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I. Introduction

Methylmercuric chloride, which 1s known as
chief contaminator in biosphere, inhibited the
growth of Chlorella, decreased to the synthesis of
thymidine and uridine, and brought about the
scission of the single strand in DNA.” Also, mer-
cury as well as’ cadmium and lead inhibited the
activities of many enzyme having the functional
sulfhydryl groups the oxidative phos-
phoryiation”, and photosystem [*¥ and pho-
tosystem II” in photosynthesis. All the hex-

and

avalent chromium compounds cause the mu-
tation as a results of the direct reaction of the
bacterial DNA, and the growth of bacteria treat-
ed with 400-800 pg/plate during the culture was
inhibited significantly.”

The synthesis of nucleic acid in Hamster fi-
broblasts, which is cultured in medium treated
with potassium dichromate, were predominantly

12

decreased because this metal compound in-
teracted with the cell membrane and the specific
biological ligands attached in DNA.” Also, cobalt
ion (10 mM) hindered the active transport of
magnesium ion into E. coli.*” The action of
acetylornithinase, which catalyzes the last reac-
tion of the ornithine synthesis, was inhibited by
calcium, magnesium, manganese, iron, CoOpper,
zinc, nickel etc., whereas was enhanced by cobalt
" The biosynthesis of the unsaturated fatty
acid was inhibited owing to decreasing of the ac-
tivity of bound-induced enzyme of the un-
saturated fatty acid by 3-decanoyl-N-acetylcy-
steamine. Many fatty acids involved in galac-
tolipid, are characterized by high in saturation be-
cause their structure contained the double bond.
The unsaturation reactions of galactolipid occur
in chloroplasts or endoplasmic reticulum de-
pending upon the types of galactolipid, respec-
tively. ' ’

1on.



The Effects of Metal Compounds on the Biosynthesis of the Galactolipid and Composition of Fatty... 13

Galactolipids are seperated from the eu-
karyotic galactolipid (including C-18 fatty acid lo-
cated No.2 of glycerol backbone) and the
prokaryotic galactolipid (including C-16 fatty acid
located No.2 of glycerol backbone) depending
upon the synthetic sites of diacylglycerol or phos-
phatic acid contributed to the fundamental skele-
ton.

It was confirmed that the electron source ne-
eded for the unsaturation reaction of the
prokaryotic galactohipid is ferredoxin, electron
carrier of photosynthesis, by experiments in vitro
using the chloroplasts isolated from the spinach
leaf'” and the thylakoid envelope isolated from
cyanobacteria' and the electrons is supplied by
the desaturase, too."

It was many reports that the metal compounds
bring about the destruction of the order of en-
vironments and the natural ecosystem due to ra-
pid development of the recent industry. As we
considered above, there were many articles on
the effects on the lipid metabolism by the vari-
ous environmental conditions and on the cellular
metabolism by the metal compounds, but the re-
port on the biosynthesis of galactolipid, galactose
and the fatty acid composition in the bacterial
cells by the metal compound is few.

This study analyzed the effects of the metal
compounds on the biosynthesis of galactolipid and
galactose and the fatty acid composition.

II. Materials and Methods

1. Cultivation of E. coli and B. subtilis

E. colitATCC 25922) and B. subtilistATCC 5533)
moculated in the nutrient broth treated with PD
(500 ppm, 500 ppm), PC (500 ppm. 500 ppm),
CC (100 ppm, 10 ppm), MC (100 ppm, 10 ppm),
respectively, were imcubated at 37°C for 4 days
in the shaking incubator(130 rpm). The growth
was measured by the dry weight.

2. Extraction of total lipid

Total lipid was extracted from the collected
cells by the method of Bligh & Dyer.” After
cells were mashed, added chloroform:methanol(1:
2, v/v) and shaked and added the same quantity

of distilled water, mixed and leaved. Total hpid in
the separated chloroform layer was extracted as
filtering through the Whatmann No.1 filter paper.
Total lipid in the residual methanol layer was re-
extracted in the same manner. These extracted
materials were dried at 40-50"C in the dry oven
and the dry weight was estimated.

3. Seperation and identification of galactolipid

Galactolipids from the extracted total lipid
were seperated by thin layer chromatography
(TLC. Desage).” After TLC glass plates (20x20
cm) were coated with 0.25 mm thicks of silica
gel (Merck, 60G), dried in the room temperature
and activated in 110-120°C dry oven for 60 min.
before the use. Galactolipids were separated by
the two-one dimension methods.”™ The first ex-
pansive solvent made use of chloroform:methanol:
water(65:25:4, v/v/v) and the second expansive
solvent used for chloroform:aceton:methanol:
acetic  acid:water(100:40:20:20:10, v/v/v/v/v).
The separated galactolipids were identified to
compare with the standard chemicals(Sigma). De-
veloping reagent used for the identification of
MGDG and DGDG was 1-naphthol reagent.™

4. Methylesterification of fatty acid

To analyze the composition of fatty acid and
the levels of galactolipid by gas chromatography
(Varian 3400, GC), MGDG and DGDG were
methylesterified according to Allen and Good
method.™  Galactolipid isolated from the TLC
plate added to methanol:sulfuric acid:benzene(100:
5:5, v/v/v), mixed solution, 4 m/ the tran-
sesterification mixture and heptadecanoic acid
(Sigma), internal standard and dried in dry oven
at 70°C for 60 minutes and cooled and shaked aft-
er 5 m/ the distilled water added. After 2 m! the
hexane solution added in this solution and shaked
strongly, the hexane layer was seperated. This
procedures were repeated 2 times. The contents
of fatty acid methyl esters contamed in each
galactolipids were measured after the seperated
hexane layer was dried."™

5. Analysis of galactose
The contents of galactose contained in each
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galactolipid were analyzed by GC. Identification
of galactose concluded to compare with the stan-
dard chmicals(Sigma). Analytical conditions using
the GC were the same of fatty acid one.

6. Assay of fatty acids

The types and the contents of fatty acids com-
posed of galactolipid were analyzed by gas chro-
matography. The various fatty acids were iden-
tified to compared with the standard, lauric acid
(12:0), myristic acid (14:0), palmitic acid (16:0),
palmitoleic acid (16:1), stearic acid (18:0), oleic
acid (18:1), linoleic acid (18:2) and linolenic acid
(18:3) (Sigma). The used GC detector was FIDH,-
flame ionization detector, column MEGABORE
DB-FFAP 15m was used to FFAP 530 pum IG,
charged agent. Analytical conditions were des-
cribed as following:

Injection Port Temperature : 200°C

Column Temperature : 180°C

Detector Oven Temperature : 250°C

Carrier Gas : N, (30 m//min.)

III. Results

1. Growth

The growth of E. coli and B. subhlis treated
with PC, PD, CC, MC during the culture were
represented 1n Fig. 1, respectively. It was show-
ed that the growth of E. coli was inhibited aver.
53.91% in the PC treatment, aver. 55.26% in the
PD treatment, aver. 79.59% in the CC treatment
and 48.25% in the MC treatment and in B. sub-
tilis was decreased aver. 56.25% in the PC treat-
ment, aver. 30.40% in the PD treatment, aver.
48.80% in the CC treatment and aver. 41.87% in
the MC treatment during the cultivation.

2. Total lipid

The contents of total lipid in E. coli and B.
subtilis in each metal compound treatments
were showed in Fig. 2. As showed in Fig. 2, the
contents of total lipids were decreased aver. 61.
33% in the PD treatment, aver. 47.14% in the
PC treatment, aver. 53.55% in the CC treat-
ment and aver. 59.50% in the MC treatment in
E. coli and aver. 60.43% in the PD treatment,

E. col
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]

B. subtilis

Growth(mg/100 m{)

0 ) 2 3 5

Duration of culture(days)
Fig. 1. Effects of various metal compounds on the
growth of E. coli and B. subtilis. ® : control, A
: potassium chromate, WV : potassium dichro-
mate, O :cobalt chloride. ® :methylmercu-
ric chloride

E. cdi

Amounts of total lipids(pg/100 mi)

2 3 4

Duration of culture(days)

Fig. 2. Changes in contents of total lipid in E. coli and
B. subtilis treated with various metal com-
pounds during the cultivation. @ : control, & :
potassium chromate, < : potassium dichro-
mate, 7 ! cobalt chloride, ® : methylmercuric
chloride

0 1

aver. 75.46% in the PC treatment, aver. 53.99%
in the CC treatment and aver. 64.11% in the
MC treatment to compare with the control in B.
subtilis.

3. Total fatty acid methyl esters

Korean Journal of Environmental Health Society, Vol. 23(2)
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Fig. 3. Changes in contents of total fatty acid methy-
lesters in E. coli and B. subtilis treated with
various metal compounds during the cultiva-
tion. @ : control, A @ potassium chromate, ¥ :
potassium dichromate, © : cobalt chloride, ® :
methylmercuric chloride

It was showed in Fig. 3 that the levels of total
fatty acid methyl ester in E. coli were decreased
aver. 28.75% 1n the PD treatment, aver. 7.81%
in the PC treatment, aver. 40.01% in the CC
treatment and aver. 57.50% in the MC treat-
ment and in B. subtilis, aver. 40.51% in the PD
treatment, aver. 42.22% in the PC treatment,
aver. 55.55% in the CC treatment and aver. 49.
79% in the MC treatment to compare with the
control.

4. Galactolipid

The contents of galactolipid in each treatments
during the culture were represented in Fig. 4 and
5. The levels of MGDG and DGDG contained total
lipid in the control were 12.92% and 36.75% i E.
coli, and 20.54% and 35.88% in B. subtilis, respec-
tively. The biosynthesis of MGDG was inhibited
22.74% in the PC treatment, 46.77% in the PD
treatment, 36.45% n the CC treatment and 32.90%
in the MC treatment in E. colt and 43.72% in the
PC treatment, 56.16% in the PD treatment, 36.45%
in the CC treatment and 59.48% in the MC treat-
ment in B. subtilis to compare with the control.
The contents of DGDG m E. coi were decreased
44.10% 1in the PC treatment, 52.17% in the PD
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Fig. 4. Changes in contents of MGDG in £. coli and B.
subtilis treated with various metal compounds
during the cultivation. @ :control, A :po-
tassium chromate, 7 @ potassium dichromate, =
: cobalt chloride, ® : methylmercuric chloride
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Fig. 5. Changes in contents of DGDG in E. coli and B.
subtilis treated with various metal compounds
during the cultivation. ® :control. A :po-
tassium chromate, ¥ @ potassium dichromate,
: cobalt chloride, ® : methylmercuric chloride

treatment, 58.62% in the CC treatment and 48.61%
in the MC treatment. In B. subfilis. the biosyn-
thesis of DGDG was hindered 12.416 i the PC
treatment, 34.58% in the PD treatment, 35.65% n
the CC treatment and 8.76% in the MC treatment
in comparison with the control.
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Table 1. Changes in contents of galactose in MGDG and DGDG in E. coli treated with various metal compounds
during the cultivation

Duration of
culture(days) 0 1 2
Treatment
Galactose Cont Cont PD MC PC CcC Cont PD MC PC CC

MGDG 0.74 19.05 12.74 15.12 18.75 18.77  24.01 13.50 1652  21.05 24.00
DGDG 2.25 34.01 24.05 29.01 3033  25.04 46.09 3752 29.01 43.55 46.51

Duration of .

culture(days) v 3 4

Gapcgatment oy Comt PD  MC  PC  CC Comt PD MC  PC  CC
MGDG 0.74 27.72 24.06 14.22 17.24 2590 26.25 24.78 13.50  20.52 18.60
DGDG 2.25 4255  36.55 2252  36.00 40,52 39.00 3801 25.05  34.25 27.09

<NOTE> Unit : ug
<Abbre.> Cont. : Control, PD : Potassium Dichromat, MC : Methylmercuric Chloride, PC : Potassium Chromate,
CC : Cobalt Chloride, MGDG : Monogalactosyldiacylglycerol, DGDG : Digalactosyldiacylglycerol

Table 2. Changes in contents of galactose in MGDG and DGDG in B. subtilis treated with various metal com-
pounds during the cultivation

Duration of
culture(days) 0 1 2
Treatment .

Galactose Cont Cont PD MC PC CcC Cont PD MC PC CC
MGDG 0.74 1950 12.74 1512 1875 1877 24.01 1350 1652  21.05 24.00
DGDG 2.25 34.01 24.05  29.01 30.33 25.04 46.09 3752 29.01 43.55 46.51

Duration of

culgl‘lre(days) 0 3 4

GabecdmentconeCont PD MC  PC CC Comt  PD  MC  PC  CC
MGDG 0.74 27.72 24.06 14.22 17.24 2590 26.25 = 24.78 13.50  20.52 18.60
DGDG 2.25 42.55 36.55 2252  36.00 4052 39.00 38.01 25.05 34.25 27.09

<NOTE> Unit : pug
<Abbre.> Cont. : Control, PD : Potassium Dichromat, MC : Methylmercuric Chloride, PC : Potassium Chromate,
CC : Cobalt Chloride, MGDG : Monogalactosyldiacylglycerol, DGDG : Digalactosyldiacylglycerol

5. Galactose and 12.10%, 17.50% in MC treatment in com-

The content of galactose in each treatment parison with the control, respectively.
represented in Table 1, 2.

It was confirmed that the contents of galactose 6. Fatty acid
contained MGDG in E. coli and B. subtilis were de- The contents of lauric acid (12:0), muyristic
creased 48.44%, 23.08% in the PD treatment, acid (14:0), palmitic acid (16:0), palmitoleic acid
29.44%, 20.46% in the PC treatment, 46.48%, (16:1), stearic acid (18:0), oleic acid (18:1),
10.46% in the CC treatment and 24.22%, 24.22% linoleic acid (18:2) and linolenic acid (18:3) used
in the MC treatment to compare with the control, for MGDG and DGDG formation in E. coli and B.
respectively. The galactose contained DGDG in E. subtilis were analyzed.
coli and B. subtilis was inhibited 31.75%, 15.74% The compositional changes of fatty acids in the
in the PD treatment, 4.81%, 10.99% in the PC various metal compound treatments were show-
treatment, 74.35%, 13.81% in the CC treatment ed in Table 3, 4, 5 and 6. In case of the control of

Korean Journal of Environmental Health Society, Vol. 23(2)
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Table 3. Changes in contents of fatty acid methyl esters of MGDG in E. coli treated with various metal com-
pounds during the cultivation

Duratin of
culture(days) 0 1 2

Treatment - - . ~
Fatty acid Cont Cont PD MC PC cC Cont PD MC PC CC
Lauric acid(12:0) - - - - - - - - 45.27 13.86 8.4
Myristic acid(14:0) 1.44 7.89  10.12 5.61 7.91 891 1.75  14.03 2.21 0.08 5.6
Palmitic acid(16:0) 37.16 2862 11.39 3050 1691 1337 49.76 998 17.17 15.92 12.8
Palmitoleic acid(16:1) - 14.05  21.07 10.14 0.35 4.08 2.34 - -
Stearic acid(18:0) 3.02  10.03 - 12.05 1.03 7.16 10.02 11.57 5.67
Oleic acid(18:1) 9.56 8.36 9.87 1011 22.79 22.59 7.28
Linoleic acid(18:2) 12.03 859 17.35 - 2006  30.03 8.46 22.01 10.54 - 19.61
Linolenic acid(18:3) 15.34 13.52 15.78 9.58 10.27 3.99 2893 10.14 29.04
Unknowan 21.45 17.30 3171 28.10 2338 1360 2853 1095 1090 3174 17.27

ToTal 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00
Duratin of .
culture(days) 0 3 4

Treatment -
Fatty acid Cont Cont PD MC PC CC Cont PD MC PC CcC
Lauric acid(12:0) - - 9.54 3.21 1963 - - 20.52 - - -
Myristic acid(14:0) 1.44 4.51 0.58 11.01 1.20 2.14 235 12,58 691 1989  0.06
Palmitic acid(16:0) 37.16 3409 14.01 4395 1221 1083 40.13 1513 17.21 3142 29.16
Palmitoleic acid(16:1) - 11.03 - - 126,55  14.88 1045 - 2235 1057 14.67
Stearic acid(18:() 3.02 10.58 2.73 - 4.57 10.96
Oleic acid(18:1) 9.56 6.01 1659 10.92 - 9.57 3.45 8.96 10.84 7.89  11.67
Linoleic acid(18:2) 12.03 14,51 - 11.08 17.09 20.16 15.89 21.37 18.76 - 5.67
Linolenic acid(18:3) 15.34 19.23 30.15 - 23.08 2896 - 1092 14.05 1201 20.96
Unknown 21.45 10.62 1855 1983 10.24 1346 27.73 7.79 9.88 13.65 6.869

ToTal 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00

<NOTE> Unit : %
<Abbre.> Cont. : Control, PD : Potasstumn Dichromat, MC : Methylmercuric Chloride, PC : Potassium Chromate,

CC : Cobalt Chloride, MGDG : Monogalactosyldiacylglycerol

E. coli, the use rate of palmitic acid and linoleic
acid were 49.76%, 8.46% on the 2nd day of the
culture and palmitic acid and linoleic acid were
utilized 40.13%, 15.89% on the 4th day of the cul-
ture for the MGDG formation, respectively.

The fatty acids used for MGDG formation in
the PD treatment in E. coli were 49.76% linolenic
acid and 8.41% linoleic acid on the 2nd day of the
culture and lauric acid and linoleic acid were
utilized and 21.37%, 20.52% on the 4th day of the
culture. It was analyzed in the PC treatment that
oleic acid and palmitic acid were used 23.59%
and 15.92% on the 2nd day of the culture and pal-
mitic acid and myristic acid were 31.42% and
19.89% on the 4th day of the culture. In the CC

treatment for the MGDG formation, linolenic

acid and linoleic acid were utilized for 29.04%
and 19.61% on the 2nd day of the culture and the
use rate of palmitic acid and linolenic acid were
29.15% and 20.96% on the 4th day of the culture.
Lauric acid and palmitic acid were used for 45.27
% and 17.17% on the 2nd day of the culture and
palmitoleic acid and linoleic acid were utilized for
22.35% and 18.76% on the 4th day of the culture
m the MC treatment .

In the biosynthesis of MGDG in the B. subtilis
control, palmitic acid and lauric acid were used
for 43.14% and 21.45% on the 2nd day of the cul-
ture and palmitic acid and linolenic acid were
utilized for 28.39% and 16.04% on the 4th day of
the culture. Palmitic acid and linolenic acid used
for the MGDG formation in B. subtilis treated

Korean Journal of Environmental Health Society, Vol. 23(2)
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Table 4. Changes in contents of fatty acid methyl esters of MGDG in B. subtilis treated with various metal com-

pounds during the cultivation

Duratin of

culture(days) 0 1 2
Treatment . . . . . N

Fatty acid Cont Cont PD MC pPC CcC Cont PD MC PC CcC
Lauric acid(12:0) 2212 8.28 3.88 9.56 21.45 7.69 3.22
Myristic acid(14:() 10.67 7.74 3.23 6.74 9.49 2.40 3.64 9.80 13.64 7.12  12.62
Palmitic acid(16:0) 3838  41.60 10.64 2019 2505 33.21 4314 27.46 2543 23.69 24.99
Palmitoleic acid(16:1) - 0.58 4.97 - 9.82 - - 338 14.50
Stearic ac1d(18:0) 6.18 1.36 11.53 0.89 - 0.59 0.51 11.05 - - -
Oleic acid(18:1) 5.14 7.08 - 3.45 - 6.58 3.38 1.86  15.76 9.76 1.28
Linoleic acid(18:2) 9.58 4.56 8.20 10.64 17.34 8.04 7.08
Linolenic acid(18:3) 10.55 19.24 23.01 9.52 2245 8.02 1930 19.07 20.01 10.11
Unknown 1950 37.08 20.07 3744 3160 2521 1986 1313 10.37 3282 2942

ToTal 100.00  100.00  100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00

Duratin of .
culture(davs) 0 3 4

Fatty ;Crigatme“t Cont Cont PD  MC PC ¢C  Cont PD MC PC cC
Lauric acid(12:0) 21.04 9.02 9.65 4.28 21.82 1048 9.71
Myristic acid(14:0) 10.67 4.46 247 1383 11.60 0.91 0.91 4.47 5.41 5.17 4.30
Palmitic acid(16:0) 38.38  26.38  46.68 4195 41.69 40.22 2839 3550 1346 40.16 38.99
Palmitoleic acid(16:1) - 2.49 5.39 0.97 - - 11.38  12.63 7.73 - 9.91
Stearic acid(18:0) 6.18 1.71 - 5.43 4.83 .81 7.98 0.12 0.12
Oleic acid(18:1) 5.14 7.92 - 1.35 7.89 0.65 1.35 - 8.39 - 5.48
Linoleic acid(18:2) 9.58 - 0.39 7.06 0.88 5.29 6.78 - 3.14 1.23 -
Linolenic acid(18:3) 10.55  15.12 4.58 3.34 1031 17.81 16.04 0.83 17.70 996 17.53
Unknown 1950 20.83 31.47 16.85 2220 26.01 3515 2394 25.71 33.65 23.67

ToTal 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00

<NOTE> Unit : %

<Abbre.> Cont. : Control, PD : Potassium Dichromat, MC : Methylmercuric Chloride, PC : Potassium Chromate,
CC : Cobalt Chloride, MGDG : Monogalactosyldiacylglycerol

with PD were 27.46%. 19.30% on the 2nd day of
the culture and paimitic acid and lauric acid were
utilized for 35.50%, 21.82% on the 4th day of the
culture. In the PC treatment, the use rate of pal-
mitic acid and linolenic acid were 23.69%, 20.01%
on the 2nd day of the culture and linolenic acid
40.16%, 9.96% on the 4th day of the culture. Fatty
acids used for the biosynthesis of MGDG in the
CC treatment were 24.99% palmitic acid and
12.62% myristic acid on the 2nd day of the cul-
ture, palmitic acid and linolenic acid were 38.99%,
17.53% on the 4th day of the culture. Palmitic acid
and linolenic acid were used for 25.43%, 19.03% on
the 2nd day of the culture and 17.70%, 13.46% on
the 4th day of the culture for the MGDG for-
mation in B. subtilis treated with MC. In case of

DGDG in the E. cdi control, palmitic acid and
linoleic acid were utilized for 15.94%, 17.07% on
the 2nd day of the culture, palmitic acid and
linolenic acid were used for 27.73%. 18.02% on the
4th day of the culture.

It was confirmed in the PD treatment that pal-
mitic acid and oleic acid were utilized for 26.91%,
17.58% on the 2nd day of the culture for the
DGDG formation. In the PC treatment, palmitic
acid and linolenic acid were used for 26.23%, 13.79
% on the 2nd day of the culture, 21.12%, 28.64%
on the 4th day of the culture. Palmitic acid and
linolenic acid were used for 24.82%, 29.69% on
the 2nd day of the culture for the DGDG biosyn-
thesis in the CC treatment of E. coli, and linolenic
acid and linoleic acid were utilized for 25.01%,
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Table 5. Changes in contents of fatty acid methyl esters of DGDG in E. coli treated with various metal compounds

during the cultivation

Duratin of
culture(days) 0 1 2

Treatment < . . . . . -
Fatty acid Cont Cont PD MC PC cC Cont PD MC PC CC
Lauric acid(12:0) - - - - - - - - 0.05 - -
Myristic acid(14:0) 2.18  10.04 0.10 0.08 0.68 0.12 1.77 0.02 5.10 0.12 0.15
Palmitic acid(16:0) 35.86 19.31 11.12 2894 1830 31.05 1594 2691 112.89 26.23 2452
Palmitoleic acid(16:1)  3.41 22.33 2237 20.82 19.89 10.87 1454 10.74 17.90 362  3.86
Stearic acid(18:0) 6.28 13.02 3.25 8.96 591 2048 10.17 6.50
Oleic acid(18:1) 0.82 - 11.94 1.35 17.58 -
Linoleic acid(18:2) 3.43 0.85 9.02 6.18 14.31 1281 17.07 - 1154 1213 12.30
Linolenic acid(18:3) 2091 17.63 28.03 2.71 2481 11.07 6.52 4.81 1255 13.79 26.69
Unknown 33.39 2356 1634 2933 2066 30.83 3520 34.03 21.49 3394 2298

ToTal 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00
Duratin of .
culture(days) o 3 4
Fatty ;}C‘,:gatme“t Cont Cont PD MC PC CC Cont PD  MC PC cC
Lauric acid(12:0) - 1.67 14.60 - 23.90 - -
Myristic acid(14:0) 2.18  24.11 0.06 0.27 0.01 2.19 1.20 0.08 0.08 0.10
Palmitic acid(16:0) 35.86  25.10 20,69 30.73 1580 1817 2773 12.71 1644 21.12 18.44
Palmitoleic acid(16:1) 3.41 0.10 2220 12.03 3.73 9.49 1.93  22.29 - 0.89
Stearic acid(18:0) 7.13  28.05 18.96 5.61 10.01 1048 1.22 12.28 6.53
Oleic acid(18:1) 0.82 10.14 - 3.59  20.65 - - - 2.89 3.41  10.18
Linoleic acid(18:2) 3.43 . : 8.75 3.98 18.03 10.56 0.73 20.34
Linolenic acid(18:3) 2091 29.83 16.73 6.91 8.96 27.02 18.02 29.21 1824 28.64 25.01
Unknown 33.39 3.59 1060 2751 34.37 30.13 29.10 13.00 2950 33.74 18.51
ToTal 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00

<NOTE> Unit : %

<Abbre.> Cont. : Control, PD : Potassium Dichromat, MC : Methylmercuric Chloride, PC : Potassium Chromate,

CC : Cobalt Chloride, DGDG : Digalactosyldiacylglycerol

20.34% on the 4th day of the culture. In case of
the MC treatment, stearic acid and palmitoleic
acid were used of 20.48%, 17.90% on the 2nd day
of the culture, palmitoleic acid and linolenic acid
were utilized for 22.29%, 18.24% on the 4th day
of the culture. In the control during the biosyn-
thesis of DGDG in B. subtilis, palmitic acid and
linolenic acid were utilized for 26.41%, 15.54% on
the 2nd day of the culture and palmitic acid and
oleic acid were used for 21.88%. 19.17% on the
4th day of the culture. In the PD treatment, pal-
mitic acid and myristic acid were used for 31.55%,
16.67% on the 2nd day of the culture, palmitic
acid and lauric acid were utilized for 29.66%,
19.17% on the 4th day of the culture. In the PC
treatment, palmitic acid and lauric acid were u-

tilized for 35.43%. 15.20% on the 2nd day of the
culture, palmitic acid and myristic acid were used
for 42.55%, 7.80% on the 4th day of the culture.
Palmitic acid and lauric acid were utilized for
35.43%. 15.20% on the 2nd day of the culture, pal-
mitic acid and myristic acid were used for 42.55%,
7.90% on the 4th day of the culture. In the MC
treatment, palmitic acid and lauric acid were used
for 28.84%, 12.33% on the 2nd day of the culture,
linolenic acid and palmitic acid were utilized for
21.08%, 18.63% on the 4th day of the culture.

IV. Discussion

Mercuric compounds hinder the pyruvate meta-
bolism and also the normal metabolisms owing to
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Table 6. Changes in contents of fatty acid methyl esters of DGDG in B. subtilits treated with various metal com-

pounds during the cultivation

Duratin of

culture(days) v 1 2

Treatment . .

Fatty acid Cont Cont PD MC PC CC Cont PD MC PC CcC
Lauric acid(12:0) 12.07 - - - 10.06 - 12.33  15.20 -
Myristic acid(14:0) 13.39 3.04 3.74 8.85 15.51 9.70 5.85 16.67 - 2.93 -
Palmitic acid(16:0) 35.10  23.39 41.40 25.86 2395 1826 26.45 31.55 2884 3543 31.93
Palmitoleic acid(16:1) 7.44 5.61 4.15 8.01 4.94 1.34 8.02 - 11.20
Stearic acid(18:0) 15.77 7.25 4.85 0.27 1.29 6.79 7.97 4.59
Oleic acid(18:1) 10,02 11.34 - - 8.28 - 9.18 3.28 7.34
Linoleic acid(18:2) 8.59 6.85 049 12.06 941 - 13.02 4.33  11.03 9.08 1.78
Linolenic acid(18:3) 0.68 8.59 9.57 1822 17.06 17.03 1554 10.76 - 13.87 10.57
Unknown 2478 3472 2342 2361 21.21 3640 3291 2856 22.63 20.21 32.59
ToTal 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00

Duratin of ,
culture(days) 0 3 4

Fatty Treatment Comt. Comt PD MC PC CC Cont PD MC PC  CC
Lauric acid(12:0) 7.62 1.78 - - 12.22  19.17 11.72 - -
Myristic acid(14:0) 13.39 3.35 11.16 3.51 5.63 4.07 1.06 8.01 14.59 7.90 6.26
Palmitic acid(16:0) 35.10 23.89 30.19 31.99 3558 2947 21.88 29.66 1863 4255 44.24
Palmitoleic acid(16:1) 7.44 (.76 571 3.70  16.08 4.84 - 4.81 - 2.24 1341
Stearic acid(18:0) - 13.41 1.46 1.27 4.82 5.56 - 6.02 5.77 5.99
Oleic acid(18:1) 10.02 576 11.16 5.47 - - 19.17 E 4.31 -
Linoleic acid(18:2) 859 19.07 3.05 3.03 1.81 9.98 0.93 - 0.63 1.57
Linolenic acid(18:3) (.68 - 6.21 12.30 9.04 15.91 9.02 1031 21.08 4.95 1.07
Unknown 24.78  33.76 2344 3695 28.85 3834 2667 2711 23.65 3596 27.46
ToTal 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00

<NOTE> Umt : %

<Abbre.> Cont. : Control, PD : Potassium Dichromat, MC : Methylmercuric Chloride, PC: Potassium Chromate,

CC : Cobalt Chlorde, DGDG : Digalactosyldiacylglycerol

the interaction with lipoic acid, amino acid, pro-
tein and the thiol group of enzyme etc. And
these compounds induce the chromosomal var-
1ety as influencing to the base or phosphate of nu-
cleic acid and phenyl and the methyl mercuric
derivatives retard for the synthesis of the spindle
fiber during mitosis.” Hexavalent chromatin com-
pounds give rise to the cytotoxic effects because
of the interaction with the biomembrane and the
specific biological ligands owing to the oxidation
of the cellular constituents and the biosynthesis
of amino acids and the accumulation of nu-
cleotide is retard.” Cobalt ion hinders the active
transport of magnesium ion into E. coli and in-
hibits the growth, but some cells give rise to the
retardation to the cobalt ion during the con-

tinuous culture because of the reduction of the
energy-linked uptake of the toxicant cation.”” It
was showed in this experiment that the growth
of E. coli and B. subtilis treated with the various
metal compounds were decreased in comparison
with the control. It was thought that the in-
hibitions of the metabolism by the hexavalent
chromium compounds, of the growth by cobalt
compounds and of mitosis by the methylmercuric
chloride seem to action of the retarded elements
of the growth of cells.” It is thought because of
the metabolisms of the survival cells were per-
sisted after the stationary phase that the growth
of the control in B. subtilis was increased at 4th
day of the cultures as showed in Fig. 2.2

Major Galactolipids contained in microorgan-
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isms are MGDG, DGDG and TGDG, etc.

The changes of the structural material and the
inhibition of the biosynthesis of galactolipid owing
to the change of the permeability of the mem-
brane and the metabolic capacity by the various
metal compounds occured. And so, the biosyn-
thesis of MGDG and DGDG were reduced to com-
pare with the control.

The fatty acids used for the galactolipid syn-
thesis in Dunaliella salina were characterized to
have the high insaturation owing to including of
the double bond in their chemical structure.'™”
The contents of MGDG among lipid contained in
the photosynthetic tissue of the plants as Triform
repens, Medicago sativa, Cucurbita pepo, Solenam
Iycopersium, Dactylis glomerta, Zea may have the
highest levels and the light harvesting complex,
the oligomer form in the thylakoid envelope of
chloroplast, contained MGDG as the lipid com-
ponent. The reaction center of photosystem I
contained only MGDG having the low un-
saturation and these MGDG is not included in
hexadecatrionic acid (16:3).

Because this phenomenon resulted from the
other result to have very high contents of DGDG
in E. coli and B. subtilis, it was showed the other
compositional ratio of galactolipid depending upon
a type of the plant and the microbe. And then
the ratio of MGDG and DGDG in the thylakoid
membrane is high in comparison with the stroma
lamella. Also the microbe not include more galac-
tolipid than the plant to compare with the result
that the levels of MGDG and DGDG among total
lipid in the E. coli and B. subtilis control were
45%-509% in this experiment. The major fatty a-
cids constituted the chloroplast envelope of the
mesophyll cells and the bundle sheath cells were
80% lincleic acid (18:2) and linolenic acid (18:3)
and the major fatty acids composed of MGDG in
the PD treatment in E. coli and DGDG of the MC
treatment in B. subtilis were showed the same
fatty acid pattern.

The inner envelopes of chloroplast were con-
stituted to DGDG and the thylakoid envelopes
were composed of very high contents of MGDG*,
but the major fatty acid used for galactolipid was
linolenic acid. So, it was confirmed that the ma-

jor fatty acids used in the control of E. coli and B.
subtilis, the PC treatment of the E. coli MGDG
and the MC treatment of the B. subtilis DGDG
were the same pattern.

The changes in composition of the major fatty
acid involved in galactolipid as well as the in-
hibition of the galactolipid biosynthesis were
brought forth. These fatty acids have an effect
on the growth of the various microbe depending
upon their concentration and the chracterization.
The growth of bacteria were decreased owing to
the absorption of fatty acids by the change of the
permeability of the cell when the unsaturated fat-
ty acids were high concentration. The use of
linoleic acid in the PD treatment and of myristic
acid during the MGDG formation were increased
in E. coli. B. subtilis used lauric acid in the PD
treatment and myristic acid and stearic acid dur-
ing the DGDG biosynthesis. In the PC treatment,
E. coli almost used palmitic acid and linolenic acid,
beside used oleic acid during the MGDG for-
mation. In the CC treatment, B. subtilis used pal-
mitic acid and palmitoleic acid during the for-
mation of galactolipid and palmitoleic acid during
the MGDG and DGDG biosynthesis. Otherwise, F.
coli utilized for linoleic acid during the MGDG
synthesis and oleic acid during the DGDG syn-
thesis. In the event of the MC treatment, the use
of palmitic acid and palmitoleic acid during the
galactolipid biosynthesis and lauric acid during
the MGDG formation were increased in E. coll.
On the other hand, the use of palmitic acid, lauric
acid and myristic acid during the MGDG for-
mation and myristic acid during the DGDG syn-
thesis were increased in B. subtilis. As a result, it
was analyzed that the bacterial cells treated with
the various metal compounds used the un-
saturated fatty acids for biosynthesis of galac-
tolipid to comparison with the control.

So then, the reports that the gram negative
bacteria contained the straight chain fatty acids
were constituited to the unsaturated fatty acids
(18:1, 18:2) and some 16:0°**" and the gram ne-
gative bacteria contained the branched chain fat-
ty acids were constituted to the saturated fatty
acid all together™®' were agreed with the results
of this experiment that E. coli used palmitic acid
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and the unsaturated fatty acid in the control and
B. subtilis used almost the saturated fatty acid
and some unsaturated fatty acid in control. That
the control of E. coli and B. subtilis in this ex-
periment used palmitic acid and linolenic acid dur-
ing the galactolipid formation were accorded with
the facts that corn and pea used linolenic acid
(80%) in MGDG and palmitic acid and linolenic
acid (90%) in DGDG.*

E. coli and B. subtilis treated with the various
metal compounds during the cultivation used the
various unsaturated fatty acid during the biosyn-
thesis of galactolipid. So it was confirmed that
the metal compounds have the predominant ef-
fects on the growth and the synthesis of total
lipid and galactolipid in microorganisms.

Summary

The biosynthesis of galactolipid, galactose and
the fatty acid composition in E. coli and B. subtilis
treated with potassium dichromate(PD, 500 ppm,
500 ppm), potassium chromate(PC, 500 ppm, 500
ppm), cobalt chloride(CC, 100 ppm, 10 ppm) and
methylmercuric chloride(MC, 100 ppm, 10 ppm)
during the culture were analyzed to compare
with the control. The growth rate of cells, the
contents of monogalactosyldiglyceride(MGDG),
digalactosyldiglyceride(DGDG) and total lipid in
the metal compound treatments were lower as
compared with the control. And too, the contents
of galactose utilized for the biosynthesis of galac-
tolipids in these strains in the various metal com-
pounds treatments were inhibited. The fatty a-
cids used for the MGDG and DGDG formation in
E. coli and B. subtilis treated with each metal com-
pounds during the culture were showed to the
variant compositional change.
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