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Abstract

It has been assumed that the in vivo reduction of 3-mercaptopyruvate, an intermediate of
cysteine metabolism, to 3-mercaptolactate is catalyzed by lactate dehydrogenase (EC 1.1.1.27)
though no definitive evidence has been presented. In order to examine this assumption, reduc-
tion of 3-mercaptopyruvate and its inhibition were studied using rat liver homogenate, lactate
dehydrogenase purified from rat liver and anti-lactate dehydrogenase antiserum. Reduction of
3-mercaptopyruvate was actively catalyzed by rat liver homogenate and by the purified lactate
dehydrogenase. This reducing activity was completely inhibited by anti-lactate dehydrogenase
antiserum. These results indicate that the reduction of 3-mercaptopyruvate to 3-mercaptolactate in
rat liver is catalyzed by lactate dehydrogenase.
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Reduction of 3-Mercaptopyruvate in Rat Liver is Catalyzed by Lactate

Dehydrogenase

Jun Ohta and Toshihiko Ubuka*

Department of Biochemistry, Okayama University Medical School, Okayama 700, Japan

It has been assumed that the in vivo reduction of 3-mercaptopyruvate, an
intermediate of cysteine metabolism, to 3-mercaptolactate is catalyzed by lactate
dehydrogenase (EC 1.1.1.27) though no definitive evidence has been presented. In
order to examine this assumption, reduction of 3-mercaptopyruvate and its inhibition
were studied using rat liver homogenate, lactate dehydrogenase purified from rat
liver and anti-lactate dehydrogenase antiserum. Reduction of 3-mercaptopyruvate
was actively catalyzed by rat liver homogenate and by the purified lactate

dehydrogenase.

This reducing activity was completely inhibited by anti-lactate

dehydrogenase antiserum. These results indicate that the reduction of 3-mercapto-
pyruvate to 3-mercaptolactate in rat liver is catalyzed by lactate dehydrogenase.

Key words : 3-mercaptopyruvate, 3-mercaptolactate, lactate dehydrogenase, antiserum, cys-

teine metabolism

3-Mercaptolactate-cysteine disulfide [S-
(2-hydroxy-2-carboxyethylthio) cysteine, HC-
ETC] is a constituent of normal human urine
(1) and is excreted in large amounts in the
urine of patients with /S-mercaptolactate-
cysteine disulfiduria (2). Studies concern-
ing the biosynthesis of HCETC have been
performed using rat tissues, and it has been
found that the 3-mercaptolactate portion is
formed from L-cysteine through the trans-
amination of L-cysteine and the reduction of
the resulting 3-mercaptopyruvate (3, 4).

It has been shown that 3-mercaptopyru-
vate is a good in vitro substrate for lactate
dehydrogenase (EC 1.1.1.27) crystallized
from heart muscle (5-8). Therefore, lac-
tate dehydrogenase has been considered to
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catalyze the reduction of 3-mercaptopyruvate
in vivo, but studies have not been undertaken
to confirm the involvement of lactate dehy-
drogenase in this reaction. Present paper
reports that the reduction of 3-mercapto-
pyruvate catalyzed by rat liver homogenate
and by purified rat liver lactate dehydroge-
nase is inhibited by anti-lactate dehydroge-
nase antiserum, indicating that 3-mercapto-
pyruvate reduction in the liver is catalyzed
by lactate dehydrogenase.

Materials and Methods

Materials. Ammonium 3-mercaptopyruvate
was synthesized according to Kun (6). Sodium
pyruvate was obtained from Wako Pure Chemical
Ind.. Osaka, Japan. Nicotinamide adenine dinucle-
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otide, reduced form, (NADH) was purchased from
Oriental Yeast Co., Ltd., Tokyo, Japan. Phenyl-
methylsulfony]l fluoride (PMSF) was from Sigma
Chemical Company, St. Louis, MO, USA. Di-
thiothreitol (DTT) and Combithek,

proteins for SDS.gel electrophoresis, were ob-

calibration

tained from Boehringer Manheim Biochemicals,
Manheim, FRG. Bovine serum albumin, fraction
V, was the product of Armour Pharmaceutical
Company, Kankakee, 1L, USA. Male Wistar rats
weighing about 350 g were used for the purifica-
tion of Male
white rabbits weighing 2.5-2.8 kg were used for
the preparation of anti-lactate dehydrogenase anti-
serum. Freund's complete adjuvant was obtained
from Difco Laboratories, Detroit, MI, USA.
Purification of rat liver lactate dehydrogenase.
Forty grams of rat liver was used, and all steps
were carried out at 0-4°C except for ethanol
fractionation.
Preparation of rat liver homogenale, ethanol
[ractionation and ammonium sulfate fractionation.
These procedures were performed as previously
described (9, 10) except for the use of 3 mmole
PMSF per g of rat liver at homogenization. The
precipitate obtained by ammonium sulfate fractio-
nation was suspended in 14.5ml of water, and

lactate dehydrogenase. Japanese

dialyzed against 20 mM potassium phosphate buffer,
pH 6.0 (buffer A). The suspension was centri-
fuged at 7,500 X g for 30 min, and the resulting
supernatant was separated.

Affinity elution from CM-Sephadex C-50 column.
The supernatant (30 ml) obtained above was mixed
with 60ml of buffer A, and the mixture was
applied to a column of CM-Sephadex C-50 (4.2
cm, diameter, X 2.6 em) equilibrated with buffer
A. Then, the column was washed with 258 ml of
15 mM potassium phosphate buffer, pH 6.6 (buffer
B) containing 0.2 mM EDTA. Elution was per-
formed with 64.5 ml of buffer B containing 0.2 mM
NADH. Solid ammonium sulfate (0.5 g/ml) was
slowly added to the effluent. After standing for
1h, centrifugation was performed at 11,000 Xg
for 40 min. The precipitate was dissolved in
buffer A and dialyzed against 10 mM sodium phos-
phate buffer, pH 7.4 (buffer C).

Chromatography with DEAE-Sephadex A-50 col-
wumn. The dialyzed solution (3.8 ml) was applied
to a column of DEAE-Sephadex A-50 (1.5 cm,
diameter, X27 cm) equilibrated with buffer C.
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Elution was performed with the same buffer, col-
lecting 4-ml fractions. The fractions showing
a specific activity above 650 U/mg were com-
bined.

Assay of lactate dehydrogenase.

hydrogenase activity was determined as described

Lactate de-

elsewhere (11).

Protein determination. The protein concent-
ration was determined by the biuret method (12)
and Lowry’s method (13) with bovine serum albu-
min as a standard, and by ultraviolet absorption
(10, 12).

Sodium dodecyl sulfate( SDS)-polyacrylamide
gel electrophoresis.  SDS-polyacrylamide gel
electrophoresis was carried out according to the
method of Laemmli (14).

Preparation of rabbit antiserum against the
purified rat liver lactate dehydrogenase.  Rabbit
antiserum was prepared according to Carlotti ef
al. (9).

Ouchterlony double diffusion analysis and im-
munoelectrophoresis. A modification of previously
described methods (9) was employed. A 0.9%
agar solution in barbital-acetate buffer (pH 8.6,
jonic strength 0.1) was used for preparation of
agar gel plates (thickness 1 mm). In the immuno-
electrophoresis procedure, antigens were electro-
phoresed for 2h at 1.5 mA/cem.

Inhibition by the antiserum of the reduction of
3-mercaptopyruvate.  The purified rat liver en-
zvme or rat liver homogenate was incubated with
the antiserum at 37°C for 1h in a total volume
of 1.0ml. Incubation mixtures lacking the anti-
serum or materials from rat liver, or containing
serum from a control rabbit instead of the anti-
serum were incubated as controls. After standing
at 4°C for 12 h, the mixtures were centrifuged at
24,000 X g for 30 min. Enzyme activities in the
resulting supernatants were assayed as follows.
The assay mixture (3.0 ml) for pyruvate reduction
contained 0.2 mM NADH and 1.6 mM of sodium
pyruvate in buffer D, and that for 3-mercapto-
pyruvate reduction contained 0.2 mM NADH, 16
mM ammonium 3-mercaptopyruvate and 3.3 mM
DTT in buffer D. 3-Mercaptopyruvate solution
was prepared just before use and kept in an ice
bath. The enzyme reaction was started by adding
50 zl of the supernatant and conducted at 30°C
while recording the absorbance at 365 nm. The
precipitate obtained by the above centrifugation
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from the incubation mixture containing rat liver
homogenate was suspended in 1.0 ml (final volume)
of buffer D (0.1 M potassium phosphate containing
0.1 M ammonium sulfate, pH 7.6 ) containing 1 mM
DTT, and sonicated at 20 kHz for 10 min. The
suspension was centrifuged at 24,000 Xg for 30
min, and the resulting supernatant was assayed
for enzyme activities as described above.

Polyacrylamide gel electrophoresis. Gel elec-
trophoresis and activity staining for lactate dehy-
drogenase were carried out as previously describ-
ed (15) except that 3-(4,5-dimethyl-2-thiazolyl)-2,
5-diphenyl-2H-tetrazolium bromide (MTT) was
used instead of nitroblue tetrazolium.

Results and Discussion

Properties of purified lactate dehydroge-
nase and its antiserum. Table 1 summari-
zes the procedure and results of the purifi-
cation of lactate dehydrogenase from rat
liver. The overall yield was 28%, and the
final purification was 234-fold.

In the present purification steps, affinity
elution chromatography with CM-Sephadex
C-50 was very effective, achieving 14-fold
purification. As shown in Fig. 1, the puri-
fied enzyme was found to be isoenzyme M,.

Fig. 2 shows SDS-polyacrylamide gel
electrophoresis of the purified enzyme. The
preparation exhibited a single band which

Table 1 Summary of purification of rat liver lactate

dehvdrogenase®
Total  Specific Purifi-
. . . Recovery .
Steps protein activity cation
(mg!  {U/mg) (%) {fold:
Homogenate 7540 2.88 100 1.00
Fithanol 2080 8.26 80 2.87
ractionation
{NH,); SO, -
fractionation 735 17.3 59 6.01
Affinity elution
from CM-Sephadex 34.6 245 41 85.1
DEAE-Sephadex 89 675 28 934

chromatog raphy

a: For details, see the text.

Produced by The Berkeley Electronic Press, 1989

corresponded to a molecular weight of
36,500, indicating that the lactate dehydro-
genase preparation obtained by the present
purification steps was homogeneous.
Specificity of the antiserum prepared
against the purified enzyme was examined
by means of Ouchterlony double diffusion
analysis and immunoelectrophoresis. As
shown in Figs. 3A and 3B, the antiserum
formed only one precipitin line with the
purified enzyme and also with the sonicated

Fig. 1 Polvacrylamide gel electrophoresis of the purified
rat liver lactate dehvdrogenase. Gel electrophoresis and
activity staining for lactate dehydrogenase was performed
as described (15). Rat kidney was homogenized with 2
volumes of 0.15 M potassium phosphate containing 0.15 M
ammonium sulfate (pH 7.6). One part of the homogenate
was diluted to 100 with 40% sucrose. Ten ul of the
diluted homogenate was electrophoresed in parallel with
10 2 of the purified lactate dehydrogenase {0.01 mg of
protein-mli in 407 sucrose. Forty % sucrose was used
as a control. Gel A, kidney homogenate ; gel B. the
purified enzyme: gel C, 40% sucrose. Isoenzymes: 1.
H,: 2, H;M; 3, H,M;; 4. HM;; 5. M,. BPB, bro-

mophenol blue.
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homogenate of rat liver in both analyses,
indicating that this antiserum was specific
for this lactate dehvdrogenase preparation.
The fusion of the precipitin line found in
Fig. 3A shows that the substances precipi-
tated in both the purified enzyme and the
homogenate were immunochemically indistin-
guishable.

Inhibition of the reduction of pyruvate and
3-mercaptopyruvate by the antiserum against
lactate dehydrogenase. Table 2 summarizes
the effect of anti-lactate dehyvdrogenase anti-

+

Fig. 2 SDS-polvacrylamide gel electrophoresis of the
purified rat liver lactate dehydrogenase. Electrophoresis
was carried out according to the method of Laemmli ({14
using 157 The purified rat
liver lactate dehvdrogenase was analyzed after treatment
in 62.5 mM Tris chloride. pH 6.8 containing 100 mM
DTT and 2% SDS at 25°C for 30 min. DProteins were
stained with Coomassie Brilliant Blue R-250.
and B. 0.9 ug of the purified enzyme. Lane C. molecular
weight standards: 1. a.-macroglobulin, reduced, (Mr.
170.0001; 2. phosphorylase b (97.4001: 3. glutamate de-
hydrogenase (55,400); 4, lactate dehydrogenase (36.5001:
5, trypsin inhibitor {20,100}

polvacrylamide slab gel.

Tanes A
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serum on the reduction of pyruvate and of
3-mercaptopyruvate by the purified rat liver
lactate dehvdrogenase. Neither
reducing activity nor 3-mercaptopyruvate-

pyruvate-

reducing activity was detected in the super-
natant from the incubation mixture contain-
ing the purified enzyme and the antiserum.
This lack of activity indicates that the puri-

Fig. 3
immunoelectrophoresis 131

Ouchterlony double diffusion analysis (A) and
The antiserum against the
purified rat liver lactate dehvdrogenase was prepared and
immunochemical experiments were performed as described
under Materials and Methods. Purified lactate dehydroge-
nase solution in 0.1 M potassium phosphate containing
0.1 M ammonium sulfate ipH 7.6 (buffer Di or 337 rat
liver homogenate prepared with buffer 1 and sonicated at
20 kHz for 10 min was used as antigen. Incubation was
conducted for 24k at 25°C in a humidified incubator.
A: 1 and 3. 10 2 of purified rat liver lactate dehydro-
genase solution {1 mg of protein’ml:: 2 and 4. 10 wul of
337, rat liver homogenate sonicated at 20 kHz for 10
min: center well. 10 gl of 1:2-diluted antiserum pre-
pared against the purified rat liver lactate dehydrogenase.
B: 1. 3 ul of purified rat liver lactate dehvdrogenase
solution 10 mg of protein mli: 2. 12 gl of 33% rat
liver homogenate sonicated at 20 kHz for 10 min: 3.
50 ul of antiserum prepared against the purified rat liver
lactate dehvdrogenase.
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Table 2

serum of reduction of pyruvate and 3-mercaptopyruvate by

Inhibition by anti-lactate dehydrogenase anti-

the purified rat liver lactate dehvdrogenase®

Table 3
serum of reduction of pyruvate and 3-mercaptopyruvate by

Inhibition by anti-lactate dehvdrogenase anti-

rat liver homogenate“

Remaining activity in the supernatant
amol-ml " min (%)
Incubation

with Substrate

3-Mercaptopyruvate Pyruvate

Remaining activity in the supernatant
pmol-ml™"min (%)

Incubation

with Substrate

3-Mercaptopyruvate Pyruvate

0.9, NaCl 0.80+0.02(100.0) 3.34£0.03(100.0)

Control 0.80+0.02(100.0)  3.28£0.00! 98.2)

Anti-LDH

antiserum

0.00£0.01t 0.0) 0.01%£0.06. 0.3}

0.9% NaCl 3.938%£0.009(100.0) 16.57 £0.08(100.0)

Control
serum

3.993+£0.063(101.4) 16.22£0.09( 97.9)

Anti-1.DH

antiserum

0.036 £0.013( 0.9} 0.062+%0.009( 0.4)

a: Purified rat liver lactate dehydrogenase (4.5 ug pro-
tein? was incubated with 0.1 ml of 0.9% NaCl.
control serum from a non-immunized rabbit. or anti-
lactate dehydrogenase (LDH] antiserum in 1.0 ml
ifinal volume! of incubation mixture containing 10 mg
of bovine serum albumin, 1 mM DTT, 0.1 M potas-
sium phosphate (pH 7.6) and 0.1 M ammonium sul-
fate. After centrifugation, the remaining activities
in the supernatants were determined. Values are
means + SI) obtained from at least 2 separate experi-

Values in parentheses are the percentage of

NaCl. For details, see Materials

ments.
that with 0.9
and Methods.

fied enzyme was completely precipitated by
the antiserum.

Table 3 is a summary of the inhibition
by the antiserum of the reduction of pyru-
vate and of 3-mercaptopyruvate by the rat
liver homogenate. After the homogenate
was incubated with the antiserum, the in-
cubation mixture was centrifuged. The re-
sulting supernatant exhibited a very low
activity, far less than 1% of the controls
in both the reduction of pyruvate and of 3-
mercaptopyruvate.

Trace activities of isoenzymes HM; and
H,M, were detected besides M, by activity
staining after polvacrylamide gel electro-
phoresis of the homogenate. Therefore, it
was assumed that there was a possibility
that the trace values of the activity shown
in Table 3 were due to these isoenzymes.
However, no lactate-dehydrogenase activity
corresponding to HM; or H. M, was detected

Produced by The Berkeley Electronic Press, 1989

a: In this experiment, rat liver homogenate was used in
place of the purified rat liver lactate dehydrogenase
in Table 2. Rat liver was homogenized with 2
volumes of 0.15 M potassium phosphate buffer (pH 7.6
containing 0.15 M ammonium sulfate, using a Potter-
Elvehjem type homogenizer equipped with a Teflon
pestle. The homogenate (0.1 ml) was incubated with
0.6 ml of 0.9% NaCl, control serum from a non-
immunized rabbit, or anti-lactate dehydrogenase ( LLDH}
antiserum in 1.0 ml (final volume! of incubation mix-
ture containing 1 mM DTT. 0.1 M potassium phos-
phate pll 7.67 and 0.1 M ammonium sulfate. See

footnotes to Table 2. For details, see Materials

and Methods.

upon activity staining of the supernatant ob-
tained after the incubation of the homogenate
with the antiserum. When rat kidney ho-
mogenate was incubated with the antiserum
against purified rat liver lactate dehvdroge-
nase, no M-subunit-containing isoenzyme was
detected as shown in Fig. 4. These results
indicate that HM; and H,M, were also pre-
cipitated by the antiserum.

In order to examine the possibility of the
non-specific co-precipitation of a 3-mercap-
topyruvate-reducing enzyme besides lactate
dehydrogenase, the precipitate formed by
the incubation of the homogenate with the
antiserum was suspended in buffer D con-
taining 1 mM DTT, and the suspension was
sonicated as described under Materials and
Methods. The supernatant of the sonicated
suspension exhibited negligibly low activity
similar to those in Table 3.



Acta Medica Okayama, Vol. 43[1989], Iss. 2, Art. 3

94 Ohta and Ubuka

—_ NN W U

BPB

4 % — :
- i

Fig. 4 Polvacrylamide gel electrophoresis of the super-
natant obtained after incubation of the rat kidney homoge-
nate with the antiserum against rat liver lactate dehydro-
genase. Gel electrophoresis and activity staining were
performed as described (15). The incubation mixture
(1.0 ml) containing 0.1 ml of the rat kidney homogenate
prepared as described in the legend to Fig. 1, 0.6 ml of
anti-lactate dehydrogenase antiserum. 1 mM DTT. 0.1 M
potassium phosphate (pH 7.6) and 0.1 M ammonium sul-
fate was incubated at 37°C for 1 h.
lacking the homogenate or the antiserum were incubated
as controls., After standing at 4°C for 24 h, the mix-
tures were centrifuged at 24.000 Xg for 30 min. Lach
resulting supernatant was diluted ten-fold with 40% su-

Incubation mixtures

Ten ul of each diluted supernatant was electro-
A, incubation mixture lacking the anti-

crose.
phoresed. Gel
serum; gel B. complete incubation mixture ; gel C,
incubation mixture lacking the homogenate ; gel D. incu-
bation mixture lacking both the homogenate and the anti-
serum. lsoenzymes: 1, Hy; 2. H;M: 3. HM.: 4.
HM,: 5, M,. BPB, bromophenol blue.

All results obtained in the present study
clearly show that the reduction of 3-mercap-
topyruvate in rat liver is catalyzed by lac-
tate dehydrogenase, and not by other en-
zymes, confirming the previous assumption.
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