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Smt·ii\RY~ The incorporation pattern ot 14c rrom <14c)glucose by the tuD&Us 

~r;,rtvnehtUS moellerl has been investigated. The i'ollawing e11Ht.anc.sa became 

.l.e.bellcd in :l.ncubatton perioda of 6 seeond.8 to 30 aiu'~WtU the UIOJlOPhocpbates 

. of .tsl.ucose, !':r'ut!tose, sed.ohept\ll.o.ae1 ribo~e., maltose, gl,yecrol, g.lueonic M141 

glyceric ae:Ld, enolpyruvic ~id and guano.s1ne; the diphosphate& o£ f'nlctose, 

glucose, ~ertc acid, ad.eno&ine, ur1dine, inoaine and guaDO&iDe; the tri• 

phoa~bates of o.denosine and uridino; uri41nedipb0Spbogluooee and ur.idJ.ne .. 

d1:pho6llharibosel tree mal.tose and f:ructose.: aspartic acid, glt<'tamic e.cict, 

alanine, va.Une, tyrosine,. proline, hi.&tidine, t:nreom.ne ~ oi t.rulllne and 

t).luto.m111(9J malic acid, citric aeid, euc:c1n1c aci4, f\.maric ~14 and glycerie 

e.cid.. A ame.U percontaee of tho 14c w&a present 1D unidentified substance$. 

The ldnetiea of the inco~tion or 14c firs-t into ud.di.nediphosp~glucose, 
then into mal.tr:>oe })bosphatc, and finally into free maltose, suggests this 

aequett.oo of c~ trn the b1osyntlll!it1c pa~ oi' Jlllltoae formo.tion. 
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The me-in effeatm of starvation of the cells by shaking thev..a 1.n phosphate 

buffer tor 24 !10urs was an increased incorporation of 14c into maltosci and 

the sugar phosphates, and a decreased incorporation into mnino acids, organic 

acid.a and nucl.eoti.d.es. The add1 tio:n of a small &:o'l.mt of ammonia to starved 

cells inoreased t.~e activity 1...'1 the nuc~eotid.es end decreased tr..n.t. in the 

sugar phosphate-a. In th~ presence of azide • the incorporation of' 14c by 

sta.rved cells into. malto" and the nueleot1dee was ueverely inhibit~ e.nd. 

the incorporation into amino acids vas aomevhat .i.ncNasad. Thus, one o1' 

the most ~rta.nt results of ~ion 'Wa$ to prevent incorporation of 

14c into t.~ nucleotides, 'While the &ddition ot ~a overCame the effects 

l'+ A kinetic study of the sequence in 'Which C Y.t:a.G ineorpora'Wd. into 
/ 

and the oxidative patlwaya 1 and later by tho tricar'b~xyllc acid cycle. 

Invest1g;Ation into the respiratory e.otivitiea or fungi vith labelled sub .. 

stratea has bMn used mainly to study the dis:tributicm ot' label vithi11 

various mol.ec::ules produced enz,ymieal.ly .h'om aubet:-ates labelled in known 

positiona. From the results it has b(WI>..,n poniblo to arrive «t. certain 

conclusions as to the illpO'rta.nce of pat"tiCI'Ul.ar pa~s for the metabolimn 

of. the relevant substrates. Thus, Gold&chmidt, Yall & Koffler (l956), and 

I•toaea ( 1957) 1 have deiOOnstra.ted that the tricsrbox;yllc acid eycle plays a 

prominent role in the o:ddo.t1on of acetate in two moul.ds, and Heath & Ko:f'fl.er 

( 1956) ~ and Bartlett & Moses ( 1957} , hava ~ variously laballed glueoaes to 
.. > 

investigate the importanee of the o:d.da.ti ve Qtl.d r~ti ve pa.tll'o~eya in the 
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~laUnl.Y llttlao worlt ·bas b&en d01'lti 1 ho'wver1 aJ.ong tl:'~ lines of Calvin 

(1956) e.nd h1.s co,..wrlr..ereJO it! Wich an organism is fed a la'bel.lcd substrat.£'1 

for ve.riO\\.'l abort }l(rlods or t~ and then killed and extra..::t.ed to det~rmioo 

the nature ot tU.l the substances :tno.t"XrpOrati,ng label tram the orlginal · Stlb­

s't.'rs.~. Cl.&l'1.d.gc & \farlmnt\ ( 1954) ha.w studied the ineor.ponll.tion of lsJ~l 

trom. ( 1~C)2 ... k$toglueQnate by Pseud~ ~~ &..~ Milhsud & Aubert 

( 1955} bavo supplied labelled &).mose .tmd, etbmnol to baker's yeut. In both 
I 

ot th~ eeili, rmd &'l attempt V'"•'l. :~¥* to Ctbta.in a ;p.i<:t.u..""'C of t.he 1d.netic 

relGtioou 00~ t..'le~ c~'UI:ltb obB~~.. A Nl"&ll~Y e~· by :aa.....;.:.lett 
. . 14 

& Moeea (1957), Ut.Ung z.. ~ler11 ~~ tl:l&t trds f'~ GOil'lf\el."ta (- C)$1\lCoGP..i 

. into at lat"ge uumber or U:~aunda in a 'Vm:"J ·i&hort t~ (15 s.ee~ va.s the 

shorteet 1m:ubf.ttion t1w UL~). At tll&t tw~ it. W1:W not :PQ.Mible to i.den.tif;r 

'W:W;y of the prod'UI:ta o1: gluoa&e met.aOOlistll, e.t."'ld no ~ de:i'Wte conalusicn.w 

could "oe drawn. . r 

~» ~em ~cation N~ a ft:trt.her at~t. to elucidate this 

probla twing ~la or £!:.__~l.l,er:1 in 'Ye:'!:"iOUS ~tal condi tiona, and. 

o.na.lyzinet ~ c:.ella ~ aewrs.l ebort pertod.a ot el!.pOSure to v~.r hil#l 

epeelfi~ a.ct.ivity (14c)gl:ueo&e.. FoL~.owing the kill~ end ~action or 

the eullc Vith r.ot ct.hs.neli tba e~te were ~ 'by ~sto~ Wlti 

radt.Ot.\~ u de&eribed by Be.uen, Basoh.am, Ca.lvil'l,. Goodsl.e, Heas & 

Stepka ( 1950).. 'nl0 resulw G\l"e eoru;i~nt vi th the apere.tion of ooth "the!: 

hexofi$(} lll01lCf;lbosphaw ahunt o.m1 tl'w sl;icolys:ia •cbe.niams tor ~ucose breQ.k .. 

d.avn1 an~l wi.t.".l the sullsequent uvolveii'k'!tnt or tlltl c1t.r1a n.cid -cycle. Con.­

sid~nJJ>.te d.tffeNllCe# were found in "i:hl pattern of iru::or,9o.t.-a.tioa ot 14c 

oot\~ eta~ a7Xl fi"(fliSh ~1.1..3, and a. atud.y hwa boon ~ c;t the efi"$ct~ 
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cells. 

CUltures of ~~'WI ~leri (Carlm;:Jnvea.lt.h· lt/uologi<ml Institute 

No. 21994) "~ cul~ in too same mediw as that WlGd .in previous studi" 

(Mosee 1 1954}, eave that ;yeut' or liver ~--ts wre OillittAd.. Spores 

obta.iJ.l.OO t"rom ~al ~ s.l.&l.ts o:t' the fuJtgUG wre inoculated into 200 ml. 

ot the growt.'l medium 1n e. 2 1., bottle 1o1Uch was ~ Vi~~v on a 

reoi~ ~ tor about 16 to 16 hours at room ~ture (ca.. 25°C). 

Aftm: growth the aell.s ~ ~ted by centr1fu-tion, '-~ with dist1JJ..ed. 

water, and eubsequentl.y resuspended in. dist.illed wter at a cellular concen­

tration ot el>out 4 m.l .. wt .. ps.okOO. eells/100: ml. suspweion. The volume of the 

vet...pa.c~ cel..l.s ·1M.9 G.ctc.r.nil~ by ~tr1~1 tbe ti\.l$]teflSion :S.n a gredua:ted. 

l2 lnl o conical tube t:or 5 m:J.nut4iw at 500 .&• 

If til~ cel.ts ~ requtrad, the eyp'h,M, e.fter huwating and li8Sbing, 

were rea·~ in 200 llll. .. of: O,.o6't W~te b\\!ter, pH 6*8, and wen 

ehe.lwn :or a f~ 24 hour&. They~ then~ e.nQ. rea~ in 

d11$'t.1Ued wa.ter. 

J!;acb of severnl 50 m.l. Erl~ flanks J"ee&1:ved 5 mJ..,, of cell suspGnBton .. 

~. At too ·be[:{;iWling of. the in<mb&tion pt.'X'iod 4o ~ .. ot (14c)g.tuaose solution 

(~'e1fic activity 240 IJIJ./m;z.~ j 33.6 WJ,./fle.Sks final glucose eono., 1.6 x 10 ... 4 M) 

vere 1.-apidly 1njeeted into one fl.ea.k at a ti.n:te., Attar .the deaired :inc'Uba.t1on 

period at X"''Ocr1 temperature the c~ll suspoosion vu qui~ :P<~ thro~ 

rubber stopper into the top of a .Bu.chnrlr f'l!.wk, and e. ~ of Celltc ~"'ilwr 
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Buclmer f.luk, inserted into a centrifuge tul>c of suitable eise, and 5 ml. 

of boiling 8<J1: (v/v) ethanol poured onto the cells on the G1ntered gle.sa 

disc:. The opwa.tiona ot filtering a...'ld killing the cells vex-~ performed as 

quickly as possible, and, vi tb practice, only about 2 s~onds elavsGd 

batwen the pouring of the cell suspension onto the filter pad and the 

addition of the ethanol. 

Tho cells wre a:1..low'ed to stand for 2 hours at room temperat~, the 

:t'un.nel loos~ in the tube 1 and t.lW suepension filtered thro\lih the pad into 

the t~ by pre!IU!il~ from e. N2 <:ylinder. The funnel was again· inserted into 

the tube and 2 ml. or boiling 2~ (v/v) ethaxlol po~ ont.o the cells. A'f'ter 

1 hour the second extract WMI filtered and the pro<:ee.s repeated once more 

Vitb a further 2 ml~ of bo11.1n.; 2~ (v/v) ethtmola 
I 

'l'he three ethanol extracts i"l"om each S&nl!Ple were pooled and. ~ated 

£! ~uo below '40° to a small volume. Two-dimensiOnal demeending chromatogr&%llllli 

wre run of each extmct on 1811 x 22" ohset.s of m-at.'!Vm No. 4 1'11 te.r paper 

previously V&ih<td with ~ (w/v) oxalic acid. f·benol .. water was used u the 

aolV't'lllt in the tint d.iluension and ::-buta.nol .. propiontc a.cid-vaUlr aa that 

in the second ct1uns1on (Benaon et. a.l.Q 1 1950). G0nars.l.ly 1 two chromatogr-ams 
~.,..,.. . .· 

were run for each se.m,p.le. "For the first, l/5 of eaab extrect vaa ehro:ii&toua,pbect 

so t.b.at eo.Ch aolv!lllnt Juat rea.ol1ed the edee of the paper ( 9 to lO hours for 

pheool"vatcr, a.nd 1 to 8 hourm tor ,!!-'butanol .. proptonie acid:-,water) to obtain 

a picture of all the soluble eubstencea in the extract .. ~ On such ch..~togre.illS 

sugar phospha.tea o.nd nucleotid.es, impo~nt c~1.111dB 1Jl thi.B typo of inves­

tigation, mow but a small dietanae from the origin, and the s~ticm of 
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many of th~se compounds is vwy poor. To overcome this d.itf'iculty t a further 

2/5 of oo.ch extract ~ chromatogm.p..'led for 24 hours with phenol-vatm- and 

tor 20 hours with !!-'buta;nol .. propionic-wter acid (Moses & Calvin, 1958) o 

This spread out the area coote.1nina the sugar phosphates and nU~:leo·tidea 

web f'urt.her, and i'Ood· separation wo.s wueJ.ly achieved.. The final 2/5 ot 

' 
sa.t.ie:fac'tory. Th~ J.OO.ationa of the radioaeti ve materials were det41lrmined. 

by ex,posin.g the ~to~ to 14" X l T' B~t5 ot Si~"'~t,ed blU$­

sene1 ti ve Dupont X-ra;y film 507 ... t; for a sui table period. Rwl1oactJ. vc ink 

markers wwe Bte.mped on the corners· of' tbll chroma~ to fac111 tate the 

subsequent all~t or the film w1 th t.h$ p.m.per .. 

The llt.c ·present 1n ~ecl'l c~ on. the· chroma.tog;ram was ~ned 

Vi th a Scott·~ large Window Geiger ... Muller tube connected to a. scaler. 

The window was· of Du Pont "l\.trl.Iif.r" l 1olyestcr film f'JJ.'ld the counti;ns tube wu 

.flushed con:tinuoWlly with ''Q ~"' (99.05~ (v/v) He 8t\d 0.9"" (v/v) tso'but.ane) .. 

When this counter vas used to count 14c from Whatman No. ~ filter paper, 

about 6 to -, or the total disintegrations were counted. The a;pot.s were 

'lbe 1d.$nti ty of labelled a~ on the ohroma.to~ was established 

part.J.y by their poal1tton and their auecept.ib111ty to hydrolysis b;y acid 

phosphatas~, and vas confirmed l::r-.1 co ... ehrolaatography with authentic marker 

substances, if neaessary, a:tt.er removal or the phoepha~ groups from the 

unknown substances. Co-chromatog:ra;pey vas }Xfriormed in th~ same sol vent 

syeteme as those mentio:ncd. above. li:xm.at coincidence ·ootveen the labelled 
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'1'h$ fol.lcving techniques w.re. uaed for the l.ooet1on of the m.."thentic markers: 

Am1no .. ao1ds were sprayGd with O.l~ {v/v} ninhydrin in 9~ (v/v) ethanol and 

the chroma. to~ heated at 100° for 5 minutes. Orgo.nie acida vere sprayed 

vith an o.~ (v/v) ethanolic: solution of bromcresol green, made Just alkaline 

vith a little NH
3

• Sugars and oth$1" reducing substances (i.e., i:)l.yceric acid) 

were deteeted by d:lN>Ping the c'h.rQmatogra.'!lS into an acetone eolution of AsW03, 

allovins them t.o dry in air, and then 8pre.y1ng vitb ethanolic Na.Ol!. .1\tter 
.) 

develo,v.nent of the tspOts, the excess A8N0.3 'WS vashed ott in mt3 solution 

and the ~ dried (Tre:velyM, PrOctGr & Harrison, 1950). In a4dition, 

ketoses v<tre detected with the orcinol-trichloracetic aci<l reagent (modified 

from Klevstirand and Nord&l, 1950). lfucleosides 'Were located by t..,.,1r quench.1n.s 

ot .fluorescence undcJr u.v. illu:Unation. 

Spots suspected of bei,Qg phosphates were e l'l<"ted from the paper vi th w.ter, 

treated oither vith purified Pol1dase S (Cohen, 1953) plus acetate buf'!e~"", 

pH 5, or wit.h h\.\i':Um seminal acid phosphatase (a gift from Professor H. A. 

Barker) &.nd acetate buffer pP. 5, and alloYed to stand ovGrni~t at 37°. 

Authentic markers ~e a&led, and the substances chroma.t~ed.. 

Labelled glucose va.s prepared together with K. K. I..onbere;-Bolm !rom 
. 14 

Canna loaves allowed to CfJ.'%'1:7 out photosynthesis in the presence of co2 

-(Pu~ & :He.seid, 1952). OWing to the radiation ®c~ition or the very 

high specific activity glueose, sar~les of the glucose were chromatogrQp~ 

iromedie.t.ely before U$1!1 aDd then eluted from the chromatograma. This 

achieved a sathlfaetory purification of the substrate and1 except tor one 

experiment in which this was not done (~ r:tesults) 1 no interference trom 

conte.minants in the ( 14c) b).t;eose ws apparent on the chromatograms. 



.. . 

UCRL-8361 

RESUL'l'S 

7,.~t1f1aati~ of s:ubstances fonae.d trout Q!.uc:ose 

. 14 
A considerable ntUJiber' of aubstances wre produced from ( C) glucose 'by the 

hyphae, som0 1n very short period~~. Aspurtic acid; glutcmi.c acid, alanine, 

va.line, tyrosine, glut.am.tne, prolin.e, histidine, threonine, citrulline, 

malic acJ.d, citric o.eid, suoc1nic acid, fumaric acid, glyceric acid, maltose 

end fructose wre identified by elvtion rmd co-chromatography vi th the 

~te autl:lentic mark~. The maltose .-pot contained. only eJ.uoose 
I 

after e.atd b,ydrolysts (N-BCl at 6o0 ro:r l2 hours). 

Ailtll.yaie of the area on tho chromatogJ:"SmS known to contain the sugar 

· ~tes (Benson ~ !!•, l950J Bassham & CalVin, 1~57) va.s performed 

by treatment vi t.b phosphatm.&e fo.ll.owed or co...chromo.togra:p.'hy. l''hoaphoglyeeric 

· acid, phosphoenolpyruvic acid, ribose monophosphato, glycerol phosphate, 

maltooe phoapbate and phosphoglueonia acid were identified, atter hydrolysis, 

b:y ao-ahromato~ vitb gl.yoeric ncid, pyruvic acid, riboae, gl:(cerol, 

maltose and gluconic acid, respect.! vely. Tho area suspeet.ed of being m1..xod 

~ and heptose monophosphetea waa show to contain t:,lueoae, fructo&e 

and sedoheptulose ~hates. Sedoheptulose lie$ chrcmw:tograph:1cal.ly 

~ glucose end tructoae, and te not euy to detect in the preaenee of 

large ar:Dunt.a ot the hexose.&. i'o CO\llf1rJ.'a its pntaence, thO p.bosphat&Ded 

monophoGphate ~vas heeted vtth O.l. If-Bel at 1<..10° tor 5 .minutes • 
\. 

Sedo..~eptu,J..ose wa partly convvted into sedobeptulosan, Whiah chroma.to&t'f!.l)hS 

quite separately from the baxoues, and wss detected by t.lJe o:rcinol­

trichlore.cetic acid sprfl3 (Klevstrawi & Nordal, 1950). The area conta.inins 

the sugar d1phos~s (Benson~ sl., 1950s Dushsm &_CeJ.Vin~ 1957) va.s 
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The spot labelled "UDF1.1' in Figs~ l-4 wu Dhovn, after treatment vith 

phoapha.tase, to contain uridine and glucose, and ~ probably \U:'idine· 

d1phoaphoglucose; the spot. cies!gllat.cd "UD.Pe' si.milnrly conttU.Md urtdin.e 

and ribose, and ll:l8Y, by M&l.of!:.Y' with urid.ined.ipho.sphoglucooe, 'be urid.iM­

dipt.osphoribose. In neither ~~~ nor with e.xw or tho other nool.eoG1de 

der1vat1V'¢S identitied; we an_y at~ mJll.de to determine ~ther the 14c 

vas present in the &U(;&r, or the 'ba&e of' the nucleoside, . or in both. 

A n~ ot spota were o'b&erwd., wh.iQh, trow. their chromatographic 

posi tiona and -,;.. v. s.bsorp'tlo.."'l w.re a l.lB'peflted of being nueleotidetJ. t'hose 

laballed ''AT~' and ''ADP" gave ~noaine, urid.ine and riboBC on treatment 

with phosphatase, and wre poaaibly A'l:.f and AJ:!P with a. 'l..lridina-s~ 

con'talm.mmt. The "Nucleotide dJ;phosphate~' spot oont.ained urid.ioo, i.nosi.ao 

and probe.Qlt ~1n0, and chromatographieal.l.y correa:po~ to the dipbospb&,tes 

. ot t:h.e&e ccmwounds o Uri dine tripho.sphattt ( U'l?) eontained only uridine and 

correaponded w1 th the position of the triphospt£te nwr; another spot vas 

1W:mtified in a stmil.ar vay as being guanosine monophoapho;te. A turt1::i.er 

apot (called 11 ~ nucleotide mona,r • .hospl'lata" ) roo.y have ooen xantboa.tne 

mooophosphate but its idlantity VM not <!Om .. i.rmtd~ In eddition to all tlletie 

. compounds which have been idemti.tied vi th a greater or leaser de~e of 

certainty, the re.dioautograms allOWed the presenee of up to &bout lO WI!Lkly 

Mt1ve substonceJ.J which wre not ids.:mtified: 1n raost ~ not ·IZ!Oro than 

2 to r:f); of the total Mtirtty 1n~orporated t'rol1l {14c)&].ucose ap~ in 

theBe un1d.ent1t'ied a~. 
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Kino:t1e studies Vi th ururtarv-00 cel.lG 

Freshl.y-ha.'rvested cells, suspended in diatilled \ia"'W:r, 'W0re incubated 

vith (14c)slucoae for fi:l'teen different inou'l:mtion periodD betwe-en 6 seaood.G 

and 3 mi.n\.-tes ~ and in o.nother (\l:Xperh"lent. i'or 30 ~1nutes. 'l'he di!)t.ribut.ionG 

(Insert Table l near here) • 

activity in the soluble fraetion of the cells whioh was incorporatod from 

the labelled ~ooose into t.l:at t.::Ol~und; in a.dditiotl, the total aotivttiea 

in tru.•tne of disinte~:;';r&tions per minute for & standArd e.liqu?t of the tota.l. 

eoltible fraction are given. 
14 "14 

The til."® f*:queuce of the iucr:>rpOra.t.ion of C from ( J, c) sJ_ucose into 

the V"W..'"ious substances <Wtected is consiat.ent with the ~ation of both 
. . 

the- glyoolyti.e end ox.t.dat.ive patl~. Thws, in the firat fev s~otld.$ 14c 

appeared in the S\ilgar monophosphst.ea and diphosphates, in l>hosphogl~onate, 

ribooe Wnophosphate 1 phOSphOglycerate, pOOSpOOen.Qlp;yruvate f1 am in l.lmJ.ate 

(Table l). A small amount ot ~ wu present. Aepa.,-t.ic a¢1d vas a;pparentl\( 

very e.cti ve, out thiB "t.mS probably e.n artifact due to chromato~hic co­

in•~idence o:r aspartic acid. ~th a redi.oactiw eantsmina."lt !n the (14c)g,.tuc0$\11 1 

rw I.n this e.:~ment the glueose w.s not first purified chromatographice.lly 

(sea Mir'....hod.s). In other ex,erimentts 1 t ha5 been :round tho.t tho firet three 

GJAi. p!tOSpllOt;:cy-ceric acid. t-11 th the exception of aspartic a.c1d, three 

substances sl.!.CM'OO a fall in tbe percentage of the to'Ull 
14c from th0 shorteat. 
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... IIGIJ ..... ,.,. aellll wn ~ vlth ~ aftelr 

-----~ ~ ---~ ..... ........ .... lt$41*· 

~-~ ! ! 10.5 !!:l .a !1 !! 11 a M!! !!! Y1:1 ·m !![ .!!! ~ 
2.1 •• 9 ~-9 4.2 .J/" 3·9 J.6 a.T ··z 2.9 a.• 2.1 .... ).I a.) o.l8 

512.2 )5.8 ~.a ]1.8 .2 ,~.8 29·5 26.1 .,. ~.T .. , 19·3 1T.T 17.2 16., 1.~ 
s.o 1·1 9.6 8.) 10.8 .s 8.Jt. 8.0 '·' ,., ,., 5·T '·' '·' '·' o • .a 
6.1 6. ).9 1.7 2.7 a.• 1.1 1.7 "<-1•5 1.) 1.5 l.T 1.1 !:Jr 1.1 0.10 

'·' '·T l·5 Jt..1 ).I a.o 1.9 1.5 1.1 1.1 1..1 1.1 0.88 o.a, 0.09 

'·' •• o .1 1.9 1.6 1.5 1a9 1.1 O.T' 1.6 1..0 1.1 o.a, o.,.; 1.1 0.55 
].) 2 •• .... 1.2 2.1 a.o 1.5 1.1 1.1 1 •• :a..a o.86 1.) 0.73 o.,, 

o.t6 o.r.s 0.62 1.1 1.6 1.8 1.9 1.9 1.8 

llrt.UDIIIIIItl ... 1111• .. o.a, 1~ 1.1 a.a 2.5 ).1 3·3 ,., 6.0 3·9 s.a "'·' "'·' .... .. .. 1.1 
art.t .... _., ......... baM o.~ o.&z o.66 o.gr. 1.2 1.1 1.1 1.5 1.) 1 ... 1.0 1.1 o ..... 

o.e, 1.1 s.e '·' 7.0 7.8 9·f 9·9 9·2 10.) 9.0 a .a 9.5 SJ.a ••• 3·1 lii.T 1.9 a.6 ).6 .... a. 1.9 1..8 1..7 2.1 1.6 1.5 1.0 o.6T 
0.10 o .... o~l: O.JT - 0.52 o.Q o.ST O.Slll 0.86 0.96 1~8 1.1 

O.J! o. 1.1 o.,o 0.1!.5 o •• , 0.]1 0.115 0.31 0.)1 
0.)1 1.1 o.-. 1.7 ,., 1 •• 1.0 1.0 0.9) 1.1 

*lt.oee 1.) 1.7 1.9 .... I.T 12.5 .. , 1.2 

IWdete o.cn ........ :0~1)2 0.03 0.16 o.u o." o.J.6 o.a u-... a.o 1.) 1.1 1.J 1.2 l.l 1.0 1.0 1.1 1 •• 1.,. 1 •• 1 •• 6.1 
llallltill ).5 , ... ).9 ,.1 1.8 1. a.o 1.7· 1.1 0.88 1.0 1 •• 1.2 1.1 1.3 6.0 

10.1 17.5 ~-3 "·' u.s 8.5 '·' 10.0 ., ... 10.2 :w.o 10.1 10.7 10.8 u.o 10.) 

'·' ,., a.1 .. , J·' .. , ,.1 ,.1 6.0 6. e.o 8.1 8.2 a.l. 
A.1aM T.5 "·' u.o 10.1 "·' ·3 18.6 17.5 16.9 17.6 i.SJ.O 10.7 ao.a 10.9 .\.1 
Cllltl 'm 1.6 1.Jt. 2.1 a.1 a.o ).1 •·J a.l 1.6 
Yal.t.ae 0.)8 1.0 o., 0.6) o.ea o.s, 1.1 l.T 1. 1. o.lte 
boUat 0.)5 
~ O.JT 
~ o • .IIO o.~ o.~ o.J6 o.~ o.llt8 o.-, o.'Mt 0.)0 

...... '"''' llll 
0.8] 0.99 0.86 1.6 l.T 1.,. '·' 2.4 

====-==·· ,., tr.o ,, .. "·4 6).1 "·' ~-7 'l·· ...8 )9.4 :rr.o ~-1 JC).6 31·3 ap.o ,., 
o.a, 1.6 1.1 a.6 3·1 s.a .a lJ:l 1.1 s.o 6.7 S•9 5.8 s.a . ,., . 1.5 

IM!alta'M' ...... r..o ).8 ,., ,., U.7 u.o 1 ... , 15.6 "·' 13·l U.9 Q.t u.e aa.a 
!'ftll&a ...... l.S 1.7 1.9 a. 2.7 .. , a.s 1.1 
lldlll&a .......... ,., ,~ .. ,., ,~ .. .. , J·l 3.1 1.9 1.1 1.9 t.1 .. , a.T a.6 .. , J3.6 
W~Mlta ........ 10.1 .,.o 16.1 .,., 13·7 ·3 )0.8 35·7 ~., "·' )6.9 )9.6 ""·' ,.,., ....8 ,.,., 
ll*l~r· ..u. (a.. alrf) o.sa o.6s 1.01 1.81 i.87 "'·" ··- '·'' 6.10 8.36 8.116 9·91 "·' 16.1 16.9 .. , 
·····-~· ................. .,,... .......... ~aeu. ••••: a ·- · . ••• or ..... , a-s., _. 1 ••· ••• a. ••• a ......, rt 
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· monophQtiphatm) indic-attng that tbes~ awbotenceta play an early rcl'!. in glucose 

~l.Um. As time progresaed a paak of the parcenta.ee or the re.dioaot1Vity 

i~atea pu&ed ~ the ~ · diphoopho:tes, phosphosJ.yceric acid, 

phosphoeoolpyruvio acid., eitr.at.e, glutema.te and Yaala'te! (Table 1). tAter, 

syntbetio prcducta took on en iDeNaeingl:jr ~ater aignifice.nee as oot.i v1 ty 

~ in ever ~tor perc~ amounts; in the amino aeids and rruoleotides, 

and a c.orreapcmding ·te..tl OOC'..Jl"Z'ed in the &erly interl:llediates. 'U'DPQ con~ 

14c even after 6 a.eotm&J J a!'tel" 61 seoonds l.sl.bel appeered in maltose phospl"..nte, 

and in tree maltose -at'ter 90 ~cond.a, s~ing a bioayntbetie route for maltose 

vi& unro and mltose phoa;pbateo Thirty minutes ~ the Blddition of tbe 

.. <14c)gtueose almoSt. all t~ a.ctirtt.y had dis~ :f'.rtm ~ sugcar phospbat.ea 

. ( vhicll conted.ned over 7~ of the total. aat1 vi t:i e.tter 6 oec:ond.s) &rld. appeared 

in nucleoti4es; ~acids and ar~c ecidls, witll a. small amount (1.~) in 

ml.toae.. The re:,pidity vith vhich l4.c entered the nuclootides (2f~ of th¢ 

total &t.'tiviily after 30 m.inutee) ift signifieazit and it Will be .sbo\m le.ter 

that nucleotid.e ayu"tb.osis is O%W of the ~lie a·::tivtties most uns1t1ve 

to s-t.arv&.tion and to metabolic inhibition.. 

Stq)plied vith t~l:ucQM a las period ot two ·to tbree hour.e ·was· apparent before 

the rate of oxtdation bectwG maxtau.l (~s, 1954) 1 liWd that the lag applied 

not only to the rate of ox,ygeu consumption but a1sQ to the ra.te or glueose 

\.lt.illzn.tion (Moses, 1955 !) o Bartlett and 1<~~ ( 1957) wre able to con.firlJ 

that (14c)glucose '1mB incorporated' into vurtous cellular OOOiponents, insoluble 
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as w~l as soluble 3 more slowly by st&""'red cella than by fraahly-harvested. 

hyphae. They oJ.so found co:llSidersble differences in ~olio patterns 

bet~ sta:t"W!d wld ~ cells 1 but Wrc~t l.lnnble to 1dc.u:ti:.t)r man,y of 

the eoq>otmd.a vhieh sh.om:-d moat of the differences. 

In the prera.ent inveetig,ation a kinetic stuey of the incorporation of 

l4c t'lrom ( 14c)alooo~ vae made a.t vari~'"G incubation ti~s bet~n B seconds 

and 30 minutes; the patterns of &~ of these times are given in Ta.bl.e 2. 

C~~ v.f.tll UllS~ c~llll {'r&hl$ l) SGV01"al differences aN1 ~nt.. 

(Insert ~!'able 2 near bere) 

Activity~ at a much higher level in thee~ phosphates, still ooing 

23'1, of the. total af'te:r 30 ~~ CQmp&t"ed vith 3· 5" in unstarved cell&. The 

pNee.GHB of ·Mt.abol.i..em GJ?P~ to be sl.oved ·down: in st.arvcd .ee.ll..s activity 

did not ~ in pbo$phofilunonate until 31 seconds ( 6 seoonda 1n t'renh cells); 

riboM mcmopho~ Mil'el.'" ~ted u much activity as it did 1n unst.o.rved 

cells, and aeti rtty did ftOt. reach a peak 1n the SU£;S.r diphoephates until 31 

s~ ea~ 'With a to lO seear.xds for\~ e~ll.sc This.~ wit.h 

the· earlier :findings (Bartlett & Mo.Hs 11 1957) th~t the oxidative pathva,y 

pla;red. a lese prominent pari in glucooe metabolism toJ..loW'J.ug starvation or 

The most imparta.nt d1t:t~ccs 1 however 1 appeared ill tl1.e qusntitati ve 

distribution of e.ativity in irobstauoos fonned after a~ 1noube.t1oo 

period (30 minut'As). Cons14erable activity still~ in the sugar 

phosphate&, J.euser amounts of amino-e.c1ds, or sante c.c148. e.nd n'JC leotides 

vere f~ (25 to 5(J't, of the G:ilCunt.s in treeh cells) 1 and ~nol"rillUD amounts 

of 
14c wn diverted into maltose, so t'lUah ao that sOllle ~ of the total 14c 
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'IU\'Ile 2. piCOR?O?~~ W :_4c F~! ( 14c)~A;£0B~L!J:'i f~"J~f1r..'}1D CE,L!.,l! 
ct l•.;. 

The vrduea given m"'' ~"'esS1itd n.s the "" oi' ·tl'..a tots.l C 1no~}t0ratcil 'Nihich is pr~sent in 
ee.ch co:J:pount\. The c~lla ~ killed with e~l eftar the in~uhe:tio.n p~riode st.~te--J., cx­
tract~d, o.nd t..'"l-e extwncts c~togr~led. 

Incn.-.b~l,~!;;.~_j?~"'iod ( ae'=. ~ 
S~'t' diphoSJJ't-..2.te~** 
Sug;,~ ~~phosphates*" 

I>ho3JPh~gJ.¥cerete 
Pho®pho€nolp~~~vate 
PlK'iS},;1h.ogl't'~Ol" .... "lW 
Ribo~ monophosphate 
Glyc~l phor-o:pl~~t¢ 

}·1cltose phosphe.te 

Ur1dinedipho$phogll~ose 
Uridi~edipn~s~~~ilY~ae 

1/i"t;.Cleotidc d1phos;pl~<"1tes**** 
Gu.a.oosine monophoaphate 
Urid.tn0 triph-oo:r.bate 
t~Mnosin;a diphosphat4ll 
!uieoo~ine tri:ph.-:mopru~te 
Unidentifi~ nucllit>tid4 ~te 

Mal:t.os~ 
Fruw •. m:~e 

Succinate 
F·t.~m.:W!:."-s't~ 
C;lt~lof.;~ 

A~val~te 
Glt1.'t~t® 
A1EH~i'l1"(j:':} 

Olut.~;J.m.in.~ 

Vs.lin'ZI 
Hitrr.-t.i~ine 
Tylr-o~bl!'il) 

Ci tl•u.l&a 

Tot.&l in au~~ p.hompho.tea 
Total in ttridiru:J-S'l.l,Q'_.ora 
Total in nucl~~tides 
Total in free eug,Ere 
Total in a<l"g.anic aeido 
Tot~.l in e.mino aci~ 

Total actirlty/100 ul. 5 
cells (dis./lldn. x 10· ) 

2 
4.2 

85.2 
1.2 
0.31 

2.0 
1 •. 3 

1.5 

l! 
s.s 

61.8 
1.2 
o.:u 
0.54 
1.4 
3·0 

o.j4 

12.2 

6.2 

8.15 

4.2 
76.5 
0.87 
0.65 
0.55 
1.5 
0.74 
0.4.1 

4.5 
o.4J 

0.65 

1.8 

0.74 
4.2 

0.05 

0.09 

0.33 

o.o; 

O.l2 

8;.4 
4.9 
2.5 
4.9 
0.1 
2.0 

2£:.2. 
2.8 

74.9 
0.90 
0.43 
o.6o 
1.3 
0.93 
l.l 

4.8 
0.62 

0.'('2 

0.10 
0.03 
0.10 

0.70 
o.ao 
1.4 

0.43 

O.lO 

0.20 

8).0 
5.4 
2.6 
5.8 
0~2 
2.8 

122 -
2.0 

63.3 
l.l 
0.52 
0 .. 56 
0.00 
0.52 
5.5 

o.o; 
0.01 
0.20 

0.75 
o.lo 
1.9 

0.62 

0 .. 10 

74.4 
8.1 
3o0 

10.8 
0.3 
3·5 

31..88 

142 

3·'3 
6L3 
1.7 
0 .. 63 
0 .. 50 
1.2 
1 .. 4 
3o9 

6.0 
o.o8 

1.3 

0.08 

0.13 
0.12 
0.22 

0 .. 96 
0.2J. 
3.7 

0.85 

0.13 

73 .. 9 
6 .. 1 
2.9 

10.7 
o.s 
6.7 

1 .. 1 
lSi.-9 
0 .. 9: 
o .. ;;:l 

u.4 
1 .. 1 
0.,8~ 
o.~ 
O.lf 

30.6 

o .. ~ 
0.,2j 
le4 
1 .. 9 

3-7 
lOoB 
5 .. 7 
2.1 
0.3~ 
0.3~ 
0.1~ 
0 .. 3~ 

1.4 

23.4 
·. 4 .. 2 
14·.5 
3.0.6 
3 .. 1 

23.4 

~~t@ eJ~t. HContains cUr~~;, of fli:"uc-t.oae, glu~o.sa, oDd glyc~'l'"1e ooid. 
Hi.~o-nt.aina ~'W,Phosyhatez ot gl.ueose, truetos~, an:d sedoh~ose. 

-~ ~- ,/'; IJ.-.- .t\..t-~ .... ---'t...~A~- ...,. A "• .to -



... l3- UCRL-8361 

'l 

It will be ~ved from Tables l a.nd 2 tr.e.t the starved calls appeared 

to .utilize labelled glucose more rl.'q)idly than did the . un.starved hypha&,. 

However, the experiments on which these two 'l'ables ere based were performad 

on separate occasions and v!tb different batches of cells; the appal"Wltl;y 

greater incorporation of radioactivity by the starved cella is probably to 

be expliJ.ined. by uncontrolled variation in the biological material and 1n 

the experimental cotdi tions. When the fle.me batch of cells vas uiled as the 

source of both fresh e.nd starved material, it was fOUJJd tha.t the latter 
··' 

ve-e ind~ less ~tive t.ha.n the form~ (Bartlett & Moses., 1957). 

It has btMn reported earlier (~ 1 1954) that gluooH OJd.dation in 

s~ eelle is s;reat.J.y stimulated by the presence of small amounts· of 

ammonia, a at.1mulat1on vhieh could be tote.ll.y inhibited. by aodiura a.z!de. 

Azide prevented the incorporation ot ammonia n.1 trogen by· the cells and &lao 

.1naNUed bot.h the end.ogenoua reupiration and that percentage ot the glucooe 

utilized which vas CO!l1Pl.etel.Y oxidized to carbon dioxide and water. It 

therafor'0 e;weared to 'Oe of interest to ctudi,y the effects of ammonia and 

azide, Glone and together 1 on the patterns of glucose =ataboltom. 

Freah, unst.orved eells '\i'ere 1 aP might be expected, not short of nitrogen 

and showed. little or DO respontJe to the preaenae of 2 x w·3 !11-ammonium 

chloride; the incorporation pattern of 14c :1"rom ( l 4C)alueose showed little 

or no d1:f:1"erence when emmonia WGS ~ to fresh eelll!. 

With starved cells there \I'M a marked. et'fect due ~ 2 x l0-3 M-f.llnmOW.wn 

chloride added 2 minutes before the ( 14c)gl.ooooe. T.ae percentage incorporation 
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but thfl'Et vas a noticeable drop in the actiVity in t..l-Ie sugar :phaspbatoa and 

a ~nding rise in tb.tllt nuclsotides (Table 3). The addition lC to 15 

minutes before the ( 14c) glucose of azide ( lO-3 M) ~eaulted in t..'ie almost 

(Insert T.~.ble 3 near here} 

total. i11h1b1t1on of 'both nucleotide and. maltose production.., a fall 1n the 

total aeti vi ty incorporated, and of the percent activity in the SUGar phos-

. . . 14 . ( ) 
pha:t.ea, and a rise in tb~ C in the e.nnno-acid.~ and organie o.eids Ta'ble 3 • 

... 
to that vith uide alone. There was a sUe,bt rise 1n the sugar phosphates 

I 

and a eorrespondi.ng fall in the arga.n1c acids, end some redistribution of 

activity betwen aspartate, glutamat'3 and alanine, 'but otherwise the pictures 

identical (Tahlo 3) .. 

The effeQ't.e ot azi.dAt thus aweared to be directed Ia18.inl.y t~ energy­

requiring processes: synthesis of disa.ceharides (maltose) and nucleotid.es. 

~ein synthesis V&S apparentl.y alDo il!\Paired; t>toacs ( 1954) demonstrated 

that the 1l¥lot"'j))r'at1on of Ql!Jln01l1a n.1 trogen into the inaoluble n1 tro~en ot 

the cell& ( 1. e. , protein) 1m$ blocked by .u.ide. The high 1ncor:porat1on of 
4 . 1 C into .Gmino acids o..ud organic aeids might then result from e. blocking ot 

protein s:ynthcs.is ldth a subseQ.Uent accumulation of the raw materials for 

the manufaeture of prot~ins, the amino acids. This resulted, 1n tur:1, 1n a 

baoktn.g ... up o-r the organic e.cid precursors of the amino &~:ids. 

Th~ vell·known uncouplin;; o:r reapu•at1on and oxida.t1 ve phoaphorylation 

by azide (Simon, 1953), rud the conaequent increased and probably uncontrolled 

endottenous respiration of the eells, wo-.Jl.d also 8-CCowrt. fdr' the lovered. 

activity in the sugar phosphates when azide was OOdOO.. to the cell su.epens1o'M. 
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Table 3· ~ OF Al<tMONIUM CHLOlliiE AND SODIUM AZIDE ON THE INCORPORATION 
OF j)'j:C FROM ( l'ic )GLUCOOE BY STARVED CELLS 

" . lli 
~ lf:~.lueo given ·rtre expressed as 't:.he ~ of the total C incorporated Vhioh is present in 

ach C(~mpound.. '!'he eells vere killed vith etlumol after the in<:Ubation times stated, ~t 
end the extracts chromatogrephed. Cor;cm .. ot added substances: rm4c1, 2 x lo-3 M; NaN3, 10• 

Plus l'm4Cl Plus Ne.N&o flua Nliq.Cl & NaN3 
IncUbation period_iBeo.l lSO 18oo l8o L_ 180 1800 - - -
Sugar UiphosprJates• 1.2 0.22 0 .. 82 0.36 0.99 0.35 

. Sugar monopb.o.elpha:we** 39·3 6.§ 9·3 . 3.0 9.1 3·0 
Phoephoglyee:ra.w 3·1 1. 12.2 2.7 10.6. 6.6 
Pho!i'ph~lpyruvate 0.76 c.42 2e9 0.62 2.9 1.7 
Phoaphogl.ueonate '"* 0 .. 03 0.94 o.oa 0.82 0.39 
.Ribose monophosphat.u l .. l 0.23 l.O o .. oo 0.59 0.13 
Glycerol phoapbate 3·3 o.65 
Maltose phosphate Ov93 0.47 o.oa 0.07 

Vridined.iphospbogl.ueoee u.o 3·0 1.2 1.5 1.0 1.8 
Ur1~phosphor1bose 4.5 1.5 

l'fw:leotide diphoSpba~ J.6 20 .. 2 0.23 l.l Ool9 1.2 
Gwmooizw monopbosphate 2.7 Oo97 
Urid.ine triphosphate 1 .. 5 1.4 o .. o6 
Unid$l'ltU'ied nucleotide .mouophoa;phate o.1s 0.91 0 .. 05 0.05 

Mal:tose 7oO 34o4 3~1 2-3 j.O 1.0 
Fructoae 4.0 0.1~3 0.62 2.2 0.97 

Suaeilla.te 1.4 0.45 0.81 
~te O.l 0 .. 1~ 0.42 0.48· 
Citrate 1.a 2.7 l.lh7 u..o l2.7 3.6 
t4&.latc e: .. rsa 0.70 1.'7 3·8 2.1 3-7 
Glycerate 06~)1 0.63 1.4 ).2 1.2 

Aspartate 3.0 6.0 9.1 .19·§ 12-.3 28.5 
Glutamate l .. l 6.1 9·1 21 •. 1·3 22.4 
Alsntne 5 .. 7 5.2 26.1 24 .. 3 25.8 15.2 
Olutamil:to 1.9 o.;6 0.82 1~0 
Citrul.Utte 0.29 0.31 o.4o 
Valine l.l 0.73 0.75 2.2 l~7 1.4 
Pro liM 0.14 
lt1st1dine 0.26 
Tyrosine 0.35 

Unknown substances o.ao 1.6 :;.8 2)+ 2.9 3.8 

'l'otal 1n sugar phosphates 49.7 10.2 27.2 7 .. 0 25.0 1.2.2 
'l!otal in ~-svgara 15.5 4.5 1 .. 2 lo5 1.0 1.8 
Total. in nuoleott.d.es 8.0 23.5 0.23 1.2 0.20 1.3 
Total 1n free sugaro u.6 31t-.8 3·1 2.9 5.2 2.0 
Total in orga.nic acids 3.6 4 .. 2 18.2 16.2 18.5 lO.O 
Total in amino ac.ids 10.9 21.0 46.2 68.7 47.1 68.9 

'l'otal. s.ct1 vi ty /100 ul. 
cells (dis./min. x w-5 68 .. 10 64.,07 10.24 47.76 14.51 5le79 

*Cont.a.i.na dip.ho$phates of fructose, gl:ucose, a.od glyceric ae1d. 4H!Containa monop~l! 
ot aJ.ucose, fructos.a, and ~tulose. ~not eep~ on ~sm. 
~!Con~ dililio®ha~ ot widina. 1.nol$ille. end gwmos!Ds. 
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Tj'p1eal r~•oautogroo.!ii\l"' .ehowing the effects of starvation and of azide, 

the chr'Gmnto~ic reations of the ra.lbGtl.meeS investiga.ted.lmd the Mvanti!Ageo 

ot long .. ti:ae chromatogro.phy for ~epcratilla the stiostancou in th~ phosphate · 

area, are sh-own in Figs. l-4o 

(Ins.c...-t Pies. 1·4 ooa:r here) 

TM path Of glUC:oGe UM!tt&bOU. 1n . thi$ or~iom. wteb ~rges f'rom the 

pr~ 1nvoetiptiows ts· ent1n)J couietent With ~U.U' studiee to 

eluo14ate the routes o1 gl.l.le®e br~ in biological s~tema. ':l'be 

ra.pid t~tiOG trom tree a;l.ucose of gl~e ill'ld truowae ~hoaphates, 

of fructose diphosphate md small q~t.i ties ot' i!U.COH d.i~te, of 

plWGphosl.zy>oo:r1a aeid1 phosphoenolpyruvic ~i.d11 to~er Vit.h tre.ees of 
• I 

g.l..ycerie acid}', pointa to an in'II'Ol"lewmt of' the sJ;.ycoly81a path~. 1'hia 

16 a~ by the eppe~e of l4.C in gls+aerol ph:Jspbate (pros~ly 

tram t.rio.ee phosphate) Wid in al.anine llW4 valine, probably trem pyruvate e 

Sim.U.arly; a numbGr of in~tes of' the onuti ve pa~ hAw: beElln 

detectod-: phospbo.~uconic acid., riboae monophosphato fiUld stadoheptulose 

ti.\OnQpllospha.te. 'l'hese campo~, too, appe~ after only a fEN seconds o.f 

incubation With ( 14C)glooGae. 

At a le.ter stage IS'Iiosmnces usociate4 vitb the triearboxylio aaid 

cycle o~l'd., and tbiD cyc=le has ~ller l)cten shown to pl.el.y a. role in 

the Nnpiratory matabolim.m of this mould 0-1oses 1 1955 £_; 1957). The 

uridine diphosphate deriw.tiws of el,ueone e.nd rtoo.ee incorporated e.etivi~Y 

very early, vith the later e:ppea.ranc.-e of maltose phosphate and tree maltose. 
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Ve.riou.e nucleot1deo begM to b0eome prominent after about 1 mit.tute incubation, 

and ill'Creaaed to such an extent that a1"ter YJ minutes in uneta.rved cella, more 

e.ct.1vity wu found in them the.D in aey other s;roup of compounds, except the 

amino e.oids. 

those to be e~cted tram nitro~ and ca.rbobydrate starvation: a rapid 

pi-eduction of maltose 1 probably later o.ouvvted. into iuoluble polyoaecharide 

reaerve ma;tertals, atld· a reduced. formation o£ a::d.no ac'ida and nuoleoUdes 

b;y the ete;rved eella. ~, a esaller percentage or tho total 14c 

in~ 1n ~~ cella e.ppeared in tntermedie;tes of' the oxidative 

pa~ and this e.g.ntes with a previous estimte of the_· r()l.e ot t.h4 oxidative 

:versus the gl.;ycol,:rtia pa.thvaya in thoee cells u.'lder vvtous ph.yaiolostcal 

conditicma (3ertlftt &, Moses, 1957). 

~ b&c1 l1ttl.e ef!oet on the 1ncoJ."P<)ra.tion patterns of uas~ 

vu· no increase in the am1Do ao1d.& fWd the prod.Uilt.ion of maJ.tOIO remained 

at a b1gh level.. It ia the synthesis ot nucleotideo, 't;.opther Vitb tb.e.t ot 

maltose, whillb vas me:tnly affected by azide: .the latter did not appear to 

inhibit tbe formation ot amino acids. Altl'iou8;b the percentage ot the total 

rsdioc..:tivitJ" in the ud.no acids 1ncreaae4. when the cells were treated With 

uide, this vas partly the result of a. fall in the total illcorporatlon ot 

" . C ill\\str&ted b;J the lov &etj;fity in lllal.tose and in the nualeoti.des; the 

1ncre&&ed absoluu act.1. vi t;;.r in the e.mi.uo acids. did oat e~tir<:l,;r ~oeoun1. tor 

the· fall in 
14c uor..nal.i,y iu.;:or_poratc:i:d into the. n~lqotld.ea c.ud ma.ltoso. 

~ula l:.l.e'.d only n slight e:Cfe:ct in th~ prt.taence of azide, and. t.~ <:onaernecl 
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m!nl.y the reletive distribution of activity in glu'tamatP.1 aspartate &tld 

alanine;' the 1nh1b1t1on ot eimlOnia upt&loo by uido (M:.lo~s,. 1954) is rc!flected 

. " . 
Of the .lack of influ~nce Oi~ this uub~tanca on tlw C .. incorpomtion pattern 

I should lik.e to Q:K;Pf'OSS 'Uf/ sincere thank.8 to Professor ~1el Yin Calvin 

for his 1nta-4St and ent:ourageane:ut in tl".J.a work, w"'. to the Scholarnh:lpa 

Cotami ttee ot' the Vnivt~:rs1 ty of London for a Postgrad:uate Travelling 

Fellowship ~owriru.~ put of. the period (1956-7) during td:deh tbis work vas. 

perf~. 
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Fig. l. Radioautogram or chromatogram of extra0t or unatarved cells 

supplied With ( 14c)glucose for 30 min. 

Ftg. 2. Radioaut.ogr-am of c}-..romato~ of extract ot starved cella 
I 

augplled With (14C)gluet)$(! tor 30 min. 

rts,.. 3. Rad.toautogrmn of chromatogem · ot · e~t of etarved oel1s supplied 

With ( 14c)sl:ueoae for 30 min. in the presence o:t ammonium chloride 

an4 aodium azide. 

Fig. 4. .aadioe.utogam ot chromatogram of extract ot \U'lS~ cella s-upplied 

with ( 14C)s.J.t=oae for 3 min. Cbromatouam developed with both 

aolwnts for a long period 1n order to spread the phoephate area. 

!!la ux. un.know$ P'I:lP 1 phoephoenol.JrJl"UYa~J PGA, phoaphoe-,l.Jeerate; 

· p.:fl].ueonate, phoephogluconateJ Mooo..P 1 tllOnophoaphate; Di·P 1 

dipbosphateJ t~, uri4.1ncdiphospboglueOIM; UDPR, ur1dine· 

diphoophoriboee J t1l'P, urid1rw tr1pt10Gphe.te; r...fl 1 fructose 

monophosphate; SeMP 1 sedoheptulose monophosphate J GMP 1 glucoGe 
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