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Biosynthesis of Vitamin Bg and
Pyridoxal Phosphate by
Streptococcus thermophilus

VEIKKO NURMIKKO, RAIMO RAUNIO
and PIRKKO-LIISA MAKINEN

Department of Biochemistry, University
of Turku, Turkw, Finland

In two previous papers from this labora-
tory 1,2 the biosynthesis of vitamin B,
in Escherichia colv cells was reported to
take place at a significant rate already
during the lag phase of growth and to
rise to a maximum during the acceleration
phase. Excretion of vitamin B, into the
medium was observed only when the
organisms were grown in & medium rich
in amino acids.

‘We have now found that the formation of
vitamin B, in Streptococcus thermophilus
(strain KQ) cells is very similar to that
in E. coli. Fig. 1 shows the results of an

200 |- - 50
&
1,8

[ -
H 40 3
E 3
< ] >
:;L, 30 S
<100 2l 2
& 420
3 g
G ®
10§
3
[
! 1 I ! OT

60 120 180 240
Time: min

Fig. 1. Formation of vitamin By (calculated

as pyridoxine) in Streptococcus thermophilus

(strain KQ) cells during the growth. 1, Growth

curve (left-hand scale); 2, vitamin By content
of the cells.

experiment in which the biosynthesis of
vitamin B, in Str. thermophilus cells was
followed using Saccharomyces carlsbergensis
(ATCC 9080) as test organism in the micro-
biological assay. The level of vitamin Bg
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was maximal at the very beginning of the
exponential growth phase.

We also followed the production of
pyridoxal-5-phosphate during the growth
of Str. thermophilus using a specific assay
method.®* It appears from the results in
Fig. 2 and Table 1 that the formation
curve for pyridoxal phosphate is very
similar to the corresponding curve
for vitamin B,. Of special interest
is the fact that the levels of both vitamin
B, and pyridoxal phosphate reached a
maximum almost at the same point at the
very beginning of the exponential phase.
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Fig. 2. Formation of pyridoxal phosphate

in Streptococcus thermophilus (strain KQ)

cells during the growth. 1, Growth curve

(left-hand scale); 2, pyridoxal phosphate
content of the cells.

Table 1. Points at which the formation
of vitamin B, and pyridoxal phosphate
reached a maximum level, expressed as a
percentage of the growth time of Streptococcus
thermophilus with the time between the
moment of of inoculation and the end of
the retardation phase taken as 100.

Experiment  Vitamin Bg Pyridoxal
No. phosphate
1 22.2 % 16.7 %

2 16.7 » 16.7 »

3 19.9 » 16.7 »

4 16.7 » 20.8 »

5 15.4 » 19.1 »

Average 18.2 » 18.0 »
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On the Synthesis and Properties of
1-Thiacyclobutane-3-carboxylic
Acid 1-Oxide
STIG ALLENMARK

Chemical Institute, University of Uppsala,
Uppsala, Sweden

Heretofote, compounds having a carboxyl
group directly attached to a thiacyclo-
butane ring have not been reported.
This paper will describe the synthesis of
1-thiacyclobutane-3-carboxylic acid 1-oxide
and some of its chemical properties. The
compound, however, was obtained as a
mixture of its geometrical isomers which
have not yet been separated.

For the synthesis of the thiacyclobutane-
carboxylic acid, both ethyl 8,8’-dibromo-
isobutyrate and ,8’-dibromoisobutyric acid
were chosen as suitable starting materials.
Treatment of the ester with sodium sulfide
in absolute ethanol only led to the forma-
tion of polymers in spite of the fact that
the reaction was carried out in very dilute
solution by using the method of simulta-
neously adding the reaction components
dropwise to the solvent over a period of
several hours. However, when p,8’-dibro-
moisobutyric acid, neutralized with sodium
carbonate, and sodium sulfide were allowed
to react in water solution no polymers were
formed but instead a small amount of the
desired compound was obtained. The
larger fraction of the reaction mixture
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probably consisted of thiodimethaecrylic
acid, (CH;=C(COOH)CH,),S. The syn-
thesis was then modified in such a way
that the neutralized B,p’-dibromoisobutyr-
ic acid was first treated with sodium
hydrogen sulfide and a few drops of piperi-
dine in water solution and later an equi-
valent amount of piperidine was added.
In this way a 20 9, yield of 1-thiacyclobu-
tane-3-carboxylic acid could be obtained.
The acid could be purified by distillation
wn vacuo yielding an oil which immediately
solidified in the receiver to a white crystal-
line mass having a m.p. of 64.0—65.5°
The substance was very soluble in ether
and acetone but only moderately soluble
in carbon tetrachloride and water. The
NMR-spectrum of the compound was
complex and not easily interpreted, but
it suggested an A,B,C-type in accordance
with the non-equivalent methylene hydro-
gens in the ring:

(B)

On titration of the compound with
bromide-bromate in acid solution only
slightly more than two equivalents of
bromine were consumed, corresponding to
an oxidation of the sulfide group to sulfox-
ide. This is somewhat unusual, because in
most cases the oxidation by this method
readily gives the sulfone, corresponding
to a consumption of four equivalents of
bromine. Therefore, such titrations have
been used as an excellent method for
determining equivalent weights of sulfide-
acids.? The oxidation of a thiacyclobutane
ring, however, is likely to be accom-
panied by an increase of ring strain, so
the result in this case is not quite unex-
pected.

The 1-thiacyclobutane-3-carboxylic acid
1-oxide was prepared by oxidation of the
sulfide-acid with hydrogen peroxide in
acetone. The compound obtained was a
white solid which was almost insoluble
in ether and acetone but extremely soluble
in water. Its m.p. was not sharp but
most of the substance melted in the region
95—100°. Its infra-red spectrum (in KBr)
showed a strong double peak for the S = O
stretching vibration frequency: vso = 1043
and 1027 em™, probably corresponding
to the two geometrical isomers obtained.



