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ABSTRACT

The results that the effect of 6 detergents on the structural changes and biochemical composition

of bacterial membrane of Escherichia coli and Bacillus cereus are as follows;

1. Population growth of the bacteria was increased in case of the treatment with palmitoy! carnitine
and sodium deoxy cholate but was decreased by sodium dodecyl sulfate and palmitoyl choline, in
E. coli and was decresed by palmitoyl carnitine and palmitoyl choline at the low concentration, in
B, cereus.

9. The electron micrograph showed that cell wall lysis or cell collapse were observed in the treat-
ment of sodium dodecyl sulfate and palmitoyl choline, and also cell wall was condensed by
triton X-100 and sodium deoxy cholate, in E. coli. And, in B. cereus, endospore formation of
the bacteria was stimulated by palmitoyl choline, and cell lysis or structural changes of the
membrane were observed in the treatment of sodium dodecy!l sulfate, sodium deoxy cholate, and

triton X-100, respectively.

bl

As to the effect of detergent on the biochemical composition of biomembrane, the content of
protein was increased by saponin and decreased by both of palmitoyl choline and palmitoyl
carnitine, in E. coli, and in B. cereus, the content of structural protein and phospholipid were
decreased by treatment of sodium dodecyl sulfate and structural protein was denatured by palmi-
toyl choline.

4. The profile of membrane protein revealed that the bacterial membrane were composed of various
proteins. By dint of this result, some of membrane proteins were solubilized or changed to small
molecules by the treatment of sodium dodecyl sulfate and palmitoyl choline, in E. coli, and
membrane protein of the biomembrane by treatment of sodium dodecyl sulfate, sodium deoxy
cholate, palmitoyl choline, and palmitoyl carnitine were confirmed to be different profile as com-

pared with those of the control, in B. cereus.

Therefore, it is suggested that sodium dodecyl sulfate and palmitoyl choline soulbilized biomembranes
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or inhibited membrane transport and that palmitoyl carnitine and sodium deoxy cholate were used
as an energy source or stimulating the membrane transport, in E. coli.

And, it is suggested that all of detergents were inhibited biomembrane synthesis, exept saponin,

in B. cereus.
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Table 1. Bacterial growth on detergent treatment

Escherichia coli B

E. coli SDS
. Conc. (%)
4 6 8 10

0 0.01 0.01 0.01 0.02 0.02 0.02
1 0.025 0.03 0.04 0.03 0.03 0.005
2 0.14 0.15 0.13 0.07 0.75 0.05
3 0.43 0.3 0.28 0.135 0.14 0.095
4 0.7 0.54 0.47 0.24 0.23 0.21
6 0.97 0.84 0.7 0.45 0.36 0.265
8 1. 0.8 0.8 0.64 0.395 0.355

10 1. 0.9 0.87 0.75 0.52 0.52

Figures in the table are optical density(O. D) of

broth culture at 520nm.

E. coli SDC
Conc.(%) ) o
0. 05 0.1 0.15 0.2

B o L
0 0.025 0.02 0.018 0.028 0.03
1 0.1 0.098 0.08 0.05 0. 046
2 0.22 0.245 0.18 0.06 0.05
3 0.6 0.85 1.2 0.1 0. 06
4 0.88 1.6 1.8 0.25 0.09
6 1.0 1.5 1.9 1.9 0.235
8 1.1 1.6 1.9 2.0 2.0

E. coli TX-100

Conc (%)4d - S

0 0.1 0.5 1 5
Hr.
0 0.021 0.11 0.009 0.01 0. 007
1 0.028 0.018 0.01 0.009 0.008
2 0.098 0.08 0.054 0.41 0. 008
3 0.455 0.405 0.32 0.026 0.052
4 0.8 0.75 0. 66 0.6 0.24
6 1.1 1.15 1.12 1.1 0.79
8 1.12 1.3 1.3 1.28 0.98
10 1.01 1.3 1.3 1.3 1.09
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E. coli P. Car B, cereus SDC
Conc.(%) Conc. (%)
0 0.1 0.2 0.4 0.6 0.006 0.008 0.01 0.015 0.02
Hr. Hr.
0 0.015 0.02 0.03 0.08 0.08 0 0.03 0.035 0.036 0.03 0.036 0.036
2 0.4 0.28 0.5 0.96 1.1 1 0.063 0.052 0.048 0.039 0.036 0.036
4 0.85 1.1 1.24 1.5 1.7 2 0.38 0.16 0.1  0.06 0.045 0.038
6 0.9 1.2 .35 1.6 1.7 3 0.82 0.43 0.24 0.135 0.058 0.047
8 0.91 1.23 1.4 1.6 .7 4 1.0 0.64 0.51 0.31 0.074 0.062
10 0.91 1.23 1.4 1.6 1.7 6 .25 0.91 0.89 0.73 0.11 0.09
) ) . . 135 0.095
E. coli P. Chol 8 .5 1.17 1.18 1.07 0.1 0
10 1.8 1.4 1.45 1.35 0.14 0.082
Conc.(%) e L
0 0.003 0.01 0.05 0.4
Hr. —_— — B. cereus TX-100
0 0.02  0.02 0.37 0.47 0.48 Cone D) ——eem e
2 0.41  0.162 0.215 0.215 0.21 " 0 0.002 0.004 0.005 0.006 O0.008
4 0.9  0.165 0.195 0.15  0.21 L
5 0.98 0.38 021  0.135 0.1 0 0.035 0.033 0.035 0.045 0.045 0.035
8 10 0.49 0.2 0.1 01 1 0.071 0.06 0.055 0.054 0.048 0.038
1 o 0.65 049  0.075 0.05 2 0.38 0.33 0.26 0.108 0.051 0.045
_ 3 0.8 0.75 0.73 0.31 0.042 0.035
E. coli SAP 4 102 0.97 0.95 0.67 0.038 0.032
Conc(%) | — 6 1.3 124 1.26 1.08 0.058 0.03
Hr. 0 0.-01 005 0.1 0.2 8 1.5 1.4 1.4 1.3 0.12 0.034
0 0.016 0.024 0.63 0.1 0.19 10 .7 15 1.6 1.5 0.42 0.04
2 0.325 0.33  0.35 0.38  0.45
4 0.93 0.96 0.98 1.08 L1 B. cereus P. Car
6 1.04  1.08 1.09 1.2 1.25 Conc. (%)
8 .08 112 1.15 1.28 1.3 Hr 0-004  0.006 ©0.10  0.02
10 1.08 1.12  1.15 .28 1.3 A
0 0.019 0.02  0.022 0.04 0.05
2 . . : .
Table 2. Bacterial growth on detergent treatment - 0-41 0-021 0.012 0 0-001
. 4 0.8 0.018 0.016 0.005 0.008
Bacillus cereus 425. 6
6 0.97 0.165 0.015 0.008 0.007
B. cereus SDS
8 1.08 0.6 0.024  0.008 0.006
Conc. (%)
0 0.002 0.004 0.006 0.008 0.01 10 .12 0.7 0.13  0.008 0.006
Hr.
0 0.04 0.03 0.04 0.04 0.03 0.04 B. coreus P. Chol.
1 0.055 0.055 0.055 0.04 0.03 0.04 . _ _
Conc.(%)
2 0.32 0.33 0.18 0.04 0.03 0.04 0 0.001 0.003 0.005 0.01
3 0.65 0.62 0.52 0.055 0.03 0.04 Hr.
4 0.84 0.78 0.65 0.1 0.35 Q.04 0 0. 020 0.024 0.03 0.132 0.315
6 1.09 0.98 0.96 0.62 0.035 0.04 2 0-41  0.026 0.03  0.162 0.38
8 L2 L1 1.1 0.7 0.035 0.04 4 0.8¢  0.03 004 0.162 0.38
10 1.4 1.18 1.18 1.02 0.035 0.04 6 .o 024 018 0162 0.365
: - 8 1.08 0.8 0.64 0.175 0.365
Figrues in the table are optical density (0.D.) of 10 112 Lo 0.75 0.175  0.36

broth culture at

520nm.
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B. cereus SAP

Conc. (%)
0 0.005 0.01 0.05 0.1
Hr.
0 0.025 0.036 0.038 0.078 0.135
2 0.42 0.34 0.325 0.3 0.285
4 0.9 0.9 0.95 0. 95 0.95
6 1.05 1.08 1.15 1. 15 1.18
8 1.15 1.2 1.28 1.3 1.3
10 1.2 1.21 1.35 1.4 1.4
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Table 3. Amount of protein and phosphorus in

Escherichia coli whole cell and membrane

fraction

1. Whole cell

Total Total*
Protein phosphorus phospholipid ptn/PL
CON 2.25X10°  2.6X10? 254. 66 8.84
SDC 2.35X10° 2.8x10% 285. 87 8.22
TX-100 2.70<10°  3.3X10? 264.54 10.21
P.Chol 2.40<X10® 3.2x10? 321.24 7.47
P.Car 2.90X10°  1.3X10? 265. 25 10. 93
SDS 1.08X10°  2.3x10° 212.35 5.09
SAP 2.85>10°  3.8XX10% 382.76 7.45
2. Membrane fraction
Total Total*
Protein phosphorus phospholipid ptn/PL
CON 1. 44X 10% 10.0 121.74 1.18
SDC 1.91X10? 16. 8 184.20 1.04
TX-100 1.95X10% 13.6 178.84 1.09
P.Chol 1.20x10? 9.1 162. 45 0.74
P.Car 1.92X10? 18.7 121. 42 1.58
SDS 0. 98<10* 8.4 98.78 0.99
SAP 1. 84><102 13.7 136. 54 1.35
umt yg/ml
<l

* A Fe
3% Abbreviation

ool 248 2 RAE Y -

CON: Control, SDC; sodium deoxycholate, tX-100;
triton X-100, P.Car: palmitoyl carnitine, P.Chol:

palmitoyl choline SDS:

sodium dodecy! sulfate,

SAP; saponin, ptn; protein, PL: phospholipid.

Table 4. Amount of protein and phosphorus in B.

cereus whole cell and membrane fraction

1. whole cell

' Total Total*
protein  phosphorus phospholipid ptn/PL

CON 3.20X10° 2.14X10% 408. 00 7.84
SDC 2.86<10° 2.26X10? 432.00 6.62
TX-100 3.08X10® 2.72X10% 382. 56 8.05
P.Chol 3.08x10% 2.37x10? 364.61 8.45
P.Car 2.08X10° 2.30xX10% 309.12 9. 06
SDS 3.06X10° 1.33X10° 257.10 11.90
SAP 3.22X10°% 1.80X10° 302. 40

10. 65
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2. Membrane fraction

Total Ttotal*

protein  phosphorus phospholipid ptn/PL
CON 3.35X10% 34.5 73.2 1.58
SDS 3.01<10% 37.0 87.6 3.44
TX-100 3.83x10®  38.5 126.0 3.04
P.Chol 2.78<10? 41.5 156.0 1.78
P.Car 3.0 x10° 44.1 160. 56 0.53"
SDS 3.15X10%  28.0 52. 08 6.05
SAP 3 38.0 70.56 4. 83

41X 107

unit; ug/ml

* oAl AL qlakel 24w dte] ARG k9.

Z Abbreviation

CON: control, SDC; sodium deoxycholate, TX-100;
triton X~100, P. Car: palmitoyl carnitine, P.Ch-

ol: palmitoyl choline, SDS: sodium dodecyl sulfate,

SAP; saponin, ptn; protein, FL: phospholipid.
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Fig. 1. Profiles of membrane extracts fractionated
by SDS-polyacrylamide gel electrophoresis
Escherichia coli B
1. CON 2. SDC 3. SDS 4. P.Car 5. P.Chol
6. TX-100 7. SAP
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Fig. 2. Profiles of membrane extracts fractionated
by SDS-polyacrylamide gel electrophoresis
Bacillus cereus 425
1. CON 2. SDC 3. SDS 4. P.Car 5. P.Chol
6. TX-100 7. SAP
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Plate (1)

Explanation of Plate |

Plate . Electron micrograph of Escherickia coli B
. Control cell

. The cell treated with P. Car.

. Condensed cell wall by SDC

The E. coli cell were collapsed by P. Chol.
. Cell wall lysis and cell elongation by SDS
. The cell treated with SAP

. Condensed cell wall by TX-100
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Plate ()

Explanation of Plate]

Electron micrograph of Bacillus cereus 425

. Control cell

. Early formation of endospore by P. Car.
. Lytic phenomena of cell wall by SDS

. Completion of endospore by P. Chol.

. Cell wall lysis by SDS

. Normal cell treated with SAP

. Denatured cell wall by TX-100



