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The rola of leguminous plan¿s ín maÍn*ualnÍng the ferti--

iity of aggieirltural soål"s by enrlehf"rig åhe soll" v¡åth nÍlregen was

fårst establi.sh¡ed by Soussånga¡¿1€ l-n 3.838 (t1¿sh"¿stin and. Shå1'nåkova),

fhe asseej"atlon cf rhfmobla wlttr l-egumes was fÍrst noted. by taehmann

(1S58) "øho ebserved that the soot nedulee of Ïegumlnous pl,ant's ean-

taån våbråo*ilke mleroorganås¡Rs" Seljerinck in 1888 Ísolated. a pìåre

eulture of nodul-e baeterla and demonsårated" that rhåzebla prere res-

ponslbl-e for t.he formaùl-øn of r¡edr¡l"es ån whteh atmosphærle nltrogen

was assLmi-Tat,æd"" Thre rh$"ueb!a*Leg:.unæ symblosÍs !s no-o* beång ån*

vestågated. i'råth yenepreô ån{eres'¿ ås eÕntern oves: the werld. proåeixr

resôËrees and ti:e es,"er-ånereaslrrg eost ef the encrgy*based' ferbí*

llrer lndtastry neeessitate flndi-ng a ]-ess expensÈve methCId ef pro-

v*"d-[ng nå+"rogæn to lnerease erop yleld."

Until" recentlyu 1t has been nanciat,ory to use an åS fgyg

test system lnvol"vång ptant nodulatÍon for the sÈudy of symbåotåe

nitrogen*flxatlon, Howeveru Ln Lg|5 fåve ¡:apess þ¡ctre pubJ"lshed

documenÈlng rhåøoblal eul"ttlres ¡ahleir carrled out the flxatlon of

n{trogen ån the free*lir¡lng state" It wae thts development that

åntrodueed a valuable ÈCIoI for lnvesåi"gatå¡lg {he Senetle and. blo-

chemleal" prerequåslåes of symblot,le nåtnogen-fåxatlon,

The nttrogen*f$-xlng en%yme eomplex' nåtro6enase

{ffin,?"99"2"} nas heen ùhe foe'¿s mf bS"eehemlca} såudåæe cøneerRed.

ssåt"h åhe etuefd"atíon ef fæctors ånvCI}veÈ ån tiræ red.ucÈåon of N,
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ï, 1{i1:*c6en f:i-xati-ov:i'r"g fte**Låvt:rg rhlø*lrf"a

Tt"rc st'":dy nf :":ítrogen ff"xa.tåen in rhj-zobi-a had fmr many

yË¿fys be*n ha-.nper*d. hy 'uhe **mpl *xLty of syrnbietåe systenis. H*t+*

Ëvere thr.ough the d"eveLçpnent *f an å--ry- É-t'qq s;rst"em' åt "is now

possåbl-e te ånvestlgate anú irop*fulJ-y e]-ueidate å*he niany as::ects of

n|.bv:egen fixatj-on l"rr tirese sirecS-es psevS-ausl-y a{ an eXperinrentaÏ

*"lsad.vanÈage"

Eiolcgle:ei nå'Lrogen f!.xatåcn is an 5-rrupor'ea:r+; î]T:seesË '¿hråeh:

c*ntribu;tes ab*ut, tvre**:hi-rd.s *f al"l fix*d. n1"t"::og*n tCI t'he 'b1**ph*re'

Tt"lis pr*eess hs.s been the focus *f inueh reseal:ch ürreT""' ";,he yeers due

*"* *.he e\¡ër*infreasång easf, '3f the energy-baseû fevtf"l-lsex f-ndust'::y,

in*reasing 'øorlO. i:opr:-1-atfcn and- Gvell ä ten-feId incr*ase :n the t¿s*

*f che¡nleal nii;r:ogen ferå1}Í¿er sånc e ]-9fr (Yatesu 1"9?6) ' It ås ob-

vior¿s that, new ways t* sreppåerient or åmprove t?te present metTrc¡ds oi'

nitrogen supply are need.ed and in*reased und.er"s'L¿nd.årrg of the n1'Lra"*

gen fj-xatåon mechanis¡n i*.j,1-1 eventually h*lp tq¡ inexe¿se tlre çrerld'

resûurreñ of pratej"n"

i-w ZSgjþ l,li.rrograd-sky ls*1-ated" the fårsà free*livirig måcro*

organåsrn, able 'b* fj-x atr¿ospheråc ni4-ro6en" Tl:* anaer*bic organåsm*

Ç}qS-lql-4åqg lq-q!-e]¿giêru gre'* 1-ux':r:ian'13-y a'c 'çhe eliÞensç of nf'-å;rcger:

ga* 3-n a sul'ture nedlum .!-aek3-ng any *ti":er nf"tr*geri ËttåTfleo Beiiærin*ku

ln 1888u had sueeeeded. in åso}-at.l,ng roóåç riûd.$le b¿¿c{eria frem leg*m*

i::ous plants and d-emonslrat*d tlra* the nociuies were need.ed fcÏ heal-t'hy

;*lant d.evelopment" These elassj"c experiments fc¡cused. a"båçn'b3"*Yz #n



åh* cru*i-¿tr r*re ptLt:.y*d" "n1;" ri:5-*ro"be* i"n p*Y,* n\-*.r:agen ey*le a.nd Lr¿*

åtJ.a+.,ed th* x'cuúy ai bj¿*3-e4i.*a], nîzv*gen fåxaååo:: {i'iås.hust,ån and.

*k':-1onLkovn, 19?1).

and rùnslst *f **yilaL.fi ba*teyia and- bl-ue-gyÉen algee whåch ha'¡:boz:

"L!:e ni-t:regerl fåxa'b1*n {nif} gön#s. Th* nif,rogen-fixf*g baei:eyta

åïe dg\ri.ded ånÈe t,v¡o main gEç,"åTls e åhose whleh are free*living anä

LT:ose wlilch fix nît::c8en in a s;rnb-',.t:t1.c asscciatÍorr wi.th pl-en'cs"

TÌ:* b*st kr¿e¡qn *aamp.Ì-e s"f tþ¿e latter a*sercåatåon ls the gen'ien

RhåøCI"båum ancl the agyi.en:3-'t;ura3-I;r 5.r:rp*rtant 3-*gurn** *

Rl:å øobå.a i#{; €Tän *n*gat,å ve aey *hix u Tz *'r,e:z*çt;r*phi* 6 nÐR*"

*púr# forml"ng oÍ'gåÍ; ri:ns i:i¡ich can invad* 'bh* r:o,:ts of, X.*gi.rmÍn*i:s

planÈs vls, an Ínfæe'hl"on 'uhy:eå"ù e-n¿I form ::*ct nod.uÏ*s, !iå'¿!lån ålre

rÕ*t. núdu}"æs they thange1"o e n*n*.::c:p.r:oår:ct,i-ve fa::¡n eall,sd bar:*

*eyoåd.s and. s¿tart fixing n5"tr:egen" Bctl: pTants and. ì:act,ecria shüw

a host"-st,:ra5.R sSre*lflcf"t,y in t}:"is :'espect" The abJ-n_Ì,ty to for¡n

nçdules Xs ¡rrobab)-y the most åmportant eharaeteristi-e dåstLnguåsFr-

ång rhi.zobi-a from *'13:reE baeåeråal åenerê.e tiiståT reeently, tltås

al"so neant, experlmer:taå dlsadva:lti*.ges* Frogræss fu: the stud.y of

ÈÏre phSrsi-eT-*gy and- genetåes of rhizohi"a lras proeeçded sl"*wly sånee

'¿h* s'Lttd-1æs have neeessa:¡:i'J-y lnvolved. tlie tnoeulatlon of legirine

p]-an*s and" e:çLrac'úS-c,n of the "see t,*rctde frori tÌ"¡* rscd.uies. -tfirtj-_í" a

f*;+ years ege iÈ was å:,?r*mght t!'rat ::his¿.:båa e *"cl_d" an\_y fÌ:t nå.r;re6en

s)'r:bår;'ci-ca)"1y 3-e" artL-v afo*ev tearrsfovma,t"S-*n int"'-o ^bhe bac'Lø::'æl-d. f*rm

ffeûurred' Hr*øever, 5"n 1-9V5 thre* paT)Ërs appeared. ån Na'þ-uræ wï:ieh

d.o*urnent*d fÌ.xaàlr:n j"n fræe-J"ivång rht¿sbla {rpaga,* * *,, Zg?Sa



1{æ-rx ";;zr}" ta3ue, X"}'f 5X I'lcC*r*b ?*t ql_* , L9?5},

Tl:e d.og:na thaÈ rhå'z*båa never fix nålre6en *x*ept :øithin

*"he r:od-ul-e of a p1.ant erunb"led. Ln l:wu stag*s. rnix;iar-l-y* àhe nå*:rs-

genasÊ system in rhir,cbåa r¿as shown to oecur ín assoej-atfon wå*ì:

t3.ssue *u.l-t'¿¡res c*f legumå.nour, plant"s (Holse*n eå Ê1_", lg?å). It
wae the$ d-emonsårated. tr¡a*,, norr*legurnS-srous pX-ant,s couJ.d. ånduæe n.åt::n*

genås# a*tfvity ån rhløabåa as ue1"l {J.J" ffråld, LgT5a $e*v¡areft and.

Gåbsorru å975) " $ubseqt¿en* to thísu cond,i*j-ons våere d.åscr:verød. f'CIr

fåxafi-*n oe*urrlng ån the absenee of plani" naÈeråal (pa¿an É +l_",

3"9?5"; " The abi,l-3."ty te fi"x n$-trc6en .W påggÈå, as åt 5_* -terr*ed, ås

princjpaJ-)"y resåråcted t,o the sloçr*gror*'eng *rass of iehleh ,ehe Þ*ow.-

peag gr*up i.s typ':,eaL, Tþ:i"s pr+pçyl,y dislta]'ed "ny scxre rl:lsæbåa is
pr*of Èhat '¿he gÊneË fcr rråtr*g&n f5.r.&et:ron inåf) a-re *c¡ntaåned. :Ì.n

the 6enetÍ* materj-al cf r.he Ì¡a*teria ancL ar+¡ not. derj"ved Írem åhe

planå eeï)-s, ê.s ",{ås onee thorig}:*" Tnmunologåeal- errådenee of Èh*

capabål.lty of free*1lvl"n6 Eþ_. jap,e_g.j,çr.¡.ry 'eo syntfresLn* a port"len of

nitrogerrase was pnovåded by B$"siroe -qt Cl_" {:lçf5}"

Hl"trogenase ås the nerme gåven '1,* tire er:mp]-ex -fuhat eata*

Lyzes bloJ-oglcaï" nitrogen flxatÍon, K,nowk:tlg;¿of ni.?rogËnaËe ste¡ns

fxr¿m t'l'¡re* acvana:es made "betwee¡r 1"96t and- 'L965" The f,irst break*

through *ee"*.-.¡-ryed in'Lg6* when a aexS*free e:¿.hrac{ of ni.trog*nas€

n-Fælr¿eø¡{ fe¿rn fl'try'ç!r'sçu *ur,, y+estË*J-_4iL?f1 æË_t_e_Uåå-aql+g. {Camrahan _Ëï¿ _*1,, åg60} *e*

monstrated. a ni¿rnber of reqr"eår*me¡l,ss e¡f the nåtrogenase *on¿T;xex"

Tbæ enn"grnæ Þrås found" t* be t)y":ggen e*.*såi;åve and anaeroble ee:y¡d_åtåens

îs?8r# rËquåred for aetiwj-ty" !. so,l.r.r*e of redueång püwer and ÂTF ç'ere

æssent,la3 as ?reå} as "c!:e .Ë)rÕscncÊ e*f li{'*z j-ons and. fe::red.oxån âs arl



eL*rir,ïür¿ cac"ï1el" {loi*i:s",,afa and. i{*::i,*nsünÉ Lç'D7} ' Ïn'Çåg-glgå*i*çg the

sûliïeit e! ener6.v ar:d, redueång i:ower ¡sas t}:e p3rruva{:e ph**phor*elas*rlc

system wÏ:.åch pr*"rid.*d el.eetr*ns to nå'Þrogenåse vj+* fe'sred-cxin (or

fi avcd.oxln) and- suppl-i-eCr ene:gy' by proi-uci.ri5 acetyT- p!:ospbrate and

i:ene e ATF. T.,atey Ful.+r, 5L Éå. (:t9ó5), workfng wå.th 4x_p!.q.-Þ+qt-æ,p and,

4bp"ê,qgp_3:q3¿hWq Så" u substftu+-ed scdiun d"ltl"¡ion{te forbþre reductant

and ånircd.ur:*d" *eeatån* phosphateu *rea{lne ?"Lwan*u and Åffi e-ç ê,:¡:i

A5?-generat,lng sysleizr whleh ¡irovided- ä.s åssr"y sys'Le;n for nåtro9ævLeÐeø

The t"hirii bseak thror:gh earic ln "¡"965 ;*hen Dil-',+ori;h ån Aust,vaXia ancl

SeÏ'lcl3horn and" Bi.:rrås ån "'¿{*r s*n':ns:å.n sånìul-tænæousL3r diseover*d. that

nåtrcgerrase redu.eed ae ety)-ene to ef"hy3"en* fÐ Ç]__o_ry_S_q3--W.}ü. gq,q'e.ggåå-â4pi{1

{Ðåïw*rth u }^9661' $*hollhro:.:n and" 3r:rrl-su L966} * Tæ*&w** er:*Ly'Lene 3t*

d.uc'ii*n +""akçs plaee no* *:r13r i*åt}: enz;rne pl:epe.re*lons bu* al"so pri"çh

tf-l/i.ng bat:ie-t\.ar pt'L"t,nk* øx *y"*L.sed *så.¿l-esu anrå seil or u¡akev sä.Irrpl-ese

Låu -ï&esåved. níd.esSrreað- aeeeptance as *h* st,anúärd. å,ssål/ for ni-trogen

ff.xatåon (Hardy ç-! g].", 19óB) " Fxåor tç the f1ndf-n¿ tþrat" nitrÕgenü.sa

rçd.uees aeetyl"exle '"o ethyler:eu 'LÏ"ie l"sert*pl"e traeer met*:ød" was wåde3-y

a*ceËt"ed as t?:e beså nråterion for N2 f,åxatåon" 3ríefl,yu th*e method,

en*alled exposång a cr:3.tr¡re *f suspecteel nåà'::ogen*fi-xLng cr:ganf.s¡'os

, l<""t,o r)Nz and af'¿er a.d.eegua'i;e Íne'aba*åorr, subjeetlng Èhe eul"ture t*

Ë.**3^&ekJ" dågest.troxr foll-cwed hy disttrll-a.t3,on e.nd c*r:version of 
"heî{ nt

"-,1"{ enrÍchæd am:ncnj a tc '-¡l'í2- Gas sarnpSss i{*ru th*n a-¡:al-yred ån a

íiass *pectronstø:: (Surris a¡id .¡Jil-son, ¡-95?) " Í!:e ls¿¡*,*'Ë¡e te*!:nåq'*e

p¡as åR'Lrcriueed, ån tlre *ar3.y 19&ts by 3u.m3-* gþ på. iyç$j e.nd ha*

'been u.s*d sl"n*e a:s íi {:*rrî3."'ts*.aÍuary h*sfi i-oï nitr*g*n {Lxabj.*ri" Th*

å*¡å-l*m sf Èh:* ana"!.y,rås and- expen*e øf 3'5tlz yru* pr**T-riråed l'Ls



þri"ùe&Ti:rea"à zzse Ër.s ¿L É*c"Éenårrg neàl:od-. ?i:e: ace{ylenæ redu*'Låon

rneth*d., on the othev: !:e.nel,u tr.s eaey t* perform, gå';*s rap5.d ræsul-ts

a;rd. f"* v:eiat'i-vely 5.nexpænsåve" Tþie use *f gas chrcmatograpbry ^Lo

dst,eei: tl:e ethyl.er:+ fârltrad has pr:*vi deii an exê"remel"y senslti.ve

nethod. for m*nlÈorfr:g nitrogenar:e aetlvlÈy {3*rgersene 1"9?*)"

The *apaeåty of exe:ì"sed rrod,uäæs from soybean piants to

få:{ atrÊospheråe rrii:rr:gen ha,i been d-emÕRç*erated eonvi-netngS"y i-n l-f5ä

by r:*e of the *3 li. teehnf.que (Âprlson an'L Bur¡:i-s, 1952) " r¿fåt"k¡ the

dåse*very of Èhe a**ty)-*ne redue t,åoxr aËså:se fnvestågatång 't"ire nå.=

hra6*n*f"t xlng abilåt:1es ef beete:"o"'Ld"s f:"i soyb*en rooÈ nodules beea,r*e

a L.ess erduorås task. Â.þ¡r:ri'L th-c sa"m* Èlme, 1.t p¿as sh:*;,¡.n *,ha¿s hoet

eel"l*f'r*ç e:¿t,re*'ís *f ba*t"erc-';d.s csu,Ld *eå;:"3-yræ Ng ræð:**åË*n and" pro-

"¡åd*d, th* fj"rst cpp*r*,uni"by for the dæfånåtåon *f båoe):em5-aaå e¡¡ents

ån II2 fÍxaüåen hy Seguxes. Requårenev:Ðs for l{1 :flixatåffin e:ÊrËÊëJ:ed. 'eo

be såniisr te those ån &.Ae!"qþAö_g_eg Våry-e _+¡jlåå {S';3"*n É eå_", f g65},

3-neÏ-udårig the need. fer an ATF*generæåing sysÈ*m and sod.åurn C-åthåonii:e.

lergærsen and Turr:er (:"96?) and Koeh gj. É" {:"ç6f) d.eterr*lncú seme of

the preperÈles of *T:e nåtrogenase nystem ån .*oyi:ean r*ot nodr¡l"es"

The nåtrogenase comÞl"ex appears *o he så¡nj"i ar in aLÏ or6anå,*ns s*

,$-"* I -.,.^^J-f æ,"&-,,r
.L ru J)¡ V Çù U¿E;4 bgU o

l{åtsogerras* *ata13r',¿*s Lhe b$"o1eg'j"**å red.ue*j-çn of atmos*

phæråe x:L'ar*6*nr u'n's.eh. å,* very .st,lhl.e {valene.e skaa;e, ¡:f, uerc} **

asiçonåa {va}-ærr** *ta"b,e of må¡rur '-th.*t**} 
a

f:f + ú'eþ + 6 e 

-+ 

Z.iW,
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T-hæ *nayr'l*'(i*,s'bean l**3.a*;æ& fr*ro ai:Frcxj-rnat*Iy Zfr pt*txat;'rcàæs and

e:rå*nsåyel|rv pu*ifi*d fr:em Í,.:t¿:: 'nac"r-ryr1-a Ëe::niLl:å-t3'che :*i,:¡'tlnents

CIf tlte nå'*r*genase *r*mp3-ex i:e be 3"dentåfie*- Tnl* *nuyrte e*ns3"s"ls

*f i:l*'cl n*r:*haein, å::*n-s";1-ph.LT.ï pîô¿lÊlins (Bu'tr-*n a"nd ieCem+-e¿, Lg66g

î'4e::tey:eon .e**" &., L96?) " idei"li:ær pr,:t*.1-n ai-öm* has e.*y demçr'"sbrabXe

*nïLvi.+*"y- ?he larger proteln ha*q a n¡eïe*¡-lIae "ereå.g}:t ûf ar*t¡sid

Aä**ütü anå 3-c *ontpet*ed *f fo'ur sr¿buni-'Ls ,*rf t¡;*o t;pes" Ït ccnÈalns

2ü t* 3$ !,.Tan a*o¡ris and. aci-d*1-a,riL"e su.l Xrhur gvÕ'LåËs ã'nd ii{'c' noT-ybúen*rn

atoms per rxt:!'e*iåLe' T'hj"s }arger prc'ceår: ås r*fesved- t'o aç t"h*

¡nr*1y-k1*f*r:iedüxÍn prote:!,n {n*ne), T?re smaLLer pr*teln }:as e ¡rrcl.**

*ul-e.:: æ*"zgh*; r:;f ¡a"n*at,6ÜtAÜ* ui.zY¡ "tw* eui:i:.n:î{:s of equaX- si-se an¿

fo'¿r Írr*n a'Lon:* at:i. a*åd-'1eb-!"i"ç r"u7"pk"*:t grÕllf:s per ;n*3"e*u1-*" Th,i;

sna"i-,1-*r protæln ås r*fey-sed +;o a *.nafærred-c:qån (fe) {t"*r re"'våews

zz*æ Ztsxtior" enå- î{t*yt*nãúti.e 3,975A }alto'*,u 3.9741* Sa-}"É;cn end l{ortensünt

L?72) " E*th pno+.*åni; are r*adtÌ"y inaetåval*d by etxyg*rr ball tl"rc

s**ond- smaS-ler ¡rr*t.eln ås nrlre sensi.'Li.ve {naAy g|g -a1", \9?2Ê fr*c.

Jol:n .eJ ?Ã., J.97I4ui , e ar:æf'¿¡3- anaevobj-e t'echn3"qr:nes must be -r:sed

tÏ:rcugÏ"r*r:È the i:repa::at'Ì"on, pu::åficatåon artd assay of r:å"èrogenå-s*

*Õmprrr€r-¿'ilm (3';:rrÍs, Lç6ç3 - T?:æ þïoFe anel- Fæ proåeÍtns ft::,txl ë..vì e"quå*

¡n*\a:r eomp}ex du:ri.ng "i;he reaati*n r&å*hr i.s nseessary for nl'br*--

g*nåEe a*a;år¡l-ty. îia?*man a::cT Surrås {:-çfg) obmerved t'hat i:}:e *""rc

p::Ot*Í-n* dl.sfåccåats a,f"L*-r *a*h *3,-æe,*r*n ås {:z:ansferred- 'O*t.*+een thent

*.rid *uggçs'i; d-eeågnaLi-ng +.,i:* lnioF+ e'* nlt::*g*RË..å* anå 'tl** fle p::o**..::

;r.* n-'i.tr:og*nåfi * T ç:d:¿e:iasæ 
"

T"lni"e:r phynåologå*al c*ndi-t,l-*ns the Fe p:rc'aeÍ-n ås '::*du.c*C-

hy f*zx+d.ox!n *r a {L-avnpxöt#1n antl e¡:e*1få*al.l-y hånd"r îriagnÉ,$åßm
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írð"ey;tls:1"r,* !s*'Lr:l-r¡hoeg:"i'ra+;* {}.lgaT?} {3ut and i4*sfenser:r i}úE} n T-T':x-ri-1

"';i.*t11.ng i;i:* i{gaï? tì'-:* pr:te*'i;':^zi: r}t 'l-hø I'* ;;:r****:l"il b*:¿tTrn*s. :*t"t1:sl;al-r.,--

'+*-4-a3-'j-y rrr*]:'* ri*g¿yÈå.r'* and 5-?; ¿*r¿u5-::,es ''r"?st:'ar:X-gu* ab5.1i+;¡: to ::e¿Lt":.t:e

tti* þ1cF* Tfl:*+,*Í:"! {*ml-lh *1, ei"r 3-}?3} " Ti:e ræd-u**il- ï'loF* prc*e:ïn

Ë*r"rÕs as ân e\.e*t,rr¡w ;:1"r:.k ':apabîs *f reduelng alÏ cf 'li':e ;iubst:ratæs

of n$-'brog*äå*É,.

I'iåtrog*nase i.-s a v*rs¿tå."tra *nx"!:st** '***a.use "!*n adûf i:å*n t*

d-ånåar*g*'¡l and aee"byl-*na, Í,{; ås no''q ä'*l-1 est,abîis,hed åhraf; n1"'t*,*cgen==

as* a'í1.1- ru'd.uee a n"*:nbev üf ü'hlier i"r3-p7"e-'T:*n*.*å subsåy:¿å'les *r:el: as

¡:3,'¿:'ou":,* oxåden an-x,&*r *yanåde, m*íhyå i***ya:ridæ, pr*'Lûns and- ana*

I*gs *f s*rn* rlf thes* eÐapüì¿nrl*n {fra},-f.o'*. a.rrd T'T,¡rt"e,'ìi*r'}ri i}??,} " R+-

Ò-.z*t"La* r:'T Xh*sa **ftÞ*ûnd-s sÌ:eued" tï:* *¡,"¡,''r,.* y:*r-y:Lz:*n+:n'ts an Cåá rc*

d"u*'L'å*r: rtf lt12 an,å 'was a*e *rnpar:å eii- '*y a hyårol'y*'3-s *f ê-1F and r:v*1-*

r¿'Ll"*n *f ßV., $*.¡1c *f iil* s'.åbçtT&,ot"*# "*$r* feund to be **xtp*xLuLvr*

:,,*-È1r Ïi2ø s:;¿:h as ïi2üu "*hå3."æ athers *¡*r# R*n'*p*eåíÌ": (gCtl , iî.j) 
"

Ì^"r:*tyL*næ *-e non**ornpet,å.'blnre 'rf-tit l'{2 "i,Ehål-e }T2 .ls *.*np*t"L"L3.ve vsåf"}:

acetf,.e:te- Ï'A Ì::-'.s beûn sug6esied tl:*lt aeetylene may be :r*d"ac*eÌ b;f

a l"sss *cmpi"ete3"F reeåur*:ed *L**Lx** sårih tÏ:iarå ås ::equ.i"r*ð.'*'g nå?,ro:

gËl:ãs* (R3"v*ra-*T'cLn z;nd Bwrrås, "]-9?5j be*au*e redue{!*n af QTH1-

ås a t.'u¡o *I*e*:r'on st,*Fs z¡i:i..!-e Ì.tr3 ::edu*tå*n :i:*qui::es "bhE:es Llr**

*Iec{ron s'r*ps, Tkq rate cf Ì{2*f3.x-'Lng aæ'u}.vL+""g !s i:h*refe¡rç a'nou'i;

on *tlr J. ::¿l- * f 't h e a* æ+..y:1" *m e-:: *úue 5, z'r g ae'{" å v.1. ¿r. 

3r "

ü*ntv:rsL ø"r"*x r:L'L:t6geñege Íe æx*rbgd. å¡: '¿wo Þrå}r-Ðo The t-i-yså

Lç z. e:.*arr¡s r:entg:*l- ån whåcÏ: s¡rr:*,Tt*sås *f Lbe ennyn* 3-* r,*'pre**** b3r'

åri,å:{r:*så tf *ri* of llr* p:rediar:b* of å'bs aetl*;åtyç narn*Ly arnruonla

{o:: a:rr-n*ni"um åons}u Â¡amonåå 3åËr4}s6as 'bh* syn*h*eln of r:3.t,rog*nË",se
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1):i:*Ë'rå]rfe"ti"ly hy "a;îLLYl& a.* 'ú. ü*7fæTlïesñtrr Õr p3:äci"lvsÖi: to a soreÞ3:es'sÕr,

flre se*onrå *s:nn¿vcJ sy*'a*m åp rneú;-a'Lcå s3:*eifirye"i-l"y by -Lh* i+'T?*þ.ßF

::ai:l-* and" af,llee ts the aeååv1åy *f æ.v.3.'*ltLng, w"LLx*g,Ðri¿stÌ (Ì{c:*+;af¡

æ:rci- ¡{err.r*nsöns Yg6?e V.e:nr:t* -y, Z9?î,}. Ì',,h¿vi rhe .{'îFa4}F raåit î'Ëåc}',å*$

t,Ju f,urt"her $.fF u'?,Lj:"¿.naf,1-e-rr "cy *l*rcgær:ase r.nd- hence nåtra6*n f5.:t¿*

ti.*n :ïs comp3.*t*'l.r¡ å"nhi-bi,Èed"" Fresiffiabl"y thf-* 'L,yp* cf cori*urÐ"Ì ås

æxerä*d *o tþ¡at 'u¿heä '$¿he ÂTlF çuppl"y :uåtliÍn th* ee11 3..s 7û,n;, f:he r*:

rieS-'nång ê.TF ,*an he åå::e*terî 'Lr'ta mo:"e lmpovt"ant *e3.1- funetlon*,

R*eenÈl.yu empharla Ì:as bsen p3-aæed" on 'lh* :t*"1.q ui g1trt,a;c3"ne ny'n'rhr**

t&.*&'41-.3 a contr*l of nå-f:r:CI9#nårsffi s3rni:.h**Í"r j=¡t a num'b*.1: r,¡f organfs-:as

Lnelvð..1.ng +,!ie e*teri*s {}lagata::h gÈ {1^." þ i??i ¡ T\¿b"nu \9?}-+ç 9}i*.nmr¿6a:r:

& qJ."r L?V53 a¡:d tl'¿e r*L-,a*hl.a {li*nop gf El}., 1"9?6Ë turi"',ið ¿¿nd"

Sågner, 7.ç?'t3 - ïhi.s aspeet of n5-'troge&a.ße e*nlrr;î ir5.å1, bæ ei.eaï"'*

'r+åbh; åv: move d"eåall ått the l-as'b see'fuåon,

lån3-tr*ges'r fåxa'Låon hy purlfi-ed ri:T.åx'Õg*nåsë nr 'by *rirú*

ext¿"aeås frcm aåL li2*fåxå.ng organlsms ås an avraerob:!"e FrÕüess" The

*.erobåe Ì{2-f:Ix*es sueh as e*fuã*ffi ffi.,u sÕrú€ 'hl"ue*g:ïeen aLga*,

anå åhe rÌ:luobi,e-Iegpme symbi-*mås cen re.ÕÕncLl"e Éhetr ab*-Iåty f,o

r:ata "yøe thås O2*sensåt"ive Tlrûe *ss onJ-y åf 1t oecurs ån ay: i"nternaå

poss5"b3.y \ø*ü,:Lmçz& anaerobf.e *n,rkyø"rr¿ænt," Ixr tÌ:e Ìi2*flxln6 i:åssues of

l-e#åme roet" nodules tåre p::*sæFrr:e *f e nycgLmbån,*1"åke haenroS:ncåeån

se3led" Ieghaæmagl"obå.n i"s wæ1"1" kclma¡:"

K?åbü (193pj w*"s ål:r* fåv:st nça *Ytaw 'rhat åeg:u:,-i* rerçà n**u3.*s

e:*n"beå-n"*d e sol-i¡bl-e hacmogl"ehS.n*a¡upe pi gm*nå r,¡i:l,eh p¿;*s*s$ed" "bþ¡e

preperhy *f r&v*rsåbI-e oxygenat,åo:r" fhts prcp*-t+,,y v¿a,ra **nflrm*d. ì:y

K*J-3.in anð. 'ñang frZçrt,Si anci- la'i,ev: hy ,f irt-anen anù *e,:"iorkern {f ç42)
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zqi?o gåso estabÏíshed. t!:e ræl-atåonsh5-p beÈv+eev: leghaernoSlebln and

nød.ule effeetlvesl€sßs $asÌ: and Sehulman (fgZ¿) eonfårsred t!"¡e fånrå-

j-ng ttrat Seghaemog}obån ås in a redueed statc throughæut the }lfe

eyele of the nodule,

A number of phys5"olr:gLeal roles have been proposed to ex*

plaS"rr thre obsærved. eorrel-attons between treghaemoglobÍn coneentra:

tlon and. nÍlrogen ffxation (Appleby e& ø1-", Lg75a Bergersen, Lg?L)"

The Eol-e whÍeh see$ns most, ltkely $Þtas proposed. by Yoeum in 1"964 ufro

suggested tl'rat le6haenogS"obfn may act by faell"ltatlng the d-lffra;;lon

of 0, to the Nr-flNånS baeterolds under the l-op¡ Þ0, exåst'ing ln the

dense t,Lssrae" The lnereaseð resplratlon leads to an lnerease ån

AfP avaål"abl-e for n{trogenase funetlon" In t}rls way leghaemo8lobån

aets as a søphåståcat*d. ÕKygen transpor+' proåeåtr and dalnage tCI nå-

årogenase l"s avoåd.ed."

The s}åme etraraeterlsti"e of maqry aerobåe nålrogen-f1xång

baeterla and. b}r¿e*grÊen al6ae may also haove a Brotecf&xre funetíen

in lnhtbi.tlng the dlffuston of oxygen" Pankhurst and Cratg (fç28)

for*nd that eultures of Eh¡laqÞåUq -spn straln 3?HL developed. two types

of cells ån a layer of sof* agê"ro The ple5"omorphS-e *ype 2 eells of

stratn }ZTIL werø present 1n th¡e måddle of the soft agar Xayer" The

type I eells ¡qere lseated nea:r the soft' agar surfaee and secreåed

Xarge i;nounts of exÈraeelluLar slime whi-eh redl¡eed. thre rate of 0=

d-lffuston and may be åmpertanå for the development of the type ä eells

$.n the eolony,

Nftrogenaseu ln the absenee of reduetbne subsåratese r€*
&

due es H to H, (uoch q! g&" 1960) " Apparentlyu H, evoliatton d.urlng

N, fåxat5-on 1s en gaherent property of the nítrogenas@ reaetlon, Xt
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?rås sråË€rsi;ed. b3r Fr¿y.'ns awú" H'a:r&y tlpVlS Lka;t n* Þre'È" É,??*ú.*p'enúcnå

p::od"æ*'Lt*n ef hy*r*g*r: rrå*.. nåå::oger:aÊæ û*ëa8,5 åg yå*Ð--ç-t- 'ÅÔ"*ætrç¡r

3c?rubes:{:, ¿n,-4. Ëva.xe tZ.çV6} founú. tha.t ui-tT: most s5æì:åoi*ts ,tv'L.y fue*{Ú,f'

of åÏ:* al-e*tron fl-ev¡ ?"o ttåác.r$g*nase i{ås +*tamx{ærvæd" te¡ }ìi2g t}r* re*

ms^å.nder vfs,ç+r, t* 1"12 evei-u'aåor:" 3Ìn*rgy ]ns* *T:roug!: i:å*:::tlgenåse*

d.epenrlen'b H2 æ,";*1u*3"on ås ånpo:r:'uant b*cs:.es;e fo'us o:: ll'¿* {lY mo.l-e*

eu-l-cs íåt:* {:ûrtsurred T}tr: paå"r of eJ..eet"se;n* t::aciçfexred. reger:dåúås t}f

*lactyo,n ne*epåur {na*flæl* attå 3''ååes:., 3"969} u T'ú appeålrÊi th:,a,* se;me

T,ü**fÍ xåmg s3rmb5,en'fls Ëüssâss a:n hydrogünåse su'!rÍ,r::T¡ reey*Ï"es *.¡:d uèå*

,tl&æs Hn evoãv*d. Ì:y the z:åte*genase nystø:r. lf,y"*n {L}/ö9} p*.r:f*::r.t*ú

ev:-p*t"iraæn't* ;rji-'i:k p*a ¡tod.uL* Ì;ae*¿ef:cl.Iils ana rle*,*:r¡ti-:red t'hat Fi2 ü;tååa*

**L*m v".t-p,- th* kiydr*€*rÌasf* sy'steru 'rr"as '*oUPl-*C t,o the eyn'*hesås *f å??u

tr;'f¡ur; ali.Tç,a|-n& u*ltt'e. ykLy*-*l,e- *û {r.}rtßøîv* *t'"* F:Y",IIT$"g ¡:::C,v5-C*e1 ,':'y 'i:'h*

p3o.rrl* é.n**F:e* ex5:iari*ti'r;n ïse*nt]"y p::r:po$eld" øas '{:!:al' r;v-Ldat"lor: e:f

Y^2:*æuu"Lf*s !n du:r*s5rår:ato:z:y -Èxrs+a*c|lr¡nt* fft:: )rJ\irÈ 
tl:¿"Jirá€: ¿*"l"c-bål-e *i"i:::+*

ås*Ëà$€ 'r¡'v:dr,*3.vtls {Ern*::å*}r gg Ëå" , 'L9?9} 
" fie¡ndi""bå**s }:ave bc:err des*

*rl,"sed for hyå::og*nase ttxpræssi*n :Irr fr*e*l-:l-vi";r6 cr:l?"¿::e* cf rhåao"båa

{ttaåe:r -qi ål=, u \ç?8'} and tl¡ås w.111 he¡,efuJ-å¡r b* 'rasef',a1 ån *vaå',.*atf"l:g

t"he trmporùana'¿ *f i!:e fiyå:log*rrase slrËt,*ñ in i;k¡e n.4i'"1::u6e::*få"vång

Tiïûi:sÊ,8 *f 3"ægum.es "

T?:* eapa*5"1y for fve*"-1"âvi"ng rhLxr:h*"a Èt¡ fi,x ttåtrogaß ¿TF"-

TjÇ:ar:#'Ln bæ d.epen".åent ".ri:o* t,wci, :{agt¿¡re¿ "al:e ci,a;ygen ûL1rr*ú.r-!tr¿ti..e:l

And, tT:r+ a,¿a13.,æ,b7'-e nu*.r{,-*nts. 1la"r',*îng **i'üh etrs:3-:f stuilåes o¡: t"¡s,"L"vrr*

gen f5-xatå*n" 9-n L'rze ae"tï:c bx*å of roybean n¿"d-r"¿Ies i,"1, was sh*t¿¡: {l¡:;:.t,

'f|y-at"i,^ay:;+as d,r*p+n¿lel:t *n i,h* ox3",gen concæntu:rati*r'i {3erg*r:s*rtu }-966'i 
"

i,Ihe:: ræpmrts *IÌ nL'irr:3ert få"xa'*,å*:r å.n frea"-3.1.vång rÌ"r'l-r'.;bla flssà



a""pT'üâff*ú, {X*!rr+t;"*vr \9-f 5a Kl"sy, znt Le"R'*e, :Lg75a i',ict*nh *"þ" Éå., I}75e

?*qa,n 'f:&" g&,, L971v T;æ"y¡lz*wa a-nú, frve,ns, J-ç?j"iu Lurr.* nraj*:,' &-rvÞ-evr:3ne:r:.*"

*f ní"Lr*gúRÈ,se s3".r.lfh**å* and a.ctl. .L"r-y saqr¡¡.*ii" '1.:o i:e t"ina rs:t:yg'*n {:ßrL-

rj*yi'¿ratit'Éu ft!:ísg"i¡i"¿ *&.-t: ir{t.+T it* u,L-,r' :øLt}rout, di-Tff-*uLty pr*våd.*d.

å.hey he:re å sÕ$ï*iå ef få:qed ni.tr*ger:" !i,3',**¡,"er, 'Lh* rÌ:ise;bi.-a har¡e

È. y'ût-]y :-:esptrrat,*ory "p-u:tt''ee*Ì"åûrÂ m'€ci:åni"sn p"Í--,¿l 'because thsir nl'l,rog*n*"

"a*æ xyr.tem åc extr*æir*--!-y û){ygÉn s*n::,"t-uçL.,tctr 'r"kæy he-*.'e a"yl û}:}rgün

åol-er¿naæ 1o¡¿e:r t"!:an yr¿ost mzher aerebi-c nåÈ::ngæn-fl ;¿åy;g rriiÐroträarì-

.Ì-*Ër$* Hågh spee1,"{i-e rair"*s *f "a*eë*yïoen* red-l"rcÈå*n *a¿r þs *t¡Èaåner}

*tú4r hy r,:erefui *dju-s't.nient" *f *;?r* o:í::{g€n *on*erzzy:ail.år.¡¡: :iy: ttYia &a*,

¿:,Ì::",** uhen p*r:f avï'r3:{tg ti:* a**ay * TItt¡ e',t,*'+y3-efio* ::*ductåon &*srl}r

FÕï:?t-'r-+r]"s iTrË.ljå.Fuï;rrr1.o::¿ of 'th¡e aår¡:os'ph,r::x:* Þrovf.d'**. +*?tt:l*at:""*::å*- a:'e

gr{l"dn ån a *ontaínmr 'ç#aLr:l,rl' an he sæa,l.eri a1::bi6irt" üxyg*l:u as:*Ly-.

7*n* ar¡.ú- äsgön *s-n-bï'¿en'å:,,e :lnj*r'-:t*å å"n åh+ dcs:lr:ed. pro,p*r'¿3.*zr.* ar¿d

*em1¡rÏæs of 'èbe atm-*el;:h*r* as*ayed" e&a a" \-a+¿*r ti"n e fon *tb:ytene

producti*n.

Pagan *'-È,tr, {"1"çVS} Ìrër* su*cesÉàful å.n der¿errr,str:æ-tång

Cet,eetabl"æ l"ev*l-s of r,ÍtrngÊnãËe act$.vi"'T:;r ån Bþ.!"qqþ|&$Ii g"#. ßt"raln

-'12*Hå ggo**n en so3,åd. nedåa {0s?) ah*:: *,he *cp.eenL:ra-ri cn *f ù;-:yEE:¡

'L*, or"Y,æ aím**ph*r* was ?t%. FresumahLy tlre amor¿n'L CIf {r2 wtthån the

**å.tr s wae suffi.cåen't"3"y l-*"e¡ !n *v:å*r i-,e nul:rpor'L n-1."ar:ø6*n*'f:1-xi-rr6

actåvåty, Kr"¡rø *::d. Lafrue tT9V5) fou.:reå kþzai, *u\'Euyæs *f å. ;.gæggùg¡g

ú3,"!.-76 'fLx*d nltr:ogen 3,n an atie*sph-e::-'* *f ?frfr ü2 e-s uel,1" $i-r¡:tlar

r**'¿l-*"s ì.Tf.*Ðe ï'rËörfied by Gi?¡æen *"a a.3-" {ZWft} fo:: s*raåri }HÃ3"-

?ankÌ:urs't, ä"$d, tyååg {ZçZA} *:<amåned- seo*åi-*:t*c mf ¿ *+f't" ¿r{i*.y ååy*ä



ã,Ð*. fû",rnå 4:'na+- -tY*-xoì:åe gr:oxd,ng *nTy !:_r:.'?"Yz* nl,adSe o"f 'tkr: st:fÈ agar

Løryex: c*nt"aår:ed nT+-r*;¿ærtx*'+Õ sü€6,Ësting "aÞ;uÍ'" åþ¿',* a*'Li-ç3,t'y "utax :i:r:**

àr:-ct:cd. '*ts ø*n*n aítþrÈi: ;+klåcÏ: 'f-he oxygæft *ú-!1f:*,Ytrùra;ll-sn we* fzvçtxy*

abL*, H*y**çæï 'the rY'tr"z*båau i:rr*s*n'{: as a d"Lst,år:*t band *f *ells

et a *e¡:s*ean'* d*p't"?z'Ln ^¿Y¡* a.ëat:s'r.rere såri:åj-a:: åvr mo4lhCIl*gy *** +.h*

rråéa:rüg*ri*fÌ"xf-;:g ba*lt"ero:!d.e f*rm*d. liy straf"n ].ffiL 3-n eo""p+e rou"L,

nod.ule,s.

Fagan & "&. {f çy:i o*ere una'bLe "Lo d"er**nst,rate r:åtr*g*ri*

fåx*.ng eeL'LvL,fry år: *ulture* of ]"&LL grr;wn ått låquåd üS7 v.'t*Éie ,

'¡ï:l*!'¡ 'øas aåår"i"bu'¿ed t* en unf,a'¿oueable *xyg*n t,*sàså*n ån ihe

iåquåd e'.},!.à"¿tre" L'¿rrt1er yríÕrk"ers d"ci;+::nj q.ed ''-hç rJ'¿y&t*y! r:æquå::elii*nt",s

fr*r' *Ï:àl:¡iura ¡:làrogç":n fLxartÅ-*n by fre**l-!v.'ång, rbL'a*h5-.a, *.i:d. s.tve;;s¿¿

z\zri -Xntp*:tfia::;-*;tl *f" reåu*ed. I*vei-s *f i)2. lìS"trogen*se a*t,lvå*ay *.e*

we.;L*p*å" :¡þr*n eu'l"tures *f ]2H1. a*r* 6güTån at a råi"sn*3-væå öv'y$ün tsti*

c*rthxaLinn ( 1¡*lí Írr e5.ther an agliat,eú äåqu:i,d, rned.å.un: {Ìteåeter a:r.ti

T,van*, t9?63 or 1r¡ a ehern*stat {Sergerser,.g3 a"!-"u "}"9?6), þån.ecr s"hraån

3?ÅL v:tas gror,{ft "zw a v\a:1,Íonar3.'Srqulti iqeJiuni {Evans and- I{eåster,

L9?6) , t,Yt* opì:åmu:n öxygÈT? cov:e ær:traÈlcn i.n lhe atrn*ephere wes^ Zûft.

The cr.!.trugen:dse a.c{ivÍty in l}:e st,atttna:ry *ultuscs Þiä.s probably

estråcåeà La zçn*s wï"ì.ere fhe eÌ.ås,sc'i"væd csyg*r¿ *üncent::atLon t+ae

favcr:rabJ * fø:c the main"L.enån*e ef contånued. aeti"rf,{,y* }Íeraeværu øþr*n

'l,k* *zae"LsT:,ä.*y *l*-tures wæv* x'nü*tnu rråt"z:cgen få::atlon *¡as jinÌ:åbåt,*d"

T:y 3..7/" Õ): aÕr# *xlrgÐ&" it, j"s s:våd"*:l-'it, "bv,rc"'t, Lh.* d.åsse],w¿:å t2 4*nëÉn-'

**ya+¿I.an ¡rnu 7't.n'*t'ly-al3-*"ti *f *ul-lus*e ån a 1-*"quåd neC"i¡¡ need"s +;c br

*areful-3.;v er:ntet*î3ed." Keå-q¿çer and ilvans (f çf¿) d.eo¿er:riilr:erï 'eha'c a

con**ntreti.'.*n *f $t"y&*yi{tr\fr r¡as b*sa i*r *h.* lnf"'¿latåe'n úf &eæ+u:f:LÊr!æ



{ry

v*ùl;.ü*'iúr:u b"i:.*i tl"z* Yt3-g)rzæxt spe*åfå* reÈe :q¿n fct:nd ai*-'tï..":-3;f* çottf*tt

å.r¡ *her &ü.e V:rtë"Ê'{: r:f -1åqufå *".i1-*ï::es. The eel"l" ti.srrsz"'r,y *f 3"åq'*1-å

*ullrir*s rças eîs* a'¿s**ota.t-*C ""¡i..th +uh* *v:yg*x tol*r¿¡i*e" (Keåso"e::,

L97ti. Keístev shrswed. tha.'?, hågh sp*elfi* ra"i:*s *:T a**Ly3-*n* ::ed.i.¿c-

'r,3.an r:*a-1.c\ Y:* a"+u:"þ-e,"1:l*il *nì"y by *a,r:efuÏl-y beåaa*Lng a, l"*w cel.l. i-en*

a.l¡r wäthi, a Ic;q *r..:S(É{t eon*ær;Y,t:a!,j-û;-r" i{ltrogena"s* e*tivjrty "*as

fcr¿ncl "¿e d.*c.Lfnæ rapleÍIy '"rå"bh hfr.ghes *elL denei'¿i.sç in agååa*ed

1Íq*f-d- r.:ul"tures, whûtreas s¿'"å.tåÕriary låqu*-d eu3t"*.res r*qu3-r:*d ::æåa*

äveLy Y:}.61> *"*L'L d-e::çl?"i-es å¿¡ sslabl-i"sh å" Lr:L*v:aV:J-* tlxylgÐy, Lev*--L b**

fc:::e riåt.r:$g8nasfi a*'r"3-..rL".y' **uJ-C 'b* *xpres*ed" FeC.r¿**d i'evei]-s ilf

Õï)åen apË*ítr tu be e*s:*nt".1,"'*.i !ør' 'l,lr¡* d-eu/*':.üîlnien'L *f t,h* nå'L::*gerr--

asæ syni:em Í:-n îv*æ*lf-vl:-ng v'ni-x*T:La b"*i, lh:,e r¡sc3usÍ.*n *f *:tyg*w 1,-'rt"-

iti,?:itf,r: Ïrrutïr g::c,az:*. ay,'} *nrymå"e a*tåv:åty"

i¡:. a nu¡nbr."a af så'.¡e?.i*s ici:eræ ù"::r;*.*t, o,snt¿*f þef,o¡eecr Zjî&¡:t

,:*-"L}s r-.¡:td "t'r:.5..y;r:'I:i,+.'tte'n'*f *es¿:n'¿laÏ :flor nL'Lt:r"",9æne.*e L**u.¡:.f-1.oRs 't'i

appæared. fhai È!:* pie.nt. eel-).s a*r* pr*tråriång unltnc¡+n fa*'L,*::p fov:

tþie ir¿d,"*.eLå*n c¡f ltl2*fixat,"$.*n- TF:Ls Êr*rri;:",ed ren*a,;r*l¡*;:p 4:,û r*Aan\.itÉ

x,*væ:ta*i,. p3-*n't m,*'be"'**Ì"åies, ån*?-'';,,å1-n6 sel-*c*ed- srå¿ifl,z"å asld ei"'Ðl:år: a*lil

*yr:ï-* å-ntez:ne'39.aÈæs en pr:s**e:ï"Ïr"!,e i.nC"us:er;s *f n.lt'Lra¿r:wits¿"; a*àåvåty,

Th* type and. r;üne+n1:::¿å.1.on *f varÍ*us $tåSã.Ëñe sîågü-l: aJ-*r:hol-sF 8.&.T*'

+*a:r"i¡1"3^* å.{:å¿lË arid- **r:håneå n.i.tre8#Ë }?gre si:*;tn àö h¡å1¿,e r¡ierk*d effs*i*

':n ti:æ TIT:*ftüw:,ús l-el"*L a::d- dr:¿vat,å*r¡ of n't'""r*gr*nas* a*'*.åv,olty an diå

'*h* ph;fs3-r:ai- r:r.:n<iL+¿'3-*nçi *",x{:\,i ä"Í1 {}y,":jtg,*ti ltlngåoy: a;lii 'h*ni'r*::å'i"n"ì?:**

å nu¡rbcr ç;f ú"*f3-nt:ß neåfa wey* fs::rnn.leted- *.erjte,Ly"::"yig a,

tfr'&Å'ac* *f f*,xgd. ffiI.L:t:*g*nu *+;"Y¿'æ:t t:.fuart. y{-r,+,,râ*+iu eiziL y,ttJï;:t. +:"h+,trt úyte

*å'Í'Ti*n "*û"ú?:*æ L"n aåt11:'tL.*"tj.'+** t"Y¡æ tz.*,;aT ånorga.n!* **m¡:*unón" lagen



* e,i- {"1"9'ir} fr:*n* ¿;nä*.. viîzûri ¿:takl",n**¿ts -sTl*riåi*ìâot"* '3T i47Lv"'t,frnl"û'i.1 lriaLt

*m3.**to,:ù f:r*:r¿ È?-¡*å:r ÜllV medll*:u n5-lrcgana * "¿;::L,"li"¡'.t'L¡' aa* .lt)'i'": '::: ¡,¿r:.'*

rL*'i"ryc,"r,abi*" T!':ey f*u:id, 'Lhat" f"*,n:a::a'i,* ,sr:::J-tå :rci:ie** 'ti"i* sur":*ir\zL*,

a*d. tai¿et*ss N1-:å, ara?:ån*se i,n t'he "*z*L* n''çdT::tu* K.avz anr'í LaRi¿æ

{Lç?5} ser*ened *arb*hyd::aLen w?tk:h px*n*teå "L,h¡t'; ca)--1-us*ih-i.z.qÞ:,1.9ry

ä*soe-Í-ståan and. fr:-r"ånd. xyiose, a:¿:abl-n*s* anrl 6a3-a*Èr:"** pr*feE"red

,$ugääEo kny *f "hh*se sLiBÉ1.::# pl-us ;u.*rene wou,d åriduce ::å'tr*g*'r:ia-=r*

a*l;i-våly ån 'oh* LIdBJ n*d.Ì"*rr ?¡ui; no'L åf *nJ-y *ne *årìltn süLå]:*e "Ft¿ås

*. , "^ { 't ^;\"i ¿
a j-¿i.¿v!çe

Berge'tt*n anú. Trzïruçr {t*6?} re::oe't,*-4- kY;aX i.vt ças}:red" s"irs'-

;:*nsi.'::l* *f b" e*.e:r*íåe , Ì{2-Íiår-a-ì;åÕT: ?;ås st9ni¿l-atsd. b3o ç¡*3"¿}-za"tiï-*

si"r-bst"raf,es år:cl-i¿d'l::g ,tu*eår:at** fumaea'L*u ar:d plri'l;.vate" Gibs*n -+.!

åå. {"T97&} *xami-vre* th¿* ef,f**å;s *:'a nu¡¡lb*r *f .*1'"0::j"'; a*åd':y*Ier

år*à*::raediates a¡r¡1" fcu¡ld" tå:a"b wl"h,k¿nul *a::hcxy1"i.* a*låE lit tPr* C$p

mediiariru ni'Lrr:å*na.se aetfvå''i;;r t+as ï*w *y t;'{tå.*:t**.i¡.'abl,s urÜ-es* a ?il-gh

lerrel" *f a:raÌ::Ln'")se wås Ër¡:vlded"

YÅc"rp: ayuå.La.Rue tZçf S3 f,*und" tha'b nelther ¿rr:,eth ïì,ãi åcer,3--

.l.en* redue blns i,vas å?¡serv*d '*ïe*n 'r;ire Rb¡i-øehla ;"¡*re suï.*rzl-tur*d" *n

nLlrcgen*f::*e meclla" Th* tïti35 med"t.um ee¡i::taj-ned. fLxeð. ::5.trogen in

tY¡* t*v:rc. *f gr*i;a*si-¡:rs ni,u*::ad* anC- a-r:,n¡¡n!um s"*å';:h*i*t* (tn*t) , Tþ's

].evæl"c of fixa-*Lfln w*re n*t sågnf-fåearrà3"y *!:an6ed i"n 'L.he Í:r*senít*

rtl îu*n*+*ltii"o*ånc sülph**,*, whf*h *a:fl l-n4;;*a:iære *¡åth llfi"q .1"*p-rÊssl".on

*f nåt,r"*gærlii.**6 Ëvans and K*lsL*v tl"ç?ú} founri. a¿ir¡.ra1" a ¡:¿:mb:1-r:**

rri.+*:rfJgryn sour-c*s sr¿e!: as ye*sí ez'*,v"¿*Þ". *r casar¡:i.nc a*åd*u +qa"n îe{:ìiååved-

;]l*yeff**tåçænå-t,::*€e]x'asBe,etlvltyånEMg'}?-Hî"\:¡¿t',r:,r¡u.it'3

V:* '::*p;Lt:x:*ú" by g;7",/r"wr*a** *rLr,3. g;3"ul"t*xtLnæ- ?agan çjg .¿- t:"çf 53 fu¿rñ-



xa

.Ðhat, lf g}utarnlne was replaced by a-m.monlum suJ-pha.te (åmtt) in the

G$? nied-åu¡n nltrogenase aetLrri-ty rdas sti"l-1" evld.ent' buå the l-evel" of

anb'Lwifuy ¡sas red.ueed" llågi:er contæn+-ratåons ef fåxed" nlrl;rogenu sueh

as LünrT¡1 amm*ntLåm sulphate (Kurz arid LaRue , L9? 5) aneå XÛml{ ammonÍu¡n

ehL*ri-de (Evans and. Keåsteru L976J, ôld hÕvrewer lnhibit, 3{r-fåxetfon'

lhe requfrement fos flxed. ngtrt8en has not been estab-

l-1sþred. yet althou€h åt 1s possible that smal-1" amøu-v¡ts of fi-xed nå*

trogen are ¡reeded. fer the lnduegS.on of nttrogenase s3'nthesås' Flxed

nitregen,wlrS.eï: tnhibits nltrogenase Ín aany Õrgan$sms, lndÍeates

fhai; the corr'brels on nitrogenä.s€ &n rk¡fuobta a're not. t'he caffie as

åhose ån other nJ-trogen*ffxång bacteria" Part of the sptbiotåe Õor¡-

då*åor¡ may requfre the ftxed. nitrogen'

Dl"verslty f.n eoionåa3" merpho)-ogy of s3-in:e-prod'ueång

nÍ-trogen*ff"xlng mteroorganlsms has been reeogniãed for some 'n"lme"

Jensen CÈ å. (196Û) flrst deseråbed the tendcney of æååe äq!-r¡qge

te form efther masslve or small eoLonLes on nti:rogen-free agar" Hi"tr}

(t9?å) deternrlned that only the ¡nasslwe eolonies eontaåned. active

nltrogenase whlahr appeared to be assocl.ated wlth tlre oxygen eoneen-

tratton" Õn nåtrogen-free medåa the small- eolony types of Ð' #SEqË.å

prere observed- when grovrn i"n ai-r" Howeveru onLy massive eol-ony tlrlles

x{ere preÉent when grewn ån l-ess than t.20 atm Ûr" Varåatlons ln the

eolony morplxölogy of MgqÞg Ë¡pg" have aåss been reeognåøed for

some Èlmæ and i"n an eær}y revå@w, Allen and. Al-Ten (1958) sug6ested-

a eorrelatåon between the eolony å3pe anct the abillty te ftx nåtnogen"

Herrtdge and. Roughley {X9?5) deserlbed lsol"ates of a 4h:f.øqþ!:¿:n gp" ;*håc}r

fesmed Xangæ ¡rruaoåå eoloni.es a$d weve tneffi"eåen'r, wi:å}e others gave



zü

î3,n* iû *ttt:,Lti.'L d.r'y ef"ficSç":nÍ. *,:¡L*¡}i*s .!p ¿';,Ttt: 
],'tú+*¿¿¿ 'fii.t.avz'l* þir,:x,e y:**

Õry¡1'!;1";f #{¡.¿*'t{'}- b.-+:r:{#:ïl* r,:;tv,e ':{vr^ri*rt,*d. L|:.r: ""inçl"a_.hji*n cf *ej.*.:l"i¡:.j.

u¿a.s-í"¿inj;s *f :Crj"ntlbåa ar:d :3"nv*s"bigated a y:i::-irl¡*:r r¡f iij.f-f*:t**û*s hç*

à'r';*cr': tþ*çc v¿"E:-1-¿gi{;* {'i-rl-gk,er'*z}i-J. a:r¡á ÉIkanr 3.c;?6,t, 14i}:},o13gt}y .¿,r.jù-

laha:r, j"97"1ç uperhr:.r*!^i and- Ë"ka:ir tg|Ta uË*ï:u:reh enrl. tlkari, Lç?91.

Huyker;úaî"L en& Elk*m t:.ç'163 u**d a rir:sj,.*rlic d.et*:rger:t *o*

i:***:La"'Le foi;r derå'¡tr'¿.i-vÈr f-'i:*l¡: a p:'n:* sf::a:.'¡.¡: *f Il, jgæmÍ*ig* ljû cre

tk¡* basi"s af *o3-*n1.t marpholog¡r. The"ta] de'*Ívatf-¿Èfr z,ye no'ä d.*,reerg;,=

tzT:z* "'+'i'ah *¡tandard 'pwr:* *wiunc]:s "l:cch:,:iqu.*e '&t;* t* *ej,l_ arf-Tre:r*ì:*ij

"'+*t:: g;en''*iå*a"!-1.y måxad r:o3.oni,¿** *f't;eyi y.e.fi\|j:":*" ihe nå*ro6*n*.I3.xl.r,4

*fT:L*år:r,*;; ,*f +.iti* t¿,rr:: *¡¡¡¡;1i t'.tliL"*fr'!3.tj1.!i *J.llÞc.:* rçag 5,- .Lo í** f*Lr¿

:::*::e *ffår:L,*'tz'+ l"hui ¿;h* 1-exg*r *j-ünçt*, f;lra-_::åsf,,ç,.ïLza:L'-:l:y¡, e-f f!:*r-¡"e

å.evi-vaT"I.t¡*s al"+* disc]-anc;d a cler:-r d-j.ffer*n** jn "[hæ *i:f.3_åi.;,r .f*

u't'åå3,m* c.nrbnh3rdra''r"ær' {Y;wyk*r:ria"L.l anð. IliJ.k¿t"n, 3,9?6ç !{i,,t3.r;xgay art<}.

ElÍ*;r::,, :'"Ü??') . 'Lip*nl¿re!: and Eåken {zçvv} Í:-rvesÍ:igat,t¡d -,¿}:* ss:n.*

ei*¡rçs and fetunC tha"i the smaL.L .n*n**iåny ¿LcrÍvat!,,¡r$ weïe s*r:*j-*-

tåv* ts) s¿,1t, T"ritl"r d-*;:"r"essec. gr:*ntl: ra*æs il"ytú ïiûT* sågnåfi-*anà,1_;r

me":re effe*'Ì:,åve in bCIth sy,ra'"l5 *àå* ¿rnd_ freæ-livång nl.Ð::oger:i*fj.xa,L,å*n.

Th* ï"a"rg* *i-år.y d'*rivatl'.u*s vöæ3:æ:r*iatg_r¡*"ï¡' u.naffe;:ted_ by sa3t_

u?:ahur*h axd .E3kan (rçya) ån"re*å$-gated the -jlate n:f fj_;s*d" R3-*r*gen

i-n s¡tal"l anei )-a:r"ge d*::i_r¡at.åven of t,r+o B_ *ìgffiË_q'q st::aåns, ?he

srn¿úl' effi¿:åent" nli,tt*g*m*f1"xår:g ¿us"5-rrs*;årres asi*åmj-]^,e,r.,*&.1-e,*s _f.j-:,q*d

ni,,ty*g*ri h"; e::*z:e+;".3':ig rn*r* i:"t:1.\T.â{}Tr3,"*. ¡:::rj*¿.* ti..L't"t*gerz^"f,åxång r.:*nåí+_å.ong _

T'lren* f\.rxl3,ngx rtåEl]ür¿ iþe Lrå*e *¿hr,* ::þ:iu¡:'ú:_1r.a *an nå.:p.r"¿-l..*r*,rreo:iaÏy

t!"*:t*prcsrl rú"t":**g*nasç¿ tt¿'t:'ultr * "ee-Êr*ssL::g thl* #&rïtt"ìtT:i¿:., aç*j_in.*t .j.a*;"nxy:



#riã:.rËl*ss ïn rÈ}trÍih-'i*"i,i-* 3Ìiål:ilg*rå*fåsat1"*;: r¿ i*ui:'{iÐ..Tt3.siï r3'ü*h ae +¿.:Í-s;

ç¿*ulú fr:n*t,åon 'i'"* bensfi-"r. tht* çi3.an'2"

ås ti:e *lr:93"* r::a.i*r *<l:pi:If"e:: *ï Y3,'t"l"n¿åcel,l_3r f.ï:qed

niij:"::el6e:;., 'ahe 3"*6rx:e.-Rhj"r*hiu;n *¡::rbi*$å.r,¡ å* rf iÌÐTi¿Ê*¡.;r,fi -i-,:*Vrsr*;e*¿:ç;

:.in dæs5-gning strai*gÌ-** f+r: th* s.üh:lçxr*nen*¡ r¿f. \;tig,x*.*:x a.n,l. no::s r:ff.l-.*

ci-*v:t v:a'F-ç* of nåt'r*g*n få:ra'i:3"c¡¡"r, The ::seent 3"v¡t::odr"¡ctj-*n ¡:f yrrefir*

ndaS-cg;r f*:: t!:e fi-¡leÈlo¡: a'i nÏ,nt:x:*6en by ynLx*Tfi2. fr:r .ih* fre**}tr.ång

::l,e-tæ ira*, g:av"+d. +"\;t'* wr.ty "+rlwayð.* å.nt.rynsåva i"n:¡es+-Jgak|t¡yrs no",r i:,ni!*r*

1Éí7Y #n thæ n5-'1v'og*3råe:* ruyst*:rr ';r*"*#tp*.2:*ù by "*i*,* **t*.p-1-*.:r. r*n.*rsç:Lar¡,l'3n

t;f 'ï,x* kÇr:'e pLu,mÞ.*
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Li., ü *l-1uå*:r ft egui-atl *ct of Gl"ut ei*'Lrre* $ytrf,he"t"*.s e l'"e't Lv tr, -"7

TL¡e :rol"e of g1-u*anårre i"s E¡f *extr¿l ån'porta::*e Ln the

nåt:log*n netabo3.å*rn *f m:!"cro*:"ganåsras 'b,Êca"råse *f åts ågrvol-r*mc¡r:.t

j-r¡'bl"¡e synth*sås of *empo'.lnd"s våtaå t,o ths eeîl" T!:e aniú.e gn#-rrp

*f g3-"cba;nlne ås 'bbu -p:ræ'fe¡:neú sour** *f rrå-b:rogen fsr thc blos¡'n*

tlresås øl aL l"east eåx d"åf:ferent eompcr¡n¿ång t:rypt'o;¡hanu ad.enylåe

actd, nytåd-yJ-í* ae ldu 6å'"eco.*amåuie-6-T, *arbamyï pÏ:esphate emd

hlsli,ti.f-ne (ifooifo3k g_Ë- *L, l-9'o6s Staútma:r * pJ." 196?) " ïn p.dd-

åtåon, ÈÏle g--arn-tr-nû g:rtup CIf g'ÀutamLne earz se:r"ve &Ê a, s$ur*e of

nibrogen fo:: the oyrtthes5"s of var"3.ous ar*åir,¿ aaå.els '¿åa sËeelf,fe

'å.::ansanån&s#s #orae *i9*roo::ganåsns prerduee" The 'çrarrcamå¡ta'*e ca'e*

aåyøæs transf"er of ¿r,k¡+: cr,*eni,ftß groüp of g3"ud;anån* t* varåous

s.*ke'eoa*id"s" Tirus, the synthesis of gl-'t¿*a¡r¡ine may be regaråed as

the first step ån a hågh)-y braneÏ:ed ytau,hvta.y 1"ead.ång ult"åwa'aely to

åhe blosynthesi-s oÍ' a l-arge nun"ner ojl vaslor¡n compo"'nnd"s"

Çl-utamåne ås syn"'!:esf"se,å 3"n e neae"båon ea,talyøed by t"!"re

#näyme gl-r¿ta;r'rine eynthetase {CS) {Speek, 1"949; E1-}-$.ott,u 1"948;

Eå]"*"atà, :1"95T].

?¿. 7¿-T'\r¡*' I'lv"r 
*'

"'ó

t*G3."i:.tesnaÈe -å¡ .4.TF + llH¿ 

---*--_s¡ 

L*Gl"*tamlne ;r .&ÐP {" P!

Çtru.tam3"ne(e-mS"e"e) s s*keåogïu."¿a.rate

{l.i*n:l) { ccc¿r} i gïuÈamaå æ *ynLYze***}

nr*i"no'L'rawsf ev:ase exi-d"o-væù.'¿**ar¿e

**rnp).*t,e"* t"?ræ pabtzvt;ry hy
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*ü?iïår?.lirg ç¡*ìrræt*gVwr*avaLe to glutamat'e {w":if ï ;ï- HLr "L}6?} 
^

L-õl,uteni-n+ + q*Ket,ogl-eet¿¡rat* .+ llÅÐPi{ .: l{{-+ tr -Gl".wilaw¿r** + -¡l,qÐP+

.ånrn,:nåa sx-a;|-;ed. thr*ugh Aår:åt:"'cgen flx¡;tå*n "å:$e*mæs a**i,nåia''eed in*

te **Li.u1 i1.Y {!L'l.Yr-'8*n ";La tllæ eornbj.ne*" acåion of 53"u¿,*v."izte *"5iwnt"Ytøu*;*x;:

ar:ú gl"utamaåe syrr*!:e.e*" lttiot"Wet **.nymeu glu$"*æê.t.Ëj dehydl:G€e$åËe

{çm¡} !r¡ aåso :*e*g:ons5-'bl* Í"r:r åh* assåni-}atisn of aram*n:Ta !c?'i;o

*ei}u]ar *r¿teråa}, GÞ;, htwe'""Ér, has ê Ftßr afftrrå'i;y fs--* aftmonia

å*€n å P:lgh ä::i, and- ls of ne i¿se at l"e"'+ a¡nrnOnlÊ. eerncentu:atåovlË.

{Er*nchåey a.:rd- l4agasanlk, 'L7?'u"} 
" Aþ" h'ågh amrro¡:åa e*R*ent::at'3or:s,

#VÅ *ekaLyøes Lhe fe:r:ma.åi,on øf g3r;*.arne"åæ {Heers '9:i 4åu l-970)¿

T,TÁ.11F!í u ,{ +
ïfé,lt+ ,+ frgü

Belos' åmli T,fT{g' u G$ plays ån ess*n'13"¿:3. 'i:sl"e åB ønæonå¿ assf,rrlJ-]-v:--

ty,an" Dm* "bs 'bhre u¡:fa:re¡s'abia eq".aL3-3,brÍ.um for glutæ-naÈe formaÈlo*.t

åå eeems er¡åd.enåu that GS shoreld. ùreupJr a ntra*egl* re"f-e $-n n3.trr:g*rt

netaboååsrn ar:d,u firom åhe standpof"nt. of e el-Lu}ar regul etltlno be' aEi

effect,lve 'eaxg*t" for melaboSååe eonflro1.

Eact.e:lla} gl-r:ta¡når:e sgnålieta*e ås nubjec* te; r3-g*ro"res eon*

.å*r*3- by a'¿ 3-east four m*ehanås¡i¡sË (T) repressf.oR and dereprtss3"on

of ænøyne s3"aztï:e*ås {2} crlrrluiå*¿å*,¡€ fææ&ha*b. ån}ii,bi-t,Í.e-rn ì:y 'v;u3.t1p},e

end,-3:rodu.c,t,s ilf g3.i.it*nlne metai:*li-sff {3} ewnym* eat,aåyued atta*h*

n*nt, ef 5'.-N{P grûups 't,o *gieeåf"ic t"yros::-n* ::*sådi:es,. *ffee'b$r:6

irCId.ula{åon of G,$ aelTvLTy anu'. ai.åee¿¿tåons l-n úåvalsn9' *at;ï-øn *p*r:!*

få*åty a;nû. lyn fæedba*k å*h;åÌ:å*o,y:' r&s'P#Tlsssu anå {l+i mcåu.ta*"3"nn *f
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GS activj-tY bY varlatlons in the

nucleoilde d1-and trl-phosphates

and, Stadtma¡, 1970) 
"

a.t,'1gììre r.

ratios of ATP, I'inz+ and' o*'her

(staatman et al u lg67; shapi-ro
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Biosynthesis and mct:tbolic fates .rf gluramine. lrl'" ìs ir cliv¡lent cation' espcciaìi¡'

lrlc" or lr4n-'; CP, .,,rtru,r,ft phosphare; CA-6-P' glLrcosarnine-6-ohosphate

(fronr Stad.+unan'l et, al' '1967)
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It, appears tha"" the aCenyiylating-d.eadenylylating systen as llell



'r,Y# þ*vryn*":*råpÈr¡3n*i reg*.:1.r.'c'ln¿ n+"ehanL"rlffi €ti: the rxaå.n :r'¿*ch¿ni-s¡r,*,

**n*;roU f-:-rg the ft;¿netí*n æf gtr-u{a:nlne uynti:Ê*;äs*"

I.t" has h*er: estab,l"lsl:red- the'L *'1:e uvÏ*heslc *f SS :v* úe-

:*.+n¿lpnf. ¡rnnn *.Þ,e ni'r.rr"rgerl.:nrlcen.t.rat,i.l': cf +*hg cultu.ye Rãd.:iLul,t"

Ìi1-Ì;::eg*n-r:ïci: nied.åe, esg:ææ!a1",i-y rl-!th hågl: corrce¡ttratåo:rs of anìrcnåu¡iå

saI*su deer,'ease +*h.e 3.æ',¡*L *f çg e.et,ltrå'¿y å¡r en*e::åc Ï:act,er-{ a. (ifoerlfolk.

g_t. A&, , 'L96(,g I'i*eke arrd Hal-zer, 3-96ó). Thi.s ås r¿ot surSrrinång 3-n

vi.*vt of thæ fact LYzatu aå li3"gi: *Õ$û#i1Åurât3,on*u a-mr,ionÍum lon vråï}. r**

Tll"ä,ee g.T"ut;a":n1"ne æ"s t"ine nåtregen d*no:r in e grea-'r many ï:iosynthetfc

r*ae"i;å*ns {i{etstænu L96-¿]¡ " T}re ce,nposS.tf*n ef ths m*dåu.¡n åe**sn¡ånes

not on3"y àhe a*?';åvåf"y bu* a3.so 'bhe 3-nnr":rNl*æ.å2x1ar ievel- of glu'ha:n*"ne

nynlbelase,, tel-l"s 6r*:+5-ng ån a ¡nedå'rgn egntaf.rtLng *. **-rTior¿ *û\zv**

and a gr*wt"Tz*ra.Èç ]-ånlå*åftg eoneentra't,lçn r;f anaæonf.a proßu*e tF:e

Ya-zgh.æ*t" leve"Ì,s øf t"Yz* çns3':fie" Celi-c grewång fui a meåÍ.um r¡åth a¡:

e:,:oeffi*q *f amincnla sholr ¿u 6*:"t*fel-d ged.il*tl-on :1¡r amount ø'f '*,y^"¿'ét¡te

î-. 
" 

* * 
^ft^\s¡'nt,L:esized. iFri.val Ëå 4, LçT}) " Tiris fh¡*tl*a'¿åon i..n åhe l-evel,s

ef G$ aeå5-vit.y ås åhe ::*su1"è¿ of regulaålen at È?ræ poånt tf +,.Te"Et**

erlpf,f-on çf GS synthesls whåcl'r refÏeeès the å-ntraeel"l."*1e-r *Õflc*Tl*

tvat,lon *f mess*¡tger RNê" {m*RNÉ") com;:3-enientary to Ð}TÅ fov +¿he strue-
Í - .{ t^^ta::rf g*r:e (gT-n-*) of GS (Stre!c!:e:* "Ë&- ËÅ_- u 3-975a l"lagasenåk e!. qå.-,

19?þg Tyter ç*_ ê1., nç?4)" In organåsms devolrt of G5, tt:æ €in Â

m*HliÄ ås "Llndeùee'babi"e suggesting that 1;ïð"ns*3:i"Tlt"åon of gl-n ¡1 is n*t

reguia.t,ed. slrag:ï-y by netressf*n vta 'ih* üS ¡:noteln, Ra&uher, G'Ë åt*

s*H nay reguS-e.t* *Ïre transa:r3-31t5.*n çf :i-í* st::**t,;rei- ge'*e {Ì'feglenskå

and Tyl*ru .^1977) * These ån etrnng eçl-d*nee ind.i*a'Ðå¡:g *ahat" GS a.,x,.*s

regr:Ïa*;** transeråg*Liævt of a nu:r¡her of othen genese ell" åns*Xveå icl



¿.Ç

xåtr*g*n axs"\rnLlaLåo* {Ë?::el.ehes '*, A"t"r '1t;'¡4g llagasanfk Êk *.u

7974) 
"

,4utereguS-atàon by GS ;+as fl-¿s'åú' pr,*pc,*ed b;r lla"gasar:åk ana

cû".'c"¡"1:+:is {f çZt} ås e- TeËìil-*,- ûf Ì-nvest,igr.+"i oFS of g},;+*anån+:::equiri:ig

n:e{en't:s of Eå_gåüåËåÅt .ågqff-?q,.ç_q" $urPr iautssts covrt,aån 5ë *r v*Ty

l"l+.LT* GS and 'rzavæ ræ:.*"a*åqryrs a"* *.þt:t** unllnlqsd. sl.t"æs c:n lh¿e eh::cmo-

**m* gl-n Au 61-n 3, and. Eln D, l{Ètalå*ns in g3n Å. arrrå {t-r gln E, &"

såt"* l"i"rlked ,ço gln E :u:*ctore t"l:e abål,ft3r te pr*duee GS t,c a iau.tü"nÈ

ir:, g;3:n E (FråvaJ- _e,-&, g]=."* l-9?19 5-trel*hrËr -q!. $L,, \9V56 Foor g3-ü.",

3.975) " tn the oå?:e::' hand.u *rganÍ-sms w3,**h a nulet,å*n napyîng r¡S"{}rån

lhe s.;triiL:'ç'"ï3:e*L gæne fcr GS {g3.n h} *a* aÏsû þ¿ao¡e r:. '*3,gtt *onslåt:.¿*

t'ltt¡æ'1,*.¿el" *f ü$ l,nelet; ;,nrj- Ì,iaåa*en3.ku \'3?5f St,reå*h*:: g.ll,l_ *å"" , L975>,

I"t" ¡"r*Tå3* ä:Ëlpsaz: 'i;hs"t the n"*t"atf*n ån åhe ehre*rop*maå gln Á gene has

eltered. t** ÇiJ s* tb:at åt fai,1"s 'b* r*press Gß ;shi-3e i:*àaån:'"ng Ën-

r:yma"'*:i* ar:'L3-"vz"ty" i"l*rma-1. GS "çhi-eh *ay: ì:e re'p"i-a*e.â by the episor":ra'å

gÏrt Ì'ir gene r,rå13- rest.or* repxessåon"

T'¿ ås aX"so poss'å-b].e thal t}:le synt"h.esi * of GS i"s au:å-å"¿a'b*C

?:y anadenyl-y.l"at,ed G$ and. repressecl by ader:y3"ylat*C GS- Lesi"er¿s Íci

l]:* struetLÐ:al- gænes for: 3rr*t*årru ån.¿ol"væd, -.T,n the Gli adeny3"y3-aà5.on

sys"t;em *zn aå-"tær ti:e rate *f "p-rodur:tÈ*rr of tS år.¡ a?:5-cxl"ersæ aäfin€,Ï"

&',t¡ t?",*3.2: *ffo<:ts +rr the så*.te of ad.enSa!;rlet,i-*zr öf L*tLe ën%y"Èr* {Foo::

Ë! gå. r Lg'15t ita6asaxåk g[ 
"g}"" , 3-9-7Lrj,

ås: previci;sl"y rnentåori**., G$ ås sr.rhjec'fl '+** r'|-grsrr:u.ñ c*ri*.

tr*î 'b1r a :ru:itbsy: r;f :tiæt:.neyti-;*ms" T:l addlt:l .*n t,a lrens*::1-p'Lå*naå

*r:¡ttro"l ß a {:ûr!l,r"r¡l in'rcÏvl-ng 't;i:e ad"enyi-yï-aLl,:n *r d"eaC-eny3:y}-at"!tnn.

cf s*ie*'Led. ty:'*sf.n* resåd.wås *rå '"T:* *nr3rms *xås'äs , 'îh:L,* isarls t*
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the adenylylated lnactlve form or the deadenylylated. actlve form

of GS. Intermedlary forros of parttally adenylylated. GS also exlst

(Strapiro and. Stad.tman, 1970).

shaplro l_nvestlgated. the requlrements of the deadenylyl-

attng reaction (Shaplro, 1969), G1uta'nlne ha¿ prevlously been

shown to stimulate the ad.enylylatlng process (Xlngaon et al ., 1967) .

Flgure 2-

Actir'¡tcd b¡ ¡llt:tlrtrtinc
I nhibitcd b¡ c-kcto-tlutarslc illld Slutanlstc

ÂTJ'-¡:Ìrrr:inrir:r s).nthclr\e r,ìrn)lrltrartsfr¡esc A<ìcnl,latCd gìLrlfÌnlitìc S-r,ntlrctaSC
Unllclcllrl-rIlltcclglutanr|ncS},ntl.lc]¿ìsc

rì crricn¡'l¡'lating cRt) ltlc sl slcnl

¡\.tivatcd [t¡' a-kctoglutlrate
Inìribited b¡' glutarltrrrc and ¡rluterltatc

Nlorc acri'c fo¡ry ., . rrf ore ,."rkÏui: iå'rJi'olÎ,'i inhibition
Rcsisla¡rt to fccciL¡eck inhibition

(shapiro, 1969)

The a¿enylylated. form predomlnates when the bacteria are grown und-er

cond.itions of ammonla excess and conversely the d.eadenylylated for¡n

pred.omlnates when the supply of nltrogen is 1irn1ted.

GS catalyzes the biosynthetic (fon'ard) reactlon lnvolving

L-g]u¿,a-nate and. arnmonia to form L-glutamlne (equatlon 1) lut lt can

al-so catalyze a transferase reaction lnvolrrlng L-glutamine and' hy-

d-roxylamlne to form Y-glutamylhy,lroxamate (equatlon 2) (Snapiro and

Stadtmano l9?Ob1 
^

v?+
(l) L-glutamate + ATp + NH4+-) L-gÌuta-urlne + ADP + Pl
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.HZ+'

r'p-}L*5iw}*ut,.,.,u:e*t-rî3"3'*,É'æy"-gLx.,,*:r':9,L?zy.ðer:zwat"e+.}trH¡'

ar*rynat.e

The a&*nyïy1ated. form ef, GS *an *nly *a*alyu* thm fe¡rs¿yd. v.*ar:t'ç'3,:o*

ån ihæ pr:üÈ*n** ,a't iírzfu , TY,æ d*aderiyl¡,taf;eri i-*rm r*qu.lræs ærthær

?¿ 9,.- 2-.
I,i&t* u Çßå't", er: C!,"á''' u 'but canr:et'{, utå13-:¿æ Ï.fnä*- Tfuçþ +*y¿x*feneg*

actåvlttes of bati: formx *f G5 a..re '¿s:ü,¡at*rJ hy joinZ*, whereas i,Íg&

is abIæ te eu.pÏ:cu:i; th,* tracasfæra*e e*tir¡ft,y eíJ oy:-îy *he dead*np'13'1ei*

'*.æ,$ *'*.r.3n*u. Th:fe pre'vådes e t,*el" f¿¡r as*a;rång th* *u¡* f*rns. of

g]-u"Laräj-ne ";Xutli*f.axe ån tþ¡at tlre t::ançf,*yaxø aËsã.)r ån '¿å":* Þr*-ç"*nö€

,tt l4n2"* ean"ls* r¡sed to *.ssay toÈatr Ës aetävårr"y, va\terea.s'ti:e f*rçard

¿ïssåJr år¡ the Ër**-;*nflÈ ,:f i',&7'' nå.õsülå.ïeg GS e:e+;,L¡r3.tlo du* t.o i;he åead*n-

"v-i"yLated- 
fú:rts,

'¡i*olfoi-Ït acrd eee.+*rkerc pim:åfl*d g3,uåamåne nyrrthef,açe fr"ûlzr

_eëg f@åå Ç-ql-å_ ltyz Lg6á" T'b sas ln 'ftte d.ead-eriyÌ_y3_at,ed fom *rrú" a:*

'bhat t,årne Í"å -s¡¿"* *eä kRev¿r"r tÏ¿a+¿ "1",:+o fo:¡:mis es.-e'hec qi{*o3foll* 
-q_$ 4L" u

L966j * The st3:ü*tu::e of GS frCIm E,Ë_?1jL- 
.r,¡as r:.¡:arnbf"g,uously d_åsel-oseú

i-n el-ee bronm5.crogr:aphs iVråer:Låä* g*Þ" äå-" , :L9687 wt:tai: sl'lcwed t?tat

Èï:* exøyme esr¡si"sted- of i2 d.å.seffeåe er¡b'r¡r¡åás aer:"anged ån ti.ro !:ex-

'ag*ne.L rf ng"s nupeeråm"posed- ø¡-r fine 'avtty+,,h*i u The subunl'c moj-eer¿Ïap

weåght uas ce-l"eura"LeE1 tr;ç¡ be ¿i.6sttt n&ll-e t"ha ænr..gn* ?laeï n -L*taL nrei?

wt af 59?.sü&n an cIe'Lenm3..neú, ky s*d:i-m*n'Lahi.on *q',,aål-åbr.1"um (Snapåno

*nú Gåns?:nrg, ?p68i. iih:*r: p.r:r'iïi-ed. *he enØy'tü.* had. varåab.j-e a*ou¡"rts

af 'tnb* a,s.go*:ïa*ei" ui-i;?r åt ?¡håshc *taY'l\j xæd" thc fia+a|-\r* d*d.*caieeråe

*trt¿ctr.¿s'eu pro't**t3ng'tL f*:cm rea*tång a;åth sulfhyd:r,yl :r:*agæmtæ a:r:.i1

alh*z: nLLú" &*naLrrran+-.q (strap:'re and $tad.tman, 396?)* ÅÊ wç.2\3-r
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preparatlons of purlfied GS dlffered from one another in the anount

of covalently bound. Al'lP resldues they contal,ned." The content of A-I¡P

varled fro¡o 0 Lo 12 equlvalents per mole l.êo â maximum. of L ATp to

a tyroslne resld.ue on each of the subunlts (snaplro and. stadtrnan,

1g7o) "

The lnactl.vatlon of GS by adenylylatlon requlres ATp and.

tuo protelns called adenylyltransferase (ATase) and, p¡1. These pro-

telns a¡e also requlred for the renoval of the adenylyl groups çtllch

then restores blosynthetlc functlon to the glutarnlne synthetase, The

declslon to adenylylate or deadenylyrate depends on the forn of p11"

urldylytated P¡1 (prrn) actlvates deadenyrylati.on ;-hire renoval of

urldyryr groups from P1J¡ (prre) actlvates adenylyratlon" urldyryl-

transfer¿se (uTase) catalyzes the uridylyratlon of p11 l:htle a dlf-

ferent enzy-me ls responslble for removal of the urtdylyl groups

(Kingdon et al,, tg6?; Shaplro, 1-969)"

Flgure l. Âi)I NYLYLÄIION
Aì I' PP

lqtrr f ) t
ATase

GS
Act¡ve

t J l\1P

tl
',4

GS

{qln A)

ADP Pi

DE ADE NY LY LATION

'l,lrnylt I't:t,'u ttntl tktttltnyl) ltrrton t,l !luru¡,tin(
'r r¡ll¡, /¡¡.rr', al,t¡ttt,l lrt)ìn (int\hurQ urttl .\tu,ltnttn,
(r.T. 1/trt¡rtrtirrr' 'rr;fhr,rarr. tÊ( (¡.-1.1.) ¡. .4Tu.tt. ult-
u t ! \ l tt l !t\t t n: tDlr,. { f¡¡v.. ur ¡¿ \' l t. l- rc ilr!'\' t/t.( ( ¡r-- l ril¿,,

llrt .{rnt' ionttrtlltn! lrùln(.littn ttl ¡lut,tntint t.t'tt-
(Ma6asanlk, 1977)
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:årz'*p1-::a et, ¿1 , tZ7ú?] Ce¡terrmg-næ¿å that ttne gr*v+*i: *¿::råå.*

+,"3,r"3i:'* piay*d, *. d¡.ecåoj-¡¿e x:ú:t.u f,:: ri'*'lca:Í:åni:l.g ,¿.ï:e r.:p**;¡riy.bå* ;:::.*pe::tåes

of GS , Th* adenrvi¡rhty:a¡isj'ô?a,s* rdå,s f*r:.n<Ì. t,n "n,* a,:r*,".,¿a1ær1 'ïry glut,*..-

m{.ne and åv.rhåbåe"ed by c¿*ke"Aogli¿'i,era"r,* s \j'TVÐ ü,1}-Ëu a**. *f"h*r n$.el_rye¡:.

'si"¿le d.erån¡å."bi-'¿trse ,¡"k*tæa*", th**e eumpounde had. o¡:glosåte effects on

thc åea#enyl-yåatång rnr¿]r.ä:#ø tem*equtent,tr-yu ,¿l:e s.ÈaÈe of admnyxy].a*

båos: ån våve ås d*temr¿:Tnæd. by the å.c?Èraeellul-er Tc"rel_s eif t.hepe

ett*c[wrs" Hågir ee¡neentratåon,g ef emmerrÍ.Lcm salts ån the gxawïyz

ne'l-.1um *rå1..Ï" f¿'¡ryr the *on-t¡ersåo:n *f o-"kst,ogi-r.etarate ,¿e, gs.wouasnahe

ræ*u1tång ån an ån*reasæ j-n ,çhe gìi_"":tamåne l-svel . S,r.:.bsequeilt3.y,

't¡''*:3.fir'¿L'tivLori *f asenylyå'Lransfes:&Ee "FrTÅ ûtrcr.å:rs and. re*ul-ts å* *i"h.e

c*¡":va.rçåclr: of '*¡:ad.enyL;rTa'L**- Gs .ho *øÞr* ad.enyåy3.ated tû3¡m" F[Õw*,¿çr"

l-flw *:ern*entratf-ons cf a-¡uino¿ilu¡m sal-,¿s fa"rr¡r the â.ûe"ùra*La,¿lori of
cr*k+åoglu-ta::e"üe ar:rå eåe-¡:-LetÈc;* ':f- gäu.,r"u":når;e "r:esu3-.tåltg ån ¿¡_*"bÈvaååon

*f Lln* dead.*ny1"y3-a{:år:g ennyimæ ay;d cLrno".c.qsj.oir ^f;o the actåve form of"

G$ {Shap5"ro and. S,ca,*.tman, I??ü'Ð) 
"

Tha a-ctåv!-'Ly of 6ru'bam1.n* s3,'r:åhræ*aee :T-n g::am:n*ga.r,å.væ

bee'¿eri"a 1s åriv"æe*e3"y pr*p*rtå*na't_ to ähæ sf,ate of aderryiyS"atåom

{K3-ngcir:n C&. A}", "\96?} wå":åq:hr *an "[:e 
æs.b1maÈeeî.b3r a riumbe;: of methscå.s,

Â.* í:r'rvåousïy ment,'3.rsru&&u 3.t, s.,æ p**såb3-* t,ù r¡iea*ure thç d;*tai- easo*

a3-yt1* acÈlvf.f,y of ad*nyiylat,ed and. ucrade:r;o'3.y3-a{ed. Gs using the

?"::ar-rsfe:::as# ås#ÉÌ.yê The ililadeny"!-ylat*d Êrxãyrúe å,¿s*if ås mcasiår*d

ucårig t""*æ 'rûrwarð, aexa¡:, Tkås p*mo!¡-"¿,a 'øytrz n.*nber of ad*i:yi;rral*d"

subu*åt'E ÞË3: rrìcrj-*)r rr, L* ba caJ*ullai:ed" frry¡n th* r:.r_t,j_g rsf ae\.L,.¿:l.Ly å;n

th* tz'*n*f*y:aa* åsf;"â.y* fory¡a::d. a#Fäys
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:.* .. ieJj#É*Æ;J;d 7 :_*:

È::ansf erasce e*'ei v{.'i:y

Tliå.s ¡:¡:*l'ircrå of' ù*¿t;æyw1-t',"txg "øhæ Ð6 "rral.ue {såaà* *f adeny-ty"i-atå.":n)

has the aðvanI,qæ that only *at"a3.y*"ie e.ta*unts of.' erizy:ri* ¿s* ¡:eqt¡i:r*d,

ar¿d, 'hh* üÞØ;rr¡ir næeå, "*.'¿+; he pr:tær *er Song r.s fn'Le:'ferång e.etLvå'¿ies

rur--e a'T:sent (Shapåre¡ ar:d" Ë'led'Lrr:anu t-9?ü?t3. Såne* ü.5 u:3.1T -nå::d- r;¡r Èr:

32 equS-'raåc*Ttts of ad*n;r1y grÕ1åË* per nÕ]"eu åt ean ex:L"çt ån at,3"aa*L

L?- ú1,f{:p;rænt forms" Refe::ene e to Ënp}rrue ¡i::*lrarratl*n* ira*¡:lxg d"5,f-

fæ:*nÈ &.ver+äe stake* of a.d.enyÌ-yl"atåsln a-z:e d.es3gret,e*" H {eriu"y'ne-'; ar'tú

9lçl-l-rw*ed. by e ssuhsctipt 5,r fo \ øøoaaee ffio to d.encte 1*Vw ax*z:ag*.

nu¡nb*:: *Íi' ed.*ny3.3"-1 gr:oups per úûürûtü r:*3- ",t*. Th'ix designa*,å*n d.*as

::oÈ lmçÏy ?l:at, eå.i" rnois*u},*s of ß,5 p::*sent ha-v* the sa-çt* t:rm'tre' u{

Åi4,F groups attr,*he$ åc theam bu."c rather:u it pËrtaå-cls 'Lo "ft,k¡e ev*r&€Ë

riur-r¡ber of ad.enyl)¡i ggûråps per r*c)}-*" T'reæ'L*:er:u Ëçe E1 ;,ooo€"ft1 ,; {wå';.\T:*

ct¡'¿ ban' e-wer sr¿ì:*e::J.''o*) ås ::eseyr¡ed. for 'äì-'i.e d"eslgwz+;1r;r, of app*;-**::i;3-y

kz*nøg,æw*aæs prÈpå:lratf.ons ån p¡hieh caeil enø}'rn* mol-eeule Ï'ias +*,Ïre st¿b-

oer9pÈ number of aåemytryl g-rowpn attaehed" to i.t"

The rutate *f adenyS.yla*ion Gf GS ea:r a3sel be esÈi"ma+-,eå

u*ing a spæeå::o5:lrotom*årie assay as kel"l"* 'but thås -i-s *nJ3u poxslb-iæ

f*s: a puråSierl preparad;$.en. Foy tbc unacåeny.n"y-la!"e& ænnyzx* (EO) *he

raþÍ"rc <¡f absorhaney *l'L 26t nm'i:o that a* ä%] run 3-.s ü"89. Th* bj.n<å*

å-n6 *f &*W t"* t"h.* *iiøyr*¿* su'b'rånj-ts ånerees** the ¿-nmm¡:bas*y z4:, 26ü wr^

bt¡'è ha.c r:o .*ågr:åfåeant æt{w;t; tz"r. Zffi uxri* üåne* 'nhe molp:r ehsmr?:emc;y.

:ir¡d.lsø: of ?:o"¿r¡el ay:d f'ree /J4? arm the sarae, *"kre "{slcrease i,n absozb*

An*y *f *';h,* e'fin$tr-æ Xt, þ"6* '*x, 3-ç d?tYçtn''ïJv ::r'¡rrrnr{'.3.ønA| tr** **'¡i* nU¡:¡heg çf,



ãû;;1":-lr-ã.\*:ff1,,* *f ÈJ'11 l:*'i:*d", fl¡e '[.þ*oxe¿'åce'l vele+*f.*rrshfp b*twe*r¡ *,h*

e:"/*-it/¿ë nwlbær r-rfl squi"va1er¿¿¿s r3Í Ai:'F b'*u;nd På.1]': n',3ä* *f" *nxyne anri

"b!:e -:ra"l1.r.¡ af e""h**rb&.rtt:l"*fr is as Ír;lå.*w* {S::rap3,ro .a:ref $'i:ad.+-Y*.ä,n,ú :-9?Ú'ú}

rrta\** krfff rc,,r:3.* Ënã:,lï* ',{Li^}} kp,t:Ur* 
\-1,6

Å2çfl*u

Re**nÈJ.3" Stadtnan q& g]... ifçfç) *;:arair-nad. *'!=x tli.ff)e::*vrt,

'ennynLt: prn*eåu::*s f*r d.ej:erm-ilnfng tÏ:r' eaíerale s."ta"t,* uf ad.eny3"y)-aÈ1en-

,41-å me*;lreds Cæpeizcl*ù ü'¡::. lrrËå,suïeËient** ef è'"ne y*gtr"t":,åamyl't;tan*ïeY:a.se

ac't:i-'Cty årr as;say ruixt.-r¡¡:æs t:ant:a:LnLr:g liift?lþ a+" a p.';\ aìzexe ac,en3o3.;n"1ez*d.

subunå'i;s are cgaa.3"11a a*'i:i're a;:d ui:¿tt*r u*núi-tfu.:n* ",.rne:te frI:l1""J- 
":,:riü"t3"*'tr.-

y3"yîat.ed sul'*ni.t.s a:t:e 't:,*'?*.'t,.n*u ,ån evaåt;e*å*n of tL:* r¿¡låabàlåÈy *f

th* ¡¿ethed.s r*si¿i{;,æ*. i-n reprcd."uci'"nlli-ty tf 'b}-¡* f *¡aT"u*r btl wif,þ:in

'É:1 L¡nåt {* B:/,} " The vaJ"l-då'trv of e..l,l" n*Lhcdsu hÕr+*veru de'pend.s up*n

stsået, ad,heren*e ¿uÕ å,Là* preserå.bed e ondåt,l-oi-rs a-sd" eçhe de¿;*vmånatf *n

*f tire irnÍ-que fscaeti"vi-ty pli fçr th"r åfise;r systeri" ,4*{åi.Ì.*"y in#aslår#-

m*nÈs at t!:e uni.qr."re crÕs;s*G\rËr pcånt, {åsoactirlLy poLnh) :-s a me#.s"ri.r*

gf tLre **ta3 eyLffiyrn* ü*yLt:æ{tr{,Tâ.*"Lunu }"xð"eB;rendæ'*'L *f thæ s*ate gf

ad*ny}-yÌ. atå ori .
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1.îT"' Ti'egt'11¿,y"'"on T;y G2's"'ai;fi:L?i'a 3ynty:*tasæ

Gl-i¿karr:Lne s:rnih*tå** {CS; 1,x l¡-ri a is-æ"g p-*r:,Lt-i-un L* n:â*

ulsÌ.'r-# Li'':e *rroevå|L {i-aw s:fl fJ-x¿å n:li"nc,rogen {aralri{}n1 u;::: l-t¡:} *'* o:rge,*j-c

r¿J.Nr:*6Ðv: J"n ti:* ilt*'ff.v-Í-r:g r:*Ll" 5ånee l:"¿'th tbe a-vnol-:,çl as:d. ísv"'n erf

g'jr:zan!"ne u;rn-l¡:etase* *,har-;g* 1.n z'e*ponxe å* fÌ:* eråfts¡Rt¿ e:*ne ei':tra.'i;å*n

*f th* r+adå,."l:cu åt has 'b*e:r suggsËlsusC- '¿?rat GS ås r*sp*nsÍ-"$"le noi elnX-3'

f*r g).uàamf"ne "*å*synf"hecls "*ut f*r llie essåml3-aååon *f nåt"r*gævz'1*x*.

+""ú g'3-';.t"*"nate tï:vo".tglu f,?:e Gif{ ani. ßS*ßüüÉLT patharays. ifhf,s rery':.3a-

å:åor:5-s *ffe*?,cå by Gt '¡,n*.*var:+-Lc,i: r+åti: Ð$il;¿l"så¿::h P.cti,vat,*ç the

aíTartr;r:x:'t"pz'3,ærz ,sî **vi;aån g,*ri*, {T}tl-<,.r tq-L +å- r }.}?ti} " å :"t"r^¿nT:*:7: *t

'î¿r,ì:t::*-çrz-"':3 har¡e aLs* *i:ggi',*'t"*rL G3 'aet 
'b* an ¿*åf.vøh*s oî ..Lhe -'t'"L*n;!:.*anæ

¡snd r;å.í::*6Ðr:*,s{3 #liÉvü'fie; 'rryhi,e-h av* ånr¡olv*C i-r: ôçþ:e ll?Í-l.iua'1,åsn gf

*,'*.Tl;t"i:--ri ru-1"i;::*g*n*Lx* {}*titp*u.nd-s {?r':!"vå.:.!- f{L ür, u l',ç?3"6 :4aga,seti3,?- glç.

<Lå., 19?46 5'c-s'aÍ-ck.rer Ëjr,- *L..', j.9?45 Tu'bb, - ç?&) * l{e;,í,Í'i- '*tl 'sh'e *'¡i*

ds¡i** *"rrp¡:*rt,årrð t):l'l* 'L&.a'¿ ?¡a.:ø ¿r*,{:'rzn}"î}"n,ä..1*CL f:-'r:.m ylÐ:T:{, þY1, *çþ,* *nt'*:l'å.r:*

+n¿i. kras l-ndfeaterl. thaf, ån E" gqJå and ïåSþ$å-Ë1.å* giutaniare' ry::tn**'

1.a*.* :;:*giziat,*p nå'å;r*gwr: essi"mi-Ì.ati-on thrc'...-:gh a *as*a,åe æffe¡:oc id"*n*

t3.r;aL t* i;!re *?rri r8.sp{"1nså-b1* for th* r*gtiatlo¡: *f 'Lns unnynia'Lic

;:.'::"?"*t",vut.*;'l *f ü$ a\z:+aú"1¡ cr*s*3:*-b*d" 3,n n':lrtæ pr*vlcus sû*?;j,,}¡¿" ê,n es,.ç*ri*

'L5-*å sb,,;p i-ri. L!i* uii;å3.1.i¿a'[å,:s çf ani**rriia ],]n be*f,erLr* 3."ti å,h* ånc*::*

"p*T:*,+'3-"úy', üf zt':rTt;tst¡1a !tg|,* g;')'"'sLan3-* a.c:Ì,d- G],ui:atr:ic a*i'3- n*t r:i::J"y

'{¿y:r.}.l!i.ú:ütÊ e i:*;:tåcu c.f '¿h.e ':"¿":y:Yrst: sr:'":l}"ttl,** fty å!:ry n..i*::},n* e,;:i-ß.,t. i-tf Lht¡

*'gi.u"tr,,ni3-c er;i,ú. f':;ni'o'3.;3ttu r hrst, al-sç t?:tl r:"n3"ri# í¿Í(júTtÅ ,"1{ :tvv*-a-aL ä.T{L':,.Ytt:i

,:.i*i"d.,* "r.L¿:, tva;:sa;tån¿t'ian a* ¡,re.!"]* åä ri$¡Træ *-l t'hæ nåt-r*g*r: a'bens of

'ç*.:rl.*.e arrd" p3.x!"n"',,dlr:e rùz*:Lu*tnLùeíi å"\ir."]ug!: v*e*tJ-ons ;¿å'r;Ì: 5),"'*te':n:1"n*.
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T"4e ay;x'3"nlai-zz'l"ui".t:y: *f æ;r*rt*ï!ia ";-ntri gL'i:¿r,ærna;i* T:5' t:zt:'r,erLe pY,:r.:æqtl's

vi,+ ç:-1.'1,'",t#,;: glelLanat.e åe?:ydrr:ËÉnâErå {C*U} *:r ?"1:';, gLul:a';ll** r1!!r"i'i::t\-'

"*t:;:t*f ¿;\tz't;ë,rr,i&L* *;1.*tli*** if,S:**C.t:t) pa'ih:*a;r, Cæpendårrg i,rirötr i'l,{ii

organf.s'm a:;cl an::a*nåa r:*n**ntzut,!:-r¡* ¿¡f t,rr'* ënvi::c¡v¡ri*::rï (T*np**a ÊJ:

Ëu.,, J.9-13) .

?h,c s+*'*åy r;f r¡*s'o."ar*** ån ïl_l-q&+i,Ëå,1.a êËgq.#gäSg has .*'e*

v*el"*d otnæ, v:¡.¡Le *t gl¡..xte:¡¡'ln* s.irnthetas* 'a8 a Teg'L].iaåor *f the syrr*

*hesi-s *f *nnyl.tr*s "r*ßpilnËïi.l:i-* f*i: 'lhe fec'saÈin¡: *f gLal:ana'r-e

{3r**ehir*y Ë-1i å-, tç71} " 
'EvevL¡¿LrË :úür:k ûl: E* q.**iå s-tea;lr:s "*i:r-

a'!:"Ie "t* *1¿96,þ61 f,'ae g;\>.tLame!;* riwg,8æ':*'r"ç¡t- 'EYttlL GIH '*a* !"rú'{' :L'å''r#Tu*ú-

:l.r': l,he ixaj*z X:at'fiaay *f g3.r.:truna:tçz r.t*'ltz"*t:3.L*rn {î'1a::cu** anå !!43-p*r.:n,

f?{íçi, ?hi:s ,1,-'?" a:çrp**;rs tilaè i'aa:;a;; af L'r'r- {[îa,;Trsgr:ll å* aç,rt3":rti'3..u4**ð,

wåa Ì.ite GS*Güüj,,ï ::{}i:åu*" T"yz e{tûj.h3_o::, r..ir*.åÞ;* GIH tfr¡.* GS*ÇSGAT pat!:*

'rêa:::Í *e.* Í'f.:netå.ti¡vl under: ¿or1di-'i:,:1-ar:s *f ;¿ïli'Tltr::La 3,itrr"l¿La*å*,¡:* i'L 'çr¿gs

for¡nd" a;h.zi:, st,t:a.i-irs la::kång Gül{ ae*$-ir3.ty årú?t aË "*:ei-l as wå-i.d*typ*

s"'cra!;--¿s *n n*dla en::teci.'r':ing b*th hlghr anel. ïow *c:t*entrai;å*v:.s of

zr*n"'¿n3.a c;'g n:tl:e::' nia;:r:*ge:"1 r:Glå::tltË {Fræn*h"l-ey aw"C" i'lagasa,n3å ø L97þ;

Faî:*î çg *å" u 3.9?8,\. Srencbl],ey g'-þ gå. i:.çp:) c*monså:ranae'ã""rinaÈ,

.l*ss *f th* G*-"fi{iü},T pa'*!:rany r**:uå"{;*rl 'Ln a ::equår*me**, *f gÏ-u't"ana.t'e

f*r gro",*"Lh-" !ty;y'ex*n.:L\y t"Yt¿e r*l-* *f Çtr'rt, ""t-n awwzax:'s-a e*qsi-'mii"e**:Ltlt, r:*,r

h* *err,rç)-c't,*3;' ;¡sp]-a*** T:y tha¡ G$-GftGhT pr"a't;\*.'a*y (for rq+v":-*w s*e

?;"rJ-*ru 1-??8) 
"

I;: r;f *:;'ogs¡n*f'Lxa+,iüTt *{ d.eta*h+r1 -soyb*an ne;C¿*.L*s 3c::ge:fs*r'

t\çít|j d-*nr:¡:¡:il:atsf¿ àh¿r'¿ a:r:l*nia w¿s tli* p*5"nia:i¡r p;:oti."";u:* avi.d Í'1, "*a*

'-fa"i;çr r:h#tr.ü 'tkaþ" nqesvLy a]-i çf +,,Yte fls*d *;nn*nåa. wa.* ft*,:,'ruí- o¡:tså.d"s;

'a,tn* V:a':tvy*iñ. {.'È*vg*r"Ësrx ax'ñ" Tls-rnsxr Zg{?} * Suhsequønt"Ly Þ-þ.s



enffiymes Õf enmünge ässlmfletlÕne gluÈamaÉe synthase {Nagatanå gÇ 4l"u

L9?Lu Roberteon e,Ë +,}.", L9?5), glutamate dehydrogenase (Grånies and

FottreLl, L966) and g].utarnlne sprthetase (Kennedy, ig73a Dunn and

Klueus, X973) were found tn botl'¡ pîant, a*d. baeterold. fraetlons"

Sxtenslr¡e stud.åes have been ¡rad.e on the SeveLs of glutamlne synt'he*

åase, gl-utamat,e s3mthase and gl-utamaåe d.ehydrogenåse l-n nltrogen*

f1x1"ng baeèerol"ds" The enøpne levels vøsåed. l+ltl"t Èhc straåns

åested. and- the eultura*l- eond.ít$"sns"

The flndång that 'b.hæ major part of glutamåne sp:thetase

aetåvåty was present ån the p3-ant fsaet'åon of tþ¡e noduie (Drnn and

Kluausu L9?3j whereas the G$ aeÈåiri"tåes idë'r:e åow ln baeteroåd"s

exanrlnæd by Brown and DÍl-rsorth (L9?51 lnàteates tlrat, baeteneíds

are not n$.'brogerr l"l"måted, fkre hlgir level of nj"trogen fi.xat'åon hy

åhe aee*ylene reduetJ"on rates of the l"nåaet nodul"e ¡,¡as ànsuffS.e ent

åo aeeo"unt for åhe GS present ln the bae berotrd." Sres{n and. Di-}worttr

dLg/il suggested. that ammonfa produeed" ån the noðule Þrae nrore llkely

t,o be essLmlXated by plant, enãJrraes slnee no e'rldenee existed fer

the GS-GOGÀT system 1n root Rodules" SlmlX-arly aeeord-j"n8 to

MeParl-and e! a&_" ttgV6) the major Srortion of GS aætlvåty eras a6sÕ*

eiated çrltþ¡ tþ¡e eyåosol rather than prtrtt¡ the baeteroLds whtah '*oul-d

support the f"dea that asslmå1at1on oeeurs oL¡tslde the baeteroåd"

Purtfied g]"utamlne *ynthetase from thæ eyLosol, of soya-bean raaot

nod.ulæs eonfi.rmeeï that +-b:e enøyme çses sf pnant orågån, (tieParlana

qg &1_" , L9?6) " fhe fr.aneùton of tþre ammoeta*assåmllaÈory enø3nneË

ef tire baeteroåds mey be to mal¡r9ai.n an adequate suppS.y of a"måno



Ð,';.!f.*É f*:¡: "na*'1.¿tr:!,{" 
ç::'*4:'*:}..v1ãø *r t1.r;:3r mzy 7:e ti c: * * 1':- t"¡, ¿'':. L v'ei- ¡

-,.".1'...'. i :ì. ::,3'i-"-j::yri"i.,.\:;**""2:,";,t:ä. 3::rJ'\"""; #. '#r. {":Lçf fti :""z.ggtt-':*Lr::J-

ij:t!ït, {Jn¿í.à r: (}':t1-ã, br-: ß,:¡1:vÉtîL t¿* i,* a *;ia::agl if e by

¿r i):iri]3] j., ä:i" r:ê Ëi :: t, erriå n.* tyrtL*'aa;'a'å * e gi ut,ani;9: *

!,yY:{h*t"ari*.

Ð" t:.J* tT {¿T t¡þ...,':-v t: $}is*t +iil

sy r::1,\:',a1:! 8 izy:t¡j- ari'pxl: i4 €,1.Tt ê

ïn b*c'*;*::sids f::*n 'Êeå {?å.s.ial xa1å'vura} anc bean {t/.Í-*:ta

'îe,.*ej å s;åni!åJ-ey pa'tåerr: wa* *tî:r:"¿vv*¡L xå"i.h LT':tt gliutt-xttzt'w rJ*hyris:*ð'tli"-

ase arrrÌ gltlt,ar*r:b* *3'*tha"se tn*j¡TßÛE* 'Tk'e e*"t"iT i-t'3r *f Ì"h¿ne *T2fl"{Yrtag

iqas ftU.Ch är:i¿*:: '!"t;lan 'l"he gîutzunf i:e syntir*'lase av:ü YI:L¿l"Y'ûg#t\.2'se å¡:*"i:-**

*.r,,i.y:tg'tYL?,i it*i'ílr*:."r'çazltt+å)i årì*{jïi;t:1:e*.Éd. #-w.îLe,Yr:,,a {Ku::*, gå åt" u \}"i5}-

Lr:u ;Lt:''r"L""ril.ì;":l*,: üf G3ç G{ii;it--! er:d. ü.tJ: "¿*'t+, 'àLx* ::¿?:*:æ. i-:: **ri¿',aå*r1'

h*"*'i:*:tt:1.,t, pr*pa:eazi.l¡l':* al-íh*lL1h z. hi-g:t r:,+t"Íttå';,;r' cf G$ I.,¡å.Ë 'f*i::t¿ð. !",rt

-Låt* ;¡:r:åu-L* ËuFetrrrs.tanbs -î":'r'if"eretå*& È:"\¡at. iire GÍi'"C*Ghl) 'p";*'\rtwå;'z" Ílifi;

!t.n'*V'*:;:e:'zi.v* \"n r:**j; ¿:q,'åui.*s a.rirj. *.î*filt]ìi":i'ü' 3-"+ p::'**ab]'y anai"nå"ie*"eð'

{,irroughr *y;-tJ:{ß\es of tha pia.:;.Ì: s;¡r'sten {B:i::*'o;n eyld l1-J-;ec*t:+-t¡u '1.Ç}V5^i 
r

J.n a strid:r Õn åi'iilelr:i.il. ¿aç1r*åi¿"t":i"*n tn 
=t.. åþffii.çWr f*tt::ei,*i. a:id"

i.{sÕriçy' {"2çf"9} fcund. +*?:¡;-f, Gffi }då$ Flr€s*"yiå !n *ul-tu:'+s #:ûr{?, *tz g;Lrs+:,*

&yrarL* *r e,x'"1:a:.t:tr:.*.e 7:,¿i *!:a'L +"he GS a*tj-vi""f"y was a Ï"{;Û- foTd 8::ea'il*r

*hen g:ro'om tR g3uíä,i¿ra4;æ" In bae't,e:i:e*¿ús. o:T B" ¡g¿p#tgg 3:?-sh*p 
-e-i,

q-1..-" {r:,9?6'¡ skrr:¡w*d 'ihaå 'Lh** GS :"¿aç. *of frr:fl1-r.leir¿:ssL by amm*nid. *vel-j

und.*r **ntlåt'Ì-elns i"¡h*::e n-'t'i"rag*miçse ar:'bJ'"'¡i"h3' røa* -inv"ÅY"t"le¡i'- i{*nd-*roså

'f& -+L, {:çpr} d.e.y*3ep*d a. å*G.{T*cefieienl1 rr'*tan* w7;*:h ças r¡:ra'bl-r

^t,* axxit.vrtS.-i."a!.'* ir,islittiln:1.å k",).!' ,,¿¿..:: {ir-l|.'J.;s ç,:!!f¡::t-'l:,I.ote,. ,{ ;:*nh*-:t x.t trûYlqe:!:$

*."t*r:r:a'*-t:t'.1*d T,;w 7-+:vt*Zn *Í' å;he *v]ä)íitìæ# c¡f amni¡Ji-r,iet al::n"iu;ï3'-a'Li*n ltn

'*a¡:t:et*.îð.n {Br,:i+r, and, lLl-'',¡*r+,,\tu 3.,9?9Ê F'r.¡b*rts.rfi f--'dr üt".u 
-i.9756 Htz:tr-

FS *&".r 79i75j, Thå* evårlen** *u.ppori;: t,T:.e v'3-fw å"h,a'r; the '*e,*'*&v-:'xa.3-



)f

,:*,*lr.tk'î ':"yïh*'ft 3,:: r:,*'t:' "i,t¿';:*r':''az':'*'" Lv: 't"nç t-'tt::t:i::"Pt>:t.¿'t\l-eln *{ {i'v*'ð'

r:\:ttr:g*ti i n'",?t*. n*d-i;-L * 
"

Ëg*n th* ¿r:r:urful-a'i**.. *"tt".z.l*zl** pj,r"nti enhj/riï*lÌ e,üiiç"à:t 'L* :,r.,

a riajo:: feei:e;v ån s¿r'n'*Í*tJc vlåt::c¡gen {3''xza;:\"*n- TYite ar¿sl'nj"la't'ory

€n"¿yÍitrÈ J-rr hacte;:t:{ds na)' Ë::ono"Lc at'ftte *Y.üv:r;'¿3.*n *f fiv;æd. r¡i-i;'r:ÕgüT:

u)rå*.b *an ài':an b* anslnål=J*d and, r;tål|r,*d i:y the pl"r*rr**"

in free*l !;t"rng rï:lrr:;båa., '?:l:* enu3m*s ån'"'*l-veiL I-n *':':lä¿Õnie

as*åriåiat,1c:r l'la.re been åRvestl6a**d, ¿t q: d*{;er:ni-n* t}:ei"r v*2e i¡'.n 'ç'ir¡

rag.*.'J-u+;3-*:l si' nåâyog,e.n. neta"n*1.i,çzn f::*s f::cm "få*'b':r's a,ss**:ia'¿ød ',;ttf:

4,.h+ pJ-an'f *Tr?:"-*-,tç;-¡.:L'å. *3ltTricsis" ilhq* {:ftny{ft{} ier'*-l"s *f G5r G*'üÉ-f and

G,ilH lyr fres*] å';å frE Y:tuL:L*\)!a d"åd" n*t. c*'z:r:ee;porid. ì'* "L'!t# {}nãYT¡r* a-*ti *

.¿|,t,Les nkt-eirsd 1-'* h¿,"*zxr:*5d-* i-Er:oÌ¿rÌt ijiî;.d Ðå.Ï-4CI::9:h u .'r-9"15. Flarrq*í

_ç! e} "r Zg??j ind.å'l:ei;3"yrg an a7t-*x*d. r*s]:*ns*'L.e¡ 'fa::3ri,sg annr-.î:!å

*cr:**Rty¿:.'Lår,.ns- llhrå-ç; riây hå."És iinpc::ta::"L f-inpiå*a'LiúrLe *::-**e ËS !'ra¡;

b*th a:: assåni,'i-at*ry and ræg:*Ia-1,*::y roîe i.n nåtregem n*i;alc]l-åsm

{Ê1r*lz:h,as # *,, T9?t+}u }rr¡bï and }f-Iw*rtin {L9?5} alsc f*u'nd

'that {:Y:e I eve}x of G,ï, G*G.IL'T and" GD}i e4ipearæ& io be e*ntr*J-}*ct 'sy

¿Ì
the 1*{41" con*entra"';!*n e>f ''r,he *u.l-i;i:r* iired.iun"r" }'lop¡ev*ru t?:.is *b-

s.*rva'i;åon "uiaç yteåe ',*tàh*ut t"esting f,*;r i"å y¿!æ. nit"r*gen f!xeèl"ov:",

*s**..r¿r and, ,ïþatr:ti:6ew f'rZg?6) farind. th.e* *he najor:"t{y cf,' fi-xed. :råi;rn-

geyi Ln f::ee*3-ivång nÍ-'fllo6e"$*fL3:'iy\g eli¿:tr'Llrr*s 4f v'¡¿l¡-nr:iT:åa was *xpcried

.1^Wt.r.: t"?t* *ell ñúT)#'fTta-'î"yun**s *'xa3-*gyl*x; tt' t"hr; *f-tua''¿ien '3-n ha*+"*Z:s:i-ds.

'lh*¡¡ prr:**nted. *";'åe.q,n'** +,Y*?, 1:?t* *:.t:X}c}r"il ef î¿Y,;:' n*";; 'be *l-ase}:¡

'j-Lrk*ú tæ å1":,e *frn",-r*}- +f tl::* arnm*::råa asEtr.;aål-attr:i êï1r:yfi:rr*¿ i,'-'(]J,'J+,r.¡.*

r.:iâ:'i* r*,*T*gf*d gîtltr:,-rrm"*'e *SfLthee+ îå1í:!àT*&Ê lllt¡,r+ aarx f*i;'nd tr¡ -::*'Ë¡"Ë*ç:r;



gluåaxrÌnæ ayr:Èheåase" üeGæ"na and Shanmr¡gan {Lg?6} hypoåhesi-sed"

Èlrat tþ¡e export of exeess nltro6en f5-xed hy free*1åvång rhløobia

Ma.s aecÕÍfip3-åshed. by såmul-èaneousT-y derepres*3"ng thetr l{if genes

,¿hile rerressång genes fer I\t{,,+ assåmåtratåour"
ry

Tn free-l3.vång n5"årogen*ffxlng 8" qe&fLq_Ë!. Konderosl et

gå" (L97?\ showed that zunmonla rEas assÍmÍlated vl,a the GS*GOGAT

pathway and no GDH eould be deteeêeå" The l"eveÏ of G$GAT aetÍuåty

rdäs ap1lroxl"mately the sa,rne on varlous nl*regen sourees åested"

F{ower¡@e t}re leve} of glutamlne synthetase ån the eeLl"s varled. wåth

*he type of nltrogen suppSled. atrd even at }:igh ammonåa eoneentra-

tåons GS vras stl1n able to provid.e t'hç baeterla wåth aesJ"nllated.

&&mÕnåa" Ttreçe resulbs eontrasted. those of Magasanåk -et aå, (å9?¿þ)

¡+ho found. åhat under s5.êS1ar eondttlons wåth i_C&e_bgå-e.1.1.9' Èhe GS*

r?OGåf pathrøay rda.s represseå and am¡nonåa asslmllatlon proaeed.ed r4a

GÐH" Kondorssl 3. qÅ-" (19??) suggested" GS åo be a eentrol.i"lxtg

element i"n the nåtrogen metaboÏlsn of R" Fg}lJ._qJl even thot¡gh they

dåd not f$-nd. evldenee for an adenylylatåon-d.eadenylylatlon system

of GS in *hese bact,erla" Ammonlum assÍmåIaååon 5"n Eb1gqþégm gP,

JZHt røas fnvestfgated and. the GÐH pathway wae fo¡:nd to be lmoBera-

tlve (Ludr¡1gu 1978) but, the GS-GOGAT pathway operated at a sl"oç¡

raåe under stråct negatåve eontrol by ammonlum ltself* The gluta-

mfne synthetase aeåårrity was moduXated by both repressfsn:derepr@s*

si"on and, rerrersibl-e adcnynylatåo¡: Sndåeatång thrat s*raån JZÍ{X fa an

effleíent nitrogen-flxlng s*raln r+hteh resteåets lts own anmeníu¡r¡,

assåml}atåon Èn order to maxlmS"ze the ouåput ef flxed n5"'brogen to

*vFrc host pi"ant d.urång syrnblosls"

.4mnonlum assåmåtratåon l"n rhizobåa aÞÞeårs to d.åffer



'å':i"{t'ifi-r¿'en4¿.Ly f::ûi¿ 't"}'r¿rí ¡:f ente:::.i-* b¡¡.r-it*ri,a i.y" e nts.nb".:r ;::,'!l 1:*sp*n*r.,*.

G ii Ei*r** n*t h*ir* ;:. 't*tL* :5.n nssåral'"1-r:z3"ng" ä.rin{tr:i"r}.'¿ ilt .lis lr. st..r"i-*.i;l y

*afa'**3,'z'.: rn'ayx¡€q .R\tl-z'*7:i.z1 'iS a*C r:,*Aía."t *:ll:åb3"í 'lø,;t ¡¿at:*-t"Si'r-Lr.:

an{;3,våiies ur:,i.*y: a1'1, gt:*wLh *ondíblûilsn å:";';++v+t't:, Gfr tu,+al. aeli-,rå,;3,"

i,.r: "pre::,en3; h',. Tios-&\i;'i*v*i* s'*ggesåång that, r|:åx,*båal- G,i i:a* a _'L';l+

*¿'liï::ür;cr rütrt"ae":: reoretåve ¿u;o áha? t:f **'Le:rf"e ltac,t"erita. HågL:æ::

¿li;*:ÕRl-*in ***.**{:&r".7:ek3.*'tzx a::* _x'*qu;åTæú 'f"* y*"ËTeã'* a:ld *.d"*r.:3råy.l,e*e

e:rt,,er3-,* ì:eæÈ*råaÏ G$ as **n?¡*"red. t* ::þri-s,õhLa.j, *fi {'Lvú,;tlgu j"9?8}.

l*å3-el*'r.;,p* *uJtu-r:*s *f Jí,- .EË.Ël4ge:t1q,g *y,r:'z:'t:t* o"::n-?.y È::ae*s

*f l'î11r,' "i'tt*,,r: '+Y'*Ly *nv!-z'ú*-n+r:t, d"u::Í-ng ç:tr:"'r4;rr 1"r: ccnt::a*t h* thi:

uro*,*:"')ba,*Èçråe" Genet",!-* ne;.:ipu1aåi,*r: r¡í {" ffipflg-q:.gã,*a-i-i ¿räus*

a 3cç* {},4 r:ll},t1,îûJ, a,i,:d. *:¿.+1,-e?,Í{¡n ,:'¡ j:rIl iy,.;r_^ };,yt¡1 n*,j.i."U:¡i by å¡:?;*::*

rr-rpt,:ïng "*'rt*'11.r¡w *f l'ff4+ ,ñ^a. g}tÉ-ama1;e å:*:to rle-i]- n-*LtæviaZ, r¡åthout
+

ei1.+;.er3-xg liB4.' pr-:*,'åuut,åan {n3-t:*rgrsrrã"s# a.r:i,Tr.,rL'tij} {Ël:il":lrariga¡r and-

tr'aL*nt.j-n* u 19Vi,\ - $hai"*itu6,¿n znd VaTentåne pr*du**d. r,,. Gt:GL,|*.ð"*f"t*

r:L*nL íí{'\}t"&Yi,L r}f Y:. iiiq_Ei:å,3$-q,â anå.ch ai"te, i.nir-¿ctånr: ¡',f :tli"::egåäã.s#

å:lå"t3-aì-ly pr*iruc*c. e sr¡,laå"l ario*nt of amrn*i'rÍ-u,m :î*n* Fe*a"r-:** ß*Gé.r

pa.s, s¡åssår:6 a*d GIÏ{ r,:preç*æú- at, 1.ow I'il{ç* *oyi**n-LreåÌ.or:.su .r,!re *:on*

ve-r'si-e;¡ af lX.{, t* g.L'elteur:eåe we* b'3.+ck*d. ant- +¿he l,;ì"lr; Fr*.irrcÈ,i i.¡es

't:,:'¿n*i:ort *d 3,v:t"t*ç *h* iric*,i¡:it¡. Â,s tb.;¡* 'l-svel- ,uf Wf,i? y*e.*h*d. Ë.Þp':roxe

*.1 rt1|u GIH a**jivÍ.åy .,:as *y-py:a,r,:ze,û. pr*våd"lng a *c-:**nd. ir-e;u*\;twey f*r

rq*:*.+¡'ili.r"a'?.3,ot:i tl m¡r*- ebû:--l-shir.r:g giut-axa'L,e a.u>:*hv*phy, Tþ,e ae:*t-¡t*
¿f

t.:i,at3"*n *f Ì{î{,, L¡: t,lzr: r*eååi-u-au resuåteeI L* t"ke n.¡n.the,*år uf nii::rrj*4

{ë.naÉe "reång :tepr*x****." ièw*h a Ê*þ¡*n* 1.-.e i:3e;u...rå"i;i.e i"vr. 'ba*te-2.:¿¡id-s

e*t Ï:::a"rri*zs resul""br rï*n+;lsfm*.i*ç: *"!tæ Ç,,fff" 'çtæ:?*V*tay f.s inr:p*na.t!:re-

.,?"

Tr: *tzLæv:ï-*.s i{H4 ":",x i:"*x1r-rnll-et,¡*å v3.É" "t",t':¡ "pal,Yzaz:-y* t'tgl'^'tlty



&ú

:rË:ff:].4"+t,*t3. v;y Í.h* ïln,,Í *on**ntra.?î*yr *f the nedir-¿m iï,*np*st, *3- #&"u

1,9?üf:.ttz,ge."?;a.uzL -Ël gL-, 1.9?3)" C;'Lt¿¿r"+ni.n* *3rntI:.re{es,*u a'h'ã ke}¡ ¿:nx3¡nr:

1n thc Gg*G*çi},T pa,t,?,,ue-y'i*as -l*und" t.o b* :'-:*pre*sed b;" 'r i'igi, i':{u-

*,:tft**nt:"v:¿.tÍ"*it. å c*::::el"al;3-r¡n T;*l""a**n ih* Le*r*1s t*f i:,lsti-d+,se and

Ç$ ir.ri ji. ågågå.ry¿gå *niei l'ìfi,,-:-l-ir:f .+*a'r".:,nn H#.$ rep*:rtæd b5r Pr.l-va-l arrd

l,i*6a*a::-åk tzçVl"¡ et¡è. T'viv*]" ç$- a1"," 1: lt;) , I,l,*ta¡:r''u *'L:*al'ns ú*få*

*1e:'lt. *"n. GS r'rere unabîe t* iå*:r*p::'ess hj-*"F-å.das* an'*LrtTt"y* å *l;ri"*

l"a:: c"elat3..nt'*?t"rp lie{:'*e*n ';:5..troger:ase ae'ei.r¡'å'L-rn a¡rd Gfr 3-n K" pqq_-d$qg.!+Ë

aa* sh*uu k'y 3:t:"Yh {içy¿l) " 
'f:l¿x'r,Y,*:r !.*.'¡eså1.ga'05-ons (S1r*:3ak:æv ,lç *Lrr

3.9"f&a $han:irugan É-t- ê.1.,- r 3-9?5) -f-ed- t* i:'*t: Vtr:'þasal t"l:at the *r:n*

Éì.der:3ri1ti|-s":,*ú. f ûv:m *.ll gÏ"u'*ainï"** eyrt'*Y",*i;a*e .*cul-d ånd."r¡.a* n"l.í?(*gr*nåsì*

*;';'n*.h**å* anr3. :r+px*,sefen ,rf üË o:: it.t *tl¡li¡er:sie¡1.:i i.nto íi:rl *,der:,r"ly)"-,

az*& 'fr¡'mr' *aasscl, r*g'r*as5.+r¿ nf nl"t:"ü6*r¿å*qÉ s3t:'*l:æs1-o" *herunuga::r

/." -.Á..\¿.rd Va-i;n"iLr,: 't},}V5i :1.;* Ìn¡rl-icaèed GS ar, a eo;:'br'q)Ï Ln nL'Tz"*g*n*;ir¿.

*yx"'bh*så s ån K- pË.?'¿¡Lqäi-9,_e_"

Å:"¡ und"ersteitcilng pf *"br* *öri.t:rtrï- *'f nåtroË€Eåß* synthe*fe

ån y:håe*l::!,a i * ai** u¿:d.e::' x"f"ady- Th:e *>,per3-menf,al- e"pproa*?l has "reerz

g,

to s'!;udy ï'{H* repnesslc¡:l *f nå.trôEe:?asl+ an,ä. tc t.ry ar:d" es*erçça3-n

åh* rel.at,åonsh*'p betwcien nl'aragenaa* *nð" g-l-rr¿*,am:ï-ne s-r¿.ilutheta,s* {Tub'b,

L7?('x fieû1"v,:rsift, gS -?å.,, 3.9'f6V }å*h*i: g3, *", L9?6l;,

:å s*urr:e rtf acmbår:ed r:{-t::r,rgæn vsjr:,3ûb¿ ncrma3Xy ""¡thlbåt*.

:rå"rïùgÈn.:fi:¿r,"Ðåru*. "3:n :{'re**1"}"v.!ng ba+ÈerÍr-a å.s essenf;3.a7 f*r eife*t"Lve

nå"Lrogæzras* syxåir.esi-.s of -::'hår'*li5"a ñÍ:û'wn åx r:i.¡L**,r¿y:u* trGå.h*cv: Så åå-u

Zç?ó], F.epr***åcn *f t"hæ nLtz*€enesË år: a*'rå.v* eu'}t*r* æas s+;r:trÌ"i-*,i,

hy Tnù:*"*fur6 'LLi* únflyrr* ¿..nd È,h*n tx¿.:,nsf*z;"åx;g 'ùhe o*ul-åu::e "L* *" rnxrSLt;wt

**nlalnj-rrg :¡ari*üx nLzr*&*n *o&I:Ê;"xï-¡d.s çt ":-rfu3.'n3.Èerrs *f 'N,i";*



&å

,*,qx'3-tti::L\re\tlTÍa *t",';L:'git',*,* {Sr:*wr*r*Teo 'i,3, Z-\-'n Lg76} " hnlw:Y'r3-2., 9}''r:;i;er*'Lne

anå r:ltr+t,c *iî 3-rini,"*tr+:,"*& R3.'c::*5*nas* ¿¡.*:å1 rni.Ny a*,d" *he effec"l; ot'

"?;,?:e an",nttnåa '',+as l¡:¡¡n*,å3.at,e *,cd å*Þet:'å*n'i *.ru .Lh'* *rnie*r:L*.n I*vi c:t:vt-

*er:ir¿t:l-o;:, Y'+'t;ttLrsnfuze *u.l¡l**x1r¿ir:e å::r.{Ì. fi:*+o:r:iåúÌî¿i[e suJ-pbcne, ål:.*

hj.bi"¿r3i:s uf tl:;* G$ and GüGÅT *n'l,"fil-ü'-Å "*'hår:!: w-+"\)L a1i-1i"r¡uo: de::*pre**isn

*f nå::og**ä"se s;n-"riåh-*sls $.:r S- p."Eæ. , Wåæ and 4" '¡å-æåe-N-å-å ':-n L?zs

.P."f

Í1::öñ{+}?*Ê erf ii}i¡r' {Ç'etr:d*;: ar:c }råîi, }'971t,\ ú d:-d Bú-;r 1rï'Eïe:t'u ÌlHu' !t-r'*

ï:i-håt,S"on *f. n3"t"r*gæ:-1äåi# x*+,;:-,tLL"Í ån nåår*g*n*Í'åxing eill-fures of

:*traln ]HL ($r:owr:r*fÈ gÈ +å- s '3.9?6') 
"

Gli;+;*nlne .*'yinl,''ît*+*tt3,t: 4.ült-"r|-ty in- r,iuå?,'¿z:æs *f Jäi{å sir*i$.ng

å::håbiÈ!on *f rr3.t"rüg*:LåsË a*,0e1-"'t-i'ot'5' 
'*'y Ï'fit,,* sÏ:o";¿stå n* *!:;r'l*ga å¡; 't'**'al-t-" 

?.
#íl a,e,t!¡.vitty -Ln efåi:e:: *Í:æ p::esænúÌe ür absç$*e *f i'ig * Glr*"¿e-naLe

&:*\tiy&t:*g*rnås* 1{Ë!* a,l-*t¡ '¿tc.'i; d*ie*:teð i.n -Lh* {.}i*ìi-t'"ú3:*ffi ' TTtæ fall,l"rve

*.* nbservæ'å. eht?,*ge in the s*ea;e cf adenrlo'1"þ'l,e'f,Í"on'.lf G5' 'ihe a?:s*ne*

*f 0Dhu *¿h* Raåu::a of '?,1'r* ånhåbÍf"ion by T{Hu'o' anú- *ine 5-'nab1"3-3:å,y t*

*}..L*'çi.*'t"s -i:he ånhå.T,:l-+rí*n '¿'ååþ rn*åhl.r:fi!'ri* su3-pi:oxåinå.ns and. n*f"hå.onån*

s,-r3-phor:.e IeC Sr:ev:r¿:r:of-r gþ A-L- tLçV*} ha ean*1"vùe +-hul *en+-trol- of

nåj:rcgenase syntÏ:*sås a.ü.d. ar:*Lv,1*g 5.n så::a"J-r: 32Él- vta.z r:*t effeeåac,

s*nz:re¿{!r¡ +*?t* 'TeffiLe{"i-*n of g}-uåanåite synå"hed:ase ån eontrast **o thr¡"í

*'l¡"se::"'.r*S ån "{:h* nllltS.-t3çe ä" Ëffi"

Thæ rel-* *f *úeny33*T-at*C g"Ll¡Èrurrå;:e e,v*.tlieta*"* "li.ri t;lr'e :+r*'-

guTa+r,:ì"*n of nÍ"i::*g*n "*ie ae'bl'trL*"y p¡as ånv*ståga'Lad i"ri *;?'¡e erÕTtpü¿¿

f,þåqqL::' l g, lJEf.!ó {hæx6*r;x*.n r:"xd- T1.:rner* }"ç?{}}. *xygær'*LJ"nå.te*.

*on''aåv.:uours e uå'f:u::e:; *"T 'r,ni-* så:ra:in nhr¡v*ù ltLS Lvv*l-* af såi;r'*'-

{*:ri."å*# an+-3"=tl¡,h"y vtivti.'*';t çere nüt .*":.gxi.f\r:a"n't3.y' aff*+:1,"eñ. T¡¡ *xcÊ-*5}

iünr,¡r:t¡l-,tn it*yri* *v: gþ*anN"t::i*ø Y:t)"t:ì*YÊTu 't:'tiæn tþ¡* ü** LÍ'"v¡3:?"aè;"1t""*v? lr|t"*



Å+Z

T*Z!'-êv*ú-s i','l"ie ag:¿:a:':*ztl: '::,r;pt*s'¡:,5".r;r:" r¡f :.:åfr:r:g*vyê"ß* aynåLi*slx o**'sr:r*ã
-Jf

'+.hwn llfttu ""tt'"'-; 3-'r¡ *Ht:*:ig. l!:¡* 
"<,+i'aa..á:3t 

s'h:*".r,* ¿:'***e.n{:ratiCIn ':>f d.ån"=

**Lved 3o r*rua5"n*d. iaø an*, ar: 'îr:*te¿"rpfr ån ad,*ny3,"¡'La:!';3-*ri r¡f [?$ ;ças

*b*c+Ë'v*d" E*::gersen e-r,tå lu'tyiztr i""tg'¡r:"t s,":gges'L** tlraf. tl:c 1'**;"çYl:^r::+r.q*.

*lepply *f É.T? du:r3.r;g üp*3,årn-Ì-ì;*r1; gtltw*u\:t I'rlï,ærlt¡v** uf"L!: arÍ*nyÏl¡l¿lt"f*n

üt {;*'fL"ru* p-r*v*n-í;ing::ep::*ss5.ov:r,:¡'l rili't"t:sáì*riås* Ltz !Yzç; pr*se::** *fl

åxÕ ås"s û"rï;jTi*ni-ì;r,: !#:?*,u

*r¡ i:,h* l:¿sÍe tYtz'."t, n3.r.:*¡Þg*ria, * *"*åå"vi..t3' i.n fv:***'l åvf,ng

ähåa*"tiia r.i.r* *"*,pezzðter:t, ovr e i*,:¿*u.:tab3"* o;,lygen **ppT-3rr S**w*.r*ft, t!.

*- {r2".ç?(r} pr,;po,s*d- 4:Y"r'e';" lþ',t,t an¡J 8Lt:'i,æ:r:'i,l"r¡ rí¿lY ãi.r¿{:*.*î +-fu*'}, i3.È:*

ra*.ytú. r:,!i åÌ-:e en'å;,l.re *r;.îtr:.r,,e s* 4;'irai,'âi"le **ppiy 3.* nct e"ri*q-L;.ar-o* fi:::

:i'ti-o'*t:r:g*nas¡* at:1,ir:s'L'+y u The i:¿ls:-¡l:,'1.-q x\tiw*ii- ih¿r".i "nåty:*g#T'i.?tl€: ":-'r:'1..!t-¡r"ti.:3t

''rt)r"rît:'t¡ ,í&r, Lyþ,',i.'frå'i;r+d ?:y i'Jh,,{" å,¡-* n'Lra.lLlt J?H3: **r:Tä. ?:a: scÏlr*v*ú by ån--q-

;:L¿å-=::i :'i.l {f'¡ g ^ lens-o¡"¡ *

-T!:* ac:ii,-".i'L'r,y' r,n:L +v,icnl rti x*æn;;li37a'\1..*r:t *.fl l-:^.,,¡t;,"àt:t'i.i:*

*ynt;7e+:2.::* .1:t¡ "!::r:¡*:,\ii 'fz:**-L"tti"it:g and ?:*.0**.e::r¿å*1- -fc::Hs tlf -1. jpçtry,qtijå

"c*rr? i.:xål?ï.¡¿e*. :-i",*: t!,'** \lT."*Í)(tr¡ç* :tf *Tf:,a*s .ãïilfrtx*.jiã- iFì.rht:p !".t i..+, n J-l?ó) 
"

Th.* a.d.dJ,+,,ign *i' s:1:rrii-i; i-1,-j +;:t ^.?tt:t äi*då:-trn y**<*3.{,*ß 1-? T,ei}.:i::e*#}.,rin ".:î',{i

+$*tiyL"¡\x't,1-r"''sz r:í) G 3r th* f:r***T.å.vån4 Ìl¿c*,*rie .*:h"iL* i-:r h.ùr.:i;e::t):Id.

pr*;'ri't*..'tit:',Jt: ]3 'lËr.Ë :î.ü1i, *úRFr-j"É¿*r:r':.L-3r 'ir'''îLì;Ên**ú b3t åh* eelli,q;i-ozs. t:¿f

l'iJJ. ., ?ì":å* j::nir.::rr¡*.'i,:Lc)n ¿r,'¡€J".., 8";.1. j",?t,î: *'*:,*:rvz";1.rly¡ I\t";¿',.L yi{T{!;{të"1. -:,tvæ"}:e

t:f C'3 :,\..'r: }".*gtlNt: b¿*.ir:,r*j dfri r.¡*ï# :*rii,¡::L*, t,¡: T* :l:æj.+ti-v:¡L;i 7:,tx t S"".Zt":'frj

r:ttinpar*rÍi. l.* 7.*,tç:3-.',2 I* rl'ijt::*gttzt*'r:za.::v*ú" f'r*o¡¿*.Li.",uÌ.:ig i. i;p**:l:tg::

{..:a:t:t:,ur"t enå },Í-.1r.¡,r'tj;h, L{}?5,; 'itr;nr:t ::.*rl Ki.-i-li:u;:r ."r??3}, }.'cl,.i,t:tzr+ss 'i;hr;.t,

3-.e*ía::r:,Ì.*.r," ïi\.¿:,".\' l':¡,.vð; li-.']s'i'" l::¡,*1":¡: ,:::..p*"'r:i.3"3-];y {i: :r:egli.i,ai,,* []f .s';.*, \+r,,s:

t:"*.*t"tyiy'Lil,]i;"3"#Tt*t},#a*,*ll2'iVï-a2,':.ryr: r:r"$r:"a*-î: ütlyi:,:,T*:i,. *.,y*,+".,*i:*r ...:..:,::,.r:,;r:ri:::
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A nu-mber æf r*per'fus began to appear p¡hleh supporteå åhe

involvement of GS 5-n the regulatåon of nåtrogenase aetåvåty ln

eul-tured rhlzobåa and opened u3r a eonÈroversy ln thås area' Slreleher

and eoworkers ( L97ì+j fårst ssreeuJ-ated that fhre reguS"atory system for

nåÈrøgen*ftrxaååon by the Eh-r"-u,-Õ.ÞåS4*1eg:"arne symblosS-*,,:uay be eimitrar

{o Èhat in S¿eÞq-qg}-S"e-" Tt¡bb (19?¿}) report'ed an euå.renontun effeetu'

on nåtrogen&se aetåwåty ån Rhå.åoÞågg gå." 32H1 duc to growth on lflH4+

as sol-e nåtrogen ssureÉ but not eompi"æte repression of the ensym@@

Glutamate-ån1tåaåed gfow"oh vras observed to resul"t in an excrettron

+of NH,,' and it was staggested that the GS-ffiG.qT pathwaSr rnay be
Y

responsS"bXe fos eetabl3.shlng a symbiotåe ånfectionn Howeveru neÈ

unttl" L977 was nsre eonvlneång ævld.enee offered ån support of

gtruta"rilne synthetas€ as & eontroÏ]"ång element !n the nltrogen neta-

bollsm of Eþ-1s*oÞL!åm Ëpp. tud.wlg and Stgner ßgfZj lsolated GÍl

auxotrophs of strai"n 32H1 and sho¡qed €þ¡at mutant,s defi-ci.ent fn GS

aetlvtåy *aene deflelent ln nltrogcnase aetlvity as ç*e1,1" & gl"uta-

mine-requlrS"ng derlvative of the €fast-growå.ngu specles &" gÉååg&å

was isolated by other workers whieh ylelded. lneffeetlve nod.ul"es on

eêlqpgq -sqti-v-A (Kondorosf et- qÅ" , L9?7) " Their resul-te åzrdtca",e

Èirat, GS pl"ays a roLe ån the regulati-on of r:itrögenase aetS-vity Xn

both free*J.lvíng Fhlqqþ&Eiq and baeteroldsu although the meeþ¡atrlsm

ås still unel"ear"

'Two fsrms of GSø dåfferlng å-n theår isoe3"eetrl"a pof"nÈs'

were åsolated, from eell-free exåraets ôf &, ippqn-l.et¡q (Darrow and.

Kno*ts, L977i ^ T+" ?üãs slÂggested- that the possessåon of two f,erms

of G$ nTay confer a physS"alogåeai aåvantage âo rhtmobla s*hen enÈerfrng
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ËtÌs, :-: Õr s'ðíi1 n',J ï,,1- a Ë::i1 r.t, :,v t: t. i: ih e i::.''-çLÌç,l.'i

l*:,s,i {,.1t!1 ilt',:ilt-}r'j."3.Ì.:ir [j.'::,':t:: i::iÌj."i.a,+*:t i-i:l i.:i *"::':Ì gr i.'r;

t:f f:1">rEd 7::,:;¿t::{}6ç"t 'î:,* t,'rl;: b*i.*i- pi.;i.,it" l, t:1.**rri.y

, ,.,-,.:.r l,lr ,'.r--r..1 ,;{l'aií.iît z:.t:ð ¡:'r.ïl:..i,.?-,:::.."í,:, },ì -:rg äl;¡!r: i:. i 3/ ;'f,.. !r l!

!,ir årg::{r:.r,}inÍ-*aiì ,u Ì ii:-ll;ï¿;an'¿ n"J..",*:{.3t*Ít*f-l :':i r:g

srn?,i t:4:":,.t: "tr:t:t.,-vr¡:*u-].* T;z*'t'¿::i..a, s':..2:**. t'Tte:lt:

;:. :t"ït:-"î:i..r.:tt",i* ::*i i:.''r'1.lri:g1-:,i-Ê ' ¡çf¡itl-õ {r:"'):?i:

Thlt*r f!':¡¡ t:,;''î:,,+-:,:ij3..r) {i:l

::h'; li;i¡lri-¿i i:tþpei;"1) i;e, be nr:'"'e

t) r;,:jt r.i:: :11t:*f .'Èttf t.1,.* í:';:t xi

.:)j:t::;J::i r,lt; a ¿"r;:;::t: Q:t:?,.:,f.t:+; l* -i.i:'r

ie"I!* í);ft|t'.j" l;'':t:* l":; tí:.?:* t:\i{:'.\.}'i.".I::,i-\1t.#:l: j

'T r:i.zrl; -i,hll"-i t1"::.-'+. :' Tt'-: i:f,i

"l; :.:i'i :,,. 4, ! "¿.T:* 
-'t: * ::, î,ï' i. f ¿; riï]

fa)"- \a ii h*,

ij,i,,i\::,.1í':i,.:!..i-:""t-l:.:"rt,a,n*i:.:-''i"\:!'T{}"1

z'::t:.i. r-;zli.n€; ã" :f ti:"'.:'t :'Ë;íL ¡: *'

r: t:.':.. l"':.:.) - r :T: r.^ z1¡, *::r:': rl."'i-. * il il,'i ri

::t;¿ge * f,i-i."r '3, ";"'i'å:':, .":":'ti-nt:\::i;

,:>r

?:;ir.i
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i:t !{TTP,.:Í PLrt !åf\} ït'tTlH*TS

lecl;e,i+*å l;qi:tåne

'Ike Ít;'t3-r:;"i!rr6 lìÐ:åe{¿i:::iir¡n eïiËu riæl*; Usç¡i. :_r¡ v,** t:tt\.t:t::* *ï
'Lh.:is

Tb"e q*ü*u¡i:'*åo 
L*i-'l:p)*.i:,;,n *a¿:tiz:.i-'rt j?-|:r'"1. ua.* cb't.a:l¡:*d ïrçstr TJt,

T- t.*Êue {}ra3"::å* R*g:i,ena.i, L¿rbar¿å*::y."r Í1exi<.at.r-:+:nu ta:nad.a} 
"

The øc,*vry*aø 
T&å.A.*:i,:¿q¡ ::,¿ty:'e,.i,n f,n756 i¡as *'¿:*cånæà ir:an'-ùx^

F,J* BergËiset? {}:,v3"nåon ,*f Fl.¿ní ïnCi.i*?ryu *Sîli*r Can"n*t:t:r',u

A',i"¿t:t*.L\¡-a.) nubs*rluen'f;-ì.3. d-*signat.e¿ ar R;trg (Ungur- of Hawalå.)"

Th* s*:*!ry*au 
f-þJ-:'_-qþlìl¡ ç""t"v:aï-n {:T-l 5t, 1¡t"à"ti t}htr:z"Tn*å" f:?:r,rrtL :}:{:,

Tl¡n3.**"j {rtär,|t.ri*r*'t'r,"g *:î }ria;ia-i-ji , Ht:ritL-t-i:i?t,*r 'J.za;::.,ri.i suì;ne,;u *ni,}-¡* r}-e*

';iê::zl',::u r: 5,-- o
- _1i-

l'flh* 1" j*g*¡*å#,,* çrt-xr:'i"n UËtiËr 1ãä {n,miu e xn:a1..1_ *+_îon3,

derj-r,';r9-,';"v* t:! "{i1'í}A *t,rafn '}..i1? 'rhj-tyt wa* j".nerîa,*eú by Ìiavl.cå En*r3.chu

w&s r.:'b1,a1.neri 'Ï:z:*tx }:- j{*lI"R" tan",'p-tæL3- (Ð*p'e," r:{ t¡l3.*r*bloîog;uu

Unir¡e::sit,y *f i'ianiT,cTa, t*'-1 nr:i¡*gu [anäd*,\"

¡1i+,¡,-æç+¡çe gt û_çL¡uge.å

Yeas't *:t!"raÆ'l*,rtanni-tr:] 'a¿a3: {'tT:f.r'} {y*:i*t *x't"::*:.t:* i*"fc*} u

1,"*É; ïiÉ,$ri.l"i:Ç2.e lü"r) ¿; CrC?'7_o i-^ú r:c tie*l-o t"L gg 'tr:g\t)¡,-iT.riiu

j,,-ti', 3i . ^i:14,,'?".1 *l , C,.(i .32 .€.¿,:'," ,.5,:i :,"- -;ì;.. rjlr-1 l'l¡'¡ .¡..,.'.o:: :a'-.
a !.', Z'

it 'J"3.¿;-t=rJ i..l¿g :rs** ï*r l;he rz:t"!:¡i4;"¿yr;rrts:ÊJ û:f î-'ùr113lr- ç::¡:tïr;i:re gl-an-i;*" ifi:s

fii *f È"h* rnedåu-Ti: rdits zitjt"i*'r,*f,. +.t 7rZ vt!,-t;ît å ti lis"*H iiï{å rt:.?tr- ne*,1"i:.i'¡

'riiafr t*¿LÇ:y:t"7'Lnet\- a.t 3.2f:*ü f*:r 23 ;¡:i.1-n*
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?.i::tt::l:ykiigil:s,

frqry
:i::i--

!'" r::i::¡l2 f "'t-r::îr'i..'1,i¡T.i tt{ 4:.i-t::. r1t:i7i:¿*,;l itr=.di :;t .}l !tg;:,t. filr.. ii:,
i"içf :j vax *¡¡Ê& jl*:: *i:,q'¿!ir* î]¿]gu j?_ñ\ zr.,:I î,:j{), The n¿lC_j,¿ ,:o,*._

'i*"i:"trj {g/z r\ t g;3-u'tz:ti:in*u * -J-l+5t, i,*gi.::'t:u-r:t:,.* arl,d-, }..,{}.; Ì,,ia*r,J.ct:Lï:.ttu¡ëu

'!:"8ç r,:¡"::^å::*ç.i-u+rj-r I "ü í Z,,-3,,t:î;.?:'tyjii,ãtrø ?;"?Sç y:Ã.7J:iJ1i, l¡.2? V i|tg.fr{}1,r,1ÅZ{:,

]"*T5V ün3*u,..4är'), û"',;,g i.]pi:e {.:.t*5A y,,îs tt,ûL1-1, C,:*ür, ji:,,r-{_1s

û-0ü.û1ji 'Ín ü¡r,"7HçtJr {J,,ú(}j.r, Ctf}i....:_i-t,s r"{ìlll ¿ C1"CL*r"¿112ü, i}, í,î;
líx"r.rir;()n,'i!'i,"{} u * ^iii';?-jç *,:j\_z\t ye ç:},'¿ya;Lt*ç i},ü}-;; +¿gar. ("X:;:*} r 3"i;-,(1i

,*.:1d ri.*j-c::li-r.*Ì:. f,i¡"::1:,j"1^j-ell wt.iir*'j:, î.?rr* ;¿1f.s t",zex."* .1,,{.,;jît?:":rú.rji 
::.",: f (};.-:.uÌ,è:t*.

'i.;:¡::i'.'|"¡::,J :li;:lr:k tt ''1-\11,:ì..i)71s- 
a¡:r*. ¿d"tlgå z* i;u** ¡åj,r:sr-riy*d_ ,:.x¿ani_r.: t:r::äp,:i:n,*g

;ir:d äh*;rli wies ü.åjts*;;*cl 'L* {:,*j v:lvh j; t{ j,i::.ü}.i, ?}r+;ir*dåa l,råE ¡n;;icr:

,:p 'r,,:t '.;o.f urin anú. r,t,+t:L1Liv,r:lri -rj"Í 
.i'"r":,,{,.i:.¿fj.*::. ilit?..: n lial E*,::* ,iåsp,:nabie

i'LT't"*r *r.iri: {-,iijpiri} ar:f: ü-3-*per:.s*ß j.,;: åü inli r¡ol " St;er:"7,_+ ***i**,
r*,:LÌ:"e:: Ë.åð":i: r;rn;g ;,ei,i..,*il ],:,,* tn ¡:ill,.al- v*iu;¿* {?. z. **xei ,:f "r,h* iå,{r:l_*.

ilred.l.:,lr¡; årirt stg d,åsp*"r:i**i-J. .i."rt 8 rü., ç,*1" fr¡t,,; ZL" r;\ s*:rl.,.¿nl bÕ.î,+jie:ç sï
ijt r':iL å*fr: lì.*lty. b.*.t,ll_*s.

T ï.'TÐ (
¿\\D /

&, 'r¡:st1,3f li-"*rl LldBj :*':,i.å,i-:.lr 'i:*,ç:u::1-T*ñ r*"y' !i:r-,i tt!: a¡rã, lli:-å.J.1 {1.ç;:5,}

"r+e* ased f*r t- ;ÆprzçÆ, x-r,::a:in l"z2 lnr, TÍ¡#.nuúi."un *,3rltåJ,fi.å,j.

tS/:-) e l-6li:.*rnfr.]::r:a j,*g lia*E]_i:te.-r:a9:*, "! .0Ë yaa;l *xi;r¿i:t {.*Lfr,:,:s,; r
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-tií.å p3:Ë:!à:.{}ç**. ',¿5-*,!:t t.*gî;;ltanl-,:: ¿;r,!-d. Y'*Tliûì1ii"i'*i}:,'å,.:*:<ar¡p't* {f;1gna} -.f*::

*a -i-,;ra"?.'.'t-*n oi" ih* *.':'i*ird'r"y"

T;r:t"e¡y'nj-ae'L:!-*n ef ]? r: e¡-Lt*\n

Ti¡e ¡lar":l**1"*;1 *i:spen¿l.-*n uar* dåg*st*d. :1.n 1.,* Þ: Na*ì"'i ír¡l
-)"i: tr;irr: ao, 2**3C e.*4 t,n* 'r:r*ie,1ri ce-vi,l;*¡nt e.n';;a:;vt=t1,'b3r tÏ::e *oL*:v:i-rt*a;v"3,::

n*tì:*S. +f ,***i*:ry s-i- Þ;" ("i.ç5:) " ;l*anda:rC- p:r-'*i"*Ï.n **h',ilit¡rs; lz:rt ¡(;n*

T:a*g* ¿:i:l 5:J La ?5'; ¡tg,/i*.i e ;i::-!:{j l,rarri* tç.1¡-i;b *::ysi="UtUnæ "L¡*vin* s*ii'r-r"rr

aå?:*"mån {S:-gu:¿ï} di.*s¡:1.,;eå :\,n *-1.s'.3-J.TeC. ",¿:ais:¡:- T'i'"r+ xznp,L** vtete

il*ag*,r:ed 'âL 7P nin Õn ¡. üol,*nan Jun5"o:: Ïi Á sp**I-r*'å'':zr¡+*ilnt*t,æv"

Þ +.t 1:gql, ¿L*Fi¿- Itl q i sf i -'ï

3*.*i:e:::Ì.al; *el'l.s -f::sm +" 77.4" *grtr sl¡ri:*. *t"ll-i;i:r* 1:!; î:,. Ëë.Ír:îr.:

j:':'r¿ll-* u*r:* aaxk*:å +','r¡ie* uå'îÏl d"i.*'¿ål-l-eå ue+,.,*:r: and" v.'aszs;'3'*:vi*r¿ti. it.n

i{} t'tï d:is.'í-i,l,L¿:r1 r"¡ai*::" T}:* ei:s'ir*:*sl*r¡ r;r,å s?:r,1 *,t. i-!t. itt'íi alu,qi"n;;;a

i'i
p""zn a't 1-3-*"C iyi T1 ã:{:Jï-yii *v{1tfr. ü.r*.tiT.,i:"{Vi'L ?,r1*. r*\içt r3::3t';+,,. t;¡.f 'li:* ::xL"l :;

'¡; *.r., *.+! r::l:iizl,..::i.*C.. -
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Vn " p**I t ç3- iL+,.i;;t"*!: r,',"pp y

ü:.:,?,r1*-ï:es ,¡':l ?:*'i: E':i"íJ'¿r" :.¡* ttr:i.!r.t' Cli? r.¡¿yJ'î'.::t 'a.':'ti;in zzr'¡:"

ui¡zr,.i*, +;, s+i1.å:;;y.i nt\y)::Jat,* L.rw:.:txç,t*t:aztlt "¡n'1"* 
r¿i":ã lt*d.i"ì;Yi'. u+:"::z

+:,31,.L¿r:"?-ç:ú" a'i,, ?"]" "*"n:,:, ()å* îhe *,*l--l-Éi 'i¡*ïtî: iix*tL \i:"¡ *-'-n's r:*t'll*ß *f

li*T'le¡"rbe::g*T _e:ç_ *L. ?tçl?j. th* 'p*.Li*i.,Í "reils ',':¿-r: ri'*h'lri;:et'*d'

L.e g::aC-**, i:)*fr.t:{:r!"?,'t&'l;:l-*ti* rsf et,hantr'! {,i.fi;t,, z'ç';ir }+$jXu :'':tiL'þ ?t}ï/',

Çti|" eni:t ai:**lu.';*) en& ":"r¡11-3"LYa'z** w3-a;'x *prtx* ,$scti*rre 'Èîç)'î*

r,:ûr'¿nt*ú ,¡n WÛ"-r:rrr:*W ¿*t:*"¿zr::d glirÌr, s'l,a'LR**' wlrLrA ¡¿!:âïty'i' ar::n|"a+;*'

i,Z1:¿r "rzf""r'; ;1n* iç;ztrrt *.':¡-z-v:at"'* {t ^}3¡'ër} 
p,Y:r1' *':':"*H':t.t'"ltt:i- uix'LY:' avi '¡:':"''t"¡::7'tìt

lilÌ * î ï *\ t¡: jt, : t:¡v:, îx:J "*r: ù fr '':; *p ú 
"'
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,?i[i"t.I:o''i'fr

i.çi:,,çT\ "" 
lit :q:::ç7 :t;¡]. P ä::¡

Th* ,*r:,-'i¡-;n'g ¡.¡.'';ht;7.*¿i-,r.::: ,,:t zl;:::u,.?,.r¡* i'-1*9, JÍhli- .rntt l]ü

.',+s::e *'þse:ved. ot': flffp aga:r- ilÛi-s:-rles *f 'F3Ü'* 't"riú' j&i1" 'nt¡:'TÛ rJ1 "'n*'

'5t*Lz:r+*r t::ayi*'j,'';¡:te'ïL+uþ ':*t:I\r*x a¡td gif-*'e*xång anil *r:1 *n-i'el- 5rä::'3'a{ttr;3

-r¡*re úbssrv*&, i-'r: r,Ï:i: r,:r;l-"1'¿r*p '*¡'h*n vå*w*d- wj-i;h ;¡ î**ft sie'::'¡+*

:î:t:.,{;"1û:t{:,{J-;:e s.i:cv:Í.::g }-a:t:gr:tr s3-å;rr**pr*S-r"ieing c1*nas a'g '**l--j' as

t!:e Sn*.':.i s à::! ,:1.&¡:,*s ,, *'A'i-tsy::,'r.ss i:f i:lr?* u,::r* *?::eí:àriiå: u.y¡ti e'fiã)t:äe i:*..::*

3,r**. b;o soi*e ç-1. 1-nç prt:r.}*r:"'.'tún.* r-lCi-*i:ti,+* itT "i7:2 ;-ìIl3 *i¿ilu:re'l' i:Ti

ti',i.fij nc"*,i::tlt 'i::ert ï-li,r€,r:.r i'*:"r*ril) a.rri- t¡'it,*n r:attt"¡',.if].ag*d by ã.T1 *1:*

*Ëi*Få.v'* s.n+*,::'ï. of ,ext"::esl'e\-i'*.i,a::t Fl,-l.ysat*hi:,-'t"'",1'* t:¡?t.|.¡.Yi;+u

?*t:i.+,."'¡ c?:a';:í';s *f Lh* *ul-1;',;::es ;Í'¿T{i '{tl!:tt*r:rl*t"},3;g *ercìct'*

r;r":i 'by *ub'*uJ-'T"t;'rir,Ë, 'JR ir*¿;¡'l e:ii::a¡;'¿"=ilanr:";iÌ,ûi ;.¿a-r: y'J..a|;ea. *(¡'iz"iui:-n""

:i.ng 1.û nl,;L *f a Tel** *üíl€r5 :.:e{å ç*l"l'rL$"*n {;'íahn u 'Lti6ú} 
" iJ'r'T#"3-Yu.*

F"3ü1 an* j7-HJ. la-':..?-ed¡ tç ¿bsnrb *Õîl&ü :¡:æd- f:rún: *,i:ås :r;¡*d"-i"u¡¡: t¡i.?,hivi

r¡ w**ir. '.:f incu"n*.'+*L*rt ¡ïn-i..3^e t:Lh*:t ¿eftt¿x:ä" er,hi"hiL'c"çtl na::!;eei ahnorp*

'ùåûn, ?*::i.od.i"t: esa:¡3'n¿¡'*.,-ii¡n* e,f ,:*3-l^ süeí-Je:'r'Ë5.*ns *f ai-1. stv'ai"r:-s

Ty pha**'=*rlyil:Tar:t -ni*ro**erpy ***neå to i"t:d"i.*at:"e "þura et-¡l.llur**"

Ëfs"dl'.!:. :¡f_ ä",+-å ?p"}#_s +r:_' ItJf t

.+'}å-ftç,iH.-l¡+ x*, ?'\tlu v:i't:3't:';^ sþ'*æ*d' \:'i'EYz Zr:vt"tl-s *;i' *I"t:':i*'-

Èîiã":r-ìË r'ri;',.'¡i-+;,y: åå **,ågç:* "r¡a,-= {:'ftcrf"*n f*r: th* stu.d-y t}T e:hr*Y?"c*ÐT"

i-*+;ir: gr*ili;l; r"'r¿iss '3-ts 3.3.q,,2i,.ú. *i'l n*à't.a a+;' zgÛt:- Gre¡:;th *i;ïïeË

{fZg" t7 #'*'î:* 4'r}èí"ai.r:*4- wl-rt,ks:t-rr{,*\tT.ià *f *,Yi, tu'!.?, "ai:,* {}-*5t



rig. 4. Growth curve of Rhizobiu& sp. R3O9 in liquicl
CS7 medium"

Cell density was measured as described in
Material-s and Methods.

Inoculum #f (0.30 -" AOUO) G-€

Inoculum #2 (0"L2 ut o680) .þ__*

rnoculum {Í3 (o.065 ,t AogO) À_-.a

Chanqe in piJ EHI
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"i:*r:;þür!tLr*-i-3r iri; A,l*n er''r.i. *,t} erl*e"v?¡:''r, då?'fe..lcr*4:s :;*:f'* *l::,ls::rr**

::¡rt,L1". rù"{ië *'[Ì.!i.'llr, t:-i n¿¡tl:.1r:*:ry ¿:::*'";1.,n,, !,'¡"2 in!"r"1:.aL. .":.-a€, llYtz*': *1

2Û'rz ua,:: *'l**:r"¡eå :r::d *;ip*::snl-t.:Li 7;r*u't,t:i 
-r*g;,n g1xr;ii'?t, "íir*

6e-rxt!:zoi::-. n 'l:,'L"itt-¡. ,:ü:r5ilg +;"n* *v"'Þ{:rr.ç:yi&t "1 &.}, g::*w*,h phasæ '¡;'¿,";t ¡:,e,"3..::'l;.J'-e.l:,*iL

'Lü ':.¡ú -ó-ïi íl'vÇ:::;:rËe ,:Í 8!:" ';i:*.xi-i::,.¿{t, 
5l'*l"r'i;,l ',t¿¿:.s |ii:,+*a!,ï,.+,Ì;, 'rí'3.&¡?z a.rl, 1-,n*

-L:.i.]-r;-i i:.." j* 3t 1, .'.t2r. l:lc::,.],'llt '"', .'r' -,, .'å t= . l{-i : '' ;ì.':'sr'-'

:;*enz gT,:.t,oru,,J"r st?új,*rn fii.+?, !Lvt1:.''v;.i.-a.-::, pä *f l"h;1 ti7 ir¡*di,uii: wt:.s {'. j

*:t¿il¡ *, näågì:-1 i-n*:-*as; i,a¡ '.,is¿ï",'*d rå*.:råv¿6 ll-:e Et:::vs+.,Y2 phas*i";

{,::::.g. 4}.

Iffr'e:';s *f 'J1u'r,¿:::zrz* e,yi*.3r:t:r:iria"n;tt: {J"{:; *.,Yle G:ror¿'Lh *f Stre,itn }Ì ]Cç

ifÏre *ff**i,ç ¡:f ve..Y";irtg {:üt"!{ieT'!.'tt.7:ít|ti:-¿*ns af g;'}",s';';:,rt-1.r* *.lid

:i;-':,.*r:,'i-.'{t't"!*,: ";:h *uli''x 
â:i{!i:,i4i,y"! r:'¡l **:rei:r H}Ü? a*xr: 1'r'r:a"":'!:":,Ez+,,e,*" i}:r;'l "3

tt. xinr,"1,.1,.. S.!ff*-::*n*t +,î;r'l:-,Yt¡,j E;:"*r,;'ï;h, ::aíe *f r:l::n:i,¡,r ?,3*9 *,r: C$f .rred*

)..un'" r*r;*a|i-rli,ri¡¿ Zrxi:i. gl"a\æ:tl.ne, f.:ul "*r nv 9,7:;Lzn"JÍt<3 ,";zí:i *}:*;*::","*d"

/*" *\
iË.1 g" )i . ,ia.;:"'n;¡¡i gr*,uifli {}Õ{:i",år::ï'Ðd uj-í?i _-l_:,*!ll g?,r;"*alr::1 ¡:* ,i^¡: ii:;:¡

iit;:lii".rni" ':.\.ti-!r:,i.1 i.J: xv'stt7-1:,tz ¡'{.r* r}'fri-it"i.i-::*d'"lj-i:;!: ú,ct::e':.r,3,-"¡:g l;:+*xn{e

-*î îfa*.s**r:i:,T":ï:'!."e {3"2,5rtus (t"}iui:¡ îL:{:'ii- .?.i} itü) ån 'l}:* }-:1qi":J.ú- CTV

i'¡lsdlr^:n {flg. 'ü1 . it:e>:3-mi;::.¡. grrtv';Yt r*.1ì-:T-'.r¡-:,i- .ii il: Iä" \r.ii üii.*x:';:t:i:::^

z-'¡.."ë i.¿" -;-hg n*Cå',¿i¡ 
"

'ï¡.:ïq.ã¡:Ë-tä,lå*få-i:ii;l;ltgt+,;i:¡p êË.úçåv* å;råu . 
jpp:ql?ii,år¡Ä"å2..i. .QîE

fi:i..-'t,.r:tt¿ene.s* tl,l'i:i.1,'.i-"--g l:-r:. :,:,+.t:i't.j-t::. )t"?.2.:. \83 1ti.i,-n)-i::-.J.i::*rL tli::

L!:1T j n*.ú-,:'u.jli 'i.{ålr: 
"arl::-a,"t;),i:i-'| y ii*.ij;*¿:'+;r*d- *'¡: t:nt¿ l*':::1"¿l: ("':."¡, ",:.f't¿*y |:-y:r,:*:"lJ-,*

'ú.tr,!r";'¡1tu jn .rr1l,*r îi.i;tih':|:g u'.t;'':,'rt r,.:::gtlr:. ç:.,ît*¿ x+:pier:'3,rzg Zirt)'". t*f L'çt:



{a

Fig" 5. Effect of glul-amine concentration on the

growth ral-e of Rhizobium sp. R309"

Cel I density was measured as describecl, in

Mtal-erial-s and l"iethods.

? rn¡'l o'l rri- ami nr= tr-EJ:qg\4lt+¡¡v

1 nI4 r? €r-o

^1,.+-ñi-^no g ruEamfne Á-a
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^1

Fig" 6" Bffect of l.la-succinate concentration on the
growth rate of Rhizobir:m sp. R309.

Cell density was measured as descril¡ed j-n

l4aterial-s and- Methocls.

12 " 5 mM Na-succinate @-O

6"0 m¡{ 'r

3"0 rn-l¡t tl

E¡-tr
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aåmosphere with ae*ty3-ene (å.5m4) ard. oxygen {O,5mt} (p*.g' 7)"

Nltrogenese acååvåty reached a maxåmum Õn day ? and thæn began Èo

deel"tne" The assays were d.sne on tråp3S"eate samples and the data

reported are the å.verege månus thre end.ogenÕus e*lrylene in the

sys*em deternrlned" by an unlnoeulated. eontroÏ, lnereaslng the cel"l-

d.ensåty of the l"nocula resulted. ån an ex€eËs of s}Íme produetåon

whleh tq&.s aoeÕmpanåed by an absenee of aeetylene reduetf-on" eon-

si-s*ent aeeÈylene red.ue"ufon oeeurred Ín a¡r atmosphere of 16.tm1

eontalning å"JrnÏ aeetylenee 0,5m1 exygÊn 3,L-/ù and. 3.4"0mI ar6on"

fhe gas chroma"LegrapÌ: waa J.nl"tåally servåeed. and. apSleared Ùo be $"¡l

good worklng eond-åtåon" Å eolrmn was ps@pared ç¡åth new paekång and

gave peaks slmíIas lo those obtair:cd 'egth åhe old. eelumR" The gas

É1ow rates of HraN2eAlr were peråodåea11y eheekecl æ"nd mai"ntai-ned.

at the folX-owång rati"o (n:"/m*"n) of 4ðeArûe40CI,

{rtr_seena.qe_ 4pt_lvxty ån Þt¡ar-rys. &34? end .3?Hl

eultures of R3CI9 Þrere grÕwn on tN35 raedíum fon 4d and

then ftushed and. gased. and nltrogenase aeÈfwåty test,ed fran 4-7

days" Straln RJSp exhf.blted }ovs level"s of aeetylene reducÈlon

{O"o1t¡ to 0"0Jt nmol tr[U produeed per eulÈure per hour) over the

3 day 3lerLod" Aeetylene-reducing abllity was not conslstent amongst

all sampl,es èes*ed" The announå of ethy3-ene ån íhe standard ç¡as

t "435 nmot/n]" &r 9" 25 ppm. NCI aetS"wlt,y wåth straån 8309 "¿as ob*

served on tSZ medåum"



6¡4'

Fig. 7 " Time course of
STTA].N I¿¿ Dt-5

¡¡af rzl ano raÄrr¡+ i ^- 1-,,auç Ly rgilç r sLLuu uIUll !y

cultured on LIIB5 medium.

Activit.y was assayed as described in
lttaterial-s and Meì:hods .

The inocul-um for each serum bottl-e rvas

'l ärnn 
^f 

+]-'â c¡ma ¡al I c"cn^-ci-..- -*llle ceta susperrsaon "

Cultures rvere flushed ancl gased at 4 d"

Tl¡¡l-r nnì nÍ- i q -l-ira mo¡n nf 'l ranl i ¡¡l-a<

and val-ues vr'ere corrected for end-ogen-

nrrs cJ_ hwl cno f nr¡n¿tion,
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il::l_-Li;i-** <:ti .]?:irL 
*,âîñi_.!r.*ru!:i'L+:tI ?"i.,:*.r;.y.^:..r:.!.,,ç:, t:eú:¡¡:'t;Í.$î:. ,r:iij,;"it

åî+idn fivi e:iV j:''¡.1-::: li :1:23":; 'e.r',å 'i'Y:e"r', f7.ui;'r',tìti '¡"tl'i', ';-',:tg;'3:ft ;rni I - i. inl.

rtg:i aceå ttj..4:Yi I,i2, '¡;:it t.l^ ;t.v:iJ ?-."'l tt:i..\ ll.er::r,,T1 t:'Y!v* f*.är;:i*s *í- 1-:b*

aim";spT:,*::*t:, '!i*:i:* iÌ1{Ìåir3iiìî",.}d- z"+. ?r}. ¿l-lC" n+,"h:¡i.*r1* '-f11ft'i.ii{;*{:l- 'r;?15 \ri t'rt*

yãytì¿* r:i ¡J,ü?3-{i-'i{i? *:íi1*"-L Tú:!: c;-:¿iiu-::¿; per i,: * 'lti.:,rÈ air:ol-ln'L t;:i *t'h"¡*

f.*ræ'¡";," th* sl;a¡:*.¡1¡,1 r;:a# û"]+35 nn*] /mi *:r !]*?j p¡rn" l'io a*'r,L"s.4'"4.;y

-.u;i-i;h st.r:¿u:).y, ]ZT.:' "riii."t: *Zg*.!:1.ïsfi" Õï: L'ATJ :t;*li,::,r:i'

T}:s *',-¿11;'ul:r-q:s *f îijû$ a::,å ,1?*H7 urtitr:l: sb*a*iL nÍ't:'tgenase

*..;+.,!,,v1,-'ty {}Ðïl'Nàå*çiå ':'*:rf*.¡:* *oJ-*r¿i*s it!:i*ii ue::-* pj,n¡:t>3-'tlz anú,

r:?:tj;.-:ta.r:'îl*rf..r,*ri *"-y *. l"e,;!; *f" çlflr,'::" l:ttt:r**¡,så:n6 '!:,Li*: **li i-*nså.î;r

*í. l,,i'"r* i.rt::¡:*-1ta" 7'i.ç;.¡.'i'"çç:1 :,i:: an €:,ï.:{-*{;1'5;:j ryî n]tir'¡r¡ ï.';1ð. 'l:''t'1 í:¡r";trÊ'Y-'¡3,.'r¡j.ç

a,,:*'!;, ¡'i *fte f *ü:-1,,1:'¿i. Citr 
"

'T,:** ,J]3'lr,.r*p!'w¿çz'+1z*.*i*fr:1-v;a1t¡ ?;:3ÜF- .i':å""-!;:;¡;rsN'"" r*i:9::-I

Ph*i;*rrir*r.e,greip!:s *f' *l;:eå:'r RJü? g.re¡wïr ûYt *{}iJlp:}."*,t};,,"¡ *,*r?

'Í*r 2 tlay* z,.r*. shr::rtrl it:t'i.ri.g- I ::-nC F3.6- ç", 'lFra *s3"Ïs sli*;,¡ a

ba*';ev*åd"*íyËe *f s:tr*e'br;:i:* "i'.d-*?: a- l-q:ps r;f "r:3"gíd.:!-f]" af the cel-l-

wa}"3-u *. *'L;ba.*lî *T2"<j.*e "û*+;a**n t*flt: pl-i:e:nå rleråbrä.:le ar:ri '¿h* c*iiì.

;Eal-i. arrd r:mn'¿*.1u"å;i.ons cf j:hc 
Fåasi:"!i:, 1",Itr\"',r,7)"r¿tn* 'úr: f*::r*. î:*bui"cs"

Thû+:,*y,r'\.(:!-T*Et:e.6ilt:; cf s'¡;i'tr.J-it ?r,7{}t} gr*-oíTt fc:r 6 *a."¡t:, ,*n C,Sf; w3-""'rttttzt,

nr:J.y'b*"*c',;'fi *;t:ä e,h*r+ä: i,r: T:Lg, i,û and- Tr.r:,å- 1"L- íi th.'tÕk ::Í.61r.lr

xh'i**'"Ðl:-,::n*"i;y?* r:'f **lI lÈi,"l-:L t:ë.r* ,.:'bg*t.:'".*-¡-i. u!-t-!; *t: Ëliã*g*.s lt'fr. 'i,?:*

p3- ar::,;";ii; r::,*,inT;r z,"r-¡e. u



Ficr, R. Phofomir-rnor:nh nF Rhizol¡irrm qn n?OA crlllu¡gfl

on CS7 medium and harvesteC a1- 2 d"

The bacteria vrere grolvn up as cl.escribed for the
nil-rnoon¡qê âqqâ\/ in ìV:f ari¡l q ¡nrl Mal-h¡r]e l¡r¡frrJ L!vYerlq

were not flusheci or qased. Instead Lhey were har-
VeSl-.ed lrv r.vashino and f ixcd ¡t ? cl- as describeC

in }(aterials and Metirods "

Menbraire tubule , MT; Sulcivall space , S¡lS "

ivl^õnrÏrñãfr^ñ hh /llf I vvvt tvv 
^
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r¡io. g. Þhot-onrìcrÕo'râÐh oF Rhizoh'ì lrm srl- R309 cuftured."4.-_:::---:.5..

on CS7 and l-Larvested at 2 d."

The bacl-eria lvere gro\¡ün up as described for the

^ì+.^^^^---^ -^^-\/ .in l,{:l-arì¡lq anÄ lt,laihorlq l¡lrfllaLluLr clta>ç a-Þav rlr r':l@tr. _=jl*__:::ljY::., !uL

v/ere not flushed or gased-" Instead Lhey were

harr¡r.si-od l¡v rva slr i ncr arid Fi vr-cl at 2 d. as described

in Mat'erials and }lethods.

i'{embrane tubule, I{T; Subwal-I space, SI'JS "

iVi:¡nifì¡¡t-i¡n 9Q f.rìô vJJ tvvv 1\
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Fiq'. f0. Photomicrograph of Bhrlgslr.Lgl sp" R309 cu.rtureci

on CS7 med-iu¡n witl-roui molybdenum and harvesl-ecl

at6c1

The baci:eria r,,¡ere grown up as described for the
r i +r¡¡.¡n ^^-.¡ j n L4:+¡r.i r l c r¡¿l Maf h¡Äc l.rr¡l-rrr ur uy ErlqÐ c aÞ Þav rrr l:aL E a r_g J > _j!ly__:ly!l]yj:¿ r u u L

lvere not flushed or gased" Instead they were

harvested by washing and fixed at 6 c-l as describ-

ed in l{ateriaf s and lfethods "

Ce 11 wal- l- , C[¡l "
N4^dnr':ì ^iFr^h \,4 n^n .'i .!sYr¡r ! rçq u¡v¡] J--" t vvv A
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rig" 11. phof omì r-rooranh n F Rh i znhi rrm qn R309 cultu¡:ed

on CS7 med.ium wj-thoui molybdenum ancl harvesi-ed-

at 6 d."

The bact.eria were ql:ov/n ull as clescribed íor the
*ì:'^^-^- ^^-r¡ in ì\i¡iarialq ¡nd ñícl-hnrìq l-rrrír r r ur uv çr ]a 5 e a Þ Þ al' -,' :jï_-_-_-_'_*- "__ 

*rja 
-'1ç- 

u]:yl:l/ ! u L

were not flusheol or gased" Instead they were

harvested by washing and fixed at 6 d as tr.escrib-'

ed in tt{aterials and it{ethods"

Cel-l- wal-l-, ClV" I'l¡an i i:i ¡¡f i nn OO Á/^tô .¡!rsYr:r4¿vqutvrr rr,vvr zr
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Fig. 12. Effect of protein concentration on the

glutamlne synthetase transferase activ-
ity of whol-e cells"

7\r:tir¡itv wâs assawed ns dascrihcd in

Materials and l4ethods "

f)no rin ìi nf ênzvme naì_a lvzcs l_ jro fof¡n-

:l- i on of I llm¡l o of v-crl rrJ_ amr¡l lrr¡¡{rnr¡-
¡YrqLq¿(ulIl]qlv^

amâJ-ê n,-r min af 540 nm.
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I''ig. f3. Effect of t.emperature on the

t.ase transferase actÍvity of
^ì,,!â'hi *^
YfuLarrrlttç

Rhizobium

svnthe-

sp " R.309 "

Activity was assayed- as describccl- in
and Methocis " Betv,¡een 0 " 05 anol 0 " 10 rng

5d

6ð-

itlateriaf s

of pro*
'|ain rnlara riqod nor ãqq¡\z l-ol I c -'--"^^i-^¡uçfir vvs,Ls uùsu lJç! uJJqJ. uurro wc!g ItatvuÞLcu

^t A ( ¡n¡l f^ 'lsu 
-/ 

J I

One unit of enzlane catafyzes the formation of
1.0 mÍcromole of y-gl-utamyl hydroxamaLe per min

at 540 nm,

R309 harvested at 4 d EH

H
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FiS" L4" Pattern of total- glutarnine slznthetase activity
in strain L22 DI;S gro\drì on LIIB5 media at 28oC-

^^.1 
.ì.,.ì - --ô'¡rzêrl es rlcsr--ri hed fO:: the trans-ôuLf,vIuy w4> qÞÞcrJsrl qr Lrsre!rlur

"tr^--ê^ ì- \faterial s and- l4ebhods" AboutIgld-g aÞ>aw ttr,__

ô I ? nrc nf nrn1-c i n \,7êrê rrqad ner aSSaV.vo¿¿ rLtY v! tr!v

ôno rrn i I n'F ênzvmô c¡t¡l r¡zes 1_ he formation ofv¡Iç ul¡!L v-- urr¿f:ttv vLrusr-J

1.0 micromole of ¡glutanyl hyd-roxarnate per.

min al: 540 nm"
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TABLE I

Total Glutamine Synthetase Activity in Rhizobiuq spp", L22DES,

R309, 32II1 and 830"

* <na¡if i¡ ¡¡J-i¡riJ-rz ic rloFinarl ¡q rmôlaq nF v *(J1'-L^*'-r L--^r'^^'--*-È^
-. aÞ uliluf,cÞ u.: Y YJULdrtlyJ llyuruÃ4lt4uc

'FnmoÄ / ma aF nrnf airr / mìn

*'* nof a ssar¡ed for 
"

Þl-r'ì znhì rìm qn
¡ur+avrJ!slr sg.

Cl rrt-¡mina Qr¡nJ-hal-¡qo A¡f ir¡il- r¡ *

4 d celfs 7 d. cells

2oo c 2go c 2oo c 2Bo c

I22 DES

R309

3 2Hl-

B30

- )ii¡ o"27 - :k* o.'73

1.00 2.L9 1.99 2.BB

I " 33 0 " 00 1.15 0.48

t"Ot 0.35 1"19 0.43



8¿4

Fig. 15. Pa.ttern o.i 1-otal glutamine synthetase activity
in strain R309 grown on CS7 med-ia at 2OoC and

2Boc.

rÀctivity \,/as assayed as describecl. for 'uhe trans-
f ar¡ ca â cc¡\7 j - l.{a-uerials and l.{et.hocis " AlcOutevuq /

O - OQ mo nf nrnf ai n rarêrê rrca¿l norur y!vuc-,, ,, r-, assay.

One unil: of enzyme catalyzes Lhe formation of
f "0 micromol-e o:E y-gfutarûyl hydroxa_rnate per
nin aL 540 nm.

R3O9 grown at 28oC A----å

i¡ r' ,' 2OoC E¡--{¡
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Fig.L6 Pattern of totaf ç¡lutamine synthetase activity
in strain 32Ht grown on CS7 med-ia at 2CoC ancl

2Boc"

¡ ^J- i -,irruLav!Ly wqÞ

'Far¡qa 
^qqâ\z

n fìq-n lô mn. !v ¡rrY n F nrnl-ai n \^rêrê rrqerl nor 
^qqâ\/

One unii of enzyme catalyzes t.he formation of
1.0 micromofe of y--glutamyl hydroxamate per min

aL 540 nm.

??lTl õFôr¡7n âJ- 2Boc

2ooc (H

-^^--'^r -^ i''-^-ibed" for Lhe l-rans-4ÞÞdygu aÞ usÐur

in Materials and li4ethod-s " Betv/een
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Fig. L7 " Tota-f glutamine synthetase activiLy in strain
830 gror^rr on CS7 media.

About 0"08 and 0.20 mg of protein \'üere used per
^^o^_^^o^assay of ihe 20- C and 28 C grown cells respec-

l-ir¡elv^ One llnìf ÕF enzvme eat.alvzes the formation
ní= I O lrrrnl p n1= v-ol llf amvl hvdroyama l-e oer mì n at

¡ Jlq

540 nm.

28- C

^^o ^¿u u (g-LuE.amane oeteEed.)

a)20- c

CI----€

H
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TABLE 2

Rerative 'states of Ad,enylylation of Glutamine synthetase of
p.tri?obium_ sp. R3O9 growrì at 2go C.

t specific activity is defined as ,¡noles of y_gl-utaflyl

hydroxamate formed / mg of protein / mín.

)t,r transferase assay

**-* forward assay

Time of

Incubation

(rÌays )

4,

5

6

7

B

l-0

Gfutamine

>t- it
2+

-¡49

Svnf hef ¡qê A^J. ir¡i J-rz J¡
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The aeeåylene rc$uetåon assay sysÈer* was used f'or *Ï:e

deteati-on of nåårog€rååffiË aetåvå9y ån s*"sai-ns i72 DES and- jffil-. Max*

lmt¿m xråtrögenåcë aetlvlty ån straån 12e ÐES oecurred a* seven days

{tr'gg, f} eùleh agreeË wåth the sesutrts of Glbeon and. coworkers

i19?6) ¡+ho alco found ogrtf-mum nítrogenase ae*fvtty aà seven days,

In the tup5"n plant host, nåtrogenase aetåvåt,y ls nçè measurable unt,ll"

the tp¡e1vth day durlng nodul"e development (nobertson 
-e,_t qå", L9?51"

The teså ð.ssay systern, sshleh was modåfåed by the addå*åe¡n

of the ehei,atlrg agent Fe-ef*.rate-ÐBÏÂ and by tþ¿c Lower1"ng of thce

agar esnen hø L,t%, failed. to ånerease the yieSd of ethylene" Aeeå:

y:-BBe red.uetåon was attaåned a'ith å22 ÐEg aå an ÕlËygen atmosphere

of 3" L% awå, 3{å*h 32H3" at 2? "tÍ,^ fhe assay systen faÍi-cd" to deteeå

nf-Èrr:genase aeèåvååf ån R3t9 and. varyfng the oxyger:. af,mosphere from

"L"6,q" - 3t.ú/, di.d. not resolve the problern" This stud.y åndåeates that

¡rutritåo¡.1al and" other requårerneÞeus $B€d to be determåneå for the

expressS"oy:. of nltrÕgena,se aetivlty CIf eaeh stral-n"

A¡other faetor lnvolved ln the d.eteetlon ef aeetylene

red,uetlorr w&.s sohe obserlratlon that the surfaee growblr was eomposed

of t*¡o eol"onlaï rraråavrts as has been reported by others (Kuykendaål

and Elkan, L976g Upcl:ureh and Elkan, L9??), Cultures showång a

preponderanee of srnal-l-u transS-raeent elorres fneeluentl"y shor'aed nååro:

genåse aet,lvlty whj"i-e cultures wl+"h a prc5:onderamee of Targe, sÏ"åny

clones erere consÍstenà1y negatåve" Sueh varåanås were ffsst con-

såeiæEed eoRtamånants anei r+ene eheeked for piaråty by phase-eontras*

mleroseopy" $ubeul-turång the *5-ngle e3.øees resulted- ån revertanås"

liowenen KreykendalL anù filkan {,tgf 6} found thaå t"hre additå.on of rween
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