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fact that the compounds VII, VIII and IX were essentially inactive in comparison with the
EDj, values for the cytotoxicities of IIT and IV (¢f. Table I).
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Spectrophotometﬁc Determination of Bunte Salts?

S-Alkylthiosulfates and S-arylthiosulfates, known as ‘“Bunte salts,” have attracted
particularly wide interest in the textile and pharmaceutical industries.? Some of them are
also reported to exhibit various types of biological activity.? In spite of the industrial and
biological significance, any general method of determination of Bunte salts has not: been
reported. ‘

During the course of our investigation on the bacterial metabolism of Bunte salts, develop-
ment of a microanalytical method of Bunte salts in biological materials was required. In
this communication, a colorimetric and a fluorometric methods of determination of Bunte
salts are described.

We first applied the Cleland’s reagent (DTT),® which is known to reduce disulfide bonds,
to the reduction of Bunte salts. The reduction of CySSO,H and (PaSSOg),Ca (Fig. 1) as
well as-CyNSSO,H, DMCyNSSOzH, BzSSO;Na, PATPSSO;H and (P-PaSSO;),Ca proceeded
rapidly and quantitatively in alkaline media. PeSSO;H was not reduced under the same
condition probably because of its steric hindrance around the -S-SO;~ group. An equimolar
reaction of CySSO,H with DTT was confirmed by the continuous variation method (Fig. 2)
and the molar ratio method.

1) The abbreviations used are: DTT, dithiothreitol; CySSOzH, S-sulphocysteine; (PaSSO;),Ca, calcium
salt of pantetheine-S-sulfonic acid; (P-PaSS0O,),Ca, calcium salt of 4’-phosphopantetheine-S-sulfonic
acid; CyNSSO,H, cysteamine-S-sulfate; DMCyNSSO,H, dimethylaminoethanethiol-S-sulfate; PeSSOzH,
-penicillamine-S-sulfate; BzSSO,Na, benzylmercaptan-S-sulfate sodium salt, PATPSSO,H, p-amino-
thiophenol-S-sulfate; NEM, N-ethylmaleimide; CySH, r-cysteine; EDTA, ethylenediaminetetraacetic
acid disodium salt; PCMB, p-chloromercuribenzoic acid.

9) H. Distler, Angew. Chem. Int. Ed. Engl., 6, 544 (1967);-S. Oae, G. Tsukamoto, and T. Kurusu, Kagaku
(Kyoto), 26, 1066 (1971). ' :

3) W.W. Cleland, Biochemistry, 3, 480 (1964).
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Fig. 1. Reduction of Bunte Salts with DTT

One ml each of Bunte salt and DTT solutions was mixed
with 1,0m! of 0,05 Tris-HCl buffer containing 5mm EDTA,
and the reaction mixture was incubated at 37°,
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- —(O—: 2x10~7 mole CySSO;H, 5x10-" mole DTT, pH [CySSO.HI/{[(CySSO:H]+[DTT]}
9.20
—@—: 2x10~7 mole CySSO;H, §x10-¢ mole DIT, pH Fig. 2. The Estimation of the
9 20 ~ B Stoichiometry of the Reaction
— 3 ?)9(810 mole CySSO;H, 5 x10-¢ mole DTT, pH » of CySSOsH and DTT by the
—[T—: :1%10~" mole (PaSSO,),Ca, 5x10-8 mole DTT, Continuous Variation Method

pH 9.20 - 4.
The reaction was followed by measuring the amount of [CySSOH]+[DTT] =1 x107*x

bisulfite formed by using the fluorometric method des-
cribed in the text. The relative fluorescence intensities to
the fluorescence intensity of 2x10~? mole NaHSO; were
plotted.

Bisulfite and CySH were identified in the reaction mixture of CySSO;H and DTT as
their radioactive NEM (ethyl-2-H, New England Nuclear) adducts by paper electrophoresis
(1m HCOOH, pH 1.75) followed by scanning the electrophoretogram. Any additional radio-
active compounds other than NEM adduct of DTT were not detected. Furthermore, it was
found that one mole of CySH and one mole of bisulfite were formed from one mole of CySSOsH
by determining the amounts of CySH and bisulfite in the reaction mixture of CySSO;H and
DTT by a modified Ellis’ method® and our fluorometric method® respectively. These data
indicate that the reaction between Bunte salts and DTT proceeds in the following manner:

RSSO, + SH__RSH + HSOS @2
. Hol s + < + HO

DTT oxidized DTT

On the other hand, DTT gave no bisulfite or sulfite from thiosulfate (S,04%~) which is usually
the most serious interfering compound in the analysis of Bunte salts in biological materials.

Based upon these observations, the following two procedures for determination of Bunte
salts were established.

a) Colorimetric Method

To 1.0 ml of sample, blank (water), or standard solution, add 1.0 ml of 5 mm DTT in 0.05u
Tris-HCI buffer (pH 9.20) containing 5 mm EDTA (solution A), and incubate at 37° for 5 min
(reduction mixture). To the reduction mixture, add 1.5 ml of 0.1m HgCl,, and centrifuge at
4000 rpm for 5 min to remove the mercaptides. Add 1.0 ml of the indicator solution® (a

4) R.]. Ellis, Biochim. Biophys. Acta, 85, 335 (1964).
5) H. Nakamura and Z, Tamura, Chem. Phaym. Bull. (Tokyo), 22, 1950 (1974).
6) P.F. Urone and W.E, Boggs, Anal. Chem., 23, 1517 (1951).
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mixture of the acid-bleached basic fuchsin and formaldehyde) to 8.0 ml of the clear super-
natant, allow to stand at room temperature for 10 min and measure the optical density at
580 nm against water.

The value thus obtained corresponds to a sum of the preexistent bisulfite and the bisulfite
liberated from the Bunte salt. The amount of the Bunte salt is determined, therefore, by
subtracting the total amount with that of the preexistent bisulfite which is obtained by ex-
changing the order of addition of DTT and HgCl,. Under these procedures, the working
curves of usual Bunte salts are linear in the range of 5x 10~ to 1 x10~7 mole.

b) Fluorometric Method

To 2.0 ml of the reduction mixture, add 1.0 ml of a mixture of 10 mm PCMB and 10 mm
NaAsO, in solution A (SH blocker), incubate at 87° for 10 min, and add 1.0 ml of 1.0 » HCI-
citrate buffer (pH 8.48). Remove the mercaptide precipitates by centrifugation at 4000 rpm
for 5min, add 1.0 ml of 0.1 mm N-(p-dimethylaminophenyl)-1,4-naphthoquinoneimine® in
ethanol to 8.0 ml of the resultant clear supernatant, and incubate at 37° for 30 min. Add
1.0 ml of 2.0x NaOH, mix, and measure the fluorescence at 4., 340 nm and 4., 435 nm.

The amount of the preexistent bisulfite to be subtracted was obtained by adding 1.0 ml
of SH blocker and 1.0 ml of solution A to 1.0 ml of the sample and by incubating at 37° for
10 min followed by performance of the same procedure described above.

The lower limit of determination is 2 x 108 mole of a Bunte salt and the working curves
are linear up to 1.5 10~7 mole in this procedure. -
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