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Electrolytic Stimulation of Escherichia coli
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Abstract: Growth behavior of Escherichia coli (E. coli) under the exposure to direct current (DC) was
studied in this paper, with electrolytic stimulation on the culture flask of E. coli using gauze titanium
and platinum electrodes. The electric field-activated mechanism was also investigated by cyclic volt-
ammestry technique, constant direct current technique, SDS-PAGE as well as enzyme activity assay of
ATPase. The results show that direct current can promote the growth of E. coli under the current density
of 0.2275 mA/cm?, and the growth speed is gradually accelerated with increasing current density, but
0.0455 mA/cm’ is the optimal current density to obtain the maximum viable cells. When the same cur-
rent density electric field is applied to Pt electrodes and Ti electrodes, the Pt electrode culture system is
superior to Ti electrode culture system. The cathode electrolysis products of water are the primary fac-
tor for the difference, which include adsorbed hydrogen and H,. It is also found that the 0.091 mA/cm®

direct current can promote ATPase activity effectively, with 3.2 times at most after 8 hours. Bacterial
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proteins about 25 kD and 35 kD are expressed higher while proteins of 66.2 kD are expressed lower af-

ter (under) electrolytic stimulation of 0.0455 mA/cm? direct current.

Keywords: Escherichia coli, Direct current, Adsorbed hydrogen, Hydrogen, ATPase

A= W 4 B Y R £ ) 3 (Electrolytic stimula-
tion) B A HL Ak 2 5 AR ) TR A8 Sk ) — > E
Wik, Harx —8 R E R LR RN A4
Yy AR R 35K b B A A AT BTV 45 B
1320 H A N o FE T AR SO SRR, TR RE T Y
A 7 1 B AR ) I RGP I 1R B 42 i . FETS K
A FRRN L B S A ) SRR F R it H 3 AT DA
P& eV G ) e R i % Ry T A 5 I ETATS DA
WML R, X HAEHPLE L5 — N
She® VU4 Enterobacter dissolvens “HWFT N4,
ZET AN E. dissolvens WAEMERYTE M . 4
Ko R AU A Ty 1 T 3252, TA R K LR R AR
() S SR AT 1 30 i A A 45 240 L 2 R bR 1) D A
AL, CA i 3R B B IR TR AR ) 4 B it fin
T U S R AERM . Rl T i —
A BECE Y R B S A RN, A R I A
BT Rz A YR RIS, I XA
il 1) 3% M S R R IA A D7 T ] e T IR AR Ak i A 25
BHLE,

KIGFF AR SMEIE R Rk i £, BA e
R, BORIRAERI R, SR SR B, R
KBTS, 2 TR R EHRI ),
BT K FF#E N HiE ) 2 . s RIRER,
BRI R B R E AR R o IR S K AT B e
R B A AR 38 1SS BR i AN B . A SCLAR AT I
R AR, R R T N E i RN R A K,
il 3 S B 1 2Rk 7 AT REAZ B s, JRES S
A2 D7 VRN B R WA FH AL AT 400 . 4G
A BT 35 B R RO R B A R, I R
N A R o

1 LB

1.1 UE5RF

VMP3 Zi i LAk T ARG (7 F Bio-Logic 24
Al); A B R (B IR B AR TR ), 721B
R BT (28 =M {48 ) ), MODEL-868
4 B 37 J¥ (Thermo Orion) /2 J& i1 (3¢ E ORION),
SHA-BA 7KV IR 3R 75 % (G 3x R A A2 il s A PR

H]), VC130 AUE R AL (& E SONICS 724 H)),
3K 15 AU A O HL(Sigma 23 F]), CS501-SP %l
R 20 YR K VA i (R DU R S B AR A FRA D o K
W AR (FE LRI AR 3 em < 3 cm, I I E L AR
fE S SEBR T FLZ A 220 cm?), 4 9 EE B (3 UL ALKy
3cm x 3 cm, LPRAIAZAN 52 em®), % DR iE
R 6 (B B @ R W TR AR ST FT), il ATP
Jitg i & ([A) |, Rk By (b 5 SUSE L A ) 45 7 ik
il ), B R(E) ), g e an de st
S At el A R AT BRA D
12 XHEMRIERE

S T R T B P b T R S 4 o
FIATHR G TS o S0 PG AR LB MRG0,
FEKHFEIEE A 10 g, B S g, L8810 g,
pH 7.0,
1.3 RERESEREH

LU PR A SO A — 1 B IR R R R E AT, el
I 5E 79 45 357 Ay A Do b il s BT P R AR (T BE 20 em)o B
Jes R AT R T35 200 mL LB ¥R R 323 R
HEIE R %, OO0 40 TR 55 57 K 5 mL Hefh T3¢
A 300 mL LB ¥ AR 77 3 19 /L Ag I o f A B 20 h,
PERREFR(RE 30°C, 3 130 r/min), PAASHNH 1S
FAE Ry XTI
14 XBWAHE
1.41 KBFEEKBEHONE: R,
TR A AT ARG % 5 v R B 1 B e R ok
AP AR o Lk I e AR LE 660 nm KR
(WG (B (ODgso) o Hi BEUR AT AR Ry W B/ it B
FRRWAE RIS ERG R, £51% 200 pL BT LB [#
RIEFREE b, 37°C fHIREE SR 15 h /T4, E &
RSNV R 25 B s i vk, 43R D5 o B3 mL FE
T 5000 r/min AT B0 20 min J55EE FIHR,
AR AR, ARG VR BOR A FAMEK T, B
PR R, B S P i = A I S E
A P SR BT TR P Y BT

C=A4-Cs/ As (D

o, C e RSB A i (g/L), 4 e

EROGEEAE, As MARMEE RO EEE, Cs IinifE

© PEMERMEMFRITEATIEESHEESER http://journals. im. ac. cn

http://journals.im.ac.cn/wswxtbcn



1442 wehGEHR

2010, Vol.37, No.10

BFEATE L), IR aRE 2 h BRI E B
VR IR W' B AR 1 iR il AR R
1.42 EFE pH &N E: 5P AR 2 h B
FENSE B A pH 227 pH fh<k, LU RN HR g
Xof 15 A HE TR A SO 1 5
1.4.3 ATP BgE MM E: ATP [ 51 ATP K57 &
Mg, HIGEpfi e Xoh: BZEAY, ATP [
1 h 23 ATP 774 1 pmol JTCHLBERG &N 1 4~ ATP i
6 S8, B pmol/(mg-h).
Anrp =6 (4 — Ac) Cpn /A5 C 2

f{‘:':fj, Antr AN RE B ) ATP {ﬁjj, A RNEE
(IO RE(E, Ac AN BRAS I WCREH, As FPRifER
MIOEE(E, Co MARIER MBS &, n R NIK R h
PIREAS TR BT EL, C N S B T i
144 BEFOMNKBHEERERS T RN
SN T AN TR] B4 A T L R AT A R AR VR R T A
HL R, 33 0 R ) L 3 %5 (00455 mA/em®) I HL 3,
IEEE A A E T LB KRB A K
(RS L A2 Y 2 %) A 0 o DA ek 48 Hl AR (S B
T ALK 0.927 em®) B2 41 4% H R (S B T L2 0
0.418 om’) Ay TAEHA, HIMIEAR Ry %t e df, (A H
K HL (SCE) A 2 L Hi M (LA T HL A2 4 40 X T 122
PR B =R AR 2R, SR VMP3 223838 Hi fk2 T
A3 %55 TR I 14 0T Bk 5 5 R AR A 7 R PR 2 I L O
S, DAMOR SRR SR AL i Ak R
145 EHRBZINABHERMERIFESER: Bun
HL G 9% 24 h Y BEIR, 1456 5000 r/min 2.0 10 min, Y&
B HA, H] Tris-HCI (0.01 mol/L, pH 7.4)%% i 25 0>
VR ER S A B B b 320 72431 E 1 min,
SRJ5 15000 r/min B.0> 5 min, B 3%, Bradford %
EHER, 5t SDS-PAGE 43#ff. SDS-PAGE
P I B S LA 5 v A o S 5w A

2 ZERE5®E
21 AEEREEMERERNXBEAEERK
MEEFE pH EHNZ N

o NG BN 77K § R N2
Me, % HAE M S PR B4 Y BRI R AR O BF 5 R
e, Zr5LL 0.0455, 0.1365 F1 0.2275 mA/cm® Ky 5K
SR A R, DAl R AR s HilF T B 8¢, 4
RAE 1A FR, 8 L TR AR TS 38 AR TR
0—4 h B AL T 41 i Az K %) ZE 33 30 0 5504 K 0 1Y

http://journals.im.ac.cn/wswxtbcn

HI A B2k, M5 h UG @B EFER oD {8
HHE R, HH % SR, Wik oD HEK,
BIVBR A 14 A K BB R o 18 h i L B R AR K
55K L TR R AR K B R A e 22 IR R, WG M
2250435k 0.318, 0.561 F1 0.789. HMLAT WL, 7F
0-0.2275 mA/cm® 7 [Bl Y, Fifi % AL 37T 2 B A 384 Jm,
LU H 3 X K AT B A K I G K AR A 2

S IlIe

2.0 r A
1.8 C

~ 16

14

Q [

Q 12 r

8 1.0

g [

Zos

o .

3 rod —=— Control

< 04 1 —e— 0.0455 mA/em?
02 r —a— (.1365 mA/cm?
0.0 —v— 0.2275 mA/cm?
70.2 L 1 1 1 1 1 1 I 1 3

0 5 10 15 20
t(h)

7.4 [ B
2
7.0
6.8
6.6

m L

64
6.2

F —=— Control
6.0 —e— 0.0455 mA/cm?
sg | —a— 0.1365 mA/cm?
L —— 0.2275 mA/cm?

5.6 1 1 1 it 1 L 1 1

10 15 20
t(h)

1 AEBRREEEREIMABIEEKSERE
pH I

Fig. 1 Cell growth of E. coli and pH of medium with dif-
ferent current density electric field and without electric field
Note: A: Cell growth curve; B: pH of medium curve.
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Table 1 Effect of different carbon sources on enzyme
activity and cell weight of yeast
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Fig. 2 Cell growth of E. coli by using different electrode
with 0.0455 mA/cm’ current density
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Fig. 3 Cyclic voltammograms of the Ti electrode (A) and
Pt electrode (B) in the precultivated cell culture
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in the precultivated cell culture with the same current den-
sity (0.0455 mA/cm?)
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Fig. 5 ATPase activity and protein content of E. coli with
electric field and without electric field
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