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Effect of Sulfhydryl and Other Reducing Compounds on De- 
carboxylation of Pyruvic Acid by Alkaline Washed Yeast.” 

LOUIS D. GREEKBERG AND JAMES F. RINEHART. 
From the Division of Pathology, University of California Moclicnl School, Salt 

Francisco. 

Since Grassiiianl first showed that papain and katliepsins can be 
activated by cysteiiie or by reduced glutathione many papers have ap- 
peared in the literature dealing with the influence of sulfhydryl coin- 
pounds on the activity of hydrolyzing and other enzyme systems. 
search of literature has not revealed any researches concerned with 
the effect of these conipownds on carboxylase. This paper is a pre- 
liniiiiary report on the effect of sulfliydryl and other reducing coiii- 
pounds on the activity of carboxylase. 

The procedure used was a modification of the method of Ochoa atid 
Peters.? -4s a source o f  carboxylase coniniercial baker’s yeast which 
had been air-dried with the aid of an electric fan for 3-4 hours or 
desiccated over concentrated I&SO, for several days was employed. 
It was freed from cocarbosylase by rapid washing of the yeast 2-3 
times with M / l O  Ka,HP04 (25-30 cc for 0.5 g yeast), and once 
with distilled water. The washed yeast was suspended in 5 cc M/fO 
phosphate buffer pH 6.2. Foriiiation of CO, from pyruvic acid was 
measured manometrically at 28 ’ in air with conventional Warburg 
iiianonieters attached to 15 cc vessels. . Each vessel contained 0.5 cc 
washed yeast suspension, 0.1 iiig Mg as MgSO, in 0.1 cc of solutioii, 
0.2 cc sodium pyruvate solution adjusted to pH 6.2 and containing 
5 nig pyruvic acid. In each case reagents to be tested or phosphate 
buffer pH 6.2 were added to bring the total volume of fluid to 2 cc. 
The pyruvate solution was tipped into the vessel after 8- 12 minutes 
::eration. Merck‘s splitlietic cocarboxylase and crystalline vitamin 
R ,  were used throughout the experin1ents.t 

The results of 5 experiments dealing with the activation of alkaline 
washed yeast by cysteiiie hydrochloride, reduced glutathione, sodium 
bisulfite azid phenyIliyclraziiie hydrochloride are listed in Table I. 

* This inrestigatioii has been supported by the Christine Breon Fund for 
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TABLE I. 
Effect of Sulfhydryl and Other Reducing Agents on C02 Production from Pyruvic 

Acid bg .ilkdine Washed Yeast. 

Exp. No. System Tested 
Micro-liters C02 

liberated 
1 

2 

3 

4 

5 

in 30 min 
- 11 

23 
130 
177 
111 
110 

in 45 min 
3 

110 
208 
174 
228 
201 

in 45 min 

154 
82 
205 
34 

230 
in 45 min 
- 11 

76 

44 
49 
154 

in  45 min - 15 
101 

3 

lase 151 
23 

lase 157 

10 Y B1 
10 y B, + 0.2 y cocarbosplase 
10 y BI + 2 mg cysteine HCL 
10 y B1 + 2 mg cysteine HCl + 0.2 y cocarboxylase 
No B1, 2 mg cysteine HC1 
No B1, 2 mg cysteine HC1 + 0.2 y cocarboxylase 

10 Y B1 
10 y B1 + 0.2 y comrboxylase 
10 y B1 + 0.2 y cocarboxylase + 1 mg cysteine HCl 
10 y B1 + 0.2 y cocarboxylase + 0.5 mg cysteine HCl 
10 y B1 + 0.2 y cocarboxylase + 0.25mg cysteine HC1 
10 y B1 + 0.2 7 cocarbosylnse + 0.1 mg cysteine HCl 

10 y B1 + 0.2 y cocarboxylase 
10 y B1 + 0.5 mg GSH 
10 y B1 + 0.5 mg GSH + 0.2 y cocarboxylase 

10 y Bl + 0.2 y cocarboxylase 

10 y B1 + 0.2 y cocarboxylase 

- 26 10 7 Bl 

10 y B1 + 0.2 mg GSH 

10 Y B1 
No B1, no Mg 1 
No Bl, no Mg, 1 mg NaHS03 
10 y B1 + 1 mg NaHS03 

10 Y B1 
10 y B1 + 0.8 mg phenylhydrazine HCl 

10 y B1 + 1 mg NaHS03 + 0.2 y cocarboxylase 

10 y B1 + 0.2 y cocarboxylase 

10 y Bl + 0.8 mg phenylhydrazine HCL + 0.2 y cocarboxy- 

10 y Bl + 1.6 mg phenylhydrazine HCl 
10 y B1 + 1.6 mg phenylhydrazine HCI + 0.2 y cocarboxy- 

From an inspectioil of the table it can be seen that all these substances 
markedly stimulate the decarboxylation of pyruvic acid. Similar 
effects have been obtained with H,S. These compounds were found 
to be effective in amounts as low as 0.01 mg for cysteine hydro- 
chloride, 0.1 mg for glutathione, 0.02 mg for sodium bisulfite, and 
0.2 mg for phenylhydrazine hydrochloride. There are 3 possible 
explanations for the effects observed : ( 1) Free SH-groups are essen- 
tial for the activity of the enzyme and since all these compounds are 
reducing agents they may convert SS-linkages to SH-groups. (2) 
The compounds, particularly cysteine and reduced glutathione, may 
combine with the substrate to render it more active. Schuberta has 
been able to demonstrate compound formation between pyruvic acid 
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and SH-compounds. (3) The compounds may react with acetalde- 
hyde, the chief reaction product ; thus removing its influence. Loh- 
man and Schuster4 have shown that acetaldehyde inhibits the system 
and Schubert has observed compound formation between SH com- 
pounds and the former. The first possibility appears to us to be the 
most likely. 

The work is being continued and will be reported in more detail at 
some future date. On the basis of the present work, the assay of 
tissues and biological fluids for cocarboxylase by the method of 
Ochoa and Peters2 or Goodhart and Sinclair5 may be open to question, 
since most tissues are rich in SH-compounds. This may offer an 
explanation for the results obtained by Lipschitz, et uJ.,~ who found 
that livers of polyneuritic chicks sometimes gave values for cocar- 
boxylase which were higher than those found for normal birds. 

11243 

Toxic Effect of Human Urine on Fibroblasts Growing irt vitro. 

M. RACHMILEWITZ.* (Introduced by A. Fischer.) 
From the Bothschitd Hadassah University Hospital and the Department of Experi- 

mental PathoEogy (Cancer Laboratories), The Hebrew UnJversity, Jerusalem. 

It has long been held that urine possesses toxic properties. Bou- 
chard' demonstrated the toxicity of urine by injecting it into the 
ear vein of a rabbit, determined how much was needed to kill the 
animal, and called quantity required per kg of body weight the 
urotoxic coefficient. This method came to be employed for deter- 
mining the toxicity of the urine in various physiological and patho- 
logical conditions. Diminished toxicity in certain pathological con- 
ditions, especially uremia, was ascribed to the retention of toxic 
substances in the blood and was held to be the cause of some or all of 

3 Schubert, M. P., J .  Biol. Chenz., 1936, 114, 341. 
4 Lohman, K., and Schuster, P., Biochenz. Z., 1937,294, 188. 
BGoodhart, R. S., and Sinclair, H. M., Biochem. J., 1939, 85, 1099. 
sLipschitz, M. A., Potter, V. R., and Eh-ehjern, C. A., Biochem. J., 1938, 

* With t.he assistance of Miss E. Nussbaum. 
Aided by a grant from the Los Angeles Fund through Dr. T. Gollia. 
1 Bouchard, quoted by Volhard, Bergniann wad Staehelin's Handbuch der 

32, 474. 

Initereit. Medizin, Berlin, 1931, 8, 720. 


