15. 10. 1970

Isoforms of Baker’s Yeast Transketolase

Some data obtained in our laboratory have pointed
indirectly to the heterogeneity of crystalline transketolase
(EC 2.2.1.1) isolated from baker’s yeast by the procedure
of RackEeRr et al.l. Ton exchange chromatography and
disc electrophoresis on polyacrylamide gel have revealed
the existence of 2 isoforms of transketolase. The present
paper reports the results of the above investigation.

Crystalline transketolase was isolated by the method
of RACKER et al.’. An equilibrated mixture of enzymati-
cally prepared pentosephosphates was used as a substrate
for measurements of activity 2. The transketolase activity
was assayed spectrophotometrically by the rate of reduc-
tion of NAD at the expense of oxidation of glyceral-
dehydephosphate in the coupled reaction with glycer-
aldehydephosphate dehydrogenase®. The same system
was used to visualize the activity in polyacrylamide gel
in the presence of nitroblue tetrazolium and phenazine
methosulphate. The protein content was determined by
the method of Lowry et al.® and by means of direct
measurement of optical density at 280 nm. Protein
regions on disc electrophoregrams were stained with
amido black 10B.

Ton exchange chromatography was carried out with
CM-Sephadex C-50. The columns (0.5X10cm) were
packed with ion exchanger equilibrated with 0.05M
potassium-phosphate buffer, pH 5.75. A sample of the
enzyme was passed through Sephadex G-50 in the initial
buffer solution prior to applying it to the column. Gradient
elution was carried out with 50 ml of 0.7M potassium
phosphate buffer, pH 5.75, against 50 ml of 0.05M phos-
phate buffer. A constant rate of flow of 20 ml/cm?/h
was ensured by a peristaltic micropump. Eluted protein
was recorded by means of a highly sensitive flow densito-
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Fig. 1. Separation of isoforms of transketolase apoenzyme on CM-
Sephadex and subsequent rechromatography of each isoform under
the same conditions. Substances applied were: a) 1.5 mg of trans-
ketolase; b) 0.4 mg of isoform I and c) 0.3 mg of isoform II. —-—,
increasing concentration of the eluting buffer; —, transketolase
activity; ———, concentration of protein.
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meter at 253 nm, and the increase in salt concentration
was followed electrometrically. Fractions (2ml) were
collected and assayed for enzymatic activity and protein.
All the experiments were carried out at 3°C.

For purposes of rechromatography active fractions
were pooled, concentrated by means of dry Sephadex
G-50, and excessive salt was removed by a Sephadex
column prior to reapplication on an ion exchanger. Disc
electrophoresis was carried out on 6%, polyacrylamide
gel. In the electrophoretic separations various buffer
systems, ensuring different pH values, were used.

Two isoforms of transketolase have been detected in
a highly purified crystalline preparation by means of
chromatography with ion exchange Sephadexes. The best
way to separate the isoforms is to pass transketolase in
0.05M potassium phosphate buffer, pH 5.6-5.8, through
a column filled with CM-Sephadex. The enzyme becomes
bound to with the negatively charged groups of the ion
exchariger and, as the concentration of phosphate buffer
is gradually increased, the enzyme is eluted from the
column as 2 separate peaks, each having transketolase
activity (Figure 1, a). Each peak of activity has a clear-
cut corresponding protein peak. Isoform II is more
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Fig. 2. Electrophoretic separation of transketolase apoenzyme 40 ug
in the cation system. Pyridine-CH,COOH (0.04 M, pH 6.5) buffer
was used in the electrode vessels. Electrophoresis was carried out
for 2.5 h at a current of 2 mA per tube. Protein fractions were stained
with amido black.
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strongly bound to the cation exchanger and, consequently,
must have a higher positive charge.

Separate rechromatography of both active fractions
of transketolase revealed that each isoform was eluted
as an individual protein peak displaying enzymatic
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Fig. 3. Electrophoretic separation of transketolase apoenzyme
(100 ug) in the anion system with subsequent determination of
transketolase activity. T7is buffer (0.041M, pH 8.9) containing
0.0063 M boric acid and 0.0017M EDTA was used in the electrode
vessels. 1. Protein stained with amido black. 2. Transketolase
activity.
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activity (Figures 1, b and c¢). Isoform I is always removed
from the column at 0.1 concentration of the eluting
phosphate buffer and isoform II at 0.2M. The specific
activity of transketolase across the protein peaks is
constant in all fractions, indicating that both isoforms
are free from protein contamination. A nonactive peak
of protein which is weakly bound to the cation exchanger
appears to be an inactivated form of transketolase. It is
also seen in the course of rechromatography of individual
isoforms as a result of partial inactivation of the enzyme
during its concentration, desalting and storage at pH
lower than 6.0.

Phosphate is most important for chromatographic
separation of the isoforms. Adequate separation was not
observed when phosphate was substituted by acetate or
when the concentration of phosphate buffer was de-
creased 15-fold (the ionic strength of the solution was
kept constant by addition of KCI).

The existence of isoforms of transketolase first demon-
strated by ion exchange chromatography was confirmed
by electrophoresis (Figures 2 and 3). It can be seen in
the figures that in both acidic and alkaline ranges the
enzyme has 2 protein fractions.

BoiBoAbl. MeTotoMm MOHOOOMEHHOH Xpomarorpagum ¢ uc-
MoJIL30BaHUEM HOHOOOMEHHBIX cedafeKCoB NMOKA3aHo CyIlec-
TBOBaHME BYX M30()OPM TPAHCKETOJIA3HI MEKAPCKUX APOXC-
keif. Hamnudme ABYX axKTUBHBIX H3odopm depmeHTa OBUIO
MOATBEPIKACHO TAIOKE UPH 3JIeKTPoQOpEeTHYecKoM paspaene-
HUY BBICOKOOYMIIEHHOTO IIpernapara amnoTPaHCKeT0s1a3bl B
NOIVaKPHIAMUAHOM TeJie.

G. A. KocueTov and N. N. CHERNOV
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Absence of Dehydroxylation of Caffeic Acid in Germ—Ffee Rats

The dehydroxylation of caffeic acid (3,4-dihydroxy-
cinnamic acid) to m-hydroxy derivatives following admin-
istration to animals was first reported by DEEDs et al.1:2
m-Hydroxyphenylpropionic acid was shown to be the
major metabolite of caffeic acid in rats and the finding
that this metabolite was also excreted following the i.p.
administration of caffeic acid suggested that dehydroxy-
lation was not a result of the action of intestinal micro-
organisms. However, several subsequent studies with
caffeic acid and related compounds have definitely
implicated the intestinal microflora as the site of the

- dehydroxylation reaction®-¢. The initial finding that
dehydroxylation of caffeic acid occurred also after its
i.p. injection has been shown to be dependent upon the
biliary excretion of caffeic acid andjor its metabolites
which can then undergo dehydroxylation in the intestine?.
These findings in animals, which point to the intestine as
the site of dehydroxylation, have been further sub-
stantiated in studies of the metabolism of caffeic acid by
intestinal microorganisms?—?. The evidence now available
thus indicates that the dehydroxylation of caffeic acid
occurs in the intestine as a result of bacterial metabolism
rather than in the tissues of the animal. However, un-
equivocal evidence in this regard is dependent upon
studies in germ-iree animals. No such studies with caffeic

acid have hitherto been published and we therefore
thought it would be of interest to report our findings
on the metabolism of caffeic acid in germ-free rats,.

The germ-free rats used were of the CDF strain and
were reared according to techniques described pre-
viously1®, The conventional rats were of the same strain
and were the fourth generation after conventionalization.
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