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ma UI;x,glucose-4 eplmerase from &cchsrm m 
was found to be activated at low substrate concentrations by 
some metabolically related sugar phosphates. The stlmulatlon 
of the enzyme activity showed a sigmoidal response to the 
increasing concentration of glucose-6 phosphate at a fixed 
substrate concentration. The activated ensyme was allosteri- 
tally Inhibited by DlP which otherwise acted as a strictly 
competitive Inhibitor for the ensyme. The Interaction with 
sugar phosphates was not accompanied by any change in the 
aggregation state of the molecule. 

Buring the course of our study with U&Pglucose-4 eplmerase 

(B.C. 5.1.3.2) from goat liver we detected two forms of the 

enzyme in the liver, the catslytla activity Of which were 

differently affected by certain sugar phosphates (1). In 

an effort to study these Interactions more closely, a purified 

preparation of the enzyme from the yeast .@.m has been 

used for this work. We have found that 06-P) G-1-P and Gal-6-P 

speciflcally stimulate the activity of the yeast ensyme. Fur- 

ther, the activation by G-6-P is possibly mediated through an 

interaction of this metabolite at a site other than the active 

site. 

w and methour The purlfled UIPglucose-4 epimerase 

from galactose-adapted 4.m was purchased from Sigma ChsaPl- 

aal Co., St.Louis, Ho., 0. S.A. All other bioahtiaals were 

obtained fro81 the sIpe sourae. UliPGdohydrogenase was a gift 
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from Sigma Chmioal Co., St. Louis, MO., U.S.A. 

The lyophllised epimerase was taken into solution wl th 

0.1 M rodium oitrato pH 7.0 and was assayed by ooupling the 

reaotion with DPPG dekgM.rogenase. The assay mixture aontained 

in a total volume of 1 ml, 100 moles of glycine buffer pH 8.8, 

0.5 moles of RAD+ , 0.02 units of dehydrogenase where 1 unit 

wa8 defined as that mount of ensyme that orifflsed 1 ~010 of 

UDPQ per minute under standard oonditions in presenoe of the 

requisite mount of the eplmerase. The reaotion was startad 

with the addition of ODpGal. The rate raained linear between 

second and fifth minute. The uait of epimerase was defined as 

the mount. of enzyme that oonverted 1 mole of UcPGal to UOPG 

per minute. The usual speotfio activity of the preparations 

used were 5-10 units/mg. The highest specific aotivity reported 

for the yeast ens:me Is about 50 un%ts/mg (2). 

The nature and Results: Activation of eplaerase with G-6-P: 

the extent of aotioation of the yeast eplmerase with varying 

oonoentrations of the substrate at two different oonoentra- 

tions of G-6-P are shwn In Pig. 1. In both oases9 the b 

deoraased signifloantly but Vmax ranalned unaltered. Inoreas- 

lng the eonoentratlon of G-6-P bgyond 3 8M did xmt stimulate 

the aatlvlty further to w slgniflosnt extent. &l-P and 

Gal-&P shawed similar activation pattern vith the ensyme. 

Phosphogluoomutase was mt deteotable in the assay medim 

Fruotost6 ptisphate, fruatost l pImphate, manmse-6 phos- 

phate, manmoe- phosphate, gluoosaine-6 phosphate snd free 

sugars like gluoose, galaatore, maxmme, fruatoso l to. had 

no stlmlatory or inhibitory effeot on the entpnrs. &xaa of 

the sugar phosphates had any effsat on UDPG dehydrogenase, 
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Fig. 1. Stimulation of activity of UiPgludosb4-eplmerare in 
presence of g&u~ore-6 phosphate. 
The lower curvci (-O-O- 1 indicates the aetlvlty of the 
ensyme in absence of glueose-6 phosphate. The upper 
two ourves (-O-W > and (-aa ) record the activity of 
eplnerase when assayed in presence of 1.9 sM and 3 ml4 
concentrations of gluaose-6 pImphate respectively. 
The inset shows the lnvorse plot of the sme data. 

15.5 

Concn.of G-6-P (mM) 
Fig. 2, Effoot of the oonaentratlon of glu~3ore-6 phosphate on 

the eplmrrase activity: Each assay mlxturo oontalned in 
a total volume of 1 ml, tQ0 moles of qlyolne buffer 
pIi 8.8, 0.5 ~~1.8 of IUD , 0.02 units of Ui#Q dohydro- 
geaaso and varying concentrations of 0-6-P l s 18 indl- 
oated in the figure. The reaction was started by addl- 
tlon of UEPOU, the final oonaentratlon of which In 
raah orio vu 0.09 8M. In the Inset, the El11 plot of 
the ssm data Is shown. The Vm for this aaloulation Is 
not shown In the figure. 
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the coupling ensyme. The Inactive sugar pbsphates could not 

counteract the stimulatory effect of G-6-P. 

Effect of G-6-P concentration on epimerase activity8 The 

stimulation of epimerase activity In presence of G-6-P, showed 

a rlmoidal response to the increasing Cr6-P concentration 

(Fig. 2). The shspe of the saturation curve Indicated that the 

binding of 0-6-P with the ensyme might be a cooperative pro- 

cess. The Hill coefficient of this Interaction was cslculated 

to be 3.2 (Fig. 2. Inset). 

InhIbition with IMP: Mp acts as a strong competitive 

inNbitor for the yeast eplmerase (3). (Fig.3A). When inhlbl- 

tion with U4P was however studied in presence of 3 ml4 G-6-P, 

the nature of Inhibition clearly changed over to an allosterlc 

one. Elgher concentrations of IMP gave a more pronounced 

effect (Fig.3B). Darrow and Rodstrom had previously shown that 

cations like Ha+, K+ and spenu$ne had strong stlmulatory 

effects on the epimerase activity (4). We found y inhibited 

the epimerase activity even in this aase but the competitive 

nature of Inhibition ramained basically unchanged (Fig. 3C). 

Bffect of G-6-P on reconstituted ensymer On treatment 

with p-chloromercuribensoate, the 120,000 M.W. yeast ensyme 

dissociates Into tw equal subunits and the bound H&Is 

released in the medim. The inactive ensyme can be por$lally 

reactivated on Incubation with mercsptoethaaol and IUD l 

This reconstituted ensyme has the H.W. of the native ensyme 
but is only partislly active (5). Thi ldnetics of the recons- 

tituted ensyme was found to be qtite different in nature from 

that of the native ensyme. A weak but distinct sigmoidicity 

was observed at low substrate concentrations on several batches 
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Fig. 3. Inhibition by IMP of UDPglucore-4 eplaerase, In absence 
of either glucose-6 phosphate or 6atlon (A), In presence 
of glucose-6 p&>sphate (B) and in presence of cation (C). 
(A) shows the Llnweaver-Burk plot of the data at two 
different concentrations of WP. The lowermost curve 
(-O-C+ ) stand8 for the rate of errsyme activity in 
absence of IMP. The upper two curve8 (-O-O- ) and t-i)-)) 
were obtained when the e 7 of 8 x lO-* m!4 and 2 I: lO= 

e was 88sayed in presence 
BIM of IMP. In (B), the 

curve (-Ce ) ix&crates the activity of eplaerare when 
assayed in abrence of G6-P and WP. The lowermost curve 
t-m-+) #how8 the activity of the enzyme when It Is 
rtlaulated by the re8eme of 2 m of 0-6-P. The upper 
two ~urvos, (-CW- 1; and (a) show the nature of 
InhIbitIon when the eplrerare wa8 assayed in presence 
of 2 mM 0-6-P and two dlfferenb aoncentratlons of Ms. 
The oonaentratlonr of the inhibitor Mp were 8 x 1W- 
ml4 and 2 x 10-l ml4 respectlvoly for the two curve8. In 
(Cl, (++-I rrprerents the ldnetlcrr .of the ensyme In 
abrence of c&Ion. Won+the activity wa8 measured In 
presence of $D BH of Ba in the, form of sodiu chloride, 
a curve roprorWat+d by (y) was obtained. (* ) 
lndloater the Llnweaver-Burk plot of the sme Hi+ actl- 
voted eusyme when It Is Inhibited by the prerence of 
2 x lo-' ml4 w. 
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of reconstituted ensyme. In presence of 0-6-P, there was a stl- 

nulation of activity and the nature of the curve changed from a 

sigmoidal to a hyperbolic one (Pig.4). 

Gel-filtration experiments: The epimerase was chromato- 

graphed on a gephadex Q-200 (1.6 x 22 cm) column In the presence 

and absence of 2 ml4 O-6-P using 0.1 M glyclne buffer 8.8 as the 

eluting medl\a. Fuuarase and alcohol dehydrogenase from yeast 

were used as reference proteins. Presence of &6-P did mt cause 

any shift In the positions of the any of the three enzymes with 

respect to the excluded front. When a similar elution experiment 

Concn. of UDPGol(mM)x102 

Fig. 4. Bffect of glucose-6-P on reoonstltuted l nsyme. UDpgl~ 
core-4 -rare contalnlng 0.15 units af activity wa8 
taken In 0.01 I4 glyalne buffer pH 8.8. The ensyme waf 
aompzetely lnautivated by prelneubatlon with 8 x l(r 
mM p-&iloromerourlbenmate for 5 rins. The reconsti- 
tuted l nspe was prepared by Incubating 0.5 il of 
lnautive l nsyq with bo wles of aeroaptoethaml and 

The inaubation was oarried out for 
Requlslte ,mount of this reaotlvated 

enzyme was taken and asawed in the sturdmd us&y 
fixture. The 1OWeBSt curve (+4-j shows the klneticr 
of the reeoustltuted l usyae in abreme’of glucoic6-P. 
The upper iam eurvea (*I and (m ) l haw the 
tineties in prerenee of 1.5 mM and 3 ml4 concentration 
of gluaosc6 phosphate. 
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was earrled out without 0-6-P but In presence of spermine (15 aM) ) 

the presence of apermine caused the epimerase to move closer to 

the excluded front and to the elution peak8 of farase and 

alcohol dehydrogenase, confirming tile result8 obtained previously 

by Darrow and Rodstrom (5). 

I#rourrionr In recent years the maahanla of eplmerlzation 

catalyced by this enzyme ha8 received considerable attention. 

l4ort of these efforts (6-9) have concerned with the prermned 

nualeotide-bound ketosugar intermediate, the exirtenoe of 

vhich was first postulated by Maxwell (10). In contrast to 

these detalled meohanirtlc rtudier with the enzyme very little 

is known about the nature of the protein or its Interaction 

with related netabolltes. Our experlmentr with sugar phosphates 

suggerrt for the first time that a rite other than the oatalytio 

site might be involved in Influencing the activity of the 

ensyme, 

The rlgmoidal nature of activation with lncrearing con- 

centration of G-6-P Indicates that the retabollte might be 

binding at a site other than the aotive sit,e (Flg.2). The 

strictly aompetitlve nature of inhibition by W In ‘absence 

of G-6-P shows that WP binds directly at the l otlve site. 

The 8hlft of the Idnetic olive with IMP In prerenoe of O-6-P 

to an allorteric one strongly ruggertr that G-6-P binds at a 

rite away from the binding rite of Mp i.e. at a site other 

than the aotlve site. In aontrart, eations like pa’ probably 

bind dlreetly to the a&ire rite and thur faoilltate the 

binding of the rub&rate to the enzyme. 

The reaonstltuted ensyme has the 8IISPe dimerio form as 
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the original ensyme ( 5) but It showed much lower octlvl ty and 

a dgmoldal kfnetlcs (F1g.b). Obviously the reconstituted 

enme falled to regain the conformation of the native ensyme. 

Addition of &6-P brought about a slgnlflcant change In con- 

formation as VII evldenaed from the shift In the nature of 

the kinetic curve. The Interaction of the native enzyme with 

0-6-P was however mt accompanied by any change In the 

aggregation state of the molecule as was Indicated by the 

gel-filtration experiments. The aggregation Induced by 

spermlne served a8 the control In this ewe. 

Considering glucose as the starting hexoie moiety, 

eplmerase Is the only ensyme of the galactose pathway which Is 

Involved In the anabollc route of galactose metabolism. The 

l ctlvatlon of the ensyme by Q-6-P or 0-l-P may thus be of some 

phy8lologlaal significance though further work has to be done 

before the point uan be established. 
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