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Induced optical activity results from a type of asym-
metry arising from the spatial orientation of some
limited sites of the protein molecule and is revealed
by the presence of chromophores*.

Different types of substances act as chromophores
in inducing OA** on interaction with protein: the
haem prosthetic group; FAD; NAD; pyridoxalphos-
phate and their derivatives; metallic ions, e.g. Fe3*,
Mn3*, Cu2*, Cd2*; specific substrates, inhibitors
and some dyes [1,2]. It is interesting to study optic-
ally active side-chain chromophores which are part
of the protein molecule [3]..

The stereospecificity of OA-inducing chromopho-
res and the fact that induced OA does not depend on
OA of the peptide chromophore makes the pheno-
menon of induced OA a valuable eye witness of events
occurring at the enzyme active centre.

No data exist about the OA of enzymes with TPP
as coenzymes. We have previously studied the OA of
one of the thiamine enzymes, baker’s yeast transketo-
lase, by means of ORD [4] . This paper reports the
results of changes in OA of transketolase arising on
TPP interaction with apoenzyme.

Transketolase (EC 2.2.1.1) was prepared from
baker’s yeast as described [5] . The specific activity
of TK preparations was 10 U/mg. The enzyme pro-
duced a single symmetrical peak in the ultracentrifuge

* The other two types of asymmetry responsible for OA of
the protein molecule are: the random coil and the second-
ary structure of the protein (0-helix and g-structure).

** Abbreviations: OA: optical activity; ORD: optical rotatory
dispersion; CD: circular dichroism; TK: transketolase; TPP:
thiaminepyrophosphate.
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and was proved homogeneous in polyacrylamide disc
electrophoresis. Preparation of apoTK is described in
[6]. To obtain the holoenzyme, Ca2* + (1 X 10-3M)
and TPP (3 X 1075 M) were added to the apoTK solu-
tion (1 X 10" M); the mixture was kept for 15 min
at room temperature in 0.01 M tris-buffer, pH 6.5.
All the CD and ORD measurements were made under
the same conditions.

ORD measurements were carried out with a Jasco
spectropolarimeter model ORD/UV-5, with a cell
light path length of 10 mm. ORD data are expressed
in terms of mean residue rotation, Im'lk, in units of
degrees cm2/dmole. Circular dichroic spectra were
measured with a Roussel-Jouan dichrograph, and
were checked with a Jasco ORD/CD/UV-5 spectro-
polarimeter equipped with a CD-attachment. CD data
are presented in terms of molar dichroism, [A€'] ;.
An average residue weight of 115 was used in calcu-
lating Im'I, and [A€] . All ORD and CD measure-
ments were made at several protein concentrations,
determined by the Lowry method.

Fig. 1 (curve 1) shows the apoTK ORD spectrum in
the 270-400 my range. The apoenzyme ORD curve is
smooth. No deviation from the linearity was observed
in the Moffit or Shechter and Blout plots. However,

a small ORD anomaly is difficult to observe below
300 my; the CD method only enables OA induced by
a weak chromophore to be distinguished from the
background of the peptide group OA. CD measure-
ments showed that the apoTK reveals weak positive
dichroism with a maximum at 280 mu (see fig. 2,

1 Ca®* is a cofactor of the baker’s ‘yeast TK [7].
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Fig. 1. ORD spectrum of transketolase in 0.01 M tris-buffer,
pH 6.5. 1) apoenzyme; 2) holoenzyme.

curve I). This Cotton effect may be the sum of the
contribution of several electron transitions, as indi-
cated by the asymmetric peak in the CD spectrum.
Cotton effects in the near UV region have been re-
ported for at least 20 proteins; they have been estab-
lished to be due to optically active electron transi-
tions of such chromophores as tyrosine, tryptophane,
or the disulphide bond.

TPP-apoenzyme interactions induce some change
in the ORD spectra in the 270-400 mu range (see
fig. 1, curve 2).* CD changes in this spectrum range
have shown that the TPP-apoenzyme binding en-
hanced, more than 2-fold, the positive Cotton effect,
with a maximum at 280 my, and caused the appear-
ance of a negative Cotton effect with a maximum
at 320 my (see fig. 2, curve 2). It should be noted
that, when only one of the cofactors, Ca?*, was ad-
ded to the apoTK, no alterations in the ORD and
CD spectra were observed.

The increase in the positive Cotton effect at 280
myu may be due to the following: 1) direct interaction
of one of the TPP groups with the side chain of the

* TPP itself is optically inactive.
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Fig. 2. CD spectrum of transketolase in 0.01 M tris-buffer,
pH 6.5. 1) apoenzyme; 2) holoenzyme.

aromatic amino acid or with the disulphide group
which are asymmetry centers; 2) changes in the con-
formation or in environment of specific residues local-
ized in the proximity of the active centre.

The negative Cotton effect, with a peak at 320
my, i.e. far from the absorption range of the coen-
zyme**, is probably due to formation of a new bond
— TPP binding to the protein molecule.

** TPP has an absorption spectrum with maxima at 235 and
265 mu.

References

[1] D. Ulmer and B. Vallee, Advan. Enzymol. 27 (1965) 15.

[2] Ju.M. Torchinsky, Usp. Biol. Khim. 9 (1967) 64.

[3] Sh. Beychok, in: Poly-x-Amino Acids, ed. G.D. Fasman
(Marcel Dekker, New York, 1967) p. 293.

[4] G.A.Kochetov and R.A. Usmanov, Biokhimiya, in press.

[5] P.A. Srere, J.R. Cooper, K.M. Tabachnik and E. Racker,
Arch. Biochem. Biophys. 74 (1958) 295.

[6] G.A. Kochetov and A.E. Izotova, Biokhimiya, in press.

[7} G.A. Kochetov and P.P. Philippov, Biochem. Biophys.
Res. Commun. 38 (1970) 5.



