rik H BT

RSP ORIR & TSI

1988 4%
dt i 3 K R A s b e
A B ZEKEFERBRELSS







Ak B oHd% R

19256 HOETTAMEASICEE RS

19438 E—BEEPIRRI ZME ¥

10469F  HURA[EA IR SRR
HURUR SRR A

19474F BUL RFIEEE LR F

1948%F  HRURFEXFERTE

19494 HURUARSFEE LML R F

19544F AL (R RE)

19554 HAE LRSS 2 E

19594 BT ARFEHE IR

19614 N HY—E7 52 2 FERKERY (—F=sH)

19624F FA v#EBEME7 7 v 7 7 0 P RERFHEYE (ZF—+A)

1967  JhimEAFEEEHEE

1970 BEAFELINBEEHE

19714F  JtimdEkcERERe (ZHEM)

19745 LSS THARFEEEZE
HAELFSRER

19834 JGHEE A FHCEEEITAHE (1987 F T)

19852 HAZE o timiE 8

19874 AR OREH L USELFEERIEE

1988%F  JLimE R EEHFRE
JLiEERE L EHIR

R S IR, & B B R

sz

RRIEIERIL ., S TREELN OBRET AR EFMT 2HPRT, &

HOMEILEWTEL bR TWA, LR TR, EETICE - THEEWR S

LTRESWAMETH S, ZOPT, BRIV H O 5HEETEIC &1
TOHR LN 2BE T, BEREREO TS 2.

1945 FFLIE ERABEEED AL T 7 ¥ - OMEIZBNML, 2OOLHSE
BEHEES L TLO =S —FOMELT -4, 2T THEEOET - FML
TRk AL, BERECE L UHSELT, ALk VBN E S, 2{0H
ADBAEELMSEE L TERMNLALTERLTEA, EBE2EL510Y
N, 4FTOWMEDS AT L ANE Y EBRICET AER, FTF
DBREFHTITICRL TRV,

DMz DMEER—ADATHES bIFIEA L, A -dtke@BLTOWKE
SO HAODEEOBRNOBTHY, LELOFAIZVAVAFIEEICE
2L OTHS, TZIIE{BHOEERLET.

1988. 3. 31




i

T o BABEIT R ereeesvseresreessssesasesessse st e s s s sae e et 1
1. ﬁi@ﬁfft% ........................................................................ eneees 1
2. @ﬁﬁf@ﬁ&@ﬁ@%ﬁ%@{ﬁﬁ ............................................................. 3
3. @ﬁ@%ﬁ%@{t%kﬁxﬁ ................................................................... 8
4 . @ﬁ@ﬁﬁ%ﬁﬁﬁ 5@%@%@@@:&%%/\ DB JTrrrerrevrenrerseretsnersniiincnn, 10
§ . S DY Theerereesrsesssesrsss s te sttt 15
6 . F AR S TTEESE v vrrerere et e 29
7 F RO ACsE TTH FF D Ve ssss s 32
8. EU@%@ETC%E%@&WKOWT .................................................... 43

9. BRECETTHAERER ORERIG, 1 - #REIZXZEIT & 5 Desulfovibrio
S3EE « [BITE DFRZT v eevereererssmrmmii i 46
TL . BRI ODYB Theeererrerrrrrerrrrrsss i e s s s feveceesinineans 50
1. Clostridium perfringens {25 1T 3 RYEEIE Th crvrrrrerrermmnsreeneriinerinnniena 59
1) REEESSEEIC BT BRI E T DRI E oo eresei 53
2) BEE R DHFZE oo erereerre e 57
2. FSERITIR 12 5T 5 KB DL & B werreerrerrrerseraesnteseeniienie et 66
1) REERIRIR I 54 BEEE L AUV L RBIEEH e v errrrersereensnnri 67
D) FEERIBIR T IZ 3513 B R e eeesrsoressesmssssessssmsten s snsss ettt sase s 75
3) KEBRUFEEDOBILIT L BRI e 77
4) REERITIR T2 3513 BB RO DHEZ rrererereerrrmrmersssnenraiennnenne 80
5 ) ﬁ}ﬁ%ﬁ;(\: ﬁﬁ@ﬁéﬁﬁ%%miﬁk ....................................................... 84
3. OV UERREEIIATT B REERIETE DB e 38
4 . Mitsuokella multiacidus @Eé@giﬁjﬁ .................................................. 92
5. 73 BRI AT B REEE TE DR e v e 95
M. FUAFIT I Y NAF D FOMRTrwereerersrsessessessemmsesnmssisetstnesersaienssessnss 100
1. NAFY FOBETE & GBI erreeernrnessrerosassnin e 100

2

. BRRPIIROR (D EEHE «ceereren s s 101




3. KIBROMRH# L MKRICKIFT TMANO R T ORE

4 . TMANOETEEEES -+ vvrerrerererenreoramtiiiterenetr et ssssrsttsieereess s s sransareen s 106
5. TMANOIETE L KA A VB wererrrreerrrnrrnsireranieesairenssse e sareeasans 107
6. TMANOSETE DYEIELEAL S rvvrereesrnrereemionirisiniitre s s ntsae s s seinna e 108
V. BRPIE S M DRIFZT e erreersrrreeersrrteiesittr et ettt e 114
1 . T P IUBE (DI Thewrvrrrenrsnrsnnsrruntinrtoiittans e s see s s e e e e e ae s e e s atnen s 114
I A e o =i | AT T LT PP 117
V. A OEE - EL L REIIRI e eovreerearrreesenniie e ae e s 123
VL. VR B AR EE TR DI G v vvrerererrrrnnsansinninrerinreeesessrirreeeeseees e s sannans 128
1. %90 Y OHIEEEREIT & B Gl vevrrrrrrrernneneioniiiieieeeeeeeseniesiaonsonnneerees 128
2 EBEHEA N VBRI veereererrreeramieeisrieeiiiis e irereeereresneneeeteeneenienens 133
E v = > LR TR PR 137
BREEZE - B oo ettt e et e e s e e e a e s et an e 145

I . T Bk P O%

1. TEOBREREEE

HBRIEYELER T AREOP CESEEH»OESBZHOMERZLEDZDOD
T, AYKERYD 0.5-1.6 § Buen3d (IXK1) . £YBOxmEM 2HEO
SEHARELETZE. C, H, N, S, PHEL. SiBILUKBEAENIR
W2 EBBED, HYUBRZTEREEBLEUVUTHIVTVWEIRTH S Z EWEIHA
TH2. MEUEBRRLLEBERFE TSN, HRYOENEEYOELOBRT
EYRCLABRAS>TERDTS 3.

R BY2HMBORRBUTIIITHS, ERPLULUT. BHRBUIFELR
VWRUTD. BIOHEKE. 4MOEREE. 8. - 2MoRILYWOBERILE

CEREET 3, SOHRHBEFBSHELLEAVLEFLIHRE - RUYFA VR - S

twizdEoh? (A%X2). TOLE. BEXOBILEBERBRCHIET 3 HRER
HLEHIXND, YAFAY AFAZIYREDALT 4 F. YVAFIDLIRY
ANT 4 Fe ANTHFYF ANT 4 VB ANVKRVE. BRI AFLRLE,

REZBUEETIDOHHL, ZOZHNR. HOTREHEBRU T, WAOE
VOWRBTH2, EXRERBDPELVLTT-EEBRETHTHED. EREYPEU
TUBDPRHBELS 7 VET7ETORETET SN, ERPEULTED-ED

1. HEGE

S8 (g/kg)  JELE

=Yk (ZRE)
W 5.3 8 C,0,K,N,H,P,M3,S
F PNy 16.0 7 C,0,H,N,Ca,K,S
t hAF 7-12 5-7 C,0,H,N,P,K,S
B 9 7 C,0,H,N,CI,Na,S
b5 0.26 18
ok 0.91 6 0,H,Ci,Na,Mg,S




BREENLTIVBEUZOFABE DO T, BibXheo bOossUotoy
LEVOFIEIRL TR RV, BRBLVERBOLAFLEMS AT VRN,
ThEMU. VYT, ERY - SRYESER SR ETEREEL T, AR
UBMBEFHOA TV ERRIE. EOUYBEEDLY YEEY YBRIX
FABTETERFETHS. RIE2LXBVWTE. ZEEREETIHOR7 Y-S54
VERUTS 3.

HBEOCORBHERUBE. IR LERT IO, ORIV EERY OO

R%X2. £AhF0ERFOLeYyoR

Inorganic Organic
N NO3 N02 NHZOH NH3 RN02 RNH2
2= 2
P PO
H ] ROPO3
2=
RPO3
S 5027 502~ s° SH ROSO,
s 3 — —
RSO3 RSO2 RSH
S~SOB . RS-SO3 RSSR
O:be—S--SO3 O:%S-S--"S--SO3

#£3. BtERBU L FHiA

TR BRiem BUH:EIB 3 p- SR RERILERT

F 8 EHE (V)
0 02  ——m - ¥ 1o +0.83
N NOs o e ——— | AR +0.358
s S0 - Yo ___ HeS ~0.208
o co. -Y________ CHs ~0.246
P HePOu Tommm oo HsP ~0.40

BERILETEN b BRELAVEST 3RIEAENC RV C S k3L E
bh3, ThEMUT. ERTUBRILERBRSEP CE<. VY TREME
VWOT. S FOLAWR Y VLK EREIERNSZ D ENEER TE A
BODTH35, ME3OLS30. RELSYOBILKE BTk rARERET
FREFPHRBUL S ST, REUBHHORSRET 5. BE - S0
B, U THBIEEPERNCEE A TORNERTHS. ULEDZ Ehd.
HRERBOFRRISL BV TUE. C-SHADEBRSEE &b, REOBILE
EHNBERBHEED B L LR B,

2. MEBREBREARFOMNE

BEPEPHERNRZ BV TV IVIRETCEET I LU, REAPEFORBER

CE->THRELTSZELHEL. ZOEBREPR I > THELOKEOER
CERELEPREZhTWL 3,

WHERKZDS D125 FREZDEDILVSHEORROT T, EBR
KWBFBMAOL > DRERFBUEMBIETSE S, K- BRERETHEEhS
WALKR - BHRBRCUBILS W TEBRKRBIR S, 2Okt Encdit
T939,. HEMEOFALL-TRETN S, HEMAF I IILESBHREE
EHEBMBBLBEET S, COLFABMEE. HILKE - FARBERE SR
HOMEBEILAYERBRRC L - TRBIETI 3 RE>THEEOLILE —-RETY
. ILZEMMBE T, BURBMEIWET % Thiobacillus REM & LK S h
TSP, REICHEMR Beggiatoa REBDEFEET 3. ChOUBBENDEBRE
BRSAFIIOLREDBODHAUETH S, ThokWU. AEBHRAEER
FPRBROBRZRS. RO XALF—2HALT. ExWBBELaPR L TR
tRF2EXT - AU THEHRYREU S, BEORVEZ B3 TRABMBITOESR
HETH 3,

ChizHUT. HBEOCEYHEXIE. Y - FEPZ2LOREY I & 3L
BB, MBEBARCL AT I LF—NBHEBTIRE>TIThh 3. FELYE
TOHKR - ML KFLE2BAUVUTITOR 3O TH 3N, FOBECHILKEDHE




HBUEAREEBRT I PR, MILVORKBTO-Z7RFL LY D REELYVE
HEEIRRUTYAFAVERERT 5200, ERBELEROTERETH 5. K
BEAEIFOMILKERLRET 5,

FRYOSMUIBBRENCIMILARRZER TSI EBEL. BRIV XF
WANRT I IRIAFLNANLNT 2 FRERBEU S, CholB XAFA2VONRE
MeEELOND, BYUKNTIBILTINTHE - FARBRE E U TRPREESR
EhB, VAFA VOBILBINBEELHONh, ANVKRYBOAMERU &I W,
EREVEUVUTCOEROEBWOEZ LHERB TS %,

RDERFEDBEFRADELIRCR S,

MEETEIC . RTEEMU QY Desulfovibrio ERFEFEMT 3 Desul -
fotomaculum O 2B BLAEID o h Ty, REKELEXT 3B LAOHE
BoEEh., TOREOWEL k. EALFMIZE Desulfovibrio BED & <HFK
EhTEh, hRBIEESZD Desulfovibrio Bk ->TEx RO T. UTHEET
W& H AW Desulfovibrio DT & RIBT LW THRIEZ 20,

Desulfovibrio WIRMEAMME T. Burgey’s Manual L hE7RBRZAPH
230, BROEHRREBEABREF ORELEILENICEVEWR. D. desulfuricans
, D. vulgaris, D. salexigens, D. africanus, D. gigas ©® 58 & %, Tho
BEBRBIUSTHMEEOBREREL L - THEEINL TV 3., ZLUANORT &

H&R4. EYL L 3WMBAOLREER

2= M@——,\HZS

4
B
4

[s°]
e
[s03’) FeS

SRRRDEZMULBRETCHEENS V. ERRXEPT 3. REPERROOBE
Ve RT Y BBILFA -HAIXAOFEETLICBRET BMB. S La—2A&FH
ALRVOOREL. ABIPISRDLIVEREETHS. ELE VBELHATES
B UyaB-ayyRrE2HATIHOL S %,

ZHAVHEEY - NHOHEL. KREAFOLRELEET 5. Thid. &
I RHANTHY. BEOBFETCUMETERVLIE TH %, ERETOMYE
FEUBLUTUHERRERROZY P HY0. 2MBREOBAFNOFMBLETS
3, ~EBEPEIFhIHREKEBERL. ThOHBBILRLIVBEAAST
CBBENBRIPLZOT. BENREEN S, HABBE TUFAME & oH#HED
DETS 5.

BE2RWABOMNETH 3, AHOISCABUSOIZEVHEBEEY O 1 DT,
ZECOMEYR > THEKLYPOESNEET N, ThEBRHILE>H

BRBT ZEPILTUSEURL, RRETHOMLET O A Y BERE

BEHSNTVIRBERL, HBEETEUIZh 0ELEDE. VHIXE2KRE
BEENHEYT D %,

COZDO0ERFE. RBEEAFRCHARAMERVUEHRAEE O ERMY
X3, XORBROERREUTE., ZEOERYOFEED. HRIBEYD
PG BMETE c ABTHEEX. ToRHBEAEETHLE. KBEERFOZE
WMBEHILKZEORLERHCIODTH S, H3BFTOMIELKREETIRFETS
BEREERIBUTHIEWEUVUTEESI N 2P, X RETIBED 3 WHMILKE
EUTERPARETNE L ER S,

HREAFOLER U ERILYOFORROH[E. EHILKE T RO 5 MOKE
LORETH S, HAROKALERNIEAHRZRLEN., WREETC L >TER
UL 8WE/ Lk L CEBRU. 0T B UL EBHBERKT 3. Zh T
AOFEREIU. TLAMILKROBEHAELERARI I LR LT, BRHULH S
MLERGZBC B, DOTHRAUMNE. £EH200GHOKEHD S 58075H]
BERFOERES > hEbbh3, ChIHAOESYE - LEFFOHRINER
MET. MBBAFEOHEALLZILNREED AR, REDL. BHOFLE
WO TZIONEBEUNLTVWE LS3TH 3P, HEATHEBBE OEREYT
BHRITHNHLODBIIRFERFL>DOTCH S, HELHNHREETEORBETE




e L e e e R SR

EOBEHNHACRO P oS, HHEYBEZLENCIES LR SHER
EUkgsEeUT. CHSOWMAREY. LBFRBI S5 I TCOMBEBELTE
PHEEBEUCELUT TS ohe $RHBL. KELEOWEDOEDLTS > hEA
MEZBAEEDOBER. LD Proceedings RHRXBBOEN 2 BEL LILFA->
XD EREVHET.

B20@E. KRBT IWMILARELEOMETS 3. COTETAZTEHE
Rok—20f. BFOBEORILKERLETS 3. BETEH» 2D NLTH
TREABEED. BREOBE LTSN RBLENAS. 22 THREL
TAFDERo R, WMEWL L >THREH THERGEENE U, WA RORE
BB THBERESRMEL. SBORMARREUL OO TS 5. BlBid
BRENRERST _AUBORNEBCHETORBOA P IR ERU. HkE |
REREUDET SHOHY. RELAYOAFRE R Fo k. BH L REEST |
B 10°/nl QA =5 —HEU LY. REBRNEETHEC IS4 0 ok, ;
NFOFOARIERAF Y BOREDEBRD 1/2 bohicdlb s . Kl
IV BELFEYET. ROV ZOR BT HRILAZBEBE LR, COZ R
ANFOFRCHEBETESERCRBETIER BT > T, @kD OME B ERIL
WeELLVLERZERRT,

ZOEIREBYERBEESFET LY. REETHORBERILAZOR
EREITIERRE. AAPTUBEORR I3 0 CHBETEEELRL
B, BHEULKOTSIVRELFTRBACRENET 3, H00E FORK
WMEBY THREABE L OREDPEREA TV S (BL. Bl . SEYWELD
EALZBEOHBEF LSV T TFIBEHRILAZEORATANOKRERE oh 3
VS (R, BEBRLEREI>TVLIOTS 35 M. RILKEOEEEL
BRAMRL > TERTANOKRBEEZI 22V, BEOL 3. MibkZOKE
BRAELCEIN3HET. ASHEO—-2TH 3.

FRMBETEORAE. EHMULRILYOBILI & 5 HBE LR - Bl U
TZRHRLHEN 3, EDSOERBREP WO RPAFLDE ST B, BRER
EREVMERHNIE., BZ2CHMAMBORAR L VBRI BITFbh. BHO
WESHO 3. @EH - FHEYNO LBOBMEIL. HREBLTS T 3RBEVOE
AREECOMERIEZRILVTVS. ChoOHEW. BEFELAT. AR

MEOEREREMH

%S,

S0

4,505,

9 U
N L1
‘\va
C)“\\ =
/{ 7 /’Q(
gg Sﬁ-\“ +\m¢‘%ﬂ %&g
N I% S
7 ~4
|
o =
M
o~
o \Kﬁ
. = N4 Y e
n—R L LY
I - Lt
Rsii'e
B2 %)
=& R A\ v
- &)
S ‘J\ ~
N % ~
4
No=
T
S
W




FHDRBRERRECRIVLFHOBREZI - RDOTHY. REHBEOZFULH
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WETCHoh. RIEEERERE - B FARBOMETS - k. HRBEEMH
OBE-HMEMABE. BUBREPETS LT, TORPOEVER THES
BV FARBEIETEATVILSRRAS, MBEFARBERAFEIES L,
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Fig. 1. Growth curve of Desulfovibrio vulgaris.

The cells were grown on sulfate (O), sulfite (A),or EEDRDWKH S5 & XE. D, L yo3iib ok
thiosulfate ([J) as an electron acceptor. The dashed
line indicates the case when none of the sulfur f{ &% WHEWRBERIR S,

compounds was added. For details, see the text.
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FLT 4 AOF Y EMABZERE > TRIES A, 3 ELOKEREIK U THL
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’l Fic. 1. Hydrogen uptake by the sulfite re-
f ;{P"“V“""“ ductase preparations. )
/ Each Warburg vessel contained 5 pmoles of

J ' NaHSO,, .1 gmole of methy! viologen, 100 gmoles
of sodium phosphate buffer, pH 6.2, 0.1 ml of
/ Desulfovibric hydrogenase preparation and an en-
4 zyme preparation(s) in a total volume of 1.0ml.
The center well contained 0.2ml of 10% KOH
& /B(a/ and a strip of filter paper. Gas phase was replaced
with oxygen-free hydrogen. The reaction was
A/A/A/ started by dumping the sulfite solution in the side
S ae arm into the main compartment.
V Temperature: 30°C.

Enzyme preparations used were: A) 0.2ml of
Fraction A (I mg of protein), B) 0.2ml of Frac-
A tion B (5mg of protein), C) 0.2mi of Fraction A
,a-»»r»-;e-*"‘*‘“»)‘]x--»---«---f‘--"‘-"‘""‘l"* plus 0.2 ml of Fraction B, and D) 0.1 ml of crude

extract (10 mg of protein).
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Fig. 2. Effect of methyl viologen concentration on  Fig. 3. Effect of hydrogenase concentration on

sulfite reduction. Reaction conditions were same
as in the experiment in Fig. 1, except for the con-
centration of methyl viologen. A) Time course of
hydrogen uptake for sulfite reduction in the pres-
ence of the indicated concentration of methyl
viologen (mm). B) Product formation during 60 min
reaction in the presence of various concentrations
of methyl viologen. ——, hydrogen uptake; 3, tri-
thionate; A, thiosulfate; O, sulfide; X, total
sulfur.

sulfite reduction. The reaction was carried out
under the standard conditions except for the amount
of solubilized hydrogenase (9.5 units/mg protein).
DEAE-cellulose fraction (2.2mg of protein) was
used as the enzyme preparation. A) Time course
of hydrogen uptake for sulfite reduction in the pres-
ence of the indicated amount of hydrogenase (units).
B) Products formed during 60 min in the presence
of various amounts of hydrogenase. The symbols
are same as in Fig. 2.
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TABLE III. Effect of sulfite concentration on the product composition of sulfite reductase. The experi-
ment was the same as in Fig. 4. Reaction time was 240 min.
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Fig. 5. Absorption spectrum of purified sulfite re-
ductase from Desulfovibrio vulgaris. The spectrum
of hydroxylapatite fraction was taken in a l-mm
cuvette. Protein concentration was 3.4 mg based on
Lowry’s method (24) per ml of 0.01mM Tris buffer,
pH7.0. The inlet indicates a spectrum taken in a
10-mm cuvette, and shows the determination method
for desulfoviridin.
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(20 mm NaHSO,) and hydroxylamine reduction, respec-

BMYUDFITMRBERIALKETHZZ L. TRLnPEBETRKEVREDEWL D S, H 1k : tively. O, NaHSO, and [J, NH,OH reduction by
Bl FO% LTS S OERLIT bR Y. ChEEDTEV. EFO%UL sirocheme; ®, NaHSO,; and @, NH,OH reduction by

sulfite reductase. Activity is expressed as mol of H,

3r 7 Fig. 3. Effect of pH on reducing activities of siroheme
and sulfite reductase. The assay conditions were as in
Fig. 1, but Mcllvaine’s buffer of the indicated pH and
2r - sulfite reductase (heme content of 0.28 nmol) were used.
Amounts of siroheme were 2.8 and 1.4 nmol in sulfite
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Fig. 1. Sulfite reduction by desulfoviridin and its REACTION TIME (h)
chromophore. The reaction mixture contained either Fig. 1. Sulfite reduction by siroheme and sulfite reduc- Pyridoxal amino acids degradation
desulfoviridin or chromophore preparation, hydrogenase tase. The reaction conditions were described under .
preparation (6 units) from D. vulgaris, 2 pmol of methyl « MATERIALS AND METHODS.” The reaction Amines keto acid decarboxylation
viologen, 80 pmol of phosphate buffer, pH 6.0, anfl 10 was started by tipping sulfite from the side arm into the Thiamine
pmol of NaHSO, .m a total vol‘ume of 1.0ml in a main compartment. O, siroheme; ®, sulfite reductase ) . .
Warburg flask previously flushed with H, gas. The center (2 nmol heme content) in place of 20 amol siroheme; Biopterin phenylalanine hydroxylation

well contained 0.1mi of 203 KOH adsorbed on fluted %, in the absence of siroheme and sulfite reductase (a

filter paper.‘ The rea.lction was st_arted by tipping sulfite control for the hydrogenase preparation). Heme peroxidase reactions

from the side arm into the main compartment. The

reaction was carried out at 30°C. O, Chromophore MOOZ_ NO. reduction

prepared from 40 nmol of desulfoviridin; @, 4 nmol 4 3

of desulfoviridin; x, in the absence of chromophore FeMo-Cofactor N. reduction

and desulfoviridin (a control for hydrogenase prepa- 2 _

ration). _ ‘ Siroheme sog’ , NO,, NH,OH reduction
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MERCEAREREET S (p.20, MIX1328) ., HoEYH. REALOR
HDRHERBEARERR2AHET AP, BB TEoFEER LT B IEM
PokDlk. HEREXH CUEBEET S L LA CENLELBERLEZEUDT
VEIBBY, BPURBETCE > TRELEEY 2 3ABRL ERAMCRILT 3
D HRZEFEDBVRVOT. BLRENELTHEIP > ODBHARL,
UL, RBEREORMERE ST A ERBRETOZEEY. SN0 BRENE
HEEABRRLZEUT. GHREEABREDSHEUVLEETURATER
Vo MHEBRBITZBEREELDREDH T, PRI IDEBOBEDBLETD 3,
FRMBBEOBERC > TERSN, BHEEN ST V& X 0HHKARRNDE
WZENZL. FMYREZCLE VBREOILENMEEYBREETRTC
BB B, T30Sl BEIhEREBEETESRY kn = 3.6 il BRTI
CEFRBT A, 2ho0OTER. HBAVEIUFAVEERBEY T A RBET
BERCLOBAFAREIRDEDELONS Y. FREBEELES TR,
BRIWEARBETBRSE2AVEZERTH. BHLERBOETIZB VW T
FRNEBEBERRCETL. EEREPI LT ERCEILT 3, ChBZEONHE
FVS L VRERBRBIUBTERYOUB R LZDOEEb A 55, & BEN
FhTVRY. BB HE0&S RERBRUAFLT A0S Y BTELIER
UTHE-FAVREFHERBIESB L Wbh 38, F b2 0hcBRl s BRE

Hx21. ABEOERBREABROSTHEM

Inhibition by Inhibition by
pCMPS R eesd  CO,CN", A0y
viologen
' v / SOs%
NADPH FAD FMN (Fei,Sy) — Sircheme é——- NO;”
L~
v
ACP}IADP;,// g-subunit | S-subunit T~ NH.0H
NADP*
Diaphorase
acceptors,
0:

Electron flow in £ coli sulfite reductase?s2n, AcPyADP, 3-acetylpyridine adenine dinucleotide

phosphate; pCMPS, p-chloromercuri phenylsulfonate.
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MINUTES g/ K:S0y

F1c. 4. Thiosulfate reduction with hydrogen in the presence of /I'X H,0
various dyes. J !
Conditions: Manometers were employed. Main compartments \ . N
received cell-free extract 2 ml., side arms dye solution 0.3 ml. (1:2,500, 0 10 Q O «3 0

but 1:5,000 in the case Of benzyl viologen) and 0.05 M Na,S,0,,
0.2 ml. and center wells 209, alkali, 0.2 ml. Atmosphere: hydrogen.
Temperature: 30°.
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Dlozcepo. MEBRRBOBARBL(EFOEZRROMETITHONS &
SWKBEhh B,
Hz --— Hydrogenase --—> cytochrome c3 --— reductase --— SEEEER
COF MV OLEBRPTRILTNZE DV TR, KETETLUROS, B
AUTEAEERITYL. EFORVAL7IVERMT B EBILEh 2. RIZZODH
ETBAOYHICLIABILZRIU LY. TORERPHE2TRFRT. OAEKE
DF—=9TH%. HRUANOBRILEVUEIBRILT 0. BEBEILAYWTUSTIS

H&E27. BREF IO Lt BADILEYORE

Beduced cytochrome es

18 oxidized with is not oxidized with

colloidal sulfur rongalit Nam3
m-nitrobenzoic acid KZSO 4 N2H )

Na.l\K)2 Na2503 Nal\l.3

NE 2OH Ya 2S 203 NaP02H 5 ° 320
HO-@-N=N—®-503H Na, S0, Na,Se0,

H 25e03 e 2530 A KCIO3

H202 Nazs 4_O 6 Na‘z.HoO 4’ 2320
Naz(Fe(CN)SNO) Na,5.05 B, P, 0038'8H20
(CO(NHB)6)CJ.3 cysteic acid UOZ(CH3002)2

NH 4.‘703 cysteine-sulfinic acid KSCH

Cuso 4 cystine disulfoxide c 2H50C52K
riboflavin cystine cyclohexanoxine
2H3F0,° 20H003 " 48050 lipoic acid ol=keloglutaric acid
c SHSNH'NHz "HC1 DFN

i:ﬂt::ﬂ'— o CHzCN
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BHEFROBAPREEA LY. ThodEUFARETSY. BRRO 1 B0
A BUNON3EN S >k, 2hZH U CHEETE L REERERT.
HEELZUNOEEARERER R RVEODPPH ST, F L IV OLABEET 3
2. BEWREUACLF I JOLOBETIES 552 L BERE L. Bl
IR HERIERE SR ONOR RS FET IR o2 VXL OTHo
o XOLTOHENAMANOEENREEL. FFIOLOMEIRY >BILED
HAEEDTELBEERENE3L50R3, $h. TILERETEAOSMOHES
PRENT. EAFEBESL—BHRODTH B2 LB - ks
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EH>T. NS LOLBRESFKEFUHD. PP THRVBRER >R EEEH H%E30. HEAOA FERRHT E3F I/ DLcDBE
EUh. MAEBLE->THE. 7YEST7KTHD EFVEBTHNEALLA " ”
BEgL., MOi>2CBBVEBEHRBREOEL WESRIE! BEIANT ML ERRI-RS 300
Fic. 1. Reduction of colloidal sulfur with
280 nm WE—7HRLVIEWRDHEVE (KK28) ., hydrogen.
RBUEF I 7 OLARE STEVRP >R ERIE. KBXRIB3FIAHBEOET Each vessel contained 1.74 mg. N of enzyme
i - . 200} preparation, deprived of cytochrome by passage
CHT BT IOLOEATE ke XFAT ATV RPARTFEEREU o through ion-exchange chromato-column, colloidal
THMAREE. FARROERTKEREHNEITT S E BT TRRTVROT. | % sulfur, 6 mg. of egg albumin, 40 umoles of phos-
. - i ;% S phate buffer, pH 7.0, and water to make the
hEF PO L TEERAT, ;éf £ 100 volume to 1.4ml.  Atmosphere: hydrogen.
2 Temperature: 30°. [J: with 0.023 px atom Fe of
. . =S, Mmoo cytochrome, O: with 1 umole of methyl viologen.
3 * e A - - ;;S 2 oy g s B oo e e s § e B M e B o T 3 nu' } g
KE-—eba¥F—E-—>Frr0kbcs-->FIMBEABRE - > F I j ./"' Contro -+ : without addition. X : colloidal sulfur was re-
% ; ‘_,__,_...:-._’_.0-7-6-—:—»-':- placed with supernatant after precipitation of
. \ L . k o . - . % -39 60 min, sulfur with addition of sodium chloride to col-
EVIRDBBIT EHEIDPRBRIFUVEDLITES. BAA VZHEBEEY S LOE g TIME loidal solution.
A . TR ot —EER feo HFRUBRODLS>T. F . . -
BEREBV. RBROELFOYF—ERmEE > L. RRER % WEABEUR. BILKEOEHLCORERREL L, COERP I EL Lo
R T ARG 1 7 % AL >N . 3
; BRABEITU R 29)., ero¥+y—- _ >
FRRE () FURETAMBOBANEOUR (B2 9) L LTHATAR, EREEREV A VA REREE S THRLOED 3T, 2
503 8 z 3. Mlice FoaXr—LERE2MA 2O (Complete) . = X .
THBBMSS B 5L LA Flice FRY i | BPIOHENEIARP oY, HORSMELERHLT. BVRESEo
| EDEFIUDLORBRRAZENERE. FIOFAVE WEIOAF (
RISESS : e Fa¥+—EP). FFIOLEHRIS). BEEIQRD. N ~ _
FoARE . o MiBEADSFPOBARHEENIIF VI T, BUYDPHEHATITLOMHEEIL
i -
L R UPU. ChBOMERT I OLREBERIET 30T, 4L b BEE
% NDBFEETE RV,
%01 —R,5*Met}1ylviologen i Zhé"‘ﬁ@%ﬁ@ﬁj"@\ iﬁ(:?ﬁﬁ@ﬁtﬂ&mlzob‘f*ﬁgﬁbko :‘f@@:@
3 L EEEAEAOSBRSUFBE KOS Y Y7 —C k> THESh L0
™ Complete ? D, MEEAEHMBREIERRPEBLTAFALT O VRN & > TEHR
5 g | RXBPAHRERET . FLI UL AROREER NS5 E R AHL
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Hz EVOLUTION

T s 4 5 s 78
TIME
Fic. 3. Evolution of hydrogen from formate.

Each vessel contained 0.85 mg. of enzyme preparation deprived of
cytochrome by passage through ion-exchange chromato-column, 9
pmoles of formate, 123 umoles of phosphate buffer, pH 6.2 and water to
make the volume 1.7 ml. Atmosphere; nitrogen. Center wells con-
tained 0.2 ml. of alkali. Temperature: 30°. @: with 0.043 x atom
Fe of cytochrome. O: with 1 umole of methyl viologen. X: enzyme

was previously boiled for 5 minutes. [O: without addition. A:
formate was omitted.

REZETFTREEDPRI>DTVWBREZTASLN S,

TE. OHRAUHARETHER#H R DL POV F—EOoWRERKDsh. E

ERTH-FAYBEFPUYLACERUVRAFALT 4072 h s OKkERER
ko TEFOYFF—EREBTEHERBMEIA TV R, ZOXFAY 1405
YEFPIOLGTEBERATHLOE UEL. BHUO2HOERE AT ORER
2CE Do k. CORERWY. BoFAYEF YUY LARAL B ERISHE
BEHECRSRD 0.25 M OV VEBEGHREEAU THOET BBV TR,
Bi. SlaterBF P 70 LA F VY —EROERT. EHOBEMSVWEF IO
LOBTEEFADBETIALEHEUTCLL2OREVWHUT. BitltokBREIE
UTBEHROBRERE VY > TTFTI Thk. TE. BELEY VRY Y LOEN
T. RUCOERPYBZLETSH > LAXEEREHUN G T, HEO 2DEE
HMOBZEEANERI>TUE >k 220MBRAKRKEDPSRBERLF I OLLE
ZFAVEPOE FOFF—ETKEBRE VLI EREE. BECMARS L

M%32. B_FAYEFMITA-EFOY T —ERIBKRKERER
WEBEF P I OLCOEE

ul
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H, EVOLUTION

Cyt. extract poiled
L L

c3
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TIME

Fic. 4. Evolution of hydrogen from cytochrome reduced with
dithionite.

Each vessel of Warburg manometer contained 1.15mg. N of
enzyme preparation deprived of cytochrome by passage through ion-
exchange chromato-column, and 80 pmoles of phosphate buffer, pH
6.8, in total volume of 2.7 ml. in main compartment and 5 mg. .of solid
anyhydrous sodium dithionite, in side arm. Atmosphere: 1:11trogen.
Temperature: 30°. Content of the main compartmerts and side arms
of the vessels were mixed and the reaction was started. % : with 0.040 u
atom Fe of cytochrome. [: with 0.01 pmole of methyl viologen. @:
with 1 umole of methyl viclogen. @: without addition. +: enzyme

solution previously boiled was employed. o
Evolution of hydrogen did not occur in the absence of dithionite.

PEATVWS, BRS2XFOHBRERETRT. EFORHLELTE.

Naz2S204 -— Cytochrome c3 ---» Hydrogenase --— H*

b
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BEHBZERRB, TI/JBO—RBEDREIh 2, 70—V T diThh
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1963 . HJIl « Arnon BTz L F: Y YR EY» AL, ChPHAEGROE
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\ =000 TIME(min) minus cytochrome c3; @, complete minus flavodoxin;

X, complete minus cytochrome ¢; and flavodoxin.
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HEBELhB, ChHUT. MK ok Py F—Eiexdd 240E . D.
vulgaris Hildenborough. D. desulfuricans NRC 49001 * UDRISU R V. O
EFas > —Eld periplasm KHEETSDDOT. WF ROEZKENBRLERS
CEPFHEHINLIEED—HUTL S, MK OFRRMET 25 mED B
Hildenborough, NRC 49001 & RIS U. Hildenborough BT s MMmEDHEU
GHTRZEZTSDOT. COZHRA—-TRLVREZLUTHBOHTHLOD O Ebh
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Fig 3. Immunotitration curves of sulfite reductase activities from Desulfovibrio spp.
by the anti-sulfite reductase antisera. Soluble fractions (Stos) of the extracts from strains
of Desulfovibrio were preincubated with various amounts of antisera (y-globulin fractions)
against the MK (A) and MF (B) enzyme overnight at 4°C and the sulfite reductase activi-
tv in the supernatants obtained by centrifugation were assayed under the standard con-
ditions. Desulfoviridin was determined from the absorption spectrum of the Sios
fractions (see MATERIALS AND METHODS). The residual activity was plotted
against the amount of the antiserum per desulfoviridin unit of 8105 fraction. Si¢s fractions
were prepared from the followingstrains:  (J: MK, @ : MF, ¥: MY, A : Hildenborough®,
®: NRC 49001, w: D. gigas™, O: D. africanus™, B: D. salexigens®.
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mM Eq mM Eq
Glucose consumed 13.2 100 13.8 100
NO2~ produced — 21
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Butyrate produced 3.2 24 <0.5
Ho2 evolved 29 91 0 0
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ok ARWXBVLT. WRERMERC > TRFEREP LT Z0D. WHER
BRBESIJzLFFYIUDPSETRE>TLNOS T —EREARVRDES
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perfringens DB EB DL O EVHHEE. SHFHCDIEETHS. ER>
RREDSSBUE C. perfringens ORBEAADSTEVT. MIEEDL S
WOVWTHEHERITToh. HMHEBRE DLW TLERLSBLIURY 7 I UYLT X
FELBREBEEERERITY. SEMREORLEERNERERD . M
1 OWBETEE W T 2 HMiEWE. Ouchterlony WL EZBXYLANO ZEHEK
FRBLTL2TOROMEBEH U CTE—~OMBRE2EUT. AN-RUVIZHSE
Ulke ERREHNRUEETRGESERZ Z 20T AT B MO . FTER
MUT. EFOERLIBEEDNS, kn REZFAEEDNRD 2. I T HM
BTH I DR U-RHEBETESZSONHEY C. perfringens OBRHBEODDTSH
B EDBRENT:,
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%% (p.59, I%XA4A5) . HEOBR. HFE54,000 DY INIHETHEHIEH
hbhoh. BFERKE UV THEIRDOUT A VEETH SN, Tz F
FVYLERATAIEDD Dok, ERPU T VESTEFHEULD. BRHER
TUERET. LFOFVYALT7IVE-RAELVR. EFOFY LY I VOEHK

FEW. BULUTHBBRUTEERERXVITS>OT. fHOmEEDILELIR
VWHITRRVWTSHS S, BWMBERABZFOERPELTLFORYILTIVER
REUVRHESEEEFAE R FERBUT ST 3. FAHERERBREOLXATL
Ao iV FQFVATIVRERTSEAEFE TR ON. BICHE
BOMOEA D FOFYL7IVEREAVESDEFET SOT. FEY
EFOSYL7IVABHUTHE  -HBWHBL2BEXISILERDTETH 3.

COBEE. SETANGh RtOEYOHEBREABRRLEENS CHKRLE
D&I>WCRB. $HbB. BLUEHIIINIESIVRYOANLYINTHTS
2. COBZRRERDIRL. EBHRHTFHULRL, BERAVLEREAELVT
VWERVDOT. SHREHPRIILENS S, VTR U THRUEERERCHEE
T23DEUTC. BERHBEABZTOENRITIV-—RETSEHDOTS 55,

AEO 7L F 3y oL, HEBREL 2. Clostridium DTz L
FRy Yy EMUL. DEAE- L O —RWHKBET SO T AFEOHIETHERU
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Mo]ecu]ar Prosthetic Electron
Source weight group donor Product

Assimilatory

Spinach 61,000 siroheme Fd NH,+
Chiorella fusca, 211-15 63,000 siroheme Fd NH,+
Neurospora crassa, 5297a 290,000 siroheme NAD(P)H NH,*
Escherichia coli, OR75 Chl5 190,000 siroheme NADH NH,*+
Dissimilatory
Alcaligenes faecalis, S-6 120,000 Cu Cyt NO
Achromobacter cycloclastes, IAM 1013 69,000 Cu Cyt NO
Alcaligenes faecalis, IAM 1015 90,000 c,d-type heme  Cyt NO
Achromobacter fischeri 95,000  c-type heme FMNH, NH,*

Desulfovibrio desulfuricans, ATCC 27774 66,000 c-type heme FADH, NH,*

Clostridium perfringens, HM-1 54,000 ? Fd NH,OH

SFEC0THEO Tz L FRY Y E—HT 30, Wi, HHEMET. o
Clostridium 7z L FXY 2D 1/2 OEEBTH 3, iDL HW. WREABRE
DEFHREHREU TOFEMW C. pasteurianum Jx L F Y 2D 1/2 {3V,
BB S AI—OEBEUMITZEDVLIE, 7I/BO—REERRET S &
. BRK - BEMEZRZBBEOVUT. NROBETR2REULB. O C.
pasteurianum@d D EEP R P -oh, CEKBITRITAHEBDZEEbN 3,
AEOMMBWEIE NADH WK OIHBIER BT 5EA 2R OO T. NDH 72 L K
FUVIYBABROFERFHEULDY. Z0BUEBRCE A RD R, ¥ 3
D, FUEBBELABRITUBLC. NMMNTHEBEZERTZQORAERYHEEHR
K77+ 2F 4T LBRBBOIEAEI B NS5 T 4o —BELHSFRIFEVLR ET B,
2ERDBLET. TO—DORUREOBEL» 6B ULLT L FRY Y CEEH
AonBeBohoRk (IXAT7) . DI—D2OHEFIZWE NADH- LT L F RV
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AT LFRVVORREMUTHHBEBROERIEMU R » - ko
LATLVFRYEERAE - HRUERHMHOTZLOMELSDHMEINS. TFE
D/PhEV (6,000) KREOFEANLBEIYIINIHET. BTRXEERAEZE TS X7
FFHEPOVAFAYOALT e FYLEMEDPHIBLEEL TV 3DOTH 3,
WAL AN Z F V490 noftiEZoftiict — 7 285 (KXK48) . B CaAEL




HEA4S. VIL PRV YO—REE

BIsR4 7. Clostridium

System Amount of NO,~ formed )
. perfringens @ NADH-FHE:E Primary Structure of Rubredoxin Proteins
(nmol) RARCHTBLTL F5uy 5 0 s
)i =2 C. perfringens Met-Lys-Lys-Phe-Ile- (  )-Asp-Val-( )- Gly-Tyr- Ile- Tyr-Asp-Pro-
i C. pasteurianum f-Met-Lys-Lys-Tyr-Thr-Cys-Thr-Val-Cys- Gly-Tyr- lle- Tyr-Asp-Pro-
complete 61 KNO3, NaR, LT L F &Yy P. elsdenii Met-Asp-Lys-Tyr-Glu-Cys-Ser-Ile -Cys- Gly-Tyr- Tle- Tyr-Asp-Glu-
Y. TISZ U YA NAD M. elsdenii Met-Glo-Lys-Phe-Glu-Cys-Thr-Leu-Cys-Gly-Tyr- Ile- Tyr-Asp-Pro-
- Rd 1 v JT7 v as A, Nl D. vulgaris Met-Lys-Lys-Tyr-Val -Cys-Tho-Val-Cys- Gly-Tyr-Glu-Tyr-Asp-Pro-
_ fraction A 1 8. TT 7Yy AR Ala-Val -Gly-Asp-Pro-Asp-Asn-Gly-Ser-Val - Pro-Gly-Thr-Glu-Phe-
NaR M H = L EBED IE Glu-Asp-Gly-Asp-Pro-Asp-Asp-Gly-Val-Asn-Pro-Gly-Thr- Asp-Phe-
- NaR 2 . Ala-Glu-Gly-Asp-------Asp-Gly-Asn-Val- Ala- Ala-Gly-Thr-Lys-Phe-
AE-7 QI P T 5T 4 —0DIK Ala-Leu-Val -Gly-Pro -Asp-Thr-Pro - Asp-Gln-Asp-Gly------ Ala-Phe-
- NADH 3 EREREES T LTLF Ala-Glu-Gly Asp -Pro-Thr -Asn-Gly-Val -Lys-Pro -Gly-Thr-Ser-Phe-
- Rd, + Fd 4 FYY Tzl PRV RS Abbreviations: C., Clostridium; P., Pepiostreptococcus; M., Micrococcus; D., Desulfovibrio
TRV, RISKER05,
20
gLy | asp [ Guy [ ase | pro
PRO AgP
L] 10 ASP ASP
M%A48. L7LF3YYQBEANY b pot~{Met [ vs [uvs [vvn [ [ evs [ vun | va] cvs Touv [vvn | nu [7va 6Ly
0'6 8° ~3 PAO
AsP {4YS [ GLY | vaL jouy | evs | uew [prof cvs [ vaL | 1z | ase [ase oLy
oLy " PRO TR
PHE 1wy | ase [Lvs | pue | ase

se [ow E
GLY | vaL oLy | cuu j-coom
B4

The nmino scid sequence of rubredoxin from C. pasteurianum (from McCorthy, 1972).
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BH5BEUT. BLOARL Lo TREERTE RS, 55 THSNILEAL
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C. perfringens OWHBEBEXTRLE B I3HSLMAEBRTP TS EDOT. $HERET
ZRREVS. VILFRYURDBETZE20RBERTAIERREHULE
YN TH B, B2OLEBEDWUNANS 3 VIENAPHIZ L VLT LN RV 2%
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@ NADPH 7z L F RV UEBREBSR (BABER) iAo TEEHMA T, MR
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FAYBEFPYT LR NADI-7 VN RV YEBRBZ-LILF 2V Y -HWESE
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CORCEPHEZIDR TSRO NADPH- LT L F R Y Y BABZEOREYEE
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FTRIRUMETHSS5,. UDPU. EXNAREZREKRZDL STV 3DODBE AR,

BW. NMHEHEEABELOMOEFEER Iz LR Y BERYIY. L
TLFEYYBHEHATZ LVLERVREE, XM EE-R. U L. BHRE
WHBZU. ADAEHTEBEEX B LD >, The Bacteria, Vol. 2
TWABEOBEYORBEENOMFELRHUTHBE. CLE VBN T €
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FEYYROBRAWED THEL. REAA VCEFRELXTRETAERES
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BEBLVBRARLEELUARVOZRLT. A0 CEEYORILRIL -
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CoA Pyruvate Hydrogenase- g l
dehydrogenase He
C02 . 4”' (Ee’:-420 mV)
CHaCO-CoA Ferredoxin

(Ea’:-530 mV) (Be’:-420 V) SN\ NOs~
Nitrate reductase.'i

Rubredoxin-NADH /

NADH e reductase ==l Ruybredoxin NOz"

(Ee’:-320 mV) (Ee’:-27 mY) (Ee’:+420 mVY)
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2. WEBPPRZBTIKRBEONRE EHE
KBEURED D E IS HARIhEEYWEE LN S Y. HEEXOWEDLK
BRECBLVTHEDDOMEIN—T > TEDINTELL. EDONR TV S,
HWBEEARZTOREY. LETLWAREOCOAOKS O MacGregor, DeMoss,
Enoch, Clegg P DAAXRX L > THESh TV 3, HRBLCES LV EETEEEET.
BYONJEGTOEEUES 15 ¥WWETIEELN S, THELBEU LZDOWE.
DFE I00A. 73— 2085 T. A (HFELI6H), B (67) , C (27
O T2y bO 11112 OBERTH S, ARTYTTFVEFERENLBELEAH
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oTHHIEN B,
COBFREROARSTEHERFR - RERLDENT 5. EXEIWETIND
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Hil. EXBL25A3L20FHoRDEI NI RRS. RBE . WHEKE
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DELEEYTF VORI (chld) - BV TFYHEFDOEK (chld, B 2E) &
ZVRTRIIINIENORYVAZREBLTERDDTH %. chiC OHDHER
BRBZEOEEEETFT. narC Exbh 3 kD2 >k, chl, nar BFEOEIE
FOMEOAGEAPREEISHARIALTY 5,

BB ABEOWBEACRVE»Z2EERYVWOREL LT A 20E. M
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Table 2. Distribution of radioactivity after growth on *C-substrates.
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Fig. 1. Growth of E. coli by oxidation of formate under aerobic and anaerobic conditions in the
presence of nitrate, fumarate and trimethylamine N-oxide.
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Fig. 1. Aerobic and anaerobic growth in defined medium with and without nitrate and nitrite
formation.

A culture in complex medium was transferred to 40 volumes of defined medium. ® Aerobic growth
in the presence and o absence of nitrate. When the plots coincided the symbols @ or @ were used.
A Anaerobic growth in the presence and A absence of nitrate. O Nitrite formed in the anaerobic
and X aerobic culture

Fig. 2. Aerobic growth in defined medium in the presence of different amounts of the supernatant
of the preculture.
Defined medium was inoculated with washed cells grown in complex medium. The supernatant of
the preculture in complex medium was added to the culture. The amount was @ none, A 0.63%,
(11.25%, ¥ 2.5%, and 0 8% in volume
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Fig. 3. Anaerobic growth in defined medium with nitrate in the presence of different amounts of
complex nutrient.
TWashed cells grown in complex medium were inoculated. The amount of complex medium added
to the culture was @ none, A 1.25%, ¥ 2.5%, and 0 5% in volume

Fig. 4. The effect of adding complex nutrient on growth after the cessation of growth in defined
medium with nitrate. ,
A culture in complex medium (2.5% in volume) was transferred to defined medium with nitrate
and growth was followed under anaerobic conditions. @ Complex medium (2.5%,) was added to the
culture after 7.5 hours incubation, as indicated by an arrow, and © not added. As the plots coinci-
ded almost completely in both cases during the first 3 hours of'incubation, closed circles were not
drawn
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Fig. 2. Influence of a shift of conditions and of nitrogen source on growth of cells from
a synthetic medium containing nitrate
Cells grown anaerobically (A) or incubated aerobically (B) in a nitrate-synthetic medium
were collected after 8 hrs and incubated in a synthetic medium containing nitrate or
ammonium. Changes in absorbance were followed under aerobic or anaerobic conditions
(0 NOj aerobic, @ NOj anaerobic, o NHj, standing under air)

M%E68. KEEBIUSEBMERAKOWBRAILERCHT sBEOLE

Table 4
Influence of oxygen on nitrate assimilation of various strains of . coli and other bacteria
Conditions of cell growth
Bacterial strains Niiggf“ " NO; - NO;
tandi s aerobie anaerobic
S7nong - | conditions | conditions
. under air
Escherichia coli, K-10, AB 2277, TAM 1268,-
CM*, E 52, C, K-12, B, Yamagucnr, No. 1, R
2,3,4,5,17,8,9,10, 11, 12, 13, 14, 15, 186, 44+ — +
18, 21, 22, 23, 24, 25, 27, 28, 29, 30, 31,
32, 34
Citrobacter, No. 1, 2,3, 4, 5 + — +
Klebsiella- Aerobacter :
Klebstella, No. 1, 2, 3, 4, 5, 8, 9, 10, 12, 14,
15, 16, 18, 20, 21, 23 T+ + +
Aerobacter aerogenes, AHU 1340, AHU 1538
Klebstella, No. 13, 17, 19 _
Aerobacter aerogenes, AHU 1338 ++ ) T
Proteus, No. 6, 13 + -+ + +
Proteus, No. 9, 11 -+~ — -+
Pseudomonas aeruginosa, P 15 _ -+ -+ -

—86— —87—




3. JnbEAVBEBULNTAHEBEETOEE

Fikokdic. HEBERICL Y. Clostrodium perfringens OREBREE. KB
HORGBABRSHBROERLYIBASN I eE P ULY. HOBO
HKBRIEOLIOIRELEZSI TS THSI>P? WEBE2EFREF LU TNDRE
BBILEh AT, ES03EMYREALZEZHIN? TOEF VEBEEBIRRE
BCTH3BF P OLE2EH. BEHRIILBRERTAIEHERRE L
THEETATVBOT. JOEF VBEBR OV TRFEMA 2. '

Bt Propionibacterium acidi-propionici (IH P. plantarum) RHEHU =M.
ZLOBUEHBEERKRE>TVRLV., BRABBM THREETRERLTL
33BREAMBRBAELF >LHEPHRAV CTHEELLEOT. TOREIEUT
FEo>C& & Uk (2B3 ) o

TOE A YBERILA—-AH53VEABSIVWE Vo —- 2T OUTY
B BFEE - “BMILERBERAMIBET. TOEAVBEROLD DBEMRERE
HoTw3, (HME69) . GUALKIYBOER - AN BADET - CAES
RETHTOLhBEREILERAILRFYILRE>TTREF VEBEREI NS, &
BERYHEOMOALRFVILEBE - CABERXL>TIILF -2 HHNT S
KOWHITU. JIVBROANIBAOBRLET P 7 OLRPBEFREERITL.

M%x69. 7O+ Y BERER

Glucose (2H) _ cHzco0™ + COp

(H
Glycerol =—y—3» ' CHCOC00~ 1copl \ -

(H) ~00CCH, COCO0™

e 00~
CH3CHOHCO0™ (2H) [zHl—ﬂl CHJ“C”\CO_COA
Lactate ‘ ~00C CH,CHOHCOO™ CH3CHCO-CoA
Cytochrome _ ‘1 “00CCH2CH2CO-CoA
00C CH:CHCOO™ /
(2H) — L “00CCH;CHLO0 = — [CoAle—
2
CH3CHC00™

i«
-
:
-
.

M3'7 0. Propionibacterium acidi-propionici OBRRB LU

HBTHEAHFTUEUBITINE
A B
S50+ 50+ —60
a
s 450 ~ 8 T -
S 3 s L 190 x
) & S &
S s < S
< -
H40 0 E dw <
L .
130 o X\x dw
~20 a1 —20
~70 : Ry
" X
NG
. 0] i | { 1 ]
72 24 3 8 0 2 ya E 3 60
Incubation time (hrs) Incubation time (hrs)

a b

Fig. 1. Anaerobic growth of P. acidi-propioni 2B3 on lactate {(A) and glucose (B) and nitrite

formation. A) e Growth in the presence of nitrate, 0 growth in the absence; B) o growth in the
presence of nitrate and @ growth in the absence; and x nitrite accumulated
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Fig. 2. Aerobic growth of P. acidi-propionici 2B3 on lactate (A) and glucose (B) and nitrite for-
formation. Symbols are the same as in Fig. 1A




@Tﬁﬁfotb)ot’.o
ABRBLIUI VA - AOBANDBERYAEARK7 1 CRT. HEEHE21 &
UTEBYOELEEEZTH 3. R

ZFheHBUT ATP 2T 30600, TOEF VBEOLIREBETXOEALYE
BEZOT. —H CRILHEHBEFESZ LB TE. ThBATPERIZ DN S,
COBUMBMAME TH3H. BERBRBLVHITERL. TCAV A 7LbE
STW3EEbh 3, BREBIKBERELURNZEEMPREL. EFHWKETS
DR2HDPD 3. UDL. HETLI-ALBVOEBREER & <. ZEOATPOLE
EBIUEBZEOIVAMRICEIT > TLRWENRL,
HorBRli<BEErETLERODPPH LT, ZORRBMBOEEILLY
BFEREEERRTRBP o (AIRT70) ., d2¢dERPTHRES U THHRER
HEEN RV, 2ThZHUT. ABETUBE O NI RBREWHEEAD LE D,
COBTWUZERPTIRESDUTD. BHBEMANIEBERE2LEU 3. ‘
COT7OEFVBEOBRRUABEEERTEIPZEVOT,. TOMEDY Y WEBEETR-T2kMe. Exmilkobt A VBEBIHF R, BlMR
THESBEICCWsRTRETRS>R V. —EBEICCHL TSI vaya 7 BBOEMBETIEIIEOTH S P, C. perfringens RABE O & 5 0B RH
LI —& ¥4 —RHAVT. ﬁ?ﬁi@qﬂfﬁéiﬁz%bfz‘ﬁyf%ﬂﬁ) L. BV REEVYOERDBBEMA IS Wk,
CHUREEERA AR TESE TRET 3 AR R o k. KEZOHEHR | P.acidi-propionici OMBETEEORNE BT >k, AHOMBREY ) ¢
HKEBEDRABEVS ZETHAUDNEIP Y. HRAHNERE-> TV R O— L VB - NADH - ABR > TI<WBE2Ex U THEHEBEE2EU S, ZOK
BRI DO TR, TNV BRI>TLELSPPBRREETLR T 3. A FLT 4

Lactate or 1/2 Glucose --— 2/3 Propionate + 1/3 Acetate + 1/3 C02

RIEERILORCRZASDP. WROFETWE. JOELF VEISEL L. BEE - E
LMEVEBEBEMNT 5, BREOFEL BV TR ITOEF VESBD TAHRIRY.
HEPZFULSEIT Y., REOBRNIMU TELI RS, _BILKRFENOZ2EILD
THHh TLEOD DAL RV,

B 7 1. Propionibacterium acidi-propionici @ AT RBEFHEGRE UV THRBREABRRNET S L. BEHICH 3 2 L2H
RELEVENT IHRETOEE 5 Mok. ZhE Emulgen 810 THEIL U. DEAEEL I —R » &7 7 1 — Z4B »
‘ DEAEE 7 »F 27 A0 YOI PY 5T +—T 46 BETHABE UL, FhIFER
BEAazxE TR ) .
ETHROE, FE 237, £EH 5.0-5.5 TH B2 &80, BEEwH
-NOs~  4+NOs3~ -NO3~  +NOs~
‘ T3 Kmid 0.1 mMe T o AQSF VBRLIETFHGHERB M. FAD, FUN 24D
I L L THBRUBESECRERD ok, BRORFTT } Y OLREUHVESHE
kf TovtrE 0.50 0.24 0.03  0.05 ehhd, FhEedboRBdsRhohke 7IVF V729 FAY 7 VBIEHE
B B 0.29 0.33  0.86 0.71 5 ERRT, BEBR IV AFVBRERNT 3L EENES. Y 73 VBROH#
ELEYE 0.01 0.48  0.01 0.02 E FTEHETZOT. PRVEYTFUBREEbh 3,
HWE Jira-—2 1 1 1 1
£ ToEFYE  1.40  0.53 0.07 0.94
BB 0.42 1.13 1.49  1.23
ELEVER 0.01 0.09 0.00 0.01

—90— —9]—




4. Mitsuokella multiacidus DO BB T
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NOa~ X NO2- EFEE O AE OB B (%)

- - - 0.03 1.15 0.03 0.19 70

- + - 0.06 1.16 0.03 0.19 T2

-+ - + 0.32 0.97 0.01 0.11 70

+ 0.27 0.85 0.01 0.11 62

4+ 0.25 0.21 1.03 0.02 0 63
¥ NOs~ 50mM, fBl% 10mM
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Fig. 2. Difference spectra of extract from B. multiacidus.

Crude extract from cells grown in a medium containing hemin was employed.
The reference was the extract oxidized by adding 5 mm ferricyanide. a, reduced by
dithionite and by 0.45 mm NADH; b, reduced by NADH and then 6 mM nitrate was
added; ¢, reduced by NADH and then 6 mum fumarate was added.
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Fig. 1. Fig. 2.

Fig. 1. Anaerobic growth of K. pnewmoniae in the presence of nitrate on the mixture of ten amino
acids.

Medium containing each 0.1% of alanine, arginine, asparagine, aspartate, glutamate, glutamine,
isoleucine, serine, threonine and valine in place of Casamino acids and 20 mar KNO, was inocu-
lated with 5%, volume of subculture in Casamino acids medium. ®, Complete medium; 0, aspara-
gine and aspartate omitted; 0, alanine, arginine, isoleucine and valine omitted; and x, serine and
threonine omitted. Serine (A) or threonine (B) was added at the time indicated by arrows.
YWhen values of absorbance coincided with those in the complete medium or in the serine-threonine-
omitted medium, plots were presented by ® or x

Fig. 2. Growth of K. prewmoniae on serine under aerobic and anerobic conditions in the presence
: and absence of nitrate

In aerobiosis (A) and anaerobiosis in the absence (0) and presence (@) of nitrate. x, Serine omitted
' in the presence of nitrate

BESYD»SENDPO7I/VEBERRVWIEET AL, FRAPBRKUEMEEREVWTHK
BURD. WBENMEBRES TR RV EIN LAY RBRLS EEARLS B2k,
ZhittyY e mASEHMEPEELVLZY., PLAZVESTTERE TSR
(HE75), YV YOHOEMTDH, BEEIPLPELZY. WHERETLEZHTHK
RUKEHEITT B, BAVIEBYRNTFFITERZTVVLT Y DR VE
AUSHBEBIRBETHEREEIA R, JUYYLT YUY YRTY Y VXN THR
BOFBH L. MRARKALR T Y Y LBBEREHROMDEL RV,
LU YORBEYUEMEZS>DP? JTLA—RAEEBHEUT. BEROEMYR
HM&E76WRRT. COBR L2 —AORBOBUEARHELTLZY ) -4
Bo-BBEIZLN. FBEEDRZTEIY - TIIXVF—ABRONSB. HRED
FHEUBLTEHAB -2y ) -1, BB -CLE VENEMT %. C

RF76. WBWPHEAHIC BT 3 Enterobacter cloacae
REBEVYIYBIUITLI—-AOHEY

+NQz~ -NOs~
HE /Y Yy Yra—-R Fpra-—-3
NGz~ 0.65 3.00 -
AR 0 0 0.30
ELEE 0.12 0.28 0.02
Iy )-L 0 0 0.73
Frg 0.40 0.88 0.21
¥E 0.18 0.18 0.15
- TEMY 0.09 0.17 6.13
7ML 0.02 0.07 0.01
TEIIF— N 0.01 0 0.03
INDEE 0.01 0.06 0.01
ARYE 0.19 0.19 0.14

AW TUT I Y VA=A H BB >T. T4 BEUTVE. Y IDS
OEBPE. ELEBTRUTHR2OT2RBUTHBELURTINIEI R RV D, HEE
BRERTOI L= AN 6 OEEWE BIEV, BB EHEN R0
. BU VBTN ARk VBILOEARILAW TS B2 L2 & 5L Ebh 3,
BV ORBEOVTUELY YFER I —EE VS BROFESH 6N TS
0. COEPSLHMBEENEDT. BZCZOBELL>TUTORDES®
AEENZDTH S5,

HOCH2 CHNHs*C00™ — — — CHzCOCO0™ + NHs™

COHBREBOEBEE TRV IESMREELE YR+ 7 VET7TEILRET S
OT. BYYOELEVEANDODHRBILOTEEE B A E b,




Bl%& 7 7. Enterobacter cloacae BB IC L 37 I VEBELRE “EO2BREORIBEVTIDA BB UL,

OERBRYE NO:-DEE
Phenylalanine + 2-Oxoglutarate --—> Phenylpyruvate + Glutamate

1) V= J1ZB73Zy Glutamate + NAD* + H20 --— 2-Oxoglutarate + NHa* + NADH
+NQ3~ -NO3~ +NOs~ +NOs~
COFEWBHVI VBTHBURETER. D-vY Y2 L<HAL. MEETD
NO=" e 1.08 0.96 ARUEL-BYYE0D-EY YRR ABUR, RUBESBL TV S & SIER
ELEVE 0.06 0.01 0.07 0.00 ) . _
ZOC. D-BYYFEFSY—EORBERIToh. EUFFHLYYEEMEZT
BER 0.65 0.05 0.62 0.02
. 061 12 0.50 |03 ; Z5EL U T DEAERA T — R (2E) » &7 757 AGI50 DEAER 7 7 F ¥ X » &
78 b 0.11  0.37 0.15 0.02 . FOFYLTNIAPDOIORMITST 4= &D, LEHRM0BEED. B—
Sz LBE ] } 0.00 0.83 | REGRRBIIEPERE. COBROEEED-LY YRR TL-&Y ViX1/40,
TV F—-N 0.01 0.10 0.01 0

.00 . D-PLAZYRHUTIE 14% Thohe L-FLAZYEREAELRL, D&
| UV eLeUY Db LASYEHT AKMITATA 2.8 aM, 20 uM, 3.6 N T

Bok, EUFFHLYYBEHUTE 2.5 uMe HFRLL.05 T B—NTF
Fboi3.

RBZOBOWBAMBAY X /) BESHANOMEEL. EXC&Y 556,
525, 431 nm WHZPE—2 2RV, bROF MV OLOFEERRT. FRIEHMEMA
dZoftic 592, 632 np WHBAKERD, 556 nm OE—-J OFI . WEHEM
BERETRIHANBLE UL, ERNBEERBE0AE TSR, 2OF DO
LU NADH Wk 0BREh, WBREMTRIEERY k. #>T. 73 ) BEES
MTHBEABREF M 7 O0LR2FALTEY. COEMPBS7 I JBERHEE
TEHERPIRERRT T & HHES,

FEOBRERIETO7 I EBEHBREARHRIILVISET . HEPS-
TR TDEY VONRBREERWZEITULEY., 7520 - Jz 2752
TUHEIRTNIE 3-4 % UPBEIRL, ZOERERRRT7T7TRRT. BRYIUHD
CONMBERPWIIOBEE. 7MY FBYBET. 7YV F—ABELL W
BExTCUNEINIELAEYERS. ChUISROPEICELUELE Y BR2EHR
TE2roREELNE, Jxo A7 3ol L HBOSEOLEMBR
HEhz,. 2R E U THBRCIIBIETHY I VERILMRFTVL (FEEAD)
BERADISIRCEHI DD ELHEIN S,

Phenylalanine + NOs~ --—= Phenylacetate + HCO0™ + NHs4*" + NO2~

FEOMBBE Y VERENEVBET7VEDTERZNMEIT 5. UH L. HIH
BRERTICDOPHOT. BBOBEMEIIORBEKREREERS AR,
FRITI2ZNAN7IVOT 22 VEHFEANOBRILE2-T XV LI ILBOFEER K
STREESN S, FAVIIVEPG2-TFVITLINVEBPERTSDT. T
N7S52VOBR7I)RIBE. PIVYATZIF—EET LY I VEF L Fays
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M. F 1J 52 5oL 77 2 >N =3 2% 2 F O iEsc
1. NASFYVIOEBREBEBRIFE

GBRELEMBEEREZTAThABREIELN UV LEEER DI EBH PR
ST, Fho2HE TERNBPRELIHERE LR, COIFITY -
ABZREDLDOPMWICRODPEEZEZRZEZS, PYAFLATIYNAFY FOER
BEYUTZOTERVWIERELDIVE, BB, BRILFVYIYRYITATIHRBRR
EFENZBohEERE—KS,. RBEEKBF B MNIAFL7IYNIFVF
UMW)®ﬁﬁ&ﬁ%$hk®&Eh$?oEﬁ&d%@%j{»Ximﬁ&
$6K7XUﬁmﬁ6hT\Z@?~?ROVT§6<EET%A@%E@#O
o TEMMEETRBESBESXILAY FRAEYWEOHMET. 75 /Y IUN
FEVEBEBMUT VR, REVLBF3Z20RBEVSCET. KBEONA
FYFEBROMEREDROTH > o
PFIVIYNARYFREABIERSZBENFERU. EOETIEHNED
BHTXS, KBEOAFEDLDISEBRU. AFLT oA eEFHERE
UTESICERIVZOBRUBTECHEPHEXREZI LB D Y. HHHBDEI 3
FTHER2ED S C &ﬂm%to;hﬁ\7TJVJNﬁ$vbd#@Tﬁ«
Tmm&%mtwm_mY\szf¢vb@ﬁmwhao%mﬂmuusﬂ_%
AVB-ATFALT 2 A0S EEFHRERIZHWVWT. TMANGEBFX CHE I h3E
FAYER 35 om WBTAMNEOHALTHMAHELBWYLU k. 10 mn DRz
Ny PERISHEZANTHS 9 mm OAN—HF—REAUT. B | om &UT

WHAELWEST 2, BZFAVBOBVRKBHRIBRLERIB VY. ZOHEE

FhEBCIERDRE, CORFFZERETORBAOBRARBROMERELA R,
HI—2DMBBUREHNE. RUFZJYLZIFFILERKGROST LOPT
BERGCERIIY. BENYIR2RDZ3HETHZ, B_FF VB TERTLR
FREOAFLT 4 AOKF VBERNA SV FRMA. YILEBEG TERET 3, FB
KRR LEB ZLEFTERPRIRET S L. BREOEFRBRED S TMANO K&
ZEMILE TR ESHHHRILCLIVEBENEIS. EXxBFONYIFUE. Ol
ERCUNED. PBTHVEEULTHKRGT S (BIX78) . IHTHATHEIU
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FIR78. TMANO BERBZEOBSET L Z22E

15 min 30 min

Fig. 12. Staining of enzyme bands in gel of disc electrophoresis. Experimental details are described in
“MATERIALS AND METHODS.” A: Extracts were centrifuged at 100,000x ¢ for 60min and the super- '
natant was used. The time after staining is indicated. 1, from normal cells, stained in the presence
of adenosine N-oxide; 2, from normal cells, stained in the presence of trimethylamine N-oxide; 3, from
cells after induction with trimethylamine N-oxide, stained in the presence of adenosine N-oxide; 4, from
cells after induction with trimethylamine N-oxide, stained in the presence of trimethylamine N-oxide.
B: 5min after staining. 1, PII, stained in the presence of adenosine N-oxide; 2, PII, stained in the pres-
ence of trimethylamine N-oxide; 3, PII’, stained in the presence of adenosine N-oxide; 4, PII’, stained
in the presence of trimethylamine N-oxide. C: Photograph taken on a background of section paper.
The samples were the same as those in A, 8min after staining.

REZORERAZBUESHLENZI I EBEXRYL,
COEMREBEBFINZIHEL. STUVIVIRBERSDVWTELIThAT
VAR, HREZO|MEFIMD Dok, AFLT o4Oy Y effioh bxd.
BTCIMIVIT2oAVF SV YT LEERASEZ L. BEURERT AL ITFIR
EETSDT. BHE - REBEBRHEKX S,

2. BEABIIREROEH
NAFVFBROLSIBHUVLRIERZRIUT. 2 TOHEIN TR OHEBER
FHETEPEINLVIZ LRI, BRAHFROBEORIBLERR S,
HEPRERBIPRERENT, 2ORERZEATHR. B1R. ZEOEE
BHLREBETHRERORILTH S, COBUBRYERBICLANZ L., BEEH
KEL, FR., ERETFRBFRCHTIBERABREORETE. CThIEZ20BTHE
RORBRHDTRVWIERIET 3. E3RUBFHRERLZER L2 EIBTFER
REHTBF I I OLOMEG. EAUZTOETEERHBUR ATP &8, BILD
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JUBIETH B,

THMANO BROFRIE. ChoDEARERETIHESIPEARPOED S &
Uz,

BERSIAUBBOBTOMEZIOIFTII —RASZDBOELVTEIILIROIE
BB B, UL, EEYOERHNRABE UTEBOTREDTERX 6h. ¥
BEUVUTOERIFE—BRBERV. Th. 826 0BRGRHAN 5D,
StoltEYoER. BRALLE - Bl VBOEBR. EREAEIRHOBTVE
SFANDOEBRATHV. BRBO7YE7ANOEBRDAZIRV I —ABZNER
hh3, TRER. XKEFLBTAHEWBOETICEDRIKRE A4 Y HHBRE
EEFRRI->THRFTETh. BBLEIE-S>T. REBEZ 2RV I EPBRENTR,
WO - AMOIYHIYREVLSERBRATIRNE[ETH S S,

3. AEEORB EBREWRRIEFT THAN BxOEE

THANO WP YUY AFATZIVOBILWT. PIAFALT7IVETE->THEDOY
BT, KRBEFE V. EPYTRAEILELLAoh. BEEREORBYWHE UTEE
BEL. ZEOBREEPEUTHY O Sh 3, BELEH RGP SFEHTH
e FREMBIC. BRMEEHR Enterobacteriaceae REDMEIR &K » TE LT
he PIUXFAT7IVEREUS. ChRAOTYORL. 330VEADE-RERE
VWiZbEFh B3, THAND . BEBEEARRIBMNIAFLY IVOEKLRRE
TIFEHRABENS,. TRUFERDPRV2DRERHAETH - . BEILK
FRIZEREUPRIZIOT. BHHERBLERLDD. GLHEL Rk,
EPREBEHDPIAFL7IVOBRILTIThh 36U 0,

B D L3I, BEEHRARI>T7F/VIYNIFVYFOBRBRE
THMANO OBRBEOEREKIEN —HULOT. BUBKRTERIN B IEPD
DO, THANO MBETCHEESR VEUEN R RBZ3OT. LRIE TMANG FimiE
BET->TFOBZR2IUMELR. UTRTNERK - ILAXEROHETH %,

RIBEE KIO OBERIEESL TMANO OBET TIT3LHDREHMRORENR S
h3 (FI%X79) . EAKHMTHREVREER2 Va2 — -7 V&2 7 BREZMM
23, VHORBWRHEVWT. FLVa—X - 7VE272FET32BHOME
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M%79. KBEOREWHT S THANO BXOXE

20 ¢
10 ¢
040}
E F
o 020t
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Fig. 1. Anaerobic growth on glucose in the presence of _ o070}
TMANO. ‘: '
Defined medium was inoculated with 2.59; volume of ¢ o004l
culture grown in complex medium. For experimental ‘ﬁ“ T
details compare Materials and methods. A 40 my TMANO S 002+ o
were added, X 40 mya KNO, were added, and O no ad- 3 :
dition, pH regulated to 6.8 0.01

Incubation time (hrs)

BRI, LA —ADPEET S THRRVETT 3. BREXOEEXVET
Bod., EENOBEEUERNRTHREREEVEL. BERROEE LD IEEL,

TREERIEVY. ABBHEBUIABEORREXA. BHREMEOEL
EYBEEBR LR, BB - EILEYBOBEAV N IUXTFATIVOERED
FHREPREZVDT. Fho0BORLEBIEDNTHhhTVIEEbh 3 (HR
80).,

H#EB8O0. THANO ERLH L BI A3XBEOARIBERY

Table 1
Anaerobic growth of E. coli on lactate in the presence of TMANO and
formation of TMA, acetate, and pyruvate.
Culture in complex medium without glucose incubated for 12 hrs was
transferred to 40 volumes of defined lactate medium and was incuba-
ted for 62 hrs under N, in an anaerobic jar.

. Products (mm
Addition Concentration Ageo (mai)
(1) TMA | Acetate |Pyruvate
None 0.012 0.3 0.5 0.6
TMANO 40 0.161 28 6.3 0.3
TMANO 60 0.191 39 7.3 0.05
TMANO 80 0.203 44 6.8 0.04
KNO, 40 0.222 -1 5.4 3.1
Lactate omitted 0.004 — 0.3 0.01

1) — not determined
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DEBD B
FRAEOLD L. RBEELBLTKRRS
ZVEEEBEO TMAND WL BBILCEL>THO

H%E81. THANO BREVWKBISIRBEO T L a— A0 BRERY
H#R8 2. THANO FMEEBR B 3

Exp. It pH @O ERE (GEEY La—21.0025 U T) TJIAIA—-AXHT BRBED
No. B Io-0 B CUEVE TR VB MeaN EUMEINE  (g/th) BMEBOZEUVLENB#SN D, Chodd
R TELSE. THANOEB R WCEILY >
1 BRE 6.8 - 0.03 0.93 0.80 0.00 0.13 0.79 p o REREH HEAEH BIEBHBUTWLWRLDORERT SN S,
6.7 TMANO 0.01 0.67 0.80 0.00 0.07 0.51 1.52 ERCFIIOLOBEERES>THIIM?
. 7.4 - .
2 wE 6.7 0.53 0.71 0.60 0.01 0.10 0.88 26 40 BADAKTEOETRIET B IESL.
6.7 TMANO 0.16 O. . . . . . TMANO 36 54 _ . — .
0.60 0.89 0.01 0.09 0.80 0.8 ZOMBBECTBILEXEANS PLEBEY,
6.7 NOs~ 0.16 0.02 0.97 0.20 0.0f 0.77 6.4 - 20 27 . —
558 nm DE— 7 OFEE [A558 - (A540 +
3 EE 7.4 0.01 +  0.94 0.00 0.07 2.04 TMANO 26 47 " s
A580)/2 BEHUT [N -
7.4 TMANO O +# 1.01 0.00 0.02 0.76 2.82 Vil xR b7 BElL. %
RohZXUHOEBERECLEEU L, BRIEET
BIFRIEBRO 1/72 k5. THAN SHBEETUHFRAEECEZES L. HEET

TAA—AD S OEMPICHT 2 TMANGETTORERLRIE 8 1 KWRT. REiEH,
pH 6.7 WHBWVWT. CoC: {LEYWORIPNIEBFMOBES 90 ¥ LIET. TMANO &in
DHED 80§ BTHoko ML C LAYELEERT 3 LTINS B,
EBOEBBRITEAEVZOENUT T ZBILRZERENOAESZ VU |
TBIEREAOBRIEBEC STVEIEEDR B, EREMOSALEARAERBR X 'g H%83. KBEETMANERLEHNT 2F P 70 LOHS
STIH J—NEBBOLE 111 CEV. WEORMTELY J—Lhfene |
MoTORM. ZHEHUT ™AN RBRMURE X, EFORTCE 3. |
JXFL7IVOEBROABAGFBROUZTOMETEHDOILLVBRIAT
ERUREEDNR S, HAEM, ol 6.7 OLXRABOERERE . 15 /—
L FEBERRD R, THANO OFER LV ABBRIBRHED T30, =¥ ) —
L EBREOULRG. BRUSTFRNT3. i 7 UEOEA. SHOERLY
LA—=ZA¥Y2ENLT. TF )~  BBEMORCAHT 555, THANO B/IIT
FEROBIDEITT 3, (2 R2LTHIBILAREITORL2BIELS—8BHEI ST
W3a0L0L, EOETLMENEBEEIREFRS20 L5273, pH 6.4, ph 7.4 OV

WEGTIREFREEO2EUERCE VR, WHTOEARBER D OBENELR
BE&.552nmm WE—IBEUS, ThIBEH- -EBRCL->T. HERENESES
WTLEIBEEIh2F P2 TLS2 EELBUTWS,

0IM formate
001M TMANO

Q
3
g
2
S

0.IM TMANO
H0

== 0.JM formate
=== 0.IM lact ate

E

r'V\\J j|:4A=0¢07
—d

%_

' Imin
DBV TH. TMAND M2k ->T. EABENEE 30-70 8 ERELUTWE, I : <
QIEIEBIRILVCR>TEEALANLOY VEBIEBE T Z E BT TUHER | Fig. 2. Oxidation of cytochrome ¢-552 in extract by TMANO.
— . ~ The reaction mixture contained S,, from cells grown in diluted complex medium with TMANO
DPRV. THANO B OB FEEREUODVREBIEHY VBILOEER2EXS. g (65 mg protein and 320 units of amine N-oxide reductase) and 50 mm phosphate buffer, pH 7.4,

in a total volume of 2.5 ml at the beginning. A;;, — Ay, Was measured and 0.1 ml of solution of
various compounds was added successively as indicated in the Fig.
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ChBDFPIOLERERSIWRT L&D TMANO OFEMIC &K > TRILETHh 3,
BPRZKPCEERMATODRAERI —BETIIY., MdRBELV. ok
DEGLURLBTHES, TMANO 2I0ZA 2 &R HETHAREL. BERLAU LR
MBkoTs BEaLIMA R TMANO BB IO THEHET S &, FRKE L TOHE
T3, BEETRVIRUTD. FFIOLRDY THANO BREBREE 2V > TEBILE
RREBRUTVBRZELRL,

RED AL TMANO OBRS. WBEBERLAULK. —BOBRTFRTH IR

R

4. TMANO BB %

REERREISWE. COBRABRORRR7F /VINIF VY FOBROWSE
DA E -T2, THANO BB BR > TIRELFE T R2DT. TOROWH
BUERZTOLU CTEESNh IBEREDL. TMANO BERESBRE I h k.,

THANO FEMAH THERBULRABEOMBER2ELT &, BREMOELSUL
BEBRLSEZY, BARIVESUBRBREZTY. COBRMVEFEHETHED

N ESPFBEVIE 3, COLBERZRYTIVY

E%S:;:ﬁjz;i;zﬁi@-”73?7”§ﬁ&@mﬂﬁfﬁiﬁéi5
& BRNAYIFDPAKXRRL S (BIEX84) .
BEBELADS. I, 1, 111, IV &&FFG
. BOEERXRHICE > TEOHEX -
W RBIUES T 5, K3, THANOESR NI
BETRIVORTH >R, BNERILOI,
H, 11 B3R, P& IVIEEEL
B, MEBOETLDHITD. Ferguson Ok
WkY. FYUVBEREATEREKI ERITL.
BREISHTERHET 5&. | 200,000,
Il 70,000, 111 70,000, IV 100,000 X5
FEMEs O, I, IHEISGFEIRBUEN.
EEBEDILITH %,

ABEHS2OBZEDIINLY VBI0Z&>TH

THANOEZR N (&) - HEMEE (F) .

NoR I—
NoR H'\_

I NoRIlI—
l l NoRIV~
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Al h. RUZZ2VL7IFPFLVEREKSTEE |, 1, I KEYTIZNY
FeRS5x k. AUBRPEEHACAH LTV I LSRR L 3.

ChoDTMANGE LERE. FRERI AV UIWHBENIERECESEET %, 2
RYVITATVBREMBRE TEHETULU. TYITFUBOEETHLEOLRNILR
BE20T. WEREABRZREAUKEBYITFVBELEEbh R,

BRIUD-CHENZVOT. ChORBEE2LETE. BEWMTHEH E. DEAE
A=« T 7F7 AG-200- DEAEE T »F ¥ R (2E) + E FOFYAL7AN
A4 ORI IT 4+ —THEUR, RIZ T0° 3000OHABIZ L - THER
TrRhBZ &Y. DEAEEL I — R, BioGel A-1.5m, Reactive Blue 7H
—APOIMTSTT 4 —~REOVBHEH UL, HFE 2005 TH3H. SIS BRKEHT
057DV T2y b PERZIZEBDDPo> k. 0AMV2EOEYTF Y. 1
O, 1.5HOTEREEH, BIARERBEWOAUTTH o ke £ TYTFY

EHFOFEED. EAANT PABIUNtIBEEER D H »IU K2,

TJaoAOF EREOHN. FAD, FMIN WEFEEH L U CEMHL1/10TE L. F}
JULCEDOBBESRP ok, ABOF P I OLARSDOBBZOH MR RV, %
o THANO QA RBT. Z7F VY ZaAF VB - FaYy Ea )2 ONAEY
FOBRENE0T. COBFUECUAZH7IVNASTY P BRBE LER~
ERODDHARYV. BB EFOFYALTIVOBERLITS M. E@el WU
BER->TWVW3, 737 VEEFOHENA SN A3 MUEBVESALE o» ok
Dok, BECREERDS 3.

5. TMANO BT & kT A AV #g%

TMANO DBITICATPOAEMBHBLU TV B2 L. LRDEIRBEERMSH
B REN 3, TR LE—~ORBIEFEEZEIHBELTVL I VS BEEOIHE
ERDPRDEBDF s AR D o R,

Mitchel W K> TRILBIY VBILY., EFEZER I >T—XBRZEU RBEM
EAF DAY —[HREIBLRINF —FHREISETAILERBEHPEEX
NT. TMANOB RO 2 LVF —EERLEE DV THRAE» ORFTHES LH 2R
She BHMIEIPMIAVFUYTZRERBRTORENITLOhTOLEN. AFEHEH
WTEBILBRRESKEAI A OoRBEONMENTER R > 2. TOWFEITIREE
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B8 5. THANO Bimic & 3
KEBEBOKFEA A KD

HF (BEKR) R E->TiThhrd
DT, YHFMLREEEXRO _HHBO

MEZOLEREOHBHAEE Lok,
TMANO 0, |

: . ¢ — TMANO 058 U T2 A 5 161 4 ) UL TMANO
\V DB & BHRE S BT B,

ChGMEEH DS, 5-di-tert-butyl-4-

—

hydroxybenzy!lidene malononitrile (SF

1 6848) Wk ->TCHIEETHh B (FI&EX8DH) .

TMANO

U T 3,3-dipropylthiecarbocyanine @
I WHBEELT. BEMNOREERET
I %, TMANO BILIEHED 72V chlA, B, D
_ I EEKTRIh>QEEBBI oRd-

1 min

el &d. TMANO OE XD, WEBBTE
ARZIZALF—-REEEBEEUIVT

FiG. 1. Proton translocation in intact cells grown WARCEBRRULEPLDTEH S,
anaerobically in the presence of TMANO. E. coli

strains K-10 (A, B, C) and S78-30 (D, E, F) were kN P =} M
grown in the presence of TMANO. Cells were sus- HCHENLRBEOBHBETOE X

pended in 120 mM KCl containing 30 mM KSCN and - oy — -
25 ug of carbonic gnhydrase per ml. In the right-hand DL FLF—HE. MBEETEHICLSE

traces (C, F), 10RgM SF6847 was also present in the ., — .
medium. At the indicated points, 10 nmol of TMANO HBEBTOEZOLXILY —HEORR
or 10 ng-atom of oxygen (20.5 ul of air-saturated 120

mM KCl) was introduced into the suspension. The HZ DTMANOEB T O EILE W TiThh iz,

arrows correspond to 10 ng-ions of H*. A downward
deflection indicates a decrease in pH of the extracel-
lular medium.

6. TMANOB L O HEIz£EALF

THMANOB T H I KBS T VHBXOMALRER VUL LB, A FREEERBD
CHBEERABRLORAR DL THEBMSHE L, TMNOELBROBRES T
HWEIBAINVRVWIEE-RRETLAEY, EEEHERF UV THEBEEABRY
DEEHoDRULIDIELDIZER RS2,

TMANOE FCRED 72 W X TMANOZ & A 2 MacConkey BXER ETH LA —
2oL %, COBMBI—-LBEEAFALY NP RER. BB E2EELU TEER
BBE. T—VBEBRRBU TEEREREFUVUTHLI RS, THANOBBREXNh THIY
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FE & TMANO W &7 EDTA ALK

M%x86. ABHOREBHKME & torBlxF

Hfr3000 fﬁﬁOO”
: thrichig

R HhrE o RIS A i@ e RbT

AFL7IUBHRS EBELRST. AV IO —NHERS, 2hEFELT

TMANO 2 BT URVWERBKEDEM T AL DHERS. KIBE ANISO 2 bV

7oV ML T TMANO-MacConkey ETHLVwaa=—%228U k., Y 75 UF
HOBERBRVWEZTBMHChI EEZEKLTMANRZ Ex URVOT. EXBEMEOER
BEUT. EXBEBRZHOKERISKEAL, TORFTEBEOFEETHREECUTH
WEBLAEEITIEH IBREHYU. TMANO OBRE2HFANLEZ AR, FOKRN2H TR-
111, TR-6 ». WBEABEREE LTI Z D OMhH 6 3. THAND BIiEESBTFL
DT EnNEBIITAIEEUER,

TRINT W, BEFHRLCER > RRAELEFD Hfr % (IEX86) LES
Mpr e, TorRRIFEELRD 2, KR8 TWRT & 51T, KL209,
KL14 DSTor* B4 U ZHHEBE V. Hf > Ttor®BEF B KILDO B & & KL228D ML
MEDOER S B EHHUE. RBEPKSBETFEVIEERTRUZDOT. PKIBIAZEEKL
28 A O AUIHEME R E X (KIE86) o WFHIZUTH I OFEMHI.
HEHMINTVLAWBEABRCERT AR ETOMNBEEDI LoD, HER
BRBEECIMANOBABREWBBZ6L BR-REFTHSEEbh %, torDfi
BUZTOERFUTOVAEDY, FEBEREE>TLRYL,

—H IS YADNAANLSIRKRBER Mudl 77—V RERAIER I &k
T TMANO BIeEEER |-111 REZER torA BEBZ I LWHHIU ke Mudl 77—
VIIAKBE BRI S L. REARERFHRREATSH. EEOERBRES.
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HE87. tor & Hr OB EFHER2

Results of conjugation experiments with the for mutant

HERE88. tor 7TIRAINWLS tor ZEEHKOD THANO BRBREHOELL

Donor Number of Tor* Str® Number of donor Tor* Str® /donor
Exp. 1° PK191 3 2280 0.13
KL14 12 2200 0.55
PK3 3 2240 0.13
Hfr3000 1 5700 0.02
KL983 1 2400 0.04
Broda8 3 1800 0.17
KL228 7 4100 0.17
Exp. 2° KL14 11 3600 0.31
PK3 6 8300 0.07
Hfr3000 0 2600 0.00
KL209 45 9200 0.49
KL228 47 8800 0.53

Sp. act. (U/mg protein)

® Conjugation was for 35 min.
b Conjugation was for 50 min.

TYEVY URMEOBEFE. JOax—¥—2Ruoklackdb. BEULERT

CYEVYYMHBRRBDOT. FRRLABEN 3, IBANBOEEFOTOE
=Y —DFARRIBIELEDBBHBIOT. RBEUVLERARTORDOVRISI I VS
~EVRBVTIUEMEDS 3, ZOBEEE. TXKOBEFOHLGEH S I by
—VPEETHANS Z WK S,

torA BEFURRERKLE 28 DPOMBR D B, TOBIE THANO BREZ I-111
ZRLIB. THANO EMR K> THS 7 Py —EBEUEBFEIHLZDT. tora I
TMANO BRBROBEEEFLEL O TYL 3,

THTE tor DHRESIVWIBEFEEIIN? torh WEEBEFELT IR
5. AHBETFTHILRENBKRETL, M. tor BBV TWE. BETRLI
k. THANO BRBROERREL., 2. MEBORYZIUYL7IFFLE
R[KBOEERETIE—IC THANO BXBE I-1V 2 THREI 3R, HMER
KBBRETE 15111 OBBREL. IV UANBELORSUESEFER 30T,
ZhW TRINL RE-REHERERITDOEEDLN S,

TR, tor BEFOIO—-2IERITok. RIREBEE Saush K& 3 KBERE
EONAD R 2 UIETHT 2 75 A X FONA Hindl 1 (iR & DRV T. tor EREHEE
MU, Tor' i k¥R R8T 3AKTITo . RE. MU BEASBOEE
PDRBVEBEOKROT. EROEEZETRF o>k tor ¥ IM3I3 BEAWR
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plasmid (kbp)\host HM177 RR1

none 0.32 1.39
PTRL  (15) 1.74 1.49
pTR2  (18) 1.74 1.84
pTR3  (18) 1.46 1.65
pTR4  (18) 1.58 1.51
pTR5  (10) 1.16 1.70
pTRE  (10) 1.62 1.57
PTR7  (11) 1.57 1.81

40m M TMAND #hin LB <& K 2% L7 & & 50mM TrseH (pHT7.4)
R sETRRBLA,

H#&S89. tor 75XAIF pTR3 ORIMEBFME

pTR3
(18 kbp)

Pl  Sall

A4 I3 Eoli BB . 4848 13 pBR322BEH DNA £ BN

A28 1R for RET BN THAWA LIS
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&oT Hr REAT., HFEEHOHEEDE WL RRI REBEAXE. tor2 ok

HM1T7T 2D 0. ZNWRIEEEAUVUTCRAI Y -2y F Uk 72EVYY ViR
Ro BB 14,000 » 5. TMANO-MacConkey BRXETHBaO = —%{E3
BERERIIBRER, CORNTHRIE TMANO BRBEEEIBEHKOL NI FTHE
UCWi, ChaldMhdTI5AIFNE2EE. COEAWRL>T Tor &% Tor
KRB ENWTES (MK88) s UPUBHEHRRIHITZEAUBZTELOHE
ERLEFRBEIERV. ThB3DTIFAIF % pTRL & pTRT &L T T,

ZOHRT pTR3 R E B WKRH VR, ZOHBERBREMNANES QRERT, ¥l
RRBETUBUTORE., KON IVEPRBHL TS AIF pTR3L B {E-5 k.
RESRYTI7OVibkeEDTY 3,

BIED & 52, tor Bhld TMANO BAEBREMNEVE IV TR, mmEex

TERESINIJEHODEDOETHEU L, pTR3 OEAUCOL ANV EEET S

M%90) . BEMEHUTHEERRLR D > ko »

Eh. COBRHFE tor BOFEKPBROBEV I ELRABNE. ANY b LB
S THE. MRS 1RRT &S, tor B F L 7T LBEBDS RV, pTR3 B
AT BEEZOLNALBEEUVRE. TOZEZtorPERTMIANEREBEBESOALE S T,
ZhReNT 3 BETHERR2OXMUTV AT LERTOOP SRRV, UhL.
HEERBREOBEEETORENTF I JOLDEERBISE B2 L0530
. BBOEELEETERL,

torA #KIZ tor BANLIBAELE >R D, FLTARHT B pTR3] BE DK

MR 0. TMANO BRBEI NIV BERNTBETSAIFOEE

&8 (pg/mg protein)

B/ 7TI9RAIF Stes PStee
RR1 30.4 28.0
RR1/pTR3 30.1 28.7
HM177 < 0.5 < 0.5
HM177/pTR3 18.6 24.0

BE 40 aM THAND ¥EA0 LB THRRIEEM. FHMEBUMSRRERU L,
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HMx91. EHHBEPSceBALOF P 70— LDEE
T 3tor7SAIFOREE

BESFTISAIF =
(pmol/)Jg protein)

RR1 0.67
RR1/pTR3 0.69
MirT 0.12
HM1T7/pTR3 0.47

AiE3»?2. Th2RF T, 2o00BEFOREBRVHOILERSETHS S,
B, torA D7 YEVY VRERMALVT Pl 77 —VOREHEARLL-T

“torA B tor BB U. tor torA—ELEH S ULVHOREFETFTHETWL S, TMANO

OEBTHS I PV —EHEARZEUVSRAER>TLRV. ZhET72EVY
VRO T. TOEEFREADY T, pTRIITHEEERT T T, torh OHHE
BETHhE. _ETRRTHI3ZLOTHRRIOTHEIY. TLETINELT
AR~ S AN
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IV. B PN 3R 5K M 5l B o 7 =%

BRABLZAUABREE - BREBUNS ATV I LR, BRNOMEES A
BPESZOEEROOERBERAONTE L, ZABUZOELPEHKRTS Y.
TIDORRFREB> THRABWEHEBT LY. DT KBEENLEEHh 3. Uh
U RERCEBEBOLBEDTHEL. BREZA TV AABLSOEEEAE
HORBEEDN TR, HABWBMNPOOERBECKBEIL T, BRETOL
%Eﬁﬁﬁéh%t\&&E¢®m§ﬁ%8iéfhf\k%ﬁﬁﬁﬁﬁﬁﬁﬁ
THHIEDVHEH» DPRIW B, ZOERBHOUE. Bacteroides, Eubacterium,
FusobacteriumlZ/& 9 % & M T. Lactobacillus, Bifidobacterium, Clostridium
REDBFET 5. KIBED Streptococcus faecalis REDERRE U 2055
0.1 T BEEEEHLIHTV 3,

HRETOMRLELT. ThoORUBAREOTH > HBETH OB R
DFE2THEIEUTIT2ROMB, LU M. multiacidus OFFET 3 - o,
TOMAE. CUAZOBEREBDERETH L0 DA R,

¥\ T Bacteroides @3 5h . ZOREWRE TS 3 B. fragilis BED
TRVBEBRERBERAN. FL7VEZ7ALEZOVTRA VRO T. 20EE
BidNB, UTUIWAER>OWRETH 3,

1. IR ILVBOET

B~z k3. M. nultiacidus WO L a— A5 HEEL. HAB2EEL. 4
@oﬁ@t&%wnhbﬁéim?%o?bOUAEQA\Zhﬁj?»&@ﬁ
k5B E&EEZ N3,

B. fragilis dEBR I N A—-ZARHWT 2N, ERPYRT O LV ERED
EVS. DD OBMEETE. HHEZEY I VB 1 BBRMARD o E .
TREA VBOEBEARD o AR >k, BREMOWETE. T+ A T+ I/
TILELEYBRALKRRY X T —COEHLEADO N IOT. BEORTTLR
TB3T+RARTHT/)—LELEYE»S. &

cne:?coo- + €02 + ADP ---— ~00C-CH2C0C00~ + ATP
0P0s?-
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Bl#%£ 9 2. Bacteroides fragilis OEBRESZK

NADH,ATP €02
Glucose ——L% Phosphoenol - -—L———* Oxaloacetate
pyruvate X
ATP NADH
ATP< €02 <:;
C02,H2 \ ‘S Ny P NADE
Acetyl-CoA P, L Pyruvate /\ Malate
Pi NADH NADPH NADP* - H20
H \,
CoA NAD* Fumarate
4 3
Acetyl phosphaie Lactate ATP <1 <« cyt
v
~> ATP Succinate
Y _ '
Acetate Propionate

Lo TAXTILVEBOHE. TOEXTYVIE® - JILBEETCaANTBR
EZ3¢EDh3 (H£92) ., BELEVTHE IR T+ )—NLEILEVER
ELEVBIZBRD., FO&E ATP BEMIT EIM. THXYILEBRE2IEDS & XHER

Bi% 9 3. Bacteroides fragilis ORI H I ZITINBOLE
30 1.2

A =
o
© =
i
62,0 908
o S
o~ >
£ &+ ]
3 L
o c
o1.0 gOA
T o
© 1441 -
T
o

Lol [ -1 - Lokl ] 8.4 4 i

0 4 8 12 0 10 20 30

o
o

o
O

Incubation time (h) Glucose consumed (mM)
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B 9 4. Bacteroides fragilis OV LA —ARBRIHT I IIAIBOLE
TABLE I. Fermentation products of glucose in B. fragilis anaerobically
grown in the presence and absence of fumarate. Cultures of 11.5 h

incubation with and without 20 mM fumarate were used for analysis.

Substrate and Culture without fumarate  Culture with fumarate
product concen- concen-

tration tration

(mM) (%)2 (mM) (%)2
Glucose (consumed) - 27.0 -18.6
Acetate 8.0 14.8 7.5 20.2
Pyruvate 03 0.6 0.8 2.2
Lactate 1.9 3.5 5.5 14.8
Fumarate (formed or 0.3 0.6 - 8.1
consumed) '
Succinate 17.8 33.0 13.5 14.5b
Total 525 51.7b
Cells grown (mg dry 1.03 0.69
weight per ml)

4 carbon recovery as 100 x [ product J/2[ glucose consumed ]
b estimated by reducing the amount of succinate formed from exo-

genous fumarate.

T5. BRTIRLBOBRRICEBILY VBILSHBU. 22 TH ATP BAEKT
. TRHFBEEEUBE XD ATP EBHES.,
TLA—RAEEDBRIINBRENUCERE:2RAREC 3. BEORE - K
REOEMTERLT. FRETOHENR s R (M%X93) ., 7IILBEON
HHHHLOT. aNIBOAERB I LA - AEELOEL L. LEE - Byt
MUZ (BIR94) . FrIOLRED TBREROLALRZEZEL LWEILIER
PDolP. CLEVBI T —EORBLE) Y ITREBESEOENIBA W2, BHD
HOERNERBCEKET 30 CBER THRBER LSBT R LY. 2ho0Rk
FEHEBUTHASL, COEHBERBTOBE%EBORS LRV, U
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IR -ECILEVEERTOIINBEOSEBY —HBEI > TLEO0HBEHRL,
BEUR ATP £MEH8DT. JIVILBOEFTURMBE CRHBERELLEEIL
TVRVDT. o MO ERZFOERERDINZIROD AR R,
TRINEBEXODHS 1 DOWFEIE B. ureolyticus OE - R#FTH o, 2
OHEOE - BHRRE. ELHEPSGLABMINA TV S, FLI—R + XT Y
CBEILFARE TUBENEL. JILBEKESZVESBOBETE K
ET 3, MBEETRITSICED. FFPOLER) YOBMEDED > TV 5,
FHORENERZMELEZE. XKEDALVEFBEHVREE, EFaAND
BHUTHEYN 7T ¢/TLEVIEBERERENS L2, 5373 EEBbh3
EFOYF—t - SBFEFOY S ¥ TILVBRERBESLUF P 704 b
BECBRAN TH k. FIVOL c DEETEH. FF¥0OAL b BTN
BETCES TS L0,

9. yyEo7EIL

B. fragilis B ¥BEHW® Bacteroides ORFBUERIFEES VLT VB T7TRELE
EU. PI)BREFERAULRLVIETHS. BREVWS ~ARXBEERRIECHKE
UTV3DRTFEERRDLT 3. BRALURYOREDZ VL. BEDOHD»OE
B7I ) BdhEThienbhd, UL, KBELB 7 VE27R2ZEREFEEL
THBAETHZIEEZTIADERZE. HOBEWEFTELRAVRETHEERNY
GRBEEDHRE. 7VE7REFBEEUVUTHRTESCEBRERODDAN
BV RBIABRO7 VE7EERIERS T 14-42 uM Ezbh TV S,

— R 7 YE 7AW EBZ T I OBAERE. FALYIVBERBAELTTI)
EBERBRE->TITHbN 3, FAYI VBOERR B2 20BSHMo>HTL
o 1DW2-AFVITNINBEANO7 VETOBAWBEET. LY IVERT
broON+—€ G Wk>THEXHh 3,

%

NHs* + 2-Oxoglutarate + NAD(P)H --— Glutamate + NAD(P)* + Ho0

HI—DW. TR ILIIOT7IFNEUTEHEE R 2B 2-4 %Y
TLNILNBOEXTHT I LAV S 2BORIET. J LY I VEMEBRE
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TIUVIIVBY I —-BR&>2TIThbh 3, figr GIH B, BEBTLIIY
BRERITS,

NHs* + Glutamate + ATP --—> Glutamine + ADP + P
Glutamine + 2-Oxoglutarate + NADPH --— 2 Giutamate + NADP* + H20

ERORIETE2HFOINLI IVEBERSN. 1 53FBHUVVART. 14
FRILIIIDOEBRUREDBDTH S,

T IVBEBEBUZRVY. BYRUBEYLLELSFEET 3. 2BEYO
TLNIIVBYYI—EIBFHEKRESUT NADPH TRRSTILF RV VR
BRI %. HIETEUREO7 VES7RESBELEZIRE LY IVER. g0

CEWW G BT LY I VERERT 3. COZEW. B VL= FEET

GO EMEPRLSRY. JLNIIVERBREEDSRIRS N, K7 V278
ETEHE GO EHBETU. JLMYIVARBREBIUITLYIVBRY Y Y —
TOEUDLEFT S EDLEREN 3,

TNV IVBBEERICEUT. 220245 UT

NHs*+ 2-Oxoglutarate + NADPH + ATP --— Glutamate + NADP* + ADP + P;

ERoTATP RIS FHETAZERXR3N., T2LEF—-PNHB3DT. EEU
ERRATR. EV7YEC7TRETOEBR LY I VBPERTE 32202
2%,

B.fragilis OIEBEFIOY VECTREEEAT. HEFTORBEOEMS
MEUV2. IRISRRIBRLLINIE. ALY IVEFE Foby+—EoEt
W7 VEZ7EEBEVAPEGV. FJLIYIVARBEBIUI LY I VEEY Y
S—COEROARTS S 5. TORMBEUEI LY I VBT F oY+ —EER
WBRBEEUCEY, HoT. YAV I VEBRRAAE TR BEELR VDT
BRVH, VLAY IVEBOEMRE G BEIEZREHLA TV B EHTETE S,
Ths. TLVNIIVERBREROBEERA THISZIA T A ANLKREF Y4 I OHEEN
RO ED. G BEFBLUTOAZERFLTY 5.
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Bl# 9 5. Bacteroides fragilis O7 VEFRAIACBERCHT I 7V E o7 HE
DEE ‘

Specific activities (mU/mg protein)

Exp. Ammonia L-Glutamate Glutamate dehydrogenase

No. (mM) (20 mm) Glutamine Glutamate
NADPH- NADH- NADH® gsynthetase synthase
linked linked "NADPH

1 0.5 - 2,500 454 0.18 11.6 0.6
5.0 - 1,260 244 0.19 5.5 0.2

50 - 376 117 0.31 2.1 0.0

2 0.5 - 3,090 544 0.18 7.0 0.2
+ 3,530 690 0.20 7.2 4.3

5.0 - 1,700 440 0.26 8.2 1.6

+ 2,120 460 0.22 5.3 0.1

50 - 490 140 0.29 0. 0.0

In each experiment cells harvested at stationary phase (14 hr incubation in Exp. 1, and 18 hr
in Exp. 2) were used for the preparation of extract.
2 Ratio of NADH-linked activity of GDH to NADPH-linked one.

COTALYIVEBFEFOr T —E R A A YRMIOT I T 5T 4 —nEI L

STHREUEELRFARNR. ATEH 07T, BE—0OHRFE S5HAOHTL=v I H

5720, BEBREEZOIN D, AEEIL NADP OFNB NAD & U SV M. Kn U
WRAKZERISTT LY I VBEWCHU 2.4 mM. NADP* 12X U 0.019 mM. NAD* 123U
3.0 mM, NADPH lZ&%ﬁﬁ:ﬁ[ﬂ'E??/%:?ltﬁb 1.7 mMs 2-F 3V T V5 VB
WHU 0.14 0M THoke PYEZTRHT Sk WA S VAT, COBE
BILVIIVBEBRRHAVOIATHWEIER2EELTL 3,
BHEHBFRPHVIRRR2AREUVUCT. COBFRNI ZHMBXB LI ENTE
2o HOMMBE _ERHRETCE—OUBEL223UEMPV TR, REBOE
FEREEHEUR. £, b }EBHO Bacteriodes L —7 & UTH >h 3 B.
vulgatus, B. distasonis, B. ovatus OMMBBEDBE—~DBHELE DL > TaS
T35, ThoOHHEO GOH FEMHEEET I N, KBEO GH HHESE U7k
Zh oD Bacteroides @ GDH WEBTH B I &R RT,
HIMERBVEREBERKE. Whwsayy PREERKEICL Y. GH ¥
INVEDEREBTSZIEDHKR I LD R R,
TYVRIZTRERZEATHEEBT L. BHHBECBY S (0 otiEtiigEs
TIMBREFT AW, ChoOMBBRDVT G FONIHEERMEL. HF
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K% 9 6. Bacteroides fragilis O L ¥ I VBT Pu¥+—8HFEHE
HNT BB VE T REORE

Table 1. Specific activities and immuno-reactive protein content of GDH in extracts from
B. fragilis grown at different concentrations of NH,Cl

Cells were harvested after 18 h growth in defined medium. Specific activities are expressed as units (mg
protein)~!, amount of immuno-reactive protein as g (mg protein)~!, and molecular activities as min~!.
Results are the mean values of two determinations for each extract, which differed from each other by
no more than 10%.

GDH
r A A}
NH,CI concn Specific Amount of immuno- Molecular
(mM) ODyg s, activity reactive protein activity
1 0-385 511 82:2 18700
5 0-714 317 562 16900
10 1-293 1-55 42-1 11000
50 2:160 0-458 445 3090
100 2:095 0-482 ) 378 3840

EMERDTHEL, HEIBRUDTLIO>ZH BOEBR>NLE, D UZLEN
ST AMOYINIERFEELVRVETAE. G RAFEEOFTV D DEED
HOEMWFEET B &R B,

1 oM OE?Z V7T B, fragilis RT3 &, GEMD GDH 21D
BEHBEohEY., CHhR7VEDTLERMA THREE 50 oM & ¥ 3 &. 15504
RlcthiEd. 2 FESEBETUR (RIXRI7) . hic. 50 mM LB Y 3 HEE
B> TE7VE 7P T Y FaN— T3, HOBRRD S VR
BRVOREE. 2 FEHELEBEEFI CUEMLE (RIEX98) . WADE
kv 703 ATz a— LMK > TREEESFRVOT. FINIHDE
BOBEEBRVEZZON S, RERIETERELTVIOTEESL. JIUNY
EAMBEZEOEHT GH Y IONJEPBRELVTVEIOTH RV, KB TEIS
EROTEZHLL A FOBRMILBIDIOEHELTYL 5,

HEOEBRUNACELAOERCBULARERHOE» WM > T. BRHEGR
BIEeWTER. HTE. ¥T7229 b, BRUBEREZIELIRDPoR
B, 7T 4F4 =20 T I7 4 —wHWVSEK Reactive Red W9 31k
EORIVERZIEBD Mok, TEHEOAVE TR, REUV REHYD
Bt NaCl ED 0.3 M THNNOBHEED 0.6 M TH > k. I OHEEKI
NADPOR DV RBREIYINIHEHEBEATSEEAONZDT. BEBERIZXT 5Kn
BPELU THBEUREZ A NADPH X4 5 Km BEMHR T 6.2 X 107° M,
THEMRTW 1.3 X 1072 aM THBZ MWDok,
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BI% 9 7. Bacteroides fragilis E7 VE7EEBEOII ALY I VEF PN
F—ERNIT BT VETFPVavIOEE
1-2

E-N
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Fig. 2. Effect of ammonia shock on GDH activity in B. fragilis growing in medium containing 1 mm-
NH,Cl. NH,Cl (to a final concentration of 50 mM) was added to the culture in the stationary phase of
growth at the time indicated with an arrow (solid lines). Another culture without the shock treatment
(dashed lines) was grown in parallel. Samples were taken to prepare crude extracts from the cells. A, 4,
ODg¢s0; O, @, specific activity of GDH; ¥/, ¥, immuno-reactive protein; (J, B, total immuno-
reactive protein (OD,so % amount of immuno-reactive protein). The results obtained after ammonia
shock are represented by filled symbols. Results are the mean values of two determinations for each
sample, which differed from each other by no more than 107,

Bl# 9 8. Bacteroides fragilis @7 Y Eo7EEBEOLY I VBT IOY

F—ERHTBETVETOREE

04

0-3
0-2

OD(\!()

T

[~ U <A (R o U

protein [pg (mg protein)™']

x Molecular activity of GDH (min™")

T
3]
R )
o0
EE 4035
O3 B
= I
g o)
— 20 5
£

4 8 12 16 20 24
Incubation time (h)

Fig. I. Induction and activation of the dual coenzyme-specific GDH in B. fragilis under low ammonia
conditions. Cells from an 18 h culture in 50 mM-NH,Cl were transferred to the defined medium
containing 0-5mM-NH,Cl (open symbols) and also to that containing 0-5mM-NH,Cl plus
chloramphenicol (50 g ml™*, filled symbols). Enzyme activity and immuno-reactive protein (protein
precipitated with anti-GDH antiserum) were assayed in crude extracts prepared from the cells by
sonication. O, @, Specific activity of GDH; Y7, ¥, immuno-reactive protein; [], @, molecular
activity of GDH; A, A, ODqso. Results are the mean values of two determinations for each sample,
which differed from-each other by no more than 109,
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COBMOEFEMTSH35»? REMANRCE ONTFF OLBTHES
MILENBZEEIN., TEHBUTOLRY, 2Py YBTINLEBRA L DB, Hithk
EDRBUERBRFKBEDITITHA—ISYATSTET G ORBREAKY
PRBN AP o, UYBISREABoRE LTS GOH 30pEAILH LT 5pE
WEOTOYVBEWSZERRY., BFo Y VBEAROEBH TR RVOTH S
Do

WERWR LTS GOH O OB IS H# 7275 ML M T S8 5 h Tl
DT, THREHRTEZPERS S S,

~122—

V. 2= &y o #E JE - E AL 2 R SR EY P ik

1930ERBERCAN—Y YOEE TEAORE) BHITEH, HRESEEFCH
RENT. 2ORUFFOZABUEFELAZIREEREA R, ThIT. 4@
OREINFOMECERVESL. EEREARBZEZERINVMATORD 2k,
AN =) ik 1930ERMBOELESBREDET 3REBLBOSHOBRE
REWR. PhETOEMBAR U< VELVT. EARECHZEHORERT
ULREDTH- R,

BORODEED—2E. £GDBERLUTEVRDOTERS. EWORLEDD
FEH R L AR P EACERUTREVEBHOP CIRRCEMRILLL. ST
SO TCHELEKRZERU TV AYPHEREVYESFELEYHZERL. ThiE
BIZUTERADPRELREVDICETH 3. COEBKPEOEYIZ & S RVERK

DBBUERIEAFEA TR T 3o

COEZOEBLER>LOW. EILELEDREWEORFT & & BEYO S
TH o, BE. WK ELOERWIAKBADEYDESIHLLODOTH V. ER
MoBILREPSDERMOEEEEWRE CUZA SRRV, TILEA0E
REECRY. SUCEU REVEIREAMETS>EW TR TUERS V. UL
U. Y TSR0 FOBREEBY CTETCVRIhEIRSRVY. TOHH
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O—HTHEHELVE (%100, D). Tk BaCle WEU LD ObEEOIILK H£102. ALKTE}FAF L FOSBEBISZTFTIVEQY VR

TEFZALAFEFERKY b~ U (E) . REBEFREALATEF7LF DLEE
EFOHEBRENNPBEUVTERBUTVLRIZEDRHEDPRZR> ke BEH L. Experiment Enzyme Amount used Sulfite formed
! . f eaction Additi
number . preparation (r(r)xrg rprot;in) iton (#mole) (pmole/mg protein)
“03SeCHaCHeNHs* + 02 + H20 --—= ~03S-CH2CHO + NHa* + H202 1 Crude extract 1.1 0.51 0.46
TPP, Mg?* 0.74 0.67
: Dialyzed extract 4.9 0.31 0.06
REVEURALATZEIPALFE FB. —BABUCEU R BREEHALT TPP, Mg** 174 0.36
EBUEEELE, Elg;t)eh;gg}r? 5-25 column 1.9 0.04 0.02
COBY X RITSBABEL. MEEEEETELAMT S LARBHLE Sompene e oY g
. , Mg . .
Y. BEARFETS EEbh 3. BFITUEUCITEILLU. COBTLER
Acetate formed
UTZOlEEANR, AFBRK+FTT. EARFOLDZThELOBRIE (mote)
HTH3. EFREBLUTRIcFY YA AT o4 P BLET. BECR 2 Crude extract -0 060
‘ Dialyzed extract 1.0 0.06
DRRMBB BV, %NTC§<®73‘\/®‘5‘57’7UT/7‘§”1)§\ ﬁﬂ:éh%@’c\ & Membrane filtrate 0.25
TYYFEROFF—EEBR TR FTU YD SBEDOIALAT P TAFE v i
FE720R27%% Uk, UM T 3 kn i 0.02 M T, &M AL, TPP, Mg?* 0.61
ﬁmtﬂiﬁl‘di%x}bmi’t FPLFE }‘@ﬁ}ﬁ’*’@iﬁ@ll}tﬁ(:&%o 204 None Membrane filtrate —0.04%1
None TPP, Mg?* —0.10t
+ Amount of acetate decreased.

H£101. AVA7E P 7ALFE FOERBEBRAOBTHSH B o
L HY. BERBECHRT. TOBRULITSE >R (HE101) . MEEEER

ompound of sulfoacetalierpe. | imaaon __ Sulfte (m) heetate () TEDYAABT B EEENET T 3. B3 BKS 5V EBELE IS BN
(m>1) (hr) Found  Increase Found  Increase LR ARMEME A AL EET ST, TORRRIECLERETHS 5 EL
0 0 008 - e BROEBAL. BHAOWBRENEP SIS VRATANTHRER. F7 3
3.0 0.08 0.00 0.4 0.0 POy VBB IV AALATYOBETEDRZIE Aok (BIR102) .,
2 0 2.24 — 0.5 — BHOFTIVEFTIVEQY VBOERERMBT S, FT I EOY VR
o Ta oo - o BHTLFEFEFIMBET. CCEAOUN (2-4 % VBROBA LK VL
; o 42 _ 06 _ BE) HBVEYEBE (7} —LOBE) T30 TH3 8. ¢S HEDY
R B ORGUADTTS > 2.
4 with boiled enzyme 0 i o _ COBEREEUCHERANE. HFE8S5H. F7IXEDY VROKNI
(100°C, 10 min) 1.5 43  —0.10 0.4 0.0 2.7 uM. pCMB. EDTA. EREBHEERRU . ANKRT I ZLFEF UHDOR
3.0 4.24 —0.16 0.6 0.2
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