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Role of folate dependent transformylases in synthesis
of purine in bone marrow of man and in bone
marrow and liver of rats
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SUMMARY The activity of the two folate dependent enzymes supplying carbon 2 and carbon 8 of the
purine nucleus was assayed in the bone marrow of rats and man, as well as in rat livers. The activity
of both enzymes was several fold greater in marrow than in liver. Inactivation of cobalamin by
exposure to nitrous oxide did not affect the enzymes in rat marrow cells, although an appreciable
effect on hepatic enzymes was found. The depression of hepatic glycinamide ribotide (GAR)
transformylase in rats exposed to nitrous oxide was prevented by supplying a formate precursor,
methylthioadenosine. There was a considerable rise in the activity ofGAR transformylase in human
marrow cells from patients with megaloblastic anaemia due to cobalamin deficiency but no change
in activity in marrow from patients deficient in folate.

In 1958 Lajtha and Vane suggested that the liver was
the principal site of purine synthesis.' Furthermore,
they suggested that the purines required for DNA
synthesis by marrow cells were imported from the
liver whereas pyrimidine (thymidine), also required
for DNA, was independently synthesised in the mar-
row. This deduction was based on the DNA labelling
of marrow cells with ('4C)formate. When
("4C)formate was given to an intact rabbit the label
appeared in both marrow purine and thymidine: when
it was given to a rabbit that had had its liver removed
marrow thymidine only was labelled. More recently,
however, despite some contrary data independent
purine synthesis has been shown in man in peripheral
blood leucocytes,2 in lymphocytes in marrow mono-
nuclear cells,3- 5 and in a promyelocytic cell line.6

Folate has a key role in purine synthesis, con-
tributing carbons 2 and 8 to the purine nucleus. Car-
bon 8 is inserted by the enzyme glycinamide ribotide
(GAR) transformylase (EC 2.1.2.2.) and carbon 2 by
the enzyme 5-amino-4-imidazole carboxamide
(AICAR) transformylase (EC 2.1.2.3.). With each
enzyme the formyl donor is 10-formyltetrahydro-
folatepolyglutamate.7
The purpose of this study was to assess the activity

of these two folate dependent enzymes in both liver
and marrow of rats breathing air or breathing 50%
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nitrous oxide, which activates cob(I)alamin and hence
inactivates the enzyme methionine synthetase. This in
turn has profound effects on the metabolism of
folate.8 The activity of these enzymes was also mea-
sured in samples of marrow from normoblastic and
megaloblastic patients.

Material and methods

Bone marrow samples were available from 10 patients
who required marrow aspiration for clinical purposes.
Four patients had normoblastic haemopoiesis and
were haematologically normal. Six had a macrocytic
anaemia, and the marrow was megaloblastic in all.
One patient had pernicious anaemia, two were Hindu
vegetarians with nutritional cobalamin deficiency, one
was taking anticonvulsants and had folate deficiency,
and two had nutritional folate deficiency (combined
alcoholism in one). The haemoglobin concentrations
in the megaloblastic patients with cobalamin
deficiency were 5.1, 7 3, and 10-5 g/dl, respectively,
and in those with folate deficiency 5-5, 7-1, and 12-5
g/dl respectively. The patients deficient in cobalamin
had low serum cobalamin concentrations and normal
red cell folate concentrations. Those deficient in folate
had normal serum cobalamin and low red cell folate
concentrations.
Male Sprague-Dawley rats weighing 80-100 g were

used. Exposure to nitrous oxide and oxygen, (1/1, v/v)
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took place in a perspex chamber through which a
mixture of the gases was passed; carbon dioxide and
humidity were controlled. An unrestricted supply of
water and food was given. Control rats breathed air.

PREPARATION OF EXTRACTS
Livers were homogenised in cold 0-03M potassium
phosphate buffer, pH 7-0. Homogenates (about 50
mg/ml) were then centrifuged at 3000 g for 45 minutes
at 4°C.

Samples of human marrow were taken into 10 ml
cold Hanks's balanced salt solution (containing 1000
IU heparin). Red cells were lysed with distilled water
and an equal volume of 1 8% sodium chloride was
added.

Rat marrows were taken into cold phosphate
buffered saline and processed as described for human
marrow. Cell pellets from human and rat marrows
were washed twice with cold PBSA and finally sus-
pended in about 1 ml cold 0-03M potassium phos-
phate buffer, pH 7 0. Cells were ruptured by repeated
freezing and thawing and centrifuged at 3000 g for 45
minutes at 4°C.
GAR was synthesised from 1-"4C]glycine. GAR

was incubated with the tissue being assayed and
5,10-methenylH4PteGlu. Formyl (methenyl) transfer
was assessed by measuring residual H4PteGlu in the
reaction mixture, as described elsewhere.9'- 1I
AICAR was incubated with the tissue being assayed

and 10-formylH4PteGlu. Residual AICAR that had
not been converted into inosinic acid was assayed by
the Bratton-Marshall procedure, as described else-
where.9"

Results were analysed using the Sheffe procedure
for multiple comparison of means modified to take
account of the non-homogenous variances found.12
In addition, comparison of data on individual days
was carried out using Student's t test.

Results

COMPARISON OF ENZYME ACTIVITY IN RAT
LIVER AND MARROW
Fig. 1 shows the activity of enzymes that synthesise
purine both in the liver and marrow from healthy
Sprague-Dawley rats. AICAR transformylase and
GAR transformylase showed four fold and seven fold
greater activity, respectively, in marrow than in liver
(Fig. 1). The mean value for GAR transformylase
activity in 60 rat livers was 1 27 (SD 0-47) nmol
H4PteGlu formed/mg protein and the corresponding
value for 20 samples of marrow was 9 07 (2.15). The
mean AICAR transformylase activity in 45 rat livers
was 7 71 (1-87) nmol AICAR used/mg protein. The
corresponding value for rat marrow was 33 55 (6-12).
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Fig. 1 Comparison of activity of the two folate dependent
transformylases in purine synthesis in rat liver and marrow.

EFFECT OF INACTIVATION OF COBALAMIN ON
ENZYME ACTIVITY
There was no important change in GAR trans-
formylase activity in marrow after five days of
exposure to nitrous oxide. This contrasts with the
results found in the liver: a considerable drop in activ-
ity occurred 24 hours after exposure (Fig. 2).9

There was no important overall trend in AICAR
transformylase activity in marrow on exposure to
nitrous oxide. The values on day 3 of exposure were
significantly lower than in controls (p = 0.02). The
same enzyme in liver showed a significant increase in
activity on exposure to nitrous oxide.9

Enzyme activity in marrow in man The activity of
GAR transformylase in the three marrows deficient in
cobalamin was significantly higher than in controls
(p = 0i01) and higher than that in the folate deficient
group (Fig. 3). There were no differences in AICAR
transformylase activity between normoblastic and
megaloblastic human marrows.

EFFECT OF METHIONINE AND
METHYLTHIOADENOSINE ON GAR
TRANSFORMYLASE IN THE RAT
The fall in GAR transformylase activity after four
days of exposure to nitrous oxide was assumed to be
due to a failure in the supply of single carbon units at
the formate level of oxidation. These are normally
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Fig. 2 Effect of inactivation of cobalamin by exposure to
nitrous oxide on activity of the two folate dependent
transformylase activities in purine synthesis in rat liver.

derived from methionine, and 5'methylthioadenosine
is an intermediary in the pathway to formate. l 3 Rats
were therefore exposed to nitrous oxide, and one
group given methionine (16 nmol daily) and methyl-
thioadenosine (16 nmol daily) and a third group
served as control. Methionine had no effect on pre-
venting the fall in rat liver GAR transformylase activ-
ity, but this was prevented by methylthioadenosine
(Table).

Discussion

The activity of the two folate dependent trans-
formylases in the marrow has not been assayed pre-
viously. The results showed that considerably more
activity occurred in marrow than in liver and leave
little doubt that marrow is an active site of indepen-
dent purine synthesis. Although purine synthesis in
the liver is largely concerned with turnover of purine
nucleotides in intermediary metabolism (NADH,
ATP, FAD), as well as for RNA, in marrow the
greater requirement is for provision of adenine and
guanine for DNA and RNA.

Nitrous oxide has less effect on GAR trans-

Fig. 3 Activity of the two folate dependent
transformylases in purine synthesis in human marrow from
normoblastic patients (A), megaloblastic patients with
cobalamin deficiency (0), and megaloblastic patients with
folate deficiency (0).

formylase activity in marrow than in liver and, unlike
liver, no effect on marrow AICAR transformylase
activity. The effect of nitrous oxide on purine syn-
thesis is to curtail the supply of formate needed both
for C2 and C8 of the purine nucleus supplied via
methionine. 4 The less potent effect of nitrous oxide in
marrow cells suggests that sources of formate other
than methionine are more readily available in marrow
than in liver. These sources are presumably indepen-
dent of cobalamin and folate. Furthermore, the activ-

GAR transformylase activity in rat liver (nmol H4PteGlu
formed/mg protein) and effect of methionine and
methylthioadenosine (MTA)

Exposure (days) Mean GAR transformylase
activity (SD)

Control (n = 7) 1-57 (0 38)
N 0:iFour days (n = 3) 0 74 (037)*
Four days and methionine (n = 4) 0-6 (0-26)t
Four days and MTA (n = 4) 1-37 (0-5)4

*Significantly less than control (p = 0-01).
tSignificantly less than control (p = 0 001).
tNo significant difference from control.
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ity of methionine synthetase in marrow is very low
compared to that in liver and difficult to assay by
conventional methods, once again suggesting that
methionine may not be the major supplier of formate
to marrow. 15 Nevertheless, the effect of methyl-
thioadenosine, which is derived from methionine and
is a precursor of formate, in preventing a fall in GAR
transformylase in the livers of rats treated with nitrous
oxide still indicates that methionine is a supplier of
formate units.
Many enzymes show increased activity in megalo-

blastic anaemia in man, and these are increased
equally both in folate and cobalamin deficiency. It is
unusual to find the increase in only cobalamin
deficiency, as occurred in GAR transformylase activ-
ity. It is tempting to suggest that this is a response to
a lack of formyl units required for GAR trans-
formylase activity, which are normally derived from
methionine.
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