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Topl Sizes of Hetabulie Internodistes and thele Relation to Clucose

fepregsion of f-Caluctosidaso %ynthmwié iﬁ rﬁchurinhin coli
| Ny €, PHEVOSTS ALV, MOGES

Luwrence linddavion Laboratory, Universitvy of Cu) Hoiniu

farboley, ( uliforniu‘ U.5.A, 4720 T

1; Thw 1mtbrmudiury n«tﬂholiwm of Twn qt%uius of laghurxgh}a colt

lains LPﬁn exgpingd,  Cno &tru:u fumg) @xhibit& Boute txﬁnJihu( prrvmw
sion of ﬁwpnlmrtnﬁidahu 5ynLhu,35 ahwn plucoaa is supplied to cells

qxuuiup 11 plycurﬁl; tuq omher nm;ain (W3130) dues not, The tuo

straing do nog differ psnatically'in thair lac oporons, 4, QU2 uses ’

ahout twles us wuch glucose ug W3310 pmr uiit of cell masy praduced.

3, Pantose phosphate ngla aativ;tv i the prcauucu of glucoss is

- reh) m&rnugmr i (22 thon in WELY0. - 4, Tn Q@Z the peol slzes of plucoss

v-pliosphiate, ﬁvphﬂﬂphﬂ@lUCﬂnuté, fructose 1,6-diphosphate and MAPIt

inrzuuau whuu yin:ﬂse is add@d ta csliﬁ ptuuing on glyCurul find

nmyalawrnsidnqa ayuthaﬁlx is &nveruty !nhjlitud Aftu uhout 1 hiry

the syuthesis pf b*rﬂlﬂkloajﬁuwﬂ is pﬂrtly rwﬁunad, und the pool sizes

of chu fouy cﬁmpmunds fall, AIF, ,Aﬂ! and ﬁnvwral chur phawphorrlatad

Cnn@uund& nhnw o gunuvutru;iun 1hnnyam¢‘ 5. ihawu Lanrnnnraﬁiuu ;nnnyv

vathor woakly wepressed by glucgse, Q, It iﬁ supgested that yepression
of cnzyms synthasls Ly uluauﬁc requires the vopid operstion of the

juentose phosphate eycle, snd is wediared by one of the four substonces

A AN T VS

L EPyesont addresss luwtitut de fhimlu Bnnjngiquv, Faculté des Sclences,
Andversitd do divﬂﬁhﬂurh’ uua Runé L¢%tﬂlru% prluuﬁd@ 07, serashoury,
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v 2
whmha mnwntmtion risea emd lawt falls m strain Q22. A'dﬂﬂniw
choise of mftm.tor frum m-xmp these four ;ms:hmuw cannot at

pm&unt be wade,

'l’hw phmmvwnm\ M catabolite wpmasion in bacmria (Magassumk
1963) may ba cmxsw&md {wm three points of views (n) the chemit:ul o
nature of the ef factur suhstnnce which is mspcmuihle for tha repressiong
‘(h_) 't_hm mg;\.nlumry site at which the effector actsy and (c) tlm stop in
'Fm'wymn inducfhm and synthesis uhicﬁ is repressed,., Imkmia & anns:mi}
(1%4) have showun that in thm a-palactosiduw system in ’i‘sdwvuhiu
coli catatiolite repression pm\mnts t?m primary transcription of mes-
sengey BNA for this enzymo, w‘l-x'ilea Paluwer & Moses (19'6 ) have fnvesti- .
goted the site of effector action, The prosent comminication is con- .
cernad with t;ﬁa chemical 1gia11tity of the e¢ffoctor which exerts tiw
,b r-ém-esx:ivu gction during ggluc&u& :;mtalgfilism. |
| Auple evidence oxists showing that 'thé effector 18 not glucose of
some other sugar suppliéd us ;M:straw ‘si’nca catabolito ‘ra‘;amsé;ion |
reyuires the rapjd "luxurious" mct.aboli T of the ~*nbs&trate., muultinp”

1

in some sort of zmtwholic imtmlancea (msidhurdt 19603 mgzmmuk, 19613
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Moses § Prevost, 1966), Glucese 1&5@15 dueé not cause rapfeﬁsian if ‘
addsd to colls which are unable to use it effectively (Loomis § Magusunik,
10653 Magusanik § Buj&r&kag 1960}, even thoungh rapras$ion may still be
obtaingd with other sUbstrutés, Similarly, glucuﬁa fulls to cause
roprossion {f {t is cnﬁtinunuﬁly‘uddéd to the culture in guantities
sufficiently snall to liwdt the rate of gruﬁth.(ﬁlarh & Marr, 1964),
AltﬁrﬂutiVﬁly; cétahulita répraﬁaian is observed when cells groving in

the presence of a non-vepressing substrate, such as succlnate, ave

unbelanced motabolically, This may bo achleved by preventing the cells

from offectively usiiy petalolites ag a rusult of withholding an essontial

putrient (McFall 8 Magusanik, lQbZ;'ﬁlarE § Marr, 19643 Mnkada § hmgusanikg
1864} ox by the pregence of cu;tnin inhibit@rs (Syphord, £truumsﬁ&‘Truffﬁrsq
'Iﬁﬁzg Syplisrd § ﬁirauss, 19633 Seils,.lﬂﬁﬁ); It 15 thus clear that the | |
“effectoy i3 not the substrate itself but is métahalically produced from it,
| The obgexvation of ttan%imnt catabolfie yepression (Mosus § Prevost,
19663 Paigen, ¥966) offers the opportunity of carrélgting kinetic changes
“in the rate of enzyma @yﬁthﬁsiﬁ duriﬁg{a growth “shift~up" (¢.g., glycorol
'v to plucose) with ahangas which might occur in the levels of interwediavy
m@taholitwa, In’trunsiwnt vepression muxivum repression 1s observe
:jﬂm@diﬂtqu after the addition of glucoss or other aubstrate; with partini
YOUEVeTy 0éuurring.aftar a.Vnrinhlw‘pariod depending on the particular
strain and conditions used, Tﬁ@ bulk of the added glucoso remming |
unused at the time qf'pnrtiul recovery, In such g system one might

expoct to find that the addition of gluc@aa causes perturbations in the

| steady-state lovels of metaliolic intormediates obtaining in cells

growing on glycerol, These chunged concentrations would letoy revert
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to their original levels, or to new steady-state levels, when the metas

bolic shift from glycorol as substrate to glycerol plus plucose as ' S

: Sub:atrnws is complete (Moses § Prevost, 1666). The effccwr in such

a system mighc itself be memholiwlly pmmuzud dimctly from f«lu« 086,
or its unumxtmt.!mn fn the cells wight be rlmnmd whan plm,mm is V
added aven though the effector is df:zr,ivmd from another source, ',I he
study of metabolic (.'.hiiilgﬁﬁ ia t;mn_ssmnﬁ rdprés:iion, 'rm:hér than in L
| simple mpﬁmsion with nﬁ observalle mccwci-y, has the advantage for |
‘t;lmﬁ recognition of the effector Subst’*m‘nca that not only fshmxld its
concentration chunge when glucose is fiwt addz-d bhut the clmnga !xuuld
‘be nmr.wu at about the tine that um)mm ﬁyzﬂt,hwis is resumad, | | |

¥e weve fortunate in being able to pake this nethed for i.dmztifying

the offector woxe sensitive by using two i’elgted strains of B, coli, one
of which showed acute irunﬁient repression whon glucose wus uddead, while
the other exhibited only m‘)daram‘v simple Irﬁpmssiau; These two ‘mtrai.lxé, E
022 and 'WSII(’)@ respectively, were dasf:tilm_d by Psaig{an {1506) undgj‘. are |
-imliﬁvéd to be identical as fmr as their lac dpamns 4Te concerncd,
Dif famnws in their msmusaa to catmbalitr- veprossion soomed !‘!cly :

to be related to watabol, 1«: Jif: fcmucas, and a study of mwmedimy
 motabollsm ciumpus during growth shifts from ;,glyu ol 1o f-lucow WS
therefore undarmhan with these two ﬁtraims.

MATERTALS AND MY !0!1‘&1

wore olitained from Dr, K, Paigen, ﬁoth straing are 1&&";};&1*1’51“.

Modium end culture cmxditimiﬁ. All cﬁxmnmnts were performed with '

the follawing low-phosphate mdium; thﬂh 0,4 m?i; (NH4) 250y, 70 miy

4

(Jr,nmi'zjmm.' The K12 styains of B, colt 022 and %3110 (Paigen, 1966) :v _' "



T g
NeCl, 8,5 wiy KiaPQg, 0,75 my tris, o,im glycerol, 22 mM; the pH was
adjusted to 7,2 with HCY, | | »l _
For most experiments, 10-15 ml, of peeddum, inoculated with cells
from an wcamivg}‘zp culture, were vi.gmmxs):y; ;;xj'ra‘tn<1 in u 250 w1, Erlenmeyey
flés!c at 3’7"-; Graowth was monitored t;\:y xﬁmmuriug tl*zé éx.:tixicticn-u,n"' the
culture st 650 wy o a 1 o, cuvette, uti:mg, a Peckman DK-2 double-heam

spectyophotomster, Pxtinction is di'rm':tly proportional to total proteln

"(tﬁoses & Prevmt: 1966), In exporiments mqniri‘np the continuous

reasurenent of respiratory 14(1?: ¢ 1'ml, of cultura was placed in um
growth (;hxmaher deseribed helow and hept at 37° in @ wm}mratjum«cnntmllcsd_
room, Mixing of the culture and mcrzit‘ion were achieved by constantly

hubbl ing wntewmmwnwd air throunh the m@éium at the rute of G5-80

.huhblas/min. (4 =% wlo/min.).

'I“hca prowth chawbar (Hp’. 1) co nsiqmd ui’ n giass tuha teyminating
[1HOLET FIG, 1 HEAR HERE]
ut the bottem in a8 strong capillary tulm smd open at the top. A plece

or rubber mbixm, comm:md to mmt?wr capiilm‘y tuha, cmld be slipped

ovey the. tmp mmd of the growth c.hmvfmr af’ter the ﬂdditlon of mmno.x

mﬂmtmm. The bm:mm captllmry was cimmped ripidly to the lmmm rsf

a black iluc'iw box. Nmar the la’)ttm of ?:he: growth chagber, and divaected
townrds the cul tum, WEYE two ccnical pimw of luciw mounted ut right
angles to ona another, 'ﬂwm cones \mm xminwd hlzuk over a coat of |
white paint except fovr the ends, which weﬁm polished optically fl.at..

(ne cone georved to funnel light from a lswp source which wvas .fimly
attacked to the s.idé of thy black lucite hwxq The other cone cbnducw&
Light scattered at vight angles by the) Cultum o a wmall silicon }j.':h(tt()‘:

cell (4,8 mn, x 19,1 wm,, Hoffmwan Flectronics Covp., F1 Monte, Calif,,



with a willisicrovoltieter (Kaithlay Tastruments, Tnc,, Clevwlandy Ohlo,

| ucintillatiﬁn Counter, , _
) Yoo, p:mdmtiom The rato of 1‘3(3’)7 product don in the effluont gos .

strenm from the growth charbey was mauﬁurqd continoously by leading the

U.x,A ) which was mounted in anothar lucite @nclosuro, contipuaus to .
th& chanber containing th@ mrouth voas»l und Lonqiﬂtwly ]iyht~tipht, ’ .

The photocell wes shorted with & 100 0 wanlﬁcor and the voltage yead

U.8,A, i nmd01 ]dﬂ) connected to a chart recmrdﬂr (Autograph Model 86y

hbsaluy hlviaion, lewlott-Packurd Tn%trunmﬂt Cu,y Passdena, Calif,,

' U.S»A Y. It was possible to monitor the hubbling yate as wull u$ the

prowth of the cutls since ﬁmch hu%blm pruduged n hlip in the voltage

. readingﬁ The wffluunt sir was lad to & dateution unit for maaaurinﬂ
? _14C02. ﬁith this-mqniﬁment the light scattored was dirﬁutly PrOPOT=

| tiunul to the axtinntiun at 650 mu.

Y|7ymp inﬂuction arid n3$nv. ?ho ﬁyuthcsis of ﬁognlactusidnﬂ@ was

| 1ndu¢ed by addinﬂ jsopropy]~t}io~8 Dwgmlacteside (IFTGy 0,5 o) to
'_gxponantially frrowing . ca]]s. humpl&a»wera LD]l@ClGd sud engyme nwmsdrad

' a5 desu:ibad proviously (Hoses § Prﬂvoﬂt 1966) ,

undio‘hnricul detorninutions. (a) (lucoﬁe utilization. This was

‘dcturminmd by wea;urjng the vemoval of M4C from thﬁ madlum alte the

‘ aaditiunipp the culture of {G*ldcjglucose (Zl.ﬂ‘muclunwle). Samples

of the aulturﬁ were filteved through dry milligore filters (0;45 u

~ pore size) and sliquots of tho filtiate counted in & Packard Tri-Carh

gas through o scintillation £1ow cﬁll'(é-s ml, vol,) filled with wnthra-

conv crystuls (Chrome/cell dotector assembly and cﬁuﬁter, Maclear-Chicago

Corpa, Des Plaines, 1llinois, U.5.A)0 The comting efficiency was ubout



45%, ‘ﬁw flow c&ll was direc::tly connacted to Lhu growth chmnhur (¥ig, 1)
and the straam c:f’ ﬂh‘ buh hl«w pmmirw thmu;:h the culture smmt the
evolvad 14:132 to the zscint.i.l,l,at fon ¢ell, Thore was a 1 min, lag betwoen

the production of 14007 in the growth chanber and its detection in the

' mxthmgqn& call, ‘'The specific radionctivities of the [1*14(2};:;llict.)$&f.2

andd {(‘)*MC];{IUCO&& uged as substrates wore 0,36 pC/umole and 0,38

u(‘/wmle, vespectively, . ' B

~

o Le)_Supar phosphates and nucleotidea, The colls were grown in the low

;;)msp}mtc medium containing Imf%ﬂ% (300 uC/umole), Cells ware killed
by placing e sanmple (20 ul,) of the suspension on the origin of a sheet
utf?.chmz_runmgmm paperi the origin had been molstenad 15 sec. earlier

with a dyop ﬂf' the phgmc);l chromatographic solvent, '.fhé solvent and the

- colls were dried together in the following 20-30 sec, Ly & stream of

dry Ma, 1 'l“lm phosphmylarmﬂ osters wore ﬂcp.uatud by paper chrowns

mgmp}uy in two dimensions using olther Wh.;sgtnwn Na, 1 paper or Ederol

’ Mo, 202 paper (J. C, Binzer, GJ&!,B,H.,, Natzf&id/}?der, Genﬁzmy). For

the first dimmnsion tho solvent was liquefied phenol (88% w/v)iwpter; |

glacial acetie ncidil M-TITA (ammlm l v/v/V/v); for the second

~dlwension the solvent wasg tmtan 1~01 .pmpionic m;id:wﬂwr (46, ﬁzl?_ 7:30.8,

v/v/v_)‘, The solvents were cwermn t,wiu» thoe length of the paper in mch

'diwcnimx,, The phosphate esters were localized b)"Yﬂ.t‘licmlmog‘n‘aphy » the

ppots exclsed from the chromatograms snd counted directly, with an effi-

clency of 788, with the mutomstic spot countox d«"‘!&lﬁ}\m] hy Hoses §
Lonberg-Holm (1963),

() Hicotinamide pdenine dinucleotides, YNssentially a technique eé:i,mi:_!‘m

to that for the sugar phosphates and puclectides was used, Basad on the

difforential stabilities of oxidized and reducad nicznwﬁamidca adenine



- carriﬂr hAﬁ und hAhP tu the c&]] extract in order to obtaln quantitative

dlnnclaotidex to acid ang busu (Luwry, Vua»aﬁnoau & Ruck, 1061) tL& ‘ R
"_fallowjnh prucadurm wals nduntnd , : R EE L ' .;
Yor the measurwpoent of NAMI aml PAN’M A sample (zcu m .) of t;hes

anltulu grwwing in the presence of 320 was added to 100 V}, of 0,25 N-

"’:NaOﬂ au! placed in hoiling witer For exactly S‘miu,: this process
preferentislly destroys NAﬁ+and Hﬁﬂﬁt The extract was chilled in iced

~ water and then neutralized with 100 uig‘of’Q;ZS NetiCl,  Methyleng hlue‘;-
W'.(ES pl, of p 5nlutiqn containing 20 mgo/ml, iu.water) way then addedwtéb '
catalyzu the air oxidation @f,th@‘rwduuAd ﬁicutinamida ndening dinucleo-
"ficms which would otherviso have huch'ﬁﬂrtially dastroyed duriﬁg the

onnuing vhrunuiogruphy in thﬁ acidic uUiVVHT&. It was essential 0o ndd

uhrnmaanrunhic ranovariem of tha 1nhell&d nicotinsmide nd¢u1n@ dinucleos
tides present therein: no lubellmd hAﬂP wig deteuted unlass cérrimr NADP
was addwd Cun~uqnantly, NAD and NADP (0 75 winles of eurch) wero added
1o 1hm nﬂutralizud extrocts, To moasuroe NAD snd NADY, the order of .
"Sadditiun of. Naﬁﬂ and f1IC1 was roversed; haatiug in ncid prefeventially
destroys NAIH and NADPII, - . o

~The chiromatographic ﬁepérutiﬁﬁ& undgfuﬂiﬁuctjvity dntofminuyiaﬁs
weTo carrieﬂ out as for tﬁ& #uqar phasphhte$ end nurlcotjdas except that

the solvent vwasgs not averrun in the ﬁirat dinmnslon. The decom“nsition .

products of the a]hali and acid trcatnuntd did not interfeve in the 2.
) acdéniine -
Ch?bmutﬂgrﬂphl& Jﬂpﬂlﬂtiou of the: intaLt nicutiunwidp/dtnuc1euti&as. N

When tﬂling sdmplﬁ& of the (ul] suﬁpensinnﬁ for determination of

the lﬁVula of nxidlzud and ruﬂucod nbcotinumidu adenin@ dinncleotides
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it was essential to avoid any delay hetwsen vewoving & sample from the

- culture flask anﬂ the cessation of all metubolic aatlvity by'thﬁ cells,

- Delay wight have seriously sltered the ratioa of oxidized to feducmd

ccmnxyﬁu&s ,if the cells had been allowed to spend time in an environ-

nent in any way diffvrenf from that in the culture flask, Tt was

thus irmdviwhw to m;;ulma :,mmpiﬂ size | ,y careful M;»«ttinw, bt

ruthey to vemove samples rapldly, if inaccurately, snd to adnpt un

approdch other than volumetyic measurement. for the subsoquent estimae

. tion of the volume of cell suspenslon actually wsed for chromatography,

The sample size was therefore accurataly measured by counting the
origing of the chromatograms, before applying the solvents, with a

o Lo -
Geiger countor with wo detectors, one on each side of the paper,

Alumdndun plates wers used to shield the origing and attenuate the

emittod radiation to a level where it could conveniontky be moasured,

Ass umjng that @ representative purtian of the Lell suspension was spntt@d

ohto each chromatopram, the amnuut of 32P on the orﬂgin Yns dirvct%y

pronortlonul to the volww of su&punainn n“plied

Nadiochemicals, [1-14F}nlu¢o%e and [6»14(!p1ucase wers obtained

" from How Papland Nuclear Corp,, Hastan, Mnss,, US,A,.4 [G~14ﬂ]gluc05e
- was prepared by the wmethod of. Putman i Hansld (195 B carrier-fruv

C Hg32p0y in 0,4 N-JICL was purchased from Nuk Ridge Nntxunml Laboratory,

Oak Ridpe, Temn,, U.u,}\.a and was neutralized before use,
PLMJI T4

Transient r&pr@%ﬁinn of indugud fi- ﬁalnctﬂsidage ‘yﬂth@ﬁi&, The

effect on the induced avnthvmia of ﬁw&ﬁ]ﬂftﬂﬁidas& of addinp P}UCOoﬂ

ta cells of atyanins W3110 and 022 growing &hpﬂnﬂﬁ»¢ﬂlly on glycerol is

A Y Pes et e .
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shown in‘Fig,:zg In anain 622 th¢ synthesis of g- paluttoﬁiﬁa%@ Was Y

1nh1bit¢d severely for a pﬁriud of @0 win, (appruximntcly 2/3 of a | : i

o genorat!nn) h@fbre the ﬂynthm%ia rnvovarad to about 15% of the dif-

o

~fﬁguntin1 Tate uutahlisxad hefore the udditfmn of glucosw. In the case
of %trnin W%]lﬂ the differential rate of gynthesis was roducéd by oﬁly

?0 to 404 hy tha addition nf glucose and there was no dotectable period

of i severe transient repression, v L _ )
[INSERT FIG, 2 NEAR M REJ | SRR
Cluconic acid wis tha only other supar cuusinp a tranainnr inhi«
Lition phenopoenon in 5t1ain a22, The transient 1asted 25 min. and the
final difF&r@ntial rate ﬁf inducad ﬁ-ga]actosidaée synthesis was reduced

by mnly 5%, Hihnao did unt mfiuct the bynthmsia af g-palactosidase

\

f_'whila gulactose caqud B 40% inhibition of the diff@runtiul rate of

L

5ynthe31s withﬁut_cuusimg any transient, CGalactose, however, slightly-
. inhibifed the growth of strain (22, ‘'The émnunf of iﬂprﬂﬁﬁlOﬂICﬁuS¢d by
v_:the qﬁﬂ&rs“wns.raluted to thelr ability ta:stiwu]ate the growth rate,

Piho*@ stivudated the grawth rate by only 10% while gluconic aeid stimue
lated it hy 21%, Clucose 5t1mu]atﬂd the vrnwth yate Ly 31% !ni&iu]l

bt 60 nin, later the growth rate hnd dacreawcd to g constant value which _j5 
L was 23% faster thay the rate establiﬁhﬁd before the addition of glucose, S

Clucose nrilizatioh.h Theru Wus a'larga excess of p]ucoee prmscnt

in the madium at the time of tho rwcnvery which’ followed thc severe ‘ :vil;;
’puliod of ruprasxinn of ﬁ«galautosldasu synthesis (Fig, 24), Wha apount
';of gluc0sé congumod was pfqpartionnl ut ali times téﬁthe amount of cell _}' A
matéilml synthesized (Flg, 2). ﬂtrain (022, hbwever,3con$umad mOTY fﬁ&n
twice as much gluaoae as did atrnln wﬁllﬂ for the synthesis of a similar i

anomt of coll mnrcrial.
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Routes of glucose utlliiatiﬁn. Whan tlwlaéiglucasa'and [6wlﬁﬂjglucn%w

xulunJud from [u- Ju]aluugsg is a very amull percentuge of the C]ﬁuz
relenseod fwam [lwlhu]glucasa (B Rittenh@rg, personal commmication),
This woans that in the pentose yHOﬁphutm slunt veryllittla fncycling'
tukos pladé through the nidulaxm‘rwactianﬁ In practice, thercfore, the
ﬂmdhnt of 14Cﬂ2 rﬁlm35@§ frow [9-14C)plucose reprmsuniﬁ decartioxylations
ii..l"th(; citric meid cycle and the di'ﬂ,‘ewnce o T the 1"(302 produced
£rom [l~14rjg1ucaﬁw mnd‘[6~14C]g10c05¢ reflecty the upuwétimn_af the
p@nta&e pha%phnte shnnt. | |
1’0 dut;urmiumuhc u.cr thm‘u Wers diffc,ru.cm imtmbu (22 and W3210
in the propﬂrtionﬁ'mf glucaaw netabollzed thruugh glycolysis und the
ventose phogphute snunt;'a compuratiVQ‘sghdy of the production of 1400,

from‘ll»léC]wlucosa sl [6‘14C]yluca$a Quﬁvundartakan.v It ixjinterwsting

o to note that, whereas 14@02 was uvolved ulum&t immediutoly after the

addition of [1- 140)gluro&c, it took 3 to 4 min. after tha addltion of
[6-14L]g1uc0 e Lefore 4Cﬂ2 WAS rulwaavd.
The specific rate 74 14an pruductzcn (mumnlw/mln./ml. culturo/

extinction) £rom [1 1‘1]&1ucasa Wits nlmost three tines lighar in strain

,Q22 than in styain W3110 Anr tu¢ ilrmt 20 miu.P &ftnr tha additlun of

- glucose (Mg, 5) In strain Q22 the speciflc rate uf 14@02 uvulvad from

[(IMSERT FIG, 3 MEAR HLIE)

',(1 14(]p1ucu1w and {0-1‘L]p1uuuﬁ¢ reached 8 Ccoustant value 20 min, and

S0 m:ﬂ.. raspantivaly, after the addition uf glucoss (!ib, 3)s (nce the

intracellular nmLabmlig pﬁmlﬁ wore soaturotegl with\14L,ithe vuto of
14&03 production was propoytiopal to the number of calls Qr@ﬁént in the
cultureg, It was hut posﬂihlu‘té qorraiat& dixuctly tha vacovery of
ungaléutuﬂidaﬁa synthesis with a chuﬁg& in ihu spscific rate of l@cng‘

production,



In gtrain‘w3110 even after the metahélic paofs wuf@ saturated with |
-14€”th0 rats of 14¢0, production was not proportional to the number of _\
colls but continﬁéd to Increase about twice as rapldly As the rate of

grouth of the cells for at least 2/3 of s generation, - . Ny

The pool sizes of sugar phosphates and ATP durlng transient repression, L

i'_ A11 the major phosphorylatod intermediates which can be derived from

glucoss werg alyeady found in the cells grown exponcntially on glycerol
and labelled phospliate &Qan before the addition of plucose, The intra-"
 cellular concentrations of some phosphorylated c(mq;mmd‘ihg; pcrtm'hm,
by the addition of plucose but the appearsice of new phasyhmrylutwd ”
.nmtabolitua was not Jdetected, N | ﬁ_' . - -
' Although the grnwfh rata of the cells was Increased significantly .
by the addition of glucase, the intraccllular concentration of AP ' .

‘hardly changed in strain (22, and it remainad at a constant level in

strain W3110 (Fig. 4), ' o S
‘ (INSEHY FIC. 4 NEAR VE mq . oo
The concentration of glucose ﬁ-phosphuta in strain 022 1ncreaaod L,

'1,? times within 20 min, of adding glucose whila it progresaivwly

' decreased in strain W3110, The riae in the conCéntration of glucose

. G~phosphate in (22 way tranuitowy: the poo] hepan to shrink 40 wmin,
aftor the addition of glucose and continued to contrﬂat for anuther

80 min. when 1ts size reached was less then half that present In the

absence of plucose, o , o .
. The vise in glucose Gephosphate in Q22 was accompanied by a rvise s
in the intracellular concontration of G-phosphopluconic acids the o o
.

" comcentration of the latter incronsed 2,4 times within 20 min, and by

" 60-80 min, had decreased to a constant level twice as high as that found
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hefore the addition of glucose, Tt was impossible to detact any Gophiosphon

pluconic acid in strain ¥W3110 elther beforo or after thu addition of g]UuOubu

v The sams lovels of fructose diph0$phnt@ were fuund in strains W30
and (22 when prowing ampnnuutially on f]YﬁﬂTﬁl. The additinn of glucméao
hOwOVUY caused ivmwdiately u thmeﬁfald increubo in the 1ntrucn)lu1ar

concmnﬁratiou,@f fructw&a 1,0~diphosphate in strain sz, and su increase

of barmiy'1.4~fmld in styain W3100, Fifty win, after the addition of

gluéoﬁm to struin (22 the level of fructoss diphosphate had decrcased to

a constant value still twice as high as the level prosont in glycerel alone,

 The concentration of fructose diphosphate in strain w3110, following the

initial increase of 404, continued to increase slowly and, by 100 min,,

had foached a invwl 1,7 times higher than thevinitiai lovol,

. No significant cﬁanges in concentration of a muber of other phos-

phurylated Intermediates n%ﬁociatad with'319cn1ysis, oxr of ﬁevural

”nucleuiidﬁn, was found either In strain 022 or W3INU,

IAI(L uwu_

Nicotinamide dinucleotidas durinp trangient repression, Fua to

the relatively high y@ntasa phosphate shunt activity In strain Q22, ns

revaaled by the high 14C07 preduction from [1-14C]glucose and the prosenca

of a dwteutahlu amount of 6-yho$phur3uuunia acid, it was concelvable

| ~ that a gucdan addition Qf glucose would cuuse a tumporary Lh&ﬂgﬁ in the

lovels of NADP snd NADPM. ‘This hnturn wight be responsible for the
transient rupxu&%iuu of indncvd a paluctnsiduac.

The concentrations of NADP + HAY in stralns w3110 and sz ware
2 2 and S 2 mumole/ul , cu]turw/mxtxnctian, 1tspectivm}y; the ratio
I&&UP/NAHPH before tho addivion of glucose, was Q.ﬂ'iﬁ strain‘wzlln
aned 2,0 1n atréin_QQZ. Tt wes found that while the level 6f Nan

revained relatively constant in strain %3110, there was -a sipnificant

s



- the addivion of glutaw (Fip, 5). The scatter tm muhummnts,

]

tranmitbry increosse in thoe lovel of NADPH in"sttain ﬁEZ'fuklﬂw&nﬁ

[INSERT FEG, § WEAR HERE) S e
huwevmr, made 1t very difficult to dutwrmina pIGCiably the length of

- the trunaiunt. Thera was 1igtle change in the concentrations of NAX g &
the lavel of this compound yemalned constent in strain W30 and

- geerensed ﬁlightiy in styain 22,

DBISCUESION

 ﬁh§ab01ic differences bhetveen strains resistant and su%céptlhl&

it
A

£o ffmﬂ“ﬁﬁnt-rwﬁfb%$iaﬂ Ly ﬁlucuéa. Thae difforences botwesn ratwballta

- cycle, Vith cells grown on glycerol the content of glucose 6-phosphate

'1@prnﬁ$icn pnﬁturnr in stralns (22 and W3110 have been &inatically

‘; correlated with a nunboer of wotabolic factors, fvvaln Q22 utilizes

sbout wwice as much substrate glucose as does W3110 for an equivalent

|

mmount of ¢ell growth, ‘the ﬂxtra aluco&a consumed by 022 is wetabolized

£y

via the pentose phosphmta uyclw an HhﬂWﬂ by the yelvaso of lﬂrn? fron

[1- 14L]g1ucouu and [0~14(]glugmue supplied to the two 5truins.
The additlonal pentose uhusphate uyc]a activity is yallocted in tha
poul slzes of JuVurul nmtahnlic inturﬂwdiutuﬂ intimataly ausociat@d with

this pqthway, Thus , the internal concentrations of glucose G-phosphate,

'6-phasphogluconuta, fructose 1,6-diphosphate and RADPH all show tanpo«
©oxvary vlses In Q22 but not in WHILD, Mo other comprunds daﬁmnatratcd such

‘tmmporary changes in cougantratian, includiﬂg‘NTP,xwu}iand a nunher of

SURAY phaaphutwa asgociataed with glycalysiae R | v e
The urﬁgin of the preater pwntosc phoaphatﬂ cycla uctivity in 22 )
e

& not duc to 8 preutoy qumntzty of enzymes leading directly into the o,

dehydregonase and 6-phosphogluconate daliydrcgenase was about equal in
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(22 nnd w3110 (C, Pruvost, unpuhlishﬁd data). How&vér, the in vive = -
| activities of tha&u two euzynﬁﬁ migh& he hiphar in 022 when glucose s

‘addad as a vesult of two factorsy the 1apid intfﬁﬁ$@ in the yool aizu

of plucoss ﬁ»phasﬁhatw imnmdincaly glucose s udded to the medium (due,

prosunably, to a greator hexokinase uctivity), and the gruatex avallahbility

- of NAhP, In 022 helovy the addiiﬁon of y?ucaaa tha (ﬁnC&ﬂtrdiimu of NADPIt

wag only slightly lass than in willo, whilg the concentration of NADE o

over tw&cﬁ as high, These cﬁnditicns of hipher concentrations of glucose

G~plicsphate md NADDT hﬁulﬁ h» expocted to load to a glgnfcr production of

IG«phosphoglucoﬂaru nnd later m@tabolitea of the ;entosa phesphate cycle,
with & greater degres of turnover of the cycle as a whole. . The rise in

‘ '_6~phoaphog1dconuta'coﬁcantrmtian cen be soon in Fig, 4, following vary

clﬁﬂaly that of glucose 6-phosphate, The preater catalytic activity of

_thu two anzym&u leading into the pentose phosphate cycle, which are both

: . + : ' .
llnkad to the reduction of NADP, producaes in tum sn elevation in the
concentration of NATRH (Flg. 5)y Dus to the diffidulty of'accurﬂtuly

maasuring NALDH the precise kinetics of concentration chauges with this

i compound srs not easy to ebtain, kut in goneral it is clear that its
. concentyation rises und )ater falls after glucose is prescnted to the

¢elly, The rﬁpid:prmduction of MAIM{ presumably excecds both the cells? o

)

reguirenents for this ceﬁnzymm‘aud alsa thoir ability to reoxidize it

in temninal respiration, A accunlation rasultx I@uding w8 mulaholic

'imhalunca, and this pelslsts until the cella are allc to uchiova a new

avwady netﬁbulia state in thu chuugud envivonnent causoé by adding

glucose, ‘The tranﬁiant rise in th@ ool of fructosa ],ﬁ*diphnﬁphat& 15 

protably the yesult of the accumulation of glucose G—yhmﬁphata (und



* (compared with 108 » 10°
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_hﬁﬂ(.ﬁ of fructose bmphabgaham by phrmp mhwcbi%rmm% catalysiﬁ) R
~ togethar with a rendy :wz;ilahil!ty of ATP, maimainad, quite po%ihly,

by the excess quantities of’ NADPH,

Mone of. thme factors ure sipnificant in wiiln, ln wlileh glucose

mi&tnbol ism as a whole 1s porve yestricred, The upt,uke of the supar i3

rolatively slow, plucose ﬁv‘-):»}ms;.ahm«s dogs not accumulate, pentose phos-

phute cycle activity is lower - (with 6-phosphogluconaty not dcttuct&lslo)
angd MA!)Y’li! is not affected, tndor such conditions of ;ﬂmmr glucose
metabolism, trausient repression of g-palactosidase doos not take place,
(Yfmi‘lgq_m in the cam:‘@ntrm;i@h of WATY when plucose is ad&m} to
g.irm;i‘ngg colls have not, 50 far ‘zivsvwes' gyo aware, previously been observed,

The studies lm_th'by l’::s;_tubi*m.;k 'nitm § Scott (1962) and by hrwldtaw

" ﬁymtr, (1965) used dense, yosting suspensions of . coli and haker's

)-,v@nst,_régmctivaly@ The lutter mxthom,.‘whil& detocting the presence
of N!\h}fnnd NANPH, found no changes in thely pool sizes when glucose

was added. The suspensions weve so concontrated, however, thut the

" colls pust surely have heen mnaerobic, and one might thus expect that

“the pctivity of the pentose phosphate cycle, one of the main sources of

MNADKE, was neglipible, T *zwhmo}' ‘et sl. usinp fluorinwtry were unable

R oven to detect MJW and NAH in mmwmsicms ccmminim, 1011 mus/tnl.

9 cells/m ' u.uad in thu pm:»unt studicm). Eaxly

. Bttempts Ly us Lo Memsure NAD.P and NADPU in @ilute coll suspensiong using

fluorimotry also failaa? and these coenzywmey were dotocted and measurad

only because of tho very high sonsitivity of the 32P-lalelling technique

conbined with chromatography,

The chamical identity of the effector, 'md findings of a numboer of -

other investipators, as well as our own, have suggested that the activity

(NS



of tlio pentose phoaphata.cyclﬁ is of céntru; impcitanca‘in dciqrmining‘_
tho sansitivity dﬁ the calls to caiﬂhalita rqpruéuiuu by pluccse, |
Cloomds ) Magasendk (196&), using # sutant stfaiu of ¥, coll r&&i%tunt'

to reprossion by glucese, reported thut somo 1ﬁprm.4inn was still

exeyted hy gluconate, In a wore recent puhlicutinnp thasae authors

havis 1ﬁ01ated,ﬁﬁvoralAmutant.ﬁtraiﬁs Llocked in merabolic reactions
1nv91ving‘phnsphnry1ntﬁd esters of carbohydrates and thalr results would

pludnate the supar phosphates involved with the pentose phosphate cycle,

but not NADPH (Leomis § Magnsandk, 1066), The metabolic chnngas\ﬁhamrvud
by obragoss (1966) during shifts in the presonce of glucose }rem aeyo.
| hiasis (ﬁtxﬂng uafnhul;tu xepraJwiQn) to anacyoblosis (catabolite raprox~
sion turned off) cannot be directly employed to distinguish batwnen tho

possible candidates found in the present study,

Noidhardt (1960) isolated a mutant bf Aﬁruhacfer povopenus which
lacked gluense ropression of imduged'wnzyme synthesis but was still
subject to repression by glycerol and gluconic acid, He observed, as
waldid, thit the glucose=insensitive strﬁin consumed less glucose for
the pruductimn of a’givwn cell mass than did the wild type strain which
Wil 5unsitivu‘ta repression by glucasa‘éf the induced synthesis of
ﬁ-galaﬁtomiéasa'and histidasa1. Sm diff@fanaa hetween the hcxakinnﬂc
ucnlviti&q of the two straing wxiatcd tut a "glucuma uxtdas&" activity
wias alumwt.aumplatuly lacking in tha strain inseasitive t&gglucowa
repression (Magasanik K ojarsku, lQ@Ug Wuidhurdt lvuu), Neddharde
. concluded that this deficiency dimiuinhad thm uvara]l rate of plucose
diﬁﬁimilatimn and, presumably, permitted the Limgynthmtic processes of

the cell to maintain a lowey affector concuntrution, “Glucose oxidase"
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&ctivit)? has been found in callwfma»axtmrcw'of Ho coli (Duerre F fiihi-,

1963), M active ;;gluc:cwmk‘iﬁais@ which phosphorylates gluconic actd has |

*also been found in ghmmiuw-grwr\ culls of E, coli (Wood § Schworde,
195%), Xi‘&«!”tma:';shbg;,],l.zcunntw could then be :raf:taboli.wd thi’oisgﬂ the pentoso
- phosphate cycle, |
- The experiments of Faith, Ci()rgwfa i Mi:lm:fe (1 964) would also
vmmi tu mc.ludu glucose B-phosphnte ss the catabolite rcpm‘asiw

ctmnmr involved in induced ﬁ»fmlax,toaidu% formation, They mensured

‘the glucose (%np}-xc;saphaté: lovels in nitmycm»swwwd cells und foumd that

~ the e sunption oﬁ’ induced &;»-galncmﬂduw formation colncided with the;

0

o di«stsppcxarumm of exogerneous glucose, n]tlmup;h the intracollular conume

. tm;@qr} of glucose Ce-pt'mp}.am was still very high., They also clﬂ.imcd
to have ruled out the sugar phosphates lumediately dorived from glucose |
6-plmsmmm'x§ﬁ b«sirﬁg possi‘blm effectors 0 'but s ince thoy did not weasure
‘thaa ihémwllumr conceijtreitions of ﬂmsa &uistmxms 5 their conclusions
vcumm‘t Lie aécéptud unequivocally'..' "li’he. findings nf Loowls & !«*ag;aé:»srai}' |
| (1966), in whh;h a mmlmr of cnrbohydrate inmmmdiates were elininated

@ eif'wcters on genoetic gmunds, may nlsm he critiaiaed along similar

o 1ines, Since it s not wrtain that all th@ wssiblu biachcmical intore

rolotions muﬁ [‘nuthway:s act*l\/cly existing within the ‘,«nl are l\no\m,
Azsi.mpl«a enzym;ic Incompetonce m.»ultingg from genotic muv;atim cmmot be
' mgfmlmf “s an ul“:,sblut@ indication for the abs&ncé of nﬁ intormediary
‘wetabolte, : | | |
The mmuininy evidonce for or &againﬁt NADPH or sugar phosphates
tmtu on. vxmrinwnm which cannot be interpreted uxmmhig,uoualy in

favour of one or the mthwr compound gi,nco they involve uo divect

W

o
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expectod to cause a yoduction in the smount of augar phnwphﬂtms nude

) - W

measurenents of ‘thelr concentrations, Shifts from aorobiosls to sneeros

‘Llosis cause a sovere docresse in the rvate of growth of the cells, hut

after semo time & now rate of growth is establishoed. During that lag,
cutnbolifﬁ.ruprasﬁicn_uf iﬂdumed'ﬁwgnlnctaﬁidusu 15 relieved (Coim §
foritiata, 1089), Addition of nitrate oy nitrite, which Lo sowe exteut

can replaco oxygen as nn oxidizing agent, prevents the rulief of catabolite

repression wnider anaorobic conditions (Mobrogosz, 1965), Thase experimonts

"> way equolly fuplicate NADPH or the sugar phmﬁphﬂtcs.

In nmnwprnwiny cells, dinitrophenol, an wmcoupler of oxidative phos-

‘.phnrylmxien relieves catabolite repression caused by ﬁUb&tﬂﬂCUﬁ which

are motabolized asrobically only (e.g,é acotate and succinate); it docs

not, howwvor, reliove ‘the represslon caused by substances, such as

glu&ose anq fructose, ﬁhich ary alzo mctabolized anaerebicnlly (Hoandelstam,
1961), This might favor NADPH us the cutabn]ita corepressor heaause
dinitrophenol st Lsulates th@ rate Qf oxidation and this could yesult in
lowering the concentration of NADI, ﬁincﬁ'dinitraphanoi was unable to
rolieve catubolite repression coused Ly plucose, the sugar phoiphates

71¢¢§llﬂﬁ strong candidntas. It is known from work ultu fungi (Moses,

185 D3 Mosues § Swmith, 190G) that dinitruph@nol and azide {another

uncaupl&r‘af oxidative phosphorylation) du-not.altcr the pools of the

BUGAY phnéyhatea when glucose 1s the carbon source, By uncoupling
Oxid&tiVb vhuwphorflwtiun, dinitrophvnnl will cauae a fall in the ATP
concentra;!en. As ATP 18 vequired for the mynthusis of uugar phosphuten

from succinate or scetato, the addition of dinitvophenol would bho

- from these subatratesy it wmight be such an effect, yathor than promotion
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of NADPH oxidation, which results in the chserved veliof of catabolite
my‘)re,s'tmi_m;\, Tho mpmasic_m exertod by plycerol could also he explained

equally well in torms of sugar phosynhawa.m’ RAIPH,  The sugar p‘?smsx:»?mtt‘sss

produced from glycerol could be oxidized throuph the pentose phosphate

cycle, and a resultany algs\.mtiuu of | the level uf NADIH would stil) be o
candidate for catsbolite corepressor, | | |
Mm" ‘iha ovidence pmwntad in the pwwm mnm.unication
hag suggested Fnur ymwihm «vrusgﬁmuw for the rolc of th¢ offector in |
cu‘tabolim mpms:simn of ﬁ«g;,alactamdwm synthesi,a by'g,lucosa; glucose
t':-»plws;ahmd, té-y';hdmwmsgmcénare&, fructose ‘1 G-diphuﬁ‘phaw and NAIWY(, A
pood deal of data Obtzsaham} by othor vorkers in this field is in mgmcmnt
with t'tm c}micm of thmm remdidnwm At the prosent timu o bowever, ve

are unab]a to m&w B dufi'uw choice mmmg; therw compounds either on the

~ busis of our own vesults or as A yesult 0f yelovent data publisnul by
others, All things cmwi_,dcwd, NAIPY is porbaps the post 1il»u.ly compoutid

- but the YEusens for cl\cscsringg that rather t'hzm one csf the other three tend

to be wonk, The Mnetic corm"atiom wporwﬁ ‘m this papcr have been

“oltained cm]y in one system, in one t:ype of ggmwth shife, and #n exton-

sive study uf Lhe w:m:amtive Hnetic, hmmviom‘ of these substances

ux'umr a vuriety af cauditimm lwuding to camtmliw repw:»ssion m\d its

' 'z“a].ieaf iy newaaary in omur T pumit: & more dofiniw chuica to be made, )

It ahauld not be overlooked t at tt.c: d"m.c.t: Mnetlc invostipation

of tha corw) atimw Letweun mtxﬂm‘litu mﬁl siges and c:umholim repress
- Blon fia it: vel ‘mbjoct to witicism on the hasis of m&sible netabolic

| compartnwntultwtion (Moses & Lon!,,c r-tolm, 960). Hw ovlservation of

a change in thea pml size of a nmtabclh mwnnudiam in thu cell

(%
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Energy Connission,

7

us_a whole may not be an Indication that the local concentration changes

at the site whera the effector acts, Cowpartmentation in the motabolism

$ A

of sugar phosphates has indeed been observed in Vi, coli (.CH, .L,!\vian o

§ V, Moses, manuscript in preparation), sad overall pool size m:asm*«as: :
wents moy not have the significance which at fivst sight they appear to

possess, ‘The fina) proof that a puvticular compound is the catabolite

corepressor for & piven fnducible systenm wust swait a desonstration of

its &'a;";ocﬂ.ffid activity in a highly purified cell-froe system devoid of

any comportmental bavrievs snd capable of syntheslzing the enzyne de nove

vnder inducible contyol,

The worl reported {n this paper was sponsored by the U, 8, Atomic
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Yool sizes of metabalic intormediates and thelr relation to glucoss

vepression of p-galactoslduse synthesis in Fscherichia cold, ¢, Pravost

i
| and V, Mogess ﬁiuchﬁm.'d~ ( - ' _ | 3 Lawronce | : ' %
Radiation Leboratory, Hnlvurﬁity of (alifmrnin, hvrk@luy, Pdlif., U.U.A ’
94720,  The intermadiary wetabiol ism uf 1A% ) &trains of I, coli hﬂﬁ havn
 éxnm1ned, One styain (G22) cxhiibits acute transient repressiun of - i
.ﬁ~gulﬂ¢tﬁﬁidﬂ$6 synthiesis when plucose i supplied.tﬂ cefﬁ& grauing |
on glycurely the other strain (43110) does ngﬁ. The two strains do
.not diffcr gonetically 1u thelir lggloparuﬁﬁ. 22 uses sbout twico os S
vich plucosw as Will0 per unit of col) mass produced, Pontose phosphate

cycle nuttvity in the pthuﬂCﬁ of glucose 15 mich stronger In Q22 thun' o

T W3110, In (22 the puﬁl bil&& of glucose ﬁ-phmuphata, bvphOsphoyluconuta.

JREHIE S

ffuctuso l,ﬁ-ulphaﬁphatn nnd NADPH ingrﬁaﬁe when jglucose 18 added to colls
gruwing on glycerol, and a-ﬁu1ﬂ¢f6313;§é 5yufhasis is severely inhibited, iéf
- After ahout lzhrq tlis synthesis of é-ﬁmlactosidasa {8 partly rogumed, and Ef
“the pool sizes of the four compounds foll, ATP, MAIN and soveral other | lé:

'phmsphﬁrylatwd cnmpéunds show 1o concwntrétiun chianges, These concuns N 1-;€
tration changes do uét occur in strdin MSIIQ,‘in which ﬁ-gulnctoaidﬂke ‘
%yhahesia is only rather weakly repressod by giucos@, Tt is suppested

that repression of enzyne synthesis Ly glucose requives tho yapld operas

tion of the pentose phospliate cycle, and is medintod by one of the four oty
"ﬁubstﬂncws whose concentration rises and later falls in (042, A aufinzﬁa
choice of affector from awmyg these four puséibi]ities cwmot at present

b mada,
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Coeptions for figures

JFipe 1. Orowth chanmber usad for a@spirmtary studias, lngmr diapram,

longztudinal ﬂuution; lowor dinaram, auctimm through pimne XY,

Scale warkers Z‘Qm. A,'caver; n, 1ightntight enclosure; €, haffles

E.Q, xhh@r tubing cnnnuutiﬁn; By cell suspenslon; F, l%udy to microe

voltreter § recordery , 100 0 rusiﬁtur- i silicon phatocell;

- I, prowth chunhar; gy chillury tuhﬁng £, effluemt pas low to
ﬁuincillaticn conntcr; L, pas inlat; H, conical lucite 1ight pipesy

Ny micruqcopm lnep.,  Arrous indicuta diractinn of gas Slow,

1

Flga 2, Utidization of glucose and differential 5Ynthasia of

"ﬁwguiactaﬁidasa in strains (22 and w3110, 1¥1G (ovs'ngn added at galld

arrows) glucose, (10 o) added at'dasbed aryows, The mass doubling times

 before and after the addition of glucose, and the length of trausiént
~ vepreasion were, rﬂépectivwly (min.)e A (Q22)s 320, 92, 60; B (W3110)2 |

113, 96, 0, o, Glucose concentration; A, B-pnlactosldase activity,

'Fﬂﬂ. 3. Specific yates of 100y r&lua«a from {1~14Q}glucose and (o~14(}«

glucoaa addod to cells of 5tr&1nu W3110 and Q22 prowing exronantially on

plycearol. A strain w3110 B, 5train hz? thellad g]ucoum was added

- in each case st zevo timo, 0, Y00, from [1-14C]p1ucosa; » 14¢0, from

[6-14(]p1urowe- p, difference botwoun 1400, released From [1- 14(]ﬁ]ucoae

. und {6-14§]g1uc0303

N J ‘|

o

Q0

a3 st A S R ot

P — "
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Pig. 4. Effect of adding gluccse on the intrscellular concentrations
of scow inwmdinry metabolites in cel;&a growing exponentislly on
- glyeerol, Glucese (10 »M) added st amws. A, strain ¥3110; B,
stmin Q22. The gcales are in srbitrary univs and vepresent comcen-
tu%&m: fin the culture dividmi by the ektinction, The values arc
congistent within one compound but cenrwt be used to compare the
levels of diffevent compownds., W, ﬁlme»ﬁ-mwspham- o, ATP;
0, $-phasphopluconates 8, fructose 1,6~c§iphopa§ﬁmta.

Fig. 5. Rifect of adding glucose on the intrscellular concentrations

of NAIM and NADPH in cells of strains W3110 and {22 growing expenentially

on g:zycnml. Glucese (10 #) added at ém. The measurements have

beon normalized such that NAD i e NADI and Mﬂ? + NADR! divided by the

extinctiqn rempin constant over the -exym‘imtm period, A, strain W31l

B, strain (22, @, NATRII; O, NATH, ('X‘%m&asmﬂ 1ines represent the

average concentyations of NADH and RADFH before. the addition of glucose.

Note that in section B the value for NADM! which appuars bwmediately
below the errow marking the peint of glucose addition actually records
a sample taken 4 min, after glucese was added.)
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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

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.








