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1. Introduction

Heavy metals have insignificanly influenced in
the growth, morphology, the spore formation,
the activity of the hiochemical reaction of mi-
croorganism, etc.,” and on the cubic structure of
nucleic acid, and it obstructs the oxidative phos-
phorylation.”

Heavy metals exist with the ion forms in the
aqueous solution and so, they cause the problems
of the environment pollution of the water ecosys-
tem owing to the influence on the algae. In the
higher plant, as these ions of the heavy metals
were absorbed with water, it has influenced on
photosynthesis.” Copper enhances the activities
of the various enzymes. But, during the de-
ficiency, the phenomenon of the etiolation by the
reduction of chlorophyll is induced.” Then, the
activity of Glutathione S-transferase (GST) in
Chlamydomonas reinhardtii is inhibited by the

heavy metals.” Manganese is inhibited the ac-
tivity of cellulase in mold and showed more the
strong action than copper.”” In addition, if one in-
jects manganese with EDTA below 0.3 mM to
the erythrocyte of people or wheat leaf, the ac-
tivity of aminoaevulinic acid dehydratase is in-
hibited.” Manganese and nickel give rise to the
abnormal division of the root by causing the ab-
normality of the mitosis in the root of Vicica faba.
“" If nickel is absorbed in stomach with a very
small amount, it causes the oversensitive reac-
tion and skin allergy, and gives rise to the lung
cancer.

In most microorganisms, not only the com-
position and the content of phospholipid, which is
the membrane component, are influenced by the
environment change such as temperature, pH,
the component of the culture media and the
growing period etc.,”"' but also it changes the
function of the catalyst of the enzyme complex
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of phospholipid as the substrate of the membrane.”
Then there 1s the report about the various fac-
tors to have influence on the content of phos-
pholipid and the composition of their fatty acid in
the various organisms.

This study was analyzed to compare with the
control on the biosynthesis of phospholipid and
their fatty acid composition in B. subtilis treated
with copper, nickel, and manganese during the
culture.

II. Materials and Methods

1. Culture of B. subtilis

B. subtilis (ATCC 25922) precultured in the nu-
trient agar media for 24 hour at 37°C. The pre-
cultured cells were inoculated the nutrient broth
treated with copper chloride (10 ppm), man-
ganese chloride (100 ppm), and nickel chloride (50
ppm), respectively, and shaking cultured for 24
hour at 37°C (130 ppm).

2. Extraction of total lipid

Total lipid in cells harvested at the beginning
and the middle phase of the culture was extracted
according to the modified method described by
Bligh and Dyer method.™ The harvested cells
were added chloroform : methanol(1:2, v/v), shak-
ed for 30 min.. and added, mixed the same quan-
tity of distilled water and the separated chloro-
form layer filtered by using Whatmann No. 1 filt-
er paper and extracted total hpid. After the
methanol layer, upper layer, was added and mixed
with chloroform again, total lipid re-extracted by
the filtration using the same filter paper in the
separated chloroform layer. After the extracted
total lipid dried in 45-50°C, dry weight measured.

3. Separation and identification of phospholipid

The major phospholipids, such as PE, PC, PI,
PG, and CL were separated from total lipid by
thin layer chromatography(TLC, Desaga). Glass
plates(20% 20 ¢cm) used in TLC were coated with
a 0.25 mm thicks of silica gel(Merck), dried in
the room temperature and activated mn 110-120°C
dry oven for 60 min. before the use. Chloroform -
methanol-28% ammonia water (65:25:2, v/v/v)

for the first expansive solvent and chloroform-
acetonemethanol-acetic acid-distilled water (3:4:1:
1:0.5, v/v/v/v/v) for the second expansive sol-
vent were used according to the two-one di-
mensive method.'” The phospholipids were iden-
tified to compare with the standard chemicals
(Sigma). The developer were used the saturated
butanol mixed with the (0.2% ninhydrin for PE,
the dragendroff reagents for PC, the periodata-
schiff s reagent for PI, and the 20% sulfuric
acid mixed with ethanol for PG and CL, respec-
tively."

4. Methyl esterification of fatty acid

The separated phospholipids were methylated
by the method of Allen and Good™ in order to
the analysis the compositions and the contents of
fatty acid. Phospholipids separated from each
plates were added 5 m!/ methanol contained 5%
sulfuric acid and heptadecanoic acid as internal
standard, dried for 120 min. in 60-70°C dry oven,
cooled for and then the same quantity of distilled
water was added and shaked. The homogenates
were added 2 m/ hexane and separated the hex-
ane layer after shaking powerfully. This separa-
tion procedures were repeated 3 times. The
separated haxane layer was added 5 ml the sa-
turated sodium bicarbonated and separated the
hexane layer after shaking. The contents of fatty
acid methyl ester contained in each phospholipids
measured after the separated hexane layer dried.

5. Analysis of fatty acid

The compositions and the contents of fatty acids
composed of each phospholipid were analyzed by
gas chromatography(GC, Varian 3300). The iden-
tification of fatty acids such as lauric acid (12:0)),
myristic acid (14:)), palmitic acid (16:0), palmitolic
acid (16:1), stearic acid (18:0), oleic acid (18:1),
linoleic acid (18:2), linolenic acid (18:3) were
resolved by comparing the standard chemicals
(sigma). The used column, such as stainless steel
column(3mm x 3m), used 15% DEGS(diethylglycol
succinate) as packing material and H,-flame ion-
ization detector(FID) as GC detector. Analytical
conditions were described as following:

Injection Port Temperature @ 230°C

Korean Journal of Environmental Health Society. Vol. 23(2)
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Column Temperature : 170°C
Detector Oven Temperature : 240°C
Carrier Gas : N»(30 m//min.)

II1. Results

1. Growth

Growths were inhibited in the various metal
compound treatments in comparison with the con-
trol as shown in Fig. 1.

Growth was inhibited average 63.36% in the
copper chloride treatment, average 13.08% in the
manganese chloride treatment, and average 20.19
% in the nickel chloride treatment to compare
with the control, respectively.

2. Total lipid
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Fig. 1. Effects of metal compounds on the growth of
B. subtilis. ® : control, O : copper chloride, &
: manganese chloride, O : nickel chloride
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Fig. 2. Changes in contents of total lipid in B. subtilis
treated with metal compounds during the cul-
tivation. ® : control, O :copper chloride, A :
manganese chloride, © : nickel chloride

The changes in the contents of total lipid in B.
subtilis treated with the various metal compounds
during the culture were showed in Fig. 2.

The contents of total lipid were decreased av-
erage 43.91% in the copper chloride treatment,
average 39.41% in the manganese chloride treat-
ment, and 34.27% in the nickel chloride treat-
ment at the beginning of the culture to compare
with the control. But the levels of total lipid in
the copper chloride treatment and the nickel chlo-
ride treatment at the end phase of the culture
were inhibited average 79.63% and average 74.
81%.

3. Phospholipid

As represented in Fig. 3 and Fig. 4, the con-
tents of the various phospholipids in the control
were contained 6.06% PE, 4.68% PC, 3.17% PI, 5.
44% PG, and 2.51% CL among total lipid.

It was showed that PE was decreased average
60.12% in the copper chloride treatment, average
21.81% in the nickel chloride treatment, and av-
erage 25.79% in the manganese chloride treat-
ment to compare with the control during the cul-
ture.

The content of PC was inhibited average 53.12
% 1n the copper chloride treatment, average 23.00
% in the manganese chloride treatment, and av-
erage 16.55% in the nickel chloride treatment
during the cultivation. It was observed that the
level of PI was reduced average 80.56% in the
copper chloride treatment, average 21.46% in the
nickel chloride treatment, and average 27.18% in
the manganese chloride treatment to compare
with the control. PG was decreased average 71.62
% 1in the copper chloride treatment, average 27.99
% in the manganese chloride treatment, and av-
erage 49.03% in the nickel chloride treatment
with comparison to the control. The level of CL
was hindered average 31.67% in the copper chlo-
ride treatment, average 55.46% in the manganese
chloride treatment, and average 11.43% in the
nickel chloride treatment during the culture.

4. Total fatty acid methyl ester
As showed with Fig. 5, the contents of total fat-
ty acid methyl esters in B. subtilis were reduced

Korean Journal of Environmental Health Society, Vol. 23(2)
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Fig. 3. Changes in contents of various phospholipid in
B. subtilis treated with metal compounds dur-
ing the cultivation. ® :control, O :copper
chloride, A :manganese chloride, O : nickel
chloride

average 69.90% in the copper chloride treatment,
average 24.84% in the manganese chloride treat-
ment, and average 10.95% in the nickel chloride
treatment during the culture.

5. Fatty acid

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) among fatty acids utilized for the hiosyn-
thesis of PE, PC, PI, PG, and CL in B. subtilis were
analyzed.
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Fig. 4. Changes in contents of various phospholipid in
B. subtilis treated with metal compounds dur-
ing the cultivation. @ :control, © :copper
chloride, A :manganese chloride, @ :nickel
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. 5. Changes in contents of total fatty acid methy-
lesters in B. subtilis treated with metal com-
pounds during the cultivation. ® : control, O :
copper chloride, 7\ @ manganese chloride, o :
nickel chloride
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The changes of the fatty acid composition dur-
ing the PE formation represented in Table 1.
The control was utilized for myristic acid(16.38
%), and palmitic acid(25.45%) at 9 hours of the
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Table 1. Changes in contents of fatty acid methyl esters of phosphatidylethanolamine in B. subtilis treated with
various metal compounds during the cultivation

Duratin of . .
culture(hrs.) 0 9 12 24
Treatment . :
) - Cont Cont CuCl; MnCl: NiCl; Cont CuCl. MnCL NiCl. Cont CuCl. MnClL. NiCl,
Fatty acid
Lauric acid 777 1118 354 430 011 641 214 253 349 175 354 763 3.36
(12:0)
Myristic acid 1.13 1638 741 052 024 557 918 033 112 653 936 032 821
(14:0)

Palmitic acid 2161 2545 24.01 253 059 17.88 3085 152 7.71 19.73 1.16 11.21 17.96
(16:0)

Palmitoleic acid 0.91 465 1027 185 643 1.20 1.78 61.95 30.07 3.80 21.51

(16:1)

Stearic acid 882 069 4.14 . 1590 240 5812 4.83 20.73 3.03 60.39

(18:0)

Oleic acid - 1048 7.53 38.15 68.72 - 2762 2163 - 5.21

(18:1)

Linoleic acid 212 052 - 6.75  2.78 - - 0.15 4.92 - 19.28

(18:2)

Linolenic acid 1.82 5.37 - - - 13.74 - - - 7.77 - -

(18:3)

Unknown 45.82 29.93 38.72 44.23 21.74 45.03 12.77 14. 20.75 46.34 45.07 11.44 29.68
ToTal 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00

<NOTE:> Unit : %, Cont : Control

Table 2. Changes in contents of fatty acid methyl esters of phosphatidylcholine in B. subtilis treated with various
metal compounds during the cultivation.

Duratin of . .
culture(hrs.) 0 9 12 A
Treatment . .
- Cont  Cont CuCl; MnCl: NiCl. Cont CuCl. MnCl. NiCl. Cont CuCl. MnCl. NiCl,
Fatty acid
Lauric acid 356 11.07 253 687 11.70 7.15 319 039 552 944 755 121 568
(12:0)
Myristic acid 7.68 1658 963 1830 876 6.15 1522 13.09 3.17 6.69 1048 0.31 14.76
(14:0)
Palmitic acid 24.00 2282 2354 594 296 1894 2710 1.34 742 18.67 - 1447 3.08
(16:0)
Palmitoleic acid 1.33 - 110 - 4.83 1.59 - 312 17.06 587 36.79
(16:1)
Stearic acid 24.05 093 5.86 - 5.70 18.19 - 19.04 15.27 9.67
(18:0)
Oleic acid - 1095 2342 29.67 10.55 - 2267 68.36 - - 1697 69.87 -
(18:1)
Linoleic acid 17.50  0.70 - 12.16 4.25 11.68 - 3.11
(18:2)
Linolenic acid 097 1.32 - 20.17 - 1430 1.36 8.79
(18:3)
Unknown 20.94 35.63 35.02 1795 48.17 44.74 17.52 9.62 53.17 46.81 32.37 8.27 39.69
ToTal 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00

<NOTE>> Unit : %, Cont : Control
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culture, palmitic acid(17.88%) and- stearic acid
(15.90%) at 12 hours of the culture, and palmitic
acid(19.73%) and stearic acid(20.73%) at 24
hours of the culture.

It was analyzed that palmitic acid and oleic acid
were used for 24.01%, 17.53% and 39.95%, 27.62%
at 9 hours and 12 hours of the culture, myristic
acid(9.36%) and palmitoleic acid(30.07%) at 24
hours of the culture in the copper chloride treat-
ment to compare with the control. In the man-
ganese chloride treatment, palmitoleic acid(10.27
%) and oleic acid(38.15%) were utilized for at 9
hours of the culture, stearic acid(58.12%) and
oleic acid(21.63%) at 12 hours of the culture, pal-
mitic acid(11.21%) and stearic acid(60.39%) at 24
hours of the culture to compare with the control.
Oleic acid(68.72%) and linoleic acid(6.75%) at 9
hours of the culture, palmitoleic acid(61.95%)
and palmitic acid(7.71%) at 12 hours of the cul-
ture, palmitoleic acid(21.51%) and linoleic acid(
19.28%) at 24 hours of the culture in the nickel
chloride treatment to compare with the control.

Table 2 was recorded the composition of fatty

acid during the PC biosynthesis. Fatty acids
utilized for the PC formation in the control were
myristic actd(16.58%) and palmitic acid(22.82%)
at 9 hours of the culture, palmitic acid and stear-
ic acid were 18.94% and 18.19% at 12 hours of
the culture, 18.67% and 15.27% at 24 hours of
the culture.

It was showed that palmitic acid and oleic acid
were used 23.54%and 23.42% at 9 hours of the
culture 27.10% and 22.67% at 12 hours of the cul-
ture, and palmitoleic acid(17.06%) and oleic acid
(16.97%) at 24 hours of the culture in the copper
chloride treatment to compare with the control.
In the manganese chloride treatment, oleic acid
and palmitoleic acid were utilized for 38.15% and
10.29% at 9 hours of the culture and stearic acid
(58.12%) and oleic acid(21.63%) at 12 hours of
the culture and stearic acid(60.39%) and palmitic
aicd(11.21%) at 24 hours of the culture to com-
pare with the control.

The fatty acids used for biosynthesis of phos-
pholipid in the nickel chloride treatment were
linoleic acid(12.16%) and lauric acid(11.70%) at 9

Table 3. Changes in contents of fatty acid methyl esters of phosphatidylinositol in B. subtilis treated with various

metal compounds during the cultivation.

Duratin of 0 9

culture(hrs.) 12 24
Treatment . .
- Cont Cont CuCl: MnCl: NiCl; Cont CuCl: MnCl: NiCl. Cont CuCl, MnCl; NiCl,
Fatty acid
Lauric acid 197 279 325 117 390 1090 260 715 053 666 525 1.02 531
(12:0)
Myristic acid 4.00 156 11.58 294 40.78 1516 4.21 317 0.25 6.87 1292 060 14.00
(14:0)
Palmitic acid 9.54 2050 3296 1555 893 16.20 2061 186 1.79 20.92 - 5.60 3.50
(16:0)
Palmitoleic acid 7.82 10.19 : - 7.44 22.08 10.67 6.71 0.15 20.30 35.77 29.81
(16:1)
Stearic acid 23.57 11.65 2211  0.05 3.52 : 9.67 6938 132 - 14.12 -
(18:0)
Oleic acid - 958 17.62 6.63 19.52 15.26
(18:1)
Linoleic acid 16.69  9.10 - 1557 0.19 12.96 - 11.92 - 2.71 - 15.90 -
(18:2)
Linolenic acid 821 116 3.56 - 11.12 trace
(18:3)
Unknown 28.20 33.57 34.59 4266 46.15 33.82 50.50 45.37 21.34 41.85 35.15 26.99 47.38
ToTal 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00

<NOTE> Unit : %, Cont : Control

Korean Journal of Environmental Health Society, Vol. 23(2)
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hours of the culture, stearic acid(19.04%) and
linoleic acid(11.68%) at 12 hours of the culture,
myristic acid(14.76%) and palmitoleic acid(36.
79%) at 24 hours of the culture to compare with
the control.

The composition of fatty acids utilized for the
PI formation were represented in Table 3.

The control was used for palmitic acid(20.50%)
and stearic acid(11.65%) at 9 hours of the culture,
palmitic acid(16.20%) and myristic acid(15.16%)
at 12 hours of the cultrue, palmitic acid(20.92%)
and oleic acid(19.52%) at 24 hours of the culture.
Palmitic acid(32.96%) and oleic acid(17.62%) at 9
hours of the culture, palmitic acid(20.61%) and
palmitic acid(22.08%) at 12 hours of the culture,
palmitoleic acid(20.30%) and oleic acid(15.26%) at
24 hours of the culture in the copper chloride
treatment to compare with the control.

The fatty acids utilized for the PI formation in
the manganese chloride treatment were stearic
acid(22.11%) and linoleic acid(15.57%) at 9 hours
of the culture, linoleic acid (11.92%) and pal-
mitoleic acid(10.67%) at 12 hours of the culture,

palmitoleic acid(35.75%) and linoleic acid(15.90%)
at 24 hours of the culture.

The major fatty acids in the nickel chloride
treatment were myristic acid(40.78%) and pal-
mitic acid (8.93%) at 9 hours of the culture,
stearic acid(69.38%) and palmitoleic acid(6.71%)
at 12 hours of the culture, palmitoleic acid(29.
81%) and myristic acid(14.009) at 24 hours of
the culture to compare with the control.

As showed with Table 4, fatty acids utilized for
the PG formation were palmitic acid(20.24%,
14.02%) and oleic acid(16.59%, 10.52%) at 9
hours and 12 hours of the culture, respectively,
and myristic acid(14.29%) and palmitic acid(17.
29%) at 24 hours of the culture in the control. It
was utilized for myristic acid(17.16%) and pal-
mitic acid(18.72%) at 9 hours of the culture, pal-
mitic acid(24.90%) and oleic acid(18.409%) at 12
hours of the culture, lauric acid(13.10%) and pal-
mitoleic acid(16.08%) at 24 hours of the culture
in the copper chloride treatment. PG in B. subtilis
treated with manganese chloride was used for
stearic acid{21.97%) and linoleic acid(19.35%) at 9

Table 4. Changes in contents of fatty acid methyl esters of phosphatidylglycerol in B. subtilis treated with various

metal compounds during the cultivation.

Duratin of

12 24

Cont CuCl; MnCl, NiCl, Cont CuCl, MnCl. NiCl

culture(hrs.) o 9
Treatment .
. - Cont  Cont CuCl. MnCl. NiCl,
Fatty acid
Lauric acid 841 1.84 844 076 6.00
(12:0)

Mpyristic acid 16.95 10.62 17.16 193 38.68
(14:0)
Palmitic acid 19.82 20.24 18.72 1296 9.65

10.22 163 5356 533 228 1310 1.17 1.86
9.78 579 761 3040 14.29 938 5.08 10.11

14.02 2490 0.88 823 17.29 217 29.20 12.92

(16:0)

Palmitoleic acid 0.95 6.42 6.05 597 3.94 859 16.08 35.00 28.90

(16:1)

Stearic acid 049 380 506 2197 17.06 4.88 744 411 3308 143 889 - -

(18:0)

Oleic acid 15.14 1659 14.34 10.54 18.40 12.61 11.12

(18:1)

Linoleic acid 044 313 19.35 16.50 5.06 - 1510 234

(18:2)

Linolenic acid 8.09 6.03 - 0.11 16.25 2.73 - - -

(18:3)

Unknown 29.71 31.33 36.28 43.03 12.00 39.45 19.62 2717 7.86 41.17 39.26 29.23 46.21
ToTal 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00

<NOTE> Unit : %, Cont : Control

Korean Journal of Environmental Health Society, Vol. 23(2)
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Table 5. Changes in contents of fatty acid methyl esters of cardiolipin in B. subtilis treated with various metal

compounds during the cultivation.

Duratin of 0

culture(hrs.) 9

12 24

Treatment .
. - Cont  Cont CuClL MnClL NiCl.
Fatty acid

Cont CuCl, MnClL. NiCl, Cont CuCl; MnCl: NiCl,

Lauric acid 163 126 247 865 053 104 074 051 138 7.04 915 647 596

(12:0)

Myristic acid 4.84 496 7.07 048 2686 321 798 4.02 153 10.08 10.34 31.43 14.78

(14:0)

Palmitic acid 1142 19.26 36.49 260 3.21 13,53 18.12 21.81 2737 19.52 - 453  4.09

(16:0)

Palmitoleic acid 6.02 12.89 - 14.50 - 1041 904 885 3.44 19.14 1854 17.45 32.53

(16:1)

Stearic acid 2095 8.74 - - 1271 21.37  4.05 841 - 1529 239 7.82 -

(18:0)

Oleic acid - 979 2220 19.68 4.75 - 13.07 8.80 43.07 - 19.58 - 222

(18:1)

Linoleic acid 1414 7.76 - - - 1342 6.72 775 - - - 6.98 2311

(18:2)

Linolenic acid 145 5.32 - - 519 - - 275 - - 12.14 - trace

(18:3)

Unknown 3955 30.02 31.77 54.09 46.75 37.02 40.28 37.10 23.16 2893 2786 2532 17.31
ToTal 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00

<NOTE> Unit : %, Cont : Control

hours of the culture, lauric acid(53.56%) and
stearic acid(4.11%) at 12 hours of the culture,
palmitoleic acid(35.00%) and palmitic acid(29.20
%) 24 hours of the culture.

In the nickel chloride treatment, myristic acid
and stearic acid were utilized for 38.68% and
17.06% at 9 hours of the culture, 30.40% and
33.08% at 12 hours of the culture, respectively,
and palmitic acid(12.92%) and palmitoleic acid(28.
90%) at 24 hours of the culture.

The changes in the compostion of fatty acid in
B. subtilis treated with CL during the culture
were represented in Table 5. Palmitic acid(19.26
%) and palmitoleic acid(12.89%) at 9 hours of
the culture, stearic acid(21.37%) and palmitic
acid(13.53%) at 12 hours of the culture, palmitic
acid(19.52%) and palmitoleic acid(19.14%) at 24
hours of the culture in the control were used for
the formation of CL. Palmitic acid and oleic acid
were utilized for 36.49% and 22.20% and 18.12%,
13.07% at 9 hours and 12 hours of the culture,
and palmitoleic acid(18.54%) and oleic acid(19.58
%) at 24 hours of the culture in the copper chlo-

ride treatment. In the manganese chloride treat-
ment, palmitoleic acid and oleic acid were used
for 14.50% and 19.68% at 9 hours of the culture,
palmitic acid and palmitoleic acid 21.81% and 8.85
% at 12 hours of the culure, myristic acid and pal-
mitoleic acid 31.43% and 17.45% at 24 hours of
the culture. Myristic acid(26.86%) and stearic
acid(12.71%) were used for at 9 hours of the cul-
ture, palmitic acid(27.37%) and oleic acid(43.07%)
at 12 hours of the culture, palmitoleic acid(32.53
%) and linoleic acid(23.11%) at 24 hours of the
culture in the nickel chloride treatment.

IV. Discussion

Because of adaptation to manganese chloride in
B. subtilis, it is thought that a rather long log-
arithmic phase in the manganese chloride treat-
ment were induced. Growth in the metal com-
pound treatments in this experiment was in-
creased at the begining of the culture and then
decreased at the end period of the culture. This
phenomena 1s concord with the results that the
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assimilation of cadmium didn't take place at the
beginning phase of the bacterial growth, but was
generated at the later phase of the culture.” Not
only the growths in B. subtilis treated with the
metal compounds but also the biosynthesis of to-
tal lipid were inhibited. This result is thought be-
cause the metabolism was hindered owing to the
decrease by the metal compound the activity of
enzyme that participated to the lipid biosynthesis.
The activity of cytosine deaminase hydrolyted
the amino group positioned at the sixth carbon of
cytosine was completely lost by copper and man-
ganese in Bacillus strearothermophilus.” The con-
tents of total protein in experiment on the effect
of the cellular toxin in the alveolar macrophages
treated with in nickel were predominantly de-
creased.” And the copper of the low con-
centration was showed the fatal effect at the egg
developmental stage of salmon.”” The content of
PE in the copper chloride treatment was ob-
served the highest inhibition rate (60.12%) to
compare with the control. Also, the biosynthesis
of PC was predominantly inhibited by copper
chloride. This result is because the biosynthesis
of PC via PE didn't ocurred owing to decreasing
the content of PE within the cell decreased by
the inhibition of the PE formation. That the
biosynthesis of Pl was increased during the cul-
ture have differed from other phospholipid. This
phenomena was accordant with the Daum's®™’ ex-
perimintal report that PI was supplied to the nor-
mal content of total lipid. And too, the contents
of PG and CL were decreased in the copper chlo-
ride treatment. In the manganese chloride treat-
ment, the biosynthesis of PG was more syn-
thisized than the other metal compound treat-
ments was similar to the control at the end
phase of the culture. This consequence was con-
cord with the report that the biosynthesis of PG
was enhanced in spinach chloroplast treated with
2 mM MnCl, owing to the change as the ad-
ditional materials when phospholipid is formed.”
Lipid metabolism is influenced by the various en-
vironmental factor. The biosynthesis of phos-
pholipid and their fatty acid composition get to
be different by temperature, the growth phase,
the energy metabolism, light, and pH etc.,”” phos-

pholipid have influence on the membraneous flui-
dity and structure.*” In this experiment the
biosynthesis of phospholipid and the fatty acid
composition was seen a variety of the change by
the various metal compounds. Not only the
heavy metals exist the free state in the cellular
organelle, but also is bounded the polyphosphate
or protein like methallothionin.”

The hiosynthesis of fatty acid was inhibited ow-
ing to the decrease of the activity of B-ketoacyl
carrier protein synthetase in E. coli treated with
cerulenin because of the turbidity of enzyme ac-
tivity by the heavy metals.”” The branched chain
fatty acid was discovered in B. subtilis and Pseu-
domonas wmaltojphilia. Even in case of the same
species of microorganism, the almost mi-
croorganisms having branched chain fatty acid
contain the saturated fatty acid (16:0, 15:0).*
These results are accordance with the report
that the gram positive bacteria is formed the
branched chain fatty acid and didn't make the un-
saturated fatty acid during the culture.”

The above report was concord with this ex-
perimental data that it was contained some un-
saturated fatty acid, but was analyzed the almost
saturated fatty acid in the control. The utility of
the unsaturated fatty acid in B. subtilis treated
with the various metal compounds was increased
and when the concentration of the unsaturated
fatty acids was high, the permeability of bacterial
cell was changeable and didn't absorb the nu-
trition, and was increased the effect of an-
tibacterials. And so, it was confirmed that the un-
saturated and the saturated fatty acid is neces-
sary for the growth and the existence of the nor-
mal cells.*’

Summary

The synthesis of phospholipid and the com-
position of fatty acid in B. subhilis treated with
copper chloride (10 ppm), manganese chloride
(100 ppm), and nickel chloride (50 ppm) during
the culture were analyzed to compare with the
control. The levels of growth, total lipid,
phosphatidylethanolamine(PE). phosphatidyl-
choline(PC), phosphatidylglycerol(PG), and
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cardiolipin(CL) in B. subtilis treated with copper
chloride were decreased predominantly. But, the
biosynthesis of phosphatidylinositol(PI) was not
affected by the metal compounds. The major fatty
acids utilized for the formation of phospholipid
were palmitic acid(average 19.00%) and stearic
acid(average 9.88%) in the control. In the copp-
er chloride treatment, however, palmitic acid
(average 17.35%) and oleic acid(average 15.99%)
made use of the major fatty acid during the
biosynthesis of phospholipids. It was showed
that oleic acid(average 17.87%) and stearic acid
(average 13.78%) in thee manganese chloride
treatment, and palmitic acid(average 15.00%)
and muyristic acid(average 14.24%) in the nickel
chloride treatment were utilized.
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