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The IgY antibody against P. gingivalis gingipains inhibits
alveolar bone resorption on rat experimental periodontitis
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Abstract

Porphyromonas gingivalis has been implicated as an important pathogen in the development of adult
periodontitis, and its colonization of subgingival sites is critical in the pathogenic process. The gingipains are cell
surface Arg- and Lys-specific proteinases of the bacterium Porphyromonas gingivalis, which has been associated
with periodontitis, a disease that results in the destruction of the teeth-supporting tissues. The aim of this study
was to investigate the efficacy of egg yolk antibody against gingipains (IgY-GP) to the protection alveolar bone
loss by P. gingivalis in rats. Rats were orally infected with P. gingivalis ATCC 33277, which was suspended in 5%
carboxymethylcellulose. Each rat received 0.5 ml of the suspension by oral gavage. Then, the IgY-GP and the IgY-
Control in 5% carboxymethylcellulose were administered, with each rat receiving 0.5 ml by oral gavage. The upper
jaws were used as dry specimens for measuring horizontal alveolar bone loss. The distance between the cement-
enamel junction (CEJ) and the alveolar bone crest (ABC) was measured at 14 palatal sites per rat. P. gingivalis-
infected group showed an increased distance between CEJ and ABC compared to uninfected group, indicating
an enhanced alveolar bone loss due to oral infection with P. gingivalis. However, administered the IgY-GP group
showed a decreased distance between CEJ and ABC compared to P. gingivalis-infected group. The IgY-GP could
be used for the development of passive immunization against P. gingivalis-associated periodontal disease. These
findings suggested that the IgY-GP protects P. gingivalis—induced alveolar bone loss.
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T HIEDRMOENTVED, BhTLY Y I8A
v (gingipains) IARBEOELET L EELRTOT T —
EThHY, T FUYMHMIFREDRE L S Arg-
gingipain (Rgp) & Lys-gingipain (Kgp) 2819
B, I 20o08E#EIL, HEMBICEEEZL 2
PRER B B 2 DIRRE R L AT L E 2 5T
Who VYA VIFHEARE LRI W
ENBHETTHL, MR ETIRIMEREEERE S ~ES T
CUtEa sy 82, LPS, ) VIRE LA LI2ES
FHEAHRE L THIFET LI LML N TV 5,

1 Vo 25 O TR K W AS P, gingivalis T b Z &1
% L OEIRN), EBRWIIZE2LOW L 223N TW S,
Fx ODWREIZBWTDHP. gingivalise 7 v b IJE
WCHRES 5 2 LI X ) g oW & R 5 FEER
M JE %% FHWTC, P. gingivalis D55 R F DT %2
il > T& 727, ABFFEICB VT, P. gingivalis ®
AT HIMETH LY VI8, VI 5 BINHLK
(Immunoglobulin Yolk ; IgY) ZMHW<T, I v M%EE
PR 221239 2 B WP HI RN A DTG L 7z,

ME S L UHE
1. #HEEMS LUEERG

P. gingivalis 33277T%kX, 7V A4 Y )N— b [ VT 22—
Y a 7 uA (BHIL Difco, Detroit, MI, USA) {21 —
APZFANTZ b Gmg/ml), ~N3I ¥ Gug/ml)
BLOE S IV K, (05ug/m) ZRML 5 (DL
TBHIM AR ) 3 L<I1E5% ey YN %E & T
BHI i 28 KR (DUF BHLMLHE SEAR) % F v THER
ZMET (5% CO,, 10% H,, 85% N,) 37°C THiZEL 72,
2. IgY-T 2 UINA UK

IgY-¥ v 97584 Yiufk (IgY-GP) 1%, BRA L&A —
L v 2= NL) BZE IV R A ) I 8 g b s
720 IgY-GP OfE#1Z, White Leghorn i % (HyLine
W36FE5 H Hilh) 123> V34 YPiil (1 mg/ml) %=
BH L CHImGED S 8 EMMBZISBIMGREZITR -
T, IMEPEROE =2 12H7- 5B M%E X ) 2 8%
CERIB L 72 b D& IR RIC LY, a v b — v
PRPLHR (IgY-Control) &, P. gingivalis FEEAEDHIH
PO, FRRICHELZS 02 v,

3. IgY-GPIZ L BiEES L UBREEANDRE

BHIWEMAES MU TgY-GP By oK & iR 1% 127 5 &
AT U 7255 012 g Y-GP 78 il BHL W (AR5 b < —
B 37°C THtSE 7 L 72 Wil & 1/100 =R L7z, 2
Y hu— vk L CTiHEEE1%DIgY-Control & #IN
VORI IS %2 W C = ORI 2 B L TR L
7o HiBRAE 2 S ST (5% CO,, 10% H,, 85% N,)
37°C TR L, MW oW HIIREE % #1912 WOt BERT

IgY-GP ® 5 v b SEERHJE 92V 0h 3 2 sl 4 W U0 s S 17

(Spectrophotometer DU 800, Beckman Coulter, Brea,
CA, USA)IZ X D 550 nm D IF TR O L &2 L
7z BUT Y UBBERIEYET X, MU 7Y U BEER O
G R T H 5 N-a-Benzoyl-L-arginine-p-nitroanilide
(BApNA) (Sigma-Aldrich, St. Louis, MO, USA) 0.1%
50 1l & 50 1102 M b 1) AMEREREG W (pH 7.8) %
R L 72 OB P, gingivalis Bi 28 W O R 28 i
50 pl % i 2 37°C T 20455 [ FUS & 87214, 50 w1l 20% Ik
Bg 2 Nz TS & 51k L7z %8 L 72 p-nitroaniline %
5 405 nm THOEEET (Spectrophotometer DU 800,
Beckman Coulter, Brea, CA, USA) 12X h FHIL 726
U il 2 PUARSE A INES HCREFE U 724103 5 403
THHE L7,

4. P gingivalis @A DERERIG

IgY-GPIZ & % P. gingivalis Witk H R &L % 1§
RIHHEHMT, —EB&R# L72HW# % 15000 rpm T 1
SRR L7 R % PBS THEF#2, WOBE10 (OD
550 nm) (ZFHEE L 72 P. gingivalis B AR TF 50 1l &
FRED2% lgY-GPZRML, =i <5 HMiEL T
WREE 2 BlEE L 72,

5. fEEANDOMEM

b bR O RN (KB)™ % VT P.
gingivalis D& b ORERRATLA~ OB 2 #iE L7z
v MR B MRE, 200mM L-Z vy I v ERED
4 =7V oi/NLES L (MEM; GIBCO, Renfrews-
hir, United Kingdom) # HWT24X 7L — b+ T5%
CO, BREET37°CIT & W §5#8 U720 P. gingivalis AR,
BHI i {55 #b T 8E 28 PBS 12 T k% L T 10°CFU/ml
IR L7z, IgY Bk % sl 1 0.002%, 0.02%, 0.2%,
2% 127 B X 9 WIS L C 604 Ul %, Bk
ZVEH & ¥ 72 P. gingivalis it % 10° cells/ml (2 34 #%
L7zRsa2e b B ERIIEIC 10 wl i 2 T 37°C T 9043
WP UGl 2 176 <&, PBS T 2 [Pk 4 i 8 7%
K2 1 mlin 2 CHINE % B3 U CRIB IS fF 25 L 724
T $ % BHI IR SRS 34K LA 5 M T £ & e L
720 & M _ERGHITEAER S B2 EIT L THRIA
B MR L7 A AR B L 7.

P. gingivalis DJEGFERL, A 3 MifHD Sprague-
Dawley 2D SPF 7 v b (HAZ ATV —, )
EHVWCTIRG6ILE LTIiTR o7 (K1), flHeIREE
IR, A 4 IR IR 1 mg/ml D AV
T7ANFH Y= E200ug/mlDOIN) XA NTY) L%
RELLOEHEKE LT1HENYS 2 COEEAR
ZA S, SHEWMADEZEE WA+ U
WK% G 2 CHOPEMNITIRAE L7 E 2 B L7z,
ZO%, PBSTERLZ5% I VEF T AF Lt a—
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ANT 7 A Y= (1 mg/ml)
FURXRFY A (200 pg/ml)
IgY-GP
L2 2 2K
e N EEE RN |
0 7 910 12 14 60
L S (day)
P, gingivalisi%Zx
1 9 v MIX5P. gingivalis EGFEEA r ¥ 2 — )
1 - = o

- Pg 8. METFERIDT

£ P. g +1IgY-Control

s FETHTIE, StatView for Windows (Version 5.0,

é Rg+IgY-GP SAS Institute, Cary, NC, USA) % H \» T Bonfer-

v roni/Dunn 2T % o720 W, #alFWA EAKEX

§ 5% il & L 72,

2

0 6 12 18 24
HERRER (b) 1. IgY-GPI(C & 2 385EHH & & UBESREEIHINE
K2 IgY-GPIZ X % P. gingivalis Bt~ 5 IgY-GP DIVEH WGl $ A 72012, 9 P. gingivalis

IgY-GP 2R L 72 CRE S5 2 L1k, IgYH pﬁ«@%%%@ﬁtﬁommm%m@%ﬂfwg
(RIS 50T ORI S L CRIBEIE A0 DL g2 Je LC, TgY-GP SRATEE M CHE 3 L 753 00 12 ]
7o a#&@n%@@m#mw%nt<lmomwﬁ&

2 (Sigma Chemical, St. Louis, MO, USA) #i# T
R 72 P. gingivalis WAKFER (10°CFU/ml) % —
HIEIZ3 MW, 7 v FENNEEERL72oa > bu—
WERIZIE5% I VR F T AF Ll a— AHEBRD A%
B2 3XTOT v M, &%, #EKZHHIZE
WTELLHITL, ME23C, BE60%PB L R
2O 4 7 VOB T CHE L7z, N
D46 HBIZTRTDOT v b — T VFREET CTHY
VHIEIMIC & 0 B L 72

PURPE 5%, IRREN1% & 7% 5 X 9H125% CMC
B CHIEL, P gingivalis¥EFERIG 1 H i 2 & &,
4 W4T 5720 W, P. gingivalis BEFERFIC B W T, P.
gingivalis ERE 10 B P 5 2 175 72,
7. BAIEE IO

A OWIEE, RHEEEROE X 2 kT A
5% O B A TH & C o BHEE & WA 14 8 BT I e L TAT
rolo, W% 25T T T1045 e 3% R
FWF MU AR L CHRALER 2 B2, 1%
ATV YT — B TS E & Je i S SR R
FARBEMSE TA0RE SR CHllE Lz, 14T ol E
fli% 3 LRS- 0 oF e L, ZhEh6
VLo DFH %2 ERHEOFRINEEL LTIV A=V
TELUTPHME L F#ERZE (SD) ZRD7,

BT BB EHEE, PUARERMES#hTlZ 0D 0912
L T1% IgY-GPRMEEHTIZOD 043 ThH o720 2
@1ﬁéi PURIL A NS s TR 28 L 723956 D # 121 1]
ZITAHMU T HIETH - 72
7“7 T OMEPYPSPICRR L 205, IgY-GPIR
Iz X0 P. gingivalis D¥EFEIFTT 2 HH RO D %
CEMPH L7z, W, 2= E LTHWAZ1%
IgY-Control ® 24 D EEIZOD 0.73 TH o720 =
DFERD S, P. gingivalis @ % L TV i WIgY Hifk
WZBWT Y P. gingivalis DHHEIZHE A 5.2 TWiz,
BIREE W C LI 24 M B RO RBRE 2 Bl T 5
& PURIEZIN & 1gY-Control 8 INHE H C U Wl A3 —
ICHERBEIN TV O LT, IgY-GPRME; T P.
gingivalis ® 5329 5 L WIRORE A BlE S e (K’

3o AWML -0 S CoOMBBE b T v
PG D IR 2 R 1R T P. gingivalis D B4

B L TiE1% IgY-GPRIMT478% \2Hfl s, 1%
IgY-Control iiMITIX, 80.6% Il ENTWwiz, 2D
BERLCTO MY 7Y VERIEEICDOWT S 21 2E1140.8%
£ 91.6% I ¥ X T\ 7z, IgY-GP 2 P. gingivalis
DY VIR VR TH D LS RRE RN M
L7z (K4), ZofE, Wk%ZPBS T L7z wk
FHEWIZ 2% RIEDIgY-GPEIEH &8¢/ 25, 5
SRR DO BRI SRR S N7z,
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X3 P. gingivalis ;38 DIKGRE
IgY-GP Z N L 7255 #h C 24 W M X5 #81%, P. gingivalis H
KSR 5 2 DI S Tz,

®1 IgYHURICX B85 E N Y 7 U RREEZRIG T O B
e

Antibody Growth (%) Trypsin activity (%)
P g 100 100
P. g+1gY-GP 478 40.8
P. g+1gY-Control 80.6 91.6

2. P gingivalis@1ADBRERIG

COHLE, IgY-GPElME:#h THE2E L - WE IS
KBS B —2E 2 5Nz, , IgY-
Control TIZMMEBENBE SN 20722 &2 D,
WREE X P, gingivalis \2x§ B IR RVEDOE TH
0, BINPUROMO M L B EETIEI RV &A%
L7
3. EEE MEREEMREAOMEN

IgY-GPIZ X % & M LA~ D 1) 7% B &%)
WREMBE Lo P gingivalis® e B A LRz HI L~
DAY #E1%, 1gY-GP % P. gingivalis WARIZ/EH & 272
%, b MR RIS Sz IeY PURE/EH
SEFIC A LM S S e AE, P
gingivalis BRI B RI1Z057% TH 1, IgY-GP D HFi
WLPRIZ X ) LA A 25 SN AMHERR S 1 7zo 0.002%
75 02% F TR BRI A RASBML, 02%
TIRAMERE %o 720 PURIRE 2% TR~ O
F1X548% 19K L, 0.02% i & R E OB R T
o720 2% IgY-Control iZBWT 5% 226% & P
R AEH S8 WA L CRIBEA O f) 75 225388
mu7: (%2).

IgY-GP ® 5 v b SEERHJE 92V 0h 3 2 sl 4 W U0 s S 19

PBS IgY-GP

4 IgY-GPIZ X % P. gingivalis BARDELE G
P. gingivalis ATCC 33277 BRI A % H\ CHEE BSOS % FERR
L 720 PBS & IgY-Control TiZ, MIE&EIZED HNT,
IgY-GP CId I & A BEAEILAERL S N izo

IgY-Control

K2 P. gingivalis WAKO b LR~ OR A

Antibody Adherence (%)
None 0.57
2% IgY-Control 2.26
0.002% IgY-GP 312
0.02% IgY-GP 4.14
0.2% IgY-GP 11.2
2% IgY-GP 548
sk
| |
sk %
0.5 1 1
’é‘ 0.4 T
g
I 0.3
=
gr 0.2
=
0.1
0
A B C D

#

5 IgY-GPIZX %5 v bEAlE I O #ii

F v b EFEABRH O 2 Y bz F AV SRS TEE T
O FEE A W 14 PTE L7zl % T LTkl 72 ) oF
W & L, &8 6 IEoFE Ml % ERHE o Iia e LT
I & R (SD) &R 7z, 7V — 7 B O E K
TUE 7V — 7 AR L THEISED SN P. gingivalis &G
W2 & 25 IO KATFER SN2 (P<001)s  P. gingivalis
Y+ 1gY-GPHRGHETH A 7NV —TDIX, P. gingivalis &
e TH 5 7V — 7 BIHEE LT B 245 WG Rh 5 23
Ao HN72 (P<001)o * P<0.05: **, P<001. A, &Lt
B, P. gl&4elt ; C, P. gl&3 +1gY-Control# 5% ; D, P. g
&G +1gY-GP $x 5-BE.
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4. Ty NEBRAEERICHT 3 mESRIENFIRIR

TV IR AT B IgY PRI X B R RAN DR
BEMHT AH720, Ty MEHOTERNEELZICE
U B BAE A WD RD R & MR L 7ze P. gingivalis I
et (00430013 mm) (B) 1%, FEREGHE (0.032+
0014 mm) (A) (ZHeBE U CBHEE 7 s Al B N A2
SN’z (P<001). P. gingivalis&Yx+1gY-GP % 5-#
(D) &, P. gingivalis &4\ & % HWIN0.43+0.013 mm
A5 0310007 mm 234 L, B 2% sl g BpUE )
HIEYEAFBD S5tz (P<001) (K5). P. gingivalis
J& 4% +1gY-Control ¥ 5-#f (C) 12B1F % Bl 5 WX
HHSHERTE L DOOEBELAZIRO SN 572,
¥ 72, P. gingivalis & 3 % O 1gY-GP ¥ 5- # & IgY-
Control % 5-# & # LR L 72 A I3 HE EAHD S
. (P<005), IgY-GPHP. gingivalis &2 X DT
% HRAE G R A& B $ 5 & & ATHERR S 7z,

%

A2 1%, P. gingivalis>y ¥ V854 VIZWT 5
IgYHithZ V72T v M EBRNYE/H RIS %P
gingivalis &G\ X B oA WD IR % MeE) L 72
bDOTHb, THE TOWRBWIGEIL, TIENOHMR
Bl sdszn, 3 LTHEHRICERZEX,
WENPODT Ty 2 v THRPLTH S, RO
Wik & LT, HEREROBRER %25 —7
N LT 7 F v ORFEThILTWw 51,
F41x, P. gingivalis DIVME Y 237 B TH % 40-kDa
DY YR BIIxT A e MPUAE VT, Ty ME
BRIGBRJE € 7 0 X0 A 109 5 R A & T
L, 7 v MEEERIEHIZ ROV THRE L TW
55 ZEERREE, WS TR S R bk
& TR ER O EUE: 2 FR TS 2 S ik T h
%o COZERIERLEORBUL, AERICEEIUR & #
B LW OREENENEZEZ SN TS, FIZE
HTIX, BLEOMBRELBINABITL, INEPIHL
LCERSINDLZEDS, BINEHNLZ LICEDHE
D LAMIBEDTTRETH 5%,

T2, TgY Pifkix, WFLE TR SN2 VHUEISN 3
LR RPEOEAY, © towE 2 v FRHTY
ERIB LBV E WY ENTNERH L ENHEEIN
TWwb,

CHE TISHBHEITIE, SRR ) BT 5%
B IE G S Tw P, BIlh o IgY Hifk
BRI RCER T ) LEF RV 2, 1D
FEI > 5 40 mg UL E DO IgY PP KR T X 5720, b
ORIERE K L TEMICIEH T E 2 F080H 57,
1gY PR % Fl 72 Streptococcus mutans = 5% & L7z

22

a~

n

o HA9BE 1 T
ZEIE BT 2 WA S SRR SO g

BISHD TR R IERLETH L LEZ NS,

T INA R, P ogingivalis DFEET B Y V80
SRRSO K% LD WER T L TR
REL Y VN GREFTH Y, wWES vl
SIRL, AWOBBEMBICATRENTTHL, *
72, WEFA M AA UMY B X OHIRERRE O AT
L7, CDI4B ED~Y s 77— LtE Ty =81
2CD4, CD8D X ) A THILL 7% —ZmHE LY,
16 D ARG % plife S BT P. gingivalis DIENE S
EHICERE 2R AR L TR EEZ LR TY
%o

Gl T UNRAL v RYURE L2 IgY Bk Z v b
FERIG R R AT T B RN R A e LR, Hoshk
PRAE A N O BRI SR A55ED iz (M5),

P. gingivalis & H 2 X % A5 W L % IgY-GP #%
HAZX Il L7288l & LT, IgY-GPOIEH TP.
gingivalis DREFEINE] & BEFIHEAPH S, S 512
BAREEIC X D &EEMIIC X 5 P. gingivalis D HER
DBRIERIAT DN DEEZTnw5H, IgY-GP AP,
gingivalis DTS L THHI I @) < RREDFRD 5
N, BERTEEIC D W T MR OB 25 S
T2 ED M) T Y UMBREE DR S (%
1)o IgY-GPRINIZ & % P. gingivalis ® ¥ HH PN %) H
WZoWTIE, SROFEMAMEPLETH LD, V¥
DA VX BBy o B SAEHEE LTI
DAL BAEICB W TIgY-GPASP. gingivalis D PEAT
YV OB EEIHIL, B oREL T
WD ADTICHRBHAS T E SN2 EZ ON S,
¥ 72, IgY-GPW'P. gingivalis KD T v 784 12
T AERVATH D Z 05, P. gingivalis HED
BEMRPED LN (M), ZoRRKIE, & M
W EE MR~ DA R R 2 BE LR (R2) 12k
WT, IgY-GP OYEH CTRARDEELE L 72 IRBE TR~
W L72d R L UTP. gingivalis BARDN B D ILEE
AEMIZHEML7zb D EFE 2 b5, W, & MEHAL
KRN DR EH 2B T, 2% T548% I} 75 5 23
BU7BH E LT, PUSHUARBUG O i B A3 R L
TWbEEZTVWD, FHOMEARIIBNT, P
gingivalis WAKIZPUA % 60 75 BITE e MR BB
MBI SETWB 2 Enn, b MR LR~
DN EROMMPBED LN LD EEZTWE, P.
gingivalis DI IIX, BARKEOBRENEHET
HOMY . HIEANONEEICH L CRBEY 828
EPURE LS X D HNHERT 5008 Ltk
W,

o) WEGEICBWT, Mo L7 —EIZxd 5
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BIUAE Gha -7V MEIUZ XY, HNoXY oy
HWOE BB T 5 2 Ll ShTwa™, Ik
RAFR & 7 BIFEER L THEMISER L, HEE
FAREEERICL Y HE WA T 0L S 1
bo RWFFEHERD S, IgY-GP W P. gingivalis i 3¢
FEE I OIHNICR R AT L 222 L%, WEEICE
\F % P. gingivalis D EEE % R L, SR
77 OFEMEICXT T ARERE 2 15 5 & & B ISHERIRPLARD)S
BRI U CRIERIICE R 5 2 W Bk AVRIE S

Zo
=A
=] affl

1. IgY-GPIZ, P. gingivalis DHEHEI K3 2 PPileh 5
MR LI, ¥ EETDO M) 7Y vk 2 B
L7z

2. IgY-GPRIMZ £ V), P. gingivalis WK D EEIL DS
RS N7z,

3. IgY-GPRIZ X v, P. gingivalis DEHEILE S T,
v MW ERHIA O EREIE T - 72

4, IgY-GP% 7 v MAEAELG 52 LI2LD, P
gingivalis &G\ X 2 v Al g WL o J i &0 A 23T 72
SIhiz,

PEDO#RN S, P gingivalis DWELET 5T ¥ IR

A RS HEINPURIE, BRI A e s B R

B VREZ EDREBINT,

Eil 2

MERABICHZY, BELHBRGEEHEMZEY L
PRGN A SRR BIR SR R SR T
FLEYo T, EYZHMBURLEKBZHD £ LIRS
FURERL el le RS — 3%, T IR ] 2% 72 & U2 B
ALRCFF A 2T TR ISR Ao B2 R LT
Fo SIHIT, AWFEOBTION LHEHE L M2 THE X
U 7z ISl i 2 3 e D G S AR T 12 IR LA L B 97

2 E£ Xk
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