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t has been found that many proteins are

able to bind low molecular weight thiols
to sulfhydryl groups.’»* The possible im-
portance of such mixed disulfide formation
for modulation of enzyme activity, radio-
protection, etc. is presently unclear.® The
study of these presumptive functions
require adequate methods for determina-
tion and release of the low molecular weight
thiols. In the present communication we
describe a method, based on the use of
ion exchangers in small columns, for study-
ing the release of the radioprotective agent
S-2-aminoethylisothiouronium bromide
(AET) bound (as an isomer 2-mercapto-
ethylguanidine, MEG) wia a disulfide
linkage to proteins.

Materials and methods. The mixed disulfide,
which is formed between serum albumin and
AET (in the form of MEG), was used as a
model compound.? Bovine albumin (10 umol)
was dissolved in 18 ml of 0.2 M phosphate
buffer pH 7.5, 35 umol of [MC]-AET in 2 ml of
the same buffer were added, and the mixture
incubated at room temperature for 24 h. Un-
bound AET was removed by dialysis against
several changes of 20 to 25 volumes of 10 mM
phosphate buffer of a pH required in sub-
sequent experiments.

* Present address: “Frédéric Joliot-Curie”
National Research Institute for Radiobiology
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The protein content of the incubation
mixture was determined spectrophotometri-
cally at 278 nm or by the Lowry method.®
Radioactivity was measured in & Beckman LS-
100 liquid scintillation counter. Generally a
ratio of about 0.7 mol AET/mol albumin was
found.

The mixed disulfide compounds of equine
hemoglobin and bovine insulin were prepared
in a similar manner. For details see Horvath
et al.* The AET content was 2— 3 mol/mol Hb
or insulin.

Incubations for studying the release of radio-
activity upon treatment with thiols were car-
ried out at 30° in 200 ul incubation mixtures
containing buffer, labeled protein, and thiol.
After incubation, a 100 ul aliquot was trans-
ferred to an ion exchange column (5x 40 mm),
which was packed in a Pasteur pipette, and
washed into the bed with 0.5 ml of 10 mM
sodium phosphate pH 6.5. In pilot experiments
1 ml fractions were collected during the sub-
sequent elution, but in routine experiments a
single 5 ml fraction was taken. The radio-
activity in the effluent was measured after
mixing 1 ml of effluent with 10 ml of toluene-
Triton X-100 (2:1) scintillation fluid.®

Results. It was assumed that a suitable
separation between the negatively charged
albumin and liberated MEG, which is
positively charged, could be made on
DEAE-cellulose columns. Accordingly, it
should be possible to measure the release of
radioactive MEG from labeled albumin
simply by determination of radioactivity
in the effluent from a DEARE-cellulose col-
umn. It was found that the principle of
the measurement worked, but a complica-
tion arose due to slow release of radio-
activity from the albumin bound to the
ion-exchanger. The adsorbed protein was
retained as shown by lack of absorbance at
280 nm in the effluent, and, as it had
previously been demonstrated that MEG
is bound covalently by means of a di-
sulfide bond to albumin,* we conclude that
the radioactive group is split off due to
microenvironmental effects in the ion-
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exchange matrix. The nature of this reac-
tion was not established, but it was found
that the sulfhydryl reagents N-ethyl-
maleimide and HgCl, did not prevent the
decomposition. However, only a minor
portion of the total radioactivity was
released in the first 5 ml of effluent, which
contained the radioactive MEG liberated
from labeled albumin by treatment with
thiols. This portion could be accounted for
in the measurement by control experi-
ments, and the accuracy was therefore
sufficient to allow quantitative determina-
tions of the liberation of MEG.

To demonstrate the utility of the tech-
nique the reaction of thiols and albumin
labeled with [**C]-AET was studied. Treat-
ment of 0.075 umol labeled albumin with
0.2 pmol of unlabeled AET (which iso-
merizes to MEG at pH-values>7) at pH
7.5, liberated 75 9, of the radioactivity
within the shortest possible time of meas-
urement. To investigate the possibility to
follow the kinetics, the splitting reaction
was run at lower pH values. In these ex-
periments penicillamine, mercaptoethyl-
amine, or glutathione were used. Fig. 1
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Fig. 1. Release of radioactivity (per cent of
total activity) from [**C]-AET-labeled albumin
by treatment with mercaptoethylamine or
glutathione at pH 5 for different periods of
time. O, 0.063 umol albumin and 0.2 umol
GSH; @, 0.063 ymol albumin and 0.2 umol
MEA; x, 0.063 umol albumin and 0.066 gmol
MEA.

demonstrates that even at pH 5 a sub-
stantial amount of radioactivity is released
almost instantaneously, and that gluta-
thione is about twice as active as mercapto-
ethylamine. It should also be noted that
in no case more than 85 9, of the radio-
activity was released from albumin.
Whether this means that part of the label
is inaccessible to the reagents used or that
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the label is bound covalently not exclu-
sively by disulfide linkage has not been-
established.

Similar experiments have been carried
out with [*C]-labeled insulin and hemo-
globin. In the latter case CM-Sephadex was
substituted for DEAE-cellulose in the
chromatographic columns. It was found
that the radioactivity was much less
easily removed from hemoglobin than from
albumin by treatment with glutathione.
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Two hydroxyacids, 2-isobutylmalic acid !
and 2-benzylmalic acid,? have been found
in optically active forms as components in
Orchidaceae alkaloids. (+ )-2-Methylmalic
acid, (+ )-citramalic acid, is known to have
the (S)-configuration.? Asymmetric syn-
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