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ltc,!pruuicm of ~"'CultH:tusido~w ~;)mthwtdu iu l·tic:hc·.dc:lda cr.:! i. 
• • .............. ~~il~ ~ .. ~ ·~-

'' 

lly C, PltrVO~TI'• 1\tn.l V, t.n:;r:·~~ 

l.uhtl'VUetl Hi\I.Jbt i ou l.41Lor1Rt:ot·y, lln ivcrr~;i ty of Cul ifom tu 
~~~ ~!I!IIM'··..,..~~..-:.""""'~ ~~......_ ..................... ..,..,. ... .--..... ~ 

'f'h" .1Ht~T'Iflodinry JiletuhoHMn ot' tho ~u·~.dms of t·.sclwrid11 a col 1. . ,..,., ..... __.. ............. 

l'w* laH:n eli'JJ.ii!:hltld• ('lnu Jtorfdu (0!.2) e.xh:Urits aq•te t:rnn:1hmt y·epretli"' 

ui.on ()f B .. p,olucb.lsi~ht:it) ~ynt!HHd s ~\'YH'tll f:luccHH). .hi ti\~ppUt'd to c~~n~ 

!H'Il\Jing nn nly<.~'ll"\.)ll tl!Q otlH~T t.~q·u,in (\¥311 0) tloc~J ll(lt., lilt,; ttm 

;:~t·Hdns do not dlff\·;r ll~nt:tlcupy :in thui.J' luc: npclmHs, 'l. q2l 11!;\1::1 
. ' . ~-"'!'~' 

Lthout ndcu uti wuch Hlucosl:'i ~~ WJUO 11~r· tm it q f cvll m()::>:J prod11c..:\.l. 

s, Puutm~u pht.;tlphntu c;ycltl uc.tiy)ty' in the pn:;wuc,;, Qt' gluco~w h 

t;mih trr:rontrt"T fu qu tliml in H51l0.. 4~ 1n lJ.22 thu p~)ol ~ill!t~~ "'f ghu::mH$ 

o .. pllosph;"t'~• thJ.~hu~'}lhn~(luc~·m~JtO~ frp~to~H» 1,6,.•!1pluni}Jhattli uwl N/\J!Pit 
. ' ' 

iuc·f!,H.I~CJ 1vbl.~l• Jr.lw:o;u) .h ~~d,knl to ~oll ~ 111\Wing Ofl g l )'qsrol (it1.1 
'' ' 

. . : ! . 

tho S)lllt:hoid~; pf (~'!'~~alu<:tmd~ltl$0 hi ptrrt.~Y ·t·<1sumed, und tl1" pool ~;.i;t:e~l 
' . 

of thu four (.fnnt~ountlij fall. ATP, NAU! 'und rooverul othor phol,phon·l~t-~d. 

corN~ounds !ihp•~ ltO ccmceutruJ;ion d,I __ ,Hgcr~, ·. s. Thc;s~ concnnt:rot:lun r:lwunns 
. \ ' 

4lu uot o~;;:cur 1n $train \·;sno, ln ""'hich f3 .. ~a,l~cto$jdnr.o f;)'lltho~d~ .h only 

'l'at;hvr \-Jouk!y n;prc~:-1\~,1 !1y glw:·q:HJ, 9. It: h :!illr.ft.<~:~ted tl1ut lX:J.·n.lsti i<m 

(Jt t;HZ}'llVJ nyllthtt:\\.h IJy ftliiCO!IO :requh·Q:; tht.; ·:rapj d Ol)ul'lttion of tlit} 
' ' 

r•unto:•<' pltquphnto t!ycl~'ll. nud h \Uetllat:o~• by ont.~ \.lf thtit four ~n.tht\tunct:-» 

tt}'fl~~i(mt llt.ld:t•(>l)U. ln~tit.ut rt(~ Chh!io Hi.ohtn.lqlw:, rucult6 de~ Sc;:t(.!HC~HI, 
. Uni.W.ll"iii.t:.h do StYttsbcmrg, HUi.':l Hun6 li~~~cnt·tt:IS llsp14Ult:h1o 67, !:tnl!;li,,urg, 

}·'JUhi;t;)• 

'I 
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whoBo (;(.\Ut;fllntTatJon rises and lntur falls in strain Q22, A dofini to 
>.\ I 

chohe of Cift.factor ;from ai,ung those four JXlS!ilblli.t!t'.tS c~lnQt nt 

' 
1D63) may ho considered frorn thNe point$ o.f vicli; (n) the c:hm11kul 

nnturo Qf the effuctfJr suhstonctt whJ.ch b N~J~nliihlo for th~ reprcUitm' 

(h) the '"ttulutory dte at \which the effector acts 1 allll (c) thu stop .in 

(19M.) ·h11ve tshq\·m that ln thCil ti .. r,alo.ctosidns~ sy6tetil in t:1schericlllu 

~t!. catabol it~ TC})l'6$Slon pNvtmts the primary trantu-:ription (l't JllCS• 

senger HNA for tliia f)uZynl()• while Paltoor () 1·t>ses (196 ) hnvo lnv~:$t1 ... 

untllHt tho situ of effector actlon. Tho prvsent (:;()1lflllllli.cation is c:on­

Cfirnod \v.hh the c:Jumdcal idQntity of tho ~.f:f:ector wh.ich exe:lrts the 

r·ep:a·es:uivtJ ucdon durin1~ f~lucoue JJ~Ctabolhm .. .. 
Atnple twidcmc.:CJ: ox:tsts slWldnn thu'l: the ~ffector is not nll!cose or 

.uomo otl.ol· lillfllll" supplied us substrate since .:atahQlita reprosslon 

requi fOS the rapj d 1 
11lU:X.l,l'fi()\J$1t motahol ~!~m Of the md.l$t:rato 1 T01':1U} tin.l 

. I • 

'· 

'.: 
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J.-!)sa& & J•t0VO$t, 1966), Clucose ltsttlf ~loes not cau$e rcpre~~ion if 

tadLl\.ttl to t-:olh \vhich urc wutbh to u~o it ~ffec:tivt~ly (J...oomh & MnffWHmilt, 

l06S; r.;agttut.mik & J3ojar~ka, 1960) 11 <.W4~n thoun,h raprosdon muy utili bt' 

<.lhtaln\J~ \d.th Qt.he1· tlliiJBtflitt~sl> Similo:rly, ~1uco$Q ;fuUs to Cl:IWJO 

rcprtluir,m if it b contimK)tldy ij.ddcd to tha culture in qua11ti.ties 

iiUff~c,::lw:ntly umt.tll to Uud t tho ruta of ~~;rowtla (Clarl~ l~ r.~n·r • 1964)" 
' 

Altc;lrnflti.voly • <:utuhoH to ·rept'Oidon is oL!H-''fV('ld whem c~ll~» r:rmdng h1 

tmlu.&lancod r.\otabolicl\lly"' 1~hh moy btl u<;:hitwcd by tyrcvcnting tht$ cells 

from offtH~ti.vul.y uslu1~ rnet~~;Lolitos atJ u l'i.lj~Ult o:f \11ithholdin~ rm te$StmtJml 
. i 

nutri.out; {McFnll L\ lrlaeusunU<., HU>2 1 ClaTk & t,1arr~ 1964 • Nukut~a & Ml:tftu:wnH:~ 

1~64) Qr by tht(t prc~once Qf certnin inhihitot·s (~~yph~:n·d 9 Strawu•JI 1\"t!lffers, 
! . 

Hi62; Syphurd ll Struuss 11 l.Ht);iz Sella 0 l06S). lt h. thu~ clellr t:hat tllt~ 

'eff'-'ICto~ b, not the suhst.J'Rtt, it,clf hut b tuetaholictllly produced from it .. 

·rh" obnervat!~m Qf t ranrdt~nt catnhol i te :rup:rc1Hdcm (Mmms t~ Prewos til 

19u6; Pl.it111.cn 11 l:96t1) off~.?rli tla~ oprJQrturiity of corr~luti.nu kinetic chs.mR<':t 

· i.n th.o r~~t~ nf cu:tymo .,,ryntheds dur.inn ct growth utt~hift ... Ui_>11 (t!i.g. • glyCQ·rol. 

tc) Jlluco.:Je) with c.htmn~:ts t'lfhieh tnio,ht. occur in the levuls of !ntormcdirrry 

motahoUteuo In. tTtmsit'llnt ~pt~esd(Jll mnximura roprc·ssion l& ohsd·rve,) 

· hnmedlat~l.y llfter the uddition of uluc:.os~~t or other S~ubstnlte, l•d.th part:inl 
I 

J't)COvary occiU'rJng @,fter a vnri.uhhn period d1!.tJlCfiiJ.ing on the pat·ticular 

ijtru.i.n und f:.OtHHt.ions used. 1'h& hulk of .tll<t tiddt.'d gltu.:oso rcmubw 

unused at the tlroo of pnrtlul recovery. tn iUCh u. ~y$tcm one 1niHht 

lilXpellct to find tlu1t th6 addition tlf r,luc~se CI1UStHii perturhe1timus :in the 

stei\t!y .. !:itnt" hw~'l.s vf JOO'taboU.c, intOlT<:'1Cdl4tt)S obtuin.ing i.n colls 
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to their. ()t'iginal hlvcls, Q~· to J)t:n.J st~ady•stltto l~v~la, when tho lltett~· 

bolic tthift from glycurol as uuh~trat:a to glyct~rol plu;S plucolie as 

~mhstnttos is complete. (t!.oJ~Jes til Prev«.lst • 1066). Th~D effector in .such 

4 systmn IYlight itself be metabolically producod ~Jhectly f1"0m gluc:oso, 

or its cpncmJtrutlon ln thu C¢llii m:i.ght be ch•mtlod \<~hon gluco~;o b 

1ddcd uvcn though the effector is dorlvcd from another sourco.. 'fho 

study o'f rnotabuUc. clmngo& in t:randunt roprl!!J:>5i(ln; t·at1icr thon in 

siruplo l'ttpnt~!lsion with nt1 obtHH"Vttbl~ recovl:ry• has tho advanta~;e for 

~ha r(tCo&nitiou of. 1:he effoctor suLsttulC@ thnt not only ~:~hould its 

conc.ontratiou ctu.m~ when gluco~~ is firut added, hut the chanu,c:; should 

ho rev<U.";;iC:Hl at about the ti.n10 tlHtt CJnzyme H)!nthesh b resunlti.u.l" 

We wortt fortuna1te in hobtg ~hlt1 to tf!uke this n~Cthud for ldeutifying 

· · the ~ffoetor· mOl'l: tsc!ll~sitive by using t\vo related t~trains of !h. c..?.l~ •• cme 

o£ whlch shcnvad acute trundont TOprc;ssioo \.,.hon slucos"' wus uddod, \~hiltJ 

th0 otho·r .exh.ibltt}~i only JfiCld(AJ'Ote shnr>l~ rCJ1l'0liSlou. 1'ho:»e t\v~l atrai.11s, 

Q2.iZ and W3ll0~ reilspuct'ivuly, w~ro doscdbcd b.Y Puif!t~n {li166) und/ nr~ 

· bl!llifJved to be {,1,mti.cal as far as thcli.r lne opt>l'tms uro concorn~Sil. 
- < 

Diff:er<.~nc:es in thui :r re!lj.)Ol"UiOi to catuboU te rtiprusdon soorocd l H~tlly 

to be related to matahoJ.ic dif:f:c:rollc@s, and a liitudy of intel11'1Cdia.ty 

nw.>tohoU.sm clumg,tlS during grmc~th shlfts fmn glycE~rol to r.lucosc lites 

theruforo un•il)rt ••l;:on with tl\etsu two st raintJ, 

MATERIAJ,S ANJ) HfrtliOflS 

. . 

., 

... 

! 

·q 
.! 
I 

. . 

,Orniul~!-l!~~-· · Thu Kl2 strain:!i uf !h. coH. t~22 and W3ll0 (P(liutm, 1966) . _, 

w~rc ohtaint~d from Dr. K, i.1ai,~•m. noth strainti rnfi lac•gul*u1 ... 

liodJum ttnd cul tuN condl tim\fi, .All '~xpodmonts \v'Of(ll l~ttrfomocl \d th 
.__.. l W t ....... I ~-- ..... JP 1 ...... ! ~. 



\ ~ 
.r,' 

\ ~! 
!J 
'·I 

'I 
ll 

! .• 

r,l 
i 

li ,, 
!! 

II 
,; 
·.1 

I 

I}J 

I 
~ i ~ 

:1 
'.1 

,I 
' 

.i 
i 

·' 't 

\, 
'r! 

'I 
I 
I 

:. 
I 

:i; .. 
cl 
,1! 

. .I 
•I ., 

•I 

.l 

,·, 

J-

~~ 

~~ 

.. 

~ r., 

..... 

·~ 

--

5 

NaCl• H.S 1Ni~J l\IIJP04 1 O .. ?S lft.1J tr!s~ 0,1 Hi ttlyc\111rol 1 22 mMJ tho plf was 

a(1justt~d to 7,2 \~ith I!C:l. 

F<n· most oxporimenu, 10 .. 15 td~ of llJCdium41 inoculated '"i.th cellii 

from nn ov~rtnight ~ul tut'6 11 wero vit~cn'Otlaly tlt~rated in a 250 ml. Hrlenme.yc:r 

flusk at 37~ • Gl·o1.vth wa~ monitored by me•1nuring th~3 <t:xtinction of the 
' . 

cult\tre at 6SO IJ)~· iu a 1 em. «:;uvctta- 1 uainf:. a. Heckman m~-2 douhl€!~lHt~uu 

epaet'tophotcm:t~tcn·, J:.xtlnction h dh·u(;~tly proportiounl to tota\1 protcd.n 

(t·loses ll J'f(JVP!~t ~ ln66), !r1_ expt,rf.r.lfmts requ! dn~~ tJm cmt inuous 

mt:~neiurew,nt c:1f rt~spirtltory 14c.nz, l rnl ~ of cultun" wns f.iluc~d :f.n tho 

~~ro\>~th c:hnmhcr dt;t;cribod helow f!nd kept ut 37~~» in a tt;ulpt~TatilTf;! .. controllcJ 

ro(:mt. t,fbdng 9!: thfll cultur'~ and aoJ'lU:ion were nchicvt:ct$ l_~y conntantl.y 

bubbling \-Jtlter!":suturotod •ir tlrrounh tho mediun1 at tho -rut~ of GS-80 

bubl)les/ming (4 .. 5 ml./min.). 
' . ' I ! 

'fht# ,nrol·Jth chtu!\lH1~' 6:Jg .. .! 1). ccmsbtud. of tt glus tuha tcrmi.nat.inc 
rw~.;u~r nc;. 1 m:An liHHl\] 

at thel bottom ,ill a trtronf~ capillary ttdH!l and open at the top. .A p:lecc} 

of n1hher tubing 11 c:omH~c.tod to l'lttothcr c~pillnry tube, epulcl he di.pped 

uvo"' tl.~. tnr.t t!n(t of tho growth chamber after the mtdi.t ion of lahuJloJ 

nulnstruto~ 'l'hc bottom c:apil.liny was chmrled ritlMly' to tho bottom of 

n black luc:ito hox, Near the bottom of the grcno~th chtnnher• nnd clirtlctod 

towrtr<.b tho cultum, \ilf!N tWQ conicnl pieces o£1 ludtc 1'11CIUntcd ut r.tr.;ht 

on~lcs t() cma fmoth~r. 'fhcs() .c:outts \to~e rmint.cd bl11ck over a coat of 

\vhltu paint ox~:;ept for the ends, \~~dch wen~ polhJl,t-d opticully flat, 

One cono Si.1rved to funm1l litfht f'rmn a larnp source 1vhich \-Ins !ln11ly 

ttttucb~}d t.o the sido of thu black lm;he ~ox. Th<l other cono conductt,,1 

lJ t!ht sc:at. t~91'etl1 t•t 1'inht nn~lcs by the cultt.1ro to a 1>111nll dHc.on r,hoto• 

cell ("~H 1nm, x 19.1 n~ •• lloffntan PlC'lctrmdc.s f'.o1·r)•o Hl t·~nta, r:uli.f .. , 
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u.s.A.) ~ti'h1d~ was roountq,d in tJnothor luc.ito enclosure, contit~uaus to 

' t.ho chu11~Jer omtuinlng thll ll:)'fOhth v•.;ss~l. und COHlt;lct~ly llsrht•t.iltht 11 

'Ih.~ photocoll \litJ~ short~tl with a 100 n re!lh~or and tl,~ voltuuo re.ud 

w.i.th a mill.i.mlcrovoltiHtltor (Keithley Itwtn.unents, Inc., CltJVc.1lanrl' Ohio, 

u.s~A. a,. ttlOdcl l4H) <:.(;11"11\";ctt;d tc~ a chart recorder (Autoct·u.r•h f·,~ldol 66; 
t; ! .' 

t,Ptutloy n:lvi.:»h'>n ~ tl"~wlott .. Puda.ard lnstn1nif~nt Ct'i., I'M.mclena, CuUf., 

U.fl.A,),. Jt. \"':lS pO!Ufblo t.o Jl10lli.tOl' the huhbling ra.t<} Q.S \vUll ~~~ th~ 

(!,TO\.rt:h of thtr cells :i.incu Nlth bubblu produced " hllp· in t:l'iO V(;ltur~t' 

:resdinn .. · The erffluent atr ,~·as led to a d~toction unit ftlr •:1'1osurina: 

. ~~COz. l~Hh this t~qttil)ntcnt: the 1 iRht scattorod tJiiti directly ptop,.rr• 

tionnl to the u;x.tinctior, nt 650 llliJ• 

:; 

induct.,d. by addin,r, :t.GoiwopyJ. .. th:fo .. a ... n .. gdtlcto:si.d~ (IPTG; o~s rnt·Q to 

u:xpQtiOJltially unndnrt cells. Stunpleu \vera collected und un~yuWll ,ooasurcd 

as dt~sc-;·iued J'lruviouilly (Moses ~ P):t)VQflt., l!>C)6). 

llAd~oc:hurrdc:nl dctOl'l11inothms. (A) Cll.lCO!?tt ut1Uzation. 1'his \-t.tas 

· dctenn:f .. nud by t.lloasul·lng the n.lmc>vul ()f l4c from tlu~ mudium after tho 

· addi.tiou to tha culture of [c ... 14C]glucose (21.6 m~C/a,.mole). Samples 

o.£ tho tultu~·o wer~ filtCtl'ed throut~h dry milUJ10T0 filter.s (0.45 lA 

vora sh.e) and ali.quc)t$ of the filtrate c:ounteJ in a P~ck~rd ·rrl•Carb 

fic:intillatit.m f,.ountcr. 
. . ' 14' . . . ~) (..o1• pro~\!•.~tio~. "fh\l rate3 of l4(,t.1z Jlroductlon in the effluent ~f\~ 

stnmm from the gro1'(th. chuf,~)fttt w.Qs Jroe:t!iurc.ut contin( .. ">usly hy loadinf: tho 

ga~i through u sc.inti.llation flm~ cell (4·~ 1111. vol,) ,fillcli with matlrra· 

cono c.:rystt~ls (Clrrt>rtlll/cell dohlctor n~:icmbly and C01Jtttt:!r, Nuclenr .. CI.dt.:r:t[tO 

Corp,, De~ Pla:inem• .UlhKJi$1 U41~.i •. A~),. 'll~~ <.;ounting e.f:ficillnc.:y hill:~ nbout 

... 

-· 
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45\ 9 rfhei flQW cell \~ttS directly COtU'iot:ted tn ~ho f:l'OWth chmlih()T (l1iu,. l). 

and the l!ltl·<ulm of nir buhhle$ panln~ tlrrouMh the <:ul tur~ swt~pt tht: 

evolvt~d l4co., t() th<t sdnt.Ula.t ion <::t1tl1;! Th~ra '"''u ;~ 1 mln. l~u he)tl·<fJcm .. . 

the production of. 14c02 in t:hi7 srrovth d1M~1or nnd its dt,to,:tion :b~ the 

authr:ru:::tJno cell~ "J'h(;t spod.flc: radiw11ctiv:ith!S of thw [1·14C]MhJc~>::>t~ 

smd (t.i ... 14CJtr1uco~e m1ed l'l$ nu!Jntrnt;c!J ''''Te 0.36 l.IC/\Jtnolt> and 0.33 

.. (~2-~~~!~tJ.l:~l!!lfl~~t~!·~;~~~~~ii .. }·~!lo n~~e~~~~.i .. t'iet-& R The cull :J wttt'f'.l r,roM\ in tho .1011 · 

pho:1phnto medi.um contaitdn~: Kl12 :\2p~,'J4 (300 ~o~C/wnc.)lo)., Ct~lla; \~CJre killed 

by plud.ns.~ n .JJnrnplu (20 ul.) of tJ1e su~pensh')l'l tm thet (H'i}x:ln of a 5hect 

of: .d1ronuttoaram papo:q thr' (Jriltin hQd been moistt'ned 1$ ~ac. c;wrUer 

\v.ith a drop of thf..l ph(mol ch-rc.,matov,raphic s()lvent.,. ~rho solvent und the 

colls '"er" dried, tow~thor i.n tho follolvtllfl 2() .. 30 tH~c. hy 11 r,trtH1m of 

dl)' N.;>.. 1. ·nu~ pho:sphr.)tylatud ~sttn·a \<JOfO tsCpilfll~O(i hy rnptU' ctl'I'OIOil• 

togrur~~y in two diJntmsions using. (~i thtrr 1'/hJY.tJ!Wll N.tl .. 1 puper or r~,\,~rol 

No, 7.02 t<»apar {.1. c. lHn:z.cr 11 G.M,B,JI. 11 !1c?At.zf,tlJ/h!er. Gt!'rmany), for 

the flrst dhnmus,i.on the solvent \>iUS l1quof:la~d ph<..~iol (88\ t¥/V) :wDttYr; 

glaclAl acetic udd :l M ... flrt'A (M tl6tl :0.1 11 v/v/v/v) 1. for ~l'la 5ecrmd 

dbR{ms1on tho iolvr.mt tva~~ hutltn•l .. r;l :prtlp;,onia acichwater (46 .. 5:12,7:~0.6, 

v/v/v) o 'tho solv()nu l~ew overrtm 'tt'llco tht., length o.f th• paper iii each 

dil"ttctioJ).. 11nl pho:.>phat:.o ~ster~ \"uro lot:aUzeJ Lw Tt.tdit)Auto)fJ;nphy., the 

~pt;tt.~ e~xchor, from the chromatognnn~ and counted d~rcctly, \with an cffJ .. 

dency of 7M, with the nutollmt.lc ~pot counter tfev~l(i,!p,~d hy Moses & 

l.onhcrg-Hulm (19tH). 

' 
!.~J .. !!!!;?.t,1;!2!!::!~~~! . .f!~~~!!~~2 ... f.l~n~:c:1 ~~~!!!.~Js. l'\S:tit~ntiall y ~• technittuc t.dmilnr 

to that foT the sug;n· 'pholiphates Elll'-1 nucleotid0;>J. ~\l:S used., Bat1t~d on tho 

d:l :fferontial st:ubilitJes of c~:Jddit{~d tUh.t roduce~ll nkot:imunidu etdcnlnQ 
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rot.· thtt7 nAcut:!ftxn-Jin<:mt of NAn! ftnd NJ\rir11 li. llRIN1'~1u (ZOO _.L) of the 

culturo g~rc:;wiu,~ i.n tlc~ prr:t;onco 1,1f 32!~ \vi\~ tufd(~cl to 100 ~l. of 0.25 N· 

Ntl()!·l ~uul plaCGfi in- tmillng Nrttor for exactly 3 lfth~.: tlli~ J":lt'OC(·.~:s 

prufcu·cmthlly dv.:!itroys NAtt and I~.AnP: 1'hC! extroct wall chillod :in iC4h! 

·w;4tel .. und them netjtru1ir.6·d H1th 100 ~.1. of 0.25 r-; .. IICl. ._~:th)'ltnw blue 

. (25 "1~ of Jt soh1t.to.n cont~dnin~ 20 mg./ft.ll .. iu water) \110~ tht-n ndded to 

cntalyzo tl1t~ 1.11.1;" o:x.hlation of th~ nHim:(h] nlcotinamit.~~ u.dcni.nt: dim.u:.:l<::o ... 

ti.(l!:Js which i would othun~lso hav"" huon l•t'l'l'tifflly tl«~stroyeti during the 

ot·n;uinR diT'QT:i.~to~p·uphy in tht.J t.tcid:lc tiolwnts. ft wa9 essential to udd 

. + '+! ' 
carri{jr NAn und NAUP to tho cttll e:x:trtilct in ord.er t() c.-.htaiu 'ltulnti.tative 

chro,natogTc~Hhic recovur.hJm of the bhellti;d n!.cotinumid«* ud•.:nlne di.nucleo• 
' . ~ ; . . ~~ 

titlefl pr(!l~Ont tht.~n,in t no lnbollt.1d NAf\P vus tlotectccl .uultlSB Cii:n'i(;lt· NADJl 
'+ . . .... 

\:nts s.u.!dntl., <;)on~e£tnently ~ NAD ~nd NAJ)P (U. 7S ~;~u:olcs o£ t1Jic;h) tvere utldod 

to the H¢\!trul:lzed tlx.truct~~ To P~HU1l)ro NAn and NAtJ' • th,tj or.Jor Qf 

. , 4i£Mit1un C:Jf ~Jo.O!I and flCl WB& 'fOV-.JJ'Scd; h4-~lltiug h'~ IICi(! prefC!f(!lltinlly 

dfHitroy!'i N/I.Ut and NADPH. 

'rho c.hr~nt~ntor~r~tphic tD<$·parnth~T\S IUlt.t ,rudioact ivity dotermlnutio.ns 

'W(i_lro carried out us ·for th~ sugar phosphat<'S ent, nucleotide$ ox<;ept that 

tla~ timlvont; ~nus not overrun in· the firnt dimensl.on. 'l'he. decolni~H4ition 

\)l'oducttlf of th4li nl.kul i ~And add tr~·atw.onu did not intorfcre ~.n thu 
"''~'~", he 

. ' 

chn1mutognlphic ~apunth.'n ~f the· ir•til<::t •dcotinnmidt:i/dinuc:leoti,~as. 

l\'hen ttiU H~T fU.IJllplos of the ctd l sw~pens ion!% for ,ft)tt~tmlnat!.l?H of 

tho levels of t'lxidhCJd. -md tuduc<)d hi1cQt.inamidn ~doniue dlnucleotidos 

., 

'. ' 
I; ! 

., 
:ti· 

, , I 

.•. 

': •• ,J 
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l t w~s tUHHmt:ial to uvoid fillY delay het\~t~n tenlOvin~ # tuunple f:rof\1 the 

t\~1 tur~ flLtlii k and tho c~s:int hm of all nlUtuholic activity by tlu1 ce U :»@ 

' 
l~'lay might h43vo s,n·lotuH)' nltet(H) tho rllt to:~ of o::-d.(li~cd to r')duced 

coantyn~a!:i if tho celll:l lHtd bt:(m ulh)Wi.ld to Hpond timo tn 1m (ltf1Vlr£)l'l"' 

tf'J;nt in l!llf way ,.Uf.fc:rent from that :l.n the cultuN fln!ili.., It \viU> 

thus imulvistthho tu ronulat:u ~H.Ut1ple $be by careful pi.p<:."'tt.:lng_ hut 

nth~r to tilll\OVo saraples ·rr,.phlly • u: int,u:nrrntely, Hnd to adol>t un 

Jlpproac.h Qther thnn voluruetrit~ JMnsurcnwnt. for tho Sllh:wquent osdtnll'" 

.. tion o£ th., volurm; of coll $uspt::nslon actunlly lJ!H:!td for c.:hrom1.1togruphy ~ 

Thtt sampl() she WlUI thorofare acCill"'Ut~ly rr.etnsurc:.d by Ct>unt:ing tlte 

oright!J o.f the dtt"'mat.ogrnms, befnrti! tapplylng, tha solvents, h'ith 11 
" " i " 

r~lf~t'U" countt:lr with t;wo dct<~ctor-s $ one on t~lu;h sido of tho pltr~er" 
' " 

JJ..uudniux!l plntos \ve-re used to tslri.eld the o'i'ielns nnd attommto tho 

cmlttvd l'&lUntion to n lev~'l wher111 it could convuniontky t•t) mea!lured 10 

AtHmwd.llfJ' that $ ropr~.sentative port*on of the c~U su~pcmsi(l~l\ WllSl spottt:d 

onto oa~-::11 clrrnmtltottl·mn, the runount of 32·p on the, ortn;in HAS di.roctly 

proportlot.Hll to th6 vohnl'b of suspcnt)lon nppliad,. 

U~tdiochl\'lmlcuts. (l .. 14r.]tllucose und [6~14CJglttc()s~ wt~r~ obtained -•* " · nu • r r · .,,.,...._ 

fron1 Nml Fngltmd N\u::ltlar Corr•~ 1 . flo!i ton • Mt1il1h, U.S wA.; {fl·l4 C] 1~luct;.S(;' 

'~as J'TC)pnrod by the m.ethod qf. Put~um & Hnu~ld (1952) t (;Orrier .. f'f{l(b 

n332po4 in 0,4 N·JlCl WM }>Un~hl)MHi f:TOil\ Ouk Hi.drt@ Nfltiorull tahorntory, 

011k Ridge, Tenn. 1 tJ.B,A., and \·11.~~ nout.riiilhed before use. 

P.rmut.:rG 

!!.,llJ!df:!n~, ·n=pr~!_li},on ():f ,,_i!~.~1uco~ ... ~:.fle1 Of:..~·.e~l:~l~?~~ ... :~r,utl~~!i~! e The 

~fft:~ct on th6 ir:duce,J S$yntlu.~s.h of B"'tlalr•ctoddnsu of adding p,lucnzo 

to Cf.#ll*l of ilttrdns \1/311.0 W'ld (l22 ~l"'Whlg e:xpmwn:.~.l~Uy on elyct:rrol is 

~ 
I 
1: 

r 
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' ' 

,inhibiti'llJ scvon>ly ft>r n pcri(t~.f o.f 60 Jdn. (nppnlxlmtltoly 2/3 of a 

genoratlotl) ht~for(}· tho eynthr::ds rt:H~OVM·ocf to obClut 15% of th(b tUf· 

. f:an.mt111l rate flBtnhUshl}d l'1tlf:'oro th., uddiUon ·Of 1tlucos~. In th~ cu!.>e 

or !~trili.n H'3llfl, the Mff~t·t~lntial rat('! of synt:hoJiis l4{HJ rc~ltl(:ed by Qnly 

ZO to 40% hy t:ho a•Mition of rehtco~1e' and there \..:a~ no ttot~~ctttblfl perioJ 

of i', HCV~ro t-rnnshmt r<lpt·eudon, 
' . . (.Imit:HT FI(j. 2 )H!Al< HEHI1) 
Cluctm~c ttd.d \·,as tlu.t only oth0r su1vtr cnusing o t.l'nndont. in hi"" 

Mt·hm r)hent~Jlltmon tn stt·ai() qzz ~ 'Tho transient lJHJtf;d zs P!in. and the 

Hnal diff~'nmtb\l rntu of i.nduc,_,,., li-gc·lla.ctosidase :&yntheRls , ... alS n':duc.cd 

hy <.mly SOt a IU.boso. diu m,t aff•)c.t the J;i)'nth~sb of ~-galactosidm>~} 

~~hllQ galnctr)sc cpu~iqd e 40~ inhibition of th~ •.Hfft~r,mtinl ri.llto of 

synthesis without cuuslttfe any transitmt, C:al~lcto.se• laOMIVt.~r. sHght1y 

· inhJ.bitcd the~ nx·o"'th of strain Q22 • Tho arnount of ~-evr~sii!on c.ausetl by 

tho m~w.ns \ll'ns :related to their ahlllty to stiwulate tho gro1<1th 'fat(i, 

lUbO!>e trt;imulato<l the r.rciwt'h rnto by c:H·\ly lOt while Sfhtconic ntlr1 still14"' 

late<' 1t.by 2Hi. (';luc:os~ .stimul~tt~d thu t,rowtb rata hy 31% !nit:iull}' • 

. but 60 t'ld.n. lat,~r tho growth rf\tc hnd dccnHUHHt to f.1 constnnt vnhw: whi.c:h 

. wtHI 23t fMitUr th01J dw rnttl t:stahl:lshod h1!1foro the ll!.Mltton of glucose, 

!:h.u::o~>~ ... ~!!·Jli1:!!,ti.on •. 1,1wru wus a·larso exccns of .f!lucose present 

in the m~'Hlhun nt th~ tim~ of the) r(lcove:ry \Jhich followed tlu' sevore 

poriod t)£ l~Gpt'ass:ion of f1 .. rt.uluctosldasu syuthasb (FiP,.. 2A). Tho U11\0unt 

. 0 ( ,elucOSiil (:tmsvrnod \4~\5 }Jtqportionnl U.t all titl'lflS to' the ~l\110\lnt of Ct:ll 

•nutorlal $ynthc.dzo"i (H!~· 2). f~tt·ed.n Q22 11 h\Hvover ~ conlitll'!lt'd morl;) tlum 

twice us much glucose tu; did ntrtt:in l•d.Slln for tho syntlmsis 9f R $1mila.r 

.":-· 

., 

• 

'' ,. 

' . -~· 
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Houtt.~li of qluco::so utllhation, Whon [t'!"lsQ,]glucoso. and [6 ... l6o]nlucose 

aro added to expcmentially (~row.iJ'lJ cons 4;£ I.:., E2!! thu nrm:~tmt of clR.o2 

t'Olen~wd from (u-HlO]t.~lut;:ofJu is «· vti'ry· lf*Uittll peY~tmttl$;c of th~ cllln2 

ruh1US£:l(l hom [l .. ll~o l1~lucoa~ (D. lU.tt£mhi.!l rth put·!)on~ll comu;t.lnication). 

Thb mtians tltut in tho p~nto~e ~)hOtiplU:ltu ~hunt very li.ttl~ n~c:ydiuR · 

tl:tl\lil<S place;) through t.hu uldolas•a ruact!ori~ ln. jn·uctic.e, tberoforl:, th<= 

nmount of M COz ral~U!W~~ fl'Olll ( :J .. l4q n l ucosc rt~pt't.:t~Hmt~ decaxlmxyl Htions 

Jn. the clt;dc £Acid cycl~ uud the "iiffer~ncc but:\<tcun thu 14coz produced 

fl'OJ;'I [f .. HChJlUCOiiU !.liNd ((} .. l4C)u.luco~Q rof11~Ct:i tl.~iJ ti]J.ul'Utl(/0 .of tht~ 

pouto:io phof1t)htlto nlumt. 

' ' 

in tho proportion$ of ~~lucoz;4!) mott1boU;t~d t.lm:mgh ~Ilyc.Olysh and the 

'vontoso phoJ~phut~ &hunt', a compurativp tJtudy of thu .vroduction of l4o'2 
' ' ' 

from ·u .. Hc]!~luco:~o m•d [6 .. 14C]nlu<~o$o lill!i uruiurtakun. lt 115' intfJrcsti.ng 

to notu th1.tt• ~vherot.:lo 14t:02 Hus cvol;ved altrost :hhnlOdintoly uft(#l" tho 

addition of [1 .. 14c]nluc.o$c 1 it. t<.)Ol<; l to 4 min. uft;er th~ addition of 
i ' 

(6-14C]t!~UCOSfll befprt\» l4co2 W~ TCl~USt}d •. 

'l"ho sp~~ific t•atc: of 14co2 production (IAlArwl..:/min./ml. cul turo/ 

f)Xtinc.tion) fnlnl (t-1-ic)gl\teQ:so ~~u~ l\lmost. tlrrt:e \imos hiiLhor ln tltnti.n 
·~· \ (' .'! 

Q22 tlum .in $t.J·ldn W:.SllO fnr th~ fi'r!))t 20 miu. ,...ftnr tho addition of 

{1lt.JC011H~ (Pig. 3), 

. [1 .. 14CJulucotJo uud 

' ' 

Iu atrai~t~t:F!2 ~h~ jlpcci,flc ~,~;e of 14co2 oV()l ved frorr1 
(tt.J..HT I ICe :S HEAl1 llLW.] 

{() .. HC.J HlUCOSt; l'U&.Ch~;tl u COH!iltunt value 20 li1i1l., lUli..l 

SO llllfl. 1 ro~pec:tively'~ 4tftlllr tho adtlitiQn of nlucos~ (ri!t"~~ 3) t Dnct1 tho 

intrac:<~lluliU' mo tEll>oli c po~11 s wora suturatu.d \<Ji th l4r;, tlte l'Utt, o11 

14<.:t)2 Pl''Od\lctlon vai propQrtivnal to tlw mJmbar of' c~ll;,; pre~it:Ht in tho 

cul tun~. It \111l$ not po.srr1h1e 't(~ (:.oi·r,•l 1He ~Hlurt:ly tho l'OCvVt.:ry Qf 

U .. gnltlctc..HddtJ.:i<.J synth~:~.i!» \!dth 11 clH'UllJo in thu :t>i"KH.:lfic rate o:C 14COz 

pl'oduet.lon, 
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In strain .,~3l . .l0 tt'V~m aft.ur dt@ metahollc pools wnr~ :.uaturated ~'lith 

l4c the rnta of 14co2 pro(.!uction wns not l'roput·tional ·to th0 number of 

culls hut continued tt> lncrt.H1S.u Rhout h":ic" as rapidly ns the !'(~ttu pf 

~rowth of thQ call~ for ut least 2/'5 of u generation, 

Jho ,lm2l_.s.t,z~s • ..r.~\ ~ug~~. phoSJiluTttHJ, J~!'d ATP c~!;l!,i,!~ft_tran~Sient mp:r~Ssd~. 

·All thu 1najor pho!iphorylnt.oLl inte.rmecllutt1s which can he dn1·ived from 

p;luco~H~ ~JCT'(l ulr~ady found in the c;ells fll'Oh'fl exponcntiuUy on glycerol 

ant! lilb~lled phosphato even lwf:oro the ;tdditlon of ~lucosc, 11u.) iJltra· 
'"."'~"t: 

ce:Uular conc:ontr&\tions o:f sonl<l phosphoryhtcd ~c>n'}•<>nntb waa pertqrL~Hl 

by tlu' oddi tion Q:f ~!lucostt hut the nppcmranco of nt)\~o' phosphoryluted 

mintnholito~ \JttS not detected, 

Al thouf~h the nrm~th rata. of tho celh wu.s fnc'fetAsth.l significantly . 

by th.., ttddition of glucost'• the intrnccllular concontration tJf ATP 

·hardly c1um2od in strutn Q;!l, and it ·remained at o constant. level l'n 

stt·ain \~3ll0 (Fig. 4). 
[INf)J1JrJ' FIG. 4 Nl!Alt. HERll) 

'll1e coru:ontrfltion of alucosc q·phosphute in strain Q22 increasod 

1. 7 d11\e$ \dthln 20 min, of addinn glucose while it pro,~res.dvoly 
' ' 

. . 

decreased in strain h'3110, 1'htt riBe in the concent:ratiQn of alucosa 

6•-phosphatu in Q22 wat t.rtmsitol'o/t the pool t~er:ran to shrink 40 mh\, 

after the addition Qf glucosa und contit~Ut-'1.1 to contruct for tmoth($r 

60 mJn. b1\en its ~h.o roochell Wtiii le!Hi than hulf that })rosant in tho 

uhsence 'of u,lucosep 

The T.be lrt clucosc 6•Jilhosph&ta f.n Q.~2 was accompanie.l hy a rhe 

in th~ intruc.ellular concontt·ation (.')f 6·phosphooluc:onic acid1 tho 

(:.mscentTiition or tho l.a.ttar incratif.it)d Z.4 times tdthin 20 mino uud hy 

60·80 mln.. had docr<~n.tled to a comltWit level ttdce as hlgh ti$ that 'foun'~ 

· .. , 
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b6fore 'l;ho addition Qf gl\tcosu, Jt was .iropos~iblf;) to dt;tect any 6 .. phospho ... 

sluconi.C ncid i¥1 litrllin \'J3llf) clthOJ;" b()foro or a:fttU' thl') ndtli,t.i.l'.m of glw::.m\lii .. 

'J'he snmo 1evob of: fn1ctor~e cliphosplmte l..tera found in strnin:J w:~uo 

and Q27. when gt'Ol·.rhig e1!Jlc.montially on l11Ye<:ll"Pl. ·J1,e Ltddi.tion of gluco~;<.~ 0 

hO\'if~Vf~l", ~uuso1l :bm:JiJdi.n.t.cly u thn~c .. fuld incrousn in the lntruccllula:r 

conct.~ntration of fn1c:toac 1 ,6 .. diphot$pllatc in strain Q22., tmd em incr~mu~ 

of brn."tily l.4 ... :folt1 i~\ att·uln \'i'.31lO. .Fifty l>'l.in. aftur tht;9 udditi.on of 

ftlUCOiiil!l to ~truin Q22 tho l.evol cJf f111ctut;~J !.Hf.•hosphnto hu.d dccn1a1cd to 

~ constant. vnlUtil ntill tldcei: ali hi ~h cua t:he ltwel .Pl'Oucrnt ln ulycerol nlone. 

'rhe c.oncentrnticm of fructose dlphosph1.tte in atrE~in \\'3110• follm;;ing th~ 

inlt~t4l incrca~~ of: 40'~ • ~ontim~t~d to increPi:Hl ~l01t~ly and• hy 100 min,. P 

1\ttd fltHlChcd il htVOl l• 7 times Jd.ghcr than the i11i t .tal l.tJJV«.11; 

. No signlflcant chall£t'!i in concentrrttJon of a nun~JOJ' of other phon· 

Jlhorylnted 1nternlt1diatc~ ll.~~Qcintvd with glycolysb • or of scvoral 

'· nuclt~uHdt-xs, uas found t'dthQr in strain Q22 or N31HJ. 

Nicot~!u1pddc dlnuc~t.wt~~:fm; dur;~'W tr!~n~ie!&t rcpros5,lon~ nu::' to 

thq re<lativoly hinh J~Cnto:,;o pho~phate 6hunt uctivlty in strain Q22 • ns 

rtw~a.h.id .hy the htt~h 14Cth production from [l .. l4chluco~tt nnd thn prosonca 
i . \ ~ . 

"'£ a dC)tectoblo D.mr.~unt (1f 6·pll.O!iphogluconlc ac.it1 1 it \\as concolvablo 

that a suddx.m addi.tipn of aluco~e would p.1usc a tt.1u1porary chango ln tho 

ltWdli of NA11P+ tmd NA1)fltl. 'f'hb ·in .tu:m might h~ rospomsfiJlt1 for the 

tl'UI\5lt!nt nj})'ft.}fidt)H of imluccd ft .. gu.luctosida!je. 

+ 
Tht!! c:onccntrutions of NADP + NAllPH in strahu ~~3110 and Q22 \~ul"a 

2.2 ond :~.2 llll~Utt1ll!l/ml. cultur-e/extinction, l't;spoc:tivt;ly; thu n1tio 
+ ' 

'NADP/NAUPH. buforu tho oddithm of nluCO$eo uus O,U Jn titrain W3ll0 

nnd 2~0 in su·aht Q22~ It \11~!5 fQW'I~ that h·h:UQ thc. luvcl of: NAHl~l 

romalncd rel~itiV<}ly cowstn.nt iJl l.it.nJn li>'3llO. thorc; wal.i a. :Jignlficunt 

r . 
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. thlb sddltion of glucose (Fig. &) • The ~>cat.t.cr ln tht) niCosure;~tcnts, 
. (J:NSEH1' Pl:G. S t•JEAH Ht:irH:] 
huti/CVtiiT; tnnd.e it vezy difficult to doten11.iJH; precisely tlu~ lungth of 

th~ tn1m;lcnt. 'l'h~ro wn~ Uttlu ch1;m~a in t.ha cou"~cntrntionll of tJAL~ ll 

, , the .level Qf thJ If! C\'llapuund n;nu:dn.::d ror1st:••nt in stndn \¥Jll0 nnd 

'' ., 

. ' I 

cklC'l'liHt.9~d :nightly in a train QZl. 

., 
I 

tnSCtXif:i JON 

MetiJb<ll ic. di ffc->rcmces hc~tH<~im !itrainM resistcmt Gml ausc~ptlhlo 
·. iMJCarjjl' II'IIIIIWII-1 ••• P 42r I 1t' • 

to tiv:tnfd.o11t. rc:l'i'rl~:>~;Jc.ll Lt phiC~It•il~. Th\ll <U.ffc.rr~nccs hotwe<ul cat a boll te 
. ,.,,.~ • . u J• ~'~'~ • -.a· • .,,.. .. ~·~~~. 

rc~prmodcm putternt!i in strdna. Q22 and 'IVJll() hnvc botm ~:inetic.ally 

C(H'l"filtltod "lith u tmmb~r of taotuholic facto·1·Si. Htratn QZ2 utilhll$ 

I 

ttmount of Cibll 3'ro\ilth. ·nu: aA.t.n& rtluco~u ~onswned by Q22 is tnet:al.lol bed 

· vifl the l}tmt()!lO phoaph~t" cycl~ al'i sh.<JW.n l1y the roluasu of 14co2 f't't:n~~ 

[l-14C]~lucmsu UHd [tJ .. 14c]fJ.l\,tCOtiC supplied to tiu» t~~o struins. 

1'h~ w.ldltiun.1d }JOntoue. plu:tf.Jlhnt.a C)'C:l'l activity b rofldcted in the 

pool slztHi, of u~vt::.rul naotubollc lnt~U'1nt:'.;tint~s intimatoly assocb.ted with 
' ' 

thiN pn.thwny. 'rhus, th0 int~rnal conccntr€itl~JlS of Atluco~0 6-ph..t'.l!!Jphate, 

() .. phosphQt~lucoJlUte, fruct<)t'l() 1 ,6 .. tliph.o.tlphnt.o and NADr~:l all shmt~ tempo .. 

rary rhos in Q22 llut not in W3110, No other cOtnp!m.nd!i dem<mstra.tcd !mch 
I . . 

tumporary d11:mgt1!i in COl'lCOntrati.on, lncludinr: 1'\TP 11 NArtt and o number Qf 

suga:r phO£phatt~S BliSOCiatod \li tl& clyCQly.dth 

'f'he or3Min c)£ the nroator J)Ontoftlc .pho:<Jph~ltCJ cycle ~tivity in QZ2 

b not duo t.o a g;t'CU.t(lr quantity of enzymes ltmdblff diroc:tly into tho 

cyclo. Wlth ct~l.ls f\1'0\W'fl on t~lycarol tho c.ont,mt of glucose 6-phost.,ht.ita · 

dohydronont.UHl und 6-pllOBphoglu.connt~ (lrd1yc1ro!!!ltW!i(r wal:l t1bout equd i:n 

•.. 
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However 1 tho i.n viv<, 
·- ,...,.....,...~ 

octivltit~,. (lf thoso u'o enzymej!j n)i.ght he hi~;~hur \J~ ~~22 l•hon nlu.::.o:5e h 

nddod fliJ n rctsul t of tM) fnctt.>n 1 the l'{Jpid im;r<Mue in tho pool $l 2;0 

o.f nlucos~l () .. pl\osphnt~J .iu.modl atoly t~l.uce>:H!I is iiddt'd to thn medium (due, 

flY.,!nmlnhly, to a trn~at<tl' he)(qldnHJH) tl<:.tivlty) • nnd tho grouter ~1vaUnh.ility 

of NADP~ In Q22 hofm~(; t;hf; n.d.t\1 tion of nhx:o6c tho <:nucent:rutlon t:>f NAllPi t 

\vt\B only ttl:lrchtly l0s$ tlum in \li.HlO, whil<t tht.~ concentl"4ltion of NAUI;~\<E\lft 

own- t\'l:ico f.l$ hi.nh. ·n~~:w C()JI~lition:J of high~r conce:mtn;tloru; (Jf glucn::1e 

(.) .. );,ho.;iiphnte tmd l;iADP+ \\'t}Uld l,lo ~·xpo(.;t~d to loild to a 1r1·enter pr<.!duction of 

O'"J}hosph<>uluconat.c.s tmd later lnt~tuhollteli of th~ r:mltvue phosph~ltu cycle, 

wlth u ElftHttor denro" of ·turrhwor of the cyclo os tit wlml...,, . ThC; :rhu .t.n 

t• .. pho~ph<l~1lt~corlo.ta co~cent:r,~tion can b~ scon in r.tg. 4, follo\:Jlnf! v.:rry 

clmu~ly that af Efl\1(:()~0 t.t .. ph~')sphrste~ ·rhe ,:rester Clltalytic act:ivi.t:y of 

tho t.wo onzynl.(!)u leadinn into thu p<mtose pho~,phato cycle, t11l\lch arijl both 
+ ' 

linked to tho l'Clluct.ion of NADP, pro!luces in turn an elevnti.on .in tht1 

cnncontratlcm of NAJ:f11 (Fig~ 5). Du<i to tho Jiffk·ulty of uccurtttl)ly 

mcnumr.ing NADPll thtil pn~cbe kineticl& uf. c.oncuntr.ution d~r1nsr,os whh thb 

, c.ompl.)ut\d 1n·e not (lasy t.o (Jbtain, hut in' gonerul it b 'cl(~a.r that its 

COI'jCOli.b'lltiOil rises amd latU'f fall fJ Aftur tllUCOSt.l h proS(!:J\t.Cd to tho 

cells. Th.t, rnpid production of N.Af.IPII preaun1nbly exceed~ both the coBs' 
• ' 1 ! ~ 

reciuhv.mif'mts for this cotmxyme nnd also tl1oir ability t~ rooxidhe lt 

in tcmnimH ;rei!phlltl.on. An oecumul.ation rosul tiS lauding to a rn.ataholic 

hrdudunco.:, and thi:ll y.~ersl.sts until the c;elll£ Grt·o tlhltl' to f!d!lcvc:s a su~v 
; ! ' 

.Stc:sndy metubolic StUtc~ in the clumno<f en.virountent Cti1\.l$Od by udd.ing 

t~lw.:i'i'ltilo 'fl~e tran~ii<tnt. ri»t> in tho fil'lOl of f:n.u;toso 1,6 .. \liphmlphate i.s . 

l'Jl'Oblilhly th<~ ·r(H>Ult ~Jf tho aecumulnti.on l)f nluc<)SI;ll 6wJ,hospi"IQttu (und 

' 'l 

il 

.. 

') 

i· 
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),once of fnu!tose 6"')'~hospluat.e hy J'lhoAphohcxoburoornllo cat .. lysh) 6 

tOf,ttlthtn:• l>d th tl. randy uvtd lahil J ty of ATI), maintained,· <tuh:u possihl'y.,. 

by tho (::r:XCtHHl quanti.tlel~ of NAI11H. 

None 6Jf thct:.e fi\C:tot·H ~rt.~ slgnlfit:ant ln \-'VJUO, in \wlrk.h glucos~J 

Inetttbol.hnn as a •~h,>le Ls R10J'(l! · ruat:r.ktcd. 'l'h<~ ur~toko of the fillflilt' b 

rolnt.ivoly !~l01n1 11 glt-K.":O»e IS•pho~phnt(~ doe9 not nccu:mulat", \)(lflto::u., phr.~s· 

{lh!;tf:f) t!)'Clt~ ll<::t:\.vit)l h }0\~01' · (W.ith f) ... phosphoghtC(.'llU\tO 1\0t. dot.uctnhlQ) 

ond NAOPH :Ia not offactetl~ Undor suc:.h coruUtlons of sloi>~Or glucol'IQI 

Cl'lrtl'lft~-•• h1 t:he cpnc:0ntration of tJAnPH ~1h()ln gl.\.tcos0 is add(~d to 

E-tT<li>Jhlfr. cells have J)Ot, so far us "~e at''' tl.I¥1H1'i 1 p·ruvi.OI)Sly hecn obscH'V\:Jli. 

')'}m .titucHes hc.'>th · hy t:stnhi·ouktl ~!ni t1·ui & Scott (1962) u11d by' .hro.ol stmn 

· & RyNtt (1065) used dttJJ,s'-'• rust in~ ~uspem~Jlom; of ~ col~ n.nd hal:;er• e:; 

ytHtst, re8~~ct:lvely ~~ 1'l~@ lutte-r autt;OT:il 0 wh.Ue d\ttectint~ tlte pros,}nco 

+ o£ NADP nnd NAJJPI.f, found. no changes in their pool sbos lJhon $11ut.:o~>c 

,.-as adde"" The. $llSJ'len~1ons Hel'a eo C(m~ntrattH1• hCMwor • t.hut the 

cell$ .munt · sur•,ly· have been nrutorohic, ~uH.\ one might tlms. C)(pect that 

the activity trf tho vento!HJ pliO$phM-t0 cycle~ ,,..o of the twi.n uourcos of 

N/\DPH, \'/Uti t'\t}gli:~ilJlO~ e~stahxool. !!. !!!..:. u!iiing fluorimetry \o'er;:) \mable 

oven to "1cto.c:t ~;Am/ ur.cl NADPH ln m.i~prtnsic;ns containing loll c~nlls{lnl., 
. i 

(COtl~pare-:1 ~ith 1ot.1 ~ 10!) colh/flil ~ usod bl thu proi:tt'llt .studies)~ I:Arly 

+ 
EJttempts by uli to t~t<H1tiurtt .NAL1P and NADPH in dill.!te cell tJusport~!ons using 

! I 

fluorim.,try also fflil6d, and these coem.yn.1o~ ~;llllre dot,oc.tod and snctjtiUt'ut! 

only bc~cat.1~t1 of tlu:t ve;Jry high sondt:ivU-}f of' tho l2t'·lahf~l.linu t.cchn.iquo 

C01ilbined \JJ.th chrmnuto~:rnphy • 

:2~: ~1!~m1mll !<~e;!th~ o-f., the, ~!.«:.~;..Ct~~- 'fha findings of a numbor of ~ 

othtt-r itwc~ti.f,ttitors.11 tts woll. a.')} our ovn 11 bt.~VCl ~iUru~nstod thrrt. tt&u 4u:tivity 

'' 

• 
,J) 

'' .• 

.d 
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of tho p~ntollic phosphate~). cycle h o:f cantrul importnnco in dct,.:rrmiuinG 

tho :.h·msitlvity of th<~: ct:tlls to c.,.tahoUte l'<llll'osni.on h;;· Jl.luco!lc • 

. . 1.oomb l\ Mi•!~IJ:Hmik (1!~65) 11 udn~l n 11uUnt strain of L:., £.2!!. r.:l'u.istt!Ht 

to rt~pt'O!Hdou hy gl\.1cu:A~et • repot·tul\ thu.t l?l?1!1lf.) 1\)[il''O~i don w;u.; s t Hl 

exerted by tllm.:onute. In ~~ mo·rc recent JMhJicijtion~ tJ\e!f.(} autho·r!\ 

haV(! lJu)latcd sGvor1:1l mutant t.'tntlut1 hlt;,clwd in rnoul>t>lic rouctions 

involvin1: phosphnryl4'tod t~!J.t('lfll of curbohydratos uud th~:lr rouult:s \llfJUld 

olim:h1nt.c~ tho _!£tlf'.~.l·,~;l;!~,flt('!! iuvo1vtH1 with the pc.mtuso phosphate cy(:lo 11 

but. not NADPH (l.t.lomia li Ma~twlunll~, Hl(~flh lht~ 11\etilbollc;; clHmno::; ohjon•Hd 

by llOhrot;.o:u (196(i) dudng shift~ in tho pn~sonco ()f ulucosu from nero .. 

hl.osh ($t'l'<Jng cutaholi.t~ rttpreti$ion) to a.uaoxohiosi.::; (cntnbolito ·Y<Jpr~.'~ll"' 

sion tul1Hld off) cnnn()t bC~ tlirccT,ly ell'lployed to {lbtin11uhh botwuen tl1e 

pouiblo ._:nudldnt~s foLnul in tho pre.:)lent tJtudy• 

Noidhurdt (1960) bcllated a mutant of J\t;t'obactel' nol'Of!C•liO!J whi.ch 
.... AUfriiDI• ........ ,.,.....,,,.,. •• 

lucked nlucoso rt~Jll'tassioa o.f JrH.luc<~ld C'nZ)'lfift synthesis but HUS still 

subject to repr(()sdon by nlycarol tmd Eluconic ¥1Cid, Ha clb»erved., as 

\OU ·did, t.hnt the slucc.>:)~·in$£eiaaitiva strdn commmed. lmHi Hlucose .for 

the pnJductitm of a ulvon cell llifl:'iS thon did tlu) '"'ild tyr,u stn1ln \,~hich 
' 

\JHH awnsitivo tc) repi'i'Hl!l!iun by Hlucose of tho inducrai :;ynthe!.9is of 

f.\ .. p.alactoS~ida:;o and histidaau. No d!ff'eronce ht.~t\-1\)fH'I t.he tu.1xokin~.f·C . 

u.~ti vi ti~u of t.h~ two stt·uins cxhtcd t.:~ut n "sluco~J() ox1~.lafle10 t'lctivi ty 

waJJ alH,~.1:st completoly lnddng in the s.train iusemfitivo t~ glucoHo 

Tepression (Hagus~mu~ '' Hoj ar~ku, 19(i0; Naidhurdt, l 960). Noid!itt:rdt 
i 

conclutled that thb deficiency dhn:inbh,~d tho overall filtet of glucm~~ 

dhsituilati~>n und, pra:it.UWlhly. rw:nni.tte•:! the Lio:aynth(;ltic prGCU$~()8 o.f 

tht> coll. to llWtint~du a luh(il' ~ffcctor o .. mcuntrution. ''Cluco;;;c oxitla~o" 

i, 
I· 

···:: 
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$Ctivity htu:1 bewn foun<.\ J.n cttll•fn,,e oxtnctli. of !!:.,.£?,1,~ (D~tnro ~ Rihi$ 

l 063) • An ~~ctive n;lucoJaoki.nn:se \11l1h:h php~JphorylatoJ 81uc;onic nc:ld has 

ulso be.,n found ln nhiCOfUltC~-gl'O\-.Ifl culls of r: • .£21 i (h'ood ~ Sd;wercdt' . 
' ·, ~ ~ 

phot+phatl:t cycl6. 

vfhe OXJlf.!l~i.monts o.f Pu:ith, Giornio & ~·laUutt.e (1 064) vould nho 

t~.;nd to cxclud~ gluco:;o (i-pho!iphato ~s the CfJ.tahol.ito ropros!Sitm 

ot:fuctor involy@d .in inducGd ~ .. I.J.alactodd.ase formation. They lt\t:l!..l~liurcd 

the t:luco!te (j .. pJmspimte hwl.}li ln uitmg(m•:&Urvt:d celltJ u.nd {mmd tltat 

the resu11~.,tion o.f lnduc<.'.H.:l f) .. g.uluc.toshlasu fonnation colncidod v.1ith tht' 
' ; 

".i:;oppoarunca o£ o;xr)ttencmus ~;lt1c.oue 0 nlt:hough thtiJ :intracullular concqJ~· 

tt\uttcm o;f gluco~e C~·pli.OSJJhate l'Jali still very high. · 'J'hoy uho clnlmod 
. . ' . ' ~ .. 

to linve ruled out the t~ugnr phosphates !um1ediately dmrlved from glucoso 

() .. phosphote ttll being possihll!l effect(..rr:t • hut sit reo thoy lUd not f!1C£tsn:re 

th't int·rac0llulor concentruti(>nS of t,hosfi st~hstLlllCOS 8 thoir conclus:lons 

cannot be nccet•tod unequivocally. "!'he flnc.Ung~S of J..oomb 6 f,'>agasrtlrtiJ~ 

(l ~)66) ,; i.n \~h~ch a numlH.'Ir of carbohydrate interuta,liutes '"ero el hlinutc.d 

as off.~ctors on ·~c:metic grounda, mny aho h~ crltid~~d along sill1i14ar 

liues. fiinco i.t is nut certain tt\nt all the f.IOlidhl~ Liochemicd inter• 

rulotiOllii and pnthNayt:t MCt1.vcly exi:&ti.n11 Hithln th<'l ~oll uro. knO\"<'n, 

.tli.rnplQ em:ynd.c !ncomp(lteuco :resulting fro.~&~ g<~notic mutation cannot he) 

r'aUtil'lh?d lll!J Pn uh::;olutt.J ind!4;1ltic.ln for tha ;t!Jse:ncu of ata intCJnnediary 
' : 

u~tabolit~~~ 
I 

1'hu :rema.ini.ng ev!,&mc.c for or a~o.inst NADPH ar sugal' plKJSphntes 

t'flatn on. CJ(pe·rimcnt.!:l \ihic;h cannot bte intorpl"(;tcd unumllif,;uously tn 

fuvour of Olhll or tho other cotHpmmd liilnco tl~<-ty i.nvolVe ho direct 

' t' ! ,. 

I 
I 

! 
.! 
I 
I 

I ' 
1 

' ' 

·f 

., 



·(J 

19 

uteasurement!S Qf'thoir conccmtnrtions, Hhift5 fron1 llHl'Clbiosb to llnuor.o• 

· Liodu caubll n !'tovor(; dQCl'tHlS~ in tho ~·a to 41f .l~t·m~th of tho culb • hut 

uft~~~ liOnto titHt~ 11 no\v ·t·ate •>f crowth b ostohllnhcd4 Hlidng th~1t lus!, 

CHtnbol.~Cf) l'';pros5lon uf induced ""'~~nlitct.osidusu h rt1lievod (Cohn t\ 

l!or.Hmtct 11 l \ISO). A1.Mi t iou u f ni. trato ()J" uJtrit:~ • ~Jhic:.:h to tH)IHO t~xt,mt 

cml rcpluco o:J<ygan n~ rm oxidhJnii -~~~cnt, N'OVout.:a the Nlicf ('Jf catElholit~ 

.. t't!lpt·eHHlion \ll'\d(w m1a~n'}bic conJ:i li<ms (l~>h-rogosz, 1 ~6!.i). Tho:•e cxpedrn~n\tti 

n•ay t~:quully :tnF£»l.Lcato .t'-!1\Dllt QT tho sus;rrr pho:iilhntcs, 

ln Jl(Jn .. nrcMhH~ cells, din:l troj,J.,;,wl 11 un nncl,mplcr of oxidativ«J phos .. 

ph(>rylation, relieves. catnhoU t~ repro~~it:>n caused hy J.mh:itanc.:cs ~~ldch 

Ul"tl metabolized ~.~~:rrob~Cfllly only (a,~t~ • acotatu nod nucclnnte); it llocs 

not, )1<)\\.\;lVor, :rclicfV\~. 1thu l'UJ:.t·e~islon c;auttod by substancus• such ~\S 

f.:lucmJc and fructmw 1 \il\ich ur•~ al;.&o rtltltab()lizeJ ~ulcroblcally (l1undel:;tam, 

1961). 1'hb mlg)lt f:t.~vor NAtJPI! tts the catahollt~ <.:or<,pres~~or l.H.:~cnu~e 
' ' ' 

cl:U\itrophi':tll()l ~tlmulu.t(m the t"!lto of oxl .. lntion and thb c.oultl 1·e~\Ult in 

10\\l'{:fr:iU~: t;hu Cilllc~ntration of NADrlilt m.nce dinitrl)phonol wns UlHlbl{'J to 

J"l.)l:l.f;ve catuholito l't~pr~ss1ou cauticd by gluco$1[.) 1 the )Jugar pho;iplt.:~tes 

t·•4Jfil\lu tUJ iitrOOAl candltlnt~o. lt b ~uow1t frm11 work v.lth fungi O·tot;c.;lseo 

l!l51); H()Hus t\ ~;111ith• l~l60) that dinitrophonol and u~hte (another 

uncoup!Cil' of oxid~tiva phosl'horyll\tion) d\) r}of~iiltor tlHi: povls of 'the 

f:H\gar ~'~h()till'hatt:8 vlwn glw:oli(LI h the cnrhon tilOUTc:o. By utWl)upHna 

oxidative pho~•phOTllt:ttion 11 dtni ttO)lhmwl will ctllli)C n fall in the ATP 
'· 

ccmcentrtt~Jon. As ATP h n~quiroJ f~)r tJ~(' 1aynthcds of l\llf.UT rhosphat<tll 

!rout ~uc:qh\tltO or ucetf.lto. tho nd.ditlon (Jf dlni.trophi!n.c>l t1ould t:;,~ 

uxpectod to cau.so a rodut:tion in the mnount of: sugar phm~phtit:es r.1udo 

frolll tlu:se Hubstn~te~,q lt mi ~iht bo ~>udt iJn t~ff.:.ct 0 ruthor thun pTomotion 
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of NAnl'H ~1xidntion• tllhlch t'''sults in th0 ohse·t'Vod Ytilh~f of cutuholito 

repY!ll!lliicm. Tho l'JllrtHHI:ion exert.ild by glycurol could dst> he tlxplidlied 

eq\u.tlly '~~~11 in terH\9 of tmtt~tr phosphates Ol" NADPII.. 1'hc !iiugur phospht.ttm> 

product:~d from !7~1ycnrol C<lUld ba O:l{.idizod through tho ¥il"mto!ie pho~pl,-tt,t.e 

c;:ycJ.o 11 '1md u rosulttmt tilovnthm (J..f the levol of NAJJI'~I ~tould ~till l)l•.1 u 

c.tmdidato for c:otuholito cort~}pJ'tHHWr4' 

St;?,l'£1.':!t!!?n~.· 'fha ovldcru:;e presented in tho pNSt:mt: comuam:icuticm. 

ht.ts 6u(ur,estod four p<>$dhllil c:itu..~tl~hh~tes for tho role of tho ·effector in 

catabolite t@pt'€1s:;ion, of 6-y,alactosidnsc $ynthesb by glucose: glUl"'~c~ 

6-ph.osphato, 6-i,ho~phot.~luconato, fructos(! l 01 6 .. dlph<lllpl•ate and NAPPI t. A 

,v,oud doal ()£ dnta obtminoJ by c>thor \~orker~ in thh field b in agreement 

wJ.th the~ cholc~~ of thtn~o CflntUdnt~$e"' . At the pros~:lnt tin10 1 l\0\\'0V~t'r • \J6 

aro unablo to mRtk,, a dt~finite c;:hoice tUJ~me theso COOI}~Und~ eith~.lr on tho 

!Jus h qf our. 0\'<ln rosul ts or tt.ll ·a, ~sul t of -relevant dli4t4 published hy 

. oth~1·s. All thintl.fl eons~dercd, NADPtl h r10rht\p$ th~ most Uk(fly cotHpouml 

hut the Temu·:ms for d\(lOllling ~hat rather thun on~ of tho othor three tend : 

to bo \>~Oak; 'M1e k.i.netic c.orro!ution!i ·t·eportod in this 11llper hnvc hCeJll 

ohtaista't only in ono system,. in on.o type uf aroiilth sldft 11 orld am exton• 
' 

siva study of th0 con~'nrndvc 'Mnotlc hatmvlm.al' of theafl: $Ubatunces 

wula.r u variety o.f conditions leadi.ns to catpbolite repr6~$ion mnd its 

'r<Yl.h"lf is necesaary in onlor to poJ'lnit R moro dofini tc .. cho.h~d to be nu,'ltie, 

I\ should not Lo overlooked that the c.!buct kinetic invostip,ati.on 

of the co~~olatltms ht,ti~Om\ ~~~t:nhol i.te pool l:lltei nnd eutahol He repre11• 

5ion is i.tself subjtlCt to t.:dti.cls!n nn the ba$~tl tl:f _pc.H).dble rnc.tal;olic 

compt•rtmcnttllizut:!.on (Mu~otr. & l.onbern··flolm, l!J66) • Th~ ob$<~rvuti.c.m of 

a ehanno in the }Xlol .she of a u~etahol t,(~ intunnll.1tHat(.l in th-Q cell 

..... 
1J : 
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us ·a whoh\ tntty not he nn J.ndicll.ti.on thl\t thu loc:lll ~<mcentrut i.on chat\,r(Hi 
- .. n "'~·• . • . .· . ~.· 

of suRnr phm~·phnt~!J hilSi i.ndoed been ob~utvud :h1 h ~.! (n.c.B. f·1cndcn 

t\ V. f-b!H')S 0 I111UIU!lCJ'1pt tn Jl'l'f,\j'il;l"rf•t.ion) t r111d OV~rJi.tll pf,lOl ~dze J!W14lSUl'~~ 

ltlOntu muy not huvt!l tlto dt~Hlficnncc 'V.hich at ;first sl:;ht t.hcq nppear to 

potu;e&l'h 'r'ha :f:lnnl proof th«t '1 ptH"ticu1ur · C';OmpmJlld i.s tlw ct;tnLolit¢' 

any f;OiriJ.)£U"tmCHtUl. bU'fJ':l{Ji'S i!ll"Ul cnpab].c Of ~}'litho~izifll), the enzyr:lt~ d(' 110\fO 
_..,.._ 

und~r inducible control., 

'fhe w(n·t~ rcpcrrtqd :in this llU.per ,.Ju ~ponsored by th~ H, B. Atomic 
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rtiJl:re~~t:ion of ll•tJalc•ctotd.d.uso f.i)'llth(;l!!b in Eschtll}t;;,h.~!~ ~· c. Provost 

u:nd, V. t·hs(t5; Hiuch(:ln • .J. ( 
• ~~· r.•· ,,~ 

) ; J,m-.tronca 

' 
not &l:lffcr ge;metlcal.ly lr~ thair !!!£. opt'lronfl. Q22 us~Hl ~!~bout t~.11ic(.~ tl~ 

11uch r~l\Jcos~~ as l·t3l10 por unit a:f coll Jna!Ui produccott. Pt.'rtltofm p!J():!.i .. •hutt' 

cycle ~tctivi.ty in the 1n·cscnce of gluc.ose b 11'1\tch !itroncar in Qll t.him 

in \i/3110 11 ln Q2l tho poOl d.ZC$ of f,lUCOii!i(' () ... phosp11Utc 1. 6,..j·,,flc~sphOJ~lllCOnlttel 

f'l\lctoso 1,6 .... Hphosphato nrH1 NADP!·I :tn,crNlSO \~·h(lil nluC()b]<J itt. udded to Ct~ll s 

grc.'l\vlng Oll glyc.erol; and $•1!Ulactod,1nst~t: S)'ltthtuth ls sevortJly .tnhihi tt~d. 

Aft~r nhout l. • hr. th'li synthenh ()f B·r,llllactosidaso i8 portly ti.HJlJJl~tld, tUid 

tha pool shes of tho four co~npouru.ts fnll" ATI,, NAill und !WVcrul other 

phosphorylnt~J.~d C(.>mpount.ht shovl no conq1.ntrt&tlon dumnes. 1·11esu conctm• 

· tration chung<.Ha c.lu not occur in strnin t,J3110, in ~>~hich ~-~~nlnr.toddnr;e 
' 
synthesb :h only rather \voaJ~ly· reprmuH:.)tt by nlucose. lt is ·sum~e,:~te:ld 

that rt.eprcssion of C::lll)•'m1j syuthtJ:~h Ly 11h1co~e f'(:)(!Ui reo tho rapid opera• 

· ,, tJOJ~ <>t th.:t JH.lntO.S() ph4.lS£liU.lt:Q cyda, Wid :i.s rocuJlntod by OllC Of tho four 

r,;ubstcmco; whoso conceutradon dscs :md later ft•lls in Q.n 4 A 1lofin h:e 

cho.ic" of. c)f:fcctor £ro1.1 lllliOllf.f thm!u four pc1sdhi H tJes CUIIIH>t nt PTf~st:.mt 
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. ' 

tcmJ11.tudlual .auction; lo,~t.:ll' dh1~:n1mf :J~ction. through plmn6 '!!..• 
Scale 111Lrrk•.:-rt 2. <.11'1., ~· cove.:q ,!!_, llfiht .. t.ight <md£?SUN l £• bafflel 

.!:!,11 Tubbf~T tuh1.ng, connection; & cull su~pt:nd"n~ ~ ltu,J:» to tnicro .. 

voltmeter & rt~cord.oq !1, lOO l1 :nmhtor; tl 11 silicon }lhGtoccU j ' ~ ,!ji,... ' 

. !• f~l'owth chrnrho:n !!_11 Cl~[t:lllnry, tuhin~; ,!, efflunnt iVHi :flot'l' t.til 

.nclntillation counter; ,b.. na$ jnlot; .!:.!• conical lucit.Ct~ Ught pipps: 

N ~~~icro~c.o~-.~~ lnmp. ,ArroH)j ind.lcntc di.rt,ct~on of gas fh1'"'• 
-· I 

Nne ~. · UtUbatio.n Qf ~~ltu::tHia ond diff(!;rt.mtbl Mynthed$ of 

' f! .. auluctosidnsc in stTliins q22 ond W3110, IPTG (O.S il~(l addod ot 8etlid 

a.rrot>~s; alueoflle. (10 mt·l) added at dashed nrrows. 'fho maas douhliun tJmt:~s 

bofore tmd nfter tho (tdditlon of nluco~·m, nnd tho length of transient 

repression '"ere, 'r0l'lpectively (min.) a ~ (Q22) t 11.0, oz, 60; 1Z_ (\\3110) t 

1131 06, o, e, C.lucoaa concantration: A, B .. unbetoslduso n<:tivUy .. 

I 

l1i.g. ~-- Sp~cific rates of 1. 4 (~02 rOlcasb !rot" {l•l4C}fJ'lucosa and [C) .. l4t;}• 

gluco5o utldod to cell~ of _tltr,a.in:! W3110 and Q2Z nrowing cxponontially on 

glycerrol. !• strain N3110; .!l• stredn Q22o Lahellod glucono \!IllS uddod 

in ench c:nstl ot zero timo 11 01 1•1-o)2 f-ro1n {1•14c:]glucosa~ t, 14c;o2 ft·ou'l 

[6•14CJglt.1CO.s6; A, iiiffOYfmca ht)t\~Ol:tll l4C()2 rt.tlCA!SUd from (J .. 14C]f!,]UC0~0 

und (6 .. 14pglucoao. 
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Pia. 4. Effe:c:t of add1rlg al~ on the 1ntra¢ellular concentrations 

of ..,_ iatermldia·ry s.wta.bclli-tes in ce11& gt'Old:n~ eXpOnentially on 

g1}"@10l. Gluc:li$Se (10 11M) added at e~s. A, stnin ~'3110 • B, - ' -
stridn QZJ.. The tal• an 1,n O$it'I'Uf'\init.s awl 'J!8present cmci.>n• 

,I.' 

t~~., la th.tl cult~aft. liivldod by the ehinct1on. The values aro 

coneht4Bt 'Within •• c:~ but ~ be '-sed to compare the 

lewls of diffe~Ut ~. 11, G1~·•6·pb.esphate: 1, ATP; 

o. 6-~nluconatec: .a, ·fructose 1.,6-dipbopttpiUlte. 

Pig. s. lffect af uddint: glueosa on the int"ta)eellular ~ntntions 

ol NAnl Mod NAUPH in 4Glls of stn.lns ilf.'SllJ) 8!M '~22 growiai e)(ponent!rdly 

Oil gl)'C.GTOl •. Glucose (10 $M} add'ed at &1TCWS,. The meGStt~"nt$ haVCl 

' + + 
iiOQ1'l nomalized such that. NAD + NA!l·f and NAnP • NADPH divided by the . .. . ' . . ' ~· 

extinction resra:ln. ~oostont OWT the e-xpel"imtntal l)C.'riod. .~• straln W:UlUJ 

!,. stn.in Q2Z. ·•• NADAI; O, NAJl-1. (1'he dQhed ltnes Te<ptesen.t the 

avttf'tlF coneentmtiCII'l$ of NAJJi aru3 N~ befori. the addition of ft.lucose$ 

Mote thAt 1n .s.tc:tion 8 the. VSlUC fO'f ~¥At'Pfi whi~ appo&l"S bfm.:di.ately 

bel• tJw:t arrow marid.q ~. rJCiat of glueo.so addition actually records 

a sample ttlketl 4 .)tdn .. t~ftt'l' glUCOB$ was ad~.') 
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This report was prepared as an account of Government 
sponsored work. Neither the United States, nor the Com­
mission, nor any person acting on behalf of the Commission: 

A. Makes any warranty or representation, expressed or 
implied, with respect to the accuracy, completeness, 
or usefulness of the information contained in this 
report, or that the use of any information, appa­
ratus, method, or process disclosed in this report 
may not infringe privately owned rights; or 

B. Assumes any liabilities with respect to the use of, 
or for damages resulting from the use of any infor­
mation, apparatus, method, or process disclosed in 
this report. 

As used in the above, "person acting on behalf of the 
Commission" includes any employee or contractor of the Com­
mission, or employee of such contractor, to the extent that 
such employee or contractor of the Commission, or employee 
of such contractor prepares, disseminates, or provides access 
to, any information pursuant to his employment or contract 
with the Commission, or his employment with such contractor. 






