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TRITIATED- AND 14C-GLUCOSE IN NORMAL ~ND TRANSFORMED CHICK CELLS:. 

UPTAKE, PENTOSE SHUNT AND ISOTOPE EFFECTS 

H. A. RAMBECK,* M. J. BISSELLt and J. A. BASSHAM 

Laboratory of Chemica 1 Bi odvnC~mi cs, Lawrence Berke 1 ey Laboratory, 

University of California, Berkeley, California 94720 (U.S.A.) 

(Received ) 

SUf-lMARY 

Glucose metabolism in normal and transforme.d chick embryo fibro­

blast cells has been observed by allowing the cells to metabolize 
14c-U-glucose plus glucose labeled with tritium in the·C-1, C-3, and C-6 

positions. Similariti~s and differences between normal and transformed 

cells have been observed and measured. Both normal and transformed cells 

are found to metabolize more than half of all glucose-E-phosphate mole­

cules formed from glucose via the oxidative pentose phosphate cycle. 

HoHever, the ratio of glucose metabolized via oxidative pentose cycle to 
/ 

the net flov1 of that metabolized directly to fructose-6-phosphate is about 

the same in normal and transformed cells, with the .rates being about twice 

as much for transformed cells as for normal cells under the chosen condi-

tions. 

Several other aspects of transport and metabolism of tritium labeled 

glucose, including isotope effects, were observed. 

*Present address: Lehrstuhl ftir Organisch~ Chemie und Biochemie, 

Technische Universitat, 8 Munchen 2, Arcisstr. 21. 

tTo whom reprint requests should be addressed. 
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INTRODUCTION 

Hydrogen isotopes may be used in metabolic studies either in 

double-label experiments (with 14c) or to investigate reactions in 

which the carbon skeleton does not change, but the hydrogen atoms do 

change (for example, in isomerization reactions). Such studies have been 

described for plants 1 ~ yeasts and bacteria2' 3, and animal organs 4, but 

not with normal and transformed animal ~ell cultures (although Rose5 

employed To- 14C-glucose to determine the rate limiting step in the 

pentose phosphate cycle i.n ascites tumor cells). 

During glycolysis via the phosphofructokinase mediated step the 

metabolic fates of the different carbon-bound hydrogen atoms of glucose 

are quite different: . 

C-1 Tritium in glucose becomes C-1 tritium in fructose-6-P and 

later is in the C-3 position in.triosephosphates and lactate. In 

fructose-6-phosphate the C-1 bound tritium may be subject to some 

exchange with the medium due to the action of phosphomannose isoillerase6. 

C-2 Tritium becomes c~l tritium in fructose-6-P, 

Cp3, C-4, and C-5 tritium are lost during aldolase and triose 

phosphate isomerase reactions into the medium. 

C-6 Tritium becomes the tritium in the C-3 position of the triose­

phosphates as does tritium from C-1, since the triosephosphate isomerase 

equilibrates the two triose phosphate molecules. Therefore, a C-1 bound 

tritium is diluted twofold by the C-6 bound hydrogen in the trioses and 

vice versa. 

·Different metabolic fates occur for tritium when glucose is metabo­

lized via the~xidative pentose phosphate pathway. The C-1 bound tritium 
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of glucose is lost from the molecule during the glucose-6-phosphate 

dehydrogenase reaction, forming tritium-labeled NADPH. The C-3 bound 
.,. 

tritium is also transferred to NADP in the 6~phosphogluconate dehydrogenase 

reaction. The resulting NADPT is used to a large extent for the fatty acid 

synthesis or other reductive biosynthetic steps. Thus the amount of radio­

activity lost from 3T glucose into the medium is a measure of how much 

glucose was metabolized via glycolysis 7 as compared to metabolism via 

the oxidative pentose phosphate pathway and other pathways which retain 

tritium in metabolites. 

In our experiments 14c was used to determine the amounts of some 

intermediate metabolites. For example, intracellular pools of glyco­

lytic intermediates and lactate may be determined from their content of 
14c following a period of steady'-state metabolism with 14c-U-glucose8. 

For the intermediate compounds of the tricarboxylic acid cycle and the 

related amino acids only the rate of ~ 4C-glucose carbon flow may be 

follovJed, because in these pools constant specific radioactivity is not 

reached during 1 h of metabolism with 14c-U-glucose. 

MATERIALS AND ~1ETHODS 

1} Tritiated glucoses and 14c-U-glucose were obtained from New England 

uclear and Amersham. Specific activities are given in the Results. 

2} Grm·1th of Cell Cultures. Primary cultures were prepared from 

10-day old C/0 or C/8 type chick embryos, free of resistance-inducing 

factor as described previously9,10 . The cells-were seeded at 6-7 x lOQ/100 mm 

plate in medium 199 (Grand Island Biological) which was supplemented with 

tryptose phosphate broth (2%), calf serum (1%), and heated chicken serum (a) 
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(Microbiological Associates). Secondary cultures were prepared 4 days 

after the primary see:ding by trypsinization of primary cultures and 

were seeded at 1 x 106 in 35 mm tissue culture dishes (Falcon}. The 

concentration of tryptose broth, calf and chick serums was 10%, 4% 

and 1%. An additional 1 mg/ml of glucose was added to the medium at 

this time. For studies with transformed cultures, half the cells of 

a single embryo \'/ere usually infected 4 h after the primary seeding 

with 106 foci forming units of Schmidt-Ruppin strain of Rous-sarcoma 

virus per plate. Secondary cultures were prepared as above. Assays 

of virus stock have been described11 • 

3) Determination of 14c and 3H Content of Isolated intermediates. 

a) 1-T and 6-T experiments: After 48 h the medium of secondary 

cultures \'.Jas changed to fresh medium 199 (containing no tr,yptose phos­

phate or serum). After l-1/2 h (which was shown to be sufficient to 

reach steady-state conditions for glycolytic intermediates8), the plates 

were washed 3 times with glucose-free Hank•s buffer. One ml of medium 

199 containing high spec;·1fic activity 14c-glucose (Ne\'1 England Nuclear, 

finai specific activity 26.8 mc/mM) and selectively-labeled 3H-glucose 

(New England Nuclear, specific activities described in the text) were 

added to each culture. The cells were permitted to take up the radi a­

active substrates for various lengths of time. The medium was then 

removed and frozen for later analysis, the cells were washed rapidly 

wi.th cold unlabeled glucose containing Hank•s buffer and killed by addi­

tion of cold 80% methanol (less than 15 sec after removal of medium}. 

The killed cells were then scraped-with a rubber policeman, dis­

rupted by sonic oscillation, and applied to filter paper for analysis 
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by two-dimensional chr'Omatography12 . The samples were first run with 

phenol:water:acetic acid (84:16:1) for 24 h .. After drying, the paper 

was turned 90° and run with butanol:water:propionic acid (50:28:22) for 

another 24 h and then dried. The location of the labeled metabolites on 

th~ paper was detected by radioautography: Further details and identifi­

cation procedures have been rec~ntly described8. The isolated spots were 

then cut out and combusted in a Packard Automatic Combustion Apparatus 

to give co2 and water. The tritium and 14c content of these products 

were determined separately in a Packard Scintillation Counter. The 

error i i'l determination of T I 14c for i ndi vj dua 1 compounds on the paper 

chromatograms (based on triplicate samples of the same material) is . 
less than 1%. However, the variation in r;14c ratio in the pool of a 

given metabolite from one experiment to another.is ~5% for large pools 

such as lactate and glutamate, and as high as !10% for smaller pools. 

The values given in the tables are the averages from three experiments. 

b) 3-T experiments: After the cells were killed, the glucose Concen­

tration in an aliquot of the medium was determined by the glucostat method 

(Worthington)~ Another aliquot was lyophilized and ~he tritium radio­

activity was measured before and after the freeze-drying. The volatile . 
radioactivity lost as HTO corresponds to the loss of tritium from 3T-

g1ucose during the triose phosphate isomerase reaction in glycolysis. 

RESULTS 

The 14c specific radioactivity of carbon skeletons derived from· 

administered 14c-labeled glucose is essentially unchanged from that of 

the added glucose for carbohydrates and closely related compounds of 
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glycolysis and glycogen synthests. Thus T;14c is a measure of specific· 

tritium radioactivity, The r;14c ratto for the administered glucose is 

normalized to l .00. 

Metabolism of 6-T-u-14c-Glucose. Actually, no glucose molecules 

contain both 14c and T, but rather the double-labeling is due to mixing 

of 6T-u-12C-glucose with U- 14C-glucose. 6T-0-14c-glucose is taken up 

by normal and transformed cells ~tithout a visible change i_n the r;14c 
ratio (Table IA). The T; 14c values for intracellular glucose itself 

remain constant with time of incubation and equal to T; 14c of adminis­

tered glucose within experimenta 1 error (Tab 1 e IA) . 

The three-carbon c,ompounds, glycerol phosphate and dihydroxyacetone 

phosphate (not separated in this experiment), contain only one-half as 

much 14c per mo 1 e (si nee they have only three carbon atoms per molecule).· 

The tritium radioactivity is also reduced 50% since in triose phosphates 

the tritium derived from the 6T position of glucose is diluted by an 

equal number of triose molecUles derived from C-1, C-2, and C-3 of glucose 

which are not tritium labeled. ·we thus might expect T; 14c = 1.0 for these. 

compounds in the absence of isotope effects. ·The T;14c ratio for glycero­

phosphate (GP) plus dihydroxyacetone phosphate (DHAP) is slightly lovter 

than the ratio in the applied glucose. This may result from incomplete 

equilibration ofthe two trioses (C~l to C-3 equilibrates with C-4 to 

C-6} that would lead to a slightly lO\'Jer tritium content than one-half 

of the 6T-glucose13 ' 2. The Tt 14c ratios for GP-DHAP from transformed 

cells are 4 to 10% higher than the same pools isolated from normal cells. 

There is no difference between normal and transformed cells for 

the T;14c ratios in UDPG and ATP. UOPG has ratios similar to gl~cose, 

at least in the first 30 min (Table IA}. 
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The r;14c ratio in. the origin of the paper chromatogram, \'Jhich contains 

mostly glycogen and proteins, goes up slmtly as a result of the increasing 

T; 14c values of the amino acids. The pools of the intermediates of the 

TCA-cycle and the amino acids deriving from them show a marked change 

during the fi~st hour (Table IB). In gener~l ~however, no significant 

differences bet\-Jeen normal and transformed cells could be demonstrated 

in these experiments \vi th 6T -u-14C-gl ucose. 

Metabolism cif fiT-u- 14c-Glucose Comoared to Metabolism of 1T-u-14c­

Gluco·se. For several reasons, the T; 14c ratios for metabolites obtained 

follo\'ling metabolism of lT-uJ 4c-glucose are subject to changes which make 

precise i~terpretation difficult, and conclusions ~nreliable. Fir~t, if 

phosphomannose isomerase is present, the C-1 hydrogeri exchanges with 

protons in the medium, as has been demonstrated by studies of incorpora­

tion of tritium from HTO into hexose phosphate6. Second, when G6Pis 

metabolized via the oxidative pentose phosphate cycle, the G6P dehydro- ·· 

genase reaction removes the tritium from the C-1 position completely. 

After 1 hour of metabolism by normal and transformed cells of 

6T-u-14c- and 1T-u-14c-glucose, 'r;14c ratios of the intracellular glucose 

pool are the same in all 4 cases as for the administered labeled glucose 

(Table II). The T;14c ratio for lactate in normal and transformed cells 

is lower than that of glucose with both kinds of labeled substrate. The 

r;14c ratio for lactate from 1T-u-14C-glucose is about 15% lower than 

that from 6T-u-14c-glucose for the reasons given above. Similar results 

with lT and 6T glucose were obtained during aerobic fermentation in 

yeasts 2. 

It might seem that the loss of tritium from lT-glucose could be 

'used as a measure of the oxidative pentose phosphate cycle. However, 
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considerable isotopic di.scrimination against triti.um occurs in the 

glucose-6-phosphate dehydrogenase reaction, so that, in fact, there is 

a preferred oxidation of unlabeled G6P, while the 1T,..G6P i.s mostly 

metabolized via glycolysis14 • 

Metabolism of 3-T-Glucose. ·The isotopic discrimination ~thich affected 

the conv~rsion of 1-T-glucose-6-phosphate via the oxidative pentose phos­

phate cycle is not paralleled by a similar effect in the case of 3-T­

glucose-6-phosphate because glucose-6~phosphate is at a branching point 

of the metabolic pathways, while 6-phosphogluconate is an intermediate 

in a straight ~etabolic sequence15 • ·Thus, ev~n if 3~T-6-phosphogluco-
nate accumulates as a result of isotopic discrimination in the oxidation 

of 6-phosphogluconate, eventually a steady state will be reached in which 

the proportion of labeled to Unlabeled 6-phosphogluconate being oxidized 

will be the same as that of the 6~phosp~ogluconate b~ing formed. When 

3-T-glucose is metabolized via glycolysis, tritium is lost to water in 

the medium during the triose phosphate isomerase reaction. During 

metabolism via the pentose phosphate cycle, the tritium in the 3 position 

of 6-phosphogluconaie i~ quantitatively transferred to NADP, and the 

resulting NADPT transfers tri ti urn nearly quantitatively to fa tty, adds· 

during fatty acid biosynthesis. Tritium from NADPT would be transferred 

into water.only if there were a high activity of transhydrogenase. The 

tritium in the 3 position of glucose is retained during glycogen synthesis 

also. 'The retention of tritium in the cells is therefore a measure of the 

sum of oxidative pentose phosphate cycle and glycogen (and other poly-
' saccharide} synthesis. The small intracellular pools of glucose, GGP, UDPG, 

and 6-phosphogluconate also contribute to the tritium retained in the cells. 
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Except for very-short times of metabolism, these pools are negligible 

compared to the effects of further metabolism. 

The glucose metabolized via pathways leading to retention of tritium 

in the cells(line B, Table III) divided bythe total glucose used during 

·metabolism (line A)· thus gives an approximate proportion of 3-T-glucose 
. . . . (OPP) · . 

. metabolized via the oxidative pentose phosphate cycle/(line C). 

It should be noted that once the tritium label is transferred to 

fatty acids by the oxidation of 3-T -6-phosphoglucona te, recycling of 

unlabeled sugar occurs, since the pentose phosphate cycle produces one 

triose phosphate and t\'to fructose-6-phosphate molecules. ThiS fonnation 

of unlabeled fructose-6-phopshate affects the calculation if there is 

isotopic equilibration between hexose phosphates (Schemes lA, 18). 

Neglecting ~~tention of tritium in the cells by pathways other than the 

OPP cycle, 'llhen the retained tritium corresponds to one-half the labeled 

glucose used, the ratio of glucose-6-phopshate molecules oxidized via the 

OPP cycle to glucose phosphate molecules formed from glucose is l/2 if 

there is no such eqoilibration (Scheme lA), and is 3/4 if there is com­

plete equilibration (Scheme 18). The. interconversion of fructose-6-

phosphate and glucose-6-phosphate is generally thought to be highly 

reversible . 

. DISCUSS ION 

'In these studies with chick cells in culture, the phenomena related 

to tritium isotope effects in the metabolism of tritium-labeled sub­

strates generally agree with the effects seen previously with yeasts, 

algae and bacteria. In addition, some of the results suggest that many 
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steps in glucose metabolism are similar in normal and virus-transformed 

animal cells in tissue culture. 

The r;14c values for the intracellular glucose pool tndicates that 
' 

the tritium at the C-6 pos1t1on is not affected during the tra~sport 

for either normal or transformed cells (Table IA}. Moreover, constancy 

of this ratiQ with time indicates that no secondary isotQpe effects 

which might diminish the specific tritium radioactivity of glucose· 

occurs during transport. 
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The small decli.ne i.n. Tt14c ratio accompanying th.e conversion of 

glucose to dihydroxyacetone and glycerol phosphate is in fact the 

result of several different effects, and is discussed later. 

From a first lciok at the further reactions of glycolysis, it seems 

that there should be no possibility for the triosephosphate T-labeled 

in the 3 position to lose label on its way to pyruvate and lactate. 

However, we observed that the 1 acta te poo 1 in a 11 our ex,Periments has 

about 5-10% 1 ess tri ti urn than di hydroxyacetone p 1 us glycerol phosphate 

(Table IA). Rose~ llilS, 17 reported the loss. of tritium from 3T­

phosphoenolpyruvate during the pyruvate kinase reaction. Simonet al J 
found that during the anaerobic fermentation of lT and 6T ~glucose in 

yeast there is a loss of tritium into the medium, and they ascribed this 

loss to the pyruvate kinase reaction. Apparently tritium loss to the 

medium may occur by this mechanism in the chicken cell cultures also. 

Since the ratios of ~entose phosphate shunt to glycolysis appear to be 

similar for normal ·and transformed cells (see below}, the 4-10% higher 

GP-DHAP r;14c ratios may be due to a greater metabolic rate in trans­

formed cells. Also, since the glycolytic pool sizes are different in 

normal and transformed cells8 , the effects of equilibratio~ of triose 

phosphate need not be the same for the two cell populations. The r;14c 
ratios for TCA cycle intermediates and amino acids start at very high 

values _at 5 or 15 min and decrease in the next 60 min to values lower 

than that of glucose (Table lB). Pyruvate, which should have the same 

Tt14c ratio as lactate, is decarboxylated to gi.ve acetyl-CoA which h.as 

one 14c atom less, resulting in a T;14c ratio l/3 more th.an that of 

lactate. In the next step, during condensation wi.th. oxalacetate, one 
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hydrogen atom of these equivalent hydrogen atoms on the methyl group 

of acetyl CoA is lost and the ratio T;14c should decrease l/3. HoHever, 

as Eggerer et al .1 8 shm'led with an in vitro system, instead of 33%, only 

18% of the tritium is lost from the tritiated methyl group of AcCoA 

during· the synthase reaction·. This isotope effect contributes to the 

high T;14c ratio in glutamate, citrate, malate and aspartate but does 

not fully explain them, since the experimental values we find are too 

high to be explained in this way only. 

In the green algae, Chlorella pYrenoidosa,. growing in HTO, it was 

demonstrated18 that in at least two reactions catalyzed by dehydrogenases 

of the TCA cycle, tritium is preferentially retained in the pools due to 

isotope effect. Such isotope effects in the present study would lead to 

a more rapid increase of tritium than 14c in the pools of TCA cycle 

intermediates during the time when these pools are far from being fully 

labeled. The tritium labaling of these intermediate pools thus· rises 

more rapidly at first than the 14c labeling. Since both carbon atoms 

of acetyl CoA are labeled with14c, the 14c labeling of TCA cycle inter­

mediate compounds will spread to all tarbon positions as the period of 

metabolism with labele.d substrates increases. However, the number of 

positions in TCA cycle intermed.iates in which tritium is retained during 

continued metabolism is less in proportion to carbon positions than in 

the methyl-T-uJ 4c acetyl CoA. Thus the ratio T; 14c in these TCA cycle 

i ntermedi.ates decreases with time. 

The experiments \'Jith 3-T glucose indicatethatabout as much glucose 

is metabolized via the pentose phosphate shunt as vi. a glycolysis (_other 

pathways such as glycogenesis account for less than 1.2% of glucose 
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metabolismL It should be noted, however, that metabol ~sm of glucose 

via the shunt produces only one triose phosphate molecule per three 

glucose molecules used, while the metabolism of three glucose molecules 

via glycolysis produces six trios~ phosphate molecules. Thus, the shunt 

has a relatively small effect on the T;14c ratio of triose phosphates 

formed from 6T-u- 14c-glucose (Table IA). The theoretical T;14c ratios 

for these triose phosphates formed vi a the shunt waul d be 2 .0 (compared 

with the labeled glucose) since they should contain the same amount of 

tritium for three carbon atoms as the amount of tritium in glucose for 

six carbon atoms. If the two paths (glycolysis and shunt) are equal, we 

get [1.0 + 0.167(2.0)]/1.167'= 1.143 as the theoretical T;14c'value for 

glyceraldehyde-3-phosphate and dihydroxyacetone phosphate, provided there 

were complete equilibration between the ,two triose phosphates. 

We found lower values for T;14c in dihydroxyacetone phosphate and 

its metabolic derivative, glycerol phosphate. Incomplete equilibration 

between the two triose phosphates can account for the lower T;14c ratios, 

since dihydroxyacetone phosphate formed from 6T-u-14C-glucose via glycolysis 

i.nitially contains no tritium, while glyceraldehyde 3-.phosphate would have 

an initial T;14c ratio of 2.0. If incomplete triose phosphate equi1ibraiton 

is responsible for r;14c being 0.9 to 1.0 in dihycroxyacetone phosphate 

(instead of 1.14}, then the glyceraldehyde-3-phosphate converted via 
-

. 14 . 
·3 .. phosphoglycerate and pyruyate to lactate must have aT/ C rat1o corres-

pondingly higher th.an 1.14 and must be around 1.3 to 1.4. The drop in 

Tt14c ratio during conversion to lactate would thus be 30-50%. 

While the increase in pentose shunt after transformation had been 

demonstrated for both tumors 20 and chick cells in culture21 , two 
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important conclusions may be drawn from our results \'lith 3-T glucose. 

(1) As much as one-half or more of the glucose carbon .is metabolized 

via the shunt in tissue culture cells. (2) The increased shunt after 

transformation is proportional to the level of glucose uptake. This 

means that despite the fact that glucose is metabolized twice as rapidly 

in transformed cells as in nonnal cells, the ratio of glycolysis to 

other primary pathways for the conversion of glucose is about the same 

in normal and transformed cells. This gives further support to the 

hypothesis8 that the i ncr~eased glycolysis and shunt observed after virus 

transformation is the result, not the cause, of increased glucose trans­

port in these·cells. This increased glucose conversion via pentose shunt 

and glycolysis in tr_ansformed cells leads to increasedformation of 

1 acta te from gl uccse, not increased conversion of glucose vi a the TCA 

cycle8 ' 21 . 
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TABLE I 

METABOLITE T t 14c RATIOS FOLLmJING METABOLISM HUH 6T -u-14C-GLUCOSE* 

Normal cells Transformed cells 

.. p 5'· 15 I 30 1 60 1 1 I 5 I. 15 I 30 1 60 1 

A 

Glucose 0.98 0.97. 0.98 1.00' 0.97 1.01 1.04 0.96 1.01 0.97 

GP-DHAP 0,94 0.91 0.91 1.04 0.98 0.98 0.95 0.88 

Lactate 0.94 0.87 0.89 0.85 
I 

0.87 0.93 0.90 0.92 0.95 0.93 

UDPG 0.98 0.94 0.88 0.96 0.97 0.88 

ATP . 0.77 0.79 oa5 0.72 0.77 0.75 

Origin 1 .1 0.95 0.86 0.91 0.86 0.80 

8 

Citrate 2-3,3 1.7 :1.2 2-3.3 1.4 1.0 

Malate 2~0 1.4 2.5 1.4 0.95 

Aspartate 2.5 1.4 0.63 3.3 1.1 0.67 

Glutamate 1 .85 1.15 0.99 0.87 1.67 1 .05 0.85 0.75 

*Average of 5 experiments. Cells were grown and analyzed as described 

in Methods. The specific radioactivity of 6-T-glucose was 3.6 llC/lJM 

in 2 experiments and 9.0 llC/llmole in 3 experiments. 

V. 
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TABLE II .. 

1>1ETABOLITE T/ 14c RATIOS FOLLOWING METABOLISM OF uJ 4c-GLUCOSE AND 

lT -GLUCOSE OR 6T -GLUCOSE FOR 60 MIN 

1T-u-14c-Glucose* 6T-u-14c-Glucose* tt 

Normal Transformed Normal Transformed 

cells cells cells cells 

Glucose 0.95 0.99 0.97 0.95 

Lactate 0.76 0.78 0.89 0.93 

Glutamate 0.58 0.54 0.78 0.72 

Citrate 0.60 0.64 1.25 1.11 

Aspartate 0.50 0.45 0.63 0.67 

*Average of 5 experiments. The specific activity of n..:.glucose \·Jas 

3.6 lJC/lJt~ in 2 experiments and 7.0 lJC/'IJM in 3 other experiments. 

ttAverage of 2 experiments where the specific activity of 6T-glucose 

was 3.6 JJC/JJM. 

.. 
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TABLE III 

METABOLISM OF 3.., T -GLUCOSE* 

Normal cells 

A. Glucose utilized 

B. Tritium in cells after 
washing 

C. Approximate proportion of 
glucose metabolized via 
oxidative pentose phosphate 
cycle 

Transformed cells 

A. Glucose utilized 

B. Tritium in cells after 
washing 

C. Approximate proportion of 
glucose metabolized via 
oxidative pentose phosphate 
cycle 

-19-

1 min 30 min 60 min 

4% 12% 17% 

3% 8.5% 10.5% 

.75 .71 .62 

4% 17% 32% 

3% 10.5% 18.4% 

.75 .62 .57 

120 min 

24% 

12% 

.50 

46% 

24.4% 

.so 

*Average of 3 experiments. Specific activity of 3-T-glucose was 

3.3 JJC/JJM • 
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r------------------LEGALNOTICE--------------------~ 

This report was prepared as an account of work sponsored by the 
United States Government. Neither the United States nor the United 
States Atomic Energy Commission, nor any of their employees, nor 
any of their contractors, subcontractors, or their employees, makes 
any warranty, express or implied, or assumes any legal liability or 
responsibility for the accuracy, completeness or usefulness of any 
information, apparatus, product or process disclosed, or represents 
that its use would not infringe privately owned rights . 
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