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SUMMARY

In Chinese hamster cell extracts, the UDP-glucose-4-epimerase
(EC 5.1.3.2.) activity is dependent upon the NAD concentration, the activity
of the cell UDP-glucose dehydrogenase (EC 1.1.1.22.) and the NAD : NADH ratio.
NAD is a cofactor of the enzyme and NADH is a competitive inhibitor. In cells
grown in Petridishes the epimerase is synthesized constitutively. There is no
enzymatic induction in cells grown with galactose as a source of sugar as
observed with wild type E. coli.

INTRODUCTION

A great deal of our understanding of gene regulation in micro-
organisms comes from the study of their pathways of carbohydrate metabolism
(1) but little is known about gene regulation in mammalian cells. For this
reason, we have isolated a galactose (+) cell line to study the UDP-glucose-
4-epimerase EC 51.3.2.) (epimerase) which catalyses the following reaction
of the galactose pathway UDP-galactose &—==>UDP-glucose ( EC 5.1.3.2.)

We have found that the epimerase in Chinese hamster cells grown
"in vitro", is synthesized constitutively, Cells grown on galactose have
approximatély the same amount of epimerase as cells grown on glucose. There
is no enzymatic induction. We thus propose that the epimerase activity in

Chinese hamster cells is under the control of the NAD : NADH ratio.
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MATERIALS AND METHODS

Reagents . (14C) UDP-galactose (289 mC per mM) was from the Radiochemical
Centre (Amersham) ; UDP-galactose, NAD, NADH, galaectose (''glucose free')
which was found to contain only 0.008 % of glucose, UDP-glucose dehydro-
genase and yeast epimerase were from Sigma Co., N-glycylglycine and xylene

cyanol were from BDH Chemical Limited.

Cell growth and media. Clone Cl2 from an established Chinese hamster cell

line derived from bone marrow, can grow either on galactose or on glucose

as a source of carbohydrate (to be published). Cells were grown in Dulbecco's
medium (2) with glucose (or galactose when indicated) supplemented with 10%
foetal calf serum (Grand Island Biological Cempany) which had been dialysed
exhaustively (the amount of glucose remaining in the serum is 4 x 10-5 mg/cc) .
Ten cm diameter Petri dishes with about 2-5 x 106 cells were washed three
times with phosphate buffered saline and drained (3). One ml of water was
added per dish and the cells were alternatively frozen at -20°C and thawed
(three times). They were then lysed at 0°C in a homogenizer and the lysates

cleared of debris by a low speed centrifugation.

Epimerase assay. The enzyme assay previously described (4) was modified to

account for the UDP-glucose dehydrogenase (EC 1.1.1.22.) in the cell extracts.

Except when indicated, 60 pl of either Chinese hamster cell
extract or yeast epimerase were incubated at 37°C for up to 30 min at pH 8.7
with 6 umoles sodium N-glycylglycinate, 40 mpy moles UDP-galactose, 0.4 mp
mole (140) UDP-galactose and 400 my moles Nad in 40 pl of water. The
reaction was stopped by heating in boiling water for two minutes then cooled
at 0°C (first step). About 150 units of yeast UDP-glucose dehydrogenase,
20 mpy moles NAD, 12,5 p moles sodium N-glycylglycinate (pH 8.7) in 0:1 ml
water were then added at 0°C. Incubation was resumed at 37°C until no more
UDP-glucuronate was formed (about 20 min.) (second step). The protein con-
centration was measured by the Lowry procedure (5) using serum albumin as

a standard.

1

( 4C) UDP-glucuronate was separated from (140) UDP-galactose by
paper electrophoresis (fig. 1). The radioactive areas were cut out and
counted in a liquid scintillation counter. The amount of labelled UDP-

glucuronate was a measure of the epimerase activity.
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Fig. 1 - Electrophoretic separation of UDP-galactose from UDP-glucuronate.
After step two, about 10 pl of the enzymatic reaction mixture mixed with a
small quantity of xylene cyanol were electrophoresed on Whatman 3} MM in
0.05 M pyrimidium acetate (pH 6.5) for 40 min. at 50 volts/cm. (7 'C) UDP-
glucuronate was separated from (4c) UDP-galactose. Arrow B indicates the
position of migration of xylene cyanol. Radioactivity ( ~——— ) was as
detected by a Packard 7201 radiocautogram scanner.

RESULTS

The activation of Chinese hamster UDP-glucose-4-epimerase by NAD,
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Fig. 2 - Epimerase activity as a function of the initial NAD concentration.
The epimerase assays were carried out as described in Materials and
Methods but with different initial concentrations of NAD during step one
of the assay. The incubation time was 30 min. for step one. The yeast
epimerase assays were carried out with 60 pl of yeast epimerase in water
substituted for 60 pl of Chinese hamster extract. ( . )
Percentage of radioactivity in the form of (14c) UDP-glucuronate after
incubation with the Chinese hamster epimerase and, ( o ) with
the yeast epimerase.
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NAD is a cofactor of the epimerase in liver (6) and also of
the epimerase in Chinese hamster cells as shown by the following experiments.
When the assay was carried out as described in Materials and Methods, with
different initial concentrations of NAD and with an incubation period of
30 min. for the first step, the Chinese hamster epimerase activity (fig. 2
closed circles) increased logarithmically with the initial NAD concentration
and then reached a plateau, but the yeast epimerase activity (open circles)

was independent of the addition of NAD.

The activity of Chinese hamster UDP-glucose dehydrogenase and the reduction

of NAD during the first step of the assay.

Since NAD was a cofactor of the epimerase, it was important that
no other reaction which could lower the amount of NAD should take place
during the determination of the epimerase activity (step one of the assay).
When this step was monitored at 340 mp, a reduction of NAD was observed.

Therefore, we have investigated this phenomenon. We found that the Chinese
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Fig. 3 - UDP-glucose dehydrogenase activity in cell extracts during step
one of the epimerase assay,

Cell extracts (42 pg of protein) were incubated for different times and
the incubation mixture was heated in boiling water and cooled (step one)
and then reincubated as in step two. After steps one and two, samples
were electrophoresed as described in fig. 1. (---- o ----) Percentage
of radioactivity in the form of (lhc) UDP-glucuronate after step one ;
(---- @ ----) Percentage of radioactivity in the form of (l%#C) UDP-
glucuronate after step two.
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hamster UDP-glucose dehydrogenase, present in the cell extracts, converted
some of the UDP-glucose, produced by the epimerase reaction, into UDP-
glucuronate. During this reaction UDP-glucose + 2 NAD =*UDP-glucuronate +
2 NADH (EC 1.1.1.22.), two moles of NAD were reduced for every mole of

UDP-glucuronate produced, thereby decreasing the NAD concentration.

When the Chinese hamster epimerase assay was carried out as
described in Materials and Methods, the amounts of (14C) UDP-glucuronate
in the incubation mixture after steps one and two were as shown in Figure 3
(open circles and closed circles, respectively). During step one, the cell
UDP-glucose dehydrogenase cétalysed the production of UDP-glucuronate from
UDP-glucose and NAD. During this step, the initial NAD concentration was
4 mM ; the amount of NAD reduced after 30 min. was 4.8 mu moles corresponding

to 6 % (or 2.4 mp moles) of UDP-glucuronate (fig. 3).

Inhibition of the epimerase reaction by NADH.

NADH was produced during step one. Therefore, we have investigated
whether or not NADH inhibited the Chinese hamster epimerase. When the epime-
rase reaction was carried out for an incubation period of 30 min. with
either 2.5 mM or 0.25 mM of NAD and with different concentrations of NADH
during the firs step, the epimerase was inhibited (table 1) . This inhibi-
tion was a function of the NAD : NADH ratio rather than the NADH concen-
tration (see particularly ratios of 10 and 1 of table 1) and was therefore
competitive. If this were so, then competitive inhibition of the reaction
E + NAD &2E-NAD should be relieved by the addition of substrate. Indeed,
this was found to be the case with 2.5 mM of NAD ; the NAD : NADH ratio

remained greater than 140 throughout step one and no inhibition was detected.

Constitutive synthesis of Chinese hamster epimerase.

With NAD concentrations greater than 2.5 mM, the inhibition of
NADH was relieved and the enzyme was fully active. Therefore, to study
whether or not the Chinese hamster epimerase was inducible, we chose a
concentration of 4 mM NAD for the first step of the assay. Cells were
grown either in glucose or in galactose. In glucose, we found a specific
activity of 620 pmoles of UDP-galactose converted into UDP-glucose per
hour per mg of protein at 37°C (620 units). This was not very different
from the 680 units found for the cells grown in galactose. This indicated

that the epimerase was synthesized constitutively.
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DISCUSSION

In wild type E. coli, NAD is tightly bound to the epimerase and
there is no competitive inhibition by NADH. The reaction UDP-glucose —>
UDP-galactose is regulated by the amount of epimerase, fhe synthesis of
which is either induced or repressed (7). In Chinese hamster cells grown
in Petri dishes and possibly in the anima£¥g}imerase is synthesized cons-
titutively. The results show that the reaction is controlled by the ratio

of NAD to NADH and not by the amount of epimerase.
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