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244, B3ag. Badg, AslE 5o Uy
ol & & don, #AdA 1 JEel} F8
e oln] 2 oA A 7 FAME v YB
9 AFEL ZAH(modulation of microbial
colonization) 3t 71E2 gduld] e A
i 9 Fowde) Xjol gyt 7 E)
Fo] thy H s (affinity) 2 A=, /A &
o vl A ookt v Enke] AEAgI o A
%, thoFdl ul g EAte) 9] aggregation 7FsA 2
I A% R o), P Alde)it WE e
A FelE Eie g el @] F3)

(degradation), ] TiAE £ FUE
Alel o] B8 (complex) BA), Bl o)) =74
50} A& agglutination$ A#sh= 29, €y
Wl S1-& wholl Hl3] Xeoli} A9l FH S
o ¥k 4 gle gl detl el A
92 FZ(conformation)$} ]9l 2| cryptitope
o Ve T F B W AR S g
F AP,

ety A T Aldee] FEReS
ol3}dl7] Y 54 G 54 A
9] B (adhesion) #F 2] o]8)7t F 838, o]
A BANRE HoleAR W =g mu o}
W o8 244 d8 239 A A G o
o 2 BE FRUAA A B3 gt 2]
A 7 T F B o Az A 7
5 Ad¥dte PHE dFEed oS 838
o, olgl g B e el hyjgo] Sy
o EAele A9 5 EHA 2% 4¢
of wet vhEA Jehte 397t gen®, a4
wet 54 @A koA Jgx gt
A 4 4d° ol#d 9% Wz BE 7%
2tolE in vitrool Aol AFA] nAAgMe] o
T-(solid-phase assay) @3¢} £ Ae]o g
A TF(solution-phase assay) 23& vlm 23
Holol gt Fa¢ o] f7) Hcl

*0] =22 MEHETYEH UYHTHI(04-1998-052-0) X|H0| =8 O1R0N Y.
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ole} o] efuje] ©Aw TIkM Fabel A
$ Apgof #3 A7= T8 v E A Y
215k, AetY (EF €t whole saliva)2 ©]8}4,
&atd, At 53 22 dedda) 7h] o
# AelA ol elof ek ol A A A
T 07 5% X5t 3lo], 72 @A) 7]
T2 olsisly] HF A Hepde A2 7
of7b "}l 2B B o7 oS FE3Y
Aaie A edd el (glandular saliva)el
g B2 ZAE 54 gy g £ 3
SRS AR Estdor 17, SR T &4
vl AAAY el ddeout vig 2 AT
& o2lge] HAY, dog #5437 oy
A #E AAs] A% o8 dAd 48944
T} olo) o g A £ el e R A
d 288 st a8 shie] g 99
o] & 4 st

E AR oY 2Ad 285 €L
e AqA gstd-datd EF el (human
submandibular-sublingual saliva: HSMSL)<
& A&, ol ¥ AR mucin- F
amylase-enriched fraction®™ acidic PRPs
(proline-rich proteins)-enriched fraction® ¥
2 e A F8 vAE F9 9l
Streptococcus gordonii, Actinomyces viscosus,
Staphylococcus  aureus$tel $3F =S
- solid-phase assay & AM-8-3te] ZAbsh=d| gich
o] 8 B3l HolH X2 FFAuHA el
W low-molecular-weight mucin(MG2), «
-amylase, acidic PRPs® S. gordonii, A
viscosus, S. aureus A}o|9] F3 3Tl T
AEE AFs F ¢ YT Aot

I 47 LS 3! U
1. QISH-AOH] 2B EIH(HEMSL) 2 RiH
Arde F5e AANEE WEol da T
ZAAA et FEE 3L EAE ez
sttt Bt AHE A 9:00 - 11:0000 A} 88}
Aom gadxs Ha 2/ ARE BE A9
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T SHE A, FNEE AvhEA s 4
Tl el et 759l silicone rubber ¢!
A& o] 884 custom-made collectorE T
o B AFH 3k ol e 29% Nay-
EDTA, 5mM phenylmethanesulfonylfluoride
(PMSF)E #8t2 3l 25ml 0.IM Tris-HCl
buffer(pH 7.5)& L3t S1E ice-cold tubed]]
AFA3ATE 2% citric acidg 8] 0% Ao
2 HEE AMREle mxgeRsy vty 2=
£ sty os, e o S0miS A3 &gt
AL BY L HREE Fo|7] At 2 9
o] YZ+d 0.154M NaClg Ahg3ste] 3433,
4ToAM 3087t EFsten, HMNg ga s
4T A 12,000 xg & 3075 94 Rl A
AEE AAF vhg, SpectraPor 3 dialysis
membrane(molecular weight cutoff 35 kDa,
Spectrum Medical Industries, Los Angeles, CA,
USA)E o] 83814 02% NayEDTA Aol A 58 %
ot dialysisE& 48331 0|8 freeze-dryst ).

2. QlBIN-AEIN BB EIN(HSMSL)Q) S22
ey

2 A¥e Al8" mucin- 2 amylase-
enriched fraction®} acidic PRPs-enriched
fractionS WE”] Y&l freeze-dry® HSMSLZ
guanidine hydrochloride® %3131 9l Tris
buffere] ¢ vE Sephadex G-200 gel
filtration column(Pharmacia Fine Chemicals,
Piscataway, NJ, USA)& E#A|Zd o] AL
AA 4718l Pool(ABCD)E WiEe] A&,
Pool A7} mucin- ¥ amylase—enriched fraction
o]8 Pool C7} acidic PRPs-enriched fraction®l)
B,

3. MII¥E L Western transfer

AZ|9EL dutdo g da AgE e SDS-
PAGE(sodium dodecyl sulfate-polyacryamide
gel electrophoresis)'”& Hoefer SE 280 Tall
Mighty Small Electrophoresis unit(Hoefer



Scientific Instruments, San Francisco, CA,
USA)E o] &3t Aldatgirt. & A4 o]
£HE BY 9ulde] BEAFS 15
75-10% gele] AH&EI% 2.9, molecular weight
marker= low—molecular-weight protein stan—
dard(Pharmacia Biotech, Uppsala, Sweden)&
A& AZGEFF geld 2459 0.25%
Coomassie brilliant blue £ (methanol/acetic
acid/water : 4/1/5, v/v/V)ol SHAAZIFE G A]
Z Hmethanol/acetic acid/water : 1/1/8, v/v/v).

Western transfer™ Semi-Dry Blotting unit
(Fisher Biotech SDB 2020, Fisher Scientific,
Pittsburgh, Pennsylvania, USA)® Tris-
glycine bufferg ©] &% Q¢ Semi-dry
blot®¢] ©] 45 2™, membrane2 £ PVDF
(polyvinylidene  difluoride) membrane?]
Immobilon-P(Millipore Corp., Bedford, MA,
USA)¢} nitrocellulose membrane$! Trans-Blot
(Bio-Rad Laboratories, Richmond, CA, USA)&
ol g3ttt ol 300-400mAZE  45-60%-3t
transferd: ©2 Bl YiAo] transferd
membrane¥ 3% bovine serum albumin(BSA)
< /% Tris-buffered saline(TBS)2.2 14]
Zte]”d blocking FH ™ MG2, acidic PRPs,
amylase®] &91-& 938l rabbit anti-human
MG2 polyclonal antibody, rabbit anti-human
amylase polyclonal antibody, rabbit anti-
human PRPs polyclonal antibodyZ primary
antihody® ©] 831, alkaline phosphatase-
conjugated goat-anti rabbit IgG(Bio-Rad
Laboratories, Richmond, CA, USA)E secon-
dary antibody2 ©]-4-& v} NBT/BCIP(nitro
blue tetrazolium / 5-bromo-4-chloro-3-indolyl
-phosphate) (Bio-Rad Laboratories, Richmond,
CA, USA)E o] &8l oA whgAlZ T 2t o
Al Abelell 0.1% BSA & TBSE 587t 3814
wash& Algfsldet. B Ao ALEE rabbit
anti-human MG2 polyclonal antibody 2} rabbit
anti-human PRPs polyclonal antibody+ Buffalo
wE&FdE A ESIe] Dr. Michael J.
Levinee| A 33 .29, rabbit anti-human

amylase polyclonal antibodyv TYsFdch
(Sigma Chermical Co., St. Louis, MO, USA).

4. NI BHef

B AF | Streptococcus gordonii strain
G9B, Actinomyces viscosus strain T4V,
Staphylococcus aureus ATCC strain 31153
T8 439t e TF < blood agar plate
9t 05-1% yeast extract® H3l1 Sl
tryticase soy brothE ©]&3&}e] 37Tl wjek
Qo™ S gordoniist A viscosuse candle
jarg o] &3} limited oxygen-tension kol A,
S. aureus= aerobic “FE oA static incubation
391t} Bacterial overlay assay® ¥3le 2E
bacteriaZ® 10-15% glycerol |4 multiple
stocke THEIL 9% 7HA .2 platingdte] &4
A #FE oS3

5. Solid-phase bacterial overlay assay

elel gl Aoe] transfer® membraned 3%
BSAE 33 TBSZ 147kl A blocking3ta,
10 x 10° Axe AMTFE blocking buffere]
suspension® thg overlaydted ovemight 314
t}. ©& primary antibody®+ rabbit anti-S,
gordonil strain G9B polyclonal antibody, rabbit
anti-A.  viscosus strain T14V  polyclonal
antibody, rabbit anti-S, aureus strain 31153
polyclonal antibody”7} ©]&E¥%om, ol&E
Western blot transfer(@d 7944 3-E 3) =9
7148 vpeh @2 Wi o g By AA T

mea D

1. QlotaH-Ad0k S5t EIKO| XiF & 22 &

ofeld-d3td &8 HAL A7 WE €
Holl A ol F3t ule} o] gel filtration columne
SAAAE W ZA 19 pools A& F UK
t}. HSMSL3# HSMSL Pool A, B, C, D& #7]
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43kDa

30kDa

Fig. 1. SDS-10%PAGE of resulting pools from

gel filtration of freeze-dried HSMSL
salivalLane 1) on a column of
Sephadex G-200. Pool A contained
high- and low- molecular weight salivary
mucing and amylase(Lane 2). Pool C
contained predominantly acidic PRPs
(Lane 4).

Fig. 3. SDS-10%PAGE/Western transfer probed
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with rabbit anti-amylase sera (a 1:2,000
dilution). Lane 1. Pool Almucin- and
amylase-enriched fraction). Lane 2,
Pool C(PRPs-enriched fraction).

Fig. 2. SDS-10%PAGE/Western transfer probed

with rabbit anti-MG2 sera (a 1:2,000
dilution), Lane 1. Pool A(mucin- and
amylase-enriched fraction): Lane 2,
Pool C(PRPs-enriched fraction).

g

Acidic
PRPs

Flg. 4. SD8-10%PAGE/Western transfer probed

with rabbit anti-PRPs sera (a 1:2,000
dilution). Lane 1. Pool A(mucin- and
amylase-enriched fraction): Lane 2,
Pool C(PRPs-enriched fraction).



«—Amylase

o+ Acidic
PRPs

Fig. b. SDS-7.6%PAGE/Western transfer over-
laid with 8. gordonii strain GEB and
probed with rabbit anti-strain GI9B sera
(a 1:2.000 dilution). Panel A) Immobllon
-P membrane. Pane! B) nitroceliuloss
membrane. In all panels: Lane 1. Pool A
(mucin- and amylase-enriched fraction):
Lane 2, Pool C(PRPs-enrichad fraction):
Lane 3. Pool A without bacterial overlay:
Lane 4. Pool C without bacterial ovariay.

Table 1. Summary of bacterial binding to
salivary proteins adsorbed to
Immobilon-P

Fig. 6. SDS-10%PAGE/Wastern transfer overl-
aid with A. viscosus strain T14V and
probed with rabbit anti-strain T14V sera
(a 1:2.000 dilution). Panel A) Immobilon
-P membrans. Panel B) nitrocellulose
membrane. In all panels: Lane 1, Pool A
(mucin- and amylase-enriched fraction):
Lane 2, Pool C(PRPs-enriched fraction):
Lane 3. Pool A without bacterial overlay:
Lane 4. Pool C without bacterial overlay.

Table 2. Summary of bacterial binding to
salivary  proteins  adsorbed 1o
nitrocellulose membrane

S. gordonii A. viscosus S, aureus

S. gordonii A viscosus S, aureus

MG2 +(-) +(-) +(-)
Amylases (-) +(-) +( )
PRPs -(-) +(-) -(-)

* Data In parenthesis are results from the experi-
ments without bacterial overlay(negative controls).

4 =g A7} Fig. 10t} Ramasubbu 57 ¢) <1
#& vlel o] Pool A7} mucin® amylase-
enriched fraction®]™, Pool C7} acidic PRPs%}
cystatins—enriched fraction®]|t}. Fig. 2,34%
Pool A% CZ Z7 anti-MG2 antibody,
anti-amylase antibody, anti-PRPs antibody &

MG2 +(-) +(-) +(-)
Amylases +(-) +(-) -(-)
PRPs +(-) +(+) +(+)

* Data in parenthesis are results from the experi-
ments without bacterial overlay(negative controls),

immunoblotting ¥+ & 3}e] o}

2. Solid-phase bacterial overlay assay

T3 9 Aol it elel iAol Bat
AF A AHE-3 solid-phase”} Immobilon-P
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Fig. 7. SDS-10%PAGE/Western transfer overl-
aid with 8. aureus strain 31183 and
probed with rabbit anti-strain 31153 sera
(a 1:2,000 dilution). Panel A) Immobilon
~-P membrane. Panel B) nitrocellulose
membrane. In all panels: Lane 1. Pool A
(mucin- and amylase-enriched fraction):
Lane 2, Pool C(PRPs-enriched fraction):
Lane 3. Pool A without bacterlal overlay:
Lane 4, Pool C without bacterial overlay.

217} &£ nitrocellulose membrane §17}ol W}k
g2 veEden ole R& 4ddo] assay-
sensitive Bttt AS wtds] £ Aol &
e}k, %4 Immobilon-P o)A ¢ Z#E B9 S,
gordoniiv MG2o) 7+ 52519 11, A. viscosuse
MG?2, amylase, PRPs 25 H-&slgon S
aureus= MG29} amylased] 523t} a9
TFE overlayetA] ¥1 & A¥E 9HE319
< ) (negative control), 25 A5 o] FA
gh-g-o] vehdA] gttH(Table 1, Fig. 56,7).
Nitrocellulose membraneclx 2] AsE tha
kA2 JERAADY S gordonii®t A. viscosuse
MG2, amylase, PRPs 5o Haetged, S
aureuse MG2, PRPsl| ¥-2t&t9dt) kR 9 8
I dFE overlaydbxl @i AdE negative
control Z#& HT rabbit anti-A. viscosus
antisera®} rabbit anti-S. aureus antisera 25
PRPs¢} wa} ¥4 ¥kg-S WERf At Table 2,
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Fig. 56,7).
V. &2 % &

Bl MG2(human salivary low-molecular-
weight mucin: MUC?7)9} 700 8 T59}2
Balo] Bt A+ R MG29 F 8 acidic
trisaccharide$! SAa23Galpl, 3GalNAce]
viridans Streptococci®] ¥-#o| 93 8%
gt Ba'¥olddle A o2 Ta AW
7} o}A A E A Rk £ Aok fAL
& AaE dedl, S gordonii7} Immobilon
~Pu} nitrocellulose membranedl] 52Hg MG2¢)
nE BaAEAr} A viscosus®= MG29| & F3
3 AL HeAEd, o/ lactose-sensitive
lectin activity’S 7F type 2 fimbriae®t MG2<]
carbohydrate side chain®] A& 380 &3 7
o8 oA Type 2 fimbriae®] ©]# & lectin
activityt  actinomyces®  streptococci®]
coaggregation &€ neuraminidase-treated
erythrocytes®] hemagglutinationd 218} <18
8} QI S qureus® membraneol] 3
MG2¢) F-2-89th, Biesbrock 59 solution-
phased| X S aureus$t MG29| ¥z @3]
F Eadtd e, MG27} slgA9 complexE ©]
F0E dvt FAP o Fglo] FrHETa 8
Aot B A3 A74E B solid-phase M S.
aureus7t MG2ol| ®3g& &4 4 Uk

Bt amylases AEAQ 2Hgolet &
1E starch®] B3] 2§ o]9jolx k¥t &/
8} Streptococciét solution ‘el A hinding g+
e ®wast A =3 amylaser} Wekd
pellicled]x] AR H= AMAYL amylased] T
2 Aee AsERgEYE oAEY
modulation®l] ¥ F84°] ASE AArdE A
ojt}. o & W, amylases} Ble] Zaste
ZASoE o8 FF9 WL T3 A7k,
o #FE THUNERE Aol F4% 5
= A amylasert Xoldol FEaw, =
a2 % ogFe ¥EAE FA8a starchE
maltose® 88t} ol Aolf-4% 4 7+



o g3 o] &= 1hg A XHe &5
g dojubdl & 4 Yoi? B AT osw
S. gordoniix= Immobilon-P¢] ¥3&% amylase
ol Ragz] gkstoen nitrocellulose mem-
branee] #2¥ amylased = F2HAT. o=
ztzte] membranec] ThE E8|H, 553 42
£ 71N & F%9 solid-phased & A8t
T Zolt}. o|# & membraned] WE 4to|d
A¥de S aureusIME FALYUEH, S
aureus Immobilon-Pol %2+ amylasedi] gt
Faat ek A viscosusv 9% membrane©] $)
© amylased) 25 FASGh AT o) 5 #
79} amylaseste] Fare disjMe £3 84
Fg g FRol G F/HEA A7 BB g
a3},

et i znl 37} AdHde] Ao
B ATER F ok acidic PRPsol| #3
Haelth Ao} Heka pellicled] in vitro 48
Rdlojgtsy & 4 9l hydroxyapatite particle
& o] 4§ A% B4 Gibbons® Hay™ & A.
viscosus strain T14V7} type 1 fimbriaeE 3}
o] z]opbH pellicled] &8} salivary PRP-13}
statherinol] &8t} A eHets] o™, solution-
phase®} solid-phasedll 4] hinding™ binding
inhibition 4 ¥ A& W mste cryptitope] 7}
4E AAF v AH?, 2 & acidic PRPs9)
C-terminal %89 sequenced] &d3dl=
synthetic peptide fragmentZ ©] &3 Ag g
oA  C-terminal 149-150 F9o) KR el=

GIn-Pro®] S. gordonii bindingel 7}% 8% -

d83 e RAe AASAL, o FEo
hidden receptor?} 8 4= 3l 7eAS Bag
ot AT, B A9 ANE BW, S gordonii®
S. aureus< nitrocellulose membrane]] F&%
PRPsel| 9t R&eton, A viscosuse 9%
membranes] © FF3HAY. AT nitro-
cellulose membrane2] 7% rabbit anti-strain
T14V sera®} rabbit anti-strain 31153 sera’}
PRPs®} cross reactivity S Hol A835 A8
ofHA Ich EAR, B 4dga ol
membrane ©] &3 solid-phase assayoll A%

e A A9 SANA S gordonii® A
viscosus7} PRPsel| R&slE A4S BYrle
o] Fngt.

B d7E e Fo oz & £ e
PRPs, amylase9} highly glycosylated protein$l
MG27}  solid-phase A F7) F8
bacteria®} oJw§ I EE Heoly 7l i@
ABE A7) A% ojt} B3 Hetaez e
solid membranes ©| &g 24 XA Az
Z duzt 3t & AF Ao Jelhd vt
o} o] g F79 membranedlHE & 2
A7k e A57F AT o€ in vitrodl A
o AAE invivodl A A& o 71 & Aol 7}
He 8oz AA invivo 48 ¥ A
o] Hgsitn & 4 rh 53 PRPsY
amylasex o} HFTA pellicle®] T+AIAEo] a1
™ PRPs2} MG27} ©]v oral mucosal pellicle®]
T4 AL B2A TR FHEAFIUE 4
83 ZA7} grie 2P S nejs & o, o9
22 A9 A xolETt ofel T
Ao gy didn 37 iR 43 g
Yol B & Qe ARE §44E ¢ YL Ao}

T73 EbeY A3 ekl 7y of A
9|7 B3 FRA Apolol A &7 2] o
& 4= 9]3= permeability barrier®4 2] o &1}
Aokel 7T EL R olg} A otatole] {7
AZA e A Bt ofg), 77y #39 =3
< B%98te F8% 98Z &1 9ok agyez
Bt 8 d@An g FRAatele] a3
Brd fa dFe T Aol F X5
AgH 2L Fo A A8 A o8l g &
o 3 HE] o "ddA e} WAt
A g TL 38 adF veld 5 e ey
#F A4 9 ol 9% g F8 @A AR
of Wzt 24 7 o ME T3 A W
stel oaf WA el 5= s FAW o)A
Zaolut AW At A, g} Tl o] o
g 9 el el w phy vy g3t #AEA
= W3, o]H 3 AF-E A Beed Tgo] €
F e 249 el B AT 727} He
BABE AFs E 5 g Aotk
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vaE E

2 dAFM e JA oetd-detd T B
< AFEn o8 FE AAFT mucin- 2
amylase-enriched fraction® acidic PRPs-
enriched fractiond €& o, 774 $£8 7
AE = 39 S gordonii, A. viscosus, S.
aureuse] B& A3 5 E solid-phase assay &
AHgshe ZAFSFH

Immobilon-P| A& A& B9, S gordonii
= MG29, A. viscosust® MG2, amylase, PRPs
REF4), S aureuss MG29 amylaseo]| 23}
9t} Nitrocellulose membraned]M e S
gordonii®t A. viscosuss= MG2, amylase, PRPs
BT BAsPH e S aureust MG2¢ PRPs
o K-35 ch A%t g 8 overlay A
%n A#E negative control ZAIE HW
rabbit anti-A. viscosus antisera®t rabbit
anti-S. aureus antisera =5 nitrocellulose
membrane®] 4] PRPs$} m3} 94 whg-2 e}
Wit ojeh ol #W F8 Awte] it B
o gz H3 AY ZAd:s AEF
solid-phasee] Wt th24 velgten], ol F
3} A¥o] assay-sensitive 3t AL w3
FE Aol & ¢ vk

E3] PRPs% amylaset Z|o} &3 pellicle
9] PAAEelx, PRPs® MG27} °lwl oral
mucosal pellicle®] T4 A&o2M F7d%3}
FHAEITGE 484 AV dode A 1
28 & o, o]} 22 A+ A= X oMl o}
Y FAAA A el g 3 AT
Ao} s g dol & F Ue ARE €4
g+ 9 Aot
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- ABSTRACT -

Adhesion of Oral Pathogens to Human Submandibular-Sublingual Salivary Proteins

Sung-Woo Lee, D.D.S., M.S.D.. Ph.D., Sung-Chang Chung, D.D.S.. M.8.D., Ph.D.,
Young-Ku Kim, D.D.8.. M.8.D., Ph.D., Hong-Seop Kho, D.D.S., M.8.D.. Ph.D.

Dept. of Oral Medicine & Oral Diagnosis, College of Dentistry, Seoul National University

The present study was performed to investigate the binding between salivary proteins(low-molecular-weight
mucin,MG2, amylase, proline-rich proteins,PRPs) and oral pathogens(Streptococcus gordonii, Actinomyces
viscosus, Staphylococcus aureus) by using solid-phase assay.

In the case of transferring proteins to Immobilon-P, S. gordonii binds to MG2. A. viscosus binds to MG2,
amylase, and PRPs, and S aureus binds to MGZ and amylase. On nitrocellulose membrane, S, gordonii and A.
viscosus bind to MG2, amylase, and PRPs. S. aureus binds to MGZ2 and PRPs. However, rabbit anti-A. viscosus
antisera and rabbit anti-S. qureus antisera showed cross reactivity to PRPs adsorbed to only nitrocellulose
membrane in negative control experiments, which were done without bacterial overlay. The results were
different according to the membrane used as solid—phase, which reflected the assay-sensitive nature of binding
experiment.

FRPs and amylase are known to be components of tooth enamel pellicle. In addition, there was experimental
evidence that PRPs and MG2 may covalently bind to oral mucosal epithelium. Considering above facts, the
results of the present study can provide information on the interactions between salivary proteins and oral
bacteria on tooth and oral mucosal surfaces.

Key words : saliva, mucin, amylase, proline-tich proteins, adhesion, binding assay
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