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Studies on the growth of oral indigenous bacteria
and their oxidoreductase activities
II. Oxidoreductase activities
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Abstract: In a preceding study, an index was given for bacteria with intermediate tolerances for

oxygen which could express their aerobic to anaercbic potentials in a quantitative manner.

The purpose of this paper is to examine to what extent changes in that index might relate with
the oxidoreductase activities in theose oral indigenous bacteria under different cxygen conditions. The
oxidoreductases studied in bacteria grown under aerobic and anaerobic conditions include NADH per-
oxidase, peroxidase, superoxide dismutase (SOD), and catalase. Isczyme of SOD was also studied in
some bacteria using disc polyacrylamide electrophresis.

It is suggested that NADH peroxidase and superoxide dismutase (SOD) play a dominative role

in the grown of oral indigenous bacteria under several oxygen concentrations.
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T b, Neisseria mucosa S-11*%, N. sub-
flava YN-1**| Staphylococcus aureus 209 P?,
Streptococcus salivarius S-6*, Str. mitior S-
8*, Str. sanquis ATCC 10557%, Str. sanguis
S-9% ) Str.sanguis NS-7*, Str.mutans Ingbri-
¥, Str. mutans 1089**7 ) Str. mutans MT
7038, Str. mutans Pk 19, Str. mutans OMZ
1759, Str. mutans B 13'0, Str. faecalis ATCC
19433 Str. faecalis ATCC 97562, Str. pyo-
genes 1ID 689'%1%  Lacrobacillus acidophilus
ATCC 4356'%, Veillonella alcalescens ATCC
17748, Propionibacterium acnes ATCC
11827, Fusobacterium nucleatum 11D 8§911®
Thd,

MR L LT Escherichia coli K 12, E.
coli K 679, E. coli B/t*™, Proteus vulgaris
1D 8742V, Salmonella enteritidis 11D 60422,
Micrococcus luteus NCTC 2665229 Pseudo-
monas aeruginosa S-2*Y % v iz,

2) Rk

Ko, HSMEEAELchs GAM Fo
30 (HAKBEE, B & Bvi,

MBI, —ERic>wT BFRIEELHED 2 4
i, 37°C © 1 ~2 AMKEEL /o, RS,
EIRIEE#  (Gyrotory incubator shaker G24 ;
New Brunswick Scientific Co., Inc., USA)
% T 150rpm Tfroiz,

3)  BEMEEIMRE & O B AR H i oo AR

a) VElkHfRo P

W e w0 L T (8,000g, 1055/H) BEE
Y, ZoREkEr 0.06M VB EN (pH
7.0) & T 3 ERRLERL 2%, WRMIcdR
DRBEIR I BlES ¥z, o EEFERKRO BE
I, Zo—§E kBT, BIUHBEEY
WES Bz itk ) R,

b) BRI o TR

WEEAE REE 0.5¢/ml L5 X5z 0.01
M U EEREE (pH 7.0) THRL, choz
BRI E Lic, = o BFEEF oMing, BF

e 52 K 2 I 5 22 7 59 e
A S K S S T R 4D

g% (Tomy UR-200 ; &k, HED & Ao
T 20kHz, 80W ¢ 3 SfER s ¥R L7z, =
NEHEHEOSEAHRE (RC-5; Sorvall, USA) %
AvT12,000g, 6055 L, EFEEBE, 20
iEr EEENE T CO6RIEAT L, E AR Rk
ks gL 7,

4) RGO RECER

BESETEMEY, BEERHIM L ~ 2 AR o EHE I
EL, K3 Elo MECEL & -, BESRIEME
OfRHICE, RS PEER X O iEReky B
v, EESH W SEEEE  (Hitachi Model
200-20 ; Az, B & FvT25°C CllEL 72,

a) 4 NADH BitiE#HorEE

4 NADH ®BfbiEfEi, Dolin® o FEic v,
NADH & @Rk 3R & & Lo USRI B AT
&M%z, NADH opdofl&% 340nm o
WD Bb LV RIE L 7.

Dolin 2 05k & MRS O EIZ S0
ToH, BHL TWa 2, KiFFECiE, Uesugi &
Yajima® e it vy, A & BB R o JE
oW CHEH L, = o8&, Lactobacillus
TiE, @ NADH @fbo 9 b, $97.5%%° oxida-
tion LB LDTHY, YD peroxidation Iz
X5z &7 Mizushima & Kitahara o Xk b #i45
ENTVBP, fit-C, MABEKIC X - T oxida-
tion & peroxidation oS R B AFEMT D
58, 4 NADH BMuiEMEo e ERike L
THHEATRETHS & Bbhvs,

b) R— A=A FY AR Fy ALy —F
(SOD) Mo ER

SOD #4413 Beauchamp 3 L8 Fridovich @
FE® 2Ry, xanthine-xanthine oxidase Rz
J % nitroblue tetrazolium (NBT) o &t %
SOD 2HEZET 54 % 560nm OEICE O
Xy MEL .

c) SOD D7 A Y ¥4 LRk

SOD o7 A Y F A LDHHEIE, Davis, 8L
Ornstein OFE2 I 2 »TF 4 2 7 BEKE &
Wi 72, Beauchamp, ¥ X{F Fridovich o
FIEOW X 5 YRt - TERL .

d) &I —EiEoEREE

s & 5 —EiEMENE, Beers & Sizer & FIEY
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hE, EERLAKEOERRE 240nm ORIEE
DD B E LT,

B x5 —EiEED JEECEL, B s VR
B a (KMnOy) & 2HEEY &k
® 240nm WEIEEERIEES & & HIRET Lic, €

o R, HROBRY &5 — ¥ T, WHEICX
ST CEREN B bhi s, BEEEFmLET
%, @A UES Y U A & B RO
koo, Eiz, HEREEFIC 240nm
O B Oz, WES LYV EETHD
LY, WREREED FRIVELTWEEE
z bhi,

e) W& I—¥ GEERKFESME o it
¥

GAM FERTARFEAELTE, ¥ XU EHBRahT
Werh o # & 5 — PIEHEE Cowan DFFIEIZIEV,
B K ZOSMEIC X 5 B L Y R L,

D EoEAT 5 ERLAKTEORIE

GAM SERSERRBAEEEE RRPICREL, €
DEIEE FLKTEIC X - T B S FRHic
s, BEo FEIVBRELE?,

5) xrAyBEEO REE

% v ooty BE Lowry @ FEM 12 fEW,
Folin-Ciocalteu =¥ % W THIE Lz,

M O B MR TEHRIC O T 365

BREEE

4 NADH BR{biEME

4 NADH B{boiE{t& S >\ T
B LI fER%E Table 11277,

REBHERD b, FRMEE 0L HREE LY,
4 NADH BUIEHEATRGZ L BRBEN D, Z
oA, BEPNO obligate anaerobes, Z8EIHEA
HREMHTeRT e NADH BEEEIC>v T
Uesugi & Yajima® 235~/ 5558 & 7 U A2 7
LTwWa,

¥, KERT, HRIFEESL BERKED 2
& Ficd NADH BUiEi: & ik L 2R,
4 NADH BfuiEitrmiic Ly FEshas
FHLMPTLTV D,

R—RN—AFHAF - T4 RLE—E (SOD)
EE

SOD AEpickt 5 HRD FEHRI >V TH
N EEE % Table 2127RT, Obligate aerobes @
SOD Efkic oW T, HERE T BHEIRD
LR olcicw, BEICE D FEDRLWET
57 LN TEALM T, Facultative anaerobes T
»5 E. coli K 12T, BRFEIC X sHEHRIC
v SOD ¥EMEEL. 8%, Staph. aureus 209 P
GiE1.5fE I BN L 7=, Aerotolerant anaerobes

HIE

Table 1 NADH oxidation activity in bacteria

Strain

NADH peroxidase activity
(U/mg of protein)

Shaking in air.

Not shaking.

Obligate aerobes

M. subflava S-1 0.2 N.G#*

Ps. aeruginosa S-2 0.1 N.G.
Facultative anaerobes

E. coli K 12 0.6 N.D.®
Aerotolerant anaerobes

Str. faecalis ATCC 9756 113 N.D.

Str. mutans Pk 1 26.5 N.D.

Str. faecalis ATCC 19433 0.2 0.4

L. acidophilus ATCC 4356 N.D. 0.1

Str. mitior S8 N.D. 0.2

2  No growth is abbreviated as N.G.
b  No detection is abbreviated as N.D.
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Table 2 Superoxide dismutase (SOD) activity in bacteria

Strain

SOD activity (U/mg of protein)

Shaking in air. Not shaking.

Obligate aerobes

M. luteus NCTC 2665% 0.8 N.G.»
N. subflava N-1 1.0 N.G.
N. subflava S-1 0.2 N.G.
Ps. aeruginosa S-2 0.6 N.G.
Facultative anaerobes
E. coli K 12 10.3 5.7
Staph. aureus 209 P 5.7 3.8
Aerotolerant anaerobes
Str. salivarius TS-S 14.9 N..D®
Str. salivarius HTS-1 7.7 N.D.
Str. salivarius EFS-2 9.6 N.D.
Str. salivarius MNS 18.9 3.9
Str. pyogenes 11D 689 1.7 1.0
Str. sanguis S-9 0.7 0.6
Str. mutans 1089 0.5 1.1
Str. faecalis 19433 2.3 11.2
Str. salivarius S-6 N.D. 0.7
L. acidophilus ATCC 4356 N.D. 0.2
Str. mitior 3-8 N.D. 0.2
Obligate anaerobes
V. alcalescens ATCC 17748 24.3 0.2
Prop. acnes ATCC 11827 N.G. 1.6
F. nucleatum TID 891 N.G. N.D.

#  Culture medium for this strain is an enriched medium, M. broth.

»  No growth is abbreviated as N.G..

¢ No detection is abbreviated as N.D..
L U obligate anaerobes v < 2 DL F 77,
SOD #EMEE R LT,

% 7z, aerotolerant anaerobes IZ-oVTiE, B
Fic k5 SOD ARBEOFELNRICH L T 38
SGHENBZERREN, Thbb, 1) BHE
BROFELWE, i) FEHROED Siu v,
iii) BFEOHFETEIC LY SOD Ao & h s
D3IFTHB, 20T LT I CHEERECFEL
Bbhs,

¥7-, V. alcalescens ATCC 177481, %3k
obligate anaerobes TH 3 & INTE¥I0 Y,
Wik b3, BEOFLEC LY SOD »EEIH
Wah, HRIFEHEE LD T FRERSE

LiclED 122 F5ic b L Tz, 202 L, B
W, LPFo0 RE® L L—FL, Mo CHEBE
FHELEDNS,

RA—N—F XY A F - T4 RLH—E (SOD)
DT AIYA L

Eol, BEFEICRT 5 |, MEA R
BB TR o BRI Tin <, Bx ok
BIREFEOT A VA Lo BRI b RE REFET
BLEEZLND, E0D, BRFED BHEIR LM
Wb 7: aerotolerant anaerobes [Z-ov T SOD @
TA YA LD RHEIT 572,

Table 3izmRT T & <, Streptococcus @ SOD
I, 1FBHEORTH -, Str. mutans Pk 1
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Table 3 Localization of superoxide dismutase on polyacrylamide gel

Strain Sp. act of SOD R
(U/mg of protein) 0-0.19 0.20 0.40 0.60 0.80
~-0.39 -0.59 ~-0.79 -1.0

Obligate aerobes

N. subflava N-1"® 1.3 0.71
Facultative anaerobes

E. coli K 12% 6.5 0.07 0.38 0.51 0.72

Staph. aureus 209 P* 22.7 0.97
Aerotolerant anaerobes

Str. mutans Pkl 66.8 0.93, 0.98

Str.mutans Ingbritt 2.8 0.90

Str. mutans 1089 1.4 0.95

Str. mutans B 13 5.5 0.86

Str. mutans MT 703 6.1 0.88

Str. mutans OMZ 175 6.1 0.88

Str. faecalis ATCC 19433* 1.2 0.92
Obligate anaerobes

V. alcalescens ATCC 17748 0.2 0.61 0.91

Prop. acnes ATCC 11827 1 0.65

a) B

Air shaking culture is described as

Table 4 Catalase activity in bacteria

Strain

Catalase activity (U/mg of protein)

Shaking in air. Not shaking.

Obligate aerobes

M. luteus NCTC 26659 112 N.G.»

N. subflava S-1 6.0 N.G.

Ps. aeruginosa S-2 405 N.G.
Faculatative anaerobes

E. coli K 12 0.2 N.D.»

Staph. aureus 209 P 681 N.D.
Obligate anaerodes

V. alacalescens ATCC 17748 38.1 102

Prop. acnes ATCC 11827 N.G. 10.0

2 Culture medium for this strain is an
b  No growth is abbreviated as N.G..
©  No detection is abbreviated as N.D..

BHIMGIC 2RO A FE HLTH5 2 EBRED
bNTz, BEICERE L7z microaerophilic bacteria
Th b Campylobacter JFn SOD™® L%, k&
{FEofoT74 YA LHERE o AP ERE 1
Do

"2 T—EFEE

B & T —eiEMEE, REBIC FH L7 obligate

enriched medium, M. broth.

aerobes, facultative anaerobes ¥R T DHIEICTE
T+ 52 EWRRBw b (Table 4),
facultatlve anaerobes TH5 E. coli K 12,
B IO Staph. aureus 209 P iz>v T, FRER
@%%fﬁ%ﬁé 5 & T PR B AR h L
TEMER 7 RN X - TIIROFENED bh

7‘:75}, EEECI i iiEaniasro ., E.
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coli K 120 IS IR o Yl Btk o HelE ki
0.2U/mg of protein Thote, —IJ7, Staph.
aureus 209 P OIFKIREE R O VR A T,
WiEM: 680 U/mg of protein OfE % 7R BRRE
e HyE s o hiz,

BRSRIC X B % 5 — IR0 BERE I, facul-
tative anaerobes IZRBWTEHTH -7z,

HEIC & 588{EkFEORE

32i¢ aerotolerant anaerobes (=T, W@EE{L
KFERE I, oS, Str. pyogenes 1D
689, L. acidophilus ATCC 43561 AL R &
nrEoiewt L, Str. faecalis ATCC 19433, Str.
mutans BHT, Str. mutans 1080z 124D
bivieholz,

“ho o ERFERNL, ITOMRITTETS
5, Tiabb, kO Bicks L,
erobes ¥ L O facultative anaerobes TIix, B
AT © MBS B L 7284, NADH, FAD 7x
Eo R AR FELA— S A—F XV A
Ke7v=Fr (072) BERT O, KizA—
Ne—FHH A K FqRxb&—E (SOD) oEH
LD, A== FY A F - 7 =Arh D HER
fEk#E (HeO2) MAERRE N 554, WER{bkR
W, Ehich g T—E itk o T Efic EE kK
(H0) Lk (02 s s, vz,
MBS EESREAE T © HIE T 2o icid, MEA
— = FFF AP T REE—FE HET— ¥
FRELTWAETRERLARY L EPAE A T
%}028)

UL, AERo #ERcE, IERFEMEO K
2% K5 Streptococcus, Lactobacillus 75 &
# aerotolerant anaerobes {%, # 4 5 — Y& HE
#F, SOD FEHEOEKWb oL b -7, £k, Z
b ORIEE, FRE T TRy NADH B
LEME R L, & ORBRFERE, 731 60 Fr-
idovich® @ SOD FZZ CRFHTcE v, %
Di-w, aerotolerant anaerobes MRSt
TOHGECTE s BEE LT, MERIF 7 —¥D
Kyl ntx v F—E NADH =t Fv 4
— ¥ Yo NADH EbziEc vERE LKL,
TRIC ko TEHBL BRI E HFEL T 5 T
LBEZ BRI,

obligate ana-

¥

) 2—RN—FFH+AF - F 1 RHHZ—E
(SOD) mpkfex, J2BRic fH L7z obligate
facultative anaerobes DR T OHIE &
TORIEICE VT
S b, Obligate anaerobes Tk, V. alca-
lescens ATCC 17748, Prop. acnes ATCC 11827
iz SOD Ehﬂi ERERD BB,
11D 891z iZF8® LiLiedy o7z,

2) iz Xk B SOD A£pkiEn i L, faculta-
tive anaerobes L aerotolerant anaerobes d—
], BIW® V. alcalescens ATCC 17748178 %
Bhiz, ¥z, V. alcalescens B WTIX, H4E
R BT 5 HIEM BB O G0 122 6%
WWEL T,

3) W& 7—¥ (BRRALKFESME) &M, ob-
ligate aerobes, facultative anaerobes D¥ET®
HBEICTFEEL T2, aerotolerant anaerobes (T
13, hZI5—EiEHE, o< BHbhihro
Too BT X B H & T — CIEHERED FE
facultative anaerobes 12T FEBHIZ @ 673/1»
2o

4) R=—RN—FFPAF - TgRLF—F
(SOD) o7 A V¥4 hi%, E. coli K 12, V.
alcalescens ATCC 17748, B XU Campylobac-
ter BT BT, BEHEICHEMEL Tz, aeroto-
lerant anaerobes T&» % Str. mutans Pk 1T
i, Rm OFELZ2BEOTA YV FA LBHED
S, ARFFECHWIMo Str. mutans @
BT, TAYFA 23BN L 0T,
T, REoi
BB nt, <adF £ —E NADH <
WAFVEF—FILL ) GfFShTBY, 157 —
Yok v HEEEhi,

aerobes,

aerotolerant anaerobes @ JEI5

F. nucleatum

5) aerotolerant anaerobes

W EEKADICDE Y, BIEELEEME R
&F Ucbiil kS e 0 BN e, s R B
P LB LET,

7, HHREEHEES L EE LodbiBERKER
SR/ R A, RINEER, TR ERME, &
EHBCERHRTLET,
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4R NICH, MRERICHMT AMAEMEL Y, DREENEE AFKESTE S L, BLUSX OFHEN
IR O W T <7, SEE, ABUCET 2MIB2SHE FLIREINE, RIOHEHREL, SWELIVE
LR R TR O Y OERER X UF o8 Y D OIFE (Sp. act) K-OWTHIE L,

—fEigic obligate aerobes THLW # T —¥IEMEIZHW A, 4 NADH BMUiGtEEFE, A— A= F ¥4
K54 2 0% —¥ (SOD) FEME LIPS - TWe, facultative anaerobes TiE, W& 7 —¥iE
x4 NADH B{biZhE b iz h&EchH v, SOD G - 72, aerotolerant anaerobes Tik, %
5 — BILAERL L 23, NADH WR{LiF i b H - 7o, SOD iEMEEP%E Th » 7z, obligate anaerobes
Do, By T—EEEOMT, BEEECILIZTI—YEER L, ik, V. alalescens TH, ik

HERORE, SOD 2E£EICAR LI,

e, THOHOMBELHRIC W TF « 2 7 BRIKEIET,

BEX V. alcalescens ATCC 17748 ¥R T,

SOD kg s U fz, Ser. mutans Pkl,
2D T A VYA 2BBD b, ThbOEERND,

aerotolerant anaerobes MGG CLEIATESMB L LT, HEF—FORVICANFFVHF—F
% NADH ~A#4% v F—¥rERicAERL, Thick- TERLCBEREMELHEL T L BEXDL

N,
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