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Abstract — Streptococcus pneumoniae (pneumococcus) is the most frequent causative agent of acute bacterial
pneumonia. Outstanding characteristic of pneumococcus is an ample polysaccharide capsule that is highly anti-
genic agent and is the major factor for classification of pneumococcus into more than 94 serotypes. In this
study, production of capsular polysaccharide from Streptococcus pneummoniae type 23 was optimized by sup-
plementation of metal ions or by modulation of culture conditions. When brain heart infusion (BHI) broth was
supplemented with 1 mM concentration of CaCl,, CuSO, and MgSQ,, growth of pneumococcns as well as
polysaccharide yield were stimulated. Also slight aeration gave rise to better polysaccharide yield.
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a3 FAEe] ST+ (Streplococcus pneumoniae)e- (Anttila 5, 1999; Seong 5, 19992 F AME-E T glv}
HE, 44, FelEleA A, $019, ddE 58 ¢ A7k S]] vioels defined media(Adamset

271w A H7e] 90% olite] o] Aol £jsiA W
I Qlek B8] 154) o)ake) offeu} o] oA M=
Fatde) Aol HF@TT o] T HFoB deA 9)
cH(Willett, 1992).

Roe, 1945), synthetic medium(Sicard, 1964), casein hy-
drolysate(CAT) broth(Porter£} Guild, 1976), brain heart
infusion(BHI) broth, tryptic soy broth o] 4| 9le
vh ojwd wiR]7} gt el ik A3k AL B3

AR 7T ATl ez sl EdRe gut
o, C substance, F antigen, M protein 5] 3ot &
oG AP getd HAHs ERCNRE TAE
o] AL, YRS TS e IR, olEF d i
71 #EEEe] E5A7) weksiAl £A8ke] serotype &
94 717 o|Ate] EABARL HAH T L FAAKEE
- Eol] serotypeT BS S7IEALZ SAEC (Willett,
1992; Henrichsen, 1995). 3z} AM-%T 9l 237} o
Tl 1967-84d717] mlSelA gAlesE Felsl #F
T 5800708 HHTTE HARe R R HHe] sero-
types AAT A} 237FR] type(l, 2, 3, 4, 5, 6B,
TE8, ON, 9V, 10A, 11A, 12F, 14, 15B, I7F, 18C,
194, 19F, 20, 22F, 23F, 33F) o] AA#RLe] 90% ©]4
£ AAF Gl7] a2l 23714 typed] HHTFH L2 RE]
HOA2FS 22 Al AR WA oE A=A}
(Robbins#} Robbins, 1986) toxoide} conjugate A]7 wHHA]
*To whom correspondence should be addressed.
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A A3 CAT brohE FHEEZ 3l wiA]e] HH3AIY
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FHA Tl Hrbshs Aol v £&& F71417]
T A4 AE Bad \b glekKim 5 1996). vt
HHTEL 947} oAkl dlekalh (ypeo] R TRt
EAsmz B Aol Wamaldas AHEE
type23 B tfFe] £E% wol7] A d7F F3s)
99} & L-thamnose : D-galactose : D-glucose : phosphale
(35:31:32:3Y% 18t Type 23 TF(Richards?} Perry,
1988) & o]-83ted o7 7ix] wjA|e| M 9] Axke Sk
% ] FEE AE ARl gl Al
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BHI iAo A sj=si72] 3 A=k AE3ke] 37°CeA
weksted 550 nmell M FF=7) 0304] =gslol-g o gly-
cerole 10% =3 H7psled -650CeA EAg AL =
ookl & 2 ALSElgIC
HiX| ZF0i| 2 Type 232 Ma&

CAT ¥l =] (Casitone 1%, Trypton 0.5%, NaCl 0.5%,
Yeast Extract 0.1%, Glucose 02%, 05N K,HPO, 3.4
%), BHI ¥l#], Defined media 5mloll Type 23%] <
Hlof 50 wE 2 AEskar, 37°CeA wiekslbEA 14]
7kt 2% (550 nmell A9 5 Sl
Z=rietRe| 22[(Campbell2t Pappenheimer, 1966)

BHI ¥iA ¢l #HBIFE AE5h 550 nmel|A] E4=7)
FzAge] =@ A7k 37°Cel A ujekst ©hE phenold:
1% ¥ =% J718l] AZ2E L8217 AxzLsde] -70
oCZ2. WAT7] ethanobd 1/2 43 7}ed doCellA 3431
HEE o 40°ColA 10,000X g2 1087} %}ﬂ%ﬂh‘v}ﬂ
AL AT AHEE 120 S8 S5 @
| 4s8|3lal chloloform : butanol(5 : 1Y& 1/5 S8 7}6}
F28 T 10,000X goll M 1587 (4 E=]sle] Ak
S Falirh. ] AE Mol hexadecyl trimethyl ammon-
ium bromide® 0.2%7} HEEF 7lEaL -70°CE WZ4A7]
ethanolg 20 £k 7)sled 4oCellA] A)7F I3} F °-1
A #2](10,000gX 30H)3] AsdS AlATZ AMES
FHoll Salsle] AALR sl

Total sugar assay(Orcinol-sulphuric acid assay, White
2} Kennedy, 1986)

749 600 i FFN (Starch 2, 4. 8, 16, 32ug &)
600 piel] Alef A(H,SO0 0.2% orcinols £-aflhe] 40C
of ¥a3t ZYe 24 ml¥ 7)ske] 80°CHlA 1587 w9l
3 Aoefa Wzksled 420 el A FREE 2Asle] &
;g AbEsiEh
HiX|e| £7| pH 'Hsjof 2 WEIMe| Hs}

BHI #1#] 50mie] %7 pHE 27 3, 4, 5, 6, 7, 8,
9, 1002 FAT F Fgvlekd 0.5mie 718k 37°C
Ax 8A1ZF Bk wiokEhEA 550 nmell M FEEE EA S
I 2eHRE ZElskdd
22| Halof| wE =CIER 4y

50mi®] BHI wjAlel| FF w05 mig HE3HZ
MnSO,, MgSO,, FeSO,, CuSO,. CoCl,, CaCl,, EDTA
Z TR FUeE F 3700 wickslaAM SRS &
Asle] AAFAL ZASAL AAF TGN T2 s}
of FgR-g B
S700| wE MuZMo| Hat

Faokeld 1 mke BHI ¥iA] 100 mlel] %E538led 37°C

o4 0, 50, 100, 150, 200 pm2Z. Zl&H(New Brunswick
Scientific Co. Incubator Shaker) ®jok&}mr AAZ-HS
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AHT 1AL AR FE SuS ZHPRE £

st

X ZF0 e HETE type 232 ME=NM

HFFTL woke] heehcta deial WA FolM de-
fined media, synthetic mediumell M type 4 #H|FHTF7}
A&s)A ok =2 (Kim 5, 1996) £ AFelME= type
23 TF AAL vl -rlfﬂ of=] 7k2] Aol type
23 ﬁ-ZE ;ﬂiﬁ]— ‘Ei'_ '&.iﬂ-E_E -5-2-1-3]_0:11_—,]_ BHI HH;{]Q_]_
CAT wWiAdAM S| HFT type23 TF5 vl S o
550 nmel|lA] FHeEEEST 25 057019415 350} 04
o =sl7]17b7] CAT wiRlelMe 9AJZE o]Abe] A8 H T
BHI ¥R A= 6A]7ke] A2, 223} defined me-
dia, synthetic medium, tryptic soy brothell A= Al-H-o] £
18] @t (daa AN HS) B AR BHI o)
AZ 7)Eu|=) 2 o)l
HETRel WRTMa AIZHE ot Ciete o

Azl w2 @t Siekg ool MsE A7) S8 o)
A AR S e 3 A
Az} A=k T (EFT 0.43)00A4 ng} :].EI-E 2] oFo] wj
Al 1liter % 2.6 mg o]gl e} (Fig. 1) L o] Zof| = E3}
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Fig. 1. Growth curve and polysaccharide yield of pneum-
ococcus type 23 in BHI broth. Pneumococcns was incubated at
37°C in BHI broth and absorbance (vertical bar) was measured
each time at 550 nm. Polysaccharide yield (filled diamond) was
defined as mg per liter of culture broth.
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Fig. 2. Effect of initial pH on growth of pneumococcus type 23,
Pneumococcus was incubated at 37°C in BHI broth and
absorbance was measured each time at 550 nm.

HiX|e] =71 pH Hso| WE digr=el Matnt Hat o}
BE

Streptococcus cremoris®] AT H3 AAEF, 27 pH
W2l mhE Jactic acid®] A 2 BT AFPHe
pH7} T5¢) AT} Jactic acid®} Al & oJgke )
A wiA]e] pHE A&F ez 2Asl= Zlo] A o
v ZEe Qg oM ®vHichBoquien
1988). = wiRlojAMe] 7] pHr} T AR A} AF
9 AA Tl 2 G AT eE AAsglens
2 AgeME 27 pHE 40004 9.0°% ZAF BHI
Bzl type 23 WFE HER F ARE A 2
7| pHE 4, 5, 6, 82 ZAIHE Holle AAe] w4 =
A QA EG 2 7] pHE 72 Z2FEE BHI w9
e Fd AR msigler e o] d= 7}
4 FUTHFig. 2). 7] pHE 2R ¢ vIA(pH
TS 27) pHE 72 FRNE o ol we) YA
(stationary phase)ell =28l ZT wiz|e] Z7] pHE 7
olub 7.6 Atel7} 71 AglElAT 27 pHE 70202
2AHPE v @Y bR ok pHE FPSA osky
o] vhR okmt E Aolrl glsivh(data AAERA] k2.
AAeol A HFET2 pH HE} Ak ok # (2l
738 W F el MAET gler Fa g9 B2 o
T kEE, AT 59 olm|icAl, whA xu}b ohR
So S pH bt 4] pH A5} Fo) ] P
AN EAfgiel, ulebA pHrl 04 AERE F)ells
ko] AAEE veplidle) oo 22 #AR ¥ o
e TR g AFTEFR ypers HHzE A2 o
3 mM2] HCH A7 competence?] Wrale] 21713
AFAT 6 mMe] NaOHZ H7}8b competenced]
o] $=%% Z(Chen®} Mouison, 1987)3F #-AF8H74 pH
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Fig. 3, Efect of calcium ion on growth of pneumoccoccus type
23 in BHI broth. Pneumococcus culture in BHI broth was
supplemented with varous concentrations of CaCl,, and
absorbance at 550 nm was measured to monitor growth of the
cells.

2% 0|29 ER0 mE HEHTZe Matnt #at Cieki of
ofg] FFe] FolEe] FYURF ¢ il Aate]
dgE u]FTh= M3 (Cooper 5, 1981; Appanal, 1988)
of metA B APdME F4ol222 MnSO,, MgSO,,
FeSO,, CuSO,, CoCl,, CaCl,& BHI ®jX|e] 7t} F=
HE A7 3 A o iR ok AT

Ca*r o]2& 05mM M7}kl type 23 W52 Wikl
< dells FH=S E7P) FAEA ket (data AAE
Al %e) 1 mME A7IEE F wjolEl S dels ZA)7) (lag
phasey’} 2A17F 34N T AWMPAEE 0.687H4 F7159)
h(Fig. 3). 10mMe] Ca*t °]&& A7 dox= Hlx
A ARES PAs] 2808 AAe] AAFHHdata
AA gy, 2t 05mM Z 1 mMe] Car o2& A
1S e TEfoke d2ee 2elr) gAY 28
Z4¥ 9 oh(Fig. 8).

Co* o] X EDTAES BHI wixle] 0.5mM H7}3t
F type 23 TFE wioR)S ool o] sbds] AT
Bow o)# AR type 4 TF(Kim 5, 1996)4% 3
29k data HAEA] k).

Cu*t o] & BHI ##]¢] 0.5mM 713k 3 wioksle
o= Catt o] 2E 1 mM Hrlska ek oo fA)
37 AA77T 3417 AR =T FAfe] Sxl=n] )
AAAE 2y vissid ot Fig. 4) dRFe 2 o)
T B9 29 SURESYk(Fig. 8). =EEF Cut o2& 1
mM B7FeE F- wfeklg delli= x|A7)9] Zhael oo
7)ol ] =AY E 030% ZH4as Rt
oI RS EvTe) Bge ool ble 1349 FlEAS
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Fig. 4. Effect of copper ion on growth of pneumococcus type 23
in BHI broth. Pneumococcus culture in BHI broth was
supplemented with various concentrations of CuSO,, and
absorbance at 550 nm was measured to monitor growth of the
cells.
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Fig. 5. Effect of iron ion on growth of pneumococcus type 23 in
BHI broth. Pneumococcus culture in BHI broth was sup-
plemented with various concentrations of FeSO,, and absorb-
ance at 550 nm was measured to monitor growth of the cells.

(Fig. 8).

Fet+ ©]-&-& BHI ®iAlel] 0.5 mM #7}g & wjokl S
Well= AAZ|7} AZE A= AT s 3 FHjAz)
Aol foA e W)t glgleh Fer o2& 1mM
A7Vg F wjoFiS wioll= BHI wiA| A3 23eEe
BAFl AHFR) T FAET) FUlslgor o2 elaled
FHfAgAg o] S48 ANE #HAFICh weld Fer o]
2% 1mM ol FArlsle AE-E AR dskohFig.
5). Bolgk AL type 45 Ferr o|&-g 7|8 CAT #i%]
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Fig. 6. Effect of magnesium ion on growth of pneumococcus
type 23 in BHI broth. Pneumococcus culture in BHI broth svas
supplemented with various concentrations of MgSO,, and
absorbance at 550 nm was measured to monitor growth of the
cells.
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Fig. 7. Effect of manganese ion on growth of pneumococcus
type 23 in BHI broth. Pneamococcus culture in BHI broth was
supplemented with various concentrations of MnCl,, and
absorbance at 550 nm was measured to monitor growth of the
cells.

. 1996) type 23¢]AE BHI wiA|el Fer+ o|&& 05
9 1.0mM 7B wieFiE o s kel 47 gz
2 2509 160 F7kEl Ae|vh(Fig. 8).

Mg** o] XX Mnt o]-&-2 BHI #ix]e] 0.5 mM =
B oimM Z7E F ekl dells ARERaATT 3
ZEe] AA7|7} 2A17F BEF G er daee] AR et
=2 A EY 060 2 056y Vel o] ZAx
= CAT wiA|ol| o]% o|-25 AH7Igt F type 4 W55 i
oFlE o] AgAgel FARE Aolvh(Fig. 6 7). Mgt
o]&& 0.5 == 10mM H I BHI wix]e] type 23
58 AT T WFlg d =7 oL 288 Ax7
Hro} #HAE dargllr) Mot o222 05 &= 1.0mM
H71gr F wodElE dolls HR-F oFel A=t 14 9 #
2.140 Z7FE A Fig. 8).
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Fig. 8. Effect of metal ion on polysaccharide yield of pneu-
mococcus type 23 in BHI broth. When several metal ions were
added into BHI broth, and type 23 pneumococcus was in-
cubated at 37°C and absorbance was measured at 550 nm.
Polysaccharide yield (mg per liter of culture broth) was
determined at the indicated absrobance.

Helde] SFeME Car @ T o2¢] FEE A
}"ZH"]Z] A AR L ;‘“179'5] He 2 izﬂﬂ‘l] M
o] ol AT o5 o] 2 ?27] el == Ee
A EF) AL SFAF S ] F)e] :é ol e A=
“H(Salyerset Whitt, 1994; Peterson-»]— Nlese], 1088). &
enterohemorrhagic £. coli TFellA= hemolysin®} -frAFEE
=455 Jakel] AZE sl {25 Car o] o
219l enteropathogenic E. coli The- S5 Tdel H-2
Fled AAEe] 9lW Catt o] &5 }“7*”1"] AEA=Z ")
EAA Catt $EF S7MFLEA ST E e ¢
Arstel MEFH S WIFHE op] A1A microvilli &) HelE
WHAT| I ofuf) Alge] ME LR ARz AR 5
AT} (Salyerset Whitt, 1994; Pettersson 5, 1996; Zhang
# Normark, 1996). o|&l AR -2 Ao &3l o
F el FEole-s FRa] HeiM A7) o 71Ale]
o] $E L glom] Fol o] FEWIP} 7o ZALHY
2% FA} s % AASEE ek, w1l
ME= TF typeell o8} Cam 2 FEolol] i whES)
Zpel7} gl A T ¢o]: gl Azl WEY) oprlEl Aoz
FAR,
TR 2 HETe| WAD Hu CIERE S8
et ez 37|52 oy AAADGAE 56 H,0.5
AAsled wAllE 7] JAFE catalasegl= E4E Al
Adste] H,0:5 H,02 ZAZA7)A #3702 B4 871
AATO R catalase?} EANTEA] gkobA (Willett, 1992) =%k
g ol dulzgeg Er7} 2 gs Aos o=iAeh 1
vt Porschen(1976)2 §7101 2] AR+ A= &
o o] oke] FElY B st mel B AE
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Fig. 9. Aeration effect on growth and polysaccharide production
of pneumococcus type 23. When culture in BHI broth was
acrated by rotatory shaking (0, 50, 100, 150 rpm) at 37°C,
growth of pneumococcus was monitored by measuring absorb-
ance at 550 nm (vertical bar). Polyysaccharide yield was de-
fined as mg per liter of culture broth (filled diamond).
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