Lawrence Berkeley National Laboratory
Recent Work

Title

TRITIATED- AND 14C-GLUCOSE IN NORMAL AND TRANSFORMED CHICK CELLS: UPTAKE,
PENTOSE SHUNT AND ISOTOPE EFFECTS

Permalink

https://escholarship.org/uc/item/3jp2p2g]|

Authors
Rambeck, Walter A.
Bissell, Mina J.
Bassham, James A.

Publication Date
1974

eScholarship.org Powered by the California Diqital Library

University of California


https://escholarship.org/uc/item/3jp2p2q1
https://escholarship.org
http://www.cdlib.org/

L AR I T Y I

Submitted to Biochimica et LBL-2622

Biophysica Acta Preprintc, /

TRITIATED- AND 14C -GLUCOSE IN NORMAL AND
TRANSFORMED CHICK CELLS: UPTAKE,
PENTOSE SHUNT AND ISOTOPE EFFECTS

Walter A. Rambeck, Mina J. Bissell and James A. Bassham

January 31, 1974

Prepared for the U, S, Atomic Energy Commission
under Contract W-7405-ENG-48

4 )
For Reference

Not to be taken from this room

N\ J

RECEIVY&:S
LAWRENTE
RADIATION LABORATORY

MAR 22 1974

LIBRARY AND
BOCUMENTS SECTION

/>

2797-T1491



DISCLAIMER

This document was prepared as an account of work sponsored by the United States
Government. While this document is believed to contain correct information, neither the
United States Government nor any agency thereof, nor the Regents of the University of
California, nor any of their employees, makes any warranty, express or implied, or
assumes any legal 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. Reference herein to any specific commercial product,
process, or service by its trade name, trademark, manufacturer, or otherwise, does not
necessarily constitute or imply its endorsement, recommendation, or favoring by the
United States Government or any agency thereof, or the Regents of the University of
California. The views and opinions of authors expressed herein do not necessarily state or
reflect those of the United States Government or any agency thereof or the Regents of the
University of California.



a

TRITIATED- AND

T4C-GLUCOSE IN NORMAL AND TRANSFORMED CHICK CELLS:

UPTAKE, PENTOSE SHUNT AND ISOTOPE EFFECTS
W. A. RAMBECK,* M. J. BISSELLT ‘and J. A. BASSHAM

Laboratory of Chemical Biodvnamics, Lawrence Berkeley Laboratory,

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

(Received_ - )

SUMMARY
Glucose metabolism in normal and transformed chick embryo fibro-
b]ast cells has been observed by allowing the cells to metabolize |

]4C—U-g10cose plus glucose labeled with tritium in the-C-1, C-3, and C-6

‘positions. Similarities and differences between normal. and transformed

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

ake found to metabolize more than half of all glucose-€ -phosphate mole-

‘cules formed from}g]uéose via the oxidative pentose"phosphate cycle.

However, the ratio of glucose metabolized via oxidative pentose‘cycle to
the het flow of that metabo]ize&/direct1y to fructose;ﬁ—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 flir Organisché Chemie und Biochemie,
Technische Universitat, 8 Munchen 2, Arcisstr. 21. |

*To whom reprint requests should be addressed.



INTRODUCTION
Hydrogen iSotopes may be used in metabolic studies either in

]4C) or to investigate reactions in

double-1abel experiments (with
which the carbon skeleton does not change, but the hydrogen atoms do
change (for example, in isomerization react{ons). ‘Such studies have been

2’3, and animal organs4, but

described for p]ants]; yeasts and bacteria
not with normal and transformed animal cell cu]tureé'(a]though Rose5
emp]oyéd TD-]4C-giucose to determine the fate limiting step in the
pentose phosphate_éyc]e'in ascites tumor cells). )
’.--During g1yco]ysis via the phosphofructokinase mediated step the
metabolic fates of the different carbon-bound hydrogen atoms of glucose
are quite diffefent:»
’_ ~ C-1 Tritium in glucose becomes C-1 tritium in fructose-6-P and
later is in the C-3 positioh_in'triosephosphates and ]actate; In
fructose-6-phosphate the C-1 bouﬁd tfitium may be subject to some v
exchange With'the medium:due‘to the action of phosﬁhomahnosé isomerase .
7--'C-2 Tritium beéomes C-1 tritium in fructose-6-P.

C-3, C-4, and C-5 ﬁritium are lost during aldolase and triose
phosﬁhate isomerase reactionsAinto fhe medium.

C-6‘Trit1um'bécdmes the tritium in the C-3 position of the triose-
phosphates a§ dqes trftium from C-1, since the'triOSephosphate isomerase
eqﬁilibrates the two triose phoéphate molecules. _Therefore; a C-1 bound
tritium is di]uted‘twofo]d by the C-6 bound hydrogen in the trioses and
vice versa. . | |

'Differént metabolic fates occur for tritium when glucose is metabo-

1ized via'the’oxidative pentose phosphate pathway. The C-1 bound tritium



of éiucose'isllost from the molecule during the g]uéose-s—phosphate
dehydrogehase reaction, forming tritium-labeled NADPH. The C-3 bouha |
tritium is also transferred to NADP in the G—phosphogluconate‘Eehydrogehase
reacffon. The resulting NADPT is used to a large extent for the fatty acid
synthesis or}other reductive biosynthetfc steps. Thus "the émount'of radio-
activity lost from 3T Q1UCose intb the medium is a measure of how much

7 as compared’to metabolism via

g1u¢ose'was metabolized via glycolysis
the 6xidat1ve pentose phosphate pathway and other pathways which retain
tritium in metabolites. | |

In our exﬁeriments 14C was used to deterhine the amounts of some
~ intermediate metabo]itesf For examp]e,‘fntrace11u1arspoo1s of glyco-
nyic intermediates and 1acfate may be determined from their content of

14 ]4C-U-g1ucose8.

C following a period of steady-state metabolism with
For the intgrmediate cohpounds of the tricarboxylic asid cycle and the
re]atéd-amino acids only the rate of ?4C—glucose carbon flow may be
fo]]owéd;»becauSe in‘these pools constant specific radioactivity is not

14

reached during 1 h of me tabolism with C-U-glucose. -

MATERIALS AND METHODS
1) Tritiated glucoses and 14C-U—g1ucose were obtained from New England

uc]ear'and Amersham. Specific activities are given in the Results.

2) Growth of Cell Cultures. Primary cultures were prepared froh
10-day old C/O\or C/B type chick embryos,.free of resistance-inducihg
factor as described previous]yg’]o.. The cells-were seeded at 6-7 x 106/100 mm
plate in medium 199 (Grand Island Biological) which was supplemented with

tryptose phosphate broth (2%), calf serum (]%), and heated chicken serum (1%)



. _4"_
(Microbiological Associates). Secondary cultures were prepared 4 days

after the primafy seeding by trypsinization of brimary cultures and

6 in 35 mm tissue culture dishes (Falcon). The

were seeded at 1 x 10
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'tfme.':For étudies with transformed cu]tures,-hélf the cells of
a single embryo were usually infected 4 h after tﬁe primary seeding

With i06 foci forming units of Schmidt-Ruppin strain of Rous-sarcoma
virus per‘piate. Secondary cultures were prepared as above. Assays

of virus stock haye been described!!.

3

3) Determination of 14C and “H Content of Isolated intermediates.

: a)‘1-T_and 6-T experiments: After 48 h the medium of secondary -
cultures was'changed to fresh medium 199 (containing no tryptose phés-
phate okvsérum). After 1-1/2 h (whiéh was shown to be sufficient to
reaCh*steady—state conditions for g1yco]yti¢ intérmédfatess), the plates
-were washed 3 times with giucdse-freg Hank's buffer. One ml of medium

]4C-g]ucose (New England Nuclear,

199 containing high spec-:fi'c activity
final specffic activity 26.8 mc/mM) and se]ective1y11abe]ed 3H-g]ucose

" (New England Nuclear, specific activities described in the text) were
added to each culture. The ce}fs were permitted to‘téke up the radio-
active_Sub§tratgs for various lengths of time. The medidm was then
removed and frozen for later analysis, the cells were washed rapidly
with cold uniabe]éd g]ucose'cbntaining Hank's buffer and killed by addi-
tion of cold 80% methanol (less than 15 sec afterrremovél of medium). |

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

rupted by sonic oscillation, and apb]ied to filter paper for aha]ysis'



by two-dimens%ona] chromatography]z. 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 butano]:water:propionic acid'(50:28:22) for
another 24 h and then dried; The-]ocation_ofvthe labeled metabolites on
the paper was detected by radioautography. Furthér details and identifi-
cation pfocedures have been'recéntly describeds. The isolated spots were
then cut out and combusted in a Packard Automatic Combustion Apparatus
to'give CO2 and water. The tritium and ]4C content of these products
were determined separately in a Packard'Scintijlation Counter. The
error in determination'of T/]4C for individual'comppunds on the paper
chromatograms (based on triplicate samples of Fhe'same material) is
less ‘than 1%. However, the variation in T/]4C ratio in fhe pool of a
given metabo]ité_from 6he experiment to anothef-is 4-hs% fof large pools
such éS'1aétate and g]utamate, and asjhigh as f10% for smaller pools;
Thé va]hes giQen in’the”tab]es aré the averages from three experiments.

b) 3-Tvexperiments: After the cei]s were killed, the glucose c¢concen-
tration in én aliquot of thé med1ium was determined by the glucostat method
(Worthington). Another.aliquot was lyophilized and the tritium radio-
acfivity was‘measuredvbefore and after the freeze-drying. The volatile
radioactiyity lost as HTO corresponds to the loss of tritiuﬁ from 3T-
glucoSe during the triose phosbhate isomerése reaction in glycolysis.
RESULTS ) | | | |

The ]4Cvspecific radiqactivify of carbon skeletons derived from

admihistéred ]4C-1abe1ed glUcose is essentially unchanged from that of

‘the added glucose fok'tarbohydrates and closely related compounds of



G-
Q]yco]ysis'and glycogen synthesis. Thus T/]4C is a measure of specific
tritium radioactivity, 'The'T/]4C ratio for the admfnistered glucose is
normalized to 1.00.

Metabolism of 6—T-U-]4

14

C-Glucose. Actually, no glucose molecules

C and T, but rather the double-labeling is due to mixing
14

contain: both
of 6T-U-]zc-91uc05e with U-]4C-g]uco$é. 6T-U- C-g]ucosé’is taken‘up
by normal and transformed cells without a visib]e.change in the T/14C
ratio (Table IA). The /1% values for intracé1]ulér'g1ucose-itse]f
remain constant with time of incubation and equal tq T/]4C of adminis- -
tered glucose within}experimenta] error (fab]e IA).. |

_ The thrée-carbOn gompounds; Qlycero] phosphate and dihydroxyaéetone
ph05phat§ (not Separated'in'this’éxperiment), contain on1y one-ha1f as
much 14Cfper md]e (sincé'tﬁey havé.only three carbon atoms per molecule).
The tritium'radibactfvity is also reduced 50% sinée in‘tfiose phosphates
the tritium derived from the 6T position of glucose is diiuted by an
equaT'numbe}_ofytriose molecﬁ]es derived from C-1, C-2, and C-3 of glucose
which ‘are not3tritiqm'1abe1ed; ‘We thus might-expectrT/]4C’= 1.0 for these
compoﬁnds in the absence of isotope effects; The T/]4C ratio for glycero-
phosphate (GP) plus dihydrdxyacetone phosphate (DHAP) is slightly lower
‘than thefrafio in the‘applfed glucoée; This may result from incomplete
eQui1ibratf0n Qf“the_twp trjosés (C-1 to C-3 equi]ibrates with C-4 to
C-6) that wou]& ]ead'to-a slightly lower trftium éontent than one-half
of the 6T-glucose'3*2. The 1/'%¢ ratios for GP-DHAP from transformed
cells are 4 tb 10% higher than thevsame pools isolated from normal cells,

Theke is nd différence‘between ﬁdrma]'and transfbrméd cells fof

the,T/]4C ratibs in UDPG and ATP. UDPG has ratios similar to glycose,
 at least in the first 30 min (Table IA).



"in'these experiments with 6T-Uf

The T/]4C'ratio in the origin of the paper chromatogram, which contains
mestly glycogen and proﬁeins, goes up slowly as a result of the increasing
T/]4C values of the amino acid;. The pools of the intermediates of the
TCA-cycle and the amino acids deriving from them show a marked change
during the first hour (Table fB). :fn general, however, no significant

differences between normal and transformed cells could be demonstrated

]4C—gluco§e.

Metabolism of 6T-U-'%C-Glucose Compared to Metabolism of 1T-U-'‘c-

Glucose. For'Severa] reasons, the T/1%C ratios for metabolites obtained

14

following metabolism of 1T-U-'"C-glucose are subject to changes which make

precise'interpretation difficult, and conc1usions'Unre1iab1e. First, if

,phosphomannoée.isomerase is present, the C-1 hydrogen exchanges with

profons in the medium;'as has been demonstrated by studies of incorpora-
tion-pf fritium from HTO into hexose phosphates. Second, when G6Pis
metabo]izedevie'the Qxidafive pentoée'phosphéte cycle, the G6P dehydro- =
genaSe-reactioh removes the tritium from the C-] positioﬁ completely. |
After 1 hour of metabo]ism’by norma1"and transformed cells of
6T-U-]4C--and 1T5U-]4C-g]ucose,fT/]4C ratioélbf the'intrecellu]ar glucose

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

(Table II). The T/]4C ratio'for lactate in normal and transformed cells

is lower than that of glucose with both kinds of 1abe1ed substrate. The

‘?T/]4C ratio for lactate from 1T-U—14C—g1ucose is about 15% lower than

14C-g]_ucose for the reasons given above. Similar results

that from 6T-U-
with 1T and 6T glucose were obtained during aerobic fermentation in

yeastsz.-'

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

‘used as a measure of the_oxidétive pentose phosphate cycle. However,
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- considerable isotopic discrihination against tritidm'occurs in the
g]uoose-é-phosphate dehydrogenase reaction, so that, in fact, there is
a pkeferred oxidation offunlabeled’GGP, while the ]TPGGP is most]y

‘ metaboiized.via'giycoinis]4. ' ‘

Metabolism of 3-T-Glucose. - The isotopic discrimination which affected

- the convepsion'of 1-T-giucose-6-phosphate via the oxidative pentose phos-
~ phate cycle is not paraiieled by a simi]arveffect in the case of 3-T;
g]ucose-6-phosphateebecause'giucose-64phosphate is at a branching point
of the metabolic pathways while 6- phosphog]uconate is an intermediate

ina straight metabolic sequence]5

Thus, even if 3-T- 6-phosphogiuco—
nate accumuiate5>as a result of isotopic discrimination in the oxidation
of 6- phosphogiuconate, eventua]ly a steady state will be reached in which
the proportion of labeled to un]abeied 6- phosphog]uconate being oxidized
will: be the same as that of ‘the 6-phosphogluconate being-formed. When
3-T-glucose is metabolized'via“giycoiysis, tritium is lost to water in

the medium'dnring the triose phosphate isomerase reaction. During
metabolism Via the pentose phosphate*cyc]e, the tritinmvin the 3 position
~of 6-phosphogluconate is quarititatively transferred.to NADP, and the "
resu]ting NADPT transtensltritium nearly quantitativeiy to fatty_acidsf
dUring'fatty acid biosynthesis. Tritium from NADPT would’be transferred
into water.only if there Wereva'high activity of transhydrogenase. The
tritium in the 3 position of glucose is retained doning glyoogen synthesis
: alSo. 'The retention of'tritium in the cells is therefore-a‘measure of the.
sum of oxidative pentose phosphate cycle and giycogen-(and other poly-
,saccharide) synthesis. The small intracellular pools of giucose G6P, UDPG,

and 6-phosphogluconate aiso contribute to the tritium retained in the cells.
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Exeept for very-short times of metabolism, these pools ere negligible
compared to the effects of further metabolism. |
" The Qlucqse»metabolized via pathways leading to retention of tritium -

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

- metabolism (1ine A)- thus gives an approximate proportion of 3-T-glucose

(opPP)

.metabo]ized”via the oxidative pentose phosphate cyele/(line ).

It should be noted that once the tritium']abe1 is transferred to.
fatty acids by the oxidation of 3-T-6-phosphogluconate, recycling of

unlabeled sugar occurs, since the pentose phosphate cycle produces one

triose ph05phate and two fructose-GéphoSphate mo1ecu1es. This formation

ofIUn]abeled ‘fructoseFS-phdpshate affects. the ca]cu]ation if there is
isotopic equ1]1brat1on between hexose phosphates (Schemes 1A, 1B). |
Neg]ectlng retent1on of tritium in the cells by pathways other than the

oPP cyc]e,_when the retained tritium corresponds to one-ha]fhthe labeled

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

OPP cycle ‘to glucose phosphate mo]ecu]es formed from glucose is 1/2 if

there is no such equilibration (Scheme 1A), and is 3/4 if there is com-
plete equilibration (Scheme 1B). The interconversion of fructose-6-
phosphate and glucose-6-phosphate is generally thohght to be highly

reversible.

_DISCUSSION

o In these studies with chick cells in culture, the phenomena related
to tritium 1sotope effects in the metabollsm of tr1t1um -labeled sub-
strates generally agree with the effects seen prev1ously with yeasts,

a]gae,and bacteria. In addition, some of the results 5uggest that many
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Scheme 1A
Glucose L |
‘=6 x1.0= 6.0

1,12 pihé ;v,'v,J;/;gifetatneo

GBP

F6P ,:_' &

J,IO A
tr1ose phosphate

T1°St = _10 x 0.6 = 6.0

Scheme 1B"
Glucose SR o o
llz S /I Tretained = 9 X 04667 = 6.0
Gsf * 4 >l |
F6P €
lg | BV

triose phosphate "‘

’ T]ost = 9-x-0t667,= 6.0

steps in glucose metabolism are similar in normal and virus-transformed

anima] cells in tissue cu1ture

The T/ C va]ues for the 1ntrace11u1ar glucose poo1 indicates that

the trltlum at the C 6 pos1t1on is not affected durlng the transport

for elther norma] or transformed cells (Table IA) Moreover, constancy

of this ratlo with time 1nd1cates that no secondary 1sotope effects

which might diminish the spec1f1c tritium radioactivity of glucose

occurs during transport.
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The small decline in,T/]4C ratio accompanying the convefﬁionkbf
"glucose to dihydroxyacefone>and glycerol phosphate is in fact the
result of several different effects, and is discussed later.

- From a first look at the further reactions of_Q]yco]ysis, it seems
that there should be no poésibi]i;y for the-triosephosphate T-labeled
in the 3 position to lose label on its way to pyruvatévand lactate.
However, wé observed thét the 1actate~p001 in all,ouf experiments has.
about 5-10% less tritium than dihydroxyacetone plus giycero1 phosphate'
(Table IA). Rose g;_g14}6’17 reported the loss of tritium from 37-
phosphoeho1pyruvate'during the pyruvate kinase reaction. Simon _;_gl;7
found that auring the anaerobic fermentation of 1T and 6T-glucose in
yeast there ié’a loss of tritium into the medium, and they'ascribed this
- loss to';he pyruvate kinase reaction. Apparently tritium loss to the
“medium m;yvbccur by this mechanism in the chicken cell cultures also.
‘Sinﬁevthe ratiqé of pentose phosphate shunt to glyéo}ysis appear to be
| similar for normal :and transformed cells (see below), the 4-10% highér
GP-DHAP-T/‘AC‘ratios may be due to a greater metabolfc rate in trans-
formed cells. Also, sfnce thé glycolytic pool sizes are different in

8, the effects of equilibration of triose

normal and transformed cells
_ phbsphate need not be the same for the two cell popﬁ]ations. The T/]4C
ratios for TCAchCle intermediates and amino acids>start at very high
Va1ue$ at 5 or 15 min and decrease in the hext 60 min to values lower
than thatkof glucose (Tab]e'1B). Pyruvate, which should havé thé same
T/14C ratio as 1a¢tate,‘is décarboxylated to give acéty]-CoA which has
~ one ¢ atom less, resulting in a T/]4C ratio 1/3 more than that of

lactate, In the next step,‘durihg condensation with oxalacetate, one
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hydrogen atom of’these equivalent hydrogen atoms on the methyl group
of acetyl CoA is Tost and the ratio T/14C should decrease 1/3. However,
. as Eggerer et al. 18 Showed with an in yitro system, instead of 33%, oniy
18% of the tritium is lost from the tritiated methyl group of AcCoA
dufing'the synthase reaction. This isotope effecf COntributes to the
high T/]4C ratio in g]utamate, citrate, malate and aspartate but does
not fu11y explain them, since the exper1menta1 values we find are too
high-to be explained in this way only. | |

In the green algae; Chlorella pyrenoidose;Agrqwing iniHTO, it was
18"

demonstreted ‘that in at least two reactions cata1y2ed by dehydrogenases
~of the TCA cycle, tritium is preferentia11y retained in the pools duevtd
isotope effect.  Such isotope effects in the presentistudy would lead to
a more rapid increase of trit1um than 14C in the poo]s of TCA cycle
intermediates during the time when these pools are.fékffrom being fully
labeled. The tritium labaling of these'intermediatefboo1s thus rises

more rapidly at first thaﬁ the 14

C labeling. Since both carbon atoms
of acetyl CoA are labeled with!*C, the 1% Tabeling of TCA cycle inter-
mediate compounds will epread-to all Carbon posiiions as’ the period of
metabolism with labeled substrates increases. However, the number of
positions in TCA cyc]e 1ntermed1ates in which tr1t1um is reta1ned dur1ng _
cont1nued metabollsm is 1ess in proport1on to carbon;pos1t1ons than in
the methy]-T-U-]4C ecety] CoA. Thus the ratio T/]4C in these TCA cycle
intermediates decreases with tfhe; | | ‘;
The‘exberiments with 3-T giucose indicate:that_ébout as much g]ucose‘

is metabolized via the pentose phosphate shunt as via glycolysis (other

pathways such as glycogenesis'aceount for less than 1.2% of glucose
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metabolism), It'shOde-be}noted, however, that metabo1ism of'glucose
vié the shunt produces only one triose phosphate'mo]ecu]e pér thfee‘
glucose molecules used, whi]e ﬁhe'metébolfsm of.fhréé glucose molecules
via glycolysis produces six triose phosphate mo]ech]es. Thus, the shunt
has a relatively small'effect on the T/]4C ratio of triose phosphates .
formed frém 6T~U—]4C-g1ucose (Table IA). The theéretical'T/]4C ratios
for these triose phosphates-formed via the shunt wduid'be 2.0-(compared
with ‘the labeled glucose) since they should confain the same amount of
tritium for fﬁree carbon atoms as the amount of tritfum in glucose for
six carbon atoms. If the two paths (glycolysis and shunt) are equal, we
get [1.0 + 0.167(2.0)]/i,167‘= 1.143 as the theoretical T/]4C'va1ue.for
g]ycera]dehyde-3-phosphéte'and dihydroxyacetone phosphate,vprovided there
were complete equf]fbratibn between fhe»two triose phoéphates.

| Wé found lower values for T/14C.in dihydroxyacetone phosphate and
fts'mefabolic_derivative; glycerol phosphate. Incomp]ete equilibration
between the two triose phosphates can accountVfbr the Tower T/14C ratios,
since dihydroxyacetone phosphate formed from‘6T—U—14CFglucose via glycolysis
initié]]y contains‘no tritium, while g]ycera]dehydé 3-phosphate would have
an initial T/14C ratio of 2.0. If incomplete tfiose phosphate equilibraiton
is responsibTe for T/]4C being O.Q'to 1.0 in dihycroxyacetone phosphate

(instead of 1.14), then the glyceraldehyde-3-phosphate converted via
a1/l

"3vph05phoglyéerate_and pyruvate to lactate must have a T/ °C ratio corres-

pondingly higher than 1.14 and must be around 1.3 to 1.4. The drop in
T/]4C ratio during conversion to lactate would thus bev30—50%.
While the increase in pentose shunt after transformation had been

20 21

demonstratéd for both tumors®” and chick cells in culture®’, two
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- important conclusions may be drawn from our results with 3-T g]ucose.'

(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 glucbse is metabo]ized twice as rapidly
in transformed cells as in normal cells, the ratio of glycd]ySis to |
other primary pathways for the conversion of glucose is about the same
in nor¢a1 and transfdrmed cells. This gives furthef support to the
hypOthesisa.fhat the incféased glycolysis and. shunt querved after Virus
transformétionvis the result, not the cause, of increased glucose trans-
port in thése‘ce]is. This increased Q]uCosé conversion via péntoSe shunt
and glycolysis in tnansforméd cells 1eads'to_incre#séd"formation of
lactate from giucése, not inéréased convérsion of glucose via the TCA
cycleg’z]. .
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TABLE I

METABOLITE T/1%C RATIOS FOLLOWING METABOLISM WITH 6T-U-

217-

1

4c-GLUCOSE*

Normal cells

60"

Transformed cells

Glutamate

1.85 1.15 0.99

1R 15" 30 1Y 5'. 15' 30" 60"
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
Clactate  0.94 0.87 0.89 0.85 0.87 0.93 0.90 0.92 0.95 0.93
UPG - - 0.98 0.94 0.88 - - 0.9 0.97 0.88
AP . - = ©0.77 0.79 0;75 - - 0.72 0.77 0.75
origin. - - 1. 0.95 0.8 - - 0.91 0.86 0.80
B

Citrate - - 233 1.7 1.2 - - 2-3.3 1.4 1.0
Malate - - 2.0 14 - - - 2§ 1.4 095
Aspartate - - 25 1.4 0.63 - - 3.3 1.3 0.67
0.87 - 1.67 1.05 0.85 0.75

- *Average of S experiments. Cells were grown and}ahalyzed as described

in Methods. The specific radioactivity of 6-T-glucose was 3.6 uC/uM

in 2 experiments and 9.0 uc/ymole in 3 experiments.
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TABLE 11 , |
METABOLITE T/'%C RATIOS FOLLOMING METABOLISM OF U-'*C-GLUCOSE AND

- 1T-GLUCOSE OR 6T-GLUCOSE FOR 6G MIN

1T4U-]4C-G]ucose* 6T—U-]4C-Glucose* t
" ‘Normal Transformed Normal | Transformed

lelg ’ ggllg cells cells.

Glucose  0.95 0.99 097 0.5
lactate  0.76 0.78 089 0.93
Glutamate - 0.58 0.5 ) 078~ 0.72
Citrate 0.60 0.6 . 125 1.1
Aspartate 0.50 0.45 0.63  0.67

*Average of 5 experiments. The specific activity of 1T-glucose was.
3.6 puC/uM in 2 experiments and 7.0 uyC/uM in 3 other experiments.
*fAverage of 2 experiments where the specific activify.of 6T-glucose

was 3.6 uC/uM.
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‘TABLE III |
METABOLISM OF 3-T-GLUCOSE*

1 min 30 min 60 min 120 min_

| Normal cells -

A. Glucose utilized 48 12% 17%. 24%

B. Tritium in cells after : : o
washlng o o 3% 8.5% 10.5% 12%

C. Approximate proportion of
glucose metabolized via

ox1dat1ve pentose phosphate A : ' _
cyc]e J5 71 62 .50

Transfprmed cells

A. Glucose utilized = 4 17% 32% 46%

B. Tritium in cells after L
washing 3% 10.5% 18.4% 24.4%

C. Approximate proportion of
‘glucose metabolized via
oxidative pentose phosphate _
~cycle . JS5 .62 .57 .50

*Average of 3 experiments. SpeCific activity of 3¥T4g1ucose was

3.3 uC/uM.
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LEGAL NOTICE

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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