SHORT COMMUNICATIONS

Biosynthesis of Spermine and Sper-
midine in the Developing

Chick Embryo

AARNE RAINA

Department of Medical Chemistry, University
of Helsinki, Helsinki, Finland

A Ithough the occurrence of spermine and
spermidine in the animal organism has
been known for a long time, very little has
been reported about the biosynthesis of
these amines until recently. In the last few
years much work has been done to elucidate
their biosynthesis in micro-organisms.
Studies with labelled putrescine have in-
dicated that putrescine is incorporated as
a unit into polyamines in growing cultures
of Escherichia coli and Aspergillus nidu-
lans?. Greene %% demonstrated that in
cultures of Neurospora crassa 2-1'4C-DL-
methionine added to the growth medium
is incorporated into spermidine, being the
source of the three-carbon chain of spermi-
dine. Subsequent experiments -7 with
whole cells and with cell-free preparations
and purified enzyme systems of E. coli
have confirmed that putrescine, and in one
report ° ornithine, is the source of the four-
carbon chain of spermine and spermidine.
Similarly, the important role of methionine
in the biosynthesis of spermidine has been
proved.

The studies cited above still leave open
the question of whether the mechanism is
the same in animal tissues, except for the
preliminary note by Tabor et al.!, which
indicates a small incorporation of labelled
putrescine into the polyamine fraction in
minced rat prostate.

In the present work, incorporation stu-
dies have been carried out with developing
chick embryos, because the synthesis of
spermine and spermidine seems to be very
rapid in growing organisms. With the
method 8 used in this study the polyamines
from the embryos could already be deter-
mined on the 3rd day of development,
whereas none could be detected in unin-
cubated eggs or their hydrolysates.

Methods. Of the radioactive material (putre-
scine-1,4-1*C dihydrochloride, specific activity
4.17 mC/mM, NEC-—150; DIL-ornithine-2-14C
hydrochloride, specific activity 1.0 mC/mM,
California Corporation, Los Angeles; DL-
methionine-2-1C, specific activity 1.27 mC/mM,
Volk Radiochemical Company, Illinois), 1—10
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Fig. 1. Incorporation of radioactivity into
spermine and spermidine in the developing
chick embryo after injection of 5 uC of 1,4-
1C-putrescine (la) or 5 uC of 2-1*C-DL-methio-
nine (1b) onto the chorioallantoic membrane
(total counts per minute per embryo). Sp =
spermine, Sd = spermidine.

uC was injected onto the chorioallantoic mem-
brane of developing chick embryos on the
9th day of development. The embryos were
killed 5, 15, 30 or 60 h after administration.
The radioactivity of the spermine and spermi-
dine was determined in an Ecko type 664 A
liquid scintillation counter directly from
paper °, after partial purification by extraction
into butanol and paper electrophoretic separa-
tion of the amines 8.

Results. The incorporation of labelled
putrescine into these polyamines is seen
in Fig. la. The total activity in the sper-
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midine fraction reached its maximum about
20 h after administration of 5 uC of putre-
scine. Incorporation into spermine was
slower. After a lag period, the total activity
seemed to increase up to at least 60 h.
Of the total radioactivity injected into the
egg, about 1 9, could be detected in the
polyamines 60 h after treatment.

Studies with labelled ornithine showed a
similar incorporation. It was interesting
to note that after paper electrophoretic
separation radioactivity was also found
in the ’putrescine area’. In control experi-
ments it was demonstrated that this un-
known compound (putrescine?) was not
produced during the isolation procedure.

Incorporation of 2-*C-methionine into
spermidine was quite similar to that of
putrescine (Fig. 1b). After administration
of 5 uC of methionine the maximum of total
counts was about 40 000 c.p.m. in sper-
midine at 30 h after injection. The in-
corporation of methionine into spermine
was more rapid than that of putrescine.
60 h after injection, about 65 000 c.p.m.
could be detected in spermine and 35 000
c.p.m. in the spermidine fraction. Of the
total radioactivity injected into the egg
about 2.8 9, was recovered in the polya-
mines 60 h after administration.

The results described here demonstrate
that putrescine, ornithine and methionine
can act as precursors in the biosynthesis
of spermine and spermidine in the chick
embryo. In addition, spermidine seems to
be a precursor of spermine.

A more detailed report of the methods
and results described here will be published
in the near future.
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n 1923, Ingold and Piggott ! investigated
the tautomerism of the three-carbon sys-
tem of the methoxy-indenes la and lb.
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These two forms could not be separated,
different synthetic methods only yielding
identical samples. The single substance
thus isolated gave, however, by oxidation
a mixture of two methoxy-homophthalic
acids, and on blocking the tautomeric
system by condensation with piperonal,
a mixture of two, separable, derivatives
was obtained.

Robison ? synthesized and investigated
5(7)H-1-pyrindine (II) in which the same
kind of tautomerism is possible (ITa and
ITb) as in the methoxyindenes. A third
tautomeric form (IIe) with the proton
attached to nitrogen is, however, also
possible, and Anderson et al. ® have suggest-
ed that this form is responsible for the
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orange color of IT as observed by Robison.
Quite recently Reese ¢ has confirmed this
hypothesis in a very beautiful way, by
synthesizing 1-methyl-1-pyrindine, dis-
cussed long ago by Armit and Robinson ®,
and comparing its UV-spectrum with that
of Robison’s substance. The outcome of this
investigation was that II contains 1.1 parts
per 1000 of the coloured pseudoazulene
1Te.

We have for some time been interested
in the tautomerism of three-carbon sys-
tems, and in particular the tautomerism
of 5(7)H-1-pyrindine and related com-
pounds. Due to the current interest in this
substance we wish to report the results
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