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I wish lo congratulate Dr. Cantoni on his excellent
lecture on labile methyl metabolism. Dr. Cantoni
has clearly distinguished between transmethylation and
labile methyl synthesis. I remember that, when labile
methyl synthesis was first demonstrated to occur from
one carbon units such as formate or formaldehyde (I),
it was suggested that transmethylation always occurred
through such intermediates. Dr. du Vigneaud then
insisted that transmethylation means a transfer of the
carbon of the methyl group with its three hydrogens
from one molecule, the methyl donor, lo another one,
the methyl acceptor. The concept of transmethylation
precludes the existence, as intermediates, of substances
like formate, formaldehyde or their equivalents which
no longer possess three hydrogens attached to I.he
carbon.
Tho problem was thus lo prove lhal lransmelhylation

reactions occur in living cells. The nutritional experi­
ments which showed that, in I.he diet given lo rats,
choline could be replaced by methionine, or methionine
by choline and homocystine, and the tracer experiments
which followed either the carbon or the hydrogen of
the methyl group from one molecule Lo another, were
highly suggestive and consistent with the concept of
lransmelhylat.ion. IL is very good lo have a fair
hypothesis that is not contradicted by any fact, bul
it is still holler lo have a proof or its correctness.
The nutritional and tracer experiments that I have so
far mentioned, were nol sufficient Lo eliminate the alter­
native hypothesis of formate or formaldehyde being
intermediates in, for instance, lhc synthesis of choline
from methionine and aminoethanol.

Du Vigneaud and his coworkers have given lhc much
needed proofs of the reality of one biological transmethy­
lation (from methionine to cho line). You all know
the two classical experiments of du Vigneaud :

(a) In one experiment, rats were fed, over a long
period, a diet containing, as the only source of labile
methyl groups, methionine labelled with deuterium
in tho methyl group; tho animals were then sacrificed
and the choline isolated from the carcass. The deuterium
concentration of the methyl of the carcass choline rose
lo about 90 9, of lhc deuterium concentration of the
methyl of tho methionine fed (2). In this experiment,
less than one third of tho hydrogen atoms of the methyl
groups were lost when the carbon migrated from methio­
nine lo choline; in other words, many carbon atoms
migrated with their three hydrogens : this is, by defi­
nition, a transmethylation reaction.

(b) In another experiment, rats received methionine
labelled with "C and deuterium in the methyl group;
the ratio D/C in the methyl group of the choline isolated
from the carcass was identical with that of lhc methyl

of the methionine fed; the conclusion is again that the
carbon atoms of the methyl groups migrated from
one compound lo I.he other with their three hydro­
gens (3, 1).

When Dr. Cantoni says that methionine must be acli­
vated lo S-adcnosylmelhioninc t.o give its methyl group
lo an acceptor, it. seems logical to arlmil lhal this sequence
of bioreactions intergrates within the concept of trans­
methylation. But I wonder whet.her a direct proof of
it might. not be useful; I suggest lo Dr. Cantoni lo doubly
label the methyl of lhc S-adcnosylmet hioninc and lo
Lest, in his in uilro system, whether I.he isotope ratio
in the methyl of the methylated acceptor is the same
as in the labelled donor.

We know that the labile methyl group can be oxidized
lo CO, through the intermediary oxidation steps of
formaldehyde and formate (); we also know that these
intermediates can be used for methyl synthesis (I).
Belween the labile methyl groups of two compounds
two pathways seem possible : transmethylation, and
oxidation followed by reduction. If one believes that,
in a particular case, the reaction is one of transmethyl­
ation, it is still not possible lo omit lo prove that it is
so.

I have recommended lhc use of the double labelling
technique lo prove transmethylation; I have now lo
add a few words or caution. To doubly label a methyl
group, one has lo use an isotope of hydrogen, either
deuterium or tritium, and these isotopes do not behave
like protium, hydrogen mass 1, which is nearly the only
isotope present in ordinary hydrogen : the bond between
C and H is much stronger when the hydrogen is deuterium
than when il is protium, and still stronger when ii. is
tritium.

If, as is the case in lransmclhylalion reactions, there
is no breaking of the C-H bonds, one may hope lo have
no isotope effect and, in this particular case, deuterium
or tritium is a true tracer.
The situation is very different if some of the C-II

bonds are split : the C-protium bonds are preferentially
split and the C-D or C-T bonds are preferentially retained;
finally the number of bonds broken is in excess of what
the deuterium or tritium content of the reaction product
indicates.
The possible magnitude of this isotope effect is really

slarlling. In 1951, in Dr. du Vigneaud's laboratory ,
we injected subcutaneously lo rats a mixture of 'CH,OH,
CD,OH and CH,TOH and we measured the 'C, D
and T in the methyl groups of the choline isolated from
the carcass; we knew that methanol was a precursor
of the labile methyl group (G) and that conversion o(
methanol Lo choline methyl occur• cd through oxidation
of the methanol methyl followed by reduction (-1). Ir,
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during these hiorcact ious, there had been no isolopo
effect, the ratio T/D ought t.o have been the same in
the isolated choline methyl group as i11 the methanol
methyl group; but we found it to be three times higher
in the choline methyl than in I.he methanol methyl :
the ratio D/C in the choline methyls was 22 % and the
ratio TC 72 % of what they were in the methanol
methyl (i); this comparison gives an idea of the possible
magnitude of the isotope effect in the very kind of
biochemical react ions that we are studying in this
colloquium.
This work on hydrogen isotope select ion in connection

with methyl metabolism which I initiated in 1951,
was continued in Dr. du Vigneaud's laborn Lory by Dr.
Rachele and later by Dr. Aebi from Switzerland.
Dr. Rachele and E. Kuehinskas, with the collaboration
of Dr. EidinolT from the Sloan Kettering Institute,
injected subcutaneously to rats a mixture of CHI,OH,
CH,DOH and CH,TOI-1; the difference between I.his
experiment and the preceeding one is I.hat CD,01·1
has been replaced by CH,DOH; in Lhe second experiment,
Lhe ratio D/C in lhe choline methyls was 66 % and
the ratio TC 84 %,, of what they were in the methanol
methyl (8).

We shall try to interpret these experiments. When
a hydro:;en labelled methyl group undergoes oxidation,
the isotope content. of the reaction product depends
on which hydrogen isolopc has been used (deuterium
or tritium) and on how lhc molecule has been lagged
(whether one or the three hydrogens of the methyl
group have been labelled). The resulls oblnined with
the CD, label are probably Lhe most representative of
what normally happens lo Lhe CII, group, because lhcrc
is no compelilion. within the same methyl group, between
the hydrogen atoms; but lhe oxidation rate of -CD,
is smaller than the oxidation rate of I.he normal -CH,.
I recall Thorn's experiment on the oxidation rate of
deuteriosuccinic acid by the succinic-dehydrogenase :
lbe react.ion rate was smaller for dideuleriosuccinic
acid than for normal succinic acid, and still smaller for
tetradeuteriosuccinic acid (9).
The reduction of the oxidation reaction rate duo lo

the deuterium label, is important in experiments where
the double labelling technique is used; the doubly
labelled compound is usually prepared by mixing a
carbon labelled species and a hydrogen labelled species,
for instance a 11CH,- species and a CD,- species; when
the methyl is oxidized, the reaction rates are different
for the two molecular species and the ratio D/C does
not tell what happens Lo a normal CH,- group. IL
would seem much better Lo have one molecular species

labelled simultaneously in lhe carbon and lite hydrogens,
for instance a CD,- compound ; although the rate of
oxidation of this species is certainly different from that
of normal "CH,-, it migh L be hoped that tho reaction
mechanism would nol be allcrcd and that the change
of D/C ratio would be parallel to the change of H/+C
ratio during the oxidation steps.
The least desirable label lo use lo trace the fa Le of

a methyl group is CH,T, because T is so different from
protium ; not only oxidation reaction rates are different
for the CH,T- and CH,- species, but there is, within the
grouping ii.self, a competition between protium and
tritium. Ilul I.hat label, bad as it is, is the only one
that can be used lo solve certain problems; we had lo
employ it l.o study the biological origin of the methyl
group of adrenaline.

In conclusion, I shall say that it is almost impossible
l.o know by the isotope technique what happens, quanti­
tatively and qualilnlivcly, Lo the normal-CH, group on
oxidation. Qualitatively, the best approach is lo uso
the "CD,-lnbcl: it can probably tell the level of oxidation
reached; but. it docs nol tell how many methyl groups
have undergone oxidation. Moreover, there is always
the danger that oxidation of the methyl group followed

· by reduction, might be interpreted as t.ransmelhylalion
by people unaware of the isotope selection, because lhc
heavy hydrogen isotopes are so firmly attached Lo the
carbon.
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