BAZFREFRFREEREBERLE  Vol.5 (1996)

Sporolactobacillus inulinus D #F AR
INBRERE SR KRR BN

Aerobic Metabolism of Glucose by Facultative Anaerobe
Sporolactobacillus inulinus

Michio Kozaki, Hisakazu Iino, Yukiko Anzai”, and Yoichi Niimura?

Although facultative anaerobe Sporolactobacillus inulinus lacks electron transport
chain, this genus grow well under aerobic condition the same as anaerobic culture and
final metabolic product on aerobic condition is only acetic acid instead of lactic acid of
anaerobic condition.

Therefore related enzymes to pyruvate metabolism (lactate dehydrogenase,
pyruvate dehydrogenase complex, pyruvate oxidase and pyruvate decarboxylase)
and closely enzymes on metabolism of acetylCoA (phosphotrans acetylase, acetate
kinase, acetyl-CoA hydrolase, acetaldehyde dehydrogenase, and alcohol dehydro-
genase) were measured enzymatic activities respectively.

The catabolism from pyruvate to acetic acid under aerobic condition took place by
pyruvate dehydrogenase complex, acetyl-CoA phosphotrans acetylase and acetyl
kinase. NADH produced from EMP pathway and acetyl-CoA reoxidized by
NADH oxidase and H,0, from NADH oxidation scavenged with NADH peroxidase of
S. inulinus.

So we proposed metabolic pathway of glucose to acetate under aerobic condition of

S. inulinus.
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Sporolactobacillus inulinus NRIC 11339% fit3 L
720

PEZB & OB EE | Table 10OGYPRE M % 25
gL L7,
titanium (1) citrate% {0 L CTHREHOEBEALET
BMNETITTERBL, FFREEIMREY
BEZL, REIHEL,

IR ERE | GYPE #h2 F vy, RS %
1/100E M85, RAMMIEEE (ymax) * &
L7z,

HARNE | i ERE »40mM )~ BEFRE
(pH 6.8) IZHE L, AREHED/100E %
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Table 1. Components of GYP medium

B RIEN ERE B 2w,

glucose 10g yeast ex. 10g
pepton 10g

salt B soln* 0.5ml

sodium acetate 10g

fill up 1000ml

*salt B soln: MgSOs- 7H-O 40mg/ml,
MnSO:-4H:O 2mg/ml, NaCl 2mg/ml

2. FVa—RIZ L BRBEEYOWE

B ABEYOUNELES T L7720, 7
Va—2Z (0.4%),
T b
FEER S MU T A EBRWGYPE 2 VSR L
720 RREWICEEREYH S T4 HMTO.6MY
CERREW (pH 6.8) AL 7:, Z O HEIC
RERICERE L ok WA L, R, 24
PR E L, 20 LEREARBEYOBIEICH
Wiz,
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A—ZbZF2 (03%),
(0.3%) LEKRKEHOBEEZ TIT,

FLEE), =5/ - VBIVHEEIVI—-AEH
L7, ARBRIIEERELELL, HRrhE
%, EEEEAY ) —VTRY 87 L, 15
TpHA B L7, TN%60C, 20Kg/cmTIL15
[B]1.0mlit LHPLC Tl L7z, $72, AR
/ —J)VIIBMY FKit%, HE 7 Va—Agl3/
WIA—ZACTFAbPTa—=ZEhillEL,

3. HEBEFRFEmAAE

HEBEREmORAE | iR L RETT 572
ODOMBER ORI, W EIEEEL F THE
SELHEEEMEH L2, ®HR1gl23mlD40mM
U EREW (pH 7.0) 2R, kESFAX
%, 2mlD ) VF—LEZFEML, 37CTSHER
w7V F TV (16000 psi) 12 & D B RBER:
th, BEWRLEL, &K LEREIHROK
BHIZ L D8R BN 21T o 720 WD %
BREL, 20O LERTHEBEREmME L,

FVva—2EFERE L-REREOKE:
FN A= A5 0 OB AERICIEEIZEMP
(Embden-Meyerhof-Parnas) #X#, ED (Entner-
Doudoroff) #&3 & U'PhosphoketolasefX# 753
Ho CINLDOWVWTNORBENEHEET H720
EMP#%#% 12 136-Phospho fructokinase %, ED#XH%
DHEFRIZ, Phosphogluconate dehydrataseiit %
X7z, T 7zPhosphoketolasefX % |2 I Phospho-
ketolaseiﬂ"ri AT, INHIE, LEdEEOA
B e EE LRD7,

4. EIVE VRRAH DOHERR

VK CEBEDREDR B 2 X5 728, lactate
dehydrogenase, pyruvate dehydrogenase complex,
pyruvate oxidase (phosphorylating), pyruvate
oxidase (CoA-acetylating) B & Upyruvate
decarboxylase D {E M % € L 72,

lactate dehydrogenase{fP4:ifllE | ¥V ¥ VB %
HE L ¥ DG T, NADH (& 5= 6220M'cm’)
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DEEAL % 340nm DA E DR 12 & 1 BRI
WE L7z,

pyruvate dehydrogenase complex &4 #l % :
A B ¥ complexid, pyruvate dehydrogenase,
dihydrolipoamide acetyltransferase, lipoamide
dehydrogenase DS BEZHERTH 5, Z DR
{EME1L, NADEIT % 340nm DR IEHEE DIEHNI &
D BRI HIE L7,

pyruvate oxidase (phosphorylating) %48l
FELEVECBF M) T AERERE LTO.NK
WrBErEBRLTHVWTHE L, bbb
10mM MES#E % # (pH6.5), 0.1mM FAD,
0.2mM TTP, ImMIE{L~ 7 &> 7 4, HEER
&4 RE2.0mi%37C, 155 BRIEL, IM
ELVEYEEF N 72200 1OFRMTRIG S &
720 THALIE EEEEMAT TIoMIZT g moleDO:
TR T HABERE L L7

pyruvate oxidase (CoA-acetylating) &Ml
ELENEVEEF M) T AREEEL, O
rBREREHTCHE L7,

pyruvate decarboxylaseid 14l & | MIBER R IC
lactate dehydrogenase?S 3474 5 72 O FH MR € 4°
RETHhHsb, LIzA>T, RICERDOT £ b
TVTFe FEli L7,

5. Acetyl-CoAfCH B 5-BEZ D iH

phosphotransacetylaseifll & i%: . acetyl-CoAD 4
AL b 7% 9 233nmDWSEE DN Z HE L7z,
20mM HEPES#:f&# (pH 7.4), 0.3mg/ml GSH,
0.083 x M CoA, 10mM filk7 > E=7 4, #
BEE % & O IS H3.0ml % 37C THRIE, 0.2M
acetyl phosphate 50 . LRI & 0 KUt % B %G
L7zo 1EAIZ14 M 21 2 moleDacetyl-CoA %
ERT A BRELE L7,

acetyl-CoA hydrolaseifll & i . acetyl-CoAD 4
BlE, 5,5'-dilhiobisAacetyl-CoA%X BIL LAET 5
TNBD412nm DGR DI N A & H A %E

L7z

acetate kinaseifll € . acetyl phosphate ? £ X
% hydroxylamine & 35 ftgk (FeCL) 7T, b
FO XY LEgks LTER, S40nmDOWIED
‘oo llE L7z,

acetaldehyde dehydrogenaseifll % %

acetaldehyde ® 8> Z NADH? 340nm D W LKL D
B o HEERIZHEIE L 72,

alcohol dehydrogenaselfll£#: © 71 P 7V T
b N4 H % NADHD 340nm D WG EE O 84 i1 7>
SilE L7z,

resting cell D FR F W IUH %2 i | GYPHS L Txd
e A £ TR ER, A Z50mMY
v R (pH7.0) ToEd, BE L37CT60
SRE L, EiLk, BURUBERTREREL T
resting cell % FH% L, HAFELBREK, EEMEH
L7z BEZEWINIL, resting cell® & £50mM V)
v EERE R O2.0m 237 CTISHRIE%, EF
TR E M URAE L7z,

EEA R R OB RN ¢ HBEERE L LA
FRICHEAIRS 2 B D, resting cell DB FZWIE =
w7z,

6. IHMEBEZIH EBEOME

NADH peroxidase{&EPE#I%E © S. inulinusi3 45
{4 F TNADH oxidase!Z & 5 NADH®D &t 7>
LBBRILKELERT A EEXOND, £72,
PN CTBENSA—N—FF L FT7=F 24
BB, L7zhoT, HEHBREOHENILET
b, T THEUBEHEBEOREZIT o7
NADH® 84 % 340nm DU S DA T & 1) Bk
SHIZHBIE Lze $2bb, SomMY) » EEREE
# (pH7.0), 0.lmM EDTA, 0.2mM NADH, 50
#M FAD, MEEE O MIC#2.4ml% 37C TR,
250mM H:0: 10 ¢ IOFRMTRIGZ Bta L 720 1
7L, 14721  MONADH % BEfb 3 5 BE R
'=& L7
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NADPH peroxidase{& ¥4l % | NADPH &4
% 340nm DY IEE DBAIZ & ) BERAICHIE L
72h3, BIEEIINADHOB L R TH 5,

cytochrome C peroxidaseif ¥ #l] &
ferrocytochrome CORRILIZHE 9 550nm DL S
DA EPE L2 5omMY ~ EERE R (pH
7.0), 1.0mM EDTA, 4mM cytochrome C, HiE#
RO RIH1.0m%37C, 250mM H,O, 4 4 1710

LTRIEBZ R L7z, 1EALIZ15RI21 2 moldD
cytochrome CxFR{L S 2 BEFE L L 77,

NADPH peroxidase{& ¥4l % | NADPH® /)
% 340nm DWW SEEE DIBAN & 0 BEEHIZRIE L7z
75, WEHIINADHE A#TH 5,

cytochrome C peroxidaseif % #ll &
ferrocytochrome COEE{LIZ{E 9 550nm DR
DL EEL 72 50mMY) » BER

(pH7.0), 1.0mM EDTA, 4mM cytochrome C,
HLIEER O RUG#1.0ml %2 37C, 250mM H.0: 4 ¢ 1
WML CRISERME L 720 1EALIZ15RI21 4
molDcytochrome C% BL§ A BEFE & L7,

iodide peroxidaseiG I (I &EH & LTI,
DAL % 350nm DY SEEE DB & 1 #I%E L7,
50mM " » BRiRE# (pH7.0), 1.0mM EDTA,
0.5mM3 VAL H ) 7 &, HEBERWEE &4 RSl
1.0ml1%E 37 CTRIE, 250mM H.0, 4. 1D 7N
TRIDZRMG L7z THAIZ15 21 2 mol®
cytochrome* FE{L 5 2 BEEE L L 72,

ascorbate peroxidasei&i Pl %  ascorbate D
LITHE ) 265nm DB E DA % Jl5E L 720 1
EAZI1314 B 121 « mol Dascorbate % B 5 B
FEEL L,

chloroperoxidase{& P4l % . monochlorodimedon
% #H & L CTdichlorodimedon® 4 B, % 278nm ®
WIEDBWAIZ L O PIE L7z 1B 15
1 ¢ mol® dichlorodimedonZ AKX ¥ 2B\ HZ & &
L7
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Table 2. Effect of Oxigen on growth of

S. inulinus NRIC 1133

Culture  Growth yield Maximum specific

condition (dry weight g/ growth rate

mol glucose)  (x max h')
Anaerobic 13.6 0.45
Aerobic 39.6 0.41
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Table 3. Effect of oxigen, on end-products of
S. inulinus NRIC 1133

Culture Consumed Endproduct (mM) Carbon
condition suger (mM) lactate acetate ethamnol recovery (%)
anaerobic 22.7 422 0 0.2 93.2
aerobic 224 0 41.5 0 61.8

Table 4. Activities of enzymes involved in pyruvate

metabolism in S. inulinus NRIC 1133

Specific activities
Enzymes (X10°U/mg protein)
Anaerobic Aerobic
lactate dehydrogenase 22900 7450
pyruvate dehydrogenase complex 2.7 8.6

pyruvate oxidase
(phosphotrans acetylase)
(CoA-acetylating)

pyruvate decarboxylase

Table 5. Activities of enzymes involved in acetyl-CoA
metabolism in S. inulinus NRIC 1133

Specific activities
Enzymes (X10°U/mg protein)
Anaerobic Aerobic
Phosphotransacetylase 2180 2035
Acetyl-CoA hydrolase 0 0
Acetate kinase 258 241
Aldehyde dehydrogenase 0 0
(CoA-acelylating) 5.2 59

Alcohol dehydrogenase 17 25
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Z 2 THREMT OS. inulinusDA B % PBRITERA-REETHLLOD, ZOK
BatL7zo ZNVaA—ADSENE VERICES I Pyruvate decarboxylase complex!Z & ) ¥ )L &
{Z EMP (Embden-Meyerhof pathway), ED FRIINADIC X % BRALAI I IR BR % 17 acetyl CoA
(Entner-Doudoroff pathway) 3 X UFPhospho- ERTAIENHEEENZ, 2O ERH
ketolaselZ L 5B EZ SN LD, b acetyl COADH B G FREI NS, £NIZH
DRERRIZEG$ 5 TEBE T 2D HLEMPIIBT bAHBRIEROFET R,

% 6-Phosphofructokinase, EDIZ*t 3 % Phospho acetyl CoA DX 12 iXPhosphotransacetylase,
ketolase | DWW T EEMIIEROF B L F 72, acetyl-CoA hydrolase, acetate kinase, acetaldehyde
Z D% R, Phosphofructokinasel& T D A H3E8.8 dehydrogenase 3 & (Falcohol dehydrgenase 235
b, EMPREETHEZRH L TV I L L T ho TNODOERTEIEREIE I Table SO Y D
Pl ol, £ THRAFEMHTOL & ORERE HWREMPEON, T7%DbbH, acetyl phosphate &
BT MAEHTENE VBB ICEST 5 H %9 % phosphotransacetylase 8 X Facetate
BEREE LM, £ORKR%ZTable 412/RL 72, kinase!dift %A L, % 7zalcohol dehydrgenase
BES S T Cldlactate dehydrogenase 23 #f 55 14 bBER, HFRMEG T TRE  h o7, L
TIZBRREEDE R TH > 7255 IZPyruvate L BEBE % 4B 3 % acetyl-CoA hydrolase D {14 2°
decarboxylase complex!IFREHFTIZBVTH Thholze TOZEDSLENY VEED L OEERE
L FMEDEBRNRD 5N/, 72, Pyruvate HERIZIIBEOREICEMRE {, HUHRER

oxidase 8 £ U'Pyruvate decarboxylase DF7E 1372 ICEEERIIEEBES L TW R W EPHL IR
oMol o T, BWAFEHET TS -7
inulinusiZ X ZATPAEIX 7V 2 — A X ) EMP % 2T, resting cellZ i\ TERFE ORI % I

BEREZETEVE VRICRHF SN, S50 E LT, TOFR, BFXERLLTIVa—
lactate dehydrogenase!l & ) FLEEZ R T 5 Z & A%REML7z& 27217 Table 60 & 9 (ZEEFZEWIX
PR E NIz, —F, HERWEEFTTRIEVE WHONTzZ, $72Z OBRPUIMRSERER O T
Table 6. The rate of oxygen consumption by resting
cells of S. inulinus NRIC 1133 in the

presence of electron donors

Electron Concentration Oxygen consumption
donors (mM) (nmol/ml/mg dry cells)
glucose 5 55.8
lactate(D,L-) 10 0

pyruvate 10 0

succinate 10 0

NADH 10 0

NADPH 10 0
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Table 7. Effect of respiratory inhibitors on

oxygen consumption by S. inulinus

NRIC 1133

Inhibitors Oxygen consumption

(%)

Cotrol(5SmM glcose) 100
1mM NaN3 91
SmM KCN 91

AL b)Y AR EFBRI ) 7 4 TTable TIIR &
NBLH)ICHEEZ TR o7z, o TR L
BELLIBFAHHTHA O LHZL, EMEMH
e v S S ICBRERROER & #~X72, %
DFER, Table 81Z/R L 72 & 9 12S. inulinus? I
MBI IINADHE BTS84 L LO,T
EHMEL 3 % NADH oxidaseif 434 & L7z,
bbb, FRANHOESEMPE L U
pyruvate dehydrogenase complex TH K & 1172

Table 8. The rate of oxygen consumption by Cell-free
extract of S. inulinus NRIC 1133 in the

presence of electron donors

Electron Concentration Oxygen consumption
donors (mM) (nmol/min/mg protein)
glucose 5 0
pyruvate 10 0
lactate(D,L-) 10 2
succinate 10 2
NADH 10 84
NADPH 10 23

Table 9. Active oxygen scavenging enzyme in the cell

free extract of S. inulinus NRIC 1133
Enzymes Specific activity
(X10°U/mg protein)

NADH peroxidase 250
NADPH peroxidase 32
Cytochrome C peroxidase 0
Iodide peroxidase 0
Ascorbate peroxidase 0
Peroxidase 0

Speroxide dismutase

29 (U/mg protein)
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Fig. 1. Oxigen metabolism in Bacillus and
Sporolactobacillus
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Enzymes . 1---lactate dehydrogenase ; 2...pyruvate dehydrogenase
complex ; 3...phosphotrans acetylase ; 4..-acetate kinase ,
5.-NADH oxidase ; 6..-NADH peroxidase.

Fig. 2 Proposed pathway for pyruvate

metabolism in S. inulinus
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peroxidase, ascorbate peroxidase, chboro
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