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1. Introduction

In 1948-1951 it was established that the enzymic
conversion of methylglyoxal * into lactic acid takes
place in two stages [1-3]. At first the MG reacts with
GSH to form lactoyl-GSH, the reaction being cata-
lysed by GI. I, secondly, lactoyl-GSH is hydrolysed by
GL. I, giving D-lactic acid and regenerating GSH. Since
this time many physical and chemical properties of
both glyoxalases have been recognized [1-8]. How-
ever, to date, to our knowledge, there are no reports
in the literature on the molecular weights of glyoxa-
lases. The new methods of molecular weight determi-
nation introduced in the last years — gel filtration
and sucrose density gradient centrifugation [9-13] —
can be applied even to crude preparations of enzyme
proteins and consequently to still not highly purified
glyoxalases. In the course of our study on this subject
it turned out that the molecular filtration on Sepha-
dex permits the separation of both glyoxalases and
the partial purification of GL II. In this report the re-
sults are given of molecular weight determinations of
glyoxalases and of chromatography of these two en-
zymes deriving from various animals and from differ-
ent tissues.

In the past attention was drawn to the possible
role of glyoxalases and MG in the carbohydrate break-
down. However, some new discoveries in metabolism
give reason to believe that glyoxalases may play a

* Abbrevations used: GLI — glyoxalase I (S-lactoyl-gluta-
thione methylglyoxal — lyase, EC 4.4.1.5); GLII — glyoxa-
lase IT (S-2 hydroxyacyl glutathione hydrolase, EC 3.1.2.6);
MG - methylglyoxal; GSH — glutathione; lactoyl-GSH —
lactoyl-glutathione.

North-Holland Publishing Company — Amsterdam

role in the so-called aminoacetone cycle (see review in
ref. [14]). Within the last years renewed interest in
the chemistry of MG and glyoxalases has been stimu-
lated also by finding that MG and a-keto-aldehydes
are potent inhibitors of protein synthesis and glyoxa-
lase could be involved in the regulation of cell division
[15-19].

2. Materials and methods

2.1. Materials

MG was prepared from glyceraldehyde [22]. S-lac-
toyl-GSH was prepared enzymatically [5]. Gl.I for
preparation of lactoyl-GSH was obtained from yeast
by the method of Racker up to step VIII [13]. GSH
was the product of E.Merck-Darmstadt. Sephadex
G-75, G-100 and blue dextran were purchased from
Pharmacia Fine Chemicals-Uppsala. Protein standards:
chymotrypsin (Koch-Light), trypsin (E.Merck), horse
heart cytochrome ¢ (Fluka), bovine serum albumin
(B.D.H.-London), human y-globulin (Warsaw Serum
and Vaccine Plant-Poland). All other reagents were of
highest purity commercially available.

2.2. Methods

GI. I activity was assayed by modification of the
method of Racker [13].In this case the cuvet con-
tained (light path 1 cm; final volume 3 ml): phosphate
buffer 0.15 mmole — pH 6.8, 0.5 mg GSH, 0.02 - 0.2
ml of enzyme solution, 0.175 mg MG. Reaction was
started — after stabilisation of the density — by the
addition of MG.

Gl. II assays were carried out by the method of
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Racker [13] except that the buffer used was Tris-HCI
0.05M pH 7.4.

Units of enzyme activity are expressed as umoles
of lactoyl-GSH produced (Gl. I) or decomposed
(GI1.1I) in one minute (initial velocity) at room tem-
perature under the experimental conditions.

Preparation of homogenates: tissue homogenates
(1:6in 0.15 KCl) were prepared by using a Potter-El-
vehjem homogenizer and centrifuged with refrigerated
centrifuge model MSE Super Speed 25/16 000 rev. for
30 min. The supernatant from this centrifugation is
referred to as ‘supernatant’.

Chromatography — unless otherwise stated — was
performed according to the method described by An-
drews [1] and density gradient centrifugation accord-
ing to the method of Martin and Ames [12]. Some
details of these methods in our experiments have been
given in the text.

3. Results and discussion

3.1. Separation of glyoxalases

Racker [3]and Wieland et al. [4] have elaborated
the methods of preparation of glyoxalases. The prep-
aration of GL.I from yeast gives very good results. But
some difficulty consists in the purification of GI. II.
The preparations of this enzyme are of low specific
activity and they often lose activity very rapidly, even
when kept frozen. In this paper we present a very
simple procedure of partial purification of Gl.II by
the use of filtration on dextran gel. As is shown in
fig. 1 the fractions with maximal activities of GL. II
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Fig. 1. Sephadex chromatography of 2 ml of supernatant

from homogenate of frozen beef liver. Column (1.6 X 50

cm) equilibrated and eluted with 0.067 M NapHPOy4 in 2
ml fractions.
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are separated from a great deal of proteins and from
Gl. I. In the case of preparation of Gl. II from beef liv-
er the highest purification coefficient (in a single run)
was about 1 :30 against approximately 1:15 after the
fifth step of purification with the classical method.
The chromatography of supernatants of chicken kid-
ney gives better results in specific activity (table 1).

Table 1
Results of two typical Sephadex G-75 (virus) of supernatants
from chicken kidney and beef liver. Details are given in the
text and in the legend of fig. 1. Activity is given in units.

Chicken kidney Beef liver
GL1 GLII  GLI GLII

Whole activity (in 10.80 37.80 22.20 30.06
extracts)

Recovery (sum of activity

) about 100% in all samples
in all fractions)

Specific activity (in 0.28 0.97 0.42 0.56
samples) ’ ’ ’

Specific activity (in frac-

120 2040 1.4 .
tions with highest activity) 0.40 9 17.07

It must be emphasized that after purification on
Sephadex only very small losses of enzymatic activity
were observed during the chromatography procedures.

To check whether the preparations of G1.II and also
of GL. I from columns were satisfactory, the course of
the reactions catalysed by the glyoxalase system was
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time
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Fig. 2. Formation and breakdown of lactoyl-GSH catalysed by
the glyoxalase system. 0.05 ml of fraction with max. activity
of GL.I (Sephadex G-75 chromatography) added to 0.5 mg of
GSH and 0.175 mg of MG in 3 ml phosphate buffer 0.05 M pH
6.8. After stabilisation of the density 0.05 ml of fraction with
max. activity of GL II was added (marked with arrow).
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followed from the light absorption in the region of
240 my according to Racker [3]. Fig. 2 shows that the
glyoxalase system functioned in accordance with the-
ory: the two enzymes enabled the lactoyl-GSH to be
formed and decomposed.

3.2. Molecular weight determinations
The isolated fractions with highest activities after
chromatography of glyoxalases were used to deter-

mine molecular weights on Sephadex G-75 and G-100.

Each enzyme was chromatographed together with
cytochrome c or y-globulin (Sephadex G-100 column).
Moreover on the same columns there were chromato-
graphed individually trypsin, chymotrypsin and bo-
vine serum albumin. Molecular weights of standard
proteins were taken as indicated in parenthesis: cyto-
chrome ¢ (12 400), chymotrypsin (25 000), trypsin
(24 000), bovine serum albumin (67 000), human
globulin (150 000). The values calculated for the two
enzymes studied on Sephadex G-75 column were

45 800 and 23 000 for GI. I and Gl. II respectively.
Similar results were obtained after chromatography
on Sephadex G-100 column: 51 300 and 22 400 for
Gl.1 and Gl. II respectively. These results represent
the means of several determinations *.
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All preparations from several sources that we have
examined gave similar elution patterns. Within the
experimental limits of the technique no differences
could be detected among the enzymes from the foi-
lowing animals and tissues: beef (liver, kidney, brain,
pancreas), pig (liver, kidney), guinea pig (liver, kidney,
pancreas, brain), mouse (liver, brain), rat (liver, brain,
pancreas, muscle — only GL.I), chicken (liver, kidney).
The elution volume of each enzyme was checked sev-
eral times with calibrated Sephadex G-75 columns and
did not change in phosphate buffer pH 7.4 with differ-
ent ionic strength: 0.002;0.02;0.2;1.2 and 2.2. We
have found no evidence for the existence of forms
with multiple molecular weights.

In order to confirm the molecular weights of gly-
oxalases, we determined these values by the method
of Martin and Ames [12]. Sedimentation determina-
tions in sucrose gradients were performed on using
M.Christ (Osterode, W. Germany) ultracentrifuge
Omega with swinging bucket rotor No. 0.001. 4.5 ml
linear gradients of sucrose were prepared from 5.0 and

* The exact experimental data are taken from a dissertation
submitted by W.Matuszewski to the Medical School in par-’
tial fulfilment of the requirements for the Doctor’s degree.
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Fig. 3. Molecular weights of glyoxalases from beef liver as determined by gel fiitration on Sephadex G-75 and G-100. Plot of the

ratio V/ Ve versus log of molecular weights. Columns (1.6 X 50 cm) equilibrated and eluted with 0.05 M Tris-HCI buffer con-

taining 0.1 M KCl. Both glyoxalases were from chromatographic fractions with the highest concentrations. Molecular weights of
standard proteins indicated in parenthesis.
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20.0 % (w/v) sucrose salutions in buffer; 0.05 M Tris-
HCl pH 7.0 *. A solution of 0.1 ml of glyoxalase
{from tube with highest activity after chromatogra-
phy) and about 1 mg of human hemoglobin in 0.05
M Tris-HCI buffer was layered on the gradient. The
tubes were centrifuged for 14.5 hr at 38 000 rev/min
at 30C. 52 fractions were collected and all fractions
were tested for Gl. I or Gl. II and the presence of
standard protein (at 407 my). By comparison of the
sedimentation rate the molecular weights of glyoxa-
lases were calculated. By this method Gl.1 and G1. 11
appeared to have 46 200 mol wt (S'm w = 3.476) and
21420 (S9 20w= 2.332) respectlvely These values
based on two runs, are in good agreement with values
obtained with the gel filtration method. It should be
pointed out that the combination of these two meth-
ods aliowed a much more reliable estimation of mol-
ecular weights of glyoxalases [13].

4. Summary

Glyoxalase I and glyoxalase 11 (EC. 4.4.1.5 and
EC 3.1.2.6) were separated by gel filtration on Sepha-
dex G-75 and G-100. This simple procedure permitted

also the partial purification of glyoxalase II. The pu-

2SO U0 palllal prlilleallion at LxclasCe 12, LIIC

rlﬁcatlon coefﬁment ina smgle run from supernatant
from beef liver was about 1 :30 compared with 1:15
after the fifth step of purification with classical meth-
ods.

* The devices employed for preparation of the gradients and
collections of fractions were kindly provided by Prof. Dr.
Ostrowski from the Medical Academy in Cracow.
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The molecular weights of glyoxalase I and glyoxa-

lase II were estimated by gel filtration and found to be

~F A [eTaY c1 I ANN D2 NNN
1“ LllC 1augc o1 "TJ OUU D1 .)UU auu AL SUU- LI UUU, [C-

spectively. These values were confirmed by the sucrose
density gradient centrifugation (mol weights 46 200
and 21 420, respectively). The elution volumes of
glyoxalases from all animal sources examined were
equal, as were those of the enzymes chromatographed
in phosphate buffer of different ionic strength.
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