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The enzymatic studies on the methylglyoxal metabolism in yeast and bacterial cells indicated that
organisms are equipped with the common and manifold systems for the detoxification of methylglyox-
al. Among these systems, the glyoxalase I is the most important route for methylglyoxal detoxifica-
tion. The molecular structure of glyoxalase I is apparently distinct from the enzyme sources, and zinc
ion is an essential cofactor in enzyme activity. The gene for Pseudomonas putida glyoxalase I func-
tioned as a scavenger of methylglyoxal and regulated the cell size of the bacterium. Comparisen of
the nucleotide sequence of the P. putida glyoxalase I gene with the N-terminal amino acid sequence
of the purified enzyme revealed that the N-terminal methionine residue was removed after translation.
Possihle physiological role of glyoxalase I was also discussed.

Methylgiyoxal is a highly toxic compound be-
iag able to arrest the growth of cells from micro-
organisms to mammals at the millimolar concent-
rations (1-5). Since the excellent work of Szent-
Gyorgyi and his coworkers, 2-oxoaldehydes, such
as methylglyoxal, have been receiving increased
interest for their role in the regulation of cell pro-
liferation (6).

Methylglyoxal is metabolized by various rou-
tes. The glyoxalase system, consisting of glyoxa-
lase | and glyoxalase 1I, has been considered to
have a ubiquitous in the detoxification of 2-oxo-
aldehydes (7, 8). In addition to the glyoxalase sys-
tem, a reduction/oxidation systems has been re-
cently reported to be functioning in the detoxifi-
cation of 2-oxoaldehydes in cells (9-12). In this sys-
tem, methylglyoxal is converted to lactate via lac-
taldehyde by the sequential actions of methylgly-
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oxal reductase and lactaladehyde dehydrogenase.
A direct oxidation route of methylglyoxal to py-
ruvate has been known to exist in goat liver and
the bacterium Pseudomonas putida and the reac-
tion is catalyzed by NAD(P)-linked methylglyoxal
dehydrogenase (13, 14).

The regulation of synthesis and degradation
of methylglyoxal in mammalian, plant and micro-
bial cells is of increased interest especially from
the standpoint of the regulation of cell division.
The enzymatic and genetic studies on the glyoxa-
lase 1 indicated that glyoxalase system is func-
tioning not only as a detoxification of methylgly-
oxal, but also as a regulation of microbial cell
proliferation. In this article, the enzymatic and
genetic approaches of glyoxalase 1 and its some
physiological roles are described.

Enzymatic Characteristics of Glyoxalase 1

The glyoxalase system was discovered in 1913 and
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consists of two enzymes and their cofactor,
glutathione. Glyoxalase I (S-lactoylglutathione lyase,
EC 4.4.1.5) converts the monohemithioacetal form-
ed from glutathione and methylglyoxal or other
2-oxoaldehydes into S-lactoylglutathione as shown
in Equation 1. This thioester is then hydrolyzed by
glyoxalase Il (hydroxylacylglutathione hydrolase,
EC 3.1.2.6), as shown in Equation II, to produce lac-
tic acid and free glutathione.

Glyoxalase I is widely distributed and has been
purified and characterized from rat liver (15), pig
(16), human erythrocytes (17), sheep liver (18}, yeast
Saccharomyces cerevisiae (19, 20), mold Aspergillus
niger (21) and from bacterium Pseudomonas putida
(22). The molecular structure of glyoxalse I is ap-
parently distinct from the enzyme sources. The
molecular weight of mammalian glyoxalase I 1s ap-
proxiamtly 46,000-48,000 and consists of two iden-
tical subunits with one zinc atom per subunit. On the
other hand, the molecular weight of prokaryotic and
eukaryotic microorganisms is In a range
20,000-36,000 and consists of a single polypeptide
chain with one zinc atom per enzyme. Zinc ion is an
essential cofactor in glvoxalase I activity and the ac-
tivity of the enzyme is lost by treating the enzymes
with chelators. However, metal frec apoenzyme can
be effiencetly reactivated by the addition of other
metal ions such as Mg+2 and Ca+2 (16, 18, 20, 23).
Further study is needed on the function of metal ions
in glyoxalase I reaction. Recently, the yeast glyox-

alse I has been shown to contain 0.75% (w/w) car-
bohydrate consisting of fucose, mannose, galactose,
manosamine, N-acetylneuraminate and possibly
glucose (24).

The glyoxalase I react with hemithioacetal, a non-
enzymatic condensation product between glutathione
and 2-oxoaldehydes such as methylglyoxal,
phenylglyoxal and 4,5-dioxovalerate, as shown in Eq.
[. The utilization of 4,5-dioxovalerate, a precursor
for 5-aminolevulinate, by glyoxalase [ is of
physiological significance in the regulation of por-
phyrin synthesis (25-27). The strong inhibition of
glyoxalase I activity by porphyrin compounds may
support this possibility (28). However closer inspec-
tion should be paid on this hypothesis, because
4,5-dioxovalerate is also utilized by methylglyoxal
metabolizing enzymes (12, 14).

Genetic and Physiological Characters of
Glyoxalase |

The gene for the Pseudomonas putida glyoxalase
I has been cloned as a gene that increases resistance
of Escherichia coli cells to methylglyoxal and the
resultant hybrid plasmid was designated pG1423 (29).
The introduction of pGl423 into E. coli cells with
resulted in a marked increase in glyoxalase I activity
(150 fold). The E. coli cells transformed with pGI423
can grow normally in the presence of 1.0 mM
methylglyoxal, although E. co/i cells with pBR322
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Fig. 1. Effect of glyoxalase I gene on bacterial cells size (29).

The bacterial cells of Escherichia coli C600 with pBR 322 (left) and E. coli C600 with pG1423 (right) were cultured
to log phase in Davis-Mingioli minimal medium and methylglyoxal was added at 1.0 mM to cultures and the incubation
was continued ior 24 h.

shows abnormally stretched cell shape in a medium
containing 1.0 mM methylglyoxal (Fig. 1). The result
indicates that methylglyoxal itself has a capability to
arrest the cell growth and converts the cell shape or
size, possibly by inhibiting the DNA replication. The
nucleotide sequence of the P. putida glyoxalase I gene
was determined and amino acid sequence of the en-
zyme was deduced (Fig. 2) (30). The molecular weight
of the enzyme deduced from the nucleotide sequence
is 18,442, closely similar to that estimated with
purified enzyme (molecular weight, 20,000) (22).

The N-terminal amino acid determined with the
purified enzyme is serine, whereas the the nucleotide
sequence of the gene directed methionine, thus sug-
gesting the post-translational processing of N-
terminal methionine of the enzyme. This may explain
the localization of the glyoxalase [ system in
periplasmic space, though some arguments are rais-
ed as to the sitution of the system.

To know the function of the pathway, the change

in activities of glyoxalase I and methylglyoxal reduc-
tase have been studied in relation to the yeast cell
growth. The yeast givoxalase I activity is remarkably
affected by the nutritional conditions and 15-30 fold
increase in the enzyme activity was observed, when
the yeast cells are grown in a medium containing
glycerol as a sole source of carbon (31) or L-threonine
as a nitrogen source (32). This increase in glyoxalase
I activity is presumably due to the detoxification of
methylglyoxal formed through the catabolism of
glycerol or L-threonine.

The inability of glyoxalase 1 deficient yeast
mutants to grow these media supports above con-
sideration (31, 33). Methylglyoxal reductase and
other enzyme activities in the glycolytic bypath were
not affected by the nutritional conditions. Thus, the
results indicated the ubiquitous function of glyox-
alase system, especially glyoxalase I, in the detoxifica-
tion of methylglyoxal.

The study on yeast Saccharomyces cerevisiae
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Fig. 2. Nucleotide sequence of Pseudomonas putida glyoxalase I gene (30).
The amino and sequence of the glyoxalase I predicted from the nucleotide sequence. Several regulatory sequences
flanking the glyoxalase I gene are indicated with underlines.

CDC mutants indicated that the glyoxalase I activi-
ty 1s raised when the yeast cells are allowed to grow
and the activity being lowered in G,-arrested cells
(33, 34), thus indicating that glyoxalase [ activity is
related to cell growth regulation. Recently, Murata
et al. reported a certain protein being capable of in-
activating the glyoxalase I (antizyme) (33).

The regulation of the P. putida glyoxalase system
has not been studied extensively, vyet.

Conclusion and Perspective

Enzymatic and genetic studies on the
methylglyoxal metabolism in yeast and bacterial cells
indicated that organisms are equipped with the com-
mon and manifold systems for the detoxification of
methylglyoxal. Among these systems, the glyoxalase
I 1s the most important route for methylglyoxal
detoxification. As for the biological siginificance of
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methylglvoxal, Szent-Gyorgyi ef a/. have suggested
the possiblity that methylglyoxal has a role in the
regulation of cell division (35-37). Recent findings
on the glyoxalase | status have indicated a direct rela-
tionship between glyoxalase 1 activity and pro-
liferative states of cells, and the unregulated growth
of cancer celis should be partly ascribed to the inac-
tivation of 2-oxoaldehydes by the glyoxalase system
before they reach their target in the machinery of cell
division (3, 34). On the other hand, Gillespie (38, 39)
presented the hypothesis that level of §-
lactoylglutathione, a product of glyoxalase I reaction,
and his provided an evidence that an increased level
of S-lactoylglutathione is related to the tumor-
promoting properties of the compound. The regula-
tion of glyoxalase I is operating to accelerate the ac-
cumulation of S-lactoylglutathione. The growth
inhibitory effect of 2-oxoaldehydes and the growth-
promoting effect of S-lactoylglutathione are the
reason why the inhibitors of glyoxalase I have been
thought to be promising anticancer chemicals. Car-
cinostatic activities of various glyoxal derivatives
toward certain tumors and leukemia support this
possibility (1). Recent survey on the function of §-
lactoylglutathione revealed the potent inflammatory
effect of the glutathione thiolester (personal com-
munication from Murata K.). The enzymatic produc-
tion of S-lactoylglutathione has just recently been
developed by applying glyoxalase I to glycerol-grown
cells of S. cerevisiae and E. coli cells dosed with P.
putida glyoxalase 1 gene (40, 41).

Besides of cell proliferation, a number of pro-
posals concerning the natural role of glyoxalase I
have been made. [t has been suggested that it plays
a role in the enhancement of anti-{immunoglobulin
E)-induced histamine release (38), in microtuble
assembly (42), in protection against intestinal bacteria
(16), in postulated metabolic cycle for the degrada-
tion of glycine and threonine (32), and is possibly in-
volved in the heme biosynthetic pathway (25-27). In
spite of all this, little 1s known about the basic
biological role of the glyoxalase system. Closer in-
spections on glyoxalase 1 status is now required to
arrive at any definite conclusion on the function of
the glyoxalase system.
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