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Study of quinol peroxidase of aggressive periodontopathic bacterium as a
virulence factor
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Oral pathogen for aggressive periodontitis encodes quinol peroxidase (QPO).
Irreversible inactivation of QPO by high concentration of H202 exhibited pseudo-first order
kinetics. Analyses of initial-rate kinetics and product inhibition of QPO indicate that enzyme
catalytic mechanism is explained by a Ping Pong Bi Bi system. In addition, one of the three heme c
moieties of QPO is maintained in an oxidized form even at increased ratios of [Q1H2]/[Q1],
suggesting that QPO is reduced in the absence of H202 and only two of the three heme c moieties are
reduced in the presence of high concentration of the Q1H2. We also found that ascochlorin
(competitive-type, Ki=24.7 nM), ilicicolin B (mixed-type, Ki=576 nM), ilicicolin F
(competitive-type, Ki=19.5 nM), N-heptyl-quinoline-N-oxide (competitive-type, Ki=1.0 microM),
2-heptyl-3-hydroxy-4-quinolone (noncompetitive-type, Ki=7.0 microM) are potent inhibitor for QPO.
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(1) VIRl A. actinomycetemcomitans OR&E37)>5 BCCP
DEPEEHETH DX /) — L4 F ¥ & — ¥ (quinol
peroxidase: QPO) % [FliE L, & %1T-72(10), QPO 134
53.6kDa DK TH Y . QuHe &8 1548 & L -CGEERbK
FaKITRETLT D, QPOIXCKRIZ2ONLcxkbh, BT
BCCP &iE, NEKIZIBITTA AL ¢ & 198>, QPO X, #)
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NELHBILTND, FZTIID QPO OENT I BESR
FOSDOFERMIR A T = X N HMEHT DR, WK RIT LD
QPO OAREMHAUIZOWTHRF L7z, QPO DL & —
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5. HoO2 12 X D RNEH LT R TH W N[ Th - 7=,
K (NEMAGEETEE) 1% 2.57X 10/ M/sec Th 77,
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Fig. 1A, Initial-rate kinetics of UPO. The reciprocal
rates, were plotted against the reciprocal concent-
ration of tH2. The 1/v-axis intercept and slope

were (1/Vmax) (1 + (Km for HeCe) )/ [HeQel) and

((Km for CiH2)/Vmax), respectively, as indicated in
Fig. 2B. B: The 1/v-axis intercept in Fig. 1A was equal
to 1/¥maxapp , and was replotted against 1/[0H]
(Fig. 1B). The 1/y-axis intercept and slope were
1/¥max and (Km for HzOz)/¥max , and were 0.0024 and
0.0939, respectively. Based on these results, VYmax and
Km for H(z were calculated as 417 mmol/min/mg and
39.0 mM, respectively.
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Fig. 2. The enzyme kinetics of OPO. (A) Individual steps of
the Ping Pong Bi Bi system using the Cleland notation.

(B) Eguation for the Ping Pong Bi Bi mechanism (1/v versus
1/[01Hz] plot for Fig. 1A), where a is the y-axis intercept
and b is the slope. (C) The eguation in (B) was replotted
for Fig. 1B (1/Vmaxapp versus 1/[H202]). The Vmaxapp i= the
apparent Ymax.

(4) Ping Pong Bi Bi 25 =X AL ToOH—ff(Fig. 24, Fig.
BN ICHE T 2HEREGFELIZDIC, /o H
Q:Hz(substrate) & {5 Qi(product) DIFHE FTD QPO D~
I e DIRTERIZOW TN, QPO OiE T M aled
AL [QiH:] / [Qu] ©o7'e -y MMFig. 3B)OFERIZE D &,
[QiH:2] / [Qi] DENREL 2> Th, K2AIDOF Frualbe

DETLIITEY ., 5%V 1 DO ¢ TR ORIED £ F
TWAIZEBHLNE o7, FigdB OF —X Oiijiks &
. F 7 BLb e 23RITINIZEMREL, ~L e DETLH
(232 ZF U7 L EIT, EMRAICRD . Fig3A OR& L<H
STz, ZHUE QPO 23 HeO2 FEMFE T CREISGE T SN
LEIT.3DDANL DI H2ODHPETLINTNDZ L%
RLTWD, ZNHDORERND Fig.2A & Figd BN Li=Z
ERPNY | A= XK OWNTIBETHE LR L,
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Fig. 3 &: The equation of reversible reaction kinetics of
Ping Pong Bi Bi mechanism as provided in Fig. 2. B: This
equi librium was analyzed using the reduction rate of the
alpha-band of cytochrome ¢ of OPO in the presence of O
and O1Hz. About 1/3 of the cytochrome ¢ was maintained in
the oxidized state under conditions that reduced quinaol
(high values of [QiH21/[1]).

(5) FEEISDNAFFDIEREFFDH T2, FEx IRRETO
Qilproduct)i= X % Eﬁkﬁ%ﬂ%ﬁiﬁ%a}ﬁmm t 9 —DDHERL
W) T 5 KIZ OV T OARIBHE AR CORER UL T
WD Z L3 TE 22V, HoO2 @ Km (2D NS F A e
WX DA EITHND Z LN TEZA, QH2 oW T
CMC DOBf# CHIFMRAE COFIRIT T E Ao T, ZILH DR
B (Table 1lower) 7>5073% X 512, QPO 1% Ping Pong Bi
Bi TH 5 Z LRI S i, BilEn EORRERE (Table 1 upper)
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Table . Theoretical product irhibition patterns for the Ping Pore Bi Bi systens (weoer) and
practical product inhibitien patterns obtained in this paper (laer).

Varied Substrate
A B

Prodict  Unsaturated  Saturated Ursaturated Saturated
Irhibitor ~ with B with B with A with A

Pirg Porg Bi Bi P Hixed Ho Tnhibition  Compet itive
Compet itive Competitive Wi xed

Hechanisn

Compet it ive
No Inhibition

Varied Substrate
(e Fek

Product  Unsaturated Saturated
[rhibitor  with Hiz with Hole

Saturated
with Qe

Unsaturated

with (it

1 Wi Ho Inhibition  Compet itive nd.
HO nd. nd. nd. nd.

(rd. =rat deternined)

(6) qpo Bfn - KABRITER LA b L ATk B e R B
L7220 | LtxA OFEAIHIS LD, ZDOZE0E, QPO X
ENLNL AT 7 I HE—ThHAHI Lo TW5, £2, Hx
X QPO TEMNT A7 F ) ACKVESH, £12T7 A7
7 /A% A, actinomycetemcomitans @ LtxA D5346% 4
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PEOTIICEE 22— > he7e 952 &, QPO ZFHET
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& 7= BCCP I1Z HP T Fe3t& LP T Fedta &0, Z il
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DN Fe¥Z72 0 | % ) —/UI kIS / 2%, £ LT,

H20:2 & & BTG Z D . 3 DD~ Fet=0 &
ROIREEAET D, ZDE 1T, QPO 1T THT 3 DD~
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BCCP DT F 7 v A ¢ b RRRIHEEERIZ /2 0 155,
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THOBDD S LIV, Fix 1T QPO (ks QPO o~
7 N & A T OREED N Al ~OERE AR k7 1 b ed”
A B AR Lo T QPO Dbz Mk L= L/
WERE LTS, Z O T QPO ZEITHE G LT-RERICA
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(7) mipk L7z £330, 3 CIcHix 12 QPO D372 fRER & L
C ascofuranone &5 LT\ 5, 4RI HIZLL FOFEEA %
¥R L7, 9725, ascochlorin (competitive-type,
Ki=24.7nM), ilicicolin B (mixed-type, Ki=576nM), ilicicolin
F (competitive-type, Ki=19.5nM), N-heptyl-quinoline-N-
oxide (competitive-type, Ki=1.0uM), ##IEHE D7 47 1t
V7B MR LTV D 2-heptyl-3-hydroxy-4-quinolone
(noncompetitive-type, Ki=7.0uM)7% QPO #[HET 5D %7K
L7c, FETMERSHORFRAIHER & L THB TV D
7ZnCl 35 LOVKON O ICs0 1345 4.9uM.  85.0uM T 7z,
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