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1. PFPgeudomonss sSandtr,
grev sevebieslly with er without pitrate, a9t snserobically
with mitrate. 1% 434 met srov ameorebiealiy im the
abuenes »f altrate or with pitvidte az the cole clesiren
seeertor, Sodiwa pitrite uwp to & vencenbesiion of & gl

hed uo effeed on ihe sewehis growhh ratio.

3. Whe pessiretory parvtieles fyes oRygon-grown

eolls conteimed flavin, ubdcuivons, ssd eylochyomes by
§ nod e Hespirstory perbdcles frem aalls grovn anaero-
bissily su sdtxnte cemiained o Z-fold higher level of
fiavin, 70 pevr eewh wore eytochrome R, and 20 per eent
wors cytoehrome g. Ho uytoshrome g wes dedeeted in
spnesabiceliy grova e¢olls. The whisuinoue iovel was

urebanmaed .

3, Pormate debydrogencso sotivity in susersbleally
grevn eeils wes inevessed Gefeld over Lhe lzwel pressat in
aerebieally srown voils. Fermate-nitrate reduciose .
HiHgenitrate veductase levels wevs iuoreased Twfold auf
Gedold, veapectively, by growing ihe tells anpercbiesily
en aitrate. The suecinoesxidase systes whish wos hbighly
cetive in amorobis eoils wes andelestatle in nitrsie-giown
eoiln. Gvceinete wag not Betive ns an elecizom ﬁuﬁﬁsﬁf

for nitrate reduction.



ii
4, Inbibitors of 4he elottrum traraport chuin sach
za sodius amyiel, rotobane, sad plevicidin A ixhibited
Heil, sxidntion by both anfteote and exzygen. dudleyein
& opdd Swbaptyled-fpivroxyoulnolinee-feonide inhibited
elecbyon tyansfer frﬂw.ﬁﬁﬁﬁ? to ouypon, bhut met to

il drate.

5 Eoth %“ﬁbjj ardi formaie nitrode reduwolason veore
assoeinted with the sexbrone-bound ¢leciron dranspord
syotum, Hitrate was sisieblometricsily redused 4o adirite.
inhibitor studies suggerted the poviicipetion of Llavin,

iﬁbi*hi%;ﬂ ] f?‘z.n..‘ﬁiéf ks

i gresps, eyleclwene b, cnd a medsl

Eguﬁg bly molybdenun) in the electrom trupsfer ehuinm with

aityate ag deredesl scoendbow.

6. Osrpen stroengly inbibited Fermmte-nitrete
ﬁﬁﬁuﬁﬁﬁwaﬁa

Ao

yoductass, but hed 1ittle «ilsed sm ¥

roduetnos., NMirste inhibited cloetron frcsafey from
BADE, to oxygen vith a scepeomlicnd stodchicnslrie

rodustion of niteale.

Te Chlurate sné bromate wers cospotitive Inkildters
of nidreote reduedsse, Chlerats seded sn an gecepbor Tor
the formate dolpiropemase svelew. Himilerilies in ﬁ;
ard K. vaives fer chlorais with boldh the particulate and
salubilized nitrate woduetones, the compoiitivs noture

of chiovate inhibition, ond siniler patterns of inhibitions



iii
of slectron tronafer with nitrate or ehlorate a5 the
secepbor saggest thad shlorate sebe as an sltezpative

substrate Loy niteate reduetast.

Hitrete veduetase wss solubilised v decxychelaie
trentuent and surified about Elwfoid. The ruvifled

ensyee waieh hed o eytechwone L type shsopptien apoatyan
atilized reduesd dyes such an wensyl wivlogen as aiaetron
doney, bol was 20 ienger sctive with the nadaral doanes,

foenete and BADR,. gytochyome § wedueed vith aggorbstow

sepi Ai4 mob seres a2 sn eleciron 4onoT, Hetel eheleting

sgaste, espeeislly these thed bisd molybienmu {dithiel

pnd FCRS), sud the =Hi soagent PUHD were highly inbiblitery.

G, Hitrate wos stoistionetrically reiuced <o
witeite by beth sariiculate apg salvhilined ensyGed.

e 93; o nitg&*ﬁ& LTS {;‘ f i %{?w ¥ vith Sl seinki &iﬁﬁﬁ

£

SREFIC.

10, Hitrite raductase vas lepciined in the 144,000 x

g supeesstent froetion {144}, Over 95 per cont of b

-
-

$otsl aetivity of the cell homogenstes with edther RAl
or veduced bongyl viclogem as electron 4oNOr Vas Found

jn the supernebsnt frection.

11, The solukle pitxite woeduelose was surified 160~

fold. The snayme utilized reduccd Genayl or wethyl vielogen,
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leucomethylene blue, or reduced FMN as hydrogen donors.

NAsz and NAﬂPEZ were scbive as electron donors omnly in
the preéence_of a flavin co-factor. Riboflavin, FMN, or
FAD w&s equally effective. Maximal sectivity with any

of the three flavins ocourred at about 104 M, Michaelis
consbants weret FMN, 1,7 x 10” 8 M; FAD, 1.1 x 107 a M;
riboflaving 2,0 x 107 M,

12, Nitrite was reduced stoichiometrically to
nitric oxide. K for nitrite was 10™% M with NADHy as

the electron donor.

13. Inhibitor studies indicated the participation
of o metal(s) and sulfhydryl groups in the reduction of
nitrite. Nitrite reduction was also inhibited by aromatic
nitro compounds. The inhibitoxry effect of 2,4-dinitrophenol
wos due to its chemical reducticn by reduced flovin at
the expense of the enzymic reduction of nitrite. The
ﬁléwéinitrophenol was reduced chemicelly by FMNHy to 2=

amino=~4-nitrophenol.



PECLABATION

i hereby teclare had she work presended in
this bhesis has boon perforned by mysel?, excend
vhere sthervise stated in thw tent, ond thet it hes
aot heen submitied ip eny previous appilestion for

a denroat.
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INTRODUCTION

The element nitropen can ceeur im o wuvriely of
exidation siates resuging fzom 43 %o »3 a8 shovn in Table I.
Biiropen gas, nitvebe, ond ameoniz are the forme most
commoniy Sound ip sature,

Hitrateo je widoly distriduted in seil, consentrsted
in geologiecl nltrate deposite, =nd in raln and set wator.
witeride oceurs ip sesoeintion with sitrede, bul in lesser
nmonnts, loleenlsr nitvogen is the chisf constitwent of
$he sarth¥s atwosphore which cendoins 78,10 per cont
aitroger by wolums, Soth hydrexyismine und pdrazine oye
lebile compounda vhieh ave toxie to meny forms of life and
ave not found im spprecisble omantities in melure. Ammonis
ccears in the atmesphere, walber, soils, =nd muds as a
sroduct of the descsy of ergenic mailer.

Compounde of nitrogen sre wiilized by liviag celis
in o varioly of reseotions than cem be formmiatied inte &
simpiified cyelic scheme as shewa in Figeve ¥« Thiz oyele
mainteins o suitable diatribution of nitrogen for the
asintonanee of life ond is equal in impartence %o the
photosyattetic process wideh provides o fixed cnrbon source
Por plonts and aninals.

Yhe preeesscs of nitrogen Fixaltion, eitrification,
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PIURE $.

THE EITROUER £YCLE

Sehemsdic pevrosentation of the Feaciions invelved in

the nitrogen eycle (Conn and Stumpf, 1963},
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nitrate assimilation, and depitrification are carried out
By o wvariely of sieroorgunisns which sve affected ia
different waye by veriationz is cnviresmental feelors.

Phirz the iniormedion im Figure 1. 228 b2 semevihet nislesdinz
unless one keops in mind that % gives so indicetion of 4he

R e . A i e o BB ol o B Bows gualll sam
resadion reter of the wezious steps mudisted by mivrow

orgonisns,

rlente cnd some micrcorgepnisms wetabolize
nitrats, the mont sbundaxt Fors of nitwoger in dhe moil,
and roduece it to cmwenia whieh is thoes auilized in the
formation of smins selde, prodeins, sucleic aseids, snd
ather cell constituontz, 7This process ie Emowvn 28 nitrate
sasinilation, mud vrovides nilirogen cumpounds of o dye
suitables for elilisaiion by those animnle apd other organisns
thet ere ineapable of weing lnerganic sitrozen sompounds
as o sele seuree »f niircgesn,

thor sicrcorganisms utilize nitrate ve the torminel
slectron sccevdor in place of {yes oxygen. 4 number of

gorkers hove suggosted ciassificetions for the woricus 4ypes

of pitrate reduction., Ap eoriy zs 1604, Jenson provosed

7ive vategories based om ihe produchz af tho reoaection.



In some cases nitrate acts as & non-eszentinl
seeesbor that is reduced only ae fer as nitrite vhich
secunulictes in the medium, Varhoeven {1938} galled ihis
type of netubelisn "inecideptel dissimilodory mitmale
voduetion®, and 4ifforentiaded it from “"true dissimilatory
aitrete reduebion® as exhibited by some siher sicrocsgpenisms
vhich reduce pitrots o8 an aceaptor essenticl for snasrobic
grovih Ho alirite or o o aiztuve of nitrogen goa and
znityic and nitrous oxides.

Fevgor and Hichelas {1961%) usestioned whetbsr any
reul distinetion eould be dravn between "incidental” amd
Mrue” dissiamilatory nitrate reduction; spd srouped both
trpes under the hewding "nitrvate dissimlistien or respiration”.
Benitrification is regovded by these vorkers as ¢ zpecisl
gese of nitrete respivetion, defipned an the productien of
nitrogen pgav ox ity sxddes Irom sither sitxrate or niteide.

Jome orgenisns sxe tapsble of both sssismilodery @

s
g
B

digzinilatory nitrate roductinm,

foy exenple, sssinilates pitrate andor Lotk sorobiec nund
snaorobic cemnditions, but dissimiletes pitrate wndor

suserebic sonditions enly {Chany ond Horris, 1962}, The
presence of somonium jons partislly inhibits Ghe trange

foruation of nitrate into cell nitrogen, but has ne sffect



on sdirate roductase sctivity.

4 third type of nitrete wmelcbolisnm occurs in siriet
amparsbes such o8 Clpstridive gelebii in which sitrate is
roduced 10 nitrite witheut the peviticipation sf ¢riochromes,

This precess ie known as nitrsie fermentation.

Kitrete essiniloiien roquires sn elghtwelocives

#

tion state.

roduction of sitvozer Trew the +% %o ihe ~3 oxids
It bes beern suggesied that this process cceurs in a sorics
sf fwowslocivon steps (Hicholas, 1263},

The sesimilebory-iype of nitrete veduelase ie widely
disbributed in both higher pleats and iy ajcroorgsnisna,.
in higher plante 14 hos Loen veported 1o scour in coulie
fiover {Cendela, Plsehor, and Hovitd, 1957), corn seedlinge
{Sageman opd Pleaber, 1964}, tomate roote [Veidyonathan
nnd Strect, 1957}, Lesn cotyledons (Zgemi gt al., 1957},
and rice seedlings (Tsng ond ¥, 1957, 12 sicroorpanisas
assinilatoyy nitrate reductuze bas buon fTound in the yeast

Hasgenuls smonola (Gilver, 1957}, im nitrate provs Aselchasder

&

{Tanicuchi and Checehi, 1€ Hourospura crassa (Bason
i ¥

end Dvans, 1953}, and in the green alge Ankisicvoldosmmus

brounii {Kossler, 19%6},



dypical
example of the assimilutery-iype of nitrede reductase and
is dpseribod bolow.

Hason and Svans (1953} purified o soluble assimiletory
pitrate reduetane Ti=iold from the wyeelie of H. gmosse
and showed that it wes & sulfhyiryie-mctallo-iiavoprotein.
The zreferred zleciresn doner for the reduciien uf nitrate
to mitrite wos HABFR,. The enzyme wes shown Lo e adaptive
ir cheracter end rocuired the srepence of pitrate er slityite
for its Fermatien. Nolybdomun was eatablisbed ss the
funetionsl metnl componenrt of the sasyme [(Nicholss snd Nason,
195431, I4 s been postuleted that the metal functions ip
the fore of & phosthomolybdnte comnlex (Eicholne and Seoavin,
10563 Einshy apd Hellroy, 1228i. The fellowing soquence

for »lectron dronsfer hag beon sugpgested:

By ; L
EAUPE + u FAD $t> ﬁ@“ﬂ + 2o~ Eﬁ?ﬂ
><w B ( Koo ; ( 10,"
&

Fepeoue 2% 5l

{1963} parifisd & nitrote reducltaze

from spinseh 130-fold. They showed that two proleine were

involved &n the transfer of eleelrons from NADPH, 4¢ sitlrete;



&

the first reduced FMN Ly infﬁﬂ, and $he second iransierred

aleetrons from FHill, to gitrate. Redweed IHE, FAL, benzyl
vinlogon, upd meilyyl viologen ware effoctive Jdencrs for
the syzbom. They conclvded that Kil(P}lyendirsto-onido-
roductose must be considered a8 o mixture of itve different

sroteins,; HAD{F B -1 moxidowredustase and PEE :?{?ﬁM

nitrate~oxidowrednctase.

Behreder, 2t gl. (1968} copeluded howevor fyom atudios
with exbtraetz from leaves of meize, marrew, er spiuceh thst
nitratie reductsse vas o aingle moiety with the ability %e

uiilize oither %hﬁﬂﬂ Higher soncentrations of

a?wﬁ@ than of Bl 33 wore rooulred for eptimal netivwily
suggesbing that Kabfl, is the electzen denor I ¥ixs.

Ingle, Joy, snd Bageman {1966}, in atudies of the

induction of the zmitrate aasimilatory systes is radish

cotviedons, showed thot mitrate veductese was imduecd by
aitrats, sud $0 a losser extent by niivite asd smuenis.
Stoy (1956) found that photoreduced flavis could act
as sn effoctive sleciron denor for nitrate rodneiase Irom
vbeat leaves.
tngercbic conditions nre nol mecessary for the
rorpabtion or eotividy of itbhiz dyve of aitrate reductuse,

and oviochromes are not invoived in the alectron tronsfer



7
pathvor. sesimilatory nitrate reducieses are pensvally
soluble enzvames, and are formed ip the presemce of nilipute
28 an induser,

An szeepiion te ihe gesersl properiy of selubilidy

iz Tound in the pityate redvctzse from

Hohucter grown
on nitrste mediuwe {(Tordigueli sed Uhueeki, 1960}, Although
this nitredte reductase systom wes found ip assoelation

with lorge partieles, Lt rescubles the Hey SFETeR

ip thet it iz o sulfbydrylemetalle-gnzyies with no eylochrome
pardicipntion seewrving in the reduction of mitrate,
ditrite and hydrpouvlamine reduetase scbtivities vere {ound

in 4he coeiuble freotion.

g

Bagpivetion that wiilizes mitesde In plsce ol oxygen
seocurs in o pumber of bacberis vhen prove umier suseroblic
conditions, This fype of cnoevchbic metaboliza 4ilfers

ignifiecontly from thet of ebligate asnserches er focullstive

J

shoerches which ndilise fermentation proceszes thet do not

*

jwwvelve a eybochromecontaining 2isctiroen Uronsier zysien.
Ip nitrate vespiration, oybechyome corriers ars invoivel
in o senner sisilay $o sorobie rospivation, cod onidstive

phosphorylation has heen shown i¢ be soupled to ithe trapsiew



of electrons to nitrate in organisms such az Agxyobscier

Hitrate respiration {Qdssimiletion) ssy be divided
inte three fypest (2) that in which nitrade s vedueced
only sz £s7 u5 nitrite whick anccunniabes ia the wediumg
ip) that in whieh nitrate is reduced to molecular aitrogen

g of pitrogen, nitric and nitrove oxidesy

3hnt in which mitredbe i reducod Yo ammonis, wiich

E‘
fx
iz
e
o
5

#

{2 not aszimiletsd into velinlar msterials, bot aceuwnnlates

nitrete respiraiicn obours in scwme ztrais
vhieh, whoen growa anacrobicaily in nitrate nodius
dizaimilate nitrate and exerete nitrite into the medium
{Toniguchi, 1261},

Yhe slectren transpert system for the veduetion of
both nitroie and oxygen iz logslized ie the eoll menbyone
froetion and utilizses %&ﬂﬁz oy foreowie =3 an eleclren
doner. NRowever u selebie faetsr that stionlsted the mitzate
reductsce activity bios boen cbserved {Toniguebi, gt ples

$955). The foctor could met be voplmeed by Vil é@”*« or
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wonadiens alome oy in combimation., The mede of electron
transfer vy this ziterste veducing systesm s swsmarised

in the following wscheme,

2

¥griiculate system

NADH

Haw

dehydrogensze > PAR

Cytechrome s nitrate
reductase

Foramade
: —> {¥&D
dehyiresenanse > (FaD)

Unknown

Gxidase feavy motal
’ {probably Mo)

Formade
N
02 Mbﬂz

i« £01i was solubilized |

by zlliailne fncubstion after best Srestoent snd thenm

This mitrete reductase Trem He

purified 2¢ homogemeity (Taniguchi end Itageri, 10603,
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The epsyme was shown o contain one mole of molybdenum
wivd 40 molen of iven per mole of epmyme, but po Flevin.
Kedueed dyes ox cytechrome Lgo but mot redueed pyridine

&

suelestides ar fln

vin, fusctionsd pe cleelivon donors Yoy
the purified enzyme. Gta, Yemanaka, apd Okunuii {1964}
Found s;ﬁﬂgw'yx% 18 durding the reduciien of nitrate i

aitrite of 0.6% a2nd 1.1 with glutamate opd citrate sz the

sepoetive ¢leetzovn donars.

gnsyme {(respirstary type) diffess fvom

¢ {sssimiladory tywe) in

that 41 s iniidally present in pertieculate forn, conminins
eyioehrone, viilizes ertochrone @ﬁ a8 the phesicliopgical

esisetron doney and cenieodns irsn but ne flevip,

e of uitrate vospiration, depitrification,

was Tiret described by Baven nnd Dopedit (1085 whe shoved

thet boeteria conld suidize an grgenie subatrate with
sitrate instead of oxygeon, theroby producipgs nitroger and
sonetine: nidrous oxide, Denitriliention boe been deson

]

gtroted in members of the gomers

Bendprsheeilins
Thiobucillus.
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The fellewins sdudies Bave showr Whd subsivate

depradetion during aitrats we sapiration 4iffers 1il4ls

from $hat whick ocours ¢ith oxvpgen we the fermimel agceplor
Sseks and Borksr (1992) showed that in B, denitrific

gnocinats iz n;ﬁr*e%e}' raddsced to gerbon dionide

*

copcomitent vith She redueiien of nitrate %o

whon pitrote is the slectren secentsr {Verbuawen and Govosz,
16543, Svenglor and filemcwr (1966) showed hatl in

plucose and gluconste ware degraded

&

ware whether eslls were grown sevobieally
or snserchicnlly with nftvate se the hydrogen sccepber.
ot 211 sevobieally oxidized subsirates oun hovever

bo snidized Ly nidwebe. L. glubzegi, for

SRR

utilize benzoic neid and geritain %iif”%?iﬁ hydrocrzbons

aspobiesily but not susewebieslly ever in ibo pressnce of

nitrote {(Hansen and Enllic, $957). This sey be eupiained

by the hvpotbesis that oxidation ol {bese compounds poguires

ar initial oxvzevetion ctep in which the perticipetion of

moioeulsr exygen iz reyuired.

ii.

SGince these microorgunisms cen grov with either
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puypen or nitrate as the terminal hyedrogen acceptoy it is
of some interest %o consider thwe effect of suygen on the
Aenlirificction precess,

Meikleiohn {1940 goported thet in dwo apecics of

sndgnonas, denitrification oreurred in ceraied as well

s

3 s 2 _r i< e i % gty
as im ansevobiec cultures, Seelks apd Barker (1949} showed

hosover thot in 2, donitrificsns, the fovmeiion of the
hoSa g ]

B

»

nitrate veduclase syeslenm wot suprrespod DY oxysen, and

that performed anitrete reduetase was inbibited Ly oxygen.

Sebaid?r snd Kempd (1962) observed thet nidrate reduction

ocourred nt o sore vopid zede in cersbic thel in ansersbie

enldtares of Iaeudomonss
Piehinoty {1965) veported that in both serubie

culfuree nnd in soell, oxypern inbibited brelerial donitzi

ficoticn, The bissyuthesis of niteate, sitride snd nitvous
oxide roductaces wag renressged and niteitc and nitoate
reduebose aebivity wes intibited. Shorman cad Mackae {1957}
sise found that in cells of F. depdirificans sdapted to

pitrate, oxypen completely suppressed nitrate redusilion

when present ot concentrations sreater than 0.2 ppn. They
seneinded 3hat veports of nidreie roduction vccurring in
apparently sereied cullures were due to some of the cells

being deprived of exygen., In the same erpanism it vas
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1ztor observed {Skerman apd Mec¥ae, 1961) that vhen the

B
i

oxygen sapply was inadeguate fov respirateoxy requivesentsg

nitrole zeduciene proednetion sontinued. The paviial

&

*

pressure of oxygen in bhe mediesm was found te¢ be the

-

detorrining fecter im the suppressicn of pitrate

gReseys fdond by diisecus {Chang and Horris

dizginilotory ncbivity of o groving culiurs wes found fo
be nffocted by sewsiicn in at least thrae

Forpation of the gsyolen was SUppresnseu;

i’:—.:
e,
7

o oy 3w Iny T o g el
vay alrsady vressni, any further &

e

L
;{3
g

ropressed; end {¢) the activity of dhe prel

PYPUR VL T I S O gy g ey R &% " N
was izhibited completely. Aetivily of the cemplaie

s ~ o ., % L
Wwod meszurte ny

fyom pitrate. Lom (1969, however,

activity of the mitvate reductase componment it

1ittie affisuted by oxyzen.
s cell-fros exbrseds of Igevdosonss seruginosa

{Pouson and ¥icholss, 1961b) fohibitiem of nitrate roduetion
¥

%‘?ﬁ

Wy exygen was Yeedlitaded by gytoclivone oxidage., Yhe

&3

following schome foz cleetron transfer io aitcrnntive

hydrogor sceepbors was propeandt
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5, -
HADH,——> PAD — Cytochrome g — Mo’ —— k0,

\

Cytochrome oxidase

v

0

2
In Bech. gcoli U-12 nitrate reduelase synthesic was

controlled by twe nrineipal growith conditions: fa) it

vns renrossed by oxyger in the prosepee or shsence of
nitrate; and (b) ensyme synthesis was ipitiated by snaerobie
conditicns even in the sbsesce of nitrate. The vate of
nitrate reductase synthesis wves, however, increased Z0=fold
by the additioa of aitrate. It was suggesied that the
system moy be under the control of redox-sensitive substance
{chowe and BeMoss, 1968).

Hochsner and Yebgman {1962) in 2 =ztudy of oight
strains of denitrifving Leeterie Yound that the effect of
caygen tension vos veriabls, dut ne strain required
conplete onneroblosis for the formation of mnitrate
reduciose,

It is generally considered %that the aerobic process
is wmore eifficient tham nitrebe-linked respiration since
{a} cells with nctive nitreate-veducing systens use oxyren,
when svailable, in place of nitrate; (b} denitrifieation

generaily occurs only vhen oxygen is limiting and oxygen
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suppresses the production of nitrate reducing systens; and
{e) eell yield io usuaily lowey in bactberial culturss g¥own

snacrobicelly with nitrate than in these grovn sorobieslily

Ozidative phespheryi

has been desensbdrated in & munber of srgunismz, UHadk sad
siehoies (1966} shoved thai oxidetive pbosphoryisticn sesurs

concomitant with aitrede rTeduction in salleiwes ortracis

F & Bk g rnen s B = : ¥ gl e e B e

perogenss, Hadjipetrou wwmd Stoutbemer {106%) eanlenluied
frer molay provih yielde 3hat about shree malos of ATP

vere prodused per mole of nitrote roduced.

‘;S

ik

thot the reladive concemtration of the %araa ey m@chram&
exidoses presont ip e eells wos dependent on growih
copditions., In wigoreusly sersted emitures, eyiechrome g

yaz the priscivel ozidose forsed. Maximal develomssed ¢f

seils grown @ﬁﬁayaﬁieailg with pitrate showed o macked
iperesse in the eenceptration of ovlochroms g,. %he

Lo

evtochromes in this orgenism can be oxidized by nitrate,
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but oytechrome g, is oxidized to o greater extent than
e otber twe lorminel oxuidases {(Yhite amd Snith, 1962},
Yinpenny and ¥arssiey (1968 comparod the changes
that oceurrsd in Rrebs gyele snwymes ia &

psg when grown on pitrste, In

ane and fomurese selivities were

wadetectabls in sitrateegrovn gells aznd nildrete appeared

in the grovih sedinm, vhile in §. ape . sconitess

wore wnoifoated abd pe nitribe sppeared ip iho modium,
Izecitrate deobpdrerennse ves med affevtsd by nidrale in
either orgapisw. In celleirve exitrscts of £. goruginess,

seenitase and fumsrase wore inidbited by both pitzeate and
nitrite, Lot move stromgly by altrite.

gnli, ¥iopenny {1968} found that mitreie end

afirite st inteymedinte concentraticns induced 4he Tovmailon
of high levele of cytochrome Gie- while 5 Ligher conten~
tratbions of agoepier the coytochrowe dlsavpzsred. Nigheow
concentyatiens of oyiochrome B veTE found =ith suveen than
with nitrate as soceptor. Hitrole and sitrite inhibited

aetivity of ascoxilene, fumarase, and fgocitrete debydrogenasc.

v. Mllysdg redmebese in fmendomenss poyucinoss.
Fovson and Ficholss {12615} described = purified
pitrate roductane from I, peruziscss that reduced nitrate
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to nitrite ot the oxponse of NADPH,. The enzyme roquired
FAZ, syicchrome g, =#nd salybdenuwm Jor full setivity. The
soquence of electron irassfer in the purified cnsyme was

suggested Lo Dot

R N

NADH, ——> FAD ——> eybochrome g —> e — 5O,

The rea@tivation of the onspme by FAU vos competelively
inhibited by M

B3 it ves thms supgestod thot sulthyiryl

groups wvere invelved im Lthe bimding of PAD do the nyolein,

Bitrate reduetase in Z.
the snaerobic oxidetien of BAWR, and eprears to tronsfer
elegtrons Iyon cylochreme Ry %o nitrate {Rovney, 1966},
Gybochrone g, does ot appony to be invelved in cleckron

wrenapori de nitvale,

Sedens apd He ,«l&“t}f {1057 } doaseribed o ;2}33.‘ P4 of

bagherivg
gpedtrun wher reduced with peaks 5350, 520, sud 419 mm,
Iron ané flavin eppeored to be involved in nitrate roduction

Wy thizs enaymeo.



Lo 1969} found that nitrate reducinse fvom Y.

i wos bound to the ¢ell mesbrane fraction nmd

ntilized oitber ﬁﬁ@ﬁ? or moeelimmic sa wn olesctren donor
for ihs vedacdion of mitrote dc nitrite., Yhile nfidizdite wes
$he principsl product of nitrate rsdveliocn by the paridaniale

preparedion, secll guounts of sitric oxide und nitroovs

cxdde were mizo Lorvmed.

The nitrede redustese proper was sslubilized by
dgoxveholate troslacst and wos purificd 100-fold, In this
form the matural cleetron donors, Baill, end wuecinale, were
inctfoctive, but reduced beuzyl oy mathyl viclogen could
set as hvdregen domors, Hitrate ver reduced stelchis-
metrieally o nitrite. liolyhdenun and suifhydryl grouns
vore resuiped for sotivity. Ho grlochress v {lavin vould

be &tected in the purified prepazation.

Epami hae postulated the existence of g third cetegory
of nitrele voduction which sceurs in amsevebic cells witbous
the pardicvipation of eylochrome (Tolwbasid, Taniguebi,

and Bgmeei, 1963}, Thic procese esvnet be clasaified us

pitrete sssinilstion sinece nitrite accumuicites ip the

godium 20d is not reduced further. Thie type of nitraie
¥
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reduetion has been studied im Clegtridius pelehii

(Katsurs of gl.s 1954}, The cnzyme wee soluble apd HA

i
ek

53“
e

depesdent. It wee inhibited by cyanide, aslde, and

thiowrses, but pet by CO iz the dari.
: 4 %

§4 ms boep suggected thet mitento setebelism might
involve coupling the nitrate o orgepic sompounds vhieh
ecould then be rodueced de smines. A puwmber of syatons

mebabeliszing crgancenitre compounds Lotk oxidetively and

poduchively bowve bDoop desoribed.

4 auuber of bacterial strzime have been repuwiled
thot motabolize waricus nitroeryl compounds., For exsmpla,

Tabai, Chambeors sod Kabler {1961) lssladed

roducing g=~, Grs ond geuitrephencl, 2 4wiinitrophepol, ond
2 ¢4 6~trinitrophencl, Hunderaon smd Joneen {1956} reported
thet 2,6-dinitro~gesresocl could serve es Bhe sole scarece

of earbon e nitrepes For o struinm of 0

Zolated rompounds such 458 J ‘drovhenol, ¥4
, £ 2 ]

Ainitrovhonel, eni 2,4,0-trinitrophencl wewe also attacked.

nefiitrorhenoi, 2,0«

wa N

Compounds such as genitrophencl,

dinitrophenol, pe-nitrobenmcic neid, 3, S=iinitroberzeie
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aeid, 4,0-dinitroe=g~butrlpbonol and 3,8-dinitrosalievlie
acid were net atiocked, The suthers suggested that the
sitre sroups must be gere e o hydroxyl proup for bacterial
attask o steur.

Gormanier and Yohrmenn {1963} iscloted ivem soil

thet ceuid wiilise sropsticentiirs

shealns of Dzsudouonss
conpounds g the sole souvree of cerbon aud pitrogon. Afder
iour days growth under ncvobie conditions, the eells had
produced amsonie, nitvete and siirite from gw, &=, ond

penitrophencl, and smmonie and nitrite fxon ge and pe

gpeoics isoleted from the filter

s g s B 3 PR . - 5 —
migation g?it‘z;ﬁfa WEre L8p

g=uitropbenoel snd pealtzophenci as their sole source of
carbon,. Usdsr sorebic cenditions with 148 wpw sitrovhenel
in o ligeid wediem conteining iporganic salts, ope gram

ion of nitrile ves formed per wele of sitrophensl decomposed,
Upder asaervobic zondidions s pitrite was formed.
Anminophencls wers not interseddistes in ihe degradation of
the aiirophencls {Siupsen and lvans, 1953},

escons, in vhich p-niteebenzoic
seid ean eet oz the sole seuree od csrbom andé nidregen,

the metobelie pathway iz through petwnincbenzoic aeid which
iz then exidized to p-hydroxybenszelc asid and pretsestechuie

acdd {Derham, 1958},



>
Ed

Ke, fee, and Durham {1959} suggested from cimitane
ve adoviation studies that genitrobonzede seid is aelee

volined in & specics of Flovgbaetarius dhus:

— s % 5 Ceilular
*"?ﬁ:@ BO o medorials

coon coug |
L_____~> din
Thay sointein that the route thveugh anivenitvovhbenel iz

off the sein metabolie pathway,

zitrobensoic neld fo amincbenseic neid, The nitroe

rotuctose vas son-speeific snd roculred NA iy % wns
stimueiated by FAD, end intibited by lypdroxzylomize, nitrite
end melsl eheloating asgentn. Acdividy was restored by
adding Hg=t, #n=Y, oy Po' . In Nogapdih reduction of the
nitro~-grour probebly proceedod throush mitroscbenzoie
seid cnd hydrovyiemincbenzoic aeid; wlthough the onzymos
rospensibls couid met bu dseiated Ly the esual protein
froctienntion ftechinicuge.

Teufik and Svanz (19¢6) ctudied the setaboliam of

disdtyoeg=orescl by & Pseudomenad (H.C.X.B. 9771}. The

compound was wetabolized %o &,3,%lrihvdrexyloiuvens vis
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B2

Jeegmintei-ni tro=cresol, Iwcothyieiepitre-catechol snd

giethy lejoncinoweatochol. The transformation of 2,5-linitro=
geeresel 40 JeaningeS-nitro-cresel desemstrated in celle
froe prtroots reouvired N4

)
o it

ﬁiffa?@wi ratloey, axidizing Aiaddpo-p-cresel Yo Jemelhyiete
ﬁa%rneaﬁﬁcﬁﬁi. 4 pibroepoduetene could ot be denonairated

im this esrganisn, bud {4 444 comiain 2 sitrite reduciese.

An emzyee system Crom Hewgopapers veouived FAD sad

sulfbydryl growps and & wetel component 1o reduce penitro=

benzene o g

rtronniline, vis penitrosoe-nitrebenzone and
fenydronylonine-nitrobenrone, %This veduction msy net be
das Yo & speciiis onsyme. Hitrearyl compounds say wmerely
set as nonwspecilic secoptors like weithvienoe blue and
indophono} {Basen, 1936,

Tsulamara {(19%4) reporded 4bat whole cells or celle

#*

froe extracds of i

agien vodueol pleric soid
o piernoie avid, It wvas chsorved that either le-umino
seid exilase or an BAMi =cylochrome g reductese colalysed
the reaction.

Eaz snd Slie (1983, 1954) found thet dizlysod sonicates
of Lseh. goli Formed srviamine from ehleramwﬁgnicol .8

vell xg from o numbey of other organe-aitro-compounds with



EaDHo or HANH =enlste syelem as the olectron Jonow,
a

Cell~froc exdrocts of Zirevid gns hee
reduced the adtroegroups of chlovomyceltin do an anmine
group. The seme sxtraet reduces pityste to nitrite; this
reaction iz competolively inhibited by chloreoupretin ao
iz the chloromyrolin reduction by pidrate. The duwe recctions

wore sinilarly iphibited by 2 pusher of compounds and it

e boen sujgested by lgani,
& single systes nizbt be responsible fer {he idwe resetiosnc.
reviile ond Stern 11938) cbserved vsduction of
eapdedinitrephenol and Alvitro-gscresel by Toraie delydvoponcse
in the prosenee ot bonnyl vielozen. Zapithine oxidase alse
voduced Ipdwy 25w, snd d,0-dindtrophensl as woll as
dinftro-geerenol, Henzvl viologen was ned reculred for
Lhe veaction but stimuladed the reaction rete when presont.
Loctic dehpdregenass «lso reduced dinitroeg=cresel in the
prezence of pyeeyanine, toxoflavin, of f-sutbroguinenc
sulfonate. Halk and Nicholas {1966} reported tbat 2,4«
dinitrophonal eonpoted wilh bepsrl vielogen or wmelhyl
viclogon for electrons from NADH,-henszyl wiclogen reductase
pelepddl ond suggested that the nitrophencl

was wveduced 4o I-aminosd-nitrovhencl.




Alkmed end Morvis (1967, 1968} sbserved 4hat nitrite
reduttion in the green alge jg

Eiotreds

sope brsacdi e
Bk M‘ 2’? ?5! -5

completely inhibited %y‘iﬁmg B Zpdedinitrophenel. Hitrote
reduction was inhibited by only 65 to 50 per contd by ibe

same coRcoentralisg of inhibiter in whele eells and was

maifected in eelli-free sxtruectas, It wees suggested dthet

fhe effest on Sbe veduction of b the
ability af the pitropiencl %o senpete for pedueing powver,
sltbouch vmoculvesal svidence for this was ot ebiained.
Uadey ansercbic sunditiens chloreplasis in light
reduee Z,4=dinitropbencl v saincnitronbencl. The reaction
iz inbibited by gepbesanthweline, Je{4-cblorovhenyl jw
dimethyiures snd hwivoxmyiemine, 21} Mill resetion ishibiters.
Vessels (1960} suggested ihat dinftworpheuel serves as s
#4111 eoxident end ¢ap Do redoeced by Lllunineted chlovenlosts.

-

ne 2t mle {1966) deseribed n pusder ef sysdens

5 Terredexin
2 hypdrogensse medisted the reduciion of dinitzophensl

or swiponitrophencl %o diamisophencl by hydrogen. Spinach

forredoxin, ¥, or bensyl viologer could subsiitute Lor

bacterial fervedoxin. Hix moles af byirogen were uiilized

rer moles of dinitroniencl reduced. Illwminsted, heatd
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tranted spinnch chlororlacta, under apserebic cenditions,
reduced dinitrophesnel ‘o zaisonitrepbercl with ascorbate-
dichlerephenoi-indopbonol dye o8 domor. In thia sose,
forrvedoxin was not rﬁqﬁiré&i ¥ith fervedoxin present,
dinitrophenc) sompeted with HADE for the elechrens. At
& congcentration of 1.9 u¥, dinitrosbenel complolely
bisckod electron Clow from water to WAWY ox ferricyanide.

Vesssla {19635} pointed ouwt that it is nel necessasy
%o postulcite n specifie nitreereductuse in order e nccount
Tor the reduclion of nitro=sompounds by eells or cell-fres
sxtractn. The none-hewe iron somponent ¢f ivea-flaveproteing
oy be izvelwed in pitreegreup reduclion in the some way
a8 ferrvodexin as shown bolow:
AP wHATIE ———>  Forredozmip ——— Hilre= ov

nidroanaryl

compounds
Chalovoplasts

¢. Animals.

Porker {1952) reporied thet 2p0-dipitrophancd was
roduced by ¥at liver humopenates ic deamine-dwnitrophancls
some Peaminowdenitrophovol was slse formed (about 10 per
sent of She betal ewinel. Maximuw rate of rosetion
pocurred ol ol T.0 and 37° §n the presence of sodium loctate

or =zodiun svecinnte,
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Bleiiy {1956} studied the rate of NADH, exidetion by
sal? liver zanthine oxidase vith a series of electzon
ascepisrz incivding eromstiec nitro-compeunis. & nunbor of
svomaidie pitrowcompounds wore veduced, end it wes shown
that 2.4=dindtrophienc)l was roduced Lo Zentbro=d-mainonbenol,

1 - S 5 i Lo CW ORI = T8 Y
A afifroegrea n bhw 2

Ltion vos ool wore QALY

roduged thap une in ihe griba pesition. Fer example, in

2 Sedind irophenel vhich bas twe nitre-groups g o eneh

sblier, the refuction rate wos wore ropid thon widh 78

dinitrophencl. ¥ibth 2,6-dinitrophonel whieh hes 5o Dorp

groups, vhe rate wne slover shmn with oither b or 2,5
dinitrophenol. Intermedinicy ihe nitroscw ang hydvexylanine-

derivatives are probably mmch mo

rg resctive than the pavent
sompounds ns suggested by the wopld reduelion of Lenltroso-
whonol. |

Fouts and Brodie (1956] reporded thet arovmetie pitro-
peductese nedividy ip memonls wes foupd meinly iz the liver.
t4dver homogepntes roduced penitrehengoic acid to Jeuninoe
henzoie ccid with HaI¥l, as plectron Jdonor. The syrten was

inhibited by oxygen. The veduetion rete was stimulated by

Jeat

adding FAD, , or riboeflaving and oxncess of flavin
ageolercied mormnl zetivity. It wos alsc sbuerved thet
riboflavin or FAL stimulsted nitre-raducinse activity in

pigect liver homopenatos (Adamson gb al., 1965).



Bitrite is & higbly resctive compound and is biolsge
feaily doxzie. J% lies in & %oy position in mitrate motebolion
being the first preduct on the sssisilatory patiwny to elther
hydroxylenine apd smmenis or the dissimilatezry pelimmy i

ez, Hitvite can be redueesd Wy o nusbe?

A

nitvopen andl Lds sxid
of nonwenypic resetions. Yor exampls Both ﬁﬂﬁﬁ% and
nmporbate veducsd nitrite uvnder soaorebie condliions with
the fommotion of RO, ﬂ and nitrogen gas in the percentage

L e o e o B g «,ﬂ b, F3
. and 9, respeetively, with ssesebote,

fai

goapositicn 48,
and TS, 10, and 13, vespscidvely, with MibH,. The reaciion
s

with sscovboie dales wilece at »8 waluea Below & and with

ki Bolow pi 4. ¥ith sither ascorbate or Hallly mresier
reduction asceurred ad Lover pH vaiuves {(Nvens and Mesuliffe,
1955).

Gareiitivs ond Stermbemm {1966) suggested thet nitrite
reduebion in eityue plants osgeurved ot Jeast parsly as the
rosuld of o chomiocal reagtion with sscorbie acid.

Eidrite ver desonstrated o be the first product of
denstrification by Guyon and Dupesit (1886). (uastel,
Stephenson sid Vhotham (1925} found that Pagtoxivo goll,

when grown pasercobiealily on nitrate, produced nitxite.

Tomagade (1930) vas 4he Tirst to sbsorve & gollefree niitrite

radnctaae which be demonsireted in exbracta of Pagillps
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oyocryonegns (F. ggrugipesa). The product of nitrite roductien

wng not deternined.,

N

P

TR,

Vhite {1962} reported that nitrite vas tomic to the

respiratory syut

dpnitrifientios in tho pressnee

of sulfur wuz inkibited 40 poxr cont v niteite concendredions

Sat

*

3 ’ . W s IS S S * . " e & 3
as Iow a8 1.5 2 W0 ¥ (Danleswud snd Sealsyud, 1954,

, st, Govell, {1967} found
that adtrite wiieh secunuistes during growih =1th nitrate

ES &£

e berminal o fabibited provih vien lpdvegen was the

sleetrop donor. T
e the inhibition of hydrogenase by niitrite. Growih on
hydrogen and oxygen was inhidited 74 vor cent by § & 1072

® aitrite, 28¢ completely 2n%£§i%aﬁ,%y'ﬁé*% ¥ niteite.

dm sucrese ond omyren ne ishibidtion cceumred ad ¥ﬁ*§ M nitrite,

but complote inhibition sceurred st 5 x 1072 M,

3 M

Sesimdletorye-iype nitrite reductases are genersily

soluble and reduce nitrite fe hvdrexyiamine or smmonia.
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Taniguehd gf sl. (19%3) deseribed o pitrite reductase

in cell-irey cxtwacts of B, L thed wliliized loucompe

dhyyiene blue as slaetron donow.

Hnson, Abpubss sed Averbeaeh {1934) nrepared o 10«fold

parified pitrite reductase frow [, geosse., The ensyme

reduesd niirite ot the aupense of ﬁﬁﬂﬁg and producsd wmonda.

Thwee moins of EABL, vere oxidised per wole ailirite vedwced.
The onzyme was stioelisted By flsvin snd inhibited by medsl
chelating aponis.

Hicholak, Medins end Jones {1000] purified an aasimie
latory nitrite veduciase Trom sproevide of B. presse and
showed that it vas » figveprovein ceniteining iren asd copper.
It wan proposed that the copper iz invelwed in the dterninal
sbop snd that univalent eoppor roduced nitrite nonmensymicslily.

The divalent eopper thus formed is then snsywieally zeduced

by the penuliimete electiven domey {a ovioehvone),

Gpencer, aa?uhﬁa%xg nnd Bacon (1997) deseribed a
soluble nitrite veductsee systenm found im 4. ppile that
reduceod nitrite %o sumonie ot the sxponse of reduced pyridiae

psueleotides. The suthors comciunded that this enzyme plays
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& part ip sitrote sssimilation, but pot ip nitrogen Tizeiien
X ¥ -1

in this booherium,

Geil=froe axwlraets of Lsch. goli strain Bn heve Leen

shown to coptain at leest dhree nitride veduolny gvete

{Remp and Atkinsen, 1966)., One is specific for ﬁ‘ﬁ?ﬂz, one

guidized TFlawvin or wi alaﬁ@n dves. iiitle is known of ithis

Fa

Pipwspeeific ensyme alse eataiyaed the veduchien
of bydrowylamive, cvtechrome g or sulfite (Lazszerind end

Adkinsen, 1981}, Suifite o witrite o conprse For

the same rosction site on the sngyme. The ensyne f¢ repressed

by eysbeine, sad L& abaent from unlend eculiturss which are
enable $o use sulfite a2z the source of sulfur for grovib,
1% wvas suggestad thot this system funclions 3o 3iye cs &

suifite reductase {(Hemp 2% 8l.s 1963},
The Bs

lo=dopendent aitrite reducinse appesrs to be

8004 Ba

{fomp znd Atkinson, 1966}. Hitvite is vedusced io wwmonisc.

pesponsible for nitribe yeduotion i yive e

Nydroxyiamine, but not sulfite or nitrele, is azlsc reduced

by the enzyme.
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Wglloge opd Sdeholes {1968} deseribed o soluble nitrite

rafuctase {rom Z. thet vedoced pitrite io smsonds

utilizing HAltH, or roduced beusyl violegen ns ihe slectron
domoxrs Activity with BAPH, was stimmuisted by FAD or M.
Hitrite {t}ﬁwiabailgﬁz wvas repidly incorporatsd liote cell

protein.

uiirite roduced, Ihe presense of carbor dioxide was roquired
for opbinel functioning of the syosten.

Haitori smd Myers {1966} partianlly purified & soluble

*

pes; o8 o T - _— . p 3 il
nitrite reduedese froz ibe blue-groon olge Anobagpe syiindri€s.

Mitridte woo rodneod to somania by with ferredoxing
o

modbhyi vielogoen or bonzyl viclogen, or digusi sz sleciren

Sarviars,

doy and Hogemen {1966) reporiesd in studizs on nitrite

reducbace in jrinses

and Lep maya thet twe jrotelins

vere iovelved ip nitrite veduciion. ine wes a fiaphorase
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vith ferredoxin-NaliPereduciase selivity which was rocuired
4o trepsfer elecirons ivom &Aﬁ?ﬁg %o & suitable accentoy
which dennted slectrons 1o the second protein, nitrile
redugiase nropoy. Ferrvedoxin vas ihe potueni donor, snd
the ensyme alee functioned with redeced dyes. Terredexine

v e p % " ek
from spinach, melise, o

aaerchan reable.
Bamdras gb pl. (19966) purificd spimseh mitrite reductese
about 300-~fold snd freed 11 from Ridersductose amid nitreie

reductase activitiea, &

¥

iweod fFerroldazin or melbyl vwiclogen
were affsctive ns eisciven deners, The enzyme did not appear

te copntain Tlavin,

e

Bedds and Hevitd {1966} found thed nilvite weduction

in grinseh chicreplast grans Yook pluce st substantially
groeater retes than Qid hyiroxylemine veduetion, They cuestioned
whether hwirexylacine wae aon indermedicte in the accented

sonse in sidrite reduedlon in hishor plants,

HMeginiletory-type nitrite rvednction iy generally
associnded with cell-nenbramne Iragmentsa, Cytochromes are

fuvolved in the trapsfer of slectrons.
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Yalker snd Hicholas {1961) surified a mitrite reduciase

&00=-fold frow £. pgruzinpss. Hitrite wnz saduced 4o aiteic

oxide with veduced fluvin, nyogyanine, metbhviene blus, ov
1 ydepaphthoguinene oe hydrogen doner, The onsyme hwd e
criocizone getype apectrus end an sdditionnl absorpiion
maxiows bedbween &30 apd €39 me vhich was attribuled i

+ wors feouired for plisite redustio

ang phoesnhs

.....

L
te oy sulfste and suifbydryl groups veve
neeazgary for manimal aetivity.
fameneke, Uda, and Chueseki (1960a) zeporied that
Paendamanas oytechrons exidese, whieh dis ferxmed in highoy

rgneontredlions

mdoy snagreblie sonditiens, tronsfers elsetrous

fyom weduead Fseundop

. evhoehrons =931 1o eitber oxypoen

or nitrite {(Tamamsks and (lmowlki, 1960z, Bl. The

2
g
]
ads
g
b ]
e
bid
g

shove? both heme g, and » g-iype heme speetr:

Hitrite was redueed to nitric axide,

asene (1939) deseribed s particulate nitrite veductsso

from a buletelovant straisn of Hig

e that utilized

HAn, suceinabs, and reducsd phesasine methosulfate of
louco-niethylone blue 28 slectvon donors. Perrocylochrome
by zeduesd nitwite In the presence of nitrite reducitsse.

The following schome of electron dransport was poesiuiecteds



?:.;ai*"%f;}iz suesinote
J,

suceisade

w3 .-
Flavoproled dshydroponsse.

4___

&

Fitamin K —— iCvioohrome?)

> sndimyedn A
sengitive
faetoy

NG, & zégﬁﬁ = Cytonhrone ;;4 — Uxidaso

VAN :

Hitrite was reduced $¢ mitreogen ges, The recoiion
vas inhibited by hp@remylesine, carbon mosoxide in the dnrk,
sdbrie ouide, Anyisl, dlecwnsrel, aantimyein A, and sedal
shelating agents, Iron ami sopper were suggested o8 the

mednls ipvelved fAsane, 1960},
»

in o denitxifying soil bacteriuw tembatively identified

)

as E. s Iwosaki {71960; described » nitrite
roducing svsten uring pephenyiene dienine or Gimeldhyleps

(!

vhenyiene dianéne as slectron donor. HNHitrogen gos vas



syoduesd., Ilydrozyissmine vwes alse wiilized ee hydregen
denors in this case, nitrous oxide was the groduect., 4
dismutctionstype of venobion wns postuladed, ¥ith hydrvouny-
iemine the follovings veaoticn gould scour:
) + L OR — B0 + 0
An unusual eviochrome~iihe ploment wos isoluted from

he bagtevivm., The pigment bad no distinet aebond or
E«&@ﬂd in the reduced sdade, bui imsiend o bread ebsorndian
bond botwesn 560 snd 540 wpn sod s sharp pesk ot 423 mm

{394 ms in bhe oxidized sbete). This piguent wos called

+ wab

oo &
#

it

eryplocyiochuons g, snd the Irsetisn containing !

&1

choerved o catelyee the ebove rsuction betwesn nityrite and

-,

iydresylienine. % wes postulated thatl Whis pioment aight
Be dhe nitrits redvotose proper. Uylochyome L., wiih

asboorption mexime &€ %92 mm, 923 noy ance 18 oo in the

vedueed sinte, Gpvesred e aetd 58 an elovivon donoy far the
grvpiaeyiochrome ¢ {Iwasaki, 1960,

The syypitocviochrome plgment wus later slectrophore
dienily soporaded from & Bonehoss copposanty the latieyw
contained the nitrite reducing sctivity in ibhe presence of
eytochrens g, 552, while the ervptocyiochroms g itself wagm

devold «f

noy netivity {Sosuki <né Hord, 1062). The nope
homo coupoment hod en abuorptionm maximus in the oxnidised

gtate ot 59¢ nm and pleteaux ot T50-7T80 om snd 4060-3850 nm
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and a peal ot 280 mm. Be shsorpiion was deteeted in the
vizible region in the reduced sinie.

Frolonged disliysisz agoinst KCH resulted inm w loss
o .ﬁbmﬁxiy uhieh wes ras%ara& by adding ?@“& % g’ op
i « but pot by sthee metels. Setivity vas inhidbided
by 80 ond sediun Sieothyldithiscorbamete, bul nod by POHB,

The pitrite roducing cnaysme was thus supgested ic be a
§

copper eonieining protein (Fosulki ond Iveseid, 1962).

poper {1968} deseribed o hydroxylosine: nitrite

prido-roduetose ainmilax to the above syatem fron N,
SUropses. Lousos-pyetyvaiipe wae ubdlized os bydrogon dopor.
Por seeh mole of nitrite utilizedy 1 mole nf zas {e aixture

of nitveus wmide ned plivie oxide) wus nrodwesnd snd 1

G‘,!'
3
3

weio of hydrexylanive disappeared. The reaschion sppers
takes place in two stepsr (1! bhydrouviamine oxidese ox
hydroxyiemine debydrogonane cebuliyses the sxidation of
aydrozyiamine o o compournd such sz {(HNO) with 4be reduction
of o Bocterisl sleociron acceptor, (HNG) spuntonecusly
dimoriges o HpKpUz which docvompesss fo form sitrous exide

and wetor. é%ﬁzﬁﬁ + gxidized sisctron ﬁmrxi@x-—s%-ﬁgﬁ +*

%,

1/2 8,6 ¢ veduced slectron earrierd., (2} In the second
stop, nitrite is reduced to H,0, RO and wator by & bactowinl

aloctren donor. €ﬁﬁﬁd 4+ peduced e¢leetron earrvier — R0 +



NO # H,0 + oxidized slectron carrier!. This resction
E
apperently dees med oceur during the noveal processos of

sitrification of K. surppese.

to be coupled te phosphoryiation (Neik 288 Nicholas, 1986).

the nitrite reductase in ihis ergesise iz only lcossly

L

RS TR . el h —_— 5 F % mn s
with ihe osll-sembrnne fraeticn, {Lesm, 1998},

&

G B
This nitrite reductose containe cyiochreme g snd go in

one compliez. Purified nitrite reductsss had eviochrons
oxidese setividy, dud this netivity wae thousht 4o be of
seconicyy importance ip vive sisee s constitutive eviochrome

veidese pol connected with aiirite veductase ves presend

ir smeh grecter concontration. Ritrite was reduced %o

-

3

’
Hitrite yoduction by piz omscle minees was observed

by Welters and Teyler (1964). This vas zhowa ¢ be due

o e suscle itselfl and 2ot fe bHoeberisl zontuninction.

Port of the nitrite melobolized was veduced 4o pitric oxide.

ke emdogenous respirstion of ihs minces vas fnhibited by

nitrite thereby giving rise %6 the suggestion ibst nitrite
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compoled with other clectron eccoptors such as oXTZen,
i% vas lster shown {(Velter, Casselden snd Taylor, 1967}
thet pdirite oxidizes wyogiodin Yo the meteyoglobin form
and aise sched snesvebically as o dersinel reapiratory
¢lectron agoeplor do rerroeyiochvome ¢ with the Yormatis
of nitresyle-ferricyischrons g. The nitvonylegreups was
tronsferred fron forrieviechvome £ %o moimyoglobin by
ﬁﬂﬁﬁﬁmwyﬁaahxﬂﬂ@-g,?s@uaﬁ&ﬁﬁ setion. The nitvosyl setops
:plobin thus forned san reduesd e nitropylenyeglobin by

mitochondrisl suzyvwe svetems,

There L9 pood ovidence thnt pitrie oxt gy 2 gos in
which nitrogen is a% dhe 42 omidadion stabe, is su inters
wediate in devitrifiestion. 1% iz alse possible that
nitric oxide sv s compound with whiek 14 couilibades is

iovelved in the reduction of sitraie o ammenis .

HelNall and Atkipeon (tﬁﬁﬁi isoletsd & sipain of

that could willize nitric oxide oy its sole

souree of nitrogen for provih. Sieinberg (1956) reporied

thet Asperciilng pleer and N Bigetdons
sitrohyiroxvlaninate €ﬁ2$3 } whiieh is o bydrate of nitric

labacun grew on

oxide. A number of sther ovsenisme incluodin By boeoteris
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Pungl, 20 olge, and higher plants were assayed Yor nitrie
oxide redutbase activity {Pewson =nd Nicholas, 1960},
Grgenizms grown on aitrate ss scle scurce of nitrogen
contained & higher level of siivie oxids reductase setivity

then 4id those grown on exconiumenitroren.

Saverel Gopityifving ergimisms convert nitrie oxide

[

2o nidrogen gos. Heijer and Allem {1954) found thetd extvacts

subpexd wnd Bogllins gubtilis reduced mitric
oxide to nitrezen gos,. Chuang spd Yejiar {1956) in fortber

of both Y. 3

shudies on nilrde exide veduetion by J. o

that the reoeetien required s yedueed pyridine suclecotide

8 slectron donor amd FAD or FMN end eopper oy iren ions

for peximal activity.

Baalared pud Bealeorud {1934) in stedies oo Fhioke-

(ivifigans cbhserved that in the presemes of
thiosulfete, nitrite wus rapidly cotveried lo nitric oxide
which wes subseguenily reduced 4o nitrozen gas.

Fovson and Hicholas (1960) deseribed ¢ motalloe
flevoprotein nitric oxide reductase from P. gerusiness
that bed Deer purilied I0=fold, Hodweed pyceyenine was
sctive na eleetron donor, and flavin znd irom perticipstion

vad fmpliented,
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Fhe vele of nitrous exide sz on intermedinte in
donitrifieation hea boop smuch Jispvied., Bome serly workers
found $hat nitrens oxide waz » conmen predued of deniirifie
antion (Gayor and Bupedit, ¥886). Vijler sad lslwiche
{1954} reporied nitrons oxide to be the mojor produet of
donitrificotion under most wmoil conditions, The fate of

3

%212{} sopsarsd 4o be b

%

depondenty abeve g

7 aitrvous oxide
vas resdily reduced io mitropen gas while bolow pH 7 its
reduction was strengly inhibited,

Hitrous suide was the mmjor product of denitricication

{Haré, Lorson wnd HeCleshey,

1965}, and was produced from bLoth aitrabe and ulteide.
From growth sxperiments and mencomeiric studlies, it wes
comeludad dhat ihe sroaniss wes uwnsble 0 furdber stilisze
nitrous oxide.

allen end vas Niel (1952} concluded fvon simmifaneous
snsyne induction in Fsoudemomns siutecrd that nitrous oxide
wne oither &n intormedinte prodact or was Peversible
derived from on intermediste. The zhservation tapi nitwous
axide productien from nitrite wes inhibited ot lovelo of
syanide vhick alleved ithe nitrete 3¢ Lo reduced e nitrogen
ied 4o the conclusion ¢thel nitrouz axide vwes not a frue

intersedinte in nitrate veduoilon.
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sfder & lug pevicod amd $had a0 reduction 1o niiyegen
could be inhibited by levels of nxide and diaitrephenecl
that =llowed the zoduchbion of nitrite to nitregen gos fe
progesed vnimpeded., They slse concluded fhet niirens exide
vas pot the normal precursor of nitrogen gas.

¥ejjer and 21len {1954) weperied thet exbrscts of

e pubd

e donitrilying strain of iliz produced an

=

oo

abity of nllrous oaxide from nitrite,
this srganisn nitridte wes converted 4o o wmizxdare of TO
per cont pitvogen, 20 ey cenit aitrove oxide, ond 10 per
gent nitric oxide.
Dalwiche 1959}, in stuiles on the same orgonism,
found thet witlization of niireus oxdde wvceurved after

e shorter lag period whon cells were growe ov lov level:

£ & & m’?; g 3 . . P 5 iy i ¢ w”
of sitvate (3077 B} thoz on bipgh levels (5 x 197 My,

Be coneluded thoet nitrous eoxide preduction wey peeur during
- depitrifiesiisn under serioin condilions, wnd thet il
srbgscuent uidlization takes plnce when othey hyirogen
zeceptors are umsvaileble,

Pewpon end Kieﬁqlas 1961¢) vosiulanted that thesge
detas could be satisfactorily eoxplained by szsuming that s
compound nt the oxidedion level of pitrexyl (HUH]} is the
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etunl intermediste in nitzeie roduciion apd dhot this
compound iz in ecuilibriun wiith hyponitrite (i E,0s) vhich

con docompose ie form pitrous oxmide. A furthor adaphd
susyao would boe necezssyy Loy the wiilisstion of nidrous
suide thus formed. This hypothesin can be presented

sehomstiosily thuas

?w. i },_,-‘ ~ 2“

Q\l' =TT 7'{3}2

a2 T
8,0

‘2
inhibited by
Bn eyanide, szide, and dinitvophemal,

snsynie ——

nonenzymie - — - >

boeberiue capable of growvimg serobieclly or snserebically

in the prosence of nitrote, Hitrades is veduced to niilrogen

gag, pitric anide, apnd niivons oxide. Owowih Jees not

ceour ansoroblesily in the abosaee of aitvote. Hiteite

cannot substituie Jor nitrate us the sele electron nceceptor.
in this thesis studies ¢ the enzyues imvelved in

the denidrification process in f. | pe will Be

dvgeribed. The aidrate reductsse zysiem is mewmbrans-hound
23 found in othey denitrifving hacteric, but the nitrite
reductose is coluble apd net associsted with the cyloshrome

syotem. The significance of these resulis will bo discussed.

3 o Grssm pegative soll —
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MATERIALS AND METHODS,

B AND CIRIURE MITHOI
fenitrificans Pergey g} gd. (A.T.C.0.
13867 wves obteiped Irom dhe jmsricen Type Cuiture Collsction,

Rpehville, Borylond, U.d.4.

Eoubine stock culturss were saintoined om nutriont
sgar sloges incubobod amevebically ot 37°. Stoshe were
gebeul bured svery feowy days snd cheehed poricediesily for
coptanination,

Lopg bern stocks were madwiaimed fa o dehydrabed
state on silics gel according 4o o wedificadien {Grivell

%

i Ja

»d posulde} of the mothod of Foriins

son, wmpablis
19621, 4 beevy cuspeasion of cells grown on nuirient
pgee elopes wne made up dn eold, sborily, Jdoubles sérengih

bassl mutrient wedium. An goual volume of 15 per cond

{v/v} slerile, roconstitated povdered shkim milk {("Benioc™)
was then added as &'5%ahikﬁzer, niwl aboub .5 nl of the
rosulding mixture transforred seoptieally 4o smell, cotions
plugged fubss half-full of 6-18 nesh silice gel

(ﬁdgﬁainiag no dyes} which bad beon dry sterilized ot

18C feor 90 sfontss, The bubes wore o0id ot 4bhe dine of
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sranafer aond were slaced in an f¢e bath afier adding the
iaoculun 2 nveid oxeeszsz heating during debywirstion. The
inceulated tubes wore stored ot.2° in o Gighily sealed

jar conleiping silica el Yo ensure contimwed deliviration.

dinzs Nedds.
Th& medivs uned Zor nulrient agar slepes contained
ser liters 10 g glucese, 5 g Bifee yeset exirect, 15 g
pifeo Bactowaguy, and § wg Tellyf B 0. ke fewric
ehloride wug sterilized separatily amd nddsd ssepiienily
to oash tube of melien sterile wedium,
The bosnl nwbrient mediunm consisted of the Jollowing

macre-nwivieate {g/i)s 10 KRG, 10 zlueose, 1 peptome,

1.5 RoBPU,, Dol HgBlg T Halty G, Nelly anl sicronuirients

{mgfiis 2 Pe ao Fait,, 1 Mo ae ﬁﬁﬁﬁaﬁ%, G025 Mo o HClg,
D.2% Lu e &u@é, end 0.25 Zo as zém‘*iiég. Phe sdine sas
cdjusied fe pd T.0. The glucoss was sterilized separately
et added ageptically Ww the rest of the medium ailter
awlseloving %o srovent excessive esrsmsliizetion.

The sedivs used for sorobie eulbures vea identicel
with the bussl modium excent ithat the potassium nitrate
ves ositbed.

Por zetal deficient culiuwres z spvelal nediww

modificd from thet of Doniels {1966} containding glubamic

acid in place of peptose wos used. It contained the
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folleoving nudtvrients {g/1}s 10 KHGqy 10 glusese, & {#y)a00,,
1 Mﬁﬁﬁé'?'ﬁﬁﬁ- .2 BaCl, 2.3 sodiuwn glotanats and 1.5

Afbey extyreedion of iren from the muervonmulrienis

a3 deseribed below, ons ml of the followips mdorcputviont
soluiien wap added per liter of medium. The solt seluiion
sonsiated of 2 g #ﬁ.%ﬁ*? Byl and 2 g ¢n*aé Hat ip T00 md
of iviple diastilled wator. To the control flseke .02 g
7 per idder woz alsy added,

ﬁim were sherilized by cuteeclsving st 121° and

- for dines vam nging fyon 1% ainutes te 1 Louy

depepding on the weiume of dhe medium used.

Metnlwdeficient nedia were prepaxed by treating the

glutapete nediea in ope of 4he following ways,

1. Izen.

The woibod of Varismg end Verhman (1942) wos smploved
for the wvroductica of irop-froe modiun. mfficient ssoyo
nubrionts for 1€ 1 of the glutamats madive were dizoelived
in 2 1 of double Alatilled vuter end fildered through
Thatman Fo. 42 filter paper inio o separatory fumnel (the
stapeock was bot greased, bul enly wel with distilled
vater ). Pifteen ml of chlareierm coptodning 5 ngfol
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Sefppirexyguineline vas added %o the soluiisn in the funnel

and szhul

on vigosensly Jor 1 minute. s5fter slloving this
te stopd for I adomies, 45 zl of chloroform vis séddeé snd
whe fuunel ageia shoken. Toe preen chlovolows lsvsr wns

withdrewn aiber cepavetion. This preecdwre was rercated

&
-

3 4imes or wodll no colorsd irvon comploxes wers formed.

The colution wus thep weshed fouwr timeos with shiorefors

a#

end exeess chlevefovm remeved by heoting apd mlwking,
The teiple distiiled woter used for diluiing the
congentroted enliure sclution wos obweled Sfor purity by
the dithinens teet ne deseribed by S3out =nd Armon {1939).
Parified dithizone vas prepared by pleeing 10 =1 of
distilled water into o separaiery funnel slong with 5 =l
chlorefors and 3 dvops 4ithizone reagent {1 mp divhenyle
thisearbazone/nl ehloroform) and 6 dveps 6 ¥ B0, The
mixture was shokon and ellowedé %o separetde, the chlorofors

‘¥ snd bhe dithizone coniained in Yhe smuwenisenl

for the subssquent test in the sanme

ke

separatory fusmel. This provess slee vewoves any metal

sontasinonbs from the fuesel itugif.

For 4he dithizone ezt proper 200 al of water 4o be
tested and § nl chleoroform vere placed in the fumnel
containing purifisd dithizone prevered ss sbove, shakesn

ior 1 sipadte and allowed do setils. A red or purpiish



47
color indicates the presemee of metals,
A1} glasswave used in these experimente was aeid

vashed with 6 ¥ aitric seid, rinsed with 1 per sent {w/v)

%&@ LDTA and rinsed § Giwmes with Jdeuble dintilisd watew,
Uulture flaske vere nol cotlom~piugged, but covorved with

Goo o g o 8 e gl s E . . 2. T e L,
rawersed npenkers L0 svelid metal eondenimation from serdicics

of sotton wool (Nicholus, 1966},

2. Lormeg.

Copper way removed by the coeprecivitotion method of

Nieholaz {1966}, fTho S-times ecomcendabed scluiion was

adjusted to pB 2.0 with 6 ¥ NCL and 5 ml 20 per sowd {v/v}

Cufit, solutien sdded, Hydrogen sulfide from » Zipps®

s
&

spparatus wen passed through o saturated soluiior of berium
bydroxide Se rousove pelysuflides, %hen bubbled thrsugh

Ghe medivm for 15 minutes. 4fter shapding for 15 winutes,
the copper sulfide wos Filtered off and excess hydragen
sulfide removed by boiling and bubbling with gitrogon gos,
The nedium wes readjusted %o pH 7.0 with HC1 2luted with

)

triple distilled waler.

Botch smasvoble cultures were grovm im 10 1 earboy
ef the besal noirient medium, Inoenlie from ager slopos

vere firet subenliursd in 250 ol flashs of tho medinm and
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thon frenaferred to 1 liter cultures o provide inoeuls
for the bulk culturss. The $0 1 culbores were bubbled
wibh omypep=frec nitrogen z¢ 200 wl/min 4o onsure anacrobe
iouis and sllowed %o grew for 18 hours ot 7%

Aerobie cullures were pyown in 5 1 batehns in itho
aovobic modive cnd sersied vigevovsly with sdr (500 wl/
min} thet had been possed thwrough o sterile cetion wwol
£ildew.

Vor the predueticr of irvovwdefitciont cells, the
bagtorin wers spbouliured seversl times ln ivoneiTec
modiun sntil decronsed growih wvas obzerved. Those iron-
doficient cellsr were thos wsed za the ipeculum for a lawpey

botelh cultures.

Tho ecells wvere coilected during late logerithmie

Ak ot 0-27 ip & Serenll HO=Z refripersied

centrifuge fitted with o conbinucuseflov head., The cells
were vashed thres ¢ six Hues vith cold (2°) 0.8% per
cent {w/w) salipe selintion uwebil oil nitrite was remeved

and then stored st =177,

11, FREPARATICH OF

Cgll=fros oxtrvects wore prepered as deseribed belew

fvom the weshed sell pactes. aAll procezdures wvere carvied



Fhene mobhods vere used for ihe hreakagse of washed

» 3

The wevcsted fyeosing and thewing techniges was

tited in baffey as

2eseribad abeve. The suspensisn was platsa in o polys

%

v - o ® o e e PP S g PN L . e 1
ethylens centrilfuges tube snd lmmers & winbere of

iec snd etbanol, Afber frecuing it waz rapidly thewed by
holding the dube in warm wetler. This procedure ves rezoated

3 &
gix 4inen.

The weshed eolls wore suepended in 2 wvolumes of
0,08 ¥ Tris-iC1 tuffer (¥ 7.4} snd erushed in 3 Fronch
presaure sell {Americsn Instrwsent Company, Silver Springs,

Merviend, U.5.4.) ot 26,000 ibeinen o

The ceoll paste ves suspended as sbove and placed in
o doublewwsllied glmsa cvell, Xee water was civeuisSed
shroush bthe sutside chamber of ithe sell Yo maiuntain the

o ﬁ £ 4 2
tompereturs 2% 2. The celis were subjsebed o nltvasonie
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vibrotion at 40 fo/sec for 2 4o % minutes vidh af N S E.

Zuniloyd Ultrasonie Frobe.

% . ” & ‘“lﬂta
fgonyrivonnelecse {1 m2/100 ml) and Mglls, (107" m)
wore sdded o the homogenste preperad by one of the above

mothods ond 4he misture silowed io stand ot poos bompernd

¥

Tor 15 ninuies te reaet with any WA present thershby

A,
E

deerensing the viscosity of tie prepepedien. The bosspencie
& [ g

was then esmbrifuged in the eold ot 10, JO00 = L for 20

e

sinuior bo sediment sy unbreoken celle apd » @eil debeir,

The wesualting supernctent froction ie referpod »¢ hereoi ey

a8 the crude sxtraed.

did (0} was grown in o nitrogene

e
i
2
3
&
£
e
g
y
o
]
&
e
%’f

{z/1)2  Sunerosze, 50: BMalCay Gu13

calolun coebatba,

Hﬁﬁﬁé'? Baliy Gads sodium edtrote, D3

"? ﬂq(ﬁ‘ Tl g R&f’mi aﬂ4:2 .f" ‘L.J
{%iaﬁ&iaﬁfgg,ﬁgﬂ, 1960}, %he cells, eaﬁlgctﬂﬁ iz a Sorwsil
centrifugs fitted with o continuvons-fiow teady, were
suspended in 3 volumes of (0,01 ¥ phospiuts buffer {pH 7.5)

aod crushed in o Froneh pressure sell £7 00 TL‘infﬁmmf

g-!

Lo the cold. The particulade fraction sedinenting botween

106,000 and 144,000 x g vhich conseined the HAa~beuzyl
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viologen reductase sclivity was used (Meik snd Hicholus,
1968}, Uneh preporation was besled before ume Ho ensure

that it was devold of mitrate and niirite roducing setivity,

gay wmethods were used for determineting
witrate reducing setivity. Fero time zné boiled ensymo

conirods wores clunys included io eueh expevinent, A1

sesaye were enrried aud in ©.1 W polaszsive phesshote bulffey

% T £ &
gnigsn otbharvise indientoed.

1. Pabl-Hidrute Hedoctene,
s -

NABgwnibrate voductane selividy ves asseyed sunercw
bigally by folleving the nppecrence of nityite in the

following standard resction sdxturer 1 poole HAPR., 0.5

pcle Kkﬁﬁ, an erprepriate amcunt ol cell-iree extract

and (.1 H zhospbate buffer (o 6.5} 10 a Tiral wolums of
1.0 wl. Aftey rigorouely svacuating the contents vwith =
veewm pusgy eeroiully ve sveid sneessive frothing, ihe

tubes wezre econilibrated oh 30" Zor % minutes, The rescdion
wos sterted by tippiog She niirste from fthe slde-arm of
the fThunberg 4ube into {the rest Ff the recctonts, The
rezction wes stonped by exposing the recetion mixiure fo

air sndé precipitating the protedin with 0.1 @l T M zipe
& &
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neetate and 1.9 ul 93 per ecent (v/v) ethemol., Hitrite
was deternined in suitable slicuots of the sapernatant
solution lefy after centrifuging a4 3,000 g for 5

ainndes o2 des

""" wheenidvede reduetase s2tivity ves detormined
#liber s for the HAQ%@ sasay in Thunbery tvbes with tus

oy

subsbitotion of 1 pumole of sodius Tormcte for the EEYE
or manomotricaily.

Vor 4he monenmsirie LEsay ihe reaction war followed
in Yarburg sanomoter vessels ad 30 with the fellowiny
reactantat 1 to 5 pmoles sediun Termute, 1 %o ° 5 pmole
ﬁﬁﬁg, an appropriste amount of cellefree exbyreel, 2.0 nl
Tel K phoepbate buifor (pH £.5) and distilled water 4o a
final velume of 3.0 pl. The evolution of s vith tine

wag Followed sad the todal snwunt of nitzrite formed

Beduetnne,

The sebivity of 2 zolubilised nitrate roduetase was
Seternined saing veduced benzyl vislegen as the slectron
donor, The resciion sixture centsined: .5 pmole fiGs,
¥ pmole exidized Benzyl viologen, 1 pmsle ¥A Aifla,y G.0% mi

pariieles, 0.01=0.0% ul solubilized nitrade
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reductase, and 9.7 ¥ phosphate buffer {pli 7.7} to a fotal
wolume of 7 ml., The ¥ h‘ﬁ wug sdded 4o the récetion
sinture lost, immedisiely before oveacunting the Thunbery
tubos, 40 winimise lows dur to the asedbive Himm ;:mfmiﬁmm

in ithe Azedeboeter roréiciss. The reasciion vaes initisnted

M i o > 4 2 g w & e A Ty 2
by dipping the sldrste fvoen dhe slde zww 8 dhe Thunbery

tebe fnie the woob of the reuctonds spd tevmineted by

o air ead precipifbding vith wine sestote spd

e8hanol xo described grevicusiv.

ek 'ew ‘*f’k’%’ﬁq&* & o

s w‘as

. ¥ Ao maren e . 5§ e i 3 Fhparan 4 3 G 5 AESTL SRR L P #
hzgorhate was coupled 4o the dye teironmetbyiesionylence

ddomine (THFD} vhiceh reduees the mative cylochvoms £ for
the nssay of nitrate roductase netiviiy with redueed
cyinehrone g o8 electron dopor. The wvocticn aixture

contained 0,75 mumole sodive sseorbote, 1.9 pmels Thrd
L i 4

ub pmolie

€3

ey 20 pEmales Mgl Anp GeU0 nl celld extvnst,
and U3 U pbosphate buifer (ph 7.%) 40 o finel volume of
T omi. The sodiwe asgorbete was propared by veubrslizing

aseorblic cedd to pii 6,0-4,% impediately before use.

—
[
]

Fermete delydvogenase aciivity was assayed monomete

rically using the folloving vecction ndxture:s 9 umeles

sodium fermote, I pomoles methylone blue or other elegiren



aceeptor, 2.0 ml G.1 M phosphate buffer (il 7.0), €.05

4o (0,20 ml ecollefroe extynct; ond distilled suter 4o 3.0

fotel volupe, The cvolution of £0., was folloved b

shueaviwere of nitrogen.

A fig‘i", gl

SN AL w
fhis sescy is basod on the sxelange belween
1abellied formate and ﬁyruvaﬁes

This recclion is sloscely related

seeetion., The roschise mintere
that of Yeod {1246} snd conaisted of B0
pysuvats, 50 pmeles sodlum fowmades’ 0, {0,067 ul),

50 pmoles sodiuw phosphote bHulfer {pf 7.2}y Cut 8l of &

rotucine solndion sonaleding of 0,01 ?a%ﬁ&»&%& G003 M
3y dmdinerceptopropanel (Balj, Ge1 nl celils or cell andrachs

g

shoele eoilip) spd watey

1% mp veast oxni {hen using

to n Finsl volume of 1.0 mi. ibe vosetlion was sarvied oul
in Thunberz tubes under an alnospiere of pltropen. Cells

o« i # % e e
for this aseny were suspended in 4,83 ger cont {w/v) Hall

tnatentd of Tris-iCl,

Afdor inevbodior atd 30% for 90 niputes the resction

»

vas stepped by adding ¥.% ml F W H,30, amd 2.5 wi water,

e

ing 8% 3,000 x g for 10

Protoin wes venoved Ly centrifu

ainutes, To 2 ml af the vosulting supernntant was added
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0.7 ml of 1.5 M 2,4-dindtyovhonvibkydeazine in 12 N ﬁgﬁﬁé,
and the pyruvate-d,d=dindtrovhenylhydresone recoveved on

6 torped Yhadmoar glass fiber filter disk by vacvun Filire

s ) 3 i i . | et e ¥ gl L ey % grm
stion. The product was washed dwiece with waler and dried

aint weizhed hefore cvounting in & Bechmon Lowbeta ges {leow

The scebivity of nitrite vreducltace in the gell extracts

wos asszyed by the Yollovwing four meihwds,

&

I, NABH,=EWH Ritrite Reduetsse.
R ' .

oot 3 2 il A - _— . L A % o % e
The recotion nixtnre consisted of 1 poole Halll,,
£»

enyme prepurstion, 1 pmsle

HADHS, snd © buffer (sl 6,0} to & final

wolumne of T 1, The reaction war carrzicd eud in Viemberg

tuber thaet were rigorously evecuated and silowed Yo eguili-
brate ot 30C° for 5 aiputes DBefore tipping the aldrate indo
the vest of the recetion mixdure 4o inltiste the reaction.
Af%ter sn apvronvioie incvbetiam periedy the rveseobion was
ghopped by cponing the Subes %o aiy and adding U.1 mi T M
zine ccetete apnd 1.9 nl redistilled 9% por cent {wiv)
ethenol e precipitade ony zesidual HAlR, thet adight inteore
fore with the chemical determinntion of nitridte (Medins

and Bicholos, 1957). Nitrite wvas deteznined in 0.1 nml
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porbiens of the supermatant sclution leit after centyie

fugiag at 3,000 x g foxr 3 minutes.

The resotion nizxture fev this assay contained 2

"Qiclﬂ PO ‘w"ggg‘é ,.‘:’E,

ml enmyme, ¥ pmele BaliGs, ¥ pmele oxidised bennyl wiologen,

it T.0) 40 o finsl veluse of

=a
o
»
T
=
8
far
o
Q
oy
]
¥
o
&
)
)
#
o

1.0 k., The the renctice pixture last,

imvedictely before evacusiing the Thanberpg tube, 4o

NPTy p L B e i i o BT TYSE e o g s e} e g I
nivdmize ions due fo the active EAll, suidase asctivity of

the jzotobocies The incubation procedure was

FX oy
bhe same

o
Je

#Q ssploveds

-
4

0.1 pmole ¥, ©

<5 pmole Nahﬁg, .2 »i ensyze preparation,

R A
Ve @ige Hoal

a total volume of 1 ml. The reection wves Gegan Ly Eipping

the sodlunm Aithispdic inte the vest of the recetenis Jvonm
the sideentn of the svscusnted Thunberp ftube. The incube

stion nrecedurs war sz described adbove.

4,

LG L2200V .

wesetion was egarried out in standsyd Verburg

smnomoeder Slosks Pidbed with Jdoubhle side~anrms. The



a7

appariment: 5 peoles

fpileoving rescbanis wero ussds Jaip

Jﬁ%ﬁq* 7.2 packe FHN, and 0,2 wi enzyune, vontalped in

2.4 mi of U.1 M phosphate buffer {(p¥ £.0}); Zids

ot o

5 pmele Hal Ued ) alkaline auifite

2 e ci "

golution, .2 &l & &gzinv permsngebate solutien, or 0.2

sw A%y PR

al waber: Cenbor wells 0.2 al 20 per ecent tw/vl ¥R,

The flouixs were fiushed for 40 minules width oxygenwizrse

’ s =& " g O R o I O e .
asitrogen gas. reaghion, initicted by adding dhe

Haliin frou slde-oym 7, was alleved lo centinue lor 2
L=

ade fGma preductican

hours or until gas produeiion had co

e

£

g folloved during the seurse of the zesetion spd residusl

nitrite determined 2t the ond of the incvbotien poriad.

e Habligmtxidase Aedbivity.

iz was mossured oilher

9 ot - 5 spanil sy,
ge in celli szbroc

T E TR el B
WAL eeg R

o
{n

by following Kadlly oxidation or szygen upbeke.

Halflywoxdidase netivity in the oxirects ves determined
by fellowing the decronse in sbsorpltion at 240 om in o
Unjeam SF FOO recording specizovhotometer st 25, fThe

roscetion sfizxture gonsisbed of .01 nl of collwexirzet in

mi in a 1 em emveite, The receiiocn wae hegurn By adding

0,5 pmoie Hilis to the mixture in the cuvetide.



2. 90 Uptak thod.
Uxygon upiake wes determined with & Reckman Uxypen
anpiyaer (Model 39065) complede with an adaplor Dox
963603, The eslliefres sniroet wos diluted woprepristels
with G.1 B phoaphate buffer (pH 7.5} ond placed in the
pracstion vessal whieh was thermostodicelly condrolied
pt 30°, The rosction waa inidtinded t by injecting < pmoles

of NADH, $haough the subsirate inled pord with & hysodermic

needle, The absolube guantity of oxypen presond waa

i, % Yeur = s Res r N T = o B
deternined by messwping the ssmcunt of HANE. pendnd do

gzbisast oll the oxwmen im the weasclion vessel in ke prosance

of the Nalll,eoxidsss proparstien fves . §

Yo Bue

fureinste ozidase setiviiy ves messured by oxypen
upbeke using 4he sone dochnicus eas that for Killa oxidase

2

with 7 jwele sodimm zuceincte as substeate ip plees of

- X S

HAR . .
¥

e

v,

golubilization

Parthor pupificailien of the pidrate redueisse
ensymo Ldself required & sepavuiion of the evwyme from
the membranc-bound respirctery systes., Tiwee pethods vere

vzed in the ettempt %o sciubilize the enzyme.



1. &£eid deetone 7

Tuendy volumen of oold wcotone {«36") were added
$o o suspopsion of particles {10 mg profein/ni) in the
cold, {«17°) with sbirring. The wiuture wer stirved fox

Ll minubes end the periicles collected rapldly by veouun

filtretion and deisd ender reduced prossure Iin o ¥LOUMR

dessiestor im ihke cold., The resunlting scelone povwder

& 3 B e S 5 £ Wiy 3 9 u=o‘ W i % 5
vas dissciveld L O. Peig=3Cl (v¥ 7.4) sad sssayed Tow

teate reductnse ond formade dehydrogenase seiivity.

4 suspension of particles i!ﬁ wg ﬁx&%ﬁin/mif sy
adjustod 2o pH 8.5 and beatod to 0% for 5 niamwbes, Shewm
conled rapidly ond incubsted st 2° for 4 hours. The supor=
ratont and vesidus lefd afber condrifuging ot 144,000 x g
for 2 hours were dested for altrcte reductane and formale

debydrogennre setivity.

The paviieles {20 mg prstein/ml) in 0,1 B Tria-il

vere adjusted Yo pH B.0 and 1 wg sodium deoxycholate per

mg peotoin was added, The mixtore was incubebted st 30®

for 30 misutes, apd Hhen centrifuged =t 225,000 x g for

% hours Ho give a clear red supernsiant fraclion aud o

e

pellet. These frsctions vore assayed for ensymic activity.
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B, [ on of N Redueta
Hitrite veductose was vurificd by mesns of 4iffove

onticl ccontrifupetion apd camenium sulfcte froctionation

exynde coll extroet waz prepsred as
dogeribed provicusly, epd centrifuged in & Bechman Spinco

s

Ange 8t ME000 2 g for 2 bours do give o

supernctont 2nd a particulete frcetion., The mupernatent
freotion copteiped most of the ndtvide reducing solivity

erudo exntrset. This Sraotion

m

ihet ves present in the

was dilubed with an equel volume of 0,1 M phosphate buffer

,?_i

6.0} end comonium sulfobe added with sdivring in the
cold {2%) wsdil o saturetion of 75 pex cent wag vesched.
The zelution wes slioved 40 slasd for 20 ninvtes spd the
precividate cenirifuged oif and discexdnd. The reaidunl

golution wag brenied with more poilate weddl B2

pey cent saturation was rosched., The precipitste, centriw

aifter the selutier hud stood for 30 sdmubes, wesn

{w

iz
fuged

diesoivod in 0.1 H phospbote buifsr (38 6.0) end dialyned

(r“

for 12 houwrs sgeinst the same buifow.

Bitrite concontrstion was deitorminsd in aliouois
contsining from U 4o 50 pmoles of nitrite, by ibe moethod

of MHedina and Ficholas (1997}, Tmeh sample wes diluted
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t0 5 ml with distiiled veter and U.% ml 1 per ecent {uw/v)
i
suifenilonide in 1T M G0 sod 0.8 ml 0.02 per cent {v/v)
Ne 1esmphihyl Jeathyiens diumine dihydrochloride in woter
addaed, Absorbanee of 320 nm was reed ip 8 Hilyey cologe

inetor aldsr % mimutes szt ihe nitvite coneaptration

B gt fw ¥
P O = W L £y o A = e,
G *3‘%"'{-"2 “-:srr L\’L" i € %%-— 3%

5 ’:)n ’5@'& J&ng

ltriec oxide =was sstimnted by the metbed of Anderson

a

2l mﬁ@&ﬁ in

{1965}, 4lkaline sermasgauete solotion (125
1 ¥ KOH) ohsorbs nidtric oxide and oxidises it 4o nitywiis.
The alikalipe perbasgsnats solution was inecluded in ono
aidp-nrn of & double ayped Yarbuyy manometler vomsel,

After the renelion had taber pnloce o

aplen of the alleline
perasngansbe selution vere removed from the pide arm with
a eurved pasbeur pldpedtts. A .2 w) semple wes mixed

with 3 =1 of slkalime sraenite solution (1.3 per cent {(w/v)

Basnls in 0,67 ¥ OB}, 0.8 ol water and 1,0 sl 0,25 B

)

R, PO, pdjesbed te pH 17 with XGH, Al%er 10 sinuvles the
precipitate {mainly M0} wos removed by contrifuging b
3,000 x g for 10 minutes, ané wn apvropriaie cample yemoved
for the deteraivatiosnm of nitrite sz described previously,
Por stondardization of the abeve procedurs, o haown

amount of nitrie oxide was generated by the reootion of o



Pixed amount of nitrite vith sxeens secidified potassiunm

e, + EI-—N0 o+ /2 1, #  H,l

Thin rosetion wus corvied sut in o doublgs-nymed Vorburg
£iask st 30° undexr an ntmosphere of nitrogen. The ronciion

misture oomsisted ofe in &

5 eusauasn by

aree
sondvaient H 3G, end 0.2 sweles X in 2.2 ml of wvaler; i
e

uiion of vorying corpentrations;

@ el D ml Halils
in gide a3 gww«a%ﬁé ml alkaline permengannte solution.

Fen

wiree pityozen the

pitrite wae tipped into the seidiflod potsssivm iodide

solution and alloved 4o reaet for 60 minudes vith sheling

P
Lod
A, 3
o
;-»1«

S0 ensurs peod ges azchange.

??“:‘-v s 3 X » 7
siine permomgaaate

solution ves then ssseyed Tor aitride ns Jescribed nbove.

% ko3

A pecovery of 85 per cewd of dhe theovellienl wield wos

& b

ohteinsd by Shis wethod.

Alkniine sulfite sclutien, whieh also mebx a8 ap
shaerbent for nitric oxide, was prepeved by the netbed of
Treadwell and Hail {1942}, Im 100 ul of disiilled waider,

"aﬁ‘f 0y ood £ gm B0l, vere dizsolved. Nitrie oxide
rouets with ithis solution fe¢ form sodiun Henitroschydroxyw

laminowiimsulfonate (Hanlalaits),.
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C. NAD and NABHp.

The fluerometric meihed of Lowry, Hoberts, and
Gapphehn {1997} vns uzed Yo moosure HAY, The goneontration
of HAT, war dotormined Frem ids sboorbsnece 2f 34¢ nnm

Ex

O mele

The ubdouvinons conitent of vellm-cziracis was deterained
by the method of Fumpbrey and Hedfeavn (1960}, Im e 19

dract centsining

sadivg 4 ml of

Lld amia 1 mebhaoel in wl

pyrogellel. Five

- *

auded Imnodd

T pisute. The mdxturs wos centrifuged in o Y 8,.B. beweh
centrifuge b 1,000 x g for 5 sdvebes 40 separate the
loyers, sad the Light peireleun layer twansforyed 3

anothey 1% @l rentvrifuge tube, The dopatured rellesaxtroct

wns axtroeted eopein with 3 =i of I3 vpreloam. The

conbined lisht potrelevm exbracte were tronted with 2 nl

of 995 pey sent iv/v) methanol and for 30 ssvonde.
Af$er genaradtion the light seircieus layer was drsnsferred

53

to a ﬁ‘t; f).,.& t.?(}’é«.*ﬁ% ’a .‘

- . | 3 ol s g
svaperated wisr reduced prensuzre

in o veenum dessicador. The residual lipid was then



&4
rodisseived in I ml of spoctromecopdenlly sure othanel and
the gpecirem of the oxidised substonec measured in the
230mi20 pm vegion on o Unlcon SPEL0 spectrophoicmetey,
dme ervriel (about 0.5 ogl of sodiun borolydride wus

shirped corefully dinto dhe solulion in ihe cuveide and

£

the veduced peirus detorpnined, The pesk pressmt in the

puidized soluiion ot 279 rm sbhifde 4o 290 3m nnd decronseosn

# extdaetion ob 75 om

the concamtrotion of ublovinone can e caleulated

5 -
£aon = % R L W """‘}
(B Bpon + = 12850 mele " am .,
b x4 s x’{} 3

L o R & W
aviz, 30 wp of tzrypein was

4he ol sembzene frocticn sod mixed
miniure woz imeuhadad 2% 3%¢ for 90

siputes, then headted ip o beiling we

and cooled in fes. preeipddoted widh 1.0 ml
of cold 32X poxchloric ccid and contrifuged nd 3,000 2 g
for 15 minvtesz. The preeipliste was weshed with 3 ml vater

and bhe veshings combined with the Fisst sutract. The
extraet was neutralised with 2 K KOB and the EC10,

romoved by comivifuging. The exiroot vas token o dryness
in e rolary evaporator and dissslved in 2 =l 850, The

e k- e A e e e ot %o i PO NS &
ahoorbance 8% 445 zm war reed on » Updeawm 53

spectrophotometer, An ecxtinction coefficient of 12 x» 1077
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o

mole Q;f:s‘*ﬁ“; wed sasumed fay flevin,

The speundts of evbecheons wnd flaveproteln fn the
paritcniaste frenfion (Twidd} were dotermined spectvophotoe
metrically from dishdonide veduced minus oxidised Alfforence
spectrs uvsing the wovelength paiye 208 eziinctien cooff-

5 o % 4 08 § ST 4 % 5y o0 e T e
icionts a2 ziven by dsano wnd Brapdie (19645, Theme walues

are a5 followst

Cytochrome B 302, 623 v
Uytochueme b 362, 314 -
Cytoehrome g oF

1
Plavenrotein 445, 510 11

G. Lzglein.
Protein wos deternined by the Folin method as
modified by Lowry gt gl. (1951) uvsing bowvipe sexun clbumin
s the stonderd. Fretsin frections thet coniuised ummonivem
sulfebe wvore dlolvsed sgainszt lorge volumes of dishilled

wotey 40 remove ammoniun ions Defore smolvsis,
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s . & \"»v,‘ i i i v S - e Regn B v
ceniitative detersinstion of goses formed by nebively

proiiferching culdures was mode by groving ihe celle fow
24 hours in dhe sfsnderd mediws to vwhieh hed bHeen sdded
3 pmlaboliod RiG, &8 the sovle slectron scoeptor. The
inechation vas csevied cut in Eittenbery tubsa whieh
woye Figporously evacunted fe ?G“ﬁ o Yz and then pleced

in en sngerobic lav vhiek woe also evaouwated o minimize

ke

he wisk of atmosvherie condeminetion durding the loag
ineubation period. Hesiing cell suspensionz or cellelrec
sxberarety wore incubated ae doscrlibsd shove fer & hours
before tosbing for pas preduciion in the wass gpecirometer,
abowh 7 w1l of 20 pey eemt {w/e)} HOH was inslvded in a
sidoesrn of all the tuobes o absorbk any CUp formed. The
gescons products formed during the incubalion period wore
tyanzferred ITrom the Bidttonberg tubes under bhigh veecuwn

ipto 3B A.E.l. HS5-2 meass apectrometer for amalysis.

Absorpiion spectrs were recorded on o Unicem SP
800 spectvophotometer fitted with 2 seale expsnsion
sbtochment ond sxternel wecorder, Difference speelre

wore ohteined by comparing cell suspensicne or extracis
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i, o Tormodts with an identical

e

rofinesd wilth ?\iag,";ué, Ey
sample that bad boen droated with exvgoen or with pitrate

oy nitrite.

Enidtianl rouchtion vudes vore posgured ocn o Tunedion
of the concentration of sne substrate vhile dhe sthor
sebedrate vey held st o constant, metersting fevel.

T

Hichaells sonstonts woeve osleulated Srom Aouble seeciprocal

plets of the rosciion veloeldy worsus substrsie concons

tretion ap deseribed by Lineweaver and Burk (1934,

o B FREW T g T i
z-ié& & E'};“ s-%;ﬁ.( Shads S

FME was yoeduesd witlbh

gget gaz using seiladised
sabustos as the eafelyet. Fhe ¥,4=dinitrophonel solution
woe thoroughly deoxypenated in a bolile Ly bubbling with
sxyeen-fyee nitrogen throuch hypedermic acedles inserted
tizrough 2 serum eap. Yhe reduced TH wes romoved foom
the hypdrogenetion veszel ond injected avserobically iato
Lhe Z,4-000 solution wusing o Hamilien gas-tight syringe.
Themiixture vos slloved to reset for 16 howss ot 37°.

The preoducts of the rscetion wore seperated by thineloyer
chromatography on silicc gel piates using o 10 per cent
ethenol=3C per cent benzene (v/v)} mixture, 2nd suthentic

sapploes of I-opino~denitrovhenol snd Bendtroedeguinonie
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teophenal oo morkers. The separated produets were scraped

of? and oliuted {rom the silies pel in D.1 H phesphade

nuffer (o 7.5 snd the ultroviolet sbaorpdion spocire

=

‘5

A At a3 b abhn sbosdaovnds on o Delecs SP 800
compared with those of the stasdowds om u Unicem 5P 800

A

apectrophol omebar.,

SIOLET JREADIATION

Gltrowiolet izvaddantion of the oolil-fyee oxtracits

<

. - - ey %
wos earyiod ould wiibh en Gliph

iy

a y,it -
ey {masioom emission 2083,7

shoet 3 o sbeve & layer of

atirred thweugbout the irpadiation veried with s magnotic

shivvor, ol hept o0ld

3

L4

vere irredicied for 30 minubes and then sseaved for nitrete
redustass cetivity vidth fevmedo of ;éﬁiﬁ 28 ok eloctron

donor and slse for eny chepge in ubiculnone content.

The engyne preparation was dialysed sgednst J x %Qﬁé
MOECN on 0.05 ¥ Tris-SiCl baffex {p¥ 7.0) 24 7Y fox 24
hours. 4 sasple was enoved for assay of sctivity, end
the remainder wse dislysed agaipst severel changes of
3,05 W Tris-icl {pit 7.0} for 36 hours, Remples were removed

2t 12 and 24 howys 4o veat sedividy.



The nebthod of Kohowitz {1938) was alsze smploved.
The procedure was sarricd oul im 2 double sidewarped
varburg flssk. The wmain cospericent coptained dthe
purified epgyme {0 @y prolein), and 1 mi 0.5 ¥ pbosphate

{13 7.5} in o dodal velmwe of 3 uly one side nam contsined

st the othey copladned 0,03 m) 0,08 4 ROl.
Thoe flasks vere cvacusted and flushed vwith oxvgon~ives

»3 inde the main coaporiment

W ST . TWAD e &
34 Ei‘J; 3"5&* & 3‘?;55 wnE 'Li?‘gt

:nd alloved Lo redues the ensyme. The KON oy KO wes

churs fow 30

minuden., The prodein was then precipitated wiidb ammoniup
suifobe, contrifuged and vashed with satureoded smmonium
sulfote sclution sanisdping 0.05 B TriesBCl (p¥ 7.0}

and dlelysod sgainst several eheonges of the seme buffer

s B T A g ; A
for 24 howrs et 2. The trosted enzyme was then

for nitirite reducinse sctivity.

X3i. ASSIMILATION OF ANIC

€ells wers growva escerobically in the besal medium,
goltlectad by centrifuging and vozhed asseplically end
suspended in the sercbic medium supplemenied with silther
2 pmole/nl of KO0y, 8'7Ne,, or Vs (32, 29, 51.3
end 32,2 step por cont excess enrichmont, %@awacﬁiVagyﬁﬁ

After lpcubating cereblesliy for 2 bhours st 3? s the oolls



wore somievifuged, washed 3 Gimen widh eold U.853 per cent

{w/v) salipne S0 perove residucl labelled mitrogen compounds.

The cells vers suspended in 10 per cent {w/v) drichloro=

¥,

aoatie seld for 12 hours, and the preciotteted prodeln
' ¥ £

# oz g for 20 nipgtes, I wes then

aeid, Total addwogen
wvas detoreined by the nicro-ljeldchl methed nnd ihe stem

-
e o B e T ER & & 2 o fba il F 2 & wr T
LRE SENT CHORER # g the BEG Soin dedesnined in ap L.Y.i.

Eigme Chentenl COPP.y ‘e& imuls, (U.8.4.) supplied

FAD, xibeflisvin, bovise serue albunis,

CO~OnRYHe Syng Dieoumorel, Rodenone, Lteyial, Trypsin, snd
Zubyes by imdeird rogyoninolinedieonico.

ﬁ?ﬁmm&mliaﬁ pobassion sitrate, sodium nitrite, end
smmonten ehloride {32, 29, 31.3, and 32.% atom per cent
oxcess enrichment, respectively) weove purchased Irom the
0ff4ae Haotiomal Industriol de 1%Azete, resee. The
susdralisn Stomic foergy Comslssion, luens ledghis, Het.Ve
susplied the 4Colcbelied sedium fermcte.

The 4y4-dinitropbencl derivetives were pifts f"rm
tr. D, Yoodeoek, long isshbon Besesvch Station, University
#=f Pristol. The Zeaninp-denitrovhenc) and 2=0it80w=de

sminondtrovhonsl were a wift from Fluka AR, Beehs, Switzor=



Tt

land, Plovicidin A was o gift from Frefessor #. Toompra ,
gepartaent of Agricultural Chemietry, University of Toiyo.

Geasyl vislegen, mathyl viologen, disblerophencl
indorhenol, snd tetranstbyliphenylenedianine wore purehnsad
Lrom Beritish Drey Howvses, Pocle, Mngland,

411 other chemien] resgenis wore of anelytiend grade
st veve shbteined either frop Nritish Drug Houses, Foole,

%

i 8 e B - ¢k «
England, or fren dHay ond Deber Lid., B

¥ J";;‘:.q. }h ‘«Aﬂ&i ~
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(5 SHULE
*he offecta of cultural conditicns on ecell grovih
snd the conposition ef the clectren tramaler chain are

reported in this section.

ailice gel remcined viable foy st least 2 years. Hge of

thdo techpnicus provided = convenient mesps of mainteining
stradn visbility end stebility over lomg periocds of timo

without the neecessity ef freguent subculiuiing.

Studies on the prowth of

{AJ7,0.0. 13576) 4n a wvariety of culiuve soluticos showed
thot odegwote growih 2nd good production of the mitzuie
dissiniisting systom occurzed under amsevchbie gonditions
st 37° ip the basal mediva described in Hethods. A meen
generation time of obout 40 ulnutes was recorded under
thease conditions. Ne differences were chserved belween
cultures bubbled vith exygouefroe nitrogen and thess left
as deep, #till, 10 liter cultures with no bubbling. The
hecterive slse grev well vhen seraled ip the basal wedium

with or without nitrate. Asrobic growih produeed



T3
approzimstely 25 per cent higzber oell yicld than ammerchie
grovth with niteute,.

o srovih cecwrred in ihe ritratswfrae podive under
coporobic conditions, or with sodiuwsm adtrite {1 2w/t
as the zele ciectron cocepior, evon with prelsnged inmcubation
povicds. Aepohie growih witbout altreie wa pel sffected
by the sddition of rodium nitrite at concontraliocns up to
2 gofte

Bood provih sccurred serobleclly or omsoerebieally

Gwlamede pedlun us in pisee of

Y 1 < P
in the couplete sedlum g

the standerd pepdons nedium fer txoge melel deficicncy
stsdion,. Orovdth of calls in tbhe frvonedeficient medinn
roasulted in o veductise ir yiold of 40 per cend coupared
with the eomplete euliurss., Atbeapis 19 pwoduce CODDITw
deflcisnt cultures vore not successfud. Ssonlly geod
srovth necurzed ip both copporedeficient and couplote

Ay

sedine. This was pyebably o weflevtisn of ithe exlresely

Phoer oobbods of cell-disruption vewrs coupared on
$ho besie of tho propordicm of the totul protein found
in tho 106,500 » g sepevpotont fraetion alter centrifusiog

for 20 minuwbos and by nicroscopiec cxseinntion, Hepsated



T4
i?ﬂsﬁéiﬁ‘, and %?s**'i“iggg ,g@q«wﬁ 40 be the least 38?1&{”8&%@
mothod, since only sbout 20 per cent of the $otel prodein
was locsbed in She supernsisnd fraetion; Niewoseuple
axcminadion of the homepensto showod that mout of the
gells were undemuged,

Treshoge in the French pressure o¢ell wpd by wlirnge
anieation (5 minutos ot 20 heyeles/sec.) both gave o woxe
aificiont dispuption of cells them did popeated fressing
ond thewing., Both grepsrative methods resulied in sbout

.-

T P B B i o, % e et e » » ‘ .
wiin 9% $he cells. There vas 2 wiler

BOwGU per cent boow
sistribution ¢f nitraie and nitrite reducing sobtivities
$n extroets prepaved by the dwe mwtheds. The ¥ronch
prozsure cell tochaioue vos sdopted we bhe sbundard method
foy prepaving eeil homogenutes bevause of fts slmplicity
and the less drsstic disruption of eell menbrones comparsd

with the ultresonic fechnigue.

Eyverinenta vore ssrrisd owt to determine ibs producits
¥

et '3

of pitrote snd mitrite reduction by vhole esils using She

mess spectromstric technioue previously described.

1.

rom jiitrate.
It g abseryed et gggiiaug %uniti'&riﬂﬂ of sases
were formed Guring snocrobiec growth with nitwete in otild

enltures, To tdondify these gases, ithe cells were grova
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r.

in swacusted, sesliod tubes on dhe basal medivm with

y1abeilod nitrate (32,35 2tom per cent oxeess) es the
sole slacbvon aceepier. The relative smounits of gazeous
vroducts after 24 bours incubatien are showa in Piguve Sa

Lerse uﬁa%nta of pasos with messes 28, 2% and 30 wews formed

ey ; s 1 ey : I
{eozvesponding de i4¢2 14& 5@, ¥ 53 iﬁﬁg, yospeobivelyi.

Yory 1itile eroduet ol anss 39 Egﬁﬁﬂi wvas foymed, cod only

spall ouantities of geses of smogs &4, 45,004 46 {coryenm

a#ﬂy}ya‘} y %#’gt 5};& 5 ;vg}‘ﬁ i 5%’

ponding bo 8, wespectively) weore

datested, Mo sizeificant smounts of ges were Soermed ip

o

+the uninseulated contrel vessels,

srov with nitrite
as the sole sleciren scvewdor, gs produciien fron 1§§¥
1abolled nitrvite (31.3 ctom per cent oxmcesa) wan dotected.
Pipure 3. prosents dede from ¢ meass spectrometric assay
of the guses formed by culiures afber &4 and 56 bours
jncubstion. After 24 bhours incubstion, ihe sujor products
have sassce of 30 snd M {eorzeapending to zégﬁ’ana tgﬁ%
respectiveiy). After 96 hours, more g %ﬁé,igﬁﬁ “Bre

prosend, and in &ﬁ&itﬁe& gignificent smounie of produsis



FIGURE 2.

¥ OBY VROLE OriAB

=] P e " £ pos 4 & e
Hogs spentrometor sssay of gasesus v

@ﬁ%i?g}?&? éﬁfﬁﬁingg ﬁﬁi%ﬁ&’ﬁﬁ ﬁg g;t ﬁ}?,:* ‘v mi&,&@r :3#
hours inesbatfon with 'oBelabelled K10, (32,25 ctom %
onriched) sz sole eloctron sceoptor. Seoe text for

details of provth sonditions,

Upen barst  setively groving cultures

delid bars:  Uninocwlatod controls
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FIGURE 3,
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Hess spectreaster assay of gaseous produets of achively

groving culburee of £, depdixifieams sitor 24 bours and

15

3% hours incubation with " "Melebolilod Fial0.y {31.3 atem &

enviebzmontl. fHse dext fer deleils of provid conditions.

Ay 4 bour Llvcubetion

Be O6 bour incubstion

Gpen bavray dotively zvoving cultures

Se)id borst Unincoulnied controls
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with messes of 44, 45, and 46 (corresponding to 14N26

,«.
NG, respectively) were detected.

Cuituros grove servobically gove & 25 per cent higher
gield dhan cuitures grown apserebically with nitrato:s
4.1 su/10 1 when grown on oxyeen versus 3.0 ga/1U 1 when

grown spsorebicslly with pitrate.

gusnsidative dilferencos were

’ix‘f“&u“‘ zgu li.trh«,m. 87

basrved in the cosmposition of 4he slectron truasfer

iy grovs cells, Is

!4

chning of serebienlily snd anserchleal
¥igure 4a. sud be differcuce spectre (dithienite reduccd
vorsus oxidized) for perticles dovived frves galis grows
ip ady sné Toy those frem celle grown enacrobienlly with
nitrete eve shown. Xn particles from oxypon zreun coling
en g~type cybochrome (X=peak, 500 me), & l=type cytockrome
S50 }

wore observed. In garﬁiclms derived from nitrets growm

{wpoalk, 560 nuj, snd o getype eytochrome X

colls, only the b~ and g-type cricchromez could be
dotected; there wes no absorpticn band in the 600 nm
rogion, & differcnee spectrum {dithionite vreduced versus

dithionite reduced plus cszxbon monoxide) showed o



Fioune 4.

PIFFERENCE SPECTAA OF PARTICLES FROM

sdch

CELLE GROWE AERCRICALLY O sNARROBICALLY

Pithionite reduced vorsus exidissd dilferenne avectrs of

pardiciez from sercbieally and smeerchically grown eczlils.

A, Particies from oxygensgrovn cells
{16 wp protein/ml)

Be varticles from nitratoegrowvn cells

(11 mg protein/mi)
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] ] |
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cytochrone g type component im the nitrabo-growr cells

with abrorplion mexins ot 419, 540, snd 571 nm 204 minies

at 437 and 558 ma,

Xy

Table Y. seda out the grentitative differences in
aome of the cowponents of the slectron tronsfor cbuin.
Yhep enlenlatod on on souivalent prustein basis, electvon
tronsport particles from mitrofe-groun celle conbtained

T0 per cont wmore oyhochrome 3 dthen did those from oxygen-

L

&

grove selils. Cylochrome g content in thoe preoparsilons ef

nitradow-grovn eells wos cely slighily highor (2€ per sent)

than thed of these grown ip siv., Ceolls prewr with aliizate,

bovever, bod sore then twice the Ilavesprotein content of

F.5 . A O 0 e ey OF i N R g Fhnn ol W o e ST ks s
DEREN FIOVE ARFORILR & A e RABLLE SRUNCILUTE

little in the two preserstions,

Table JIl. conpores thoe sctivities of o nomber of
spupmed oF ensyne sysiems in the pertienlste fraetions
from nerobicmlly nyul aﬁanrahiaallg'(niﬁrmie} grown ¢ellis.
Formnte delyydrogenuse nelividy wae ineressed Iefold by
groving the cells with nitrate. ﬁﬁﬁﬁg'oxi&ase sebivity
wag only slightly hkizsher in nitrate grown cells thon in
thosze grovm in sir. 4n sctive suceino-oxidease systen was
present in sevebicnlly grown cells, bul no cctivity wos

detocted in perticles from pitruto grown eells. Growing



TABLE 31.

Cemponsnts of the electron
in ihe mombrane fyeelion (14 ’}
were eatimabed Trom difference ngctru (é& L o 4
»inua pxidized) by the methed of Aseno and Brodie {i?@f}.

tovin erd ubdouinene wore extracted and deternmined ae
ﬁa*uribn& in Methods {(p. (3=03).

Slasctren $vansfor foncentration (o pnolo/mg
n eouponent ] ﬁrm‘&em)

Terminal wiwﬁt?ﬂz} :m:wrﬁ.aﬁ

| B for e -

Uytochronms g I c.06 1 not detectnble
Cytochrane & (.44 L.94
Cytochrone £ + g | GobB .51
Flaveprotein 0,68 | 1461
Flavin (drrodie ddgest) $.35 £ .65

 Tbdguinone To45 1} e

# wg/me vrotein in grude exbrect



detivitien

TaBLy 114,

of wvo riauﬂ
graetxan {Patdd) wo

vgea er pitrste as

waa@krﬁa ;ram cﬁﬁlw Fi

retivity

rﬁzn»wi@h @;% wr
Lo ta sminnl olectzron anccepdor.

‘ﬁtr Vbe gonsms
k‘r’jp?/ 13{.3 'Szdiiﬂi }

of Par%ieies

saccincte oxidose

|

Epuyme sysbon .
Tyﬁ@
i, oxddaso 4.0 6.3
sorpbe Gobydrogennse 1.6 13.6°
2 ﬁ,qﬂﬁiﬁxwiﬁ roductase (1,29 $.52
Pormatoeniiente relusbose .26 .45
14.5 Fot detecteble

-

i

® L €O, evolved/my protein/10 nin
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the cultures apaevobicalily with mitrete resulied in o
fwfold inecraase in ﬁiukq-ait'ute reductase sclivity end

L Gefold ineresse in the formmie-nitrete reduetsze svelon.

The effsets of & number of electron dranspord chein
inhibiters op smyupen uptake sre shown in Table IV. These
inhibitors restricted oxypen uptole io & siuilar degreo
in perticles from both $ypes of calls. Asylel (0.2 mi)
inhibited oxypen uptake 4T end 57 por cent in nitrate and

o,

son particles, respeetively., Hetememe (6.2 =)

C

rostriciod oxysen usicke 3% wer cend {(mitrote y&w@ialaa}
and 31 ver cent {ouwypen povticles). Flevieddin & (0.04m
deereased oxyeen updake By 47 and 51 yer cent in ﬁitrs%ﬂ
and oxygen perdicles respectively. ¥hem U.4 s ublguinene
Hyy ves sidded to the resebion mixtures, u 40 pery cent
reversal of this inkhibition wns obseryved, JAnbismprein &

“'h

by perticles from cither oxypen or nitrate grosn ecells by

7 iy ecch ishibited osygen wobahe

sbout 50 por cent,

P. Effect of Nitrote nad Nitrite on HADHZ Uxidatior and
Uxviern F%tmk ' '

2 o

The effcets of adding nitvsde or nitrite 0 portdcies

suidising Hal¥ls in elr sre shown in Table V., Tha EpeCiTo-

photometrically mossured ¥ode of oxidation of Kabli, by



TABLE IV.

BOT OF INNIBITOR: O z;f.wm &alf}é\'}’}b i BY LEsSPIRATORY
PARTICLEE PROM CELLS GROWN OR BIYTBATE {'&Eﬁ%@

The wup miw of exyveen with HaB, as eleciron donor was

mw:»ma nsing tlm- o ron @l wwm& oo deseribed on p.ol.

Yhe (2 bion (M&“’) mw ﬂmgww fyonm colle
on os the dersdnnd

gped For soeh BaEs0y.

Concentrationl Ceils growam] Imzm.x fon of :

Vool 25k B, oy
Inhivdier J {uis) ‘ ans O, u pfhm e (%)
. - e 12 s A
bl 2 | B P €7

Hotenonse ' 6.3 ' Bits
_ 3

N 31
Pdoricidin A% .04 : ‘.%’:F@; ' 4
& 2 51

-~

HGLRG

<
3
b

e
b

.
F
-~

Aptinyein 4 | 20 pg/ml  §  HUy | 51

* & 407 veverssl of imhibition occurred upon sddition
of ubiguinone Qgq {0.4 ot finnl concentyniion)




TABLE V,

: . oxidation was spusyed speetroried
motrically, and The rate of exygen uplaule w

ihe oxygen oleectrode us deseribed on p. ST-50 .
particulets fracticms used were prepoved fron colls
srown with sither nitvate or oxygon s the doruined
sleciron aecepHor .

Cells growm | Addition | Eadl. reduced | 0., cousunmed !
one ‘ {mole/my {Fuolefug
1 profein/10 protein/10
+ gin) min).
E

ma i Hone : o3 4.7

*
A
:

©.3 umolo K3}
1 umole Nehi, G2 | 4T
10 Laole R0, o 2.5
10 ymole ?&Z{?‘!f}:ﬁ m | Bab

&2 Kone ] 4.6 ; 3
145 Lmole Riig 4.6 e

1 paele Ma¥C, 4,5 ' 2.4
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particles from either oxygen oF pitrate prova cells wos
upaffeeted by the sddition of 0.3 pmnle of “awgﬁnxam

nitrate or 1 pmole of sodiewm nitrite. Yhe vote af'axy@an

%%

conswantion by parbicies from aitrate prewn tal 1w e

nowever decreased by adding 10 preles ef EiUg

rddition of 10 pmeles of K¥O, bad we sifect on axygen

(5% o p“»ﬂ 1 Q 3 &

upteke by perticles from SxYgen=grovn cells. ﬁﬂygea uptake
by either preporation wse uneffected in including 1 pmole

of sodium nitrite in the resebion sixtare.

*,

Tphibitisn of omygen uptake in paviicles frow

sitrste or pitrite as zhown in Table VI. The inhibition

d s ks o
of oxygen uplalie aad

she wore

atoichiometric.

Ge

ipeeroblieslly grown eellas were pested to ascortain

if they wera sble to assimilia 2

Arozon cORpONRUR.

-

Peble VII. shows ¢hot uo significant inerease in the stom

per eent oexeess ol %% of sellenitrogzen vcecurred cver the
conirols when the cells weve supplied with either "ﬁug

. 53’5“3}2‘.4 or 1yl 41: .
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Sotoranirsd oz

? "‘A&iﬂm

o used,

'i’.‘im rate of ﬁ%;y"gﬁn apbuie

shoencs of Lressnces M ::wta
by the onyron @1a¢trﬁma
e particulate frac
$he amount of nitrim foraed was
> Aeseribed in Hethods.

¥i.

oW &

g itk 8
tien from nid

¢ GXTOEE UPTARE
‘-‘s %m‘s 5D

during Malip oxidation ip
,wium nitrate wag

Cae @%wim«&
Lratowgrovn

Adeition

ﬂ; reduced

g{ {umnia)
Wi

10 wmole Wiy 047 (a3

90 psole ’i‘fi’;}; 0,50 47




TABLY ¥IL.

SORPURATION OF 1oN-LABRILE)
AMMORIA BY W

Tie ecolly were swown enseyobieally om the basal mediwa,
thon coilected wnd woashed wseﬂﬁi¢a£i¥ and resuspended
in seroble medism without peptone. Imlobelled NR4C1,

, or Nall, (2 wmole/ml) was edded to ecach tube. The
eaif wore inem%mw%a aﬁrnbicmxlw for 2 h at 309,
collocted by cenbrifuping, snd washed ?giﬁn with . 855
(¥/V} sasiine to remove unimcorpor:ted e cells
wore treated vith 100 %riwhloro&catic %ai& for 12 b in
tho tolds the proteln was centrifuged down end washed
wiee with 108 %ticaiﬁra%%g%ie seid, Totr) nitrogon and
¥ r comt onvichuent with UK wes deternined for sse

ﬁngééiahailaﬁ Total KV : &nxiehmanﬁ
| tsmpeud ) (mg) | (atom 3 axcons ¥Su)
?ﬁﬁgﬁl f 870 £.005
| w1 8.60 0,004
KRGS 8.45 0,004
| o, 8.75 | 0.004
| FaRO, ; 8.3 D003
WU, - 8.62 0,003
Yome 8450 G.004
Hone ; 533 G003
 S—— b , il




Hitrats veduetoss in 2

sespeiatod with the cellemembrane Ivection omd gome of
its groperties will Be deseribed fizst. &1l cell=fres
extrsets wove prepoved by the atemdnrd mothod using the

Fpench pressure eell s prev rusly described.

o
Pabie YI1Z, showa the Aistribution of fovmate-nibrate

poductase setividy in soil-fres humogemesos of ihe bocterivm.

sfter contrifuging these homegonutes ot 144,000 = g Ror

2 hours, sli the sedlwidy ovag cesend in the erade

¥o petivity was

&

exteact wns found in o
deteohed in the sy snking the cells
by wliresonication or by Preesing and thewing resulted in
the sswe distridution ns when ihe volls wove broken in

the Freneh mrescure ¢ell, Thus the nitrate relueing sysbem

ampesrs to he Bighily bound de the csilmseabrune frnctbion

that plso eonbeing the sisetron tranaier ﬁﬁhvwmt&b& af

e
o
£

2
b

e 5. shows mass spectromeber duta for gnses

produeced by resting whole cells wnd by = perticulube



DISTRIBUTION OF POEMAT

The smsywe setividly in ceileir }
ily in Thunborg tubes using sodiua formaie

SRsereh.
ut the wiscbron donor.
sre deseribed om p. S5

':‘i‘:g? pes ¥

E OREDUCTANE B CElL-PEEE

sp extracis was masayed

x

foteils of the stomdard cusay

Prochion

Totnl ensyme waihls
reducod pex 10
mdn

FTeovks

oE

S

]

yhodn

o' e, .

B

=
b

1. Urude axtwaet left
efter cendyrifuging
howogenate at 10,000

N i — i .

% g For 30 sin.

B
2, Pellet left after
contrifuging Proction

3. 144,000 x g super=
natant frection from

2

1 for 2 h at 144,000 xzi#

160

160

504

296
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FIGUERE 3

PRODUCTS OF FITHATE REDUCTIOR BY WHOLE CUELLS

Hase spectrometer sssny o gessoud products forsed by
resting sells or cell extyeehs Drom 13&*&&&@&1@& Kﬁﬁa
52,55 atom © enriched) under smaovobiv gonditionn after

&
%
2 hours incubstion.
A« Besting colls
B, Favticelste fyaction (Petdd}

tpen harst test matorial

#0lid bersy econtrels
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nrepasation {(i=144) after tvo nours incubation. Vigure

£

Su, chows that after the short incubatien neyied (2 Bowrs )

with whole eells, me mitrogen {as {moss 08 er 2%) wea

fazmed, Bus that i suonbities of intornedinte riﬁé%e%ﬁ
Ceah s B . 14 15, o 4,
with mess %0 and 31 (7RO sl '7HG) spd with mazses 34

il 1 i Bt 7t -
45, aad 46 (ié*ﬂﬁ 4%%§MD and L ?w}‘wer@ Farmotie
¥iguwe Sh. shova that no geseous preducts were forned by
whe particulabe sroction (Fwid4) nlone. wide indientes
ot with only the celi-menbrane Frsetion present, niltrate

roduction proceuds only a8 Zar a8 & nonevolitile intoy—

dy niteite.

moddate, pre

he welasbive sificloncy of woricus slectyren Goners
with the sevéiculete nitrate roductose (P=144} is sbown

in Table IN. Acbivity with HaGd,
=

1050, Very

1ittle oxr ne mitreie reduction oecurred with sither BADTH.,,
2

suceipats, or sedium jaebate ce olechron denelr.

popmate wes ag acidve with this pereparniion o5 WS

iz, Aesivity wiba bﬂﬁﬁﬂ as donor was pot stimuisted
vy edding 10" o ¥ PME. Snly wery glight {6 perx cond)}
sitsate reduciion cecurred without the adcition of an
exogonous vlecivon donor. ‘The two most selive ¢laciron

donore, NADH, end sodium formabe, have B'y of ~8yB2 end



FABLE IX.

RELATIVE BFCICILN

€Y OF VARIGUS
PARTICULATE NITR?

PE BERUCTARE

%
&
%

SLEGTRUN DONCES POR

See text (p. St=52} for details of stondard asassyy 1.9 ng
srobein (1449 fruction) wos used for cach aassay.

Aetivily with BADH, daken as 10

ilectron donor

Eelative @ﬁfiuianﬁ?

=i
ﬁ&ﬂ%@

HADlp 4 Oo1 pmole FHN
HAWTH

fodiun succivale
Andienr formste

Rediwn lagtalte

 Kone

100
89
13
16
96

o3

wile 32
‘J\'.G}
*‘Yi‘”td%‘&?




laned %g%i?@, Gre BOXe

ﬂcﬁregafi%ive &ﬁﬂ have &'m of «0,1% end 0,00 respectivelyw,

The effcet of iime of inecubziion on the production

=¥ with #as up o 20 winnies incubatien,

when 60 per ceat of the subsitrate had boen consmmed.

'é
§~l’v
o
jied
Buls
]

The offeet of fsmperaduce s nitrate roduc

o g

shown Sn Figucs

PN 5 " e it
at TO¥ when Bams

gure S. shows the offect of vl on the sctiviiy of
pitrate reductose, OUptimel sedivity oceurrsd st H 6.5
whoen sodivm Jormats was the eleciron depor. A garﬁi@al&rly
sherp droep in sclivity ceconrred Below 38 6.0 with & more
geadual dinioudien of cotivitdy above it 7.0, ?heﬁqﬁﬁﬁﬁﬁ
way tha electron donor, m&ximal activity ocourred ot pit

To8¢ Voristion in sctivity over $he pH rangse 4.8 to 10.0



FIRER €.

THE EFFECT OF INCUBSTION TIHEE ON

PROOBOTION BY BITEATE B

s

HOTASE

Nitrate reduetase (3 mg of purticulote feaction) was
ineubsiod For btimes warying frem U to B slamton whih
codium fermate us electron doner as described in the

He%D
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FIauUBE 7.

THE BEXVEQT OF TiMPIRATURE OF THE BavR

OF BITRATE BEDUCTION

Hitrate reduebese 2odivity ot verious temperatures was

deternined nslng the crude extract with sedium Pormate

or HADH, a2 electron domers., Delails of the assey are
PO

a8 given in the fext.
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FIGAG B,

Kitrate reductase aectivity at various pll veluns was
doterningd with the evude exbroct using sodium formsie
or m}}ﬁz 58 ciectron dopor. Delrils of easay are given
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vas much less thon with formate as the lpirosen donor.

In Teble X, the melstionship betvween the oxidetion
of EAN, or sedium formete end nitrate reduged is yresented,
Gne mole of HADI, was wtilized per mole of nitrate reduced.
Likowise with Towmube as hydregon donor, onw aole of
Lormate ven oxddized o carbon dioxide per mele of nitrate

roduced,

Figures 9, 1, cnd 11 sre double recivwsonl nlote
{Linevesver amd Burk, 1924) of the welocity of nitrate
weduetion whon the concentyadion of oune of the seholrates
was variod while 4he sther subsixate wosn held s o constant,
saturating concentratien. In Figure %. the alectyen
doner NADUp wes the substyrate waried. The apparent ¥
wvalue wns Tound to be 1.9 = 14 H. A4 high concentrations
of Nillls, the rale of nitrede reduction {ell off sharsly.
This moy be interpreted ss inddentins the cccurvence of
substrate inhibitioa (Dixen and webh, 1964},

in figure 10. the effoet of verying the concenivrsiion
of sodiuvm formate is shoun., A% high concentrstions of
formate & falling off of ithe reaction rale was observed

but not de the extent of 4het oceurring with Radi,. By



ATGICEIOHMETIY OF BEITRAYE RO '

.r:“s ﬁz‘ %?’a

PARTICULATE

karmataw and ﬁﬁ??imnitxatu roductese asseys were

porfornod

22 dose

mresant in limitiang omount
showvn below.

H a'? -

ibed in Methods with cne substrate

s the othey in excess as
The reucbions ware zlloved %o go o
completion and mitrite formed detormimed in the usual

| B W ¥ i
amoand of ﬁﬁg roducsd ﬁ£3 r@ﬁuced .
s?b§§§é§a {,mole) e e
. | 3. e ST i |
| Nasda 04225 $.295 1.31
0,450 0457 1 .04
€675 #.630 0493
5,900 8.750 0.83
Powmote 2.0 5.2 i 1.10
1.29 1.2% 1.00
8,50 £.48 0.96
m; 5.5 1.04
-8, Z.45 D.48
2.0 | 2.0 1.0 \
il 4



PIGURE 9.

B oF HITRATE BRERUCTASE POR RADM

2

HICHASLIS CORSY

Ponble recipreezl plet (Linewsaver and Burk, 1034) of
the Velocity »F nityete vedvebtisn 2% verying concenirstions

of ﬁ&ﬁﬁg uaing the particulste frsetion (0.6 mg yrolelsi.

Betails of assay are givee in text.
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) -4
Ky=1.9%10" M

| / | | | |
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yigune 10,

HICHARLIS CONSTANT OF MITRAYE °

% PUR PORMATE

Doabls reeizrocsl plot {Linewcaver and Burk, 19348) of
veioeity of nmitvate reduction wersus concentrotive of
sodiwe formote. Assays wewe cavvied ovt with the
perdiculate fraction (1 my protein), Details of cspay

szee givea in the text.
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Km=3.8x10"M

1 2
1 HCOONa (mM)!
)



PIGUER 11.

FCTASE FOR RITHATRE

PARLIS CONSTANT OF NITRATE &

>

feuble reciproesl pled {Lineveaver and Burk, 1934) 2f

volocity of nitrate reduction versus concentration of

s wers earviod oubt on porticulate frsetion

Botails of assay are ,;g?iwn in text,



Km =6.9%10°

4




extrapolating the straight line formed at lover formate
concentrations, the &ygar@ﬁﬁ.ﬁﬁ foy farm&tﬁ wms calcuinted
o be 3.8 = 16™° n,

Phe offeet of wvarying iheo concentration of the sloctrom
secepbor, pobussium sitrate iz shown in Piguve 11. when
Halfly wos the domer. At pitvete concemtrations sbove 1 wi,

& slizbt degroe of substrate inbibition wus agein

ohoervedsy in this casze 44 wos more aoried than with formete

sut less tham with BAB,. By extropolating the linser

In Tebls i, the posults of studies with o susbep
of inhibitors are presented. ¥her using the pariieculnte
froebion (Peidd) with sodiuwm forsste as the olcctron
dopnor, nitrate reduction was strongly inhiibited by BON
(92 por condt &t 5 n¥ and 80 per cent sb 0.% w4). Hitwreto
reductase wos wlse inhibited 1o e lossor ontent by the
motel chelating sgents sesphenentiwoline, potassiun thiow
cyenate, thioures, znd dithiel (43, 25, 20, end 52 por
cont, respoctively, the firat dhree ot 5 uM ond dithiol
g4 0.5 oM finel voncondretion). lepecrine inhibited
nitrate reducticn by 5C zer cent at 1 mi &ugge&%ing‘%ha

parbicipation of & {lavin component in the systen., Nitrade



TABLE XX.

EEFRCT OF INRIBIIORS OF PARTICULATE WITHATE REDUCTASE

Ynayme eotivity sssayed by standerd method o9 deseribed on
e Bt=52, Pa mwul&w fraction (1447) wos vead with 1 np
crodein per cssay. Inhibiteors incubstoed with esnayme fov 13
min befare fnitiating wesction.

{ Tahibitor { ¥inel concs. Inbibition (1)
(=M) Donor: Yormate HADE,

Yttt nyridyl | 1 & ﬁ
Choneabliroline 43 45

39 40

Thiouroa 20 15

- Bithiel .25 .35 35
cﬁ'{} ) 30

70 T
30 ' 65
C 30

s | 50
ﬁ@ti"@%in A I 350 pg;/ 5l 0 ¢

| Piorteidin Av Go 35 70
| Cot 73 60

' peLlisronercuribensoate |

T, T

%mw*M$®mﬂmawmw 

Hodanone L2 - 30
v | L ? @ 50
Meonnsrol ' Tor i3 Q

4 oxtract babbled (} 0

for 90 nec
NG 55 ' 8e
' ﬁ 40 #0
K&?ﬁé i3 15
1C i W
g(}“ : ] o
- - | ]
* A 508 veversal of inbibitien wcm‘mﬁ upsu &a’*i‘?l'ﬁeli}ﬂ of
6 10=fold cxeess of ubicuinone 40

wh il sk ol ek
-t
Wt




8%
veduction wes inhibited 70 per cont by PUHE ot 2 mi thus
imriiesting & rveguivement for sulibyiryl grours im the systen.
viericidin & (0.2 n¥t) and anybtel (5.9 wit) inbibited 35
and 20 pey eont respectively. Hobtonene had ne effact.

With HAbH, s tha eleciron donor, ECH and the othey
metal ehelabing spends and menserine inhibited 40 o sindloer
extont a8 when the loraste syebom wes used. 4t low
concontradions 11 aM) POME inkibited the BAL =nl trate
reductase svsten more strongly ihas the formate sysiem.

Amytal inbibited 75 pew cent ad 5.0

s, Flerieidin &
inhibited 75 poy sent ad 0.2 mM cnd this efiect was veversed
i

by about 50 per cond upon adding & TU-fold excess of

wbigeinone Uype snons inbkibited 30 per cend ot 1 i,
Buth systems were strongly inhibited by poetassiun
chlorote, a2nd 4o o lessor exbtend by bromete, pereblovsie
and iaawt@#,Amtimvcia'A, HOONG, ond CC hod no effect on
piiher system.
Irredisdion of 4he pardicles with ultraviolet Idghd
{360 nm) hadé no effect om either nitreie reductase sctivity

or on the ubiquinone level in the particles.

1.

The effect of potassium ehlorste and sodium bromaie
on the fermaie=nitrsote roductase are shown in Figures 12.

and 13, In eocbh experiment the concentration of nitrate



86
was veriod im the preosence or absence of 1 mM €104 or
mi K&&wﬁﬁ. The dsde ore present by means of double
reciproeanl plotz (Limeveaver snd BDurk, 1834;. In

vepolation of the

iinoay portioen of

graph that ogeurs st low substrale concontration M

g the verdlesl axiz of the graph thus indicading a

compeiotive fype of inkibition (Dixen ond Yelh, 1964).

The Ki vaive for chlorate an caleulated frem the graph

vas 1.7 5 10 ¥, The experinent represented ip Pigurve

13. for bromaede was serxried eut st lowsr niitreto concone

prodions bhen wee the previeus szsmple se Phal ne substyate
niribition was evident. &9 in the cuse of chlerate, ihe

twe lines meot on the vertiesl axis of

that bromate slso acts s & competetive

s

pidrate reduodion, The K. walue osleouls aga far Lbrounte

-~
ves 1.2% x 10 M,

Eitrite, the initiel praduc@ of nitrade roduciion,

hed no effoet en the sctivity of the HAVE~ or formutbe
nitrote veducing systems up to o concontyation of 1 mi
(tvice the initial conceniration of pitysie in the

reaction mixiure},

Gne stovepe ot «17% the partieulote prepersiion



B¥FPECT OF CHLORATE OR BITuave

REDNWPARE A0TIVITY

Pouble raciprocal plot (Lincweaver snd Burk, 1934) of
waloelty of nldrate reduetion nt wozving concenirations

of BG4,  Petuszium chlorsto (10™ ad ¥) wes added to sueh

one sering, JSasays were carvied out uwaing the
sardisulate fraction {1 mp protein) and formate os

cleeteon doner. Dedtsils of asss

TSR S R

¢ givem dn the text.
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No inhibitor

103 M KCl0g

K;=1.7x103M

-1
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40

5 OF BROBATE WCTABR

Bouble reviprecal plot {Linsveaveyr and Burk, 1334} of

piirate reductaze sctivity ot verying conesulrations of

— bt e "2 ) wes addod ts coad
iitge  Pobassinm bromate (5 x 1077 ) wse added 45 such
3

avssy of cne series. Yetails of assuy ave given in the

toxt. Jediww formote was uassd as electron donor,



<|-—-

12

e No inhibitor

o 5x10-M KBro,

-2

10
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(Pe144) exhibited o rupid loss of setivity with Kang,

she

=

as the siectren domesr. The formete-pitrate raductase
actividty wes much more stable upon storsge than was ﬁﬁﬁﬂz
uyston, Pardienlste propevebions lost sone of thoiy

forastewnitrate reductase aedivity woon storage For 1 weeh

B aaa 4 el g
at =177, vhile in the seme porvied 99

Babfigenitrate voductuse setivity was insetivated. The
L
supernatant frociion (=144}, elthough devoid of mitrate

veduclase cedivity idsel®, cuaried o stimulatory and

stebilizing eficet on the NAMsenitrate reductase ss sbhowsn

e

+io XIY. ané Pipure 14,

It is gesn fron ihe date prosented ip Table XIY.

s

o - TR . R o 6 b ;
pEE Tpaeiinn wited dn an

) o ‘l« 3 5
dhet &

&

Lsion of the puperss

setdvetion of the order of 100 ser cent vhon ¥

Tz woaz

used as ihe Wyivogen denex. Heiled supernatant fragdion

alge stinuleted do the extent »f 30 per cent.
VEE 243 not substitute for the supernstent froction.,
Yhen fepmete was usod as hydvegen doner z similar bud
wuch sasller stimulation was observed, being in the order
of 25 per cend.

Figure 14. shows the offect of the supermatent
freetion eun Lthe olability of NafHo=nitrate reductase, The
erude extract was separsted into perticulate and superaztent

Trections by contrifucing ob 144,000 = = fop 2 hours.
o R -



TABLE XII.
LCTIOR T0 PARTICULATE

.&f‘ 2

BEPLCT O A %}LME Eot & m: ﬁ*\’? m’f

fablly= opd forzate-nitrate reductase solividy nssared by
the %ﬁ#?&&r& teehpioue ve deseribed 1n4§ataaua.

Frmé%ian : Frotein | loner ﬁitrate réﬁme@& }
{m z0le/10 winutes)

! Particles b 1.7 mg | BADH an66
Supernabant 2 ug Naih 40
Farticles + I 3.7 s § Badl ‘ i ¥

aupsrandont

Boiled zuper~ | 2 mg | BADR | 0
natent ;

Torticies + 3.7 mg ] EALH o
bniled supere
motont |

Particies + 0.1] 2 mg | Haom 216
p-mele FFN :

 Particlos + ©.1 2 mg { HADH 286

| mele ¥AD | ‘

Farticles | 1.7 vg | Pormate 480

Suvernntond 2 ag Yorante o
Pagticles + 6o

supernatant 3.7 ug Fuwﬁaﬁg




riguee 14.
STABILITY oF Hﬁ@ﬁ?mﬁXTﬁﬁTﬁ REDUCTAYE

Crude exiveed wan contwifuged fov 2 hours at 144,000 x

& to given s pollet and ¢ supermataont fyeeiion., The

peiiet was then dreated dn ome of the following wayst

(1) pellet and supernatent vecombined imnediatelys (2)
2

pellat suspended im 0.0% ¥ phosphate buffur {@ﬁ'?.ﬁiﬁ
{3} sussractant boiled for § minuten, then recomhined
with pellet; {4) superncinnd adjusted %o it 5.0 with
iCl, then peatralized vith NaGH and recombined with
e ot =17% for

vorying perieds by dthe standard ﬁaﬁﬁﬂmmx vrate reéﬁcﬁmxa

pellet. ietivity tosted after stora

DEHIY -



Relative nitrate reductase level

120

100

80

60

40

o Crude extract

e Pellet+supernatant

+ Pellet+ boiled supernatant

x Pellet+ 0.05M phosphate (pH 7.0)

o Pellet+ acid-treated supernatant

3 4 5 6 7 8
Time (days)
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ae particles wore then resuspended in 0.1 M phosphate
vaffer {pHl 7.0}, or in #he supernatent fraction tlnd

hed boen either untreated, boiled for J ninutes, oy
acid=treated Ly adjusting be @ 5.0 Jor 10 misubes and
‘%nan poutralizing «ith NolM. The recombined proepavctions
mwarw stored frozen st *1? and Shaved out od intorvals
when the nitrate vedueing setivity vas tested. The
pariieniste froction thed was resuspended in the untreated
supernatant lost selivity only sloviy and &l cbeut the
same rote ss the erude exdvect width whowl T per cent of
the %ﬁﬁﬁzami%r&%w reduetane setivity romlning alter sin
dnys sterege, The sample thet wes recombined with the
heiled supermabart lost activity sbout dwier ze fask, sad

enly 44 per eent of the aviginal zetividy remsined after

sl days. The saeples thel were resuspand

trected supernsiant or phosphsis buffer wore least stable
#ith only € por cont ond 14 pey cend of their owiginel
setivity leoft, vespectively, after six days wﬁorvﬂv, in
agdition the initial rate of imcctivatiocn was much more

rapid with these lest dwo trsctsments,

13.

The affect of oxygen on nitrete reduction with
sithor formaie or NidHy az the electron domor is shown

in Tebdle 311, vormate-nitrote reducteone sclivity ie



TABLE XIIX.
FEPECT OF OXTUEN OF WITRATE RIDUCTION

Stenderd NiBily and formete-mitrate roductese sganyed
o deseribed Tn Hethods (p. 51-52) exeert fov Lhe
moddficationy given in the Table using crude oxtract
(3,8 mg srotein/nasay).

‘inetoon Luesay esnditions i " vedueasd
donor ' {mﬁm@&@/?%
~ ~ sioutes)

BATH  Tumnbars tubesj ansarebic 3Lz
NATR { Open tabesy edr | 341
HADE | hunborg tubss; undew pEme Oy | 240
Yopme e Thuaberg tubosy suscroble 358
Farnate | ﬁgen.ﬁubeag aix _ \ pEyL
Yorwate | Thunherg tubesy under parc U, P 87

; S N i
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much move sensitive to oxygen than is the NADip=
dovendent system. Nitrote reduction with Nadiy as the
E&?ﬁmgan Sopar wos inhdbited enly 12 per cend by sir end

v pont when the assay wes corried sub iu an slnose

phere of pure oxygen. Formetemnitrate reductase, on the
sther band, wae iahibitsd 43 pex sent by olr end 70 per
cond vhen incubated with puve oxXyron. Thoese date susgesd

4hnt the fory

te delydrogenase poriien of the sleciyon

»

tronsfer sysiem iz more sensitive to oxygen ihun i ibe

ebpirogensse noiety.

‘&

The addition of nensdione 1o she wesciion minture
stimulsted HAHH enitrate roduoiase setivity s showa in
Fiouze 15, Hoximun onsyne sebivetiosn whiel occurred st
2 pi menadione wos inkibited 60 per cendt by G.1 &
dicowsnrol. Dicoumarol bud no effect on aitrate reduction
vhon pmensdione was nod sided to the easyue mixture.
Henadione provided mn effecctive bypass of The votunone
soasitive portion of the eclsctron trapsfer cholr Lrenm
R&ﬂﬁg. Potenone (1 mi) inhibited nitrete reduction by 50
pow comb with NiBil, slone, but had no offect with WA,

ping menadione.



LRUCTION

dvonudione (sedium bisulfite 221t} wos odded %o standard

. N ol iy v K e Arale i o,
HAPH wnd drate reductese assay sizlure
i ”

trotions wp to 10 nM. Farticalate frection (0.5 ng




400

300

N
[=}
o

(mupmoles)

Nitrate reduced

100

4 6 8

Concentration of menadione (mM)

10
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Table 31IV. sbows the effset ¢l dron deficioncy on
the lovel of nitrste roductese in the cells., Yhe eeils
wore subculdured sequwenticlly 7 times op irep~doficient

medic prepored sns described in Metheds. Easywe

W

5 R 2 e BT e B eewa il i e o g o o et dense AL %
sobivities of syrude eutyechs prepared Irvenm e Lzohe

deficient cells vere compared with these of noxmel cells.
Fornete-gitrate reduetase zobividy in iren-doficient wvelils
wo8 one=-fifth thot in pormel cells vhile Rably=-nitrote
poductase setivity was reduced to cne~tenih of the level

of normal cells.

Sinee formate is such an effective Lriropgen donor
for nitrate voduclase, some vyrovertles of formate dehydrow

.

genaze in the extyracts wewve shuldied.

Teble %V, shows dhe distribution of formnie deby-
drogencse sctivity in cellsiror homogenates Irem nitzate
apd oxygen srown cells., In bobh cases 21l the setivity

was Sound in the particulate fraction,

The actividty of formate dehyiroponase vwith & variety

of electron seceptors is abown in Tuble EVI. The highest



IHPLOINCE OF IRON DEFICT ON NITRATL BUDUCTAZE ACTIVITY

$ha eellz wers subenltured 5 times im irem del ieiont modis
prepered an doseribed inm ﬂ&fu@d%; Cells from an 18 by
culiure ware collsecled, u s G the erude oxtrute
pf@gmrmm. Aetivity with & forvmnte szsayed im
ervde extraot.

fmaple i Hlectmop = Bedneed
aﬁ:ﬁtkw g!w@ 8«‘{“/%‘«1 fﬁ;i“
Vomieficlont | NADE &4
 Couplote HEY | 7
Formete n:
Complote . Vormate 310




BISTRIBUTION OF

TABLE XV,

POEMATE DEMYDEGGINASE ACTIVITY IN

RETRACTS

P EL e FRLET

vormate dohydrorensse setivity in the worious fraciions
fron eollefrer extracts of ¢oils grown with nitrate ox

axygen &2

toeminel eloctron ﬂccepﬁar was assayed by the

pensmetric nethoed with methylone blue as acceplor as
described oB w. 53.

Fraction

Celis grovn
OIs

O, avolved
{.1/ur

Yrotbein

€ag)

pd '”"w?

&Vﬂ 3’9’%

_p@y m%

Carude axtraci

Fellot (1447)

Gopernatond
%144:

| Crude axibract

Fellet {1449}

 Supernstend
1445)

g
ﬁﬂj"

By
A iy

111
at

Zed
1.1
14
2.8
1.6
1.8

5044
73.2




TapLL 2VI.,

TIVITY OF PORBATE TER ¥ITH VARIOUS BLECTRON

- of G- ewolulion by formste dehydrugenase

; rarioty of elsetroa cecepiors was acssured
manometrically as dascribed em p. 53. Crude extrect
{4 mg orodein) wue used,

&oaaﬁtax Conen., | ELW ovolved |
{ut} K}M/‘iﬂ Jliiﬁ) '

Hothylene blue - .BT 129

| Bielorophonelindophenol | 1.67 23
Beonzyl viclogen G883 | 10

ELTR 0467 42
#6165 0.67 36
K0y | c.er 30
010, | X A 14
K10, o7 | 7

e

§ Hone - &




2%
rote of rorbon dioxide ovolution wes with the dye mothylene

bluve; iittle sebivity wes Yound with siehlovorhenole

indephenol vy bensyl vielegen es acceplors. Fotossium

sitrate wee sboud ene 4hird es offective an scowf

methyiene Dlue, Chlerste end bromnte cuhibited sbhout

Q}”t

hroemcuarbeors $he sebivity of nitrate. Perehlorate and

sodete wore reladively ineffective as scceptors,

fhe volodinn detween Tormste exidotion snd nitrote
sduebion is fllustrsted in Pigores 16, 17, ond 18, In
Figure 16. it i shewn that when nitrede woz tho Jiaiting
gubsbrste, nitrste reducedy nidvite formed:s parbon diovide
evolved were anproximately in the wutie 13itl. “hen foomabe
1imiting substerste s8 in She experinent rovresented
o 17, & sinilsr zesuld wou oblained; fovmade

sitrite formedt corbon dioxide evolved were in

. 123:1. Vhen chlorste was the only scvepier

{Figure 16.), sne pmole of carbon dioxide wes evelved per
mole of ehlovate suvpplisd, thus indicoting ithat chlorate
acted ss an necopbor Pfor formate dehypdrogenmation.

Pigure 19. shows thet the Michaelis constent fow

chlorabe was 2.0 % 1”"3 M,

e



DHOGREASE

assayed by wonomebtrie nethod

5

s CIRY S oy oy R BT AN S g vk & wneen
wpeh Flosk comltoinsd BNOQ8R PTe A bk ]

B

]

formnte and warying snoents of potessium nitrate. ﬁﬁ%
svolubion npd tobosl aliyite Tormed werde MEWIUrod. trndo

extrect (8 mg protein) was uned.
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FIGURR 17.

DENYDRCEENARE

snsyne setivity was ssseyed by monometeric mothod

dgreribed in text, Haeh flosk conteinsd sxecss ENG,
Fa

imiting amouvnis of sodiee formote, €ty evolution

3

[
o
b

5 botal mityrite fornmed were messured., (rudes oxtroct

{8 mg protein) wos uaed.
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13.

STOLCHIOHETRY F FOUMATE DEEIDEGGIHASE YITR

by wonenetric methol deserviled

¥ o Hhe . o " N . 3 S . . i e e s
in tewl, Taoh conboined exeens Lepnste and

limiting amovunts of EC10,. Gy evelution wes measured,

Srvde extract (8 ng protein) was used.
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MICHAKLIB CORSTANY REDUCTASE TOR CHLORATE

Double reeiproesl plot (Linewesver and Pusk, 1934 of
the velocitv o»f chlovais veiductisn deternined by the
monomebric sssay us deseribasd in the text at varying
concenirations of XC195. Cwvude sxiroet (1.8 mg yroteinm)

was used,



<{|-

14

K= 2.8x1073M

1
(s]

KClO, (mM)”!
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4., Inhibit udies.

The effect of various inhidbitors on formate dehy-
drogonese was studied. Figure 20, shows the effect of
ehlovate on formete delydrogensce with nitwste as acceptor.
Addition of chlorate at the same conceniration as nitrate
had no effect on the rate of corbon dioxide evoluiion,

»ut the production of nitrite from nitrate wus reduced
35 per cent from the level found with no chlorate present.

Table EVII. shows the efiecet of some other inkibitors
on formate dehydrogensse setivity with wethylene blue os
the acceptor. Formote dehydrogensse was inhibited by
azide (57 per cent), mepeerine (25 per cent), and PCMB
{52 pexr cant) sach at 1 wi, Inhibition by YCi was completely
reversod by adding 1 mM reduced glutathione. Thiouree,
potassium thiscysnte, end g-phencnthroline hed no effect
on the rate of formute dehydrogenation.

Table XVIII. shovws the effcet of inhibitors on
formate dehydrogenase activity when chlorete wes the
accoptor. Dithiol (0.17 mM) inhibited the enzyme‘ﬁompletely.
Potassium eyanide (5 wi) and gephenanthroline {5 mM) .
inhibited 92 per cent end 24 per cenl respectively. Hep-
aerine (1 mi), PCHMB (2 mM), ond potassium thiocyunte
(5 z4) inhibited 40, 70, and 3C pexr cent, respectively,

Aptimyein 4, HOONG, end rotenone had no effect.



TiBLE AVII.

IHRIBYTon: OF POGENATER SE YITH MUTHTLEEE BLUR
b %

The isfluence of inhibitors on ihe welivily of formmic
dehyviropgenase vith motlylene blue as eleclron seceplor
wae srapyed mamometrically as deseribed in Methodsz,

Fortienlate froction (1449) wos used with 1 myg protein

BOE ST

Inbibitor Conom, | Iuhibition
P el {#)

B . 2 s ssiic g i

i
]
o

fodies aside
Thiourea
g~Fhonanthroline

» ol
Fia 3

42

i s s
Hopooring

| p~Chioronereuribenzoate

pelEloronereuribenvonte | 1

~ il e @ " e [/ " F‘;'
+ poduest piuvtathione =

EETe | 1 0




TABLE XV1II.

FORGGENRARE YITH CHLOUATE A8
g

Fieet of inkibitors on fewxmate dehydrogensse netivity
in porticulete fraction (1 mg rrotein) with ACI0, &2

slectron aceeptor wns dedermined using the soaonBirice
asssy desceribed in Helleds.

 Bithiol D17 100
| peChlovomercuribenuoate | 2 70
Hepesvine 1 40

0.3 o

sntisgveds A 5 Lgfnl &

vetenone 1 U




PIGURE 30,
LORATE OF PORMATE DENYDROGENASE

vach flnsk contained 2 pmnle sodiun formute and werylng

e snd ohloweate as

evelution and tot:l sitrite formed vere messured by the

Amanriksd 1n the tont, Orude extract

{8 ng protein} vas used,
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1.4 umoles NO. formed

1 pumole KNO3 +1 umole KClO3

2
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in erder o varify the nitrate reduetase enzyme
itsell, it wes RoCuaosry 40 senerate i from the romt of
the cell~nembrone bound vespivetory chain, o the thyes
methods of solubilization atbrupied, 4we Tesultod in ihe
complete incetiveation of both ni%rata‘r@éumtasw and formate
dekydrocenase. These two methods vere alkuline incubation
after boat drentoont and ¢nld seotons treatunent,

The thirg bechnicoue, incubation with sodium deoxye
cha}a%e {1 m@fmg-yraﬁaia} ot pi 8.¢ fopr 20 minutes ot 30 ?

resulted in 4he golubiliisation of syound 70 per cond of

the protein originelly present in ¢he pazrtéiclas and o
) i ¥ ¥ ¥

govd reesvery of dbe sitrate reductass metivity vidh
reduced benzyl vielogen ns denor, Forante dehydrogennse
wes gempletoly inselivatea, hovevor, by 4his trecsinont,

Table XIX, sots out the deteils o the solubildsation and

purification sol

® v s FUTIR Fe— g ey . Lo o ey T
#e  Thls procedave rosuited ip & 56-fsle

e

rurification of mnitrate Foductage,

The solubilized materis? ¥az & elesr reod saluti@n.
A difference spectrun {dithionite reduced sinue oxidized)
indicated thot hoth ¢ =nd b5 trpe eviochromes wore ?rﬁ%ﬂnt.
The g type eytochrome srprersd t6 be loast uyan.ﬁurﬁhnr

purification by ammoniun sulfste fractionation, Dut the 1



X T

Coll-frer humogenaten weve provarsd as deseribed in Methods

Frootion ¥olume | Frotein | Tatal delivity | rmeskion)
(1) | (wg) | (moles di,"

2% ﬁéuﬁ"’}

ot

ik
]

-

, BUPSDe.
"ber cenirie
fuging cell={res homo;obe-
ates at 10,000 x g for 20 |
min i
2. 1447 = Pollet left after 27 | 850 380 0,45 2
contrifueging at 144,000 = :
2 for & hr resuspended in |
C.t B phosphate buffer {(pH 7.0)
Je Fraction 2 sdjusted e PO 510 - 1250 2445 16,3
pH 8.0, codiuve deoxycholato
1 mg/mp protein) sdded, snd
the mixture incubated at 309
i for 30 sing the mixture ther
comdrifuged at 225,000 z g
for 2 hy., Activity in
supernatant

4 (Hﬁ.)z B, added o
Fraﬁtiﬁu 3 t¢ give 305
snturstion, Ffrecipileie
disselved in C.1 ¥ phonphet
buffer (ph 7.0} and divlys
for 12 hr against the sane
buffor

g

s& | 750 | 8.5 56




D4
type cyiochrome porsisted., Dilference spectrn are shown

in Figure 21.

ihe solubilised nitrate roduciase was no Ilongeyr

netive with the naturel slectron donors, fersate ond

oy

#ize EBedueod benzyl viologen and meihyl vislegen

were hovever effsetive bydrogen donors, Ascorbate coupled
Yo TEIN reduced eylochrome g. bul not cytechrume [ in

the solubilized proparation (Praction t!"m\ This syston
s im&fféc%ﬁv& #s sn olectron donow. The aedivity of

the sclubilized mitrate reductose vreparsiion with

s

Wﬁ?i&%& ¢2$e von Gonating oystoms iz shown in Table XX,

The effeed =8 p¥ op 4he sotivity of the zolubdiiced
nitrate veduedinse with reduced benuyl vislogen ss lydrogen
donor is shewsn in Figuwre 23, Gptiosl sebividy ocvcurved
gt pit 8,0 with o sharp decline in vetivity sl the sore

F

seid sud alkaline pH values.

d a«

Pipure 23, shows the eifeet of time of roscticn an
the BVRE=nitrate reduction by the purified preperation,
Hitrate reducticn wes linesr with time for the first 10

minubes whon about 75 por cont of the substrste bad heen



TAALE XX,

ENLATIVE BYPFICLENCY OF VARIOGUS ¥

i DURORS WITH
SGLURILIZED NITRATY

ASE

tebivity of wmolubilized mitrote reductnse sssoyed os
deseribed in Hothods uwzing 30 |z protain per sosap.
sctivity with reduced benzyl viologen takon as 700,

e

fedueod henzyl wiologen 100

Eeduesd motbyl vioclogon 1o




FIGURE 21.

gF SOMBILIZE

P HITRATE BEDUCTASE

Pitbilonite rodused minus oX

fferente spevirs of
solubilised nitrate roductuse, (A) Deoxycholate solubw
ilimed preparsticn (Freaction IXI - 31 ng pretoin/mil. /
(B) 0=305 seiurstion seconium suliaete precipitate {¥raction

I¥ « 3.5 mg prodein/ml)e



0.1

_ o~

600

550

Wavelength (nm)

500

450

400



0.1

600

| \//\ |
550 500
Wavelength (nm)

450

400



FIGUEE 22,

LUSHCE OF pl ON HITE

Bneyme aebivity sosaved using the purificd nitrate
rodnctuece (Proction IV « (.14 ng yrotein) with reduced

wonzyl wielozen ns electron dopor.
L3 L
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CUBATION TIME ON PRODUCTICN OF

T oF IM

farified nitrate yeductose (Fraction IV « 0,14 mg proteind
incubated for times warvimy from ¢ to 15 minubes with
reduced boncyl viologen as donor ss deseribed in the

Yuoah,
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kokein Concentratioy

Pigure 24. sbowe that the reselion rate inereesed
linearly widh fnerensing cuwentities of BVHenitrode

reduedstt..

G.

Toble XXI. shows that nitrate was reduced cunantite
abively {o pitzite by ithe purified yrepsretion. The
Hichueliz consiant for nilrate wus 6.7 = %3'4 ¥ ap

% o g 12 L 3
eaicnloted from Fipure 29.

The effect of & verdety of inhibitors on the purified
EVHeonzyime i shewn in Fable XXIi. Dithiol (0.1 uf) ané
potossivwa thiocyenate (1.5 mi), apenis that bind molybdonus,
inbibited sitrote reducticn by 95 snd 79 per cont
rospectively., Amytal, Plericldin 4, vetenone, corbon
movoxide, mepoecrine, D-hydromyoulncline, and Z,2%dipyridyl
wore 21l witheal oftest. Chlownte, pezrehlomle, bSromale,
and jedate oll inbibited as they did in the ease of the

particuinte nitrate yeducing oysten,

Pigure 25, szhews the effcet om the vate of nitrate



STOTCHIGH

TABLE ¥KI.

REDUCTA

AT T

8Y SCLUBILIZED

The stondawd smpuy veing reduced benayl wiolozen

>

a5 electron donor descxibed om p. Y2 was used with

varyin: snouats of nitrate.
to go %o comsletion and nitrite formed detorainod as

dogeribed in Hoethods.

The recetion vog zlioved

Suppliod
{panole)

56, Preduced

" {pmsis)

ﬁﬂ3‘/ﬂﬁﬁ”'

$.0

F%, L)
S
(P

0.96




TABLE 3Xil.

R GF IRUInITons OF SOLURILIYED RITRAYE ARDUCTASE

Yhe effect of a2 wexiety of inhibitors on pelubilined
pitrate reductase wes determined using reduced benayl
viologen =@ olectron donor as deseribad on p. 524 D0 g
protein war wsed for oach soosay.

fahibitor

o]

HaCH

| pitkial
o~-themapithreiine

Sedivm d3edlyldithiow
garbopete
riue

Kirl
(103
KIG-

{ Andipyein A
NG
Amgtal

f Pdevicidin A
} Sobtenune

€

Y

| fwbyAroxyruizoline
22 tetipyrridyl

petiloromereuribenzoate

50 na/ni

L B
1
extraet bublhlsed
for 90C nec
5
10

SODOO0CC

20




FIGURE 24.

EFFECT OF QU

.

FECEHE ON BATS (F NITRATE REDUCTION

wiffovent guantities of purified mitraie roductese
{Proction 1Y = G.¥4 mg protein) were assayed using
reduead benzyl viologen as slectron donor 28

deseribed in the Sext.
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OF CHLOBATE ON SOLUBILIRED HITRATE REDUCTASE

Bouble Tociprosal plet {ldnsweawey znd Busk, 1934) of
the rote of nitrste redection ccourrving ob different
soncentrations of nltrote. Fotaszsivm chlorate

L9 = “’2@“3 #} vas added o one series of assays.
feduced benzyl vislogen wae the clectron donew, ond
surified nltrate roductese (Fraction IV - 0.14 mg

nrobein) vas used,



® No inhibitor

o 5x103M Kciog

0}
1
v
5 .
[ J
Kem(KNO3)= 6.7x10"4M
Ki(KCl03)=1.8x10" M
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96
reduction by the purified ensyme of adding 1¢™ -3 M K£133
40 the veszection mixture. This groph imdicates thai
eblorate iz o eompetotive inhibitor of ﬁhe.}&wifi&& nitrate

yoduetase. The ﬁi for ehlorate wes 1.8 = tﬁ

The Adstribution, purificotion, amd syopertien of

$he nitrite reducing syatem froem L.

osudt in dodedl bolov,

A & “& 3 A

The roculds in Toble RIII. show the distridbution

af niivite voducing setivity in eell-homopesaies. The

nomogenates were prepaved by passing the cell suspensions

{1 2 ecils/2 wl ©.1 B Tris-iCl, pi 7.4; theough s Froneh

o
pressure ¢oll at 20,060 Ibe nel© as deseribed in Methods.
In contrest with other domidrifyisg bLectevis such &8

o SPE e B

(Neik and ¥ickelas, 194662), nost

ii;

of the Hili, and veduesd benzyl viologen nitzrite reductose

setivity (movre than 99 per cont) wes found in the 144,000

% g superostent froctien, Lditile setivivy wes associeted

%5 4

with he paréienlate frection vhem uwsing either Rl

roduesd beusyl viclogen sz the eloctron donor, This some
ddsteibation sodtern wos found regavdless of vhetbew Uhe

eells veore browen by uitwasenication, by the Freneh-



PABLY XXi1I.
SISTRIBUTION OF KITHITE REDUCTASE IN CELL BONOGENATES

The enzyme cetivily present in the cell homogenctes
wnes asszrvoed anaerobically in Thunborg tubes using
WAML, er roduced demeyl viclogen as eleetron donor.

Dotefls of the standord asnay erve doseribad on p. 55506,
& ¥

Fragtion Totsl enzymwe units (moles
%O, reduced por 3 win)

weed bensyl
viclogen

hydregen donsry

1. Urude sxdrsot left altor A28 2000
| centrifeging i : »

: v homogenaste ot
10,000 x g for 20 min.

Ze 144,000 x g supsrestant 418 | 1500
left siter centrifuging
Jrsetion 1. for & b.

Y w g pellet dron | 44 : 300
Froetion : :




pressure coll, or by repeated freezing and thaving.

7]
4 -

abion.
The purification procedure for nitrite veductase

s outlined in Yoable XXIV, 7Tho colls were baoken in ihe
Freneh pyessure cell, ond cell debris end unbroiien colls
were vomoved by contriduging ol 20,000 » g Zor 20 minutoes.
The remultiny erwis sxiraet woo fhen cenbrifvped for 2
hours at 144,000 = g to give supornatant snd pardiculate

%

ah freetisn whieh sonloined wope

r cont of ¢he mitrate roductase setivity present

in the crude extract wus 8 with en 9awal velume of
i

.1 H potnssive phosvhate buffor (p# £.0) and cwwenivs

e

suifate nddod %o give & 73 ey cont saturation, The wrom
o & L

givitate wan vewoved by ssatrifusing fer 10 nminutes ab

Further ssounds of cowoniun

”

sidusdl soiutisn wnidi)

sont ssturation was reached., The precipitste woa colilocted

by cembriluging Fovr 10 minudes 2t 10

in 9.1 ¥ phosphate buffor (ph 6.0}, and éi&'ymﬂﬁ for 12
heurs agelpst larpe volumes of the same buffer, &ii
procedures vers cervied out et ¥, s @u;ifzcatjﬂn
yrogedure resulted in ¢ 160«-Fold puril feation over he

exude ountroct. aAny further cttoupits ot purificotion sueh

ne Sophedex pel filtration, clumine C-f pel sbsorption,



!«‘ B e S a g pet "
aabed cells wers sus
fxe&mcﬁ prasaure eell, ¢

apd proboin ﬁe%gmimu “';

Was ,«;;m
Am ol -m method,

L bnffer (R

im},; 5w radneed “E’mf:i» sae} 4

Ifraw&;mn Tfatxl Bomgne setiv :i%_y Revovors Prodein} ngm"uia Ao iig«;ﬁ Furdfie-

 {m1) | { meles L ' £ { moles ﬁi’) educod | ention
*‘;-f&':ew} in g m@ﬁﬁ gra;%im

1. Homsgonute 145 | - - = r‘ - -

2o Bupernntont 150 1300 100 4650 {3a 32 1

Iroction after

centrifuging

homogencte at

10,000 x g for

20 min,

3, Supernatant 110 5400 360 1210 2,46 Te7

froetion after
centyifuging

- Praction 2 o
144,000 = g
fer 2 h.

4, ¥Fractiun 3
giluted with an
{ anual velume of ﬂ.g
M nhw:ﬁmm bhatfor

I (of 6,0) end preeini-
m%ﬁ batmwn T5=505
satn with (N 1) 804,
dissolved in A K
shosphate bulfer

ph 6.0} and dinlybed for

3 Jsl.mn
12 by againet the same buifer

’), %3?{\

190

53
i)
%

515

160
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gr sboreh gel electrophoresis resulted in repid denature

stion of the anuynd 4311 Turther date repovled axe foy

the purificd preperotion unless ethervise noted.

?h@ suitability of o pumber of cleciron Gorers with
o ropse of oxidebionereduction peiend isls wss investigated
smd dhe rosulis swe giver in ¥sbie XY, Anprepriate comirols
gevre inciuded in ecch cace o oheok the pessibiliity ef @
non~onsyaie reduction of gitrite. Hedvesd B and weﬁuemé
honayl vielogen weve cound 4o be the most effeciive dcnors.
hon either Hillp or NADFE, wos used theve was o vesguirement

oy & Flawvie csfechtor Tor onuyne sebivity whieh covld be

met eswslly well by eithey ¥ad, 7N, er yibsflavin.

Zedneed mebhylone biuve was alse effective as an elociven

denor, Hydrexylumine bydroehloride, sdjusted to ol ¥

tely before uuo, ¥as imse tive, while veluced methyl
visiogen and reduged shenanive mathosulfate sansed & lavge

BONeCRRITELe. lasa s nitrite from the rooction mizture,

The offcet of verying the incubation 4imes on nitrite
reduction is shows in Figure 26, Periftied nitrite redustiuse
{0.2 my pretein) wos incubated Fox varying times up 4o

3¢ miputes with HAE, + + FHE as the sloctren donciing sysbem.



FLECTRON DONGRS POR WITRITE

See text for details of assey (u.

TABLE X5V,

35eb6]) .

REDUCTASE

Llectrxron Dopoy

kimﬁl
4 t@ﬁ{e ™
(M)

Weolative
aebivity

1oy roduetion
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= 100)

edos
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sdeead sethyione
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viologzen
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EFFECT OF IRCUBATION TIMED ON RITRITE REDUCTION

Hitrite reduetese (0.2 mg protein) wes imeubnted for
times varying from € do 30 siovies with HADH: e

danoy ne deseribed in dhe toxt.
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29

Bitrite reduction wos linesy with time for the first 20

5

minutes with only a slighd falling off over the 26 e 30

minutes peried.

In Pigure 27, the offeoct of pHl on cpzyme nedivity is

presented. Vhem R vae the eleeiren donor, eptimal

nitrite reduction seeurved at pi 6.0, A particularly
seried loss of cetividy wos ebserwved st lower pH values,
The date czhow that the optimal sectivity with reduced benszyl
vialogen sz elesclvon doper ccourved belween pi 6.0 cnd

its setivity for 2% losst o year.
for 10 minutes wesulted in & 75 por cont loss of sebiviiy.
The suzyme was completely imsctivaied by beiling for S

The resulis of ¢ monomeiric wssay of gos production
by the purified ensyme sre depicted in Vigure 28. Varburg
penomeder veasels fitted with dwo sidowarms vere used 50

thet gos absorbents could be ipeluded., 411 {reciuents



RE 2T,

4

Bitrite roducdsse scbividy ab verious ph value wes

%

% {‘:;’i‘..

2 . . —
dpternined wid

s the slectron douor. Details of asssey ave deseribud

in the dexi.

veduoed haneyl violegen
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A% PRODUCTY
Benomebrie sssay of mitrite reduetlios by seluble
witrite reducicse, Reaciion mixture conaisted ol

5 gmoles NAMMg 0.2 mole PN

wa

pitrite reducdase (0.2 wp pretein)y 4.1 ¥ phosphate
baffer v 4.0 to 3.0 ml, G.2 m1 200 (¥/¥) EGH wos
pleced in the center well und 0,4 w1l sikaline sulfite

solution or G.2 nl u@a in o pidesym.



100 .
o Complete mixture;

water in sidearm

x Complete mixture;
80— alkaline sulfite in sidearm

e Control; boiled enzyme

Gas evolved (uliters)

0 20 40 60 80 100 120

Time (minutes)



100
ineluded 0.2 ml of 20 per cent {w/vw) HCH in the conter
walil to shserh any 00s; thal wight be fovsed. Liosesr
nroduetion of gus with time, ssuivelont $0 sbout 4 uwncles,
scevrged in the Llssh o which water wez the enly sbooshent,
Ro ges accumiction sieurred in the flashk whieb contained
Godt w1 of alkaline salfite solution (20 per cent {uiv}
NaS0, im 2 por cont {v/v} BOH) 4o wbsorb nityie oxide
{(Tranduvell and Hall, 1942}, This sbescrvadion suggests

=

that pidtric oxide was the enly saseous product fermed.

In Pigure 29. the vesulis of & similsr exporimont
nafing purificd enzwme s showa, bud in this cage ihe
smas spoetrometer was uveed W@ sisivae the gas groduced.
The masy speetrwn of fhe ghass prasent whop valer was
inelvded in o sddo-szs of the resedisn vessel Is shovn
in Pigure 29z, The major gus produced was of sass 20
with mope goz 21 smoss 44, Pigurs 2%2b, shows $bhe mosn
spoctrun of the gases pressnt vhon the side-orm econiained
J.4 81 of aikeline sormupgencte soluitien (0.912% i ﬁﬁm&$ v
im 1 # XOH) which is an absorbent for nitric oxide {Anderson,
1965). In this cose most of the sos with & mess of 30
bad been absorbed. In Fipers 29¢, the mose spectrum of
pazes {ound in the reopetion vessel whea 0.4 md of 20 per

23

eent {u/v) BOE vas ineluded in $he side-srn iz shown.



FIGURE 2%.

PROGAICTS OoF BITRITE 8

Meas spoctrometer assay of gassoun products formed by
siteido reduclese under sacexoble condidione after I hours

incobetion. Losetion mixture conisined 2 pmole NalO,,

ey Uu1 pmole WO, parified niizite vedusrbsse
{G.16 mg protein), and G.1 3 phosphate buffer (vl 7.G}
te 2.0 nl, Gog absorbents ineluded in s side arm vore
(4} 0.4 b wetery (B) 0.4 wi 203 (v/¥) Boilg {C) 0.4 al

sikzline pormangencte solnution,
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Heayly nil of the ges with o mase of 44 ves abserbed,

sugpes=bing that 1% wns 00s. The producd i moeg A
vos nob shboarbed by EOH, Little nitrogen gas {ross 28}
ma found showe the level ef 4he contrsln in zmy of {he
thrse trootoends.

In Pigure 30. the products of the reduction of Vo
1aBbellad pivride by vestine whole eells mnd by ihe purified
ersyme sPe comparsd. The resting viele colls rw.zm::xﬁ

smees with sacses of 44, 43, and A0 cerrespund

My o, Ml ama ﬁ%gwg peapectively in sddition to

&

0 e

osses vith meeses 30 aand 3 ia 5O and §§”$ﬁ ‘7 The
vapified syoten preduced lerge amvunds of gos with oeas
manber of 30 ond 31, but very 1i4tle od mmuses 44, 45,
and 46,

Those dobe indiccte Lot vhile whole cellz wreduce

s

séiride 4o mitrdc snd sbtwous omides, ihe purdfied

aitrite

reduedase produces only siirie oxide.

The stimulatory eftcet of flavin comfactors i chown
ip Figure 31. Ridteide voduciosr wes sesayed with Efa‘r‘ﬁ*&

25 the cleetvor domer vith vorying socends of |

or yibollsvin., No sedivity ves delecied In 4 _
of ¢ flavin compound, Honisel zm'%zivi%y with any of Y

ihese finving ccoureed ot sboud T with no furtlug



FioUne 24,

PRODUCTE OF BYTRITE BENUCTIGH

Hess spectromoter assay of paneous preducts foamed by
vesting vhele ooils or egll sxlvscie from iﬁﬁu&abai%a&
B B, {31.3 stom ¥ enriched) under sonevebic conditliona

after 2 honrs incubation,

Ae ¥hole nells

f. Turifled nitrite veductene

Gpen barst  dest wsiterial

3elid burss controls
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RETRICTASYE ACTIVIRY

Eitrits reduetoze setivity azsayed with worying amounts
of onxogesous Yiavie compounds from O fo 0.3 mi,

Standard sopay ocarricd cut as deosecribed im the ftext.
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FIGURR 32.

MICHAZLIY CONSTANT 0¥ RYvsy

. VR FLAVIH

Daubls veeclproesl plets (Linewsswer and Durl, 1934}
of the yodo of nddrite rveduetiom weraus the concentyraldion
of {isvin cowfaebur. DBelpile of ameny ave pgiven in the

Sexb,

A. UNR

&

Ziboflavin

]
»
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gtimulztion up do o voneentration of 2 = %Qﬁg e
Hichaslic conztonts of nitrite roeductase for sach of
the ihrese eco=foclors were calenivbed from the double

recigreeel plots (Lingvesver end Busk, 1934) sives

b
W ON

L 3

figare 32. 4ppurvent ¥m wolues weret 985, 1.7 = 10 M3

| s . )
PAB, 1.% % 107 ¥ ridoflewin, 2.0 x 10™

The apparent £ of nitrdte veductuse for its sudsivete
st

- B = " T A
was caisvleted Yo o in the order of 107 K niteite fren
the double recipiroenl piot shown in Vigave 33. whewe She

~

raciproeal of ithe wvelocidy of ndtrite veduciisn is

plotted ngainst the reeivrocnl of nitrite concentration,

Table XXVI. comporves the anount of R&ﬁﬁg surpiied
with the aseunt of nitwite reducoed. The sotie of nitrite
rednced to A, supplicd wns close %o sne. Uheae dele
inticate hat ons wole ef BAlfl, 1o cxidised por moke of

nitrite reduecad,

In Table XAVII, the ameunt of nitric oxide recevered
in alialive permangancte soluticn by the weithod of
snderson {1965) is compored with ithe spount of niivide
utilized. ¥or each mole of nitrite reduesd, close 1o one

wole of pitric oxide was yreecovsyed.



TABLE XXVI.

STCICUIeNs

Y OF MITAKTS REVUCTION WITH NADH, AS DOMOR

londard sssey sizture ss glven in dext, bul varying
anounts of NAUH were used as sbown. All #uoples
ineubated For 30 =in,

- WAl supplied 93*'%” voduged Whe fRADH
{rmoles) : maoles)

]

s il
;':

e

o

-4

Lol el




TARLE XXVIL.

WITRIC oXIDE PLOBUCTION BY NITRITE BopUCfasnm

Nitric oxide vroduced by poerificd nitrite roductuse
{2.15 mg protein) weing Teduced beonmayl vislogen ag
alevtron Jonoy was ssbivwded by the alkaline
permenganete nethed deseribed on p. 61,

 Hitelte rodueed Ritrie oxide produsad
' {puolis) | {peole )

1,045 0,990 | 6,94




FIGUsE 32,
AT OF METRITR

HICHATLIG Conny

RITH

izresal plet {Lineweaver and Doek, 1934} of

rate of nitrite reduetion wversus concentratien of
sedium nitrite. S¢anderd sssay sysiem es glven in the

texte
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Ke

Toble XXVIII. szhows the offects of o rome of
inkibitoys on the purifisd ecnzyme vhen %@ﬁﬂa or pedncoed
sensyl vidlogen way used us the hydvegen donor. Fnsyme
setivity was shrengzly inbibited by netel cheladine agonds
such ps 3§&ium>@iatﬁx%éithiaearﬁmm@ta, votessimm gyanlde,
4 2%digyridyl, geobensnthreline, snd hyivewxvseineline

wien cithor %@ﬂﬁz ar redunced bensyl vislegen was ihe

bhydregen donor, ﬁ%en.%%gﬁg was b cleetvon domer, sediwm
diethyldithiocurbouate (3 w¢) inhibited pmityite roduction
by T poxr comt, Althourh neehloromereuribonzosie inhibitoed
pitxidte roduciicn dy 80 per eont vhen %&ﬁag wes Yhe elegtron

denor, §t 4id net inhibid when reduesd benszyl viclogen

The lohibidtien of MAME =~ziteite reduciisn was

&3

revorsed by obout 70 per cent by séding an equnl copconts

i

rabion of reduced glutatbieons to the renction nisturs,
Mepacrine (1 nif) fakidited nitrite reduction by 30 per
eent when HAMllp waz the elsetvon downor, but hed me offecd
with vadueed henuyl violegen az Josor. Hydvoxyismine
brdreckleoride, sdjusted %o pll 7.0 immedietely before use,
inhibited nitrite veduction by 0 por cont., Hitrate,

chlorste, thiosulfate, sulfate, zullite, and arsenito sech

&

X bl po effset on nitrite reduetion, $hess datn

W

suggest that & metai(s) and sulfhydryl groups ave of



TABLE XXVIiX,

4.":

NCE OF IFRIRITORS OF W

The efiect of Inhibitors on enzyme scilviily wes assayed
using the stapdard teelnignes es »z;wrw**ibm* $% Methods.,

The inbkibitor wan incuboted with ihe oneyme for 19 min

before starting the recetion.

: PUSIFIED BISHITE 2opulessm

Kn&.mi* ixm
Iahibidor Fioal

conen, Hﬁ‘mwwi} o

et | BYR

i J— T —

| Sedian dlethyle

dithdocurbamate
e

§ 26N

£

&0

% g2t nyridyl

Phonanthenline

Beitpdvonyreinoliine

§ M%armmm&mﬁmte
sl alorenerenribenzoste §
+ sintathione

Aepserine i

dydrerylanine - HCX
{pRt 7.0)

ledo-sootanide

 EaF

guinine

Ampbal
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impovtence in nitrite reduction by this enzyme.

LA Kagﬁg Gxidaso rebividy.

The lovel ol Radil, exddose sobivity in the various
fruetiony during purificeotion was sapeyed. The obilidy
wf the parified syvien to oxidize HAM, soroblesliy ves
suewdontih that of the erude oxtrascts ohile the nitrite

vodueing sctivity wos increased 160-fold,

Sinre tha inkibiter studies indlested the pevriicipe
stion of 2 metel or metels in nitrite raduetose solivity,
the effecs = prowing the orzopisa in meteledeficieont

5 #

R T e oy
witures vas ifpvestigeded. Yeble 3K

-

i

shovs the effeeh
of iron deficieney an the spsyme aclivity. Crunde extrneis

srepared frem colils that bed besn subeeultursd five tdmns

in iron depleted enliure medis weve sssayed for reduciaso

aebividy with HARI

il
o

or reduced benmsyl vielegen as elsolron
donors., Altbough the total yisld of cell smen vas maéﬁ
poduced in the defieciont eculturesn, 1littls offvel wan
observed on the specific netividy of the onzyme when HATH,
vae the eolactron domor. ¥hen redueed benzyl wviclogen wvas
the Lydrecen donow, the specific sotivily of the emzyme

wvas higher in the iron-~deficicnt celle than in normul omes.



TaABLE REIX, ;

i

SICLENCY O NITRITE REDGCTAS 7

AETIVITR

.

Cells wore suboultured 5 times in ivon deficlant nedium
{dopiotad of iren a8 descyribed iz Holhodsje Colls fron
an 13 hr eulture wevre ecollected, wveshed oxd byoken by
ultragonication, 7The setivity wes assayed in the arude
gatradhe

s p= . . - o .
o E o - s 5 - o . 1
Ssmple Eleetron | HG, reduced | Irotedn | Spesilie

dorer | mpllelos/ai/ mpimd | eetdvidy
3 pie :  apmalies/

Yogedefictont 1 HNepy |} SO0 L 5.6 150

Coopletbe Nasi

| Yemdoticlent | w¥H 3600 5.6 | 633
B0

o

Complate bk 431 3 o0
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Some motalwprotein complexes can he dissecis bed by

diniyeis againot HCH or other metal chelating ngents,
apcerdingly, nitrits reducinse prejamtions were Ginlysod
fox 24 houra ngainst 5 oM KC¥ or § & sodium éisthyldithic-
porhanato. The shuyss wetivily ves imhibited afber sueh
Aielyaise but vhen bdhese srepersdbions were furihor dinlyvued
sgeinsd G.1 B ghosphate buffer (28 7.0} activity wae
roestoved. The medel shelator unould be dialysed away
withous sffecting the setivily of the eunzyme,

The procedure for iho remeval of astal prosthedin
groups secopding to Kebowits (1938 was slac cervied out

nE ﬁe@@xibeﬁ is ¥othode, Afber tresiuend with 20B Pollowsd

hy dlalysic egeinst 0.0 K Tris-BCl tusffer (pit 7.0),

pitrite reductass setivity was deoreased Ly 50 per cond
when tho WADN,»PEN systen aeted as electyon Junoy apd 20
Ko

e s s b O T e T T T P R
pop cond wlih reducel bonsys viglogss a8 sireivon LonOY,

o

5 3 e > % ey ‘*‘2 s +:}0 e +3 el "E# . ¥
Addition of melnlsz {ﬁm", u "y 0 4 F8 7y o' Ty OF An%g)

1o the treated emayme did nwd, bowevsr, reslores setivity.

5 oumbey ¢f sromndie nitro-conpounis voxe testod
for inhibitory activity on uitrits roduciese. Fahle XRX,
skows Mot o punber of these compounds ware strongly

inbibitery. Iin Figure 34. doubis recipieeal plets of the



BFPECT 07 ARCHATIC NITHO-UONFOUNDE OF NITHITE RE

Hgandapd NADH .00 pidrite Teductese svsbens wes used
us deserided Sn p. §53 0.1 0k of 2 stunted noueous
solution of oseh esmprund wes added lo the roseltion
minturt.

Sunibiter Tnbsbitien (2))

A A=Dind dronhenol ' 49
§ o-Fitrophanol A at
| it trophonol | 30
! p-kitrophansl ‘ 44
2 o Bmiiind trophencl A 44

{ getinitrohennone a4
| S— - sl




PIGUTE M

¥ OF %x,‘é"“‘«.&ff K:;;: & CF’Y; e ’;w%«,in

O NITRITE neplcTasy sCTIVITY

psuble roeivreeal plet (Limeweever nnd Burk, 1934} of
eate of sitrite veduction 2% varying concentrations
af Ho K. Sitrophensl {107 -3 Wi wos odded ¢ sueh
assey of ope ssries, HAlN, wos electron domnor.

tedsile of sesaey sve miven in the toxt.



0.20

o 1073M 2,4-dinitrophenol
x 1073M 2,6-dinitrophenol 1
v X
0.10 - / >
X
/ o
%°
l | ] | ] ] |
-15 -10 -5 0 5 10 15 20
1 No; (mm)!

(S) 2



FIGURE 35.
WLyNE OF NITHITE REBUCTASE ACTIVITY

Pouble reciprocsl plot {Linoveswer snd Burk, 1934} of
rate of nitrite redueddon ot werying lovels of He Hi,.
nelindtrobonsene wvas sdded at two levels., Details of

asgay are given in fewt. WHADL, ves olectron donor.
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L DERIVATIVES ON

HITOLTS REDULTARE A0TIFIT:

vouble reeiproesl plots (Linevesver ond Puwk, 193]

of rote of sitvite vedueiisn ab verving levels ef

in éé‘?i{;*z.. Alivhatie devivotives of I,4=dinidtrophensl
{5 = ¥ - ) were added 5l each lewel of nitrite.

Mondard sasay e given in foxt. hm*ig wng the donoy,.
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(]

No inhibitor

2.4-dinitro-6-(1-propylpentyl)phenol

a 24-dinitro-6-(1-ethylhexyt) phenol .
x 24-dinitro-6-(n-octyl)phenol 0.15 |~
o 24-dinitro-6-(1'-methylheptyl)phenol
1
v
X
0.10 [~

NO, (mM)"!

B



FIGURE 37.

2RI TROPHERGE, DENIVATIVER

O BITRITS MUCTASE ACTIVITY

Bouble recivrocsl plote {Linewesver and Surk, 1934)
&f ibhe rate of nitride reduciien at wurvisg laowsls
of ¥a NOp. Gtenderd sesay wizture with ¥idHs es

plectron doper won used, Alipbelic derivaiives of

2,8~dinitrorioncl (5 x 10~ %) was added {0 one sories

of nsseys.
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No inhibitor
2,6-dinitro-4-(-propylpentyl) phenol
26-dinitro-4~(1-ethylhexyl) phenol
26-dinitro-4-(n-octyl)phenol

2,6-dinitro-4-(1-methylheptyl) phenol

0.05

0.03

0.01

s

4

- -1
NO2 (mM)

10



FREURE 38,

HEDUCTION GF 2,4w01NE

HOPHRENOL

fete of rofuction pf 7, 4=dinitrophencl was folloved

%y EE

tometrieanlliy 2% 400 nw. fesetion mixix

goniadined 8.3 wmole h@ﬁ,‘, L.08 mole WH, 0.13 wmole
2, dedind trophenel, ©,1 ¥ phespbate buifer (phl 8.0)
3.8 0, and sdizite reducluse thelt bad bLeen vatrecnted,
boiled, or aeld demstured, The peaction wes carried

ot spserebicelly in Thunberge-iype cureidas.



Absorbance (400 nm)

1.0

0.2

O Nitrite reductase
x Boiled nitrite reductase

® Acid-treated nitrite reductase

2 3 4

Time (hours)
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affeet of Z,4edinitrophencl and I,0-dinitrophonol on the
rade of pddride reducbion ad wvorying lovels of ndtrite
8¢ presented., The &,4-iiniirosphenol irhibited the snzyne

compeiitively vhile 2of-dinitropbonol wvas o nates

ruatitive
inkibitor., 4 similar plet for gedinitrebenzene at twe
concontrations iz givep im Figure 30, vwhich shows & 0o
potitive fype of inhibitien. In Figures 36. wnd 37. the
inkibltory effseis of sltvopbensl vowporwnde vith slinhadie
spbegbitummis are showve. These derdvetives oxhibited cone
petitdve and nonecoupetitive inhibitions ¢f the ammywe
in the seme woy 2o the parent compounds,

txparinsmts were porforned o sseertain if the 2,4=
&indtrophenn) wan reduced by the coeyee system. Flgure 32,
shove $had 46 was reduced in the systen, bud thet notive
nitrite reducdare wun nod pocnsssny for the rauction 4o
take ploes. The resction yote £id not deoraense vhen the
snzyme wsod hod been denpdured by boiling s scldstresntoont,
tnder onnercbic conditions is the light, Hamii, (G.15 i)
rofueod IHE (0014 nH) chomieally ct an indtdel rote of
4.5 mumeles/minute 2t 25° in G.1 ¥ phosvhute buffer (pi
6.0}, The 2,4=dinitrophencl scted ve an aeeeptoy for
sleetrons for IHE which bod been reduced oither chemienlly
or enzynieslly,

Thios the inkibitiorn of niteite soductane con be
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abdributed to o compedition for vreduecing nover betwson
nitrite which is reduced onnveieally, and 2,44 initrochonol

whieh in zredueed chemically. 7This is shown in the scheme

snzynie

-

N — B0,
2

o5k 3
ﬁzwn

’ M
chenieal J/

¥he preduct el the wveduction of IZ,4-dinitrenhencl

v

ooy on o8 eael 8 Tues  sw % i Qo 2 o a0 B g
s deberoined by reseting the niteorhenel

anserobically with ¥HE 4hetd 2ad beoen reduced with pdizogen

3 maberben.

ng snizture ves sspersied
by thinelayer ehyomstograpby on silica gel plates using
bepzensegthonsl (911 by volume)} az the solvest. In this

. 2 ' - P 5 T o 2 S o & £
srsten the N remuined 2d $he ovipgin and two products

sigrated at Aifferent vades, These spobs were seraped

@ pietes and dissolved in ©.1 M phosplute bBuffcy
{zf1 7.5) and their sbuorpticn mpectra compered with those
 suthentic Seentpewdeniizoobonsl nud Zwnidyroeferninom

vhensl, The ultreviolet zbsorption sroctrs sre sheown in

Pigure 3%. The mrectrum of the produch and slso its Rg,
value (0.65) were fdenticel with that of autbentic Zenminge

4enitrophenel.



ORFTION GPECTIA OF 2RDUCTICE PRODUCTS

&

$F 2 A=DINITROTIHOL

vroducts wers sluted {rom thinelaysr shrepalogyen as
deseribed in the texdt and dissclved in U.1 ¥ phospacte

waffer {pB 7.43.

1. Authentic 2e-amino-denitrophenoel
2, ¥Past moving bend from thin-luyeyr chromctopwran
3. Authentic 2,4-dinitrophencl

4, Blow soving band from thinelsyer chrommdogrss
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BIS{USSICN

E.
slectron sccopder ae shown by ite good growih om nitrote
asdium nnler cnporobie conditions., YThe erpasism coanot

@

BECH @ysi&ﬁﬁgnﬁaﬁiv@ processes, hoveysys; thus there is
ao provih wider ancercbic conditioms in the slisence of
nibdzate,

Hitrite cornot substitele for altraite as the zele
terpinel slcetren agespboer and #41) met support smacvobic
growbh ever vith vory long ipeubabisn periede. The
possibility that the laek of grewih ua piteite wmight Yo
due to its tozic setion om the vells satlwy than 4 ils
inefiieiconey os Serminel clectron sccepior must be
copaidored. Thiz seens upiikely, hewever, sinmce niirite

is smerebed inte the wmedium ot Ligh concenirstions during

anserodic growil om miteste withoewd affecting the growih
sads of the eells., Vhon the oculiuves vere groum aoxobie
eslly in ¢he absencs of pitraie, sediun alirite added o
the mediws bhad ne offect en growih up o & conceptration
of 2 em/1, » concentroiion twice 4hat mzed in the

anaerobic §31$ﬁ¥ﬁ$ thed 7ielded no grovth. This sboer-

vation is in contrast with observaiions on licrocoecus

o which grovs under cmaercbic toniitions



3

W

14k pitrite as the zole terminal ¢leciron acceplor

{i&ﬁﬁi, 1 %ﬁi}} -

Yrenervodion of long ternm stock culdurer in a dehpdrat

state on ashydrvous silice gel proved de be su eflisient

wey of weintaining viable cultures. An sdded cdvnntege

A R g il cny s B " X AL =
ef this tesbolone wes thot 1% avoided the neeeseity of

fyecuent suboultures nad the attendant wisk of sitrain
wariction ovey exbtendoed porieds of time due do possible
matations,

Vhen the culiures were grown shuerobieaily inm deep
culteres without Subblise with nitzogon, vigowous gus
production was sbrerved.

b0 identlfy

Exporimonts vere coviicd oul

—_ e 5 1!’ x g 2 =
these sopeous produets. Yhem “Helabelled

nitrete was the electron sceepbor for actively grewing
culdupes, nitrogesn zes wos the selor product sloag with
amall cusntities of pitrxous oxide and traces of aibrie
onide,

Ritrous oxide hoso been repoerted ns o major product
of doniivificstion in s0il (¥ijler and Delwiche, 1954}
slthoush it is probably not niilised fuxthor is bacterisl
sotobelisn {Sacks ond Baxker, 19523 Powson nnd Nicholaw,
1961c}, Ube Auts reporded herein emibsblish that o smell,
but apprecisble guontity ef aitrous oxide is formed Iron

aitrote by actively groving culiures of i.

iy e

od
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fhis productien of nitrous oxide from nitrate may help
4o pescouns for its cccurrence im soils.

Yerhooven {1956) juestionsd the role of nitric
aride 22 & novsmel intermedinte in denddwificadion., Ke
observed produciion of nitvic oxide saly fron celle
suppiing with ndivite oy fyom aged eoils given mityate
or pitrits. Freshiy preparod suspensions of k. depitrpi-
Lirens produced mitrie oxide; ncidvely growimg culiures

aduced troces of pitrie exide Irenm $$wniaha12@ﬁ nitrave
a3 dotcebed by the sensitive mass speciromobric nssay.
Nitric oxids bos been asteblished as dhe sale preducd of

nitrite reductase in g, g o8 digcassed in o

loter ssctien., Poth addedic wnide sad pidvons oxide thos
appoay o occur &8 neenel bub zdoor products of nitrate

reduotion in this boctezius,



The orponion wos oboerved to grow well with elther

oxygen or vitrate as the dterminnl eleclren socuptow,

e,

firowth in 2ir pave aboud 23 per cont prectey yield of
geiles thon did amnovobic growidh with altrate.

It hos bBeen shown thet enxbohpdrate melabeliss during
denitrification differs 1itile from thet cteurring during
aepobic mrevth (Spsngier end Bilmour, 1946). Thes i ve
nspume complete combustion of glucose i nitrate resuiration,
the oncrgy vicld to beo expected iven nitente rospivstion
and pwygen vespiradion are as shown in the following
ecovadlons {Tehoboshi, Tonipuchi, ond ¥goni, 1963)%

Hitrate rospirations

2%1&;@2 + 6&2& + 12E60, ¢+ 422 honl,

Unygen respirsiions

ﬁﬁ§*2@§ * ﬁa%-——? ﬁaﬁg 3 ﬁﬁgﬁ e 574 enl.

A lover yicld of vells cap be thersfore
supestod froo grovth utilizing nditrste vespiretion, fThe
decxroased yield {rem culiures groewn cnaerabically on
nitrobe &s wlso im line with the proferonce observed in
cenitrifisrs for oxygen respirvation over nitrate rospireiion
{(Clisng ond Horris, 19623 Skermen and lHeeolfioe, 1061),



¥
wh
2

It is of intercst to cbserve the effect of the

torninal olociron ccceptor on the tumposilicn of e
electror trensfer chein., The electron tranzfer syaslewm
im ceils srovn wnder sithar spasrsble o serobie sondidtions

sng bound to the esl) membrone frictlion snd contuined
eyhoehranes, flavin, and auinone os intoraadiory olectron
corvisrs. This obseorvation ir in agvecmend with those ia
other bocterie., Imith (1968) gives the follouing genevalized
sehene for eleciren dranspordt end phosphervietion in

boaoberiny

SUBSTTRATES

Bebvdrogennaes— byo, and awbype — fmidpsen — Uy
evhochrenes 2
Srpople oihor inbarmedings
including sloctron earriors
EADIL, ) \

Crioohirones gy Bny By
Plavoprobelng -

Iincrgzenie :::::: *_
W oy
&»

D

Bug
Grpandc acids

"

ADR & ¥ i AT

These enuymes and sorviers are bound %o menbrasnous otructures
in such o way thut slcetron apd enorgy transfer reactions

oceur papidly.
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in cosmon vith many other Locteris (Smith, 1963)
o number of orbochrome compenents ave comlained in the
pcell peobrenes. Cydochremes of the 5, By &, and g tWypes
wawe been cboerved in SIfercnce spegtrs of whalo cells
snd their extracis. Comparison of 4he difference specize
of coll sonbrape preperedions shoved Shad he eleciven
sransport systems oresest in sovobiesily and annovsbieslly
grovn golls differed in coumpeeition both gualitatively
and guantitatively. Cyiochwome g wse presedt in cells
n in oir, but could met bo detoctesd in nitrale-growm
enils, Total eviochrome comtent won iperenssd obowd 30 pew

cont when eeollsn wore grown on mitrate. Cytochrome L end

eytocliraas g iney 4 by TH por cont apd 20 per cent
rospectively in colls gprowm saserobically with aiteate,
Visvoprotein eonlent was oleo increesed by smnevobic growdh
on aitrate, vhile guinoue content wue sbout the same in

coila grown with or witheut sir.

malian vospivetory chaln the eviochrone
content iy constent in proportions of sbout 1 @ 1 {Klimge
enherg, 1942, The bocterial clestron iransport systen
sppears %o be leses wigidly srpenised and changes in the
eompositicn of the slectzeor twransfer chuin secomponylag
veristions in growih conditiona have been voported in other

pioreorseninns, In contrast to the resulis for [, denitri-
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suygen is necessary jor the predection of eripe

civonrs in sone focsltative sicroergscdsms. The soylochyons
suidase and eytochrome ¢ contonte of smsorobicelly prown

pakorts pesst are wery lov (Dolin, 1961). Ia Hg

oy
ARES

ditie {(Downcy, V964) and Jp {inzieaberg,

Levy, and Gibor, 1254) syicshrome content vas deprossed
¥ %

by snecrobic conditioms, Febasifer {1932} obssrved that

in gorebisnily grows Begill

s Bokgus, cyiochremes &, I
ané g weve presest while im spoercbic eells, eybochrome B
was roduerd to 1730 of 4he soount in cells gwows in alw,
and erbochpenses 5 and g were complotely sbseni, The
bvioayuthenin of eytochromes ls deypressed in snoerobie
cuttures of Slepbvlogogcys epldernddls. Aerchicelly grewn
colls eontain cybochromes g, By, snd g vhile thoss grown
without sir coninin snly txaces of oybochromes Dy snd g

{Jsvobs end Contl, 1965).

2 gails prown

in nip voduced nliwate, while thoese growe sosevebienlly

236 not, owen $hough nitrete reductene itsell vas present
and was sciive with ardifieisl oleeciren dopors such ae
rodussd benryl vielogen (Juectan, Jolswdges, and Deibel,
1963). This oboervation wus exploined by the hypothensis
4het tytochrvome curviers are nesessary for nitrate reducilon.
idded hemin stinmulated eytochrome production and clec the

ability 1o rodoce sdtrate. Exorsnous benin had po elfeed
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Bevever su nitrate redugtion Ly F. mm Enclh.

gn nivyate conlelins Jons oylcchrome oxidase
aerobically (Downoy, 1946).

In othey slersergedons sasovebie prowih lsads do
an imersase in eviochrome vombent., ibite (1062) roported

thnt oyiechrome content in Bgpeni

inersased vhen groen spserabieslly on nitrase. In i,

% 40

zae o421 eyiochrome, oyboebrome B and eybochrons
& wove increased by cnaerobic provil an nilyste {Ferrs
aod Lascelilesn, 12653 Lanm, 1262),

fish copsendtraticns of vhiovisene were found in
Thip sbzervedion

iz in agreement with Mt of Pege gt 2l. (1560) vhe found

Wl n@»ﬁ

eellefrer exiwocds of £, deplizif

1.20 puole of ubdqulsene/gw dry weight of anovobieslly
prown eells which they fdenidfied as uwldavinone Hqne
144tle difference was ocbacrved in the vhisuinone
conbent of ecolls geovn aervbieslly or amcerabically with
nitrate. This Ep in agreement with bzerestlions n F.

in which vbicuinome conmbent war sboet the cume whatiher

. E e

ppds and some sirales ol fze

the gelles vere growe with or withoud afr {Eimay, Poandyn,

-t & P

snd Ting, 1962). In othsr picroorgnnisme such ss Hgachon




i16

soyevisiae wrd [seh. ggif B4, ubiguipnoue coniteni is

eappressed during snsorobie growth {Lester end Cenme, 1999},
Broteria may thus be divided fute twe groupss

{n) those vbich vhen sreun spaerebiesliy switeh %o »

griselrony indopendent syaten of eneryy setobolims, and

o

R} thoue whieh whon grown sssersbicslly oo mitewsie wiilise
the sane sord of evisshrose comiainipg sleelzon transpors
syshem that fo present in sercbic aslobelism, sni indeed

5

sypibesise lorger amounds of these eavviess. Blixate

thar arpears 6 cerve ia L. es the bexrwimel

ncespbor Tor 4he sene sord of elsctron trousfer chain g
seeurs in servobionlly geown ¢alls, wnd the organice say
thorefore ho placed in proaup (B).

Cyiochwome b contend of the cells grovm anserobically
ar aidrads wen inevsnsed TO per cend while eybochrons g wos
inevsesed only 20 per cent. 4 bas bpen segsesbed thai
in sepe sieroorgapises eydocicome g i2 fwvelved in nitrite
soduetion {Cole, 1968 lam, 196%), spd io these casos ihe
eviechrome content of eells provn vith zmitrate vas greally

inereasad. grown ansevobiccily, for

excople, eytochivome g conlent vas move than dowble thetd
found in seroblesily srewn cells {len snd Hichelss, 1969).
“he conclusion thed evicohromos are nod invelved in adidrite

whivh dg dlasenssed wore
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fuily later, iz supporbed by he relatively small ineroase
in eybochrose ¢ conbent obsedved vhon the ovgenisn is

grove asnnercbicaily on nitrale.

The irwel of Hitl.—aidrete voducdnse setiviiy in

cells grown vith oxygen e Sersinmnl seceplor im the shsonce
af pltrate wee redused Yo loss dhan ome-sinth of Shed in
eoils rrown aumseroldienlly on ndtrcls. Towmate-nltrato
rodurtase sctivity ves reduced 4o ongenminth of ¢thet in
saeerablieally greun pells. Vorsste dehpdvogenass aetivity
was reduced fo very Yov lecelz in asyebicsliy grown eells.
Hitrete 414 ot aopesr %o be roswived fer the induetie

of mitrate redusicse slthoush e production was siromgly

rapgessed by BXYEf. Asche goli B-13 exmaiblited » similer

reavasse to oxvgen {Shewe and Nelloss, 1968}, Syuthesis

af pldrate redusisss was initistad nagyroebic vondiiiong

in %he preosenee or abaenes of asdavle, sid was represnod
by sxygen, Speeific seldvity of nitesfe voduciese in
ansersbic oullures wex shoul aslxwiblwes highey in the

sranenice then in the aboence of adtvate. Since Z.

L groy snssreblieaily withoul milvate, it wor

pod ﬁ#%ﬁiﬁl@ to iavostizede ihe effoct of sooerobiosis inm
the sbasuesr of nitzaio an the ievel of nitraie reductase
setivity. The reguleilon ol sldrate reductasc ﬁv&iﬁ@gi&

o

hes Beon suggested to dopend upen redoresensidive Yoprassors.
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Yimpenny ond Cole (1967) alsc suggested that repulation of
oitrate roductasze produeiion ves more dopendent on the
axidatiop-poduction poteniinl of the nediwn then on &
speeific jnducer. I% bos boop szleblisbisd dhed wepsied
cuifures avre not necessarily completely sslurated with
sxrgen {Sherman snd MaeRae, 1961} sad the resuirsssnis for
fuil respivadicn by 21} the colls may not be fulfilled,

Thus the ebseryaiion that dhe syzthesis sf ndtrets reductase

3

in ¥, gepileificncs i yopreswed, bub rot complotelr
siiminated, by asrebie geowthk in wmodiuvy withoud nitrade

parddiel vepreszlion Ly nEvLen.

saere to he devondent wper redox

TR Lt P TN .
A B BReuLYAT infueer.

herobiesily grovn cells econduined 1ittle formnte

"
5

debyiregensse coblvity, whiles Bigh setivity wes found in
eolls zrovn ansevobieally on nitrots. Formate wap su

efleelive wleobron donor for nitrale reduction by collw
menbraens pvepernilons, sud its physiolesieal siznificence
%11l be dlscussed more fully in 2 lator section.

Snorionte oxidising aobivity in scoll-nerbrone prep-
erations was very lov in ajtrate gyown eolls, while oxidstion
of pucclipein procceded st s rapdd vate din axtreote of oxypone
grown fells. In this pespect, 1% is of interest Chad

specinnte 443 pol Pumetion sx am gleetren domer Tor ndtrate
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reduetion in nilvete grovm colls. Thiz iz in conbrest
with portiouiate prepnrsblons fren altrete grown cultuves

af &)

ifionne that axidise succipate nidlizing either
oxypon or pitvede &5 Ssrainnl accoplor {lam, 1968),

The roapireatery cloin found in tho sellenambrong
frsgtlon rosanbled 4he moomalian vospiratery choain
{Klingenberg, 1768} in thet oxidation of Mibil> wos inhibited
by smwdal, sotesons, antdeyein 4, ond ACURG. The sensifw

iwity el baclerisl pouplestory ayvsteme fo these fnhibitora

. wns inhibited

In E3pub. gorens
HOUBU biooaed slecivon trsnaler ofier ovicohromo {Jocioon
i

snd baghtboun, I030)., Vhite sed Swdib {1962, 1964) ropovied

bhat HOGEG inbibdted ths oxddadtion of NADH, sad fovmnte in

g 4 o £ v e

g Bedwest eviochrones b ond g.

i i B 4 sl BREL
Rewpleation of [

wuhyarn was alge vestericied

B kg gy
Y DN .
Yaon demazxl apd Sl

& ipnibited l‘ﬁmﬁm oxidstion by Yveoplrisme

of succleabe ond HANYE, vase inhibited by apiimvein & {n
2 k ;




smytal inbhibidted vespiratien by K
{Van: Penmrk and Seith, 1964), I
igechi snd Resen, 1963}, §

1964} ol Hpizg

we effort on vospiration by extraeds of Stunk
{iuber nnd Hovwison, 1984} ox 4z
ok ple, 29575,

Alfhouph the sddliien of sither pitrete o nitrite
hed no effeed an the oxidation of Hali, as mecaoured spoctros
ig
inkibited oxypen uvpboke by the porticles prepoved fyom

photssptrionlily, e adiddion of plidzata, ol ot nidrite,
nitrate gswovp cellis wp assoved in the oxypon oloctroede.
Fitzate bas o similsx effect on NADH, oxidstion by cellw

membreane fractions Irexm B. deaddail

ips, bet in dhat aoysten
aitrite slse iahibite oxygon upteke {(lan and Hiebolas, 1969).
Hitrate apposrs te be able Lo compete successfully with
onypen as & levmipel cecopter of eslectvons from the

vespiratery chain of L. gopd
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pxporiments with |SHelshelled nitrate, nitrite, and

gromenis showed § ne: dese ot wtdilize these

compounds as & sources of nitrogon for cellulnr counsiituents.
This sbaoreniion cenfives thed of Penidls (1966) vhe
revorbed thot B. depitrifissns 6id not grow um & basal
notiun condeirlne spsenivn ohloeride e the sole pltrogon

gource. In dhis weapeed, . fgud sig differs from

some othor denddzifiors such o §
gon sasimiiste nitrate, nlirite, or ewmonln inte vellnles

pitvogen (Lam, 1969}%.
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The nidrete refuneingy aysten dhat wtiligses g&sﬁg or
Portete o slectzon doper is loenlized in the ¢oll-sechransg

rachion {Feidd) from F. ns that sice conbteins

the reupivatory oleotron trsunfer chain. The srsceizdion
af 4he pitrsde zedveiny syelen with 4w slociron dvanafer
appavadun ef the eeil iz & ehorseloxiztic Leabure of nitrate
reduetese of the resplratery 4ype as obeorved in Jsch.

goll {Toniguedd gt pl., 9957}, F. spxupings
Ficholos, 1961h), end H. e  {Lam, 1549).

an (Powson end

wn genforas e the pemoeral paittern of lodaide

gadion ef vegpiveiory nitrate reducing syelems since

bronke,

,.it”

o of the eslls by eltrescalsailion fulled to dinsneiante

the nitrete zoduciene fyem the cellwrmembrane frzction.
The noxdt sien, that of pedvelivs aitvite le catalyzed by o
soluble proteln ns discussed in Jection IV,

Smspensions of whole eeils reducod nitrote 40 nitrie
gxide, nitrous oxide and mitrogen ges. Yhem $he porticulste
raction {(Pe144} slone wes vesd with NADEy as She doner
ao posoous produchts were debeeted suggesting thet altrite
wae reduced only as far sa o ponewnlative intormediate.

One moic of nitrite wos recovered por mols of nitrate
veduced thus conliveing that the particles are capable of

voadacing syaion in 2. e diffsrs Ivon thed of




1”3

vogovery of altrite was only observed in the purdilied,

. T TRy T *E grnapry Hmoi o Ty
aoluble preparsbisns uwolay weduced viclogen dves ans the

eloetren donore (Lam, 1969),

ﬁ;?ﬁg and eodivn fermabe weore the st olfectivs
elogiron denoxa for nitrute reduetion by the perticulate
nregevotion whoroos sucelnsls, laviete op HAWAR, wore
velatlvely lmeifective, Suoninsenzidase setividty wae grestly
depressed in epllsa grown assershicslly with aiterate, ond
this ¢ffeet probebly actcunis ler ihe Jask of acllvity of
speeingts nz an electron denor for nitrate reduction.
This ocbservalion conbrugis with sheervalions on Jl. deudd~
zificens (lLem, 1968} in vhich succinate ie setive as an
slactron doney Poxr midvele reduetion,

Fovisste iz sn offlecient oleciron lonor &n Hogh. gold

{Fandyechi, Sote, snd Dgamd, 1956 Tandguohd and Itagend,

£3
1039, 1960}, The plysiolenienl signifieconees of Zowmete

]

g
iy

s ap eloclren donor fov mitrate roduetlor in Isch. o
has been established by Cole =nd Wispenmy (1965} whe hove
shown thet sell=free sxiracts cen, I8 sheilr syuten, produce
forpate fyvom pyrawite, Tids vesction takos ploce by way
of the phoaphoroclastic renction in whieh (0; acts ns

soeeptor for the protons iiberated from yyruveile, Hwme
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Porping formsto., The veaction cam be represented 4huse

CHACO0UER ¢ Coasif + H —— Acetyl Cob + JOWH

Etogeiki, Fodlte, and Scte (1962} obaarved thnt

cultares of [aeh. goll grown in formste-ndirate medium

sonbained high levels of formite dehydrogenmse, Then the
ceils vere gwowk inm Lho abmence of mitrate, the foresie
delyidrezenice medividy was lov ovon in tho preszenece of
formate. The level of suceinste deipdrogonasn was les
than ton peor cent of dhe formate debwdropensse in colls
prens apsoyobienlily iz pdirete sedium,

in F. dendd Ry Sormate delydvogesase activity

was inerosged Uefold hy growing the cells smaerebicslly

in sdteate mediom vhils the sucelineie dehyidrogonsse sotivily
was depregsed o ap andetectable level, Althouyh 4% wan
aol poszibie fo demonstrote the pressnes of the metsbolic

pobtivey feon pyruvsie to foruute in ¥. gdoniderid

is kpewn e be videly dadribuled in umserobicaily mrown
wmicroorganisus (Cole und Vimpsnny, 1968; Slmster and lynen,
19603 Hosnming, 1963). 1% bos hoen chserved that in some

nierourgeniszee such ss troptococcus facesiis this systen

is euwiremely labilo ond sensitive to oxymon {Veod, 1786},
It iz possible that despite 211 precautions takon to
exclude oxygon the formmto-nyruvate oxchonge oystem wes

dopnbured during the prepsration of the outrocts. The
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obssrvedtion thot oxygen inhibits formato-nitrste reductase
while howing Little effeed on é‘:&mgﬁazﬁmﬁa poaduoinse
suggeste thet oxygen many be detrimental %o 4be funetioning
af the entire forsuie éy?am.

The vresenee of ap notive formote dehyiregenase aysten

.....

that this svotem is an integral sard of dhe nitrate respirw
stiom zvsbea and thad formaie iz of physislegiesl) lmpuriance
4 e 4

55 & hydrugen domor for mitrote readustion jo wivg in I,

Bitrate sods sy on aldevestive sceentor to oxygen

& .

for slovt

sn frepefer wia the eytochoone chaln, Andimyein
& god BOUNG, fohibitorz that block clcetron iranspord
atwoon ovdoshrens b snd oytechrsme g in animel sddoehsadris
{linganborg, 1008} §nd ne offect on nitraite roduction
with eithor fermate or HADH, o oleoctron deneor, Howevey
these gempounde fxhikited HADL, oxidotion with axyvgen os
tereingl soeceptor, Those obseyvallons suggest that nitroie
reductace devives its elvetrons from the gricchrese chain
at & pite prior %o ecylochroms g,

Fiteates reduetlon with BASH, a3 the dower wvas rot
inhibited by exypon, a2lthough edding alirete to poxticles

7

R - 3 =, R A -'.*'pw‘ M:’:Z .- W 3 % e S 6% % i
seprebhloally sxidizins HADE. dsereczad e rete of oxygen
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uptake., Yhen nitrate vas added it wee roduced €0 nitrite
5 ﬂmaﬁnisg%@iehiam@ﬁrit with ithe degree of Ifnhibitien
of gxvgen mpiake. Thle obsorrvation also sugpests that
nddrate roductuse degives ids oloeirons at on osriier
point In dhe clectyvon itrsusfer chein thav deos vytochrome
enidare and fe therefoxe akle io deplete ihe veducing
gunivalents awvailablie fe onygen,

Eldrote woduction with EANE, oa the elettron denor
wug inhibided by wepuewring, wmyisl, Plerieidin 2, sud

rotenone. VYhea foraade was the electron domor, mopscripe

Pierieldin & amd ampisl resivicied nidrsle roduction 4o

& leszer sxient thon vhen EAB., was the donoy and sotenons
wag without effeet. Amyial end rolonono inbibit ot the

dragonase level o7 the pleetren ironsier ehain,

- az & flavie andagonist (Klingenberp,

binds moelvbdenan (Merivether, Marsiuil, snd Hodusen, 1966},

inhdbided nitrade roduction with eliber Dormete or Hadl.
s8 an elecizon Jonor., The pardicipsiion of irom in
vidtrate seduction wazr fmplicsied by 4he roductions in
pitrate roductese activity in seolls grown in ironw

daflciont peliws,
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Yhe participetion of £ ublcuinonewtype carrier in

tho electron Sreapsfer chain io sugeesiad by the inkibiticn
of FALH enitrate veductase Ly Fierieidin A nt C.2 of,
Thiz dnhibilion wan weverszof by oboul 30 per cent thyoeph
zhding ablodlivens Mo #% o conecentration of 2 mi,
Ploxteidin A has been chown to inkibil olecizen itronefer
s or pesr the ubicuinone site {Tmai, Aseno, and Bade,

19683, E.

i ek £4

contained o hizh level of

ubiguinone (1.2 vgfmgz srotein) when grovn with oither
oxygen oy nitrate ez Lthe Lerminmal zceaptor. Douney (1961)
bop shoun thed lrzeddstion of ihe pardliculnite fraction

with M0 wm lipht destroys Vitanin Retype eloeciven gorsiers.
This frectment bad noe offeel on nityede voducluse achlivity

nor en the lewel of ubigeinene in particles from

Fipure 40, shove & pozaible seeuance Tor sleclron

findused oytochrome p apposrs W be & physieloglenl

fronsfer in nitreote roduction im J. 4on

#

slectron dosor for sitrate reduction as indicsted by the
folloving observationes

(e} HOUNO end catimyoinm A, compounds that hlook
olasetron drnpafor botwesn gylochrome B 2nd cylochrome g
in anizal mitochondris ond some bacleris, inhibited %&ﬁ&g
exddation by oxygen but mei by piiraie,



FIGURY 40,

FLECTRON TRAHSPURY SCIIME POR BITRATE REDOCTION

fupgested electrop traasport schems for the reduction of

aitrade by formate ov MADH, in F. deunitridd

] L .
& o TR R

srrovs indicate zites of inhiditor scetion.
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{bj Ascorbete plas THPD reduced ecytochrome g,
but feiled %o oot ar an electryon Jdonor for siizrste voduodion
is efther the partionlote or =elubilized prepavations.

{¢} Cyriochvome b lowel wes iuersassd 7O per cond
by provth on niteato, bet eyfochrome g cortent wup 1ittle
chonzed,

{2} Cytochrome g wor lost upon purificaticn of
the Belulle EVH-nidrate reductnse which vetoined o cvio-
chrome b Sype shserpiion gnocizum,

The sleetvon drocafor schame suggosded Lor nitrsds

roduction dn P denitsifienns i alsilar to tlnt propossed

by Tanipuebhi {1961} for nitrste reduetion 4 fach. goli.

gk radd wyetem alse sosdelinsd flavie, apd cybochrons

by waz cstablished au the ponultimate clectron cexrier
for ibe wodection of addvnte by ,Mi}%z..} or formade, The
redueed cybochyome I, wos oxddized oither by nitrate
yeductage or by an oxidase in ihe proxende of oxygon.
Bovney {1966) found thut nitrole reductase fronm

g ive $renalerred elecivons fron

eytoetwenme b, to nitrete, and that eytoehreme g, d4d ued
appear to bo invelved in nitrote raduction,

Criochrome B has also bean estsblished as dhe
nonultinate clectron carrier in respirztory nitrete

reduction in M. deplizifiecns {lam, 196%}. 1In tids orgonism
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NADH, exidation by oxygen vas irhkibdited by antimyein A
ang HOURC, wbile eluctvon trepsfer (o niirate wos smaffecled,
Thie vate of nitrate veduction by pariieles from hiz
srgeniam war also wsaffeebed by pitesbe, vhlile $iw pade
of exypen uplske vas decvecssd by adding nitrste to the
reaction sixbure,

In gome other wicroorgssiens, vityralte reduectses
vas linkel with eytochrone g. ¥ewson cnd Nicholas
{15612, b} found thmt the aitrste reducing syaten from

poee required cyboechrone g for full sativily ané
ales suggesied thed eylochrome g wae imvelved v nitrate

reduetion by . dendipis 4 puxified nitrote

Foeduetosy fvon Acheomchocter fisetori {fhoto

exhibitod o oriochyome g type absorpiion spogirms {Badens
and Neileay, 1957},

The rote of plireite reduetion by ths psrticulste
preporation vee stimelnted wore than 4={3ld by addins 2 mM
zenadione ¢ the recetioh mixture. This pensdione sotivated
nitrete veduction »um %twfi’w%m by rotunon: and L% diwme
appasts to ppovide & by-pass around the volensne sensiiive
site in the eloetron fronsfer chain., Dicoumarel had Bo
effeet on the mormel niteite veduvcing sveten, ’Mﬁ jrbilited
the menadione stimulated avaten by about 60 ser cont ad

& congonitrsiion of €1 mM,
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It hes been shown (Kiingenberg, 1968} that menndienc

enn vt a8 & hypass from the %.sml,, lovel of thw eloelron
transpert cheln 4o the eytinchrome B level in snipsl sitow

coondric. in lseh. spli, Hezedis and Hedime (1980}

demonsirabed that monadione could provide sw additionnd

wiheny for She reduebisn of nitrade by Hall 4 Bopurale
£yrom the usasl olectzon tranafer syeten whiek condnined
Plovin asd cytechrome P+ This hypess sysbes vas alse

dlamws g £and F4 en

orgsent in L
34 wan ehaervead thal ebleorals, pevehlorsts, bromste,

and fedate Labibited mitrete reducilan by both the paptie

enlzte and the solubilized nitevsite reductose preparadions.

whe proved @ o competiilve inhibiters
;-ﬁitmta reductase in the portielas with Ky woluves
% 1!‘““"" # {ehlevste) sod 1,20 = w"‘i" {bromatel,

Ehiaprnie

t‘:é
&
s

¥

;%
:
B

Chiocwade ami bromntd seded 28 accepiors foxr the formmte
delpdropennee syaten in the pordielss, The Michaelis
sonsbunt for chlorste in this systen vas caleulated o

be 2.8 % 1077 3 vhich is close %o the value of 4 s K3 of
chioraste as an Lzbibitor of sidrate reduction, %hen
chlorste was the secepvor for the formede delipdrogennse
ayaten, wetivity was completely inhibited by 5,17 s
dithiel. Potaszium eyunide srd ge-phesanthroline, saeh

st 5 =, irhibited 22 por cent apd B4 ser cest respociively,
while mepoerine (1 mi), JCHB (2 mM), sad potnssium
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thiceyanato (5 ui) inhibised 40 par cent, TO per cent wnd
30 nor cent respectively. Aptigyein A, BUCRG, er rolsnone
hnd uo offeet., These inhibitiome sy sinmilox in paiters
to those oheoervsd for nitvele meducticn by dle perdicuiste
proverstion with formete as the clectrem donor. Chlerate
2180 seted o5 a compotitive inbibiior for aiteate reduction
by the selubilized onuyme. & Ky valne &f 1.8 x 107 =2 ¥
was found.

The compotitive neture of thoe inkdbition by chlorate
of sitrede vedueblon by eithor the pavtioulate or ihe
surilied nitrate veductase sugpest thet eblorate may seb
as ap aitermative electren seceplor 4o nilrste. Uhher

evidence surporting this hypeilbesds ireludes the simileriy

of &ﬁ‘maﬁ By voluez for chlorate as nn ageontor in the
fopmate debydrogsnase system snd o8 se inhibiter o the
pitrate veductese sywben respoetively, zad slsc the similer
potbern of inhibitien fer the formute fte nitrite systen
and il foxmate fo oblornte syaton.

Chicrate izhibition hse Deon cbgerved inm o nunmbar
aof other bucterial nitroie reduetases, Hachendhal npd
Heckontbal (1965) reported that nitrate reductase from

vas competitively inkdibited by chlovate.

Uhlorate snd perchlorate were showp to be alternative

substrabe oy aitrate reductess (Huckenthel, 1963),



Stouthamey {1967} Tound thot mutants of 3

sIonsnen Iseking odtrate poductuse wove cleo wmeble to

*

-y i I ¥ s o e n

ge&naﬁ shlorate. The nitrate reductuse from J. §

wen cenpetibively iubibited by chlerste, and it wes
sagresied that ehlorate mey act sz an alternciive subatrote
ﬁ

Tor the ewsymo (Pewson esd Niohelas, 10261D).

The aitrete roductase Jvom Faeh. goli wes competitively

inidbited by whilorate, bromale, spd lodstes Chlorste
snd broumste neted se ssbeirsis for ihe opsyme (Teniguehd,
1561}, Tiehinoty {1964) rerovied that the nitrate reduetose

alze reduesd chleovale., Hauil,

Vallses, sod Micholne (1969) foumd thet ehiovate nebed
¥

¥

inkibitor of the niiralde

Hitrate rotooiane 5 tPienns gosns Lhen
R 5.k

4o conform 1o e peneral nottorn of being inbibited by
ehlorcte nnd bromnte whieh eompate wilh slleste Tuv ibe

aedive site of tbe sanzyme.
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1% is genmeraliy considerad thet sspimdlateryelype
attrite sod nitrite reductase systons consist of saluble
mroteing, while dinsinilatory sddrete zod nilziis reducing
sngymes are bound 4o Zhe goilaler mosbrones thed contaln
e teaﬂit shory cisotren drensfer cheda,. Thoene sembrone
styuctures are sodimented wvhen subjected %o high apeed
contrifuguiion,

The vphysieal disiriduticn of nitrite reduedsse in

war studied.s In contrsst 4o nost dicsinie

ﬁ'.t
iatery pitvide roluciose systons pove shen M per cond

of the oasyme cetividy was found in the seluble Izeetion
1e8% alder ventrifozing the erude snlyaste ol 144,000 x g

¥ ¢ hours. Subsenvent centrifuging ot 325,000 u g

woanited in the aedimentsiion of enly s small frnction
{sheut 20 por cont) of the sclive protein.

It bae been abserved $hot meome methods of Dreaking
bocterisl celiz vesuld in grecter &iassociation of the
rospivatory cnaymes from the eleetren tranwsport syolem
than do others (Smith, 1968). Therefors diffevent methods
of celledisraption vere compored fo determine if any
differoncs in the distributdon =7 the aitrite roducinse
could be obszerved, Shese methods ineluisd repoated freezing

snd thowing, ultresenieation cnd disruption in the Freneh
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pressure cell. No differences in enzyme distribution
vore cbservad between 4he barsher moihoed of cell disrupdion
by uliresonicotion, sid the 4wo swre pentle procodures,
ropoated feeening snl Shewing aid (e French presgs, This
aan be interpreded ne indiecsting thet the niirite roducing
pynben from this orgepion is only lovsely asseclelad with
the eelleserbremcs, since horsh trestnent is not reanived
1e smepexate it fyom the pespirmstory systen.

It is intevomiing o etspore this cbeervation with
the dstribution of slirive reluetese Ifrew sthoy denitrie
fving boetoris. In e beloteleraat bogborive studied by
Anens (1959); the nitrits vedusctase wan particle-bound
wi wee sasonisbed with aydoshrowe ﬁ@* in Hierseoceng

it Levn apd Hicholss {1969} Joumd thed sbowut
TO per cent af {he piteite voduclose sedlividy wae in the

supernciant freedion vhon the enzyme way assayed with
reducod benzyl wielugen or chesssine methosullate s the
electron donoy, “hon FADE, wee used s¢ the hydroges

donor, hovever, asctivity wos locelised in 1he pavticuiate
freotion. This cyporent aunsmely cen be explained by the
faet 1het word of the ﬁ&ﬂﬁgw@xiamaa aetivity is ﬁﬁnmaa%rataé
in the porticulate fractiomn. Thoa the syparent losalizedion
of ensviwe sctivity fellowve {rom the HADH., donor systenm

robher than the bermipel ailtrite reducieae iisell Nelsg
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gusogioted with the pavrticloes,

av

ans, howover, niirite

I the esee &f

reduetare asctivity was found in the soluble froetion

with eddbeyr @iﬁ‘g U systoen o reduced bonsyl viclozen
a8 the hyirogen Jdonor. It sppscys therefore that in

- retustasey iz pod esnoeiaded

Bsluble mitride redueicsesr sry vauslly sosogiated

with the sasimilation of nitrste snd nitrits inte esl
sitregen vis amsonds. The piteite reducisse fyon M. grasse,
for oxanple, & &5 seluble engyue sud reduccs sitevite o
ameonde which ip Lsporpoerais fate eellinlsy constitesnia,
Yo nitrite aasiaileti-n wasn obsorved, hovever, vith the

on 22 1 Pudsbelled

systae olther lp wbudies on the Lnecorsovedd
pitrite, nitvate and asmonia, ov frev previh experinents
which showed that the oxponism 44 mot grev on ndtveis
ey nitriie a2 the sole source of nitvepen.

The seticozr of s number of iniibitors om niirite
redagtion waz studied. The pardipipaticn of s2ulflodyyl
reoups vas strongly susgested by %he inhibitery action

of FCHB on nitrite reduction when EABE, was the hydregen
donory the degree of inhibition ves reduced by ipcluding

an eouinolusr amound of roduced zlulathieme ism the wesetien
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pisture. Salfbydyyl ercups arve probably net invoelved in
the veducilon of nitrite iltseli, sinve wulihypderl lohibliors
tad no effoet oo adtvite reduction when reduted bousyl

&

e s ' & e o meY gy T ¥,
wiolo was the vlsolren donor.

{5

Faavme eotivity woz 2leso vestricted Ly metsl clwlatling
agents and crgnnoenilroecompounds. Hedals bave Doesa

iaplieated dn the funedion ol o uuaboer of ndlrite zuductasea.

Falker sod Hieholus (1961) found iron snd copper Yo be

necessary for ihe seduction of nidrite Ly an cagvue froa
P, popuninose. o 2 eyviechveas oxidsse pyeparstion with
niteite reduvetose poblvity fron the sape argenisn Tnannaks

pnd Ckunuki {1963b) 412 net detect sopper, Wt dtvs lyses

Ty &

seaneioted wilh the guuwvne, Hiiride

- B
2‘

s ) By v B Bl gy ”
vy medel Chelating eompo

The streng inhibition #f nitvide reductose fvonm

sa Wy eodiue diothyldithiossrbunate, oromide,

sugpents thet welbals sueh aw copper and fron noy be Lnvolwed
ia the sotion of dthe onzyme. Cyaakde sl wedlva diotbyle
githicoarbasate inhkibilted aosd steongly.

Aecordingly the =20leed on the suagne of geoving
ihe ecolls in melal Geffclent wedis wez detormined. Cultures

3

grown on ivon deflcient meliun bad Jdesvszsed sell yield,
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Lutd niteite reductase setivity, sxpressed on & prodein
bosis, ves preader dben in ceils grovm on & cuaplele
wadiwa, Lenbeff, Mieloles, and Ksplaoe (1956 weportod

a slediay pherssenca o Jseullonsns

provn in ires-deficient medium ot Iov exygen ieasions

. elpveo-fald lzeresss in nddwlto reduaclans setividy
syer thoze prova under sislilsr comdidiona in complol
mefimg,. This eobserveticnm wes intorsreded Ho mven that
sitrite veduction in $his vrgvciss 43¢ not roguire the
aetivity of eyioclhwones, This inderprototism ia in

semond with the ebservaltion on the niteite redusiape

phed haps, in which eylochrones do mod appesr e e
imeoived, and the speeific sobividy of %he olizile redustase
wne imowsassd in cells grovn iu izvon deficient sediuwn.

@

Al sficient euilures

feiled. Golls grov equally well in dbe gouplote abid low

aoppsy Sia Ly WPOR shan esuldurgs vose Fale it id Li&l‘ﬁ‘i&?ﬁiﬁs BRpoyous

sevial Yranslers in ihe deficient sedium., This ls probsbliy
& reswll of the ewlremely Iow loveie of copper RNeUsEsery
for normel gveowihk aud wotabolisza.
Some metelloeonsymer cnn be essily dissveisted into
the spe-snryme selely and the meial yrosthetie group by
goinst notal chelsting agents (Frieden, 1962).

.

b, A T & o " N
ae purifled cuyume was 4L

i »

ki @
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KC¥ or sgeinst sodiun diethyldithiocurbouate (5 o),
Adlthough setivity ves loab after dinlysis spuinet these
intdbitors, reectivation cceunvrsd upen further dfslysis
agaipet 0.1 5 phoppbote bulffor {p8 7.0} es the inhibiter
wng reseved., Thds indicales that fhe protedn hse o groater
sifindty Loz the netnl, 1f presont, thes doss ihe iohibhitew,
Phe mothod of Kubowitz {1938) for the romoval of metal

rrogthetlic groups by twesbtmont of dheo reduced sazyae

with ECH pesuited dn o 50 pov cent lose of sctividy which
conid no% be restored by ddalysis $o venove the KO¥W oy
by a0dition of metels o dhw ivested eunyrms.

The alitropbopol coupewnds szuch e 2,4-3initvoshencl
are well buowp ap wsesuplers of oxddallwe phosphoryliation
(5labor, 1963}, The e¢ffect of sréuntie aitrowcomvounds on
mMerite reduetane; hawever, would wot be aitributed 2o

this property sinee alirite reduetien in I,

i not eoupled o sxidasive phesplorvistiog.

1% was observed thet dthe isbdbition of the nitrite
reduction by 3 4=disitrophincl sod gedindtrabonaene wag
of ithe compobidive dype. 13 var vousidersd 4hat 4hese
compounds which eompode with uitvite nizghi themselwes be
seduced and such provad 46 b the cese. £ diszetizible
compounds wes Jorswd iven gedicitvobensens, and 24w

dinddrophoncl vas reduced o 2 compownd thot wer identified
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88 Zesnino=t-nitrophenol by thin~lsyer chromatography and
compariseon of ultraviolet nbsorption specirs,

This obaorvetion led to ihe sveculation as to ithe
poesibility of the ndtrite reducing ensyme alse possossing
ntnitroeroductone” cetivity., This &id nod howvever prove
%o be the cuse sinees dhe preduction of sminoenitrophenal
preceeded in the presence of Kill, Kﬁﬂﬁzg snd Bdght, and
iv the ahoones of the ensywe. The chemivel reducticn of
Pl by HABM, dn Zight var obosrved. This confivns the
report of Frisell snd laclensie (1959). Undex anserobie
copditions, the W, formed woe onddized by 2dedinitro=
phonoel. The reduction of 2.d-diniirophencl vas sloo chservod
iz the presemce of PN, which bad Leon vroduesd by roducing
FHN vwith hydrogen omd peliladised asbestos.

Thus $he inbibition was due %o the chemiesl oxidnlion
of P, by 2,8=-2initrophonol in compétition with the
onsyoic axideiion of the rodueed nuclectide ly altride
reduetose. These raaction ey be schemetiecally regresented

thnss
chemfeal enzyaic -
NADH., - > Bl ———— WO,

ensynie

J  ehemical
2 s4=dinttrophencl
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Similer obzeprvotions heve been reoporied by lHerkel
asnd Miekorson {1954) who obaerved that photoreduced pibow
£lovin transferred its sleetrons te gedinitxnbonze.
fisdtropbonel sed penitrobesssidelvdc dnhdbitsd thy pholow
roduction of riveflsein; this cbacrvation could be due to
the reoxidedios of refduced yibofluvim by these eompounds,
Reoxtidadion of vhotochemdcsily roduced MH by 2,4=dinitrom
phans) hes alao boon observed by Vadde end Celvin (1963},

A rumber of the ensynic systems that redoee orpenoe
nidro-conpounds invelve the sotien of fluvin coefactorn,
Yoy exumple, o aitroersducisse from n Hoenwdls species

and ome froa Pseudononos seane thnt reduced nidro=

benzoaie %o aminoboenzoate with NABH, as eloetron doner
wore stinulaltod by Fah, These systens were desgrided as
“popespoeific” (Corturight sad Osin, 1959). Bialteoeordio.
evosvl wes aetaboliced by a pseudomonad (N.C.L1.B. 9771}

to 2,3, 5-trilgdirezyioluene, The first intermedinie wes
JwaninowS-nitroeressl and reduction v these compounds was
stimuloted by FAM,, Mo®f, and Te e,

Liver hotégenstes satalyzed tho reduction of penitrow
benzole acid to penminobenszoic avid with NAUFH, as electron
donor. The sddition of riboflavin, FHM, or FAD ateelorated
setivity (Pouts =pd Brodie, 19563 Adamson nd 21., 1963).

Viesvonvoeteds wes dnvelved in tho reduction of the nitroe
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group of Fursein {Seaitrowiefuraidohyde sesicorbezone)
{"asnie, 1957). Bulflpdryl gveuvss, s sebal composent and
FAL wore resuired for the redmetion of pedinitvobonzene 1o
genitroaniiise by sn snoyme syoten fren fe {Noson,
1956},

vosaele {1965) swgresded 4het nitro-grouns mey be

roduced by the nen~bems iven componunt of ivop~{loveproteins
robher then by & specifiec nitroreduetzsz. The redueciiue

of mitrowsompoends baz, in fael, been reporied to be
potaiyzed by sevewsl @m&ﬁ&&z with othor speeificitens,

Foukomurs (1954} reported 4kt leanine zeid enldase or an

Halliwcytocheons g reduclese from lyge
catalysed the roduetion 2 piloerde %o plovenie soid,
Pormie delydrosennse, sanbhine oxidasze, ond lostic
Zelydrogenase in the preseace of wedex dyes fatalyned the
roduction »f o veriety of nitrophencl coupounds {Sreville
and Stern, 192%). Hyiropemase apd Terredoxin frem {loge
il
sminoenitropbonel feo dlsminopbaona)l (Dol Cumpo gt al.;

.4

jun modistod the reduetion of 2ph=iied trophenol and

1966}, &lene, Resas ood “chnelder (1957} rapovied ibatl
purified metmyoglobin reduetese end old yellov enzyme were
anch espable of reducing aiirocobsnuene,

Compotition for reduveing pover has beon denensivated
in soms sveboms, Noik and Hicholns {1966b) fornd thot

3,4=-dinitrophanol competed vith benzyl viologsn and methyl
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vicloren for vedueing equivelents from H&p in axtrscta
slmed =nd Moreis (1967, 1968)
slse found thot 2,4-dinftroplenol inhibited sitrite reduction

in Ankistrodesmus breosnii by wsesnz of » siadlar eoupeitilion

for reducing powar.

Bnson and Tekshasbhi (1932) suspested that

aitronvyl compounds muy, Like methyleme blue snéd dichlero-

=

shonolindeshenol, be sluply nenespeciiic clectron scceptors

for filevepredein syatoms sueh as westhine exidase, lesmino
geid oxidane, eyivebronme § reducinns, dlaphorzsesr snl 4
aumber of nolybdonwmawdependent onsyues.

The obgervations repoerted heve suppert the wiew
that 2,9-dinitrophanol soty us & nopespaeiiic aevcoptor.
The 2,4-dindironkenol scted o an acceplor for redoced FNN
without She iptervention of an sauyae, Thie chomfesl
oxidation of Hid, aceounts Zoy the spparent competilive
inhibition of niteite reducticn by Q,dw-diniivophensl.
Cnre must therofore be taken in the interprotation of
oboervations that appesy te Be dune 4o competitive inbdbition
by erpancenitro-compounds end of spperent encymic nilrpe
reductane setivity, asinee it sppoars that either eileet
cun be dne 1o pomespecific chenieal interactions of the
orsanc-nitro-conpound vith reduced slectron carviers and

2oafnoints.
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Studies worse carried out fo dotermine ithe product
of the roaetion cebalyzed by the soluble nidwiile roduedese.
Hanowetrie sxpevinmenis shoveod that o gas wvas Fermed during
the reduetion of sdivite., This gus ves gompletely shsoxbed
iv alkaline sulfite or allksline permsagonnte solutions
vhleh sbeord sditrie suide. It vwos et oboerbed by slleli
alons, Naas spetdrophotometrie spalysis of dthe paseouns
pradacts of alérite reduotioz shewed that the gas hed o
mzag pumber of 30, This peck 2t mase 20 dlsappocred when
slkaline suisite or perasnrrrsde was issluded dn n sidgesyn
of the reaction vessel., It ds unlikely ithet the masa 30
posk wan ¢ result of the dissceistion of nitrone oxide
since the loniswtlan veltape wus Lept lew, Cealzsl speoitss

of nitrous oxide showed no peaks of dissociotion spesies

ot mesg . These date fudicate that the product of
nitrite reduetion was nitrice oxide,.

The production of ultric oxide frop nitzite has been

obzerved in several other denitrifying beetoria such as Z.
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by Iwasaki and Hori {1938) produced either nitrogen gas

or nitrous oxide depending on the electron Jomer weed.

were sapzble of growib with nitsrite 2s

4he solo slectrom accestor. No growith ocourred snserebie

<

ceily in 0.9 per cewd (ulv) sediwe mitvite, even vwith
7ary lomg iuncubation peviods e allow for the leng lag
vhase et bas beew veporbed fo svme ether ergnvismy fer
prouth on nitvite {Leam, 1960}, It seoms unlikely thnt this
vas due 0 ihe Sowie offeelt of witvite on the cells sinece
Ligh concemtrations of nitwvite (wp to G.1 per sent (u/fv)
e é &

ﬁa%6$3 had ne wffo0t on sevoble greviby sitrite alize
aveanulates in the apdiun up 36 & loval of & oM vhen the
aelle are grove anserobiesily su uitrate without alfscilng
bae preavib vob9.

Naik and Bicholzsx {1904} shovad $hnt oxidative
vhos  Batl ndirels and nditpite

rvedooblon in M, Jopiieifiosas, but suly io mitrote reduetion

This cheerwation in ¥, de

was axtended by Lem {1969) vho shoved 4hat in this orpunism

s

eimilor ¥/2e rotior af 0.7 were found with oither nitrate

A 3

ey witrite sz the tersdinl bydrepen ascosptoy.-

PR
rificens is corabls of zbeorchic grovth oo niirite whdch

82 ropxistemt with the abeove obusvveliens,
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the failure of_§, Jesitrificans to gwow shsercbicaily
with nltrite a8 the terminal secepbor cen be explained by
$4s inobility to carry out oxidative phosphexylation
goneanitont with allrite rednedion, Thiz esmelusien is
also awygax%aﬁ by the soluble neture of the aoneyme whieh
doee ot sppesr o be ssseciated vith the eell oenbrang
froctinn that contaims the slectron twapsfer shuin with
1 attentart oxidabive phosphoryletion setivity.
Netrite reductuze sedivily was completely ishibited
jn sdr. Thie sroperty o in contwnat with the nitrate
reductane Pren the seme crgsudsm vhieh e enly slightdy
inhibited by alr vhen DA, iz 4he hwirogen Jonor, The
aoapleds inhibition by axrgen may be altributed to b

entososidizebity of reduesd flavine., In the presence of

1. weuld be onldised bo TN, thoreby depriviue the

et

ely,
sitrite roduetase of iis reducing egunivnlients.

The dsbs presented hezein osteblishes that particle=
heund eybschromes do ped expesy to pardieipste in slectron
tesnzfor te vitrite in B, denitrifiesns. The domer systom
evpenrn insbesd 4o invelve the nebien of » flavin, and o
metnl aspesrs to bo imvelved in the penuitimele electron

tranefor, The folleving scheme is yroposeds
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snnyoie ensynie
ﬁﬁﬁﬁz—————> Plovin —— BEitrite Reductase —— E&z
chenice
/ \L
Upgeno-nitre Gz
consoends '

Thin sloctron tvansfeor scheme conirzsds with that
5

found in J

1964} or H

pefnoes {(¥aiker spd Hichelas, 19613 Tamanaka,

i { ‘i!&’im. ¥ Q{“’g‘; £ 3

poducing woeeles, lngh. ooli, £

wu e of interest,

goli ean enzry out dissimilatery mitzade ?ﬁv“ﬁﬁxﬁkg bt
connod vednee nitrdte; these stwning eup alse grow Ly

Fopmeninbive poibways. Ea

o

: pap orov anserebically
sn niteeie bub ped en pitrite altbough nitsite is reduced.

ean zrow with elthor sdtrate ox nitrite

as the itorninsl sleciron scveptor. Heilbow [,

e aop grov Jermentatively. The adtrite

ap may he roperded on an

straing

that eoopot roduce nitrite and that of X, denitxifies

in vhieh nitrite con sctd as ferainsl electron acceptor.

slsboush the nitrite reducing syeten of I Asoitrifics

condribuies nothing %o the ecmeryy pelebolism of the eeila,
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it romoves nitwite vhich can be toxic when present in the
sediun iz hish convemtrations,.

1% ip possible st two sepsrate enzymoes whieh
togather constitule pitwite reductune setivity sre bLelsng

Erootionnted togothery one o dlaphoysse-like encyme Shat

iy nod the zeoond the nlérile

exidizes RAl, and peduces
roduetese Ltaelf that ubtlilizer yeduesd ¥HN ex dyes as the
sieetyen donor.

Such a Yvowenzyme syatem hes beem found in wpinech

) ond meise (Zea mays) by Jay sed Hapomem

{1966}, The altridc wedueing cystems of these plonis
gonsizted of a diaphornse with fazxaﬂsxianﬁa&?Egmmeﬂuctaﬁ@
aetivity snd the nitrite veduclase conyme itself,

The asbsoiute roguirencnt for the addition of exogenous
£flavin to ihe eellsfros cutrpeds for pidvpide roducing

aetivity might peiet %o such a aysten opexaiing in J.

iapiteificans, lowever z steady decrense in Hilil,eexidace

pebivity with ov withond cdded ¥ pecompupied ihe inereose
in BsD,-nitrite redoetsse netivity during puvification.

Since tho Kiifiymoxidese setivity and HaDHy=nitrite
reduetase setivity do not concentvate iopeiher, it snpponrs
that the hypothesiz thet tweo sepurote eoncywmes my be iavelved
is inwvalid,

A plirite roducing systom bos beon dossgibed by
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Ivesskd pb al. (1963 from s grapenegedive denitrifying
s2il bactorims vhieh was dentebively identificd as o struin

An sminoenitrite reeodicn wae postaletod

g5 sq ipporisst olep iz denitrification by this ovgunisn
{Iwvasaki ond Mori, 1950}. Nimetbyl-pwphenrione dianine
and hydvexylumine were both able %o {unction us auines
foners, Yhsn dimethylepepbonylene wos the douoer, nitrogen

gaz wasg

sredused, while with hydrexylomive os doner, nitrous

m“

vside was dhe veaciien preduct. The suthors postulated
that o diematatione-tyse sosction wws inweived. Vith
hydronyisming, the fellowluz wewotion could pecusrs

\féi’mg + %ﬁizﬁﬂ — };}zﬁ “* ,‘Eﬁz 3

The vesulis of the Japanese workers diifer in several

imvortant weys from the dute presented borein. The

solubie niicits roductase fovad in the prepsrenlion deseribed
heore reduced alirite stoichiometricaily o nitwrie oxide,

o one oilecbron chengs, whbile the ensyme doveribed by ihe
Japanose workers on balysed & tvo=electron dismudation
rosehion in which the kydrosylamineenitvogen donctes two
cleetrons end the nitrite-niivrogen guins tvo elsctrons.

The ’if%zgﬁwxyiwdmiwim reduetane vos sssayed in the
prozence of § f} ¥ hedroxylomine., It was sleo reported,
-Ii,;-g'

hovever, that o 20 minmte exposure of dhe onzyie to 5 = 10

¥ hydroxylemine resulted in its iovetdvetion, Dut thet
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nitrite protocted the onsyme spainst this incctivotion
{Ivercid ond Bori, 1958). Lowver concendrations of hyiroxylw
amine arperently had no effect. In the csse of the snuyue
fosgribed herolsn, howwver, hy&&mxyi&miﬁ@ viag net only
inoffective ne an eleotron donor, dutb also imhibited mitrite
roduction 2 n concomdeadion ef § % 107 M, f.0. onsetenth
the level employed as an glestron donoy in the hydrexylanive
aitrite roductose avelen,

Binilerities boblwosn the Pwe systenms include Shediy
cormon sonpitivity to fnbibddtion by evanide ond sodlius
ddethyldithiocarbonnte,. The asisl dhereby impliested ecould
bo pogtially removed Urom the hydrexylamine~niiyite
roduetene by dielysle sppinsd eyenide, The Ioet setivildy

ups restored by adding iﬁ“ﬁ

¥ sepper to the onzyme (Sasuki
and Iwveesil, 1962). In the soluble AN ~nitrite reducing
syatben doscribed in this 4heslis, hovever, oxbtensive fislysis

zide or sodiwn 2icthyldithiccorbanste failed

ageinat e
to vemovo the melsl componsnt since no inhibition was
shasrved sfter the ehelating zgent hsd been removed by
dinlysis. Troatment of the reduced easyue with cyanide
4 however

according to She proeséure of Kubowits (1938} &
result in loss of seobivity after the XCH bad boon romevod
by dislysis. & 50 per cent loss in selivity with NADH,~PHN

a5 the slectron domor oy 20 per cont less with waeduced
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benzyl viclogen wan abserved., The addition of oxoponsun
notale including copper failed io mesetivede the onnyme,
These obzepyeabivas indiente thod participetion of o melal

sovonent whieh 1g Wzhily bound 4o the apewchumyus std

recuives drsatic drsetment o ensure its dissosistion.

¥1 is dnterenting Yo eonslder the physiclogical.
gienificanes of the Lhydroxglomine-alirite reductase,.
£3beued hydrvaryiznice in eonsiderod o be avn intovnedieds
in cesimilatery ndivste medebulisa, it is wplikeiy fo ceeny
iz high comcenbradists in the fres sints in yive dus to
its biologiesl domieily. Tohabaabl, ¥Yehiguehi, and fganmd

(1963} shovad that 4% formed cvaploges with bose grouns.

&
£

e, PR, Ty een ey Siae s d Do s e o & g weon
The nebeme ponduleded for the fwnediondng of Hh

hyiresylopineenitrite yoduelose veuuires e vedvolienm of

. %

purd of 4he altvite-nitrozen o the -1 safdation levsd in

oxder to raduce the remsinder fo the +1 lewel (Iwasaid
and Hord, 1998}, The seluble mitxite vedvetase svoben
dezeribed heredn thot reduccs nitrite 2o mitwie exide
usins 4ho wmore usual) Hi 3&2 a2 bl slectron donor seems to
be o move likely condidotes fov the voele of physiologicsl

nitriie reduction in depdtrifiecstion procecs,
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