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Effect of Organic Solvents on the Cell Membrane of Escherichia coli

WANG Yong-le, WANG Min, SHEN Yan-bing, LUO Jian-mei
( Tianjin Key Laboratory of Industrial Microbiology, College of Biotechnology, Tianjin University of Science &
Technology, Tianjin 300457, China )

Abstract: The effects of different organic solvents ( n-hexane, dirthyl phthalate, carborn tetrachloride, toluene ) on the
growth and the alterations of Escherichia coli K12 cell membrane were investigated by monitoring cell survival rate, cell
membrane potential, membrane permeability and fatty acid composition. The results suggest that organic solvent tolerance of
E.coli K12 to n-hexane and dirthyl phthalate is stronger than other two kinds of solvents; cell membrane potential decreases,
membrane permeability and the ratio of saturated fatty acid have a increase in the presence of organic solvents. After the cells
are treated with carbon tetrachloride for 30 min, cell membrane potential decreases by 16.3% and membrane permeability
increases by 34.5%. It is also observed that the ratio of saturated fatty acids in lipids is 38.7%. It indicates that E.coli K12
alteres its cell membrane to adapt the presence of organic solvets.
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1.1 W
.11 H#%

KIGFF i ( Escherichia coli ) K12, FEBHE K
SRV 259 2 IR AT
1.1.2 EZZRXANFE

%P 123 (Rh123) \ 2 /R%E% (FDA) |
NEWT TR F e st , I B Sigma 23y F] ; F-5301PC
RUSEAT O EETE, HARREA W] GC-2010 <AHE
A, HACSHA ] s ALPHA 1-4 FUA VR TIAL, 1
& CHRIST /A .
1.2 FHik
1.2.1 BEHEIZRALE

MARAE R PRI — I B R 3 T35 30
mL LB }i3E3EM 250 mL =i, 37 °C, 200
t/min, 361 6 h J&, $% SWBYERREEE T 100
mL LB ;35 500 mL =, 37 °C, 200
r/min, PRLEEEFE 2.5 h, 3AIIARTR S ECH 0.3%
F 28 DU ARBk B C e AR 2K iR — LBk, —E
I T] 23 S0 BT B L 3 i AL 5 B B T, SRR T AT
R PR EME .
1.2.2 @mpefEFn

SR AT B T 50 0 52 S A HILY 7] — g )
) J P 3% TR, T] st o B A 3 TR A, 9%
A MLAFIE 2

U RAETE % = TS IINAT LI TR A 3 TRV 5/

X BE P TS5 x 100%

1.2.3 &t d 4o fo 2w JELNR 28 35 2 49 4600

Rh123 M KA NIERK R 244 nm, R FHEHE
K 486 nm, HIEZKACHITY 1.5 mg/mL AU, &
SR . [BR—E MR E 6 mL BEdL, IFIA
60 uL PFCHlLFAY Rh123 ¥, 37 CKIBIRG G SR 30
min, R PBS VLRI , il 9 6a otEET
R 2 E5R . FDA e KB EI 269 nm, & 4T
A 517 nm. FHINERARCHI B 2 mg/mL B, (]
b — %€ AR I ERURE 6 mL, FEAEHA A 900 puL FDA
W, %395, EW N CE 5 min )5, SE RPN
T CRE TR 2 i JiE
1.2.4 B8 B2 3% B Ao M7

A3 O R A HLIE R RE SR 200 mL,
4 °C, 6 000 r/min B5.0> 10 min, FABERRER 2% ik k%
3, AR T A G I R 4R 1 S R Sk o0

7. BRI R S s i A7 04, S50 - (iiktt:
CBP20, 50 m x 0.25 mm x 0.25 pum; #E4£ 75 B
280°C ; K I Z8IELEE 280 °C 5 2K AU wmm s

(FJ1) 136.8kPa; it th 20 : 1; B : &R,
30 mL/min; FEFFFHE : 913 140 C, LA 6 °C/min F+3|
220 °C, FELL 4 °C/min F-# 240 °C, £1FF 35 min.
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Fig.1 Effect of organic solvents on the cell survival rate
of E.coliK12
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Fig. 2 Effect of organic solvents on the cell membrane
potential
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Fig. 3 Effect of organic solvents on the cell membrane
permeability
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Tab.1 Fatty acid composition of with organic solvents

after 10 min

SRR R AR TR FT o Y L/ %

W m wos TR e mx
— 28
C8:0 0.75 0.79 0.75 0.76 0.70
Cl10:0 1.20 1.16 1.40 1.10 1.13
Cl12:0 0.93 0.87 0.89 1.13 1.12
Cl4:0 2.36 2.53 3.30 3.54 3.70
Cl6:0 29.94 29.89 30.67 32.93 30.50
Cl6:1 22.32 21.87 21.80 22.10 22.04
Cl18:0 3.77 3.86 3.82 3.85 4.15
Cl8:1 7.10 6.89 6.80 6.42 7.00
Cl8:2 — — 1.80 0.43 1.20
Cl8:3 0.84 — — 0.52 0.82
C22:1 — — — — —
SFA 33.71 33.75 34.49 36.78 34.65
UFA 29.42 28.76 28.60 28.52 29.04
SFA/UFA 1.15 1.17 1.21 1.29 1.19

W :Cnying, Joh ny RORBRIEFE, ny FORIGEEEE SFA 1R IR 7 1R
(Cl16:0 F1 C18: 0 JEWMRZ A ) ;UFA, NMEFARIR (Cl6 : 1
FIC18 : 1 fRITRZHN ) .

F2 RWAVEF 30 min SAERHERHE K
Tab. 2 Fatty acid composition of with organic solvents
after 30 min

SRR PRI W T o 14 L5 /%

WU iw mom TR enm mx
— R
C8:0 0.93 0.95 1.10 1.20 0.96
Cl10: 0 1.50 1.60 1.76 2.03 1.43
Cl12:0 1.53 1.65 1.78 1.83 1.60
Cl4:0 3.45 2.93 4.35 4.70 3.58
Cl6:0 30.60 31.50 31.80 33.50 31.20
Cl6: 1 23.70 22.60 21.10 20.30 23.10
Cl18:0 4.37 4.22 4.72 5.20 4.35
Cl8:1 7.50 7.39 6.20 5.89 7.30
Cl18:2 1.52 0.93 1.65 0.51 1.32
Cl18:3 1.71 — — 043 —
C22:1 1.03 — 0.69 — —
SFA 34.97 35.72 36.52 38.70 35.55
UFA 31.20 29.99 27.30 26.19 30.40
SFA/UFA 1.12 1.19 1.34 1.48 1.17

T Cnyong, ol ny FORRIETFE, ny FoRIGEEEC SFA MR G B iR
(C16:0 F1 C18: 0 BEWIFRZHN) ;UFA, AMUFARNIER (C16 : 1
HIC18 : 1 fRNITRZ AN ) .
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3 FMAYAEF 60 min /5 ARATERZE R
Tab.3 Fatty acid composition of with organic solvents
after 60 min

SRR b AR IR & Y He /%

[ERTIeN S — FH i
WR aw wem TR eam wx
N
C8:0 1.20 0.89 1.50 1.50 1.05
Cl10:0 1.70 1.75 1.84 2.01 1.62
Cl12:0 1.32 2.20 242 1.85 1.40
Cl4:0 4.10 3.87 5.60 4.96 4.20
Cl6:0 31.2 31.79 32.70 33.79 31.80
Cl6 : 1 24.40 2441 21.60 20.58 24.75
Cl18:0 6.04 5.46 5.60 5.40 5.78
Cl8:1 7.70 7.16 6.30 5.72 7.10
Cl8:2 1.40 0.73 1.32 — 1.36
Cl18:3 — — — — —
C22:1 0.81 — 0.65 — —
SFA 37.80 37.25 38.30 39.19 37.58
UFA 31.50 31.57 27.90 26.30 31.85
SFA/UFA 1.20 1.18 1.37 1.49 1.18

T:Cnyny, Ko ny FRRIEFH, ny FoRIGHEE; SFA ML AR U5 R
(Cl16:0 Fl CI18:0 AR A) ;UFA, RuFENTR (C16 : 1
FIC18 : 1 fRITRZHN ) .

3 iF it

3.1 KBEFHEXEVAFM6Z T
AR SRS E— R log P HR

/N, log PAETE 2 ~ 4 Z A 04T BILI S0 A A0 s 4
KEIECKE (log P, 3.5) X RMFHEEL-F-3A 7
PE, B log P (B A ALY R i g B —
FE B RIBR . AT R X 1 O e e 52 P fc it , Ko F AR
BTS2 Pk A 5. A 0.3% Fky R 5 AT LA 40 i A=
KB E PR MBS, w] UL 2R K A R A AR
.
3.2 BHLAFIXTHAEEREAL, EiE R

AL B 3 1 20 MRS P 5 S 40 B s AR Ak, B
F, {7 T 375 1 114 TACE G T oz Ik 400 i S 1 AR £k
I, AT LU Rh123 FDA 9863 BE 781k 5 s 2
Ji JEE 1) 58 B M. R I A TR Al B AE I A E 2k S
Rh123 FDA #5658 BT FEAN B, 150 BH 40 i i
AL EFBE PR, A MR 58 R PR R 32 2451 3
TENNAPIEALER 30 min J&, Rh123 2¢)E5RE T RS
83.7%, BVAM BB TR T 16.3%, FDA 2R E T
K%K 65.5%, RIGEETERG N 34.5%, FEHA4NIAT 151473 ,
IEHT AR AT N 48.1%. A H RIS, BERHE] IEK:
S M A T5 2 L DO R BE R BE TR, 2 B A0 40 0
PR

3.3 {HRERRAERAER AR ML 5SBHIBFIMZ 1%

XoT 24 0 3 R ) A I R 2 A A L R A
Wi, BEIR AN A 52 3. De Smet™%8 AGER] , HI2E
BB A (1 5 2 B4 440 B 1) P JBE DA RO J2 728
WASFIIR, 25 R RBEERA T IR . &1 it , B
IEHLAE , T3, ATP A B ZR G0 00 iR 1ot S oA 3t
f, A FEUEIET. BRI S A &
(RIS, IR 2L K 1) A8 2 A0 RS 107 A B R B 114 T
FEF AL 4B B DT R B AR ], LR
M 5 240 PSS ) 54 S sl ik L g, S o S - 1)
REZE I RA S ANl B R HE Y 2 i T L3 it AR i R
ZH R IR 78 Ak Sk el 7 S frg — BB R AIE DT I AN LR BE 11
A, AR VTR 5 AN RO AR T IR 1) bL 2% AT AR 4%
T AR RS 37 st v,

RO —HR — 2B . DU A m X KA AR A
— B P EEYE, RIS A] A | AR5 PR 0 ) AR AR
J R EL 3G, 30 min J&, 439 34.49% , 36.78%3
JnE 36.52%. 38.70%, TR AN Wi lR-H5 AN R TR 1)
Fert 1.21.1.29 3m#E] 1.34.1.48. {10 5 AR 155k
SBEM AR, T2 R EEN BB E T
FRHES , A 24 RS P D)2 R 3 R, DT B AR AP 24
JHL RS S R AR AT ATL I 390 1180 R SR % 24 e B ey 5
M), XT84 58 RS A A TR % 3 R A BTV 31 A i 3212
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