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~eomersion~mWtoW~,~~sd.bytbee~~TlIPWsl~ 

ep~e,rqrpearstoiarrolvesnintenaole~od&stionead.~ionbat~ 

lPR+ ezd the participating W hexoses. Thelivere3nqmeeoxtainsloosel.y 

associatad mlt+ ad the yeast enqme tzomtain8 tightly boll& ma+ (till aId 

tleRobichon-SzulPlajster,l~). However,theyeast enzymedoes not; catalyze 

the incorporation of tritium frcmtritiatea water into the sugar, nor is there 

anyincorporaticm oftritiumfrcmDPBorDPRE labelledinboth~positions 

with tritium (Maxwell, 1957). Ghn et al. (1963), working with BP in viva -- 

liver system, have de5onstratea the retention of tritilm in rat liver glycogen 

glucose after in vitro injection M a-galactose-491. -- We wish to report on an 

investigation of the Bechanism of the yeast ellzym in vitro UEing lzheldcally -- 

sgnthesizcdtritiated~~osel~h~~teinwhichtheposition aithetri- 

tiumuas establishedunequivocellythroughthe stepuisedegrdationofthetri- 

tiated glucose. T5is degmdationsehemeis gemmiUyeqrplicebleforthelocatior 

of labelledpositions a&hence shouldprove ofvalue infuture stm%es of carbo- 

hydratemebbolismvfierehexoses labelledwithbothCtiend/orTareused. The 

pFocedxlrehsstheaihrazrtagethateachfra(gasrrtisiso~adingoodyieldardae 

a cryr3talline derivative. 
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oxL&zedwith CrC3inpyridine (VolfmmanilEsnessien, lw) to give the 4-0~0 

derivative vhicbvas subsequentlyre&mdvithlVtBT~ (l~mc/mnole), e&de- 

methylated with BC13 in methylene chloride (Allen, et al. 1958). $$xumse- 

4-T (II), isolated by paper chrcmatogrqphy, was acetylated with acetic 

anhydride~s~~scetateandtheB-pentaacetrrtesofanaed~convert;ed 

in anhydmm phosphoric acid (MacBoneJd, lg62), to tritiatdl a+-glucose l- 

phosphate (III),a prdluctwhichwas non-re&ucing. Afternildaciilhydrolysis 

the molar concentration of g$x%se formed, 811 evi&ncd by re&d.ng power, 

wasiaenticalwlththestartingmolar concerxtrationof (III)sed.etemid 

with phosphoglucamrtese, G-6-P dehydoganaee, crrril m+. 

In order to detemimthe position ofthetritirpninradioacti* glucose, 

~~l~~glucapyraaoeide(Iv)~preparedfrcm(II), cerrierIved&ea, adl 

(Iv) cryz3tallizeatorc~ specific activity. Themethylglucosi& (Iv) 

wastreatedwithperiodic acidtoyieldfomic a&l(p) eM$wthoxy-e 

hyaroxynlethyldiglycolic icbMe@@ (VI). The formic acid (vs) was comn?rtea 

intoits eamonivmsaltandpurifi&bysublimation. ThediaUehyde (VI) 

w~~'oxidized with Br2 in the presence of &CO3 (Boothruyd, et al. 1955) to 

yieldSt~i~~~ho~-~o~~~o~e (VII). The dialdehy& 

(VI)was also reduce&with I'Mi (VanCleve endSmith,1~5)dhy&'olyzed 

with g HCI. to yiela glycerol (VIII) ad glycolic alkhyde (IX). !Phe glycerol 

(VIII) was isolated as the tri-lp-nitrobenzoate e&the sUehyde (IX) ss the 

crystallinemethoneaerivative. Table I shows the results of the degradation. 

Since (VII) containe&40$ of the activity, andpositions1d2 contained 

no activity, it wes necessary to degrsde (VII) end to establish the location 

of the label in positions 5 ad 6. Accoraingly (VII) we8 hydrolyzed with 2 

HCl producing a mixture of D-glyceric &id (X) and glyotorlic acid (XI). The 

glyceric acid (X), isolated by paper chranato@aphy, was treated with periodic 

acid to yield formic add (vb) d forrmaldshyde (XII). The formic acid (vb) 
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Table I 

Position in Hexose of couIlts/min % Total 
Cwund Carbon-bound Batan P mole Jkctivitl~ 

Iv all 71,ooo loo 

Ix 1, 2 nil - 

P 3 nil - 

VIII 4,5*6 71,300 loo 

VII L5,6 31,500 43.6 

Vb 5 nil nil 

XII 6 ~,400 40.2 

It can be seen from Table I that the tritiated $@ucose has 6O%.of the 

total activity in position 4, the rest being located at position 6. The 

appearance of the tritium label in two positions does not prevent the use of 

this compound for testing the enzyme mechanisms since the position of all 

label has been established by the controlled chemical degradation referred 

to above. 

The synthesis of UDPG was accomplished by the use of a coupled enzyme 

system which promotes the completion of the reaction. The various reaction 

mixtures at pH 7.5 contained the following in micramoles in a final volume of 

0.5 ml: tritiatsd Gl-P 0.78, UTP 3.0, Tris buffer 34, MgCl2 3.4 and ethyl- 

mercaptan 3.0. In addition, 384 units of UDPG pyrophosphorplase (60 kg 

protein, Munch-Petersen, et al. 1955) and 180 units of crystalline inorganic 

pyrophosphatase (7.4 wg protein, Hepple and Hilmoe, 1951) were added. After 

60 minutes at roam tglperature, the pH of the reaction mixture was adjusted 

to 8.7 with 2g &wine buffer, pH 9.0, and 990 units of Saccharcenrces 

l!CA 
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~raailis U'WGaLC4 epimerwewere added (1.62mgprotein,Han~andd~ 

Robichon-Szulmajster, 1960). Incubationswith epdmeraselaated &H4Cminut.es. 

The reactions were terminated by the addition of EC1 and the nucleotide bound 

sugars &lrolyzed at1CW for 5min. The hamse uixture, obtained after de- 

ionizing the reaction mdxture, was separated on Wham Ho. 1 paper using 

pyridine:ethyl acetats:wate+2:5:7 (McParren, et al. 1951) as the irrigatdng 

solvent. E$ reference to marg3na.l. glucose and galactose markera, the areaa 

corresponding to glucose and gala&we were cut out, elated with water, and 

the extracts diluted to an appropriate concentration for radioactivity 

analyees andreducingsugardet em&nations (Park and Jobneon, 1949). 

The results of four expertients are stmnarised in Table 2. 

Table2 

Incabation Glucose &lactose 
time (min) 

Exrertient (enimerase) !i??dE 
EJlp 

Pm km f Recovery a 

1 90 0.6l.o 9300 0.132 lo.700 94 

2 60 0.540 9380 o.u.4 9,650 84 

3 120 0.555 9200 oJ.47 8,180 90 

4 240 b lO,ZiOO b 9,230 b 

Average 0.568 9,780 o.l31 9,WIO 90 

(a) Micromolee glucose + micraaoles galactoae-baaed on 0.78 n&em- 
mola &I-P added, specific activity 10,150 cpm/Wn. 

(b) Sugars were not quantitatively recovered and therefore not included 
in the average. 

The values obtained for the specific activities of each sugar indicate 

clearly the tritioa is retained by the hexose during epimerization at posi- 

tion 4. 

The canplete conversionof addedtritiated CLP,uith excess UTP,to 

UDPCwas confinuedbytheuaeof UDPGd~drogenase andDP@(Straainger, 
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et al. 1957). -- DDFGal uaa debated in the eecend incubation by uee of the 

epimeraee afterheatingat 100. pndmemraring WBPGal with freak epimeraee. 

Bo galactew was detected on papu abrctmatogreme uben Ireptieraae, 

GI-?, cc DTP was uitbbeld frem the reaetien mixture. Hereover, when G 

I-P wae withheld no gluc~ae or gala&see wae ebserved, thae indicating 

that the eyattsa was free ef endegenoue glrrcase and galactose. 

he may cermlude, thuefere, that ia the ma&ion catalyzed by 2. 

frW iJBm8l-C$epirarrre,the cu%onboand~ganimps~iQ~4ia 

eitheretereospeeifically rmoved and reintroduced, er it never depart8 

frcm the hexooe moleoule. The possibility of the etemorpecific -al 

sf an Qdroql greq and its reintroductiela ha8 net yet been ruled out. 

Pyridimenucleetide dependenthydrexylation afeteroideis wellknown 

(Orant, 1956) and interestingly the oxygen sf bydrow1 gremp aamea from 

molecnlar 0, and not frm rater. 
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