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An activation of dissimilatory nitrate reductase in
Escherichia coli by monovalent cation : remarkable
effect with physiological electron donor ( formate )

Mitsuko KATO, Atsushi NARUSE and Kunio YAMAOKA

Abstract

Dissimilatory nitrate reductase (DNRase) in Escherichia coli cells, grown
under anaerobic conditions with KNOg ,is activated with NaCl. Its activation
ratio is determined after washing of cells treated with NaCl. Enzyme assay is
usually carried out by using methyl viologen (MV) as a reductant. However,
from a practical point of view, formate should be used instead as a reductant
because MV is an artifitial dye. In this report, we use formate as a reductant
at an enzyme assay and discuss its mechanism.
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Pseudomonas denitrificans X Escherichia coli i, 1§
SHTHMPIZ NOy 28T, WY DIMELRTTE
HWTTHMT DL, Eldhic RICBIMERTTRA
(Dissimilatory nitrate reductase) & %3 5.
DNRase IZBABHK T, NO; #NO, IKBIET DR
IR L, TORTRAX—24E$3, NO, ix
TIVERIEL, #HBAED=b YT I EER
T2, o THICBANICRET D EcoliDRE, *
® DNRase iFtE & MHI4 D Z Lix, FRIERINCE
bHTERBODHDIZ L THD.
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NaCl 2 & 1 i FA v 2 ETKBIRDTHETS
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** BRI AT
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& % ®d DNRase IFESRBISIC LR TDZ L, ¥k
RAT7A ¥ (Cys) 2 RT/KBHPICBELILBE
DNRase ift£ i3 #ICETF 32z L2 L. 20
DNRase i D EHRET X, £OMHEH % i
LT, EhEhERMICRESh TS Z Lh
5, DNRase HH#MEMHALB L UORBEHEILEATH
DbDEHERE LK.

DNRase i§tE DRI IZOWTiX, HFHesHL L
TAFAEF sy (MV) ZHWDZ LHB—BRINT
»%. MV iXDNRase K HEEMATIZ LItk
TRERETT 505, H<ETALBETHY, EHo
RARICAKNICET DL OTIIRV., KB, ik
HIZ1) 5 DNRase iZ £ 5 NO; DIBITICIL,
Formate BB &5 LT3 L& x 5 5. Formate ik
Formate dehydrogenase (FDH) IZ#&& L, & &Iz k#
PIBRBFHK ZBBIh L, DNRase i X3 NOy BT I
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ZRETHE L TE 2 NaCl R Cys DRRIZ, W
NHBIEA L LTMV EZRAV, RMLELDOTHS.
FZ T, B#ENIZBIT S DNRase itk DEEZB S
2T Deic, BItAlL LT Formate v, ¥
¥ NaCl OB Z AT L.

EBS Ik |
Bk DIE® Escherichia coli K12 IFO3301D35# I

DWTI Guest 51 DFici T, HHBKRR

LT/ A a—R&EM, KNO; & (NHY,S0, 24
UAm%ﬂ¢.ncr&ﬁmuﬁibk.

ST R —————— )
L. BN~ ISHINET, MRS

BO—HEMYINL, ETOWRE LNO, BRIV
DNRase iftE % il L.

BHOMABE KEREROEKZER - Tipik,
NaCl %4 ¢0033M Y VBV Y 7 AR E R (pH

70)(EL# 0033 MKPB) 8L, 30CT1 h B E

Liz. £D# 0.033 M KPBTH## * ¥ki® L., DNRase
EHARE L. 28, EEROINLEEDOBAX
BEROKE - tid2ET, EHBRBOEE
DNRase & k2 #ilE L7z,
BitkOREREEE 0033 M KPBOE fh#ifii & ODsg
TERICHARL, KKCTHEBZAHL2NL8FE
RibpiE T 1 21, 20KC TREILT, EO®, 1
SMESEHL, ZOHRELSERVEL, #S 2%
Wllk, £k, HRELEREOIRIX Z Ok
REBMZ, 30,000 g T 2 R5R, BELAREICI T,
 EhEhESWLUE.

DNRase itz SR IIFKAEIZ, Yamaoka
52 DRI, i b NOy % bDNRase
OERIC &Y E/T 5 NO, BRELBEIZ LY filse
Lz, B7cHl L LTMV & Formate 2Lk, %
# Formate D4, RIEi® D Formate #I€i 50
mM Tb3. BMEOHANT | ARIL Y 14 mol D
NO, hmie®ME Li.
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1. MV, Formate R OBIFEL K DNRase i 43
EORHOBTHLE LTHWTELMVIZEXT,

Formate #f\V5 I L, EHOXMMBRET, &

B2 8 U484 © DNRase i§EOEL & F~

Growth ( OD at 580)
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Jz. Fig. 1 MV %, Fig. 2 IZ Formate 32 DNRase
EHRIL L, BOMBLEILERT.

MV Rid, SRV 5, BT,
RRLETRESHTHLOD, 22y BWiEtEE RE
LTWd, ZHZ ki, #72< &b DNRase H#EX,
NERITTAH T TOMBDORKIChIc > T, Eikic
BIC—EREELTVWAARERERLTVD. —F
Formate Z RV B4, £OEMITA BRI
BHNTHLLHAL, EORMETARBICETLTY
5. B, MVOBEIZHERD LEL, Lok
b IEHEDS NS\ RHEOR B O 4 (> MV OENIZ A
[>3/3 3P% (o

Ingledew®® §% E.coli® DNRase i 5 MV,
Formate OB & IZOWTHRELTWS (Figl) .
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Fig. 2 Time-course of DNRase activity during
cultivation depending on the electron
donor ; Formate
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Fig. 3 Spatial organization of the E. coli
DNRase and its associated electron transport
chain
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Fig. 4 NaCl-induced activation of DNRase in the
course of growth : Difference in its extent
depending on electron donors, MV (O)
and formate (@). NaCl-treated cells were
washed with 0.033M KPB before enzyme
assay.
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Table 1 NaCl-induced increase in DNRase activity
assayed with formate as electron donor and the
retention of the increased activity in the
membrane fraction

DNRase (units/g cells)

Enzyme

sources Control NaCl-treated
celis celis
Intact cells 26 873.7
30,000g Pellet 16.0 255.3
30,000g Sup. 1.6 420
SO}
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Fig. 5 DNRase activity in the cells that were not
washed after incubation with NaCl

Table 2 Effect of washing of NaCl-treated cells on DNRase
activity assayed with formate as electron donor

Treatment DNRase activity (units/g cells)
of
Cells Control cells NaCl-wreated cells
Washing in KPB 30 140
by centrifugation as usual
Washing in KPB 3.6 155
by filtration
Washing in Water 2.5 129
by centrifugation
No washing 35 28.8
No washing 1.8 31.3
(resuspended afier
centrifugation)
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1 NaCl-induced DNRase activation
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Fig. 6 Possible mechanism of NaCl-induced DNRase
activation and of the apparent reduction of the
activation in unwashed cells

MV %5 DNRase B#IC HiZEB &7 5 DIz H~,
Formate iZ FDH E#&& L, EHIIBAOBHK 2%
L., DNRase icfifliT%. ZpzZ L, Figl,2d
MBREADbETE LT, DNRase RERFHETS
Zehb, HEUEMIICIBWTOR, FDH L
DNRase HOBRMB AR HDWZERT D Wkt
nEIXLLNID.

WFERIZLTH, Formate RASERROE AR
EBWTHERLTW I LELLNDZ L2D,
Formate ROPUE HiEE2AHT, L OFELWRMH
HETHD, _
2. NaCl i DNRase Dj ZHET, FEg
BITLEH T C#E & 87 Ecoli ® Ps.denitrificans %
NaCl 28 1 A FZ > ZELKBBEP T, 30C, 1h
BE%, W% 0033M KPB; (pH70) Tkl
L Z A, Hitkd DNRase FHENRELIYARTDZ L
ZHE L. ZhboksRiz, 3T DNRase i&f:
BIE DO, BITAL LTMVZAVWELDOTHS,

FIT, BHORBICERBEGTIEELLND

Formate Z VT, LUTFH# L. 9, NaCl k&
WP TORLEIC X 5 DNRase iFtE DR L & W~ e,
KM ORIk A Vv MV L Formate THE LT
LZA, Fig dRARTHRERERIC. MVOREIR H
MOZBRBEIZBWT, 1 0f§lioARLTVD
DXL, Formate ix, *HEIEMOMPAIZBVTD
H BIZ1 ORERVIEEEEZR L. MV Off
B3, DNRase BHDEMMEERT L EXDR B,
Formate ® & ik, HiZ FDH R DBEBER DB L
LB L THE XD LEREDHD. WTFhiIZLTH,
NaCl iZ X% DNRase DR ¥ 72 i tE4kix, E.coli b8k
ATRETDZ L5, NO, DRAMBREENE
HESEDILDTHY, FHEEMICEDDTKE
RMEEZRELTNS,

3. NaCl IS kBB DNRase itk NaCl i &
% DNRase it L7235, BMEBHROFEHILL, Yo
RIZBEL TH D220 T 57, NaCl TRAHEL
Tellith o BE PRIz XV L, Hiz30000g T
2R O R LT Lok L T A IOV T,
DNRase it fIIE Ufc. #8R% Table 1 iIZRT.
NaCl AEIE kD ¥\ DNRase i #i%, BifbRk,
ERICFFET Db 0D, EEEILRVET L.
RICERE R oT0ch, MV ZAWEEB &R, thik
BREEOREVBREER TV,

ZDZ kid, Formate DIBE, Bil#HIC LY
FDH#*& DNRase ~DFbid7z b Bifis e,
BEHREEEBEN DOLEELALND, —H, NaCIT
MBLRWEEZBWRL, TOBEBMIZ NaCl 2
THDNRase i§t£id, @< LR LRPok. ZDOZ
Lix, NaCl DHRBROIDIZIZEU|OBIME T D
LbORLETHDIZ LEZRLTND,

4. KB E O DNRase j5#:  NaCl i & 3 Bk 0ain
B2, #¥&® (OD=10) KE&E»1MNaCl (
in 0033M KPB:pH70 ) #Mx. 30°C, 607#E
#, 0033M KPB (pH70) T2EIgkH L, dith%s
0033M KPBIZEHT 5D THD. ZOBRBED
DNRase iEERER BN L0 b, ZOiEHEN
605 DR ES, BLUBKRG®RD, LOBRETO
EBIENTWIO»FAR. ETHER Ktk
fRIEE D DNRase &t # BB B IRBO £ F8I%E L
& Z %, Formate ROELITHERFEIL L LT LR
LTWAA, MV REFRY L Boohizso
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7c. LA*L, Formate ROBPE BB OENITIX
BRI ol ZORKEIRETIE, WO
0033 M KPB iz i, 05MNaCl®, @i son
MR EET D, ZDOZ Lix NaCliZEh Bk, W
W4 & eic i L, DNRase it ORR %2, BFIE
HHEMN Tl L TWDd Z Eii2d. Ll
NaCl ZB R BRI THORBENR LR
Z b, NaCl BHMTHHRLTVWD LiZEX#W.
KiIT, LBOWOBLIHS, BRODRERARD
7o, BB RS 2RO HDViIZEx
FWTHV, %D KPB Ofhic $ik 2 AW T#HR .
&% Table 2 IZR T, B HE L WABIZ X SR
DEIX, REBDLNLP oM. i, BODMEL
TORIED L L U2 Z0SEHBB/LTD, Kk
HEOEHRLERZ P -T2Z L2 b, B0 MERE
B, BEARERVWI ENRG Lok, BiZ, B
HHREERTIROBME LT, KPBE#ukzRAW
L Z A, HKkOBRE, RRBERMENDODENE
{tEDOHLDIX @V EZR LK. Fig. 5, Table
2OBREEDbETHELXD L, E colitd, 30°CTO0S5
M NaCl i3 5 &, £DDNRase iGtE#, it
REEDN, FRUAOBBREHLWKPBIREEZ#RAD
&, BREodteHREEAREED. Thid, #
Brhowsh~oisHith & NaCl 5, ##D DNRase
FEhemFlLTWd b LiEEE NS, BB NaClid,
Fig. 6L R T X o ic, B0 Y VEBEFICERL,
FOMOWE LA ILEE, DNRasc iGFfia LR E
B35, @itkd S ors i & 3L IR D masking
e &V, —7# Cid DNRase i&tE LR 2 LT
WA rEZXLND, ZNHDKRILOWTIEEIRZ
BHMOBRM A&, HRBLBETHD.
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