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physical agitation of the svlutions in the presence of air causes some change in the
secondary structure of the molecules resulting in higher rardiatinn resistance.
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SC 11025
Mechanism of D-glutamyitransferase repression in mammalian cells

This investigation was undertaken to obtain information about the mechanism in-
volved in an adaptive enzyme svstem in cultured mammalian cells. Repression of
p-glutamyltransferase ,which is almost certainly ident«cal with glutamine synthetase
(L-glutamate : arnmonia ligase (ADP}, EC 6.3.1.2)! by glutamine was described by
DEMARs?® in human cervical carcinoma cells, strain HeLa®. We have observed a
similar phenomenon in mouse subcutaneous (fibroblasts) strain LY. The cells were
grown in WAVYMOUTH's medium?®, modified as described below, to which 53, dialysed
calf serum was added. They were harvested by treatment with trypsin and oxtracts
were prepared by repeated freezing and thawing in 0.8, WaCl, foliowed by centri-
fugation at 1z oou x g for 45 min. p-glutamyltransferase activity in the supernatant
was determined by ineasuring the capacity to form p-glutamylbydroxamic acid® in
conditions slightiyv modified from the original to obtain greater sensitivity?.

When L cells were propagated in a glutamine-free medium containing 20 mM
glutunic actd an 8-fold increase in glutamyl! ransferase activity occurred witiun 48 h.
On the adaition of glutamine at a final concentration of 2.4 mM D-glutamyltrans-
ferase activity rapidly decreased and reached the initial level within 16--24 h (Fig. 1).
The questions posed by this obaervation are: Is active protein synthesis involved in
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Vig. 1. The time course of induction and repression of n-glutamyltransferase in strain 1 cells.

the increase of enzyme activity and 17 o ~peific inactivagion mechanism responsible
for its rapid disappearance wher glutamine is added to the medium?

In order to obtain information :ibout the first point attempts were made to
obtain derepression of the enzyme, as already described, in media to which had been
added p-flucrophenylalanine, 8-azaguanine or 5'-fluoradeoxyuridine. As shown in
Table 1 the enzyme increased in contral cultures and also in cultuses treated with
5'-fluorodecxyuridine at concentrations adequate to inhibit DNA syatuesis. Gn the
other hand no extra enzyme activity was fannd in the presence of p-fluorophenyl-
alanine or B-azaguanine at concentration adequaic w inhibit protein ard RN:A
synthesis. Arylesterase (EC 3.1.1.2), which appears to behave constitutively in these
cells, was assayed simultaneously and tailed to show the- saine degree of fluctuation.
Thess observations suggest that the increase in b glutamyitransferase activity when
glutamine is withdrawn from the medinm involves de novo synthesis of the enzvme.

The active disappearance of tue enzyme on addition of glutamine was in con-
trast to the gbservation made by DEMagrs® in Hela cells, where the cnzyvme was
simply diltted out. We have confirrnea DuMaus' cbeprvations and conclude hat
this mechanisy. is different in the two ccll lines, and probabiy in the two spucies

TABIE ]

FTPE EFFECT OF METABOLIC INHIDITGRS 3 7HE INDUCTION
OF GLUTANMYLTRANSFERASE IN SINAIN L

Duplicate cultures (2108 cellsml) were sct up in Waviouvrd's medium (-glutemine) == xo mM
glutamine acid + dialysed calf serum. Inhibitors were added to the medium as inawcated and
the cells were assayed for enzyme activity after 38 h.

Comcen- Tmeubation Esterase
Addstrons bo the madinm ln?'i;}u h_:;l; "f'::;:’:":li":::ﬁ',?” .','n."-':{i::;m:'an
M .

Nune - o 0014, LV.O12 c.0I0
None J— % 0.2, 0122 oot
8- Azaguanine z-10-% X 0.011, G.OL4 0,009
o-Fiueorophenvlalanine 2-10"* 43 n.016, 0,018 -
3-Fiuzorodeoxyuridine z2-107* 48 o003, 0080 -
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(human and mouse) from which the cells were derived. In order to investigate the
nature of the phenomenon, crude extracts of mouse liver were prepared in 0.1 M
phosphate buffer (pH 7.4). On incubation at 37" n-glutamyltransferase activity
progressively disappeared from these extracts. The enzyme could, however, be
stabilized to varving extents by substances related to the substrate (glutamic acid,
glutamine), by maintenance under nitrogen and by NADH, (Table II). These ob-
servations sugges. that inactivation of the mouse ecnzyme may occur as a result of
oxidation and that it c2n be sti bilized in the presence of its substrate.

TABLE 11

THE EFFECT OF VARIOUS SUBSTANCES IN PROTECIING MOUSE LIVER D-GLUTAMYLTRANSFERASE
FROM INACTIVATION BY INCUBATION AT 377 IN 0.15 M PHOSPHATE BUPFER (PH 7.2}

Sabslan-¢ Concedration

¢, Protection®
fmM)
i-Glutamic acid 30 47
L-Glutamine 30 235
NADH, 2 50
Na — B2
L-Gilatamic acid + N, 30 186
L-Glutamine + N, 30 123
+-Glutamic acid 30
4+ NADH, 2 172
L-(;lutamine 3o
+ NADLH, 2 53

.o . Aetivity of test - Activity of control
» Pratection -— - e e T e ——- X 10O
Activity of 1mitial -- Activity of control

Therefore it would appear that n-glutamyltransferase in the strain L cell is an
unstable protein which tends to be spontanecusly inactivated in the presence of
oxygen and is siabilized by its substrate. Nevertheless the appearance of increased
enzyme activity on releasing the cell from the repressive influence of glutamine
appears to Involve the synthesis of new protein and therefore represents a true
example of enzyme induction.
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