHIBI~DfE - 17
ABED 2T EANESZ D ENT K BETIE R L,
t L AMEROENI L 5075 - RAEDAET
HHENICEZLNS, BIb, MBS
pneumoniae VWY 33 BG4I 7 & HUIMLE F89E %
ETHEELZRTFO—DOTHrEELLNS.
L2 LEMERE D 1T 2ORETH Y +4
LRER RV, S, BRWE, WHEEE D&%
BEHl L THEHIIRETALEND 5.

# E3d

WERZBICHID, BHEOWIEE, HKEZEY
¥ L IIEERRREFRENB2HE REEERR
CHRELIZHE2HETET. 72, ERIIOVTO#E
PRMEE, 2Re\HNE V0T RE N
ZIELDHETI2HEEOERRT, MGHE - wEL Y
Y= b NICEREY Y ¥ — 0BT IR LR
LEFET.

T BAMRO—EFIZNNGER RS (FILEE%T) 7
0¥z s MFSE8-405, 11-501% 5 #iBi 2 21T Tirbh
2HDTH5b.
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