Kovean J. Ecol. 18(1) : 17~30, 1995

Effects of Methylglyoxal on the Growth Dynamics of
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ABSTRACT

The growth of Scemedesmus quadricauda (Turp.) Breb, is enhanced by methylglyoxal (MG), a
general inhibitor of cell division, at threshold concentration in conjunction with treatment timing
relative to growth stage. The stimulatory effect of MG on algal cell growth was most significant
with 2.27-fold of untreated algal culture in cell number when 0.5 mM of MG was added to the
algal culture at the beginning of logarithmic phase with an initial MG concentration of 0.535
mg MG /10°%cell. A Specific growth rates (SGRs) of MG-treated cultures were rapidly increased
at the beginning of logarithmic phase with 1.89-fold of untreated algal culture. Cultures
inoculated with high cell numbers of 2.4 to 4.8 X 10* cells /ml were less sensitive to 0.5 mM of
MG treatment. The algal cell division was enhanced significantly when the concentration of MG
in the medium at time of treatment was ranged from 0.392 to 0.924 mg MG /10°cell. If the cell
number of an algal culture at the time of inoculation was low (0.6 X 10* cells /ml) and MG was
added before logarithmic phase, the cell number of 0.5 mM of MG-treated cultures were lower
than those of controls, In algal cultures treated with high concentrations of MG (1.0 mM and 2.0
mM), the algal growth was inhibited. Photosynthetic rate of growth-enhanced algae by 0.5 mM
of MG was significantly higher than that of untreated or 1.0 mM of MG-treated algal cell, while
there was no significant difference among those groups in respiratory rate. Pyruvate concen-
tration in 0.5 mM of MG-treated culture was increased after methylglyoxal treatment.
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INTRODUCTION

Since 1965, the functions of methylglyoxal (MG) have been studied in relation to cell
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division, wound healing, and cancer. The growth-inhibiting effects of MG on a number of
organisms and tissues have been shown and these studies suggested that MG strongly
inhibited 7» vivo nucleic acid and protein synthesis (Egyud 1965, Egyud and Szent-Gyorgy
1966a and 1966b, Szent-Gyorgy et al. 1967, Morris 1969, Krymkiewicz et al. 1971). The in-
hibitory mechanism of MG on cell division is not clear, but MG or some 2-ketoaldehydes is
reported to inhibit cell division by inhibiting protein synthesis at t.e translational level,
probably react with the 7-methylguanosin ‘cap’ residue in mRNA (Kozarich et al. 1979,
Carrington and Douglas 1986, Ranganatham and Tew 1993).

In spite of these toxic effects, there is still discussion of the identity and variety of
2-ketoaldehyde sources, some indigenous, some dietary or environmental, have been
suggested (Carrington and Douglas 1986, Grosjean et al. 1993, Sayato et al. 1993). Forma-
tion of MG in animal tissue, some microorganisms, and yeast was reported from
aminoacetone and dihydroxyacetone phosphate by amine oxidase or methylglyoxal
synthase, respectively. As the bypath of glycolysis, methylglyoxal synthase which convert
dihydroxyacetone phosphate to MG was isolated in goat liver (Ray and Ray 1981),
Escherichia coli (Hopper and Cooper 1972), and Pseudomonas saccharophila (Cooper 1974).
Also, MG formation by degradation of amino acid, threonine or glycine, in animal tissue
and yeast was reported. Aminoacetone from threonine by threonine dehydrogenase or gly-
cine by aminoacetone synthase was reported to produce MG by amine oxidase in goat liver
(Ray and Ray 1987) or in yeast (Murata e/ al. 1986). MG transformation into lactate and
pyruvate is related to energy metabolism, catabolic and anabolic dissociation processes in
carbohydrates and proteins, and, probably, to maintenance of asymmetrical entropy i vivo
on the constant level (Alekseev 1987). In biochemical studies, reported metabolic
products of MG included lactate, pyruvate, and glucose (via gluconeogenesis) in animal
tissues (Saez ef al. 1985), in yeast (Murata et al. 1986), in E. colz (Saikusa ef al. 1987), and
in mold (Inoue et al. 1988).

In spite of its early discovery, little is known about the basic biological function of MG
as the intermediate of glycolytic bypath. Biotransformation of MG to pyruvate and a
stimulatory relationship to microtubule assembly by metabolic intermediates of MG
metabolism indicate a reconsideration of MG effects on cell growth and cell division, es-
pecially in unicellular or coenobial organisms, is needed. The only reported study of the ef-
fects of MG on algae (Morris 1969) showed that MG, at less than | mM, inhibited growth
and delayed the onset of cell division of Chlamydomonas reinhardii.

Most of all studies on MG were done with enzymes as a catalyzer of MG metabolism in
animal tissues and yeast. There was no study about MG effects related to physiological
responses especially growth dynamics and its effective concentrations. This study is one
approach to understanding the effect of MG on the growth and cell division of the
coenobial planktonic green alga, Scenedesmus quadricauda with the following objectives;
physiological responses of green algae, the effectiveness of MG to the cell division or
growth, the threshold concentration of MG to inhibit cell division,
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MATERIALS AND METHODS

Plants and Cultivation

The alga, Scenedesmus quadricauda (Turp.) Breb. (UTEX 614), was cultured in Bristol’s
medium as modified by Bold (Starr 1978). The medium (50 ml in 250 ml side armed flasks)
was sterilized at 121°C and 1.1 kg /cm? for 10 min. The alga was cultured at 25C and agi-
tated on a reciprocal shaker at 80 cpm. Cultures were grown in growth chambers under
continuous light (cool-white fluorescent tubes) at 45 xE m™2 sec™t,

The algal cultures was inoculated with different initial concentration of célls, and the
cell concentrations after inoculation was 0.5 to 4.8 X 10* cells /ml, In each experiment,
MG (Sigma No. M 252) was added directly to the treatment flask to achieve the desired
final concentration (0,25, 0.5, 0.75, 1.0, or 2.0 mM) at the desired time. At the time of
treatment, the concentration of the cell in the cultures ranged from 2.4 X 10* cells /ml to
2.67 x 10° cells /ml. Each set of cultures was replicated at least in triplicate,

Growth Dynamics

Algal growth was measured by enumerating the cell number each day with the aid of an
AO Spenser Bright-line Hemacytometer. To compare the rate of cell division of
MG-treated cultures with controls, a specific growth rate (SGR) was calculated by
dividing the difference of natural logarithmic cell numbers between two successive

measurements by days on which two measurements were made (Toerien ef a/. 1971).

Photosynthetic and Respiratory Rate

The photosynthetic and respiratory rates of MG-treated and untreated cultures were de-
termined at different stages in the growth cycles of the algae with oxygen meter (YSI,
Model 53). A vial in the water bath (25%¢) contained 3 ml of algal cultures from controls
or MG-treated cultures was monitored for 30 min,

Methylglyoxal Assay

MG in the algal cultures was measured by modification of the method of Cooper (1974).
A 0.10 ml of cell-free culture solution was mixed with 0.33 m! of 0.1 % 2,4-di-
nitrophenylhydrazine in 2 M HC! with 0.90 ml of DI water. After incubation at 30C for 15
min., 1.67 ml of 10% NaOH was added. The absorbance of this preparation was then
measured at 555 nm after 15 min in spectrophotometer (Hitachi-Coleman, Model 124).

Product Assay
The determination of pyruvate was carried out by the spectrophotometric method de-
scribed in Sigma Chemical Co., Standard Procedure No, 726 V.
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Data Analysis
Data were analyzed with parametric ANOVA (a=0.05) and Duncan’s multiple range test
(a=0.05) with SAS.

RESULTS

Growth Dynamics

Methylglyoxal (MG) at the concentration of 2.0 mM inhibited growth of Scenedesmus
quadricauda in the cultures inoculated with relatively high cell concentration (2.4 to 4.8 X
10* cells /ml). The mean cell number of the cultures inoculated with 2.4 x 10* cells /ml
and treated with 2.0 mM of MG on day 2 from inoculation when the cell concentration was
0.694 0.013 x 10° cells /ml were significantly lower than those of controls throughout all
stages of the growth (Fig. 1. A). Even when the algal cultures were inoculated with 4.8
X 10% cells /ml, and treated with 2.0 mM of MG on day 2 when the cell concentration was
1.146+0.010 x 10° cells /ml, the cell number of MG-treated cultures were significantly
lower than those of controls (Fig. 1. B).

The specific growth rates (SGRs) of those cultures treated with 2.0 mM of MG were
significantly decreased. The mean SGR of cultures treated with 1.0 mM of MG on day 1
from inoculation when the cell concentration was 0.500+0.013 X 10° cells /ml was lower
than those of controls until day 5 after treatment (Table 1).
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Fig. 1. Growth curves of Scenedesmus quadricauda in the culture of 2.4 x 10* ( A) and 4.8 X 10* ( B )
cells /ml inoculation treated with methylglyoxal (MG) of 0.5 mM on day 0 ( [] ), 1.0 mM on
day 1 ( ¥ ), or 2.0 mM on day 2 ( & ) and without MG ( @ ). The symbol and bar indicate
mean and one positive standard deviation,



March 1995 Rhie : Effects of Methylglyoxal on Growth of Scenedesmus 21

Table 1. Mean specific growth rate (SGR) of Scenedesmus quadricauda in the culture of 2.4 x 10*
cells /ml inoculation treated with 0.5, 1.0, or 2.0 mM of methylglyoxal (MG)

Day 0~1 1~2 2~3 3~5 5~7 7~9 9~11 11~13
MG
aD) b ab b ab b
0.0 mM 0.635 0.633 0.875 0.483 0.366 0.226 0.079 0.010

(0.068)  (0.034) (0.003) (0.032) (0.018) (0.018) (0.012) (0.002)

b a a b b b
0.5mM  0.2487 0.781 1.212 0.549 0.340 0.205 0.047 0.006
(0.230) (0.304) (0.039) (0.018) (0.018) (0.026) (0.003) (0.004)

a c b,c a a a
1.0 mM 0.605 0.485% 0.329 0.411 0.490 0.212 0.155 0.190
(0.046) (0.015) (0.155) (0.110) (0.073) (0.046) (0.027) (0.014)

a b c c a a
2.0n:M 0.620 0.648 0.8557 0.352 0.195 0.166 0.138 0.019
(0.068) (0.037) (0.193) (0.031) (0.072) (0.103) (0.074) (0.031)

D Means with the same letter in column are not significantly different (Duncan’s multiple range test,
a==0.05)

2 One day after MG treatment

3 One standard deviation

Also, the cell numbers of the cultures were lower than those of controls throughout all
stages of the growth (Fig, 1. A). Cell division of MG-treated cultures with high inocu-
lation (4.8 X 10* cells /ml) and treated with 1.0 mM MG on day 1 when algal concen-
tration was 0.800+0.020 X 10° cells /ml was inhibited until day 7 (Fig. 1. B). Also, SGRs
were lower than those of controls until day 5 after treatment except the culture with 1.0
mM-treatment which shows recovery of growth under decreased concentration of MG
(Table 2).

When 0.5 mM MG was added to the algal cultures on day 0 when the cultures were
inoculated with 4.8 x 10* cells /ml, the logarithmic phase began sooner than for controls
(Fig. 1. B). The SGRs and cell numbers of MG-treated cultures were significantly higher
than those of controls until day 5 (Table 2). After day 5, there was no significant differ-
ence between controls and MG-treated cultures in SGR. The cell numbers and SGRs of
cultures treated with 0.5 mM MG on day 0 when algal concentration was 2.4 X 10*
cells /ml were significantly lower than those of controls for one day after treatment (Fig,
1. A and Table 1), After day 2, the cell numbers and SGRs of MG-treated cultures
increased to the level of controls. Furthermore, the cell numbers of MG-treated cultures
were significantly higher than those of controls (up to 1.26-fold of control) at the middle
of logarithmic phase (day 5).

The mean cell number of algal cultures inoculated with 0.6 X 10* cells /ml, and treated
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Table 2. Mean specific growth rate (SGR) of Scenedesmus quadricauda in the culture of 4.8 x 10*
cells /ml inoculation treated with 0.5, 1.0, or 2.0 mM of methylglyoxal (MG)

Day 0~1 1~2 2~3 3~5 5~7 7~9 9~11 11~13
MG
b1 ¢ a b b ab
0.0 mM 0.367 0.623 0.657 0.696 0.414 0.051 0.021 —0.072
(0.044)% (0.049) (0.076) (0.010) (0.016) (0.019) (0.030) (0.033)
a a b b b b
0.5mM  0.510% 0.830 0.796 0.563 0.322 0.060 0.004 —0.125
(0.050) (0.029) (0.096) (0.011) (0.028) (0.036) (0.025) (0.013)
b b d a b a
1.0 mM 0.377 0.747% 0.691 0.260 0.680 0.103 0.026 —0.012
(0.049) (0.060) (0.173) (0.028) (0.104) (0.058) (0.013) (0.004)
b c c b a a
2.0 mM 0.367 0.629 0.5322) 0.377 0.334 0.223 0.116 0.017
(0.033) (0.021) (0.024) (0.057) (0.022) (0.096) (0.090) (0.026)

U Means with the same letter in column are not significantly different (Duncan’s multiple range test,

a=0.05)

2 One day after MG treatment
¥ One standard deviation

with 0.5 mM of MG on day 2 when the cell concentration was 2.620+0.150 x 10*
cells /ml, was not significantly different from that of controls until day 5. However the
SGR of MG-treated cultures recovered and increased (up to 1.41-fold of controls) at the

end of logarithmic phase (day 7) (Fig. 2. A).
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Fig. 2. Growth curves of Scenedesmus quadricauda in the culture of 0.6 x 10* ( A), 1.2 X 10* ( B }, and
1.8 X 10* ( C ) cells /ml inoculation treated with methylglyoxal (MG) of 0.25 mM ( O ), 0.5
mM (1), or 1.0 mM ( v ) and without MG ( @ ). The symbol and bar indicate mean and one

positive standard deviation.
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The mean cell number and SGR of cultures treated with 1.0 mM MG were significantly
lower than those of controls after treatment. But the growth of MG-treated algal cell was
recovered from two days after treatment, where the mean SGR of treated cultures was
significantly higher than that of controls (Table 3). There was no difference in cell num-
ber or SGR between controls and cultures treated with 0.25 mM MG, The mean cell num-
ber of cultures inoculated with 1.2 x 10* cells /ml, and treated with MG on day 2 when
the cell concentration was 3.90+0.15 X 10* cells /ml, was significantly higher than that of
controls throughout all stages of growth cycle (Fig. 2. B). Cell numbers of MG-treated
cultures were increased up to 2.27 or 1.94-fold of controls one day after MG treatment
with 0.5 or 1.0 mM, respectively. Also, SGRs of MG-treated cultures were significantly
higher than those of controls at one day after MG treatment (Table 3),

Cultures inoculated with 1.8 X 10* cells /ml, and treated with MG on day 2 produced
significantly higher cell numbers than those of controls (Fig. 2. C). Cell numbers of
MG-treated cultures with 1.0 mM were increased (up to 1.95-fold of controls) at 2 days
after treatment, Also, SGRs of MG-treated cultures were significantly higher than those
of controls (up to 1.92-fold of controls) at one day after treatment (Table 3). After day 3,
SGRs of MG-treated cultures were not significantly different from those of controls.

Table 3. Mean specific growth rate (SGR) of Scenedesmus quadricauda in the culture of 0.6, 0.2 or 1.8
X 10* cells /ml inoculation treated with 0.25, 0.5, or 1.0 mM of methylglyoxal (MG) on day 2

Inoculation 0.6 10* cells /ml 1.2Xx10* cells /ml 1.8x10% cells /ml

Day o3 3<4  4~5 2~3  3~4  4~5 2~3  3~4  4~5
MG :

al) b c c a c
0.0 mM 0.989 1.109 0.716 0.713 0.730 0.895 0.699 0.692 0.485
(0.155)? {0.032) (0.076) (0.157)  (0.109) (0.197) (0.061) (0.097) (0.166)

a b b a b b
0.25 mM 1.071 0.989 0.651 0.873 1.478 0.347 1.043 0.833 0.454
(0.071)  (0.055) (0.120) (0.012) (0.099) (0.168) (0.086) (0.083) (0.118)

a b a b a,b ab
0.5 mM 0.756 1.134 0.882 1.345 1.116 0.608 1.212 0.816 0.376
(0.234) (0.191) (0.134) (0.025) (0.163) (0.119) (0.147)  (0.049) (0.117)

b a a b ab a
1.0 mM 0.103 1.395 0.852 1.345 0.973 0.587 1.34 0.700 0.480
(0.085) (0.047) (0.028) (0.039) (0.020) (0.175) (0.017) (0.089) (0.042)

U Means with the same letter in column are not significantly different (Duncan’s multiple range test,
«=0.05)
2 One standard deviation
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Fig. 3. Growth curves of Scenedesmus quadricauda Fig. 4. Degradation of methylglyoxal (MG

in the culture of 0.8 X 10* cells /ml inocu- g/ml) in the cultures of Scemedesmus qu-
lation treated 0.5 mM of methylglyoxal adricauda treated with various concen-
(MG) onday 2 ( © ), day 3 ( v ), day 4 trations of methylglyoxal (O - 0.25 mM,
((3), orday 5 ( A ) and without MG v -05mM, [J-075mM, and & - 1.0
( @ ). The symbol and bar indicate mean mM at 1.6 X 10* cells /ml inoculation; &
and one positive standard deviation. - 1.0 mM at 0.6 x 10* cells /ml inocu-

lation; @ - 0.5 mM without algae).

When the algal cultures inoculated with 0.8 x 10* cells /ml were treated with 0.5 mM
of MG, which was the most effective concentration of MG to stimulate algal growth, on
day 2, 3, 4, or 5, the cell numbers and SGRs of all MG-treated cultures were significantly
higher than those of controls (Fig. 3 and Table 4).

The mean cell number and SGR of MG-treated cultures were significantly increased
whenever the MG was treated to the culture. The most effective timing for MG treat-
ment was observed at the culture of day 4 treatment (up to 1.91-fold of controls) one day
after MG treatment.

Biodegradation of Methylglyoxal

MG in the algal cultures was degradaded by the algae. Generally, MG in algal culture
was not detected after day 6 at 0.25 or 0.5 mM of MG-treated cultures and day 8 at 0.75
mM of MG-treated cultures (Fig.4),

The pattern of MG degradation in 1.0 mM of MG-treated culture was different,
depending on the inoculation concentration of the cultures. At day 4 after MG-treatment
with 1.0 mM, MG concentration in the algal cultures inoculated with 1.2 X 10* cells /ml
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Table 4. Mean specific growth rate (SGR) of Scenedesmus quadricauda in the culture of 0.8 x 10*
cells /ml inoculation treated with 0.5 mM of methylglyoxal (MG) onday 2, 3, 4or 5

Day 2~3 3~4 4~5 5~7 7~9 9~11 11~13
MG

bl) b b X3 a
0.0 mM 0.621 0.971 0.608 0.379 0.112 0.086 0.040
(0.023)? (0.126) (0.092) (0.014) (0.015) (0.005) (0.008)

a b a c a

0.5 mM 0.774 0.964 0.737 0.332 0.146 0.042 0.019
on day 2 (0.070) (0.030) (0.041) (0.026) (0.023) (0.046) (0.017)

0.5 mM 0.615 1.289 0.599 0.412 0.106 0.045 0.010
on day 3 (0.020) (0.153) (0.069) (0.027) (0.043) (0.058) (0.002)

b b a a b
0.5 mM 0.591 1.005 0.762 0.621 0.020 0.023 0.004
on day 4 (0.048) (0.061) (0.069) (0.039) (0.013) (0.016) (0.018)

b b b a b
0.5 mM 0.651 1.004 0.504 0.629 0.038 0.054 0.021
on day 5 (0.020) (0.065) (0.067) (0.044) (0.048) (0.028) (0.028)

D Means with the same letter in column are not significantly different (Duncan’s multiple range test,
a=0.05)
2 One standard deviation

was 26 xg /ml which is the lower level than that of 0.5 mM of MG-treatment. While MG
concentration in the algal cultures treated 1.0 mM of MG and inoculated with 0.6 x 10*
cells /ml at day 4 after treatment was 47 wg /ml which is the higher level than that of
0.5 mM MG-treatment.

Photosynthetic and Respiratory Rate

The evolution of oxygen molecule as a result of photosynthesis for 30 min, of 0.5 mM
MG-treated cultures were greater than those of controls (up to 1.60-fold of controls)
which corresponded to the data for cell numbers (Fig. 5 A), while there was no significant
difference among the cultures on respiratory rate (Fig. 5 B).

Metabolic Products

Pyruvate concentration in algal cultures without MG-treatment was none or very low
throughout all stages of growth cycle, while concentration of pyruvate in MG-treated
cultures was increased gradually as the cell number increased after MG treatment (Fig.
6). The highest mean cell number was observed on day 10 in 0.5 mM MG-treated (on day
4) culture, and the concentration of pyruvate produced by the culture was 5 times higher
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Fig. 5. Photosynthetic ( A ) and respiratory ( B ) rate of the cultures of Scenedesmus quadricauda
treated with 0.5 ( B ) and 1 mM ( B ) of methylglyoxal (MG) or without MG treatment
().

than that of controls,

Cell Size

Microscopic observation revealed no
difference in cell size of the algae be-
tween controls and 0.5 mM MG-treated
cultures (width x length: 0.010 X 0.003
p#m, approx.), while cells from 1.0 mM
MG-treated cultures, which had inhibi-
tory effect on cell growth, were smaller

Pyruvate (ug/mt)

than those of controls,

Threshold Concentration
4

DoyssAfter Inoculgtion 10 Methylglyoxal (MG), added to the
algal cultures which were different in in-

Fig. 6. Pyruvate (ug/ml) in the cultures of  oculation concentration, amount of MG,
Scenedesmus quadricauda treated with 0.5

mM of methylglyoxal (MG) on day 3 ( & ) and the time of MG addition was
or 5 ( 5 ). and 1.0 mM of MG on day 7  recalculated to compare the effectiveness
( M), or without MG treatment ( []). of MG on cell division each other. To
generalize the MG concentration and to
decide the threshold concentration of MG
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whether stimulate or inhibit cell division of Scenedesmus quadricauda in the batch cultures,
added MG was recalculated by the unit of mg MG per 10° cells,

A high concentration of MG (2.0 mM) inhibited cell division of the algae and reduced
the specific growth rate (SGR) compared to those of controls or other MG-treated
cultures with lower than 2.0 mM (0.25, 0.5, 075, or 1.0 mM). The initial MG
concentrations in the treated cultures were 1,109 to 1.700 mg MG /10° cells. When the in-
oculum concentration was 0.6 X 10* cells /ml or, when MG was added within 24 hours
from the inoculation, the growth of MG-treated algae was significantly inhibited. The in-
itial MG concentration were 0.784 to 1,693 mg MG /10° cells. When the inoculum concen-
tration was higher than 1.2 x 10* cells /ml and MG was added 2 days after inoculation,
the cell number and SGR were significantly higher than those of controls (up to 1.95 and
1.91-fold of controls, respectively). The initial MG concentrations were 1.127 to 1.849
mg MG /10° cells. When MG was added to the cultures at 2 days after inoculation, there
was no difference in cell number and SGR between controls and MG-treated cultures. The
initial MG concentration was 0.267 mg MG /10° cells.

When 0.5 mM of MG was added to the algal cultures on day 0 with initial concentration
of 1.502 mg MG /10° cells, cell division was inhibited for 2 days after treatment (Fig. 1).
If the cell number of an algal culture was low (0.6 X 10* cells /ml) and MG was added be-
fore logarithmic phase (day 0~2), the cell number and SGR of 0.5 mM MG-treated
cultures were lower than those of controls for one day after treatment, However, the SGR
and cell number of treated cultures increased rapidly (3 days after MG treatment) and the
cell number was increased up to 1.63-fold of controls and SGR was increased up to
1.33-fold of controls at the end of the logarithmic phase (day 7~11). When 0.25 or 0.75
mM of MG was added to the cultures after day 2, and the initial MG concentration was
lower than 0,732 mg MG /10° cells, there was no differences in cell number and SGR be-
tween controls and MG-treated cultures,

The stimulation of cell division of S. guadricauda was most significant when the cultures
were treated with 0.5 mM MG, especially when MG was added at the beginning of logar-
ithmic phase. The initial MG concentrations were 0.118 to 0.924 mg MG /10° cells. The
highest cell number (up to 2.27-fold of controls) or SGR (up to 1.89-fold of controls) was
observed when 0.5 mM MG was added to algal cultures with initial MG concentrations of
0.392 to 0.924 mg MG /10° cells.

DISCUSSION

The effectiveness of methylglyoxal (MG) on cell division of Scenedesmus quadricauda was
dependent on the MG concentration in the culture, initial inoculum, cell number and
growth rate at the time of MG-treatment, In algal cultures treated with high
concentrations (2.0 mM) of MG, the inhibition of cell division was similar to that reported
for Escherickia coli (Egyud and Szent-Gyorgy 1965) and Chlamydomonas reinhardii (Morris
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1969). Morris also reported that treatment with MG at an early stage of growth prevented
increase in cell size and inhibited cell division and exponential growth. In S. guadricauda
however, 0.5 mM MG treatment at early logarithmic phase resulted in no difference in
cell size, Rather, cell numbers increased exponentially and the high value of specific
growth rate (SGR) was maintained until the end of logarithmic phase.

The stimulatory effect of MG on cell division of S. quadricauda was significant when MG
was added to 0.5 mM, When MG was added to the algal cultures, MG was degradaded
rapidly. The SGR and cell number of all MG-treated cultures were not significantly differ-
ent from those of controls if MG concentration was decreased to the level of 0.25 mM.

The green algae, S. quadricauda detoxified MG through glyoxalase system. The
glyoxaiase system forms probably the main line of cellular defense against the cyto-toxic
ketoaldehydes, which are formed endogenously in a variety of cell types, e.g., by glycerol
metabolism, from dihydroxyacetone phosphate or amino acids degradation metabolism. If
such materials were allowed to accumulate intracellularly the inevitable result would be
cell death. The growth of algae decreased the initial amount of MG added to the cultures.
The formation of pyruvate as the evidence of detoxification of MG was reported with an
active metabolic process rate of 70%; pyruvate to 30% L-lactate (Saez et al. 1985). Forma-
tion of pyruvate from MG was reported in yeast (Murata ef al. 1986). MG metabolism in
algae may be a bypath of glycolysis or gluconeogenesis for the efficient conversion of MG
to glucose via pyruvate. The conversion of MG to pyruvate in the culture of S. quadricauda
was positively correlated to the amount of treated MG, especially after growth recovery
of treated cultures, The rate of biotransformation from MG to pyruvate was 10% in the
MG treated cultures, Possibly, an active cell growth stimulated by proper concentration
of MG needed more carbon source than that of controls.

A literature review did not indicate any reports on the growth dynamics of algae with
MG as a growth stimulator. Also, studies to determine the threshold concentrations of
MG to stimulate cell division in any system were not found, It is apparent that the stimu-
lation of cell division in S. guadricauda by MG depends upon certain threshold
concentrations of MG at the time of treatment (0.4 to 0.9 mg MG /10° cells). The func-
tion of MG and its metabolites or intermediates are not fully understood. The stimulatory
effect of MG on algal cell division may also be due, in part at least, to the ‘retine and
promine’ theory of the cell growth regulation (Szent-Gyorgyi 1968). The regulation of cell
division is hypothesized by two mutually antagonistic substances; a growth retarding
‘retine’ and a growth promoting ‘promine’, and their regulatory activaton is dependent on
their balance within the cell. ‘Retine’ was proposed to be MG or some 2-ketoaldehyde, and
‘promine’ to be the degradative enzymes (Carrington and Douglas, 1986). The threshold
concentration of MG for enhencement of algal cell growth support ‘retine and promine’ hy-
pothesis, However further studies on bio-products, degradative or synthetic enzymes on
the physiological response to MG are needed.
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