





A S 35 0T 2 iR JT DRk

— &5 - MO R EMR O HIH—

i ) A

1993






N 4
F1E WMEHELCBILS2HBE CORTETOME - rrrrvrirreeees 12
BI1E 1A FA ik 2HBETCRROEMEL o 15
B2H YAFAVYILLAHBEBREOAREMREL ~-ovvirrenes 42
EI3E WHHRAXEMAOGHZELCHEIBETFTRIECOE(L 00 60
EoH ABBELBIA2MNEBEBTOTAGETOBME oot 69
B1H HLAKCcBI 2HBRECHMROEGERL L R EEL - 79
FoE FHEEHBOMEE CEZRORAN: EWEEROH®E - 97



H3W KBEOBBRETLRAFRERETHIBBEODE -+ 110

B1E HEMBEIC L B EBETIEBE e 112
BoE BEFHEOTE -cvvverorrovrsrrisissonsmesiasenas 193
BRI R R e B 2 Ao R R B R R RS S S NGA A § S 130
B+ e e s
B IR S oo e ettt et T



AR TR W 7o lg 3

GSH ; glutathione

NRase ; nitrate reductase

DNRase ; dissimilatory nitrate reductase

ANRase ; assimilatory nitrate reductase

NiRase ; nitrite reductase
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MEHECERLLAMOBRCMEMLIBE O £ T
RERBEBRREL, COEXERIMESEAD ONe
FBEEL. ThHAEBIEWMY AT B LEhLoEE D,
BEshiE2ER7re=y i, BFHBEEREC. W
M ZELd 2. AKNOs T OBRIILE L BN H0eic @
PRI BRBOFHMOBRILEITS> e TE B,
COWMBEBREIAMOEN EM AT HALDSL ., EX R
ELTHAET AL, b2BoMEIC LY B &N
TRETHIN:ER D EFRPBBEN S, 20 & 5.
NOs 28N0:z ic B a3 7 v 23 _ 2T 3. —-
& NOs » o & L N0 BWNEI:Z B T7 3 /7 BAERK &
Auwosh2@EEBREL. ho—>2>Rvbw 50 8BIFER %
TH> RIELEBET S 5, M 7 o & R R TR
(nitrate reductase;NRase) D5 L Tk b, BB
NRase(dissimilatory NRase:DNRase) 3 Eic @& L . [
ft ¥ NRase (assimilatory NRase;ANRase) (X B8 H ic iF
T 5% 7%,

s OBELETFEERL 5> 208 & L cEERRE
B (Pseudomonas denitrificans) BN CEE T 3 K
B B (Escherichia coli) ZM KM &KMH T TNOs % 5 i
KEM UL TRES S EE2N S0 EBEICEDNRased B +
50 CH SDNRaseldMoBRTEH Y., T OMHME., FAHS
2T REHDLIFHREH T L 5242 72=90




KA B OWTMEDORERF T 2DNRaseDd fEFH Ic & » TH F
Z2HERIN: ODBREYAR~0EBTBEYL < 120 0 B
RTAMRAREB/BA2IEEZTHMELT., TH S HM#MBE DDNRaseid
HofBRDVWCTHREZHED TEte, TFMEEE (B
AFA YRR TA VT —ERETTCUOLETSZ LEKOD
DNRase® —fli # # & v (NaCl%k &) TR EH L &E Y-
T v 274 v L BN EBOBAELRIRATERILE L B
CEERHML, ChoofEABBELWTRIEZET - 1
PEY I8 L & 5 & DR B ODNRase iE Bl MM o W
REBREL T, BANON: BRCHMES ¥ 5DNRase®
SBNBEE O ) bR EZRMBE. coli ®DNRase s ¥ % & 8 4
Z xRS, BRPICGEET SN0 GOBEHNAER L
B N M B % ODDNRase® fE A iIc & b NO2 &AL 519,
Cheo oM EBERBREER2ITODR VO THERKL AL N0 & %7
DB EVBEEACKHBELBHRNCERT 2 EE L 00 3
BOVLELT N0 BT I/ IEAMERIBEL = FevibaWm
B, CO=tumVILEYMBRITV  MEERT B R
LALLM ELEETH B, = bt v ibaYWOERKI
By 2 YCORMIR LD IWH EHLZ I LRI TIRERSE
hTws»e3 29 T hidNoe OBIELERZ~D &L
£ %5 6D T&H D, DNRaselc & 5N0:z » 5 N0 @ 4 5K % I
Z353b0TRAT WV, 2 TH 4 RE.coli ®DNRaseid
AHE T A2 i LD ERARCEBITAEN: BEREZMS T 3
CEEFA Ao E.coli®DDNRaseiGEHH B ic 3 % £ b &8
Bl YT 2PHEERCBEYP 7 : VBIIMAT, BEP R



MexgEEL zoBER., BEFOHE S LERKIK
E.coli O &K 2 NaCl KA CMEST 5 &, & ©DNRase ¥
ELAEMHELE R, FiovyzF 4 ryrTRETFBEILERE
D RiEHEtEh s c tr2@E DL, /o, HEPOEMGFT
by 274 vyREBROMEERIFTILEERBLEL. %
COBHFEMEBE RENaCI® ¥ 2 74 ¥ L REBTDEMEBKE
BicMATCREBEBLTCHSLZ2SHREREL N » o ¥Nall &
HELABScidNaClic X 2DNRase@ iE L Z 2T X 2
CMEl + 5 EE2Bof. EHIKNaClP v 274 v ik B
FEHATEHE CNA TR EEERITE AN » o B,
FEMWBiEIEZOXHE CDONRaselGEEE2ZF LLAEST 5 &
Edb b o 23,
HEBEFRETOERIFIANEHLCHE & & HBIFERIZD
a2 Bz OoRDOBETFRZITVE 5. & BEF
WRETTCEBFBLAEIHEBRFERICHS & 2DNRase® &
FLAWLw, oL cHBRWFRIEAWFER GHEEMHE
LTWw2a oEh s, NaCl® vy 274 vRUOHFEHSB K
EHABEFTRCE X IEB VT R LALEY, F
O R NaCITE K EZLE 3 32 R E 0o B&ZWFRE» K
ECBTTF 258, FEXMBERENaCIEEGF S & CTUE T
53¢, TORENHE PO B EERDLET, NaCl ® ¥
AF4 Yy, SoRRHERHBEROD O LI QAHRIA. ALK
Hic BN oHBEMHBEREZMB L 2o MR OB HFERIC
EEAas 5250t ELL, BRHOY vy ODFERK.
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Ps.denitrificans® N0 RN EBH THEIN CEES 3

EDNRase W F H & h 52, DNRasel B ic B &E L. TR M i
AEEHFFTCEAE SN cANRaseR M E c FET 3 &
EhTWwa!, BAEHE T T bANRase 3 fFfE & 2 » £ b
KNI 2 A B EXDEHBIMBE TN Z, S0k Ik
HEBAE. N0s  NHL"HEHE T TH I L. DNRase? i R & L
BAZAHALVTABROBH  cRETEABELEDE O
REHWE N1,

I HEBE2EEEEE2AE AR CEE L., 30°C T1H
Ml 4 >~ % 2 ~—+pt LAk, 6% L CDNRasei5 f % @l &

s

L
fod AL 1Lflih FA Y BDNRaseiE 2 RE T 5 2 & %
AEHMUK.: NaClTER LU /2DNRaseD iEHE © K& 4 ¥ & H
GBIV T VW oTERLIFRIBEOGEHILID £ 3
CEBRENLY  FREBEBTAMF AT vV EZ Y LABW
VA" & b KERPRAEARLELED S A F 4 Y IEBETHE
AL, 825K EOE( %8 L TDNRaseD @ AL %2 &
b EFEXLY —H . BEBERERLEY F4 v %
MATS EHBRE s TABROBERH LI RIEHE
DHERLBVRBRELAEAPLETH 2 LB XFanr,



B D & Ps.denitrificans ATCC 13867 = H W .

Vishimurao* @ HE @ &K EHM (KNOs 5g, NHaCl
lg, 2 = vy =+ + U v &6g, KHzPOs 0.5g, K=2HPO4 1g
NaCl 0.5g, MgS0.+7H20 0.2g, FeS04-TH20 10mg, CaCl:
20mg, CuSO04-5H20 1 mg, ZnS0a-THz0 1mg, MnClz-6H:=0
0.1mg, CoClz 2mg, NazMoOas+2Hz0 2.5mg B ¥ Na=2Sela-
nHa0 0.2mg%k 7k T1LICBEH» L 2 & @ (pi7.0)] THEEL
o BEHRMNOERZHe TEMBLAHMIEN T30°CTIL6E
HamE&EEZTW, BLHAKOH LWEMTELCEHT

30°CTI6BE M A B 2T » 7o B OHMEE IS0
BB ETERDL 2,

DNRaseiE & #ll &F FAIM icNishimura &’ @ A & i

€\, NOs & 5DNRaseD fEA I & © K L 2N0 B %
Nicholas 5>’ @ F & TH#l € L TDNRaseiGE #HE 2K » /2 . B
FRELTR.,. BBFOBREBR. BEABEBRE. BXUH#K
W@ E0o,000g T HELOBLAALEHE. LEZFEH WL,
BFHEEKELTRAFLVES O -, D EHF r Y v
s ZF W, 10o0M KNO:F & F . pHT.0.30°CT54 MR G %
Totho BEEH RIS A2 D1Iunol ®DNO2™ % £ K ¥
P2MERBTImnmitELTEXRDLDLAE, EREEFR1gM O
unitH E=HEHE &L o



i B B c B E (Nitrite reductase;NiRase) &t fl

E B Al K i Nishinuras® @ & 2w, NOe
BNiRase PFfERI TB n s hicZoEZFEN: BEZ2AFE L T
NiRaseif ¥ 2 R o f2 o B KM X DNRaseiG # Ml E 0 5 & &
BHoboZzHA V., BExflicd 2Fresta—r sk

NADHZ EH L oo BHRIEHIN: BRABTHED L., B X
BR1OBHEALDL pgmol NO2 2 EHBE T 28 % 1 unit &

Lo ZWEEFIgI b OumitHyELEEH® &L 72,

HULELEEBEBBEO A v+ 2 N — v g v POl T
HoBEEEZEBLIIoN> V) v & h )y &Y vBREHRK
(pHT. ) THBPHRE LBER CRXBER. v 1 v, X
BR7 I/ BE2MA. BEE 1 . 6dng/nlic X 3 X5 CH
hz®B&HLL, CORKBBERZEELARE. BET
1 % a~—- b LEFR. BLEFRTHESRL TH S N
rEEAERELL

p r

B ko &g o B ® i m@Ephic®E L &
BRE20KC,0°C. 5 RIEBETHRMBETALEL L. 560k
BT Y2 —FZ2ROOB (30,000g, 90 M) L.
10 =TT s S DR rA

B oa kB s o #E Clegg® A "I i v,
16.5mg EE 21 0nl D0 LEEEHBE CHAEH L . 20CTOC,
S5, 0kcC T EHRBRLEIT - Boh-BHEBRE®




18000g T30min LS BE L. ke LEHEICHT L 2D
mHzEECEEHIONILICHE L. 0.1nLdTriton X-100
EMA L EICT30OHHERBL . 0BEBE®KE20,0008
T M BEBLSBE L EHFEsRoa BB D &L e

BiEko brtrnrzvig A BE®RIC1SHEYD F
T yEMA1ISBHLLFEES> L, EECERF. &£&F L .
v oy MWBEEE S

HBEARNoesEIA 4 yOoER ES RS R A S D= i
ERBA A VRIEFRAXET (BR S 7V E—- &K FR
EEEHAA-650) FHOWCTHIFEL . BIEEHERHE
6, 7074, BHE M@sna, A YU o FMban, 7€ F L v E

1.1L/min, TR/ HEE10L/nin, ~N—F —F\E &2mn& L 72,

/) =R &= B os<

1 » F4 vy l2WMBEOBMECENR LR

DNRasell W+ 2 8B4 ¥4 vOoOHBRERIL £, @ &
MEBE S EBEEEEMA. 30CTIERMA v+ 2~ — }
Lo b BEESR L. EhoBEERHRZAEL 2. B &
% Tablel-1lc m ¥ 2 o TAhYEBA A v ENH TR
DNRasei® M 2 K& LR ¥ o TS5k, NaClEFH T
ot B LT =4 vZ2EHEoONCI:EERTH - k

EML ., COHMBRIFAYIREKBIBDODTH D, T = A



Table 1-1

Effects of various salts and sugar alcohols on cellular activity
of DNRase

DNRase
Additions [units/g cells]
(0.5 M)
Methyl viologen Sodium formate

None 62 27
NaCl 415 180
NaoS80. 447 230
LiCl 376 202
KC1 306 170
RbC1 224 126
CsCl 308 144
NH4C1 260 143
MgClo 62 41
MgS0. 56 14
Sorbitol 118 54
Mannitol 112 o7

Cells grown to the late log phase in synthetic medium under de-
nitrifying conditions were incubated at 30-C for 1 hr in 33 nM
sodium potassium phosphate buffer (pH 7.0) in the presence or
absence of the supplements. DNRase activity in the cells was
determined using 10 mM methyl viologen or sodium formate as

electron donor.
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N VWET LI - LOMBN/ PEWVWI EHNS b IESS

T

2o Ca2*,Ba?* R &b 2 » F4 L 3M@HFA v
HUBEELLOTZOHMRAAHEHTEH » Lo EBFHE
FELTRAFALE LR —F riFBREHAV., WTFho
BabtABolasBonttbiERGE o HED -
foo CHh oD &b o EBEHICEL S I ODNRaseid @
FPER1 B F 4+ yicBEFEOLDLEEZL SN,

L FNaClz2REZH & LTERBREIT » 720 Fig. 1-1
NaCloO iBE OB B A2 R4 . MHBEEREYOEGKEZ A
Wi & AH2ME TNaClO BE R -» CEHRER L 28,
CEER],. BB HOoOMP R EICLDELETL
o R, MWEBEBMOEXEEZFH NI, Figl-2ic R 50 3
Sl NaClo Z R il & ic¥mUL B304 THRKICE
728 o NaClME A I © 5t B T [ DNRase® iF R 1 ~ % =
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R1@mAF4 B REIBEESEESLTWVS L ER
LTwaBi*CTcbhrRT Do REPRE SN 3 0TI B
R RIBOEES &6EBEETENL W, LUERFOpHD ) B %
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Fig. 1-1 Effect of NaCl concentration on DNRase
activity

Incubation of cells with NaCl and enzyme assay were
done as described in Table 1-1.
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1-2 Time course of NaCl-induced increase
in DNRase activity

Incubation of cells with NaCl (0.5M) and enzyme
assay were done as in Table 1-1.

—@®— NacCl
—(O— Control



Table 1-2

Effect of temperature on DNRase activity during

incubation with NaCl

DNRase
Temperature (units/g cells)
(*C)
Control cells NaCl-treated cells
0 242 583
30 174 776
37 157 695




ek iwHARL £(Fig.1-3)% o F—F KRR EA D -
foWMpiZ 9Ll Eww L2 & @EMHIBETLR. (pHIDIH
B2V TRKROETERYT 5, ) —ANaCl B RN O X
METHEHPIO R R B EAER LS > Ko
DEDoERLMEBEEHAEEL TREKL 6dngx 0. 5M

NaCliE Wi inLic B L . pH7.0,30°C CT60 M@ E 4 5 C
E%xHAl &L .DNRaseD BFH#H E5HEHLL TR A F VEA
v —4% vyE2EHWBE I ERLIME,

1 i F4vic X 2HBEBOBMAETHLAOES
1 fli # # & >~ ic kK 3Ps.denitrificans ®DNRaseis5 & £ R/
DHEBEZEZ I LDIL, T 57 BEKCHT 3NalCl
DEELF I, WEBH CNaCl&E it s v 35 47 x2 =2
— W (0.1mg/ml) % /A T bDNRaseiE ¥ ER 3 R & A &

WEEZ TP o DT, NaClidDNRased ¥ /¢ 7 H O
de novoAa ik 2 R E L /D TlRIETWEZEZZ SN B (Table
1-30%7

]G @ & 5 iCDNRase/&E ¥ @ #] E & . NOs & 5 @NO2 @
AR BEZEIEELLTWS O TNO: BNiRaseBBEAT 5 &
BB EINhd, Lid > TDNRaselEED LR O R &
AL TWBN: £k (ZEW) Bo KK, N0z %2 & T
T ANiRaseDEMHE THAEOBERETSH 3 & W I a L
BIAET 5. T2 TNaClLE ONiRaseiGE i~ 0 % 8 % F <
TAEBL2LED SR AD 7 (Tablel-4) *, # > T .
1 # FA4 > DO{ER © X% (ZDNRase T dH 2 LR/ T E 3,



DNRase (Relative activity)

Fig.
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1-3 pH dependence of DNRase activity in
cells treated with (—@—) or without
(—O—) NaCl (0.5M)

DNRase activity at pH7.0 without NaCl was defined as 100.



Table 1-3

Effect of chloramphenicol (CAP) on the
NaCl-induced increase in the activity of
DNRase

DNRase (units/g cells)

Additions
Electron donor
Methyl wviologen Formate
None 67 29
NaCl? 565 2017
NaCl+CAP? 580 233

2 Final concentrations of NaCl and CAP were
0.5M and 0.1mg/ml, respectively.



Table 1-4

Change in the activities of DNRase and NiRase by

NaCl treatment of cells

DNRase
(Relative activity)
Enzyme Electron
donor Control cells NaCl-treated
cells
Methyl 100 368
DNRase viologen
Formate 100 360
Methyl 100 91
NiRase viologen
NADH 100 97
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Table 1-5

Activation of membrane-bound DNRase upon incubation
of intact cells with NaCl

DNRase
(units/g cells)
Samples
Control NaCl-treated
cells cells
Intact cells 87 267
30,000 g pellet g1 216
30,000 g supernatant 19 62

Cells incubated with 0.5 M NaCl were disrupted by
sonication. The cell-free homogenate obtained was
centrifuged at 30,000 g and the resulting pellet and
supernatant were assayed for DNRase.
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Table 1-6

Effects of alkylammonium chlorides on cellular

activity of DNRase

Additions DNRase
(0. 5M) (Relative activity)
None 100
NH.Cl 240
CHsNH;C1 349
CaHsNH5C1 389
CaH-NH3Cl 431
CaHgNH5CI 309
Table 1-17

Effects of ethylammonium chlorides
on cellular activity of DNRase

Additions DNRase
(0.5M) (Relative activity)
None 100
NH,4Cl 144
CaHsNH5CI 349
(CalHs)2NH2CI 157
(C2Hs)aNHCI 122
(CaHs)aNCI 154




Table 1-8

Activation of membrane-bound DNRase upon
incubation of intact cells with NH4Cl and
monoethyl ammonium chloride

DNRase
Cells [units/g cells]

Cytoplasm Membrane

Control 25 197
NH4Cl-treated? 86 348
CoHsNHaCl-treated?® 188 558

3 Cells were incubated with 0.5 NH4Cl and
C>HsNH5C1.
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Table 1-9

Effects of various organic solvents on

cellular activity of DNRase

Additions*® DNRase
1y (units/g cells)
None 90
NaCl (0.5M) 157
Toluene 580
Benzene 455
Chloroform 361
Butanol 90
Propanol 88
Ethanol 85
Methanol 83

2 Organic solvents were added to cell
suspension and mixed vigorously for lmin.
Cells were washed three times with buffer

solution.



Tabele 1-10

Activation of membrane-bound DNRase upon
incubation of intact cells with toluene

DNRase
(units/g cells)
Samples
Control Toluene?-treated
(1%)
Intact cells 110 741
30,0008 pellet 102 613
30, 000g supernatant 24 382

? Toluene was added to cell suspension and mixed
vigorously for lmin, Cells were washed three
times with buffer solution,

Toluene-treated cells were disrupted by sonication.
The cell-free homegenate obtained was centrifuged
at 30,000g and the resulting pellet and supernatant
were assayed for DNRase.
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1-4  Effect of temperature on DNRase activity
in whole cells ( —O— ), cell-free
homogenate ( —@— ) and solubilized
membrane fraction ( —{}— )

Cell-free homogenate and solubilized membrane fraction
were prepared as in Methods. DNRase activity at 30°C
was defined as 100.
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Table 1-11

Effects of incubation of cells with amino acids on
cellular activity of DNRase

L-Amino acids DNRase
(5 mM) (Relative activity)
Control 100
Alanine 88
Valine 102
Leucine 93
Isoleucine 95
Glycine 108
Serine 99
Threonine 93
Methionine 101
Cysteine 44
Phenylalanine 101
Tyrosine? 101
Tryptophan 106
Aspartic acid? 91
Glutamic acid 85
Lysine 121
Arginine 106
Histidine 106
Proline 99

2 Tyrosine and Aspartic acid were added at a
concentration of 1 mM because of their low solubility.
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Table 1-12

Temperature dependence of Cysteine effect on cellular

activity of DNRase

DNRase (Relative activity)

Temperature
(=) Control cells Cysteine-treated cells
0 100 16
30 100 17
37 100 28
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Fig. 1-6 Time course of cysteine effect on
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Table 1-13

Inactivation of membrane-bound DNRase upon incubation

of cells with cysteine

DNRase
(units/g cells)
Samples

Control Cysteine-treated

cells cells
Intact cells 117 49
Homogenized cells 114 41
30,000 g Pellet 16 19
30,000 g Supernatant 21 13

Cells incubated with 5 mM cysteine were disrupted by
sonication., Cell-free homogenate was centrifuged at
30,000 g and the resulting pellet and supernatant were

assayed for DNRase.
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Table 1-14

Effects of thiol compounds and ascorbic

acid on cellular activity of DNRase

Additions DNRase
(5 mM) (Relative activity)
None 100
Cysteine(Cys) 44
GSH 53
2-Mercaptoethanol 95
Ascorbic acid 104
Cys + ascorbic acid 33

GSH + ascorbic acid 53
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Table 1-15

Effects of GSH and its amino acid

constituents on cellular activity of DNRase

Additions DNRase
(1mM) (Relative activity)

None 100
GSH i
Cysteine(Cys) 62
Glycine(Gly) 115
Glutamic acid(Glu) 101
Cys+Gly+Glu 35
Cys+Glu 34
CystGly 60
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Fg. 1-11 The organization of the enzymes of denitrification with respect to the
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Ferguson, S . ]J.,Trends in Biochem . Sci. (1987) 12 ,354 - 357
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Table 2-1

Effects of various salts on cellular

activity of DNRase

Additions DNRase
(0.5M4) (Relative activity)
None 100
NaCl 1194
Na-504 996
KC1 1101
MgClez 141

Cells grown to the late-log phase in
semisynthetic medium under denitrifying
conditions were incubated at 30-C for
lhr in 33mM sodium potassium phosphate
buffer (pH7.0) in the presence or absence
of the supplements. DNRase activity in
the cells was determined using 10mM

methyl viologen as electron donor.
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Fig. 2-1 Effect of NaCl concentration on cellular
activity of DNRase

Incubation of cells with NaCl and enzyme assay were
done as in Table 2-1.



Table 2-2

Effect of temperature during incubation with

NaCl on DNRase activity

DNRase
Temperature (units/g cells)
(+C)
Control cells NaCl-treated cells
0 58 261
30 52 359
317 62 562

Incubation of cells with NaCl was done at 0-C,
30-C and 37-C.
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Table 2-3

Effect of chloramphenicol (CAP) on the
NaCl-induced increase in the activity

of DNRase

Additions DNRase

(Relative activity)

None 100
NaCl(0.5M) 1670
NaCl+CAP(0. Img/ml) 1488

Incubation of cells with NaCl and CAP

was done as in Table 2-1.

Table 2-4

Changes in the activities of DNRase and NiRase

during incubation with NaCl and Cysteine

Enzyme activity(Relative activity)

Enzyne

Control cells NaCl-cells Cysteine-cells
DNRase 100 502 42
NiRase 100 101 109

DNRase and NiRase activities were measured as

in Methods.
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Fig. 2-2  Effect of temperature on DNRase activity
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(—@— ) and solubilized membrane fraction
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Cell-free homogenate and solubilized membrane fraction
were prepared as in Methods. DNRase activity at 30'C
was defined as 100.



Table 2-5

Effects of amino acids on cellular
activity of DNRase

L-Amino acids DNRase
(5mM) (Relative activity)
Control 100
Alanine 88
Valine 89
Leucine 88
Isoleucine 85
Glycine 103
Serine 98
Threonine 96
Methionine 98
Cysteine 58
Phenylalanine 93
Tyrosine? 92
Tryptophan 97
Aspartic acid? 99
Glutamic acid 104
Lysine 98
Arginine 90
Histidine 94
Proline 96
2 1mM
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Table 2-6

Temperature dependence of cysteine-induced change
in cellular activity of DNRase

DNRase [units/g cells]

Temperature Without cysteine With cysteine
(-C) (Control)
0 71 48(68)
30 94 37(38)
37 72 28(39)

Values in parentheses:Per cent of the control values
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Fig. 2-4 Time course of cysteine - induced decrease
in DNRase activity
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Fig. 2-5
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pH dependence of DNRase activity of
cells treated with (—@— ) or without
(=—O—) cysteine (5mM)

DNRase activity at pH7.0 was defined as 100.
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Table 2-7

Inactivation of membrane-bound DNRase upon incubation

of cells with cysteine

DNRase
(units/g cells)
Samples

Control Cysteine-treated

cells cells
Intact cells 79 34
30,000 g Pellet 12 29
30,000 g Supernatant 9 T

Cells incubated with 5 mM cysteine were disrupted by
sonication. The cell-free homogenate obtained was
centrifuged at 30,000 g and the resulting pellet and

supernatant were assayed for DNRase.
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Table 2-8

Effects of thiol compounds and ascorbic

acid on cellular activity of DNRase

Additions DNRase
(5mM) (Relative activity)
None 100
Cysteine(Cys) 51
GSH 71
Mercaptoethanol 98
Ascorbic acid 101

Ascorhbic acid

+ Cys 39




Table 2-9

GSH content in cyslteine-treated cells

Cells DNRase activity® GSH content®
Control cells 100 9.14
Cysteine-treated cells 70 7. 81

® relative activily

b umol/g cells
Cells grown to the late log phase were incubated with or

without cysteine and disrupted by sonication and GSH

content was measured as in Hethods.

Table 2-10

Effects of GSH and its constituent amino acids

Additions DNRase
(1mM) (Relative activity)
None 100
GSH 70
Cysteine(Cys) 46
Glycine(Gly) 93
Glutanic acid(Glu) 93
Cys+Gly+Glu 52
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Table 2-11

Effect of NaCl added to growth medium on nitrite production by

cells and on cellular activity of DNRase

Culture Incubation NOp production DNRase activity
time(hr) (m mol/g cells) (units/g Cells)
Control 4.5 3.7 137
8.6 37.2 129
NaCl-added 4.5 75.8 247
8.5 37. 2 130

Cells were cultivated in semisynthetic medium suplemented with
0.25M NaCl under denitrifying conditions. An adequate amount of
culture was withdrawn after 4.5 and 8.5h. NO: content in culture

was measured as in Methods.
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Table 2-12

Effect of cysteine added to growth medium on nitrite

production by cells and on cellular activity of DNRase

Addition N0 production DNRase activity
[mmol/g cells] [units/g cells]

None 33.6 113

Cysteine(1mM) 19.0 74

Cells were cultivated to the late log phase in
semisynthetic medium with cysteine under denitrifying
conditions. NOp content in culture medium was

measured as in Methods.
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DNRase (units/g cells)

1 L 1 L 1 1 1

= U/
3 6 9 12 15

Kaiwaredaikon extract (%)

Effect of kaiwaredaikon concentration
on DNRase activity

Kaiwaredaikon extract was added to the reaction
mixture for enzyme assay.

—O— Intact cells
—@— Cell-free homogenate
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Table 3-1

Effects of vegetable and fruit extracts on DNRase

activity

Additions DNRase activity
(50mg/m1) (Relative activity)
None 100
Garlic 3
Pumpkin 10
Welsh onion 12
Kaiwaredaikon 43
Broccoli 49
Bean sprouts 67
Carrot 79
Chinese cabbage 80
Pimento 80
Chingentsuai 82
Parsley 84
Celery 88
Lettuce 100
Eggplant 107
Potato 107
Melon 55
Kiwifruit 38
Apple 90
Banana 92

Satsuma mandarin 117
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Table 3-2

Effects of vegetable and fruit extracts on NaCl-induced
activation of DNRase activity

DNRase activity?®
Additions in cells preincubated

(0.25g/ml)
Without NaCl  With NaCl [0.5M]

None 100 502
Garlic 86 436
Pumpkin 105 66
Welsh onion 81 100
Kaiwaredaikon 112 107
Broccoli 69 103
Bean sprouts 160 146
Carrot 98 226
Chinese cabbage 162 106
Pimento 118 130
Chingentsuai 105 i
Parsley 160 142
Celery 92 172
Lettuce 103 84
Eggplant 96 122
Potato 96 56
Melon 88 153
Kiwifruit 214 195
Apple 123 429
Banana 140 125
Satsuma mandarin 87 184

2 Relative activity
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E.coli A ODNRaselE M2 A EFT 2. KB KERE
FEMEBEREREMLALEIA. TO 5B 0% BDNRase
FHELLE Hic, =v=2, DiEbes, REZTOH R
BRKEh >, COMBFNRIBARSBLIUVEKRBBIED
WFhieHLTsBEED oMo FNaClEHFEHBAT
k%2 NET 5L
MAoht, COZ L ENaClOBREBRIELZ2 EE2H L
HHBEREHCAERZRLTY 5,

. NaCli & ADNRased & b T2 Ic

Xl

1) K.Yamaoka, M.Kato and T.Kamihara : Control of

nitrite formation by Escherichia coli; Effects

of sodium chloride, cysteine, glutathione and
vegetable extracts, Biosci. Biotech. Biochem.,

(revised)
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Table 3-3

Effects of NaCl and broccoli extract on 0. uptake by

E.coli cells grown with nitrate respiration

Preincubated with 0. uptake DNRase

(Relative activity) (Relative activity)

None 100 100
NaCl (0. 5M) 1 501
NaCl + 78 114

Broccoli Extract

(0.5g/mL)
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Table 3-4

Effects of NaCl and broccoli extract on 0O
uptake by cells grown with nitrate respiration

or OXygen respiration

02 uptake

Preincubated with (Relative activity )

DNR-cells? OR-cellst®

None 100 100
NaCl(0.5M) 1 39
NaCl + T8 105

Broccoli extract

(0.5g/mL)

@ Cells grown with nitrate respiration.

® Cells grown with oxygen respiration.
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1) K.Yamaoka, M.Kato and T.Kamihara : Control of

nitrite formation by Escherichia coli; Effects

of sodium chloride, cysteine, glutathione and

vegetable extracts, Biosci. Biotech. Biochem.,

{revised)

2) ooEEEE £, Bt 2 @ (Pseudomonas
denitrificans) O B EM R ic ¢ + % BfF % (Partl),

FHRESEHAEZHE, (1988) 34, 79-82
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3) K.Yamaoka, M.Kato and T.Kamihara: NaCl-induced
depression of respiration and its prevention by

vegetable extracts in Escherichia coli cells,

Biosci. Biotech. Biochem., (to be submitted)
4) P.R.Lambden and J.R.Guest : A novel method for
isolating chlorate-resistant mutants of

Escherichia coli K12 by anaerobic selection on

lactate plus formate medium, J. Gen. Microbiol.

(1976) 93, 173-176
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