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Thiocyanate Formation by Extracts of Escherichia coli and of Liver.*
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Previous work (1,2,3) has demonstrated the
presence of a desulfurase enzyme system in
E. coli which cleaves 8-mercaptopyruvate to
free sulfur and pyruvate at pH 7.4. This sys-
tem appears to be similar to that found in
liver although comparison of the properties
of the bacterial and mammalian enzymes has
not been reported. The present work shows
that E. coli extracts incubated with 8-mercap-
topyruvate at pH 8.0 or above do not release
free sulfur but transfer it to an acceptor in
the environment in a manner analogous to
the liver system(4). When cyanide is pres-
ent, the transferred sulfur readily reacts to
produce thiocyanate.

Materials and methods. Escherichia coli
(wild type) was grown in the liquid medium
of Monod and Williams(5) with addition of
1 g of yeast extract per liter. Ten liters of
this medium were inoculated with 100 ml of a
2-day culture and the mixture was incubated
at room temperature with vigorous aeration.
After 36 hours the cells were collected in a
Sharples centrifuge, washed once with dis-
tilled water and lyophilized.

Bacterial enzyme preparation. Two g of
dried cells and 20 g of alumina were ground
in a ball mill for 4 hours at room temperature.
One hundred ml 0.01 M K,HPO, were then
added and grinding continued an additional
30 minutes. The creamy mixture was centri-
fuged at 3000 x g to remove the alumina and
larger particles and then at 20,000 x g for 1
hour. The supernatant liquor was diluted to
100 ml with distilled water and 5 ml of M

* This work supported by contract with Atomic
Energy Comm.

t Present address: Inst. for Clin. Chem., Univ. of
Munich.

MnCl, were added to remove nucleic acids.
The resulting precipitate was removed by
centrifugation; excess Mn—+-4 was removed
by passing the supernatant through a column
of Dowex 50 cation exchange resin, NH 4
form. This preparation was without thiosul-
fate transsulfurase activity.

Rat liver preparation. A lyophilized en-
zyme preparation, made from rat liver ace-
tone powder by the method of Meister et al.
(1), was purified as described by Kun(6).
This material exhibited both thiosulfate and
B-mercaptopyruvate transsulfurase activities.
Ammonium B-mercaptopyruvate. This sub-
strate was prepared by the method of Parrod
as modified by Kun(7). Pyruvate assay.
Pyruvic acid, enzymatically produced from
B-mercaptopyruvate, was determined by the
method of Friedmann and Haugen(8). Stand-
ard enzyme assay. The enzyme (0.3 ml) was
mixed with 0.5 ml of substrate (84 pmoles)
and one ml of 0.2 M “Bis”t buffer was added
to give a final pH of 9.1. This mixture was
incubated for 15 minutes at 37°. Two-tenths
ml of KCN solution (28 pmoles) were added
and incubation continued for another 15 min-
utes. Enzyme action was stopped with 0.5
ml of 40% formaldehyde and the volume was
made up to 5 ml with water. One ml of Gold-
stein’s reagent(9) was added and the color
produced was determined photometrically.
The substrate for determination of thiosulfate
transsulfurase was Na»S»0; and for B-mercap-
topyruvate transsulfurase was NH, 8-mercap-
topyruvate.

Results. The E. coli enzyme system was
found to be relatively stable at 100° for 5

{1 Bis = bis(hydroxymethyl)aminomethane or 2-
amino-2-methyl-1,3 propanediol.
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minutes (Fig. 1); these conditions completely
inactivated the transsulfurases of rat liver.
Mild acid hydrolysis of the bacterial prepara-
tion also completely destroved enzvme activ-
ity.

Table I shows the bacterial enzyvme. unlike
TABLE I, Effcet of Sulthydryl Reagents and 'y-

anide on g-Mereaptopyruvate Transsulfurase Ae-
tivity,

¢ inhibition
Inhibitor (5 X 10 *ati K, Rat liver

None

coli

Tadosobenzoute 13 3

Todoacetmide 15 24
p-Mercurichlorobenzoante 13 N3
Cyanide 28 0

liver g-mercaptopyruvate transsulfurase, to he
somewhat insensitive to inactivation by suli-
hydryl reagents. In keeping with these ob-
servations, the rat liver enzyme was inacti-
vated by air oxidation in presence of copper
at pH 6.8 (Table IT). These activities were
restored completely, or in part. by addition of
B-mercaptoethanol which reduces disulfide
linkages to sulfhydryl. The enzyme sub-

TABLE TIT.
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TABLE LI Bffect, of Cu®* and Air on B Mercapto-
pyruvate Transsulfurase Activity.

Addition after % inhibition

Treatment treatment, Rat liver* E. colit
none none 0 0
g-MP} 29 0
-ME§ 8 ¢
Cu none 16 2
Bs-MP 37 0
-ME 8 7
CuFs and air noue 75 7
Bg-MP 87 2
-ME 59 3

O cone. was 5 X 1077 ar.
t Lelem 3.3 X 1077 1.
1 p-Mercaptopyruvate, 42 gmoles.
¢ g-Mereaptoothanol, 84 7
Aeration was .lccomphshed by blowing a slow
stream ot water-saturated air through solution for
3 min.

strate, 3-mercaptopyruvate, was not as effec-
tive. E. coli transsulfurase was not affected
by air oxidation.

Todine in the acid pH range oxidizes the
sulfhydryl group to disulfide. Table III
shows that rat liver B-mercaptopyruvate
transsulfurase is inactivated by treatment
with iodine at pH 4.5 but is less sensitive than
is the accompanying thiosulfate transsulfur-
ase. The bacterial enzyme was not tested
since it becomes inactive at acid pH. Iodina-
tion at pH 7.4 has the greatest inactivating ef-
fect upon the bacterial enzyme. This enzyme
svstem, in contrast to the 2 liver transsulfur-
ases. thus appears to be independent of sulf-
hydryl group function.

Bacterial transsulfurase is sensitive to cyan-

Fffeet of Todine on Transsulfurase Activities.

% inhibition

Rat liver® ~ E. coli
Thiosulfate + B-Mercapto- B-Mereapto-
Thiosulfates g-mercaptoethanol pyruvated pyruvate

umoles ot piL4+5  pH 7.4 pl 45 pli74 pil45 pH74 pH74
0 0 0 0 0 0 7 0
1 0 0 0 0 0 3 0
2 8 0 0 0 1 12 3
3 91 6 4 2 6 12 23
4 99 10 27 0 25 46 70
5 100 § &3 0 31 32 84
.6 100 76 100 0 86

* Protein countent of enzyvme solution 1.8 mg/ml.
t After treatment with 10(11n(- enzyme activities were determined by standard assay.

1 Substrate for “rhodano%“ actwltv

§ Addition was made in 2 equal parts, the second immediately before incubation to reverse

oxidation.
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FIG. 2. pH optima of rat liver enzyme. O——() = pyruvate, X——X = KSCN,
FIG. 3. pH optima of E. coli enzyme. QO—— — pyruvate, X——X = KSCN.
ide, resembling in this aspect thiosulfate trans- established to be enzyme-catalyzed. It is

sulfurase(10). Similar inhibition by cyanide
has been related by Sorbo(10) to breaking of
essential disulfide bonds in thiosulfate trans-
sulfurase.

The bacterial and liver 8-mercaptopyruvate
transsulfurases evidently catalyze the same re-
action, namely conversion of 8-mercaptopyru-
vate to pyruvate and an unidentified reactive
form of sulfur.
from pB-mercaptopyruvate can be visualized
as a 2-step process. The first step consists
of conversion of B-mercaptopyruvate to pyru-
vate accompanied by a transfer of sulfur to
the environment. In the absence of an accep-
tor, free sulfur separates(1,2). If the en-
vironment contains a component reactive with
sulfur, a valence change may occur, or ele-
mental sulfur may be fixed in compounds
such as polysulfides. The second step in thio-
cyanate formation is not so clearly defined
but is the slower reaction. If elemental sul-
fur is fixed in the polysulfide form, it can
readily react with cyanide; free sulfur in the
solid phase produces no thiocyanate within the
time period of the standard assay procedure.
The pH optimum for the first of the above
steps was determined for the rat liver enzyme
(Fig. 2) and for the bacterial enzyme (Fig. 3).
Also shown in the figures is the pH optimum
of the 2 steps combined.

The reaction of the second steép has not been

Formation of thiocyanate

possible that an enzyme-sulfur complex exists
since the pH optimum for thiocyanate forma-
tion in the presence of cyanide is 9.6 for the
E. coli system and 9.1 for the liver system.
Alternatively, polysulfide formation with dif-
ferent types of sulfhydryl groups on com-
pounds in the environment may account for
the differences in optimum pH of the 2 sys-
tems.

Summary. The properties of enzyme sys-
tems of E. coli and of rat liver, which degrade
B-mercaptopyruvate, have been compared.
The bacterial system was much more stable
to heat and less susceptible to oxidation.
These characteristics have been related to
lack of dependence upon sulthydryl group. At
the pH optimum for pyruvate formation, the
enzyme activity may be characterized as a
transsulfurase rather than a desulfurase.
When cyanide is the sulfur acceptor, thiocy-
anate formation occurs. The pH optimum for
E. coli system is 9.6 and for rat liver system
9.1.
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Enhancement of Hematopoietic Action of Hydrocortisone by Cobalt in
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We have recently reported that adrenalec-
tomy interferes with the hematologic response
to cobalt in the rat although rats subjected to
a sham operation respond to cobalt as readily
as normal rats(1). Further analysis of this
effect seemed to require experiments in which
adrenalectomized rats were treated with both
cobalt and adrenal hormones. Several reports
indicating that adrenocortical hormones stimu-
late erythropoiesis in the bone marrow of the
adrenalectomized and intact rat(2-5) and in-
duce an elevation in total circulating red cell
volume in the normal rat(6) suggested that
the hormones of the adrenal cortex should be
investigated in this way. The present report
describes the results of concurrent adminis-
tration of cobalt and hydrocortisone to
adrenalectomized rats in which it was found
that these substances together stimulate eryth-
ropoiesis considerably more effectively than
hydrocortisone alone.

Materials and methods. Male albino rats
of the Wistar (Purdue) strain were studied in
2 experiments: (I), 8 control rats, 8 adrenal-
ectomized rats receiving 2 mg hydrocortisone
per kg daily and 8 adrenalectomized rats re-
ceiving a combination of 2 mg hydrocortisone
and 2.5 mg elemental cobalt per kg daily for
a period of 28 days after operation. (TI) 8
control rats. 8 adrenalectomized rats receiving

* Public Health Service Fellow of Nat. Heart Inst.
in Dept. of Pharmacology, Univ. of Louisville. Pres-
ent address: Dept. of Pharmacol., Univ. of Tenneseee,
Memphis. Supported by grants from Heart Assn. of

Louisville and Jefferson County and Research Di-
vision of Lloyd Bros., Cincinnati, O.

1 mg hydrocortisone per kg daily, and 8
adrenalectomized rats receiving a combina-
tion of 1 mg hydrocortisone and 2.5 mg ele-
mental cobalt per kg daily for a period of 28
days after operation. Erythrocyte counts,
hemoglobin and hematocrit determinations
were made at 10, 20 and 28 days. The hy-
drocortisone and cobalt injections were started
on the day following the operation. Total
red cell volumes were determined at 28 days.
(obalt chloridet was given as an intraperiton-
eal injection daily at a dosage of 2.5 mg ele-
mental cobalt (10 mg CoCls + 6H;0) per kg
of body weight. The hydrocortisone acetate!
was suspended in 0.9% NaCl solution and in-
jected subcutaneously daily at various sites
under the skin of the back. Blood was ob-
tained for erythrocyte, hemoglobin and hema-
tocrit determination by anesthetizing the rat
with ether and clipping the tail. Erythrocyte
counts were done with U.S. Certified blood
pipettes and the improved Neubauer counting
chamber. Hematocrit determinations were
made with Van Allen hematocrit tubes (1.6%
aqueous sodium oxalate as diluent) which
were spun for 30 minutes at 3,000 rpm with a
radius of 17 cm. Hemoglobin determinations
were made on the Klett-Summerson colori-
meter by the acid hematin method(7). Body
weights were determined at the time of the
hematologic studies. Red cell volume was

tAnalytical grade CoCl,*6H,0 with maximum
limits of impurity for lead of 0.005%.

{ Hydrocortisone acetate supplied through courtesy
of Upjohn Co., Kalamazoo, Mich.



