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reaction (1). Neither succinic semialdehyde nor acetaldehvde is oxidized in this
system. When malonyl-SCoA (3 pmoles) is substituted for malonic semialdehyde”
in the incubatior system used in Table I (Expt. 3), acetvl-SCoA is not formed and
malonyl-SCoA is recovered. When malonyl-SCoA and DPNH are incubated with the
enzyme, DPN* is not formed. Malonyl-SCoA (1 pmole) does not inhibit the formation
of acetyl-SCoA. These data suppert the contention that malonvl-SCoA is not a free
intermediatc in the conversion of malonic semialdehyde to acetyl-CoA.
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“* Fellow of the Jane Cojfin Childs Memorial Fund for Medical Research.

Enzymic synthesis of thiamine

WoolLrLEY! suggested that thiamine js synthesized enzymically froin the {ree pyri-
midine and thiazole moieties by utilizing the energy of a glycolytic system. It has
been recently reported? that the reaction catalyzing the cendensation of the pyri-
midine OMP and the thiazole Th in cell-free yeast extracts involves the formation
of a monophosphate ester of OMP. In the present study, a cell-free extract from
“Oriental” baker’s yeast has been obtained which catalyses the synthesis of thiamine
{measured by the thiochrome assg}r) after incubation of OMP and Th with ATP
and Mg++,

The enzyme was extracted from quick-frozen veast by the method used to extract
acetyl CoA kinase?: the yeast was frozen with dry-ice and ether, and the frozen yeast
(zoo g) extracted overnight with 400 ml o0.05 3f Na,HPO, in the cold room. The
suspension was centrifuged at 6500 ~ g for zo min and the supernatant brought to
0.65 saturation by adding solid (NH,),S0, with stirring. The solution was kept
neutral by adding 2.0 M KOH and o.z 3/f EDTA. After centrifugation the protein
was dissolved in o.05 M Tris buffer, pH 7.6. The enzyme preparation was then
generally stored in a deep freeze, For further use the frozen material was dialyzed
against 0.0x M Tris, 1074 M EDTA, at pH 7.6, for 3 h ir the cold. The solution still
contained a small amount of thiamine. As shown in Table I, ATP and Mg++ are
required for the synthesis of thiamine. ADP has a slight effect, due probably to the
presence of myokinase, while other nucleotide polyphosphates have no effect.

When the enzyme preparation is incubated with OMP, ATP and Mg*+ in the
absence of Th for 30 min, an intermediate ‘“active OMP compound™ appears to be

Abbreviations: OMP, z-methyl-j-amino-5-hydroxymethylpyrimicdine; OMEP-P, OMDP mono-
phosphate ester; OMP-FP, OMP® pyrophosphate ester; Th, 4-methyl-3-hyvdroxyethyl thiazole;
Th-P, Th monophosphate ester; Th-PP, Th diphosphate ester: Tris, tris(hydroxymethyl)amino-
methane; EDTA, ethylencdiaminetetrancetate.
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TABLE I
REQUIREMENTS FOR THIAMINE SYNTHESIS

The incubation mixture {10 mi] contained 200 gmoles Tris buffer (pH 7.0), 10 pimoles ATP,

10 gemoles Mg(ly, 10 gemeles cysteine, 0.1 pmale OMP, o.1 gmole Th and 5 mg protein. After z h

incubation at 38% 0.3 ml 1 & H(l was added and the mixture leated for 15 min at 80°. The

synthesized thizmine was ineasured by the thiochrome method? and compared with a blank
without incubation.

Thiamine forued
wmpemales 2 7t

Complete system 10.7
No ATP ©
No MgCl, o
No cysteine 10.3
Roiled enzyme [

formed. This is indicated by the fact that, on addition of Th to the previously incu-
bated samples, the initial {ormation of thiamine is more rapid than without pre-
incubation. In this case, the preincubation with Th in the absence of OMP has also
a similar effect on the formation of thiamine though the rate is not as great as obtained
with OMP preincubation (Fig. 1). This suggests that the formation of thiamine is
preceded by activation of OMP aad Th, presumably phosphorylation by ATP,

followed by enzymic condensation of the two activated compounds to form the
thiamine molecule. , ] . -
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Fig. t. Activation of OMP and Th by ATY. The complete &
system contained 200 gmoles Tris huffer (pH 7.0), ~ 2T =
10 proles ATDP, 10 umoles Mg(l,, 10 umoles cysteine, g ///’_//j-
0.1 gmole OMP, o.1 pmole Th and 5 mg protein. Pre- % )
incubation without Th or OMP for 30 min, followed by £
addition of Th or OMDP, and further incubation for 10
and 30 min. Temperature, 38°%, :

. =,
Time (min)

In order to clarify the nature of the activated compounds, phosphate esters of
OMP und Th were prepared by a slight modification of the method of WeE1jLarDps,
OMP-P, OMP-PP, Th-P and Th-PP were isolated respectively by means of column
chromatography with Dowex-1 resin ({formate form). The enzyme preparation is able
to condense these OMP- and Th-phosphate esters without ATP and Mg++, The rate
of formation of thiamine was estimated as shown in Table IL.

It can be concluded that two steps are required for the synthesis of thiamine.
The first step involves the formation of phosphate esters of OMP und Th by an ATP.
linked reaction., The second step is the condensation of such phosphatc esters with
the formation of thiamine monophosphate or thiamine pyrophosphate. No decision
can yet be made concerning the nature of the phosphorylated product, since the



voL. 34 (1950) PRELIMINARY NOTES 279

TARBLE 1}
THTIAMINE SYNTHESIS FROM OME- axp TH-PHOSPHATE ESTERS WITHoOUT ATD

The complete system contained zoo gmoles Tris buffer (pH 7.9), to s moles cysteine, 0.1 pmole
OMD-!* or OMP-PF, o.1 gmole Th, Th-F or Th-PF and 5 mg protein.

Thiamine formed

Substretes . mpmiale R
OMIE-P 4+ Th-I? 1.4
OMP-P -+ Th-1'1? oy
OMP-P -+ Th O
OMP-PP 4+ Th 1.7
GMP-1'P> + Th-1' 3.2
OMP-PPP 4+ Th-PP 222 -
oMP" + Th 1.3

* Original eomplete system containing 1o gmoles AT and 1o pemoles MgCl,.

thiamine formes consists of free and phosphorylated thiamine and the enzyme system
contains phosphatase activities.
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On the bhiosynthesis of felinine

Darra AND HARRIS! noted the existence of a new ninhydrin-positive spot upon
paper chromatography of cat urine. WESTALL? isolated this material, which he
called felinine, and obtained evidence indicating that its stracture was that of 5-(3-
hydroxy-1:1-dimethylpropyl)cystcine
HOOC. CH{NH,)CH,-5-U(C1,) O, CH,OH

This structural assignment was confirmed by synthesis by TripPETT®.

We have developed ar analytical method for felinine based on an ion-exchange
chromatographic separation, followed by development of the ninhydrin color in the

appropriate fractions, and have obtained evidence that cystine on the one hand,
and either leucine or mevalonic acid on the other, can contribute to the formation

Abbreviation: MV A, mevalonic acid,



