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A Pneumococcal Conjugate Vaccine Formula Induces Protection in Mice Against
Disseminated Disease due to Streptococcus pneumoniae

Yongmoon Han” and Jue-Hee Lee
College of Pharmacy, Dongduk Women's University, 23-1 Wolgok-Dong, Seongbuk-Gu, Seoul 136-714, Korea

Abstract — In the present work to determine effect of a Streptococcus preumoniae conjugate vaccine, S. pneumoniae cap-
sule attached to the surface protein (JY-Pol) was examined. This JY-Pol contained approximately 92% and 6% carbohydrate

and protein, respectively. Gel electrophoresis revealed the presence of the surface protein in the JY-Pol. By the double

immunodiffusion and isotyping ELISA analyses, administration of JY-Pol that was adsorbed to alum adjuvant (JY-Pol/Alum)

into mice induced IgM, IgG, and IgA specific for the S. pneumoniae capsule. The ATCC capsular polysaccharide adsorbed
to alum (ATCC-Pol/Alum) provoked only IgM in mice. In survival tests, mice that were immunized with the JY-Pol/Alum

before intravenous challenge with live S. pneumoniae survived entire period of 46 day-observation, whereas all mice that
received ATCC-Pol/Alum or only diluent instead of the vaccination died within 5 and 12 days, respectively. Results from

footpad-edema test showed that JY-Pol/Alum formula provoked the cellular immunity as determined by swelling of the

mouse footpad. These data indicate that the naturally conjugated JY-Pol enhances resistance of mice against disseminated

pneumococcal disease due to S. pnewmonige by both humoral and cellular immune responses.
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¥ TH(Streptococcus preumoniae)S FEFOFE Mgl
Gram A7 25 7)1 871204 (aerotolerant anaerobe)O]
t}. Catalase S 02 wljofzzio] 729 CO, 3t o uj
oA 7H 2 Ay, AR A -8 Streptococcus
Group ASt 22} -84 (a-hemolysis) AehS FJsla, B
28X (bile solubility)?} optochin(ethyl hydrocupreine hydro-
chloride)*l¢] 7o) Slo} v A v 7EE &+ 3
ok w8k 27k Gautolysis)e] QoA joko] 2 ai®l ek
Az e 2Yo] FEHE AS #EE 5

HH T HEHQ HE A A (virulence factor)Z pneu-
molysin, neuraminidases, hyaluronidase, 38 %2 2l (surface
protein)?] PspA(Pneumococcal surface protein A), CbpA
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(choline-binding protein A), PsaA(pneumococcal surface
adhesinA), 72]3 autolysin(LytA) 50| Egse] Qir}t.2® o]
PspAt lactoferrin A3 ©HAZ HF 7t 25 RAEY
35 A #oh4Y Hy 772 FohohdEd (capsular polysac-
charides)- 03 ¥REQIAIR oeix] QIu}.Y FuityadEae] o
& e FEdez B} QP ol 47 AE (anti-
phagocytic activity}® H|E7+2) ¥EEE A4k vl &
3 947 17 Act?

HAGTELS AT 549 TF7) A8 doA ApgE 19102
ZReh Hig o]l 85 (bacteremia), T2 (meningitis),
©]<d (otitis media), FH]5- (sinusitis) 5= FEsh= 702,
3] gAe] st WAo] ssol W ET APLEo] UWd] &
LI & gz A A ez T 4 ojgke] folo)anl uj
9 1009 F o)) Alge] RaE 1 Utk o] o]f-= wiie)
A7t ofel] W oJES 3k Qirt. 71&S A AHE R

WAL F oM b

dn ofy i

kv

(capsular pneumococcal polysaccharide)
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o] frote}l wokal Fo Al o] v eksl} 41 o)== WY
A Al okt wiEol] T+ B]2)EA] BkS-(T-lymphocyte
independent response)°. 2 FA 7 HAHHAE H7|Y
(Immune memory)©| §lo] &7} w1 24231 st ¢l
7] wiitolt}, o]d o] fE MEE HF T HANde] JFH
o2 AT Yk 53], A2 FH WAORE T-
lymphocyte 2]&4 HAl/EE FQ o Aoz yydch = of
& DHUAR] pneumolysin 4o w4 Fobr] FHUOEA
gekzo] ofrh. 124 pneumolysin o] oFskE HF &
BAJeHA] Fdhs HFE o] &8 Arrialo] AE L QIAIRE
Fsl Aol & Al 1A oA el WeAd slEo® 2
AL dod e ©ilol girh

ol ¥ elsle] & Ak ATy o4 IHd
HgS a3ty e FHEAS Feldle] dE@ 7+ A4S
off th3t E7E AT

S 10 rif

ME W AEHYY

il . 1 %

S. pneumonige Serotype 4= ATCC(American Tissues and
Cell Cultures)el X T-¢13te] EAui*|(Blood agar; Becton
Dickinson Co.)¢} BHI(Brain Heart Infusion; Difco, USA) <44
HR|E- o]g3je] 37°CellA wliekste] Al3}irt. ATCC capsular
polysaccharide(ATCC-po) . ATCColA F3le] £ Aol A
2% B9 capsular polysaccharides} v) w3},

E=

67% 2] inbred BALB/c ¥ (female) 831+ Charles River
AfaoA TSI ALgEY o, o] FEES 1UHAS
filtertop cageol A B¥ =¥} AFE(Ordent Co., Seoul, Korea)
E AEA 9 eha, gz 3R} ehnle 3
3 B ARG 17U ASAIN T A3 ARG 5
BARALE &5 25°C, ATlFE 50~60%2 SA18k1, 2
12A]7kec} G o] g s B 5 2 E3gI)

A&

Trypan Blue(T-6146), DPBS(Dulbecco's phsphate buffered
saline; D-8662), phenol(P-4161), OPD(O-phenylenediamine;
D-8662), sodium acetate(S-7670), chloroform(C-2432), poly-
acrylamide(A-3553), Bis(M-7279), Tris-HCI(T-3253), Tris-Base
(1-1503), sodium dodecy! sulfate(SDS; L-4509), ammonium
sulfate(A-3678), TEMED(T-9281), glycine(G-8898), 2-mercap-
toethanol(M-6250), dithiothreitol(DTT; D-9779)]19} enzyme-
linked immunosorbent assay(ELISA)o AM&-%= & #[goat

anti-mouse IgA(M-8769), goat anti-mouse IgG(M-1397), rabbit
anti-goat antibody(whole molecule; A-5420), rabbit anti-goat
IgM(M-8644), 1)1l antimouse polyvalent immunoglobulin
(A-0412)F= 25 SigmaciX 7I&I$ 3L ethanold} sulfuric acid
= Aldricholl A 738 ARE-31%dTh

HE 2 CHen 88 S8

HET o Y 2L 7|E9 LR wiTg
2o g WAzl £&39c). &, S. prewmoniae Serotype 4
(ATCCYZ BHI HAHl=|ol] HF3t] 5% CO, A tell 37°C
olx] 96AI7F St vlokEtTl phenol@E FE 0.1%)2 H718IY
240 7F oA wjokst & AaEEsl AEE AASIA dE
NG AT} o] 5ol FARERT oehs M7 £ #
A AL sl TR AHS T FEEXES HUIs}o]
E2EYE &8 FES AAS o o 784 S 4%
o] 2AAZ %}, F2l€ S. pneumoniae FUFFE (Y-Pol)
o] gi4=3}8 §4%2 phenol-sulfuric acid 34 % =g
o7 AN on gula ko BCA(Bicinchoninic acid) 73
2 Kit(Pierce, Rockford, USA)YS AMEsl] 431t 54
JY-Pole] 1 A& 8] $1sie] Lammli®®9] whel] &
Asle] EH< sodium dodecyl sulphate polyacrylamide gel
electrophoresis(SDS-PAGE) 'S A}8-31%lth. Molecular
markert> SigmacllA TUBIG o8, AlgE 7} wellell 10 u2) @
o5 200 voltellrl 71458 A3t

BRMY ot ZM

TY-Pol®] 394 (Immunogenicity)2 4 43}7] $18k JY-Pol/
Alumg BALB/c Aol 73 5098130t} o] JY-Po/Alum ¥4}
AP-L JY-Pots Alum(Pierce)ell HAHF0® E3t3l0] . &ofx
AA717E HhSAIZ] F QA R Hy¥ DPBSE Al ¥
AHsta Al DPBSel FEAA A $ vleld 02 m 574
o 3tk WY AT AFAZ wet A FEAh 13}
Hed HEH AFE 34 1 U F9YEEZE boostingS T F
S8 A5 HARKO 49 & OE vnE #1389
HETHS = A 23toj(Heat-killed S. prewmoniae; HKSP)
BALB/c BFAE WAAA 1 A S vt &4 A
A AR wgE BH9) me] FHel A & S S48t
o§ JY-Pol2 coating® latex-beads(Y-Pol latex beads)S ARE-3t
9 &l Whg7} ELISA WHo = ZAsigitt. 449 a9
Isotyping:= Double Immuno-diffusion(Ouchterlony) %420 2
ELISA W® o2 7 A5ttt o] ELISACIA #9& JY-Pol
(2 ug/welDZ. coatingdle] ARE-31%121, isotyping ELISAIA &=
anti JY-Pol antiserums ©]-43% sandwich ELISA ®HS 243}
St
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ELISA % double immunodiffusion

ELISA ¥32 JY-Pol 1 mge 10 ml Q35§ Ao) §-3)a)
o3 96-well plateol] 100 p B F WTox 247171 ikt
3 Tris $FEHoR AMsty £4¥ €38 DPBSE 1/500.
2 3Xae] 100 W ¥ 37°C CO, HaF7]olA 247t vjek &
Tris $Fgd 02 M2yt 1 o2 anti-mouse polyvalent
IgsE 91 R viekst o, Al&ste OPDE ¥l 208 &5
QF Bhg AIZ o] Az AL 3AE0 2 AR AP
1= plate reader(Bio-Tek, England)Z 490 nmollxl 38}t
Isotyping ELISA: JY-Polo] coating® 96-well platecl] 3|41l
A& 93 219 o] Hst & Aol AYAkel antimouse
IgG, antimouse IgM, antimouse IgAE 1: 100022 3|45}
217} qHgAIZ] ¥ Tris 5§80 2 M5k anti-goat IgG,
anti-goat IgA, 718)11 anti-goat IgM ©.& A3t t}g A7|d]|
7]=% Wi oE OPDE Y1 HA-3-FE plate reader® 57
Elpei=8

Double immunodiffusion 28-S agarose(SeaKem, FMC,
Germany)E DPBSell W31 §3jA171 £ A% 5cm plateo]] F-2
o A2old AR Foll, A7 04 mm wells TE T
ool X3t wellell= | S T8t FHells 1:100
©Z 3|43 anti-IgG, anti-IgA, 723 anti-IgME 20 pi¥ <)
3 Aol 48717 kS Fofl dhel kA WhE-o 2 FAJE Wl
T f57E AARKI

g4 719l £H= anti JY-Pol antiserum? DPBSE Aol
g ato] St o] W AHEE AR JY-Pol latex
beads®l] coatingdte] AME3FI T} A &7l JY-Pol latex
beads$} 7] 7]&% ELISA W oz gAB4 d71E 7
a3t

JY-Pol/Alum &2} ZA}

BALB/c 4F& JY-Po/Alum® 2 47| 7|€3 B3 T3}
Al AAIZL F BHI brothell Al wijeke #|H-77-& DPBSCE
e & Y10 cells/mouse)S ©] A2 mejAMo =z
FARlo] A AlF AETEES Alumtt Fol3t & E%
WO R BEAIT F ASAEE S5 of U @A |
BE it 53 548 AEE 2 HFYEAZH(Mean
Survival Times; MST)© 2 7515t

MZ 2244 (Cell-Mediated Emmunity) SZZEA}

BALB/c AFAE JY-Po/Alum® = A7) 71&3F SAs 9o
2 191 5 A 2alE(footpads)ll JY-Pol/Alums 10 W F
o3t ThE 24413} 4843t ¥ footpads®] FFH =S Dial
gauger(Mitutoyo; Tokyo, Japan)s- ARE&l] ZAslgict. ti2T
273> Alum 1= DPBSYE Hof o},
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AEgo] A4 o2 Kaplan-Meier Test W (Systat 7.0;
New Statistics for Windows; SPSS, Chicago, IL, USA)SE A}
Z3l3lon, 71 o|9]9] FARRAE Student's ¢ test WS A&
stk xT kel viwatl s | P golx7t 0.05 Bt 25
9= o] e Aoz WA st

4

HEY2 get CieEA 22 % 44nd

E2E S, preumoniae H THFFEZA(Y-PoyS ATCCOX +
A3 S preumoniae B tHRE-2(ATCC-Polysaccharide;
ATCC-Poh¥} Blwgt o= oh33} Z34ch(Table ). JY-Polell=
grglEo] 92% AT EREo] 9lom o] FHiE<> ATCC-Pol
& ARNg3}e] Blwsis w H o7t Gl & 4 33Tk BCA
protein % WY o2 A FFRE S o JY-Polo]
5% ATCC-Pol®] 4%°l vl&l| tha %2 Zog FAH).

JY-Pole| EHIEHTR &AM Ry

w29 JY-Pold] A F529& AT $1514 JY-Po/Alum
©% BALB/c BFE o] FEdM HY HES T AN
55 2% (agglutination) WF&-2 2 RIS, AN Ao+
ELISAZ 23353t} ©] ELISA Z3olN JY-Pol/Alum® ATCC-
Pol Bt} 108 ooz 3l-ah SARRg0) Q= Ao 24

Table I - Analyses of carbohydrate and protein amounts in the JY-Pol
JY-Pol! ATCC-Pol*
Carbohydrate (Phenol-H,SO,) 92% 94%
Protein (BCA Assay) 6% 4%

YY-Pol means S. preumoniae capsular polysaccharide isolated in
this work.

2ATCC-Pol means S. pneumoniae capsular polysaccharide purchased
from the ATCC.

Table II - JY-Po/Alum induces humoral immune response in BALB/

¢ mice
. Dilutions'
Antiserum
0 50 500 5000 50000
Anti HKSP? + + + -
Anti JY-Pol’/A* + + + + -

Anti ATCC-Pol%A + + + - -

The dilutions indicate reciprocal numbers of the actual dilution
factors.

*HKSP stands for heat-killed S. preumoniae.

31Y-Pol means S. pneumoniae capsular polysaccharide isolated in
this work.

“The A stands for alum.

SATCC-Pol means S. preumoniae
purchased from the ATCC.

capsular polysaccharide
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Table III - JY-Pol/Alum vaccine formula provokes high titers of IgM
and IgG as determined by ELISA method

IgA IgG igM
NMS! 0.369+0.019 0.341+0.015 0.583+0.057
o-HKSP? 0.477+0.15 1.112+0.065 1.279+0.036
o-JY-Pol’/A* 0.469+0.025 0.615+0.073  1.428+0.020
o-ATCC-Pol/A  0.348+0.046  0.378+0.046 1.349+0.045

Note: These values were calculated as mean+SE. Each of the
antisera were significantly different to a corresponding value of
the NMS (P<0.05).

INMS stands for normal mouse serum.

“HKSP stands for heat-killed S. pneumoniae.

3TY-Pol means S. pneuwmoniae capsular polysaccharide isolated in
this work.

A stands for alum.

*ATCC-Pol means S. pneumoniae capsular polysaccharide pur-
chased from the ATCC.

Molecular
Weight
(KDa)

116 -
97 -

60~ 100

L, 66 -

45 —
37**%—)

1 2 3

Fig. 1 - Electrophoresis analysis of the JY-Pol. The JY-Pol was
analyzed by SDS-PAGE. Results showed that the JY-Pol
contained S. preumoniae surface protein besides carbohy-
drate. The ATCC-Pol also had some protein. Difference of
the band intensity between the two samples was due to
different amount of these samples applied on to the gel.
Band at 37 KDa indicates PsaA and bands ranged from 60
to 100 KDa show PspA. BSA was used as an another
molecular marker. Lane: 1. JY-Pol (10 ug); 2. ATCC-Pol.
(10 ug); 3. BSA (10 pg).

slon, g7t A JY-Pole HaE A= 1/5000 3]4]
ANE HEgo] RIFIC}. I T2 thZ2F o2, BALB/c A&l
ndEFeR APEE HH A (Heat-kiled S prewmoniae;
HKSP) .= Wolg AF A Feld & AR3Is) o] 4
oz S A H = ATCC-Pole] SAl54 Antsl Ao

Fig. 2 - Anti JY-Pol antiserum contains IgM, IgG and IgA as
demonstrated by double immunodiffusion method. Anti JY-
Pol antiserum reacted with anti-IgM, anti-IgA, and anti-
IgA, respectively, forming a band between the antiserum
and respective test antibody, whereas the antiserum caused
no band against NMS and DPBS that were used as
controls. These results confirmed results from the ELISA
analysis listed in the Table III. Well : Center, anti-JY-Pol
antiserum; 1. NMS (Normal mouse serum); 2. DPBS
(diluent; Dulbecco's phosphate buffered saline); 3. anti-
1gM; 4. anti-IgA; 5. anti-IgG; 6. none.

FU3IAcH(Table 1I).

& B (Isotype) HM

~3A3% anti-JY-Pol antiserum®] &A) 52 811 317|281
isotyping ELISA & AR50 Isotyping ELISA Av} &
anti-JY-Pol antiserumell:= IgM 8%} olug} IgG o oll= A
o] IgA® 48 ER1g 5 Qlglavt, 1 whiell ATCC-Pok>-
22 IgM3t F 5351 0HTable D). ©] ELISAY] 27X [mean+
SE(standard error)}E& SAZFO2 AMHE-¥ NMS(normal
mouse serum)®] ELISA uiA&A )9} v wslgS o ztzte] =}
ol BAIF LR Foo] YUNTHP<0.05). FHEE °] AR
B o, JY-Polell ZgE]o] Q= ©lF Aol IgG AL 45
3198 A7 3=, ATCC-Pololl 4% T (Table I 2
Z)32 JY-Polt 22 FE/do] gl 20 E At "l Double
Immunodiffusion #*H 2.2 HAS Ao ME JY-Pol:> IgMz}
IgG ©l9lelie IgA A/do] ERI=ATHFg. 2).

JY-Pol/Alum $2IX%o] HAiZiedof Cit &2t

JY-Po/Alum WAIAIE (vaccine formula)?] 559 &712 =
ALEE7] 91ked BALB/c AFHE WA 3 wFdT7wos 7hd
AlZth 1 A7 ddE AR wlE T AAgde] o a e

J. Pharm. Soc. Korea
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Survivors

i J

0 i i L Il 1 1 i,
5 10 15 20 25 30 35 40 45 50

Days

MST + S.E. (days)

46+09
46 + 0.0

—&— DPBS/Alum
—— JY-Pol/Alum

Fig. 3 - JY-Pol/Alum vaccine formula protects mice against disse-
minated infection due to S. preumonige. All mice that
immunized with JY-Pol/Alum before intravenous injection
of live S. prneumoniae survived during the entire 46 days-
observation period, whereas control mice given DPBS/
Alum before the challenge died within 6 days. Difference
between the two groups was statistically significant (P<
.0.001).

B

7F Slof 11 AJEEC] dxTel HjEte] e 235 ¢ 5 UN
UH(Fig. 3). JY-PoVAlum© 2 HHE AFF= 45U #2717k <t
3 vl E £ ¢+ wbd DPBS/AlumS $o ¥ iz 47
OFS AR TFeRE AR 6 vl 2% o vk BF
AEZ1ZME v wsbd Z42be] 739- 46+ 0.0(MST(mean survival
time)+SE] Y3} 46109 4 AN o] F 15 AE
& e $AIFCE o430 ATHP<0.001). ATCC-Pol/
Alum© 2 ALE AFHE 3E F 10 4 ojulel BF =3,
AVHE FHKSP)E odavh= v|u]&l9dtH(data not shown).

N

X871 HM
TY-PolAlume AFTF ANZGel £k Qo] eHo]
of MAAFO] 28718E 2RI HA ATAAY Et 2

A JY-PoyAlum© 2 HAE BF ] HHFE SIS o,
DPBSuF Fof 2 1F<) nisle] 24X Folli= 47% , 4847
Foll= 31% Fwe] Aot glgo] F7Yxlo] JY-Pol/Alum vaccine
formulas> CMI(Cellular Mediated Immunity) 37} 322 &
T ASltHTable IV). 31 o} &3h= ATCC-Polir} v #FA|7F
S ASHo] AFH I

2 @

A IR o8 R vHE o FelE FoishA &
2} ABJEE AoR Qg BE o] FAYE =8}
A& opr}. ejmE WAldel X 4] (Immunogenicity)
B5g Hal tekel who] AR tiEAR] o B
H7h iz B2 weRd WS ARtk e, &
A7t FEHAT g3t glow owlzt glvt, AR e
A A} o) B2 G@rdEE A Qo] A
| fFE=5HolE Tlymphocyte H|2]EH o2 <1 specific
memory”} AojE A1) YA O Z QlF) f5o] Hrt IEEE
o] gratE}l ol tist Syl T-lymphocyte
2JEA 2] X2 oiE i} T3tedof st & ATl
HukS 431 T-lymphocyte SJ&EA30] Sliz E2E Fo=
sto] FABAY K97 AEAE 2RI

F2)¥ JY-Pololli= 43 KDa®] s+t ko] ghislo]
Aeo] B 1 o]elE thE FHe] mHw o] Q1A
qict. ek o] mawhAoe] IgG Aol FeEivhd JY-Pol
A a0 2 g43tE ) dzo] AgtE 43l (Conjugate
vaccine) BEHIZ FEl® ZAeE v & 4 ok AAE B
g2 A8 HAYTde P2 BSA(ovine serum
albumin) = tetanus toxoid 52| EFE(heterogeneous)®] T
Ag Bt shetd Wy o g Aglel AeiE Azt &%
& ZARPIE $ttt. o]y Aol Blmakd JY-Pol £4A 5%
(homogeneous)?] T¥Ae] A% HgHalolet & 5 Ut

TY-Pol] s} AR Aol RS AHFAlete) o

oft

2, e e

o

dio

Table IV - JY-Pol/Alum vaccine also induces cellular immune response in BALB/c mice

BALB/c mice immunized with

DPBS/A! JY-Pol/A ATCC-Po/A
A DPBS A JY-P/A A ATCC-P/A
Footad Thickness 24h 70.8+2.9* 66.8+4.1 79.0+2.6 98.3+4.4 75.8+3.0 85.5+3.6
P 48h 64.8+2.0 64.3+15 68.5%6.5 84.0+2.6 65.8+2.9 74.0+3.1

Note: These values were calculated as mean*SE. Difference between swelling from JY-Pol/A and swelling from DPBS/A was

statistically significant (P<0.05).
'A stands for alum.

?JY-Pol means S. preumonige capsular polysaccharide isolated in this work.
SATCC-Pol means S. preumoniae capsular polysaccharide purchased from the ATCC.

*Arbitrary unit.
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2k 10 ool Fi= AATE BERUS WA 445l a3 Szalai, A. J. : Pneumococcal surface protein A inhibits

)

243000 HA g 7 7H] SHoA ARSI JY-
Po/Alum© 2 H & w7y o2 7EAIZ AFE B
5 AESE vbd o] AFE 54 odel BT XAkt
e, IgMHS 53R ATCC-Pol/Alum® 2 HAEE 7=
HHTHOE A T 109 ool B %2 A3e) vlwshd
JY-Po/Alum®] a7} o $8he & 5 3ivk o) &9
o= JY-Pol 319 IgG W IgA &Ale] 52 AlE ), T3
JY-Pole] MErdedr] aaf oJFzAMNA JY-Pole] 74 2447t &
A E FHEFo] 48717 Fol = X &Eo] JY-Pole] &4 {24
olglefie MEAiAY WA EAE olgol ER1Eo] JY-Pok- #HH
T A el AHAg T Al He B &
$3h= 2102 AlmEch AR 0E AAXOR HH T HY
3 FEchiAEZ PR JY-Pol A9 e s 7 o
A7) dids] won oA Holaf 7] Wil Hule 25
iR S sleka wiel o3t 2] Q9 Hel HEubH ) v
we w em|zt glokar st

A AHEE AT, JY-Po/Alum S 2 WA E AF oA
Hybridom fusion o2 dalAlE Belsled 1 &35 Has)
1 §<°3HE 3917 Phage Display Peptide Library ®PH o2
el slE slo] DNA BA7phs 28 Fofl Qicth

#Ale| 2
2 AT AEooREedd SAAT Y volexlFe] =

- ok - i FrP1ETEA I kel 2. 030-032-310] A

49
gor FRHUC TR ofof PA=Hu{r}

off.

&

[
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