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1.1 E#

WK E. Coli IM105, LB ¥ R 3 18 h ik
KR IBEFESHREEK(Oxoid, UK) BERE
(Oxoid, UK) #l NaCl(Jt R RS 404k T.7 ) ; B4R 55 35
BE FRBSER EMA 2% B EHIE (WAKO) . £F
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o & # #E (Cellulose fiber) £ 75 24> v] 2 . T B &
# ( Ammonium cerium ( IV ) nitrate ) { NH, ),Ce
(NO,), P EHEH(EH) LEBEN 8], o,
4+ B 548.23. & & F ( Benzyl chloride ):
CH,CH,Cl, E® AN =T, 4 F & 126.59, # 45
177 ~ 181C , F HE (20°C ) 1.099 ~ 1.103 g/em’ , 5347
i BEREM 2-(N, N _ B EERE) 2B
( Methylacrylic acid 2-( N, N-dimethylamino ) ethyl
ester: GH,NO, R E B T A 24, 7 FE
14318, 53t éki .
1.2 HEPENEEAHE
1.2.1 Z&E&EHERENH & (S
AER ERORPMAFTERNER 2-(N, VN =
BREERL)ZEBMEALT BHHERE N 110
A bR X 2K T R A b BELSE AR b R [l R R R
6h,RHFAREHCREEKNS B EAESHE
FZEE T4 . H-NMR (200 MHz, CDCL,):8 = 6.7
(s, lH), 5.82 ~6.41 (m, 3H), 4.14 ~ 4.22 (1,
2H), 4.02~4.08 (1, 2H), 1.54 ~ 1.71(m, 2H),
0.87~0.94 (t, 3H).
1.2.2 SFEFETHEH £ SO mL MHETEXE
TIMATENAERS S R E M TG sn
&, mA 10mL 8 77K, I AR 10 min, K
JEEE, EEEKG P RN BN E . RSN
BEANBER. REWE 120, TH FE FH
BEELRRVHREENESABESZ A ER
F (Percentage of grafting) , fE A% it X H A1 R FFH
kP, HoE LR
w, - W,
W,

Hpw, ArnEMNEAERAENRE, W, &5
BT HERETAENRE.
1.3 B/MIERE(MIC) KR E

F5 /M0 B 2% BE (Minimal inhibited concentration ,
LATF 8 FF MIC) & 45 25 Y &l 604 ¥ 4F K Rk
W CRA WS B F DMAE-BC By MIC. {E
HEFMA2mL LB B AEFEEASIHRER,
A2mL EH S0 mg/mL BUE Mk LB F R, R)5
BRERWE N A3 AAESEEKENGYIRA
BE.REEBEMA2mL &% 10 CFU/mL #
E.Coli MW, T 37C &M T H53F 24 h, 1} 600 nm
EREMEME, UAKEENNEREKITES
WK R MIC.

x 100

P(%) =

1.4 DMAE-BC it E 3 W ¥ RE

HEIA 100 CFU/ml 9 B W 25 mL, 57 5150
A—EBMBAE, iAW 12.5 mg/mL, 25 mg/mL I
60 mg/mLEY 7 ¥ . B 5 B M 7E 37°C, 170 /min, 5§
FEAF M E, B 100 pL iR, BRMBER AL
B IBEFEL EHR 240 EHTHELR.
1.5 & DMAE-BC AEH EHBH/ME E

B2 0.2.0.5 1 0.8 g # & DMAE-BC B{E 471
B H A B 100 ml, 109 CFU/mL 8 E . Coli
IMIOS TR M P iR & M 7E 37°C, 170 o/min P &
F, HEFE AR A, B 100 pL B, BRBBER A
EEEBEFREL EHF2UhFHEHER.
1.6 TTC &FHNE

TIC MR MR AR LA B0 H &,
2mLi 0.1 mol/L B AIHEHE W ,2 mL B 1 /L B9 TTC
A 2 mL A 2 mL BY 0.05 mol/L # Tris-HCl 2§ f
W(pH 8. 5)HERA . RBMWA | mL FIHEH . B
ABWMEIICTHILE -ETEE, MA 2 K
H, S0, #ZE B . A 5 mL B 38 R R =% TF
MoK A B A B 3k, BUA BL A 4000 o/min B O
Smin, AFE RS 490 nm LW E TF S & .
1.7 FEHRENE

WE E. Coli THIWIE N Ay, = 1.500, # B
FEERM BT A CSREBENEAHEOHER
H.ATRIEERZHEETNS S, - EHENI
BAETEEEF KPP EGTHERK AEEHFEHER
WHEZ S 8B GENEHAIEREE P RARS W
ERWNEEEIRER. A OKRMEREL
RiSE A 0.85 tH R, e £ B R T W B 5 58 ity
R R E
1.8 HESSEE

FF Lehrer 12 B 9 7 85, BD L ONPG W JE
W, EKBITHE - LA BT ONPG B/
ONP, 7 Z= T 2 F B Bf 18] 89 78 £k 3 50 57 K 4 B8
HEER T BB . 7E 1.1 mL PBS W E
(pH 7.4), FB I A 150 pL, 10° CFU/mL B & #
150 L, I A E ) 25 mol/L MONPG £53F 15 min /5 ,
AT IE B 50 mg/mL BYHT B 04K, B4 ol %
SPKEE R 2.0 mL, &8 400 nm 4k TR O B {6 A A
[e] ) AR AL
1.9 RFEENE

PP B kb A 4 b FE T s i R TR
TEREE GRATEREAESZE AHAAMBRE
MW A RTEE L.
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2 ER5ite

2.1 REHE DMAE-BC i HRE TR FOHNE
2.1.1 HiE%ik DMAE-BC MM EisERE 71
W % B T B BRI A T B DL e RAE R
RN AR B R A 30 KR
FE B M, I A DMAE-BC Jf fff H 28 3k #F 4
25 mg/ml, I 2 1B 4 AL 600 nm b 9% L JE BE R [A]
ARk, DL A 40 B 55 BE B R IR] B AR L, LAAS A
HEMTHER AR SR0E s,

4.0
—e— No DMAE-BC
| -0 DMAE-BC

Adding DMAE-BC

| I
0 4 8 12
Time (h)

Fig. 1 DMAE-BC inhibiting the growth of E . Coli

BB 1 ATED, 2 5 A R K Rl e ] E
542 - F, TR & B8 WA O 5K BE 75 il AL DMAE-
BC Gl s 1E EANEL TR, RAKXBHFEY
ERBETEH .

P 2 A4 H ik DMAE-BC & MIC #15E th £k,
ME e[, BE ¥ A4 10" CFU/mL B, DMAE-BC
M MIC (A4 6 mg/mL, A & 4 19 /5y 7 i & 7
(MIC {— 7€ 1 ~ 100 pg/ml.) 4 H 8 {& DMAE-BC
WM ERREE LY.

2.5

2.0

Ab(l()

0.5

00k 1 1 —a—t 8
-5 0 5 10 15 20 25 30

DMAE-BC Concentration (mg/mL)

Fig. 2 The MIC determine curve for DMAE-BC

2.1.2 DMAE-BC MHi i zh Ji ¢ et FEH# W
HUO CFU/mL MIESBEY, WARREE®

DMAE-BC B{k AR F 4 5 4 2.4.10 45 MIC,
SR 5 F SO Bk T e R P B R Rl A A
fh ek, & 3 frs.

8

f=

=

—e— P*MIC
—a— PMIC
—b [0*MIC

[
I

lg (survival cell) (CFU/mL}

=}
|

| 1 | I ! |
0 50 100 150 206 250 300

Contact time {min}

Fig. 3  Antibactenial kinetic curve for DMAE-BC

HE 3 A, GRAKER. 4 MICH, &
90 minPY, B ik 1 10" CFU/mL F#F| 0 CFU/ml. &
EH—EFE R 10 5 MIC, MFE 5 min N BT 15
HEARAYR X - FREHERUNEHL AT
W EREMN .
2.1.3 DMAE-BCHiEgid W% KA SEM I
BANEAKERTABITAESEENTHL,
A 4 Bim .

H4(a) R EHEKBHE, ERAMEBRE,
A0 0 371 R B R R AR i R R VTS
BN TREAA OB 4(b) R P K 15 min
MEE L EE RS R AEE HERIHE
HHERBRERERE, HRORTFREEANE &
kPR e N 4(c) ikt
E2hEE BEELEMEEHREAR, X
R R EERE NBARER. B 4R
SZHRAKEEWEEAES BAARE .8
hZEAAFHE BRECHE, BE W W4
whH.XFEE4()BRAFEN, ZRH BN RAEN
b1 Ep
2.1.4 H{k DMAE-BC i Hl ¥ p R
MANER - FARERE, SHREAERER, W 5
AR TS BRBHEES Bk, 8 mA
DMAE-BC IS H T p- - AMEBIATHERZ
BEREAMBEH CRPEERTTAKREL DA
A 100.200 i 500 pL A9 50 mg/mL () DMAE-BC
BE HET - AR ONP W E
it bt 18] BT 25 4k, B 5 RO .

A s# B 8 &~ K fil DMAE-BC ¥ & & #F
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Fig. 4 SEM phatographs of E. Coli treated with DMAE-BC
a) live E. Coliz b) contacted with 25 mg/mL DMAE-BC for 15 min: c) contacted with 25 mg/mL
DMAE-BC 2 h; d) E. Coli treated with high temperature sterilization

Aggy

0 10 20 30 40 50
Time (min)

Fig. 5 Change of permeability in inner membrane at the
action of DMAE-BC

400 nm &b TR O BE {H A B B I A 4L, R AR
WIEE A X BIWEE . M A DMAE-BC 5, M 7E
400 nm LR EHEMEA MEBMEE L. R
BB R ERER, B g AT, bl
"] H1 DMAE-BC M{ERN S REBEENAR L .M
ENEPRERERENANHEM BXE ELAEER
e, ZHAENAAEGEE MR, REZREU
i, XS5AIHNERE—HK.

2.2 ¥¥ DMAE-BC R T Mt .3
gaaneE

22,1 HAARERAEANER WAy
A DMAE-BC BB EHEAE L (B E 60%),
HAFRAMPVERERRENE . XRPEH,
B AV R ER I RE K BTFE, S8
HRPAEAEREFAEERAEENEET
oA, RAEA=FENT(TIC) E AKRE
EHESHENMET N . TICR—F/IrTYHE,
ALES R RS N, A A
ERTHANOAEM ZEZRZ(TF) Bt Mz
TIC HEBENT/ELHRAREHEN —1TEHE
HE. TRPEAEBRAIGTR AN ESOSSE
AR EB A E Bk DMAE-BC HiE o HH 2 B

TTC Hy¥FtE, B 6 Bm .

Fig. 6 Comparison of E. Coli activity under
different conditions

a) £. Coli IM105 broth without fiber;

b} E. Coli JM105 broth with ungrafied fiber;
¢} E. Coli JM105 broth with DMAE-BC-grafted
fiber

6ARTFERBMMESLER HHENR
kB, RAHEKRF G, BB TIC ¥
A TF.He(b)RZEOHEENMEL R, FH,
B BMBEOR, BrEKRMESSE - KW
SHAREELTEDE . Be(c)RIUMMBEM
MEAMNNEER K EG R EEMERRH N
KBAG KAMHBEEYHFHERK.

2.2.2 HEAEORES ) EREKEENE

HAMENAMEHRM ¥, SR DHE7
Bi7R . ¥E 100 mL. B ¥ 4 10° CFU/mL B B 3+ 1
A0.8 g FLE A H,5 min P9 B K BD AT R B) 10°
CFU/mL, EPREE 7 M E K .30 min FEMABIE
W MNEREAIEFN ERENHFET . MARE
AESHPEERLETR RSEE . XRHARE
AHMHEIBETEEER T FARRBARN,
AAFIRERRERMMWE, MEEMTRERERM
Brit.

Sk ok — 2 ) 3R % DU A R 6 B AR O B R
FAELRHESHIMETSOAERENEH
REEHBE. 250K o sT g UEH BT A
AEFHAINAWNNEEE P RHEEEHN
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Fig. 7 Adsorption dynamic curve for DMAE-BC fiber

0.76 m'h, 1FBIFEMLMA 8 fF .
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6014

40H
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1 | | | 1
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204

Fig. 8 Breakthrough curves of different fibers

B[ 8 Wl A, %5 (4 45 F 30 R o B A B 3
F& . EATAAEN T ABHELRMES. S
Z M H, He % DMAE-BC M4 B4 £ 48 ft " Bt ik 1 1R
B.AEXRERTEBITEAEENEHER
RO TH/RAE MIKEABHNRBER
HA8 g TH/RERAE XFTERARKEH
M AKBHESHREOREFEFR N
DMAE-BC R 3] S A .

Hitk—H BB R A RRESH KBTS
A4 IR R A SR B R RO AR B TS B A A
FIBhMEE, RABERENENENAET
HheR, Inm 9 B

o &I, AN IEENRHENRT
MHMEEARME S XAREEF T __EESR
HIESHALFHBR EMERFE, W@ 4R
(d) iR
22.3 HEMBMEAIRNNE F F
WIEEM EERERFEAERBNENETR
L. LBTEMIOnL MR H ISh M AHITHEE

100

80

60

40r

Agyy recovery

—eo— Dead £Coli
—&— Alive E.Coli

1 |
0 20 40 60 80
Elution volume (mL)

Fig. 9 Breakthrough curves of live and dead bacteria

WA 0.1 g B BLE R S0% M PLE MK, A
WS R TR A FE R R R
FRERN 1, XA RS IFR 1, Bl 7T A
BRI R R, T H B R P A
Xt 15 PE . o1 78 BUA0 A B8 £T 4 FS T R P B A A
XE S ELMLE, ERWE 10 Fix.

1.

0.8

0.6

04—

Relative activity

0.2+

0.0 1 1 1 1 ]
0 1 2 3 4 5 6 7

Contact time (h)

Fig. 10  Sterilizing kinetic curve

B 10 KB, Bf & B 8 b1 R IR) o 4 15 et (] B9
M, WA R EE AL, KA AT /A
THE EEE0mn 5, LFERFEREN LT
EHE T ER R R & A R R &
REERE(RHREENS0%), 3K E G,
BEAREERES I RIEHETHRESH®
PUG B D R IR R KR R B R R
— P HRESE, HEEKEMH R EAmE KB #
KHMFENMEEER MRE SRS S £
— eI KT EREAATERTm Rk K
B ZIEER S R EKAFE T, B ik 8 5B 6

 EEMEAEES S —BNAA RS EL

atE.

2.2.4 HLIALF ST B T R WM e ESE:]



12 s % T ¥ &

2004 £

HENAEM S REMNEEAETRE, &%
A 11 .

Bi(a) v RBHREA R RET, KX
BEEEHOLE B 1L AE () XHATE
s min EHAAREROEL TURERER
VSRR AT TRNAEFESEFHK
BHEAEEEENKBIFE, FEEEENE
MERRD. X EHAGEME RN, TR E X
EAGEAEE MAXIBHAE ST . AN

(DAVEHEM B TEER 2 h FHEE K

B EHHEENEAAXZERENREE X
B HBEET -BEHEYE, Fr @] DR R
B/ B R 528 09 K B FF B, X T BB B DR
MY SR FE 3R 1 B0 BB R A R B A K B T
A EBRAKXBAATEREARK. B N HER
B — 35 I 9 HU R AR 0 2K B e R el R £ IR B
HMZEBHRAKEIFSHR, X5 ERFRITE
BMENERBRN MR ERE -
HH.

Fig. 11 SEM photographs of E. Coli treated with DMAE-BC grafted fiber
a) Blank fiber (DMAE-BC immohilized) ; b} Contacted with fiber for 5 min{ x 5400) ; c) Contacted

with fiber for 5 min; d} Contacted with fiber for 2 h

BEHR EILREETEFERLRNAK
DMAE-BC 1l DMAE-BC EH M EM K XA
BAEET &N KBAFENERARMEN . XR&
BH , DMAE-BC 5 /) 0 8 3K B (MIC) 25 6 mg/mL..
B4 I 45 L 00 DMAE-BC SEE KR A H B
AN NMSRARAT . HF—HHREN, 0
ABKRENERPTME gL BTME, iES X
HEMEN RN RNRER. TITC REM\E L
W2 BEF 55 T 84 DMAE-BC B4k K BT @ A
FREM. REEREREZN, KEE DMAE-BC
PENTHARREARRE RBITE, MEH
RS PR AR X KB T B HLA TR R B R B

g, 0 FIEENBHE TR XHEREER
oy T L PR L BB SR R T AR 30 PR IR
P 2 O 980 A AR S R O R
BT R, SRR AR R R E A
G R B PO R, B, O B 3o R AR, T
ARUBRERS, X ShEEAENNQSE
R—E.

A X F R EIH ONPG M2 3k, TIC ¥, A H
76 1 28 2 1L B R R O 4 0 o T RSB L F R AE A
BT MM M R, S A5 A Lk
N B B SR AR B B RS R R IR T A
EHMTFR.
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QUATERNARY AMMONIUM SALT (QAS) GRAFTED CELLULOSE FIBER
——PREPARATION AND ANTI-BACTERIAL FUNCTION

LU Diannan, ZHOU Xuanrong, XING Xiaodong, WANG Xiacgong, LIU Zheng
( Department of Chemical Engineering , Tsinghua University , Bejjing 100084}

Abstract  Surface contact disinfecting technique is a newly developed method for water sterilization. An
experimental protocol to elucidate the anti-bacterial process and mechanism was propesed and applied to a novel
surface conlact disinfectant made of cellulose fiber grafted with DMAE-BC, using £ . Coli, as a model bacterium. The
minimum inhibition concentration { MIC) of the monomer, defined as a concentration at which the growth of E . Coli.
in water is completely inhibited, was determined by the plate counting method. MIC was then used as an index to
characterize disinfection capability of the monomers, The disinfection mechanism of the monomer was further
investigaled by measuring the activity of 3-galactosidase and cbserving the cell morphology with a scanning electron
microscope (SEM) . To elucidate the disinfection process and mechanism of the grafted fiber, the steady state and
dynamic adsorption of E. Coli. on the fiber was examined, respectively. The TTC-dehydrogenase activity and
respiration activity of E. Coli. adsorbed on the fiber surface were also determined. The results showed that the
stenlization process by the grafted fiber was composed of two steps,in which the adsorption of E. Coli . bacteria on
the fiber surface driven by electrostatic interaction was a fast process and cell-lysis was a relatively slow process.

Key words DMAE-BC, Polycationic surface contact antibacterial material, Antibacterial kinetics, Inner

membrane permeability, Kinetic penetration, Anti-bacterial mechanism



