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B YD'-C,  FF 52 X S0 TR A 1) e /N4 A R
(MIC); [FIEF, >R I TE] - 2% T il 2 PP A 2% 1 Ak
By PR R B S (SEM) . 35 S HL B (TEM) W 8%
YHMTEAS AL, W E i T AR A R T
SEMS MG, {EHER L, X Ybr-C HIPiE
MUERHEAT T 4D,

1 MRERE

1.1 FERFIFLEE

T K A B B2 4% (YB(NO,)s * SH,O) N 43 B 4k, i
R TG PR A B Rt JLAS 2 (catechin,
C 98%) 54, H Figm s TR AR A A
Feft.

SEOI 7 N 7 S (Escherichia coli
ATCC25922) 4 ¥ 4 Hi % B B (Staphylococcus
aureus ATCC23656) F1 2f ff +F (Pseudomonas
aeruginosa A TCC27853) W F [E T il A= P B i £
AL, VTR (Salmonella SITA235) H Y )11 K 2%
GHIERELY BT N NEE

Br gk WMARRE RN E RN G KR &
(nutrient broth, NB), [& 44 Z 5~ B AR E R 1l 35
FRHEITE NB B 7R AE R IR I 1.5%35 18 .

UV-1800C B2 - mJ W73 6 BEAX (F i 361
B EE A PR A F]): Optima 8000DV 4% B 1K &
6 1 4 (35 [E PerkinElmer A R A #]); Tecnai
G2F20S-TWIN 2437 % 5 32 5 fL S 788 (35 [E FEI
2vHE]); CS 3400 375 K& 5 43 1 W f 83 (¢ [ CamScan
NEIDN
1.2 KWHE
1.2 SRR

FRAE A [ BE R EL B Yo @ C 5 )R ik & ) pH
A, FELE G AR RIEC G 5 IR 4 P Be B PR
BRI P (2R ARV s 1), DAR 8 Yb¥-C (1) B £
FetE.

1.2.2  H/MIEE WK EEMIC) Bl &

R FH A5 B BRI 1] R AR BE 1Y Yb¥-C
W, FEBUE B AN TCE NRE R, R
B IR W R IR R BB UM RE 2 1x10° CFU/L. ]
R 5 R 1) B S RO B 25 B AN E R, T
37°C A FREFR 24 he MEIHAEKAFNL, LA 4n
T A ) R AR A P9 B (I T VP s 3 ) o o
ANFITBRIR FE
1.2.3 W [E] - R Hh 2 il e

B 16 h AR E BT R A K,

2y C. Yb A1 Yb¥-C 4b FE4H L, JF R A
UV-1800C A48 4k - A] WL 43 5t 56 FE vl 28 s B 0~
24 h I (8] B P R A0 M B Ageer 22 IS (] -
A% B it £,

1.2.4 4 YO ISR 4 A

a. AEHHEEEMNE: 25 Yo f
Yb¥-C AR, 4AJSHL 2 ml B &I T 8 000 r/min
B0 10 min, KB BIEW, AR AR RS
Ve 3 ke, PR R AN WU AR K iR s e 2, K
Optima 8000DV #! 55 & {4 & it 5t 3 (ICP-OES) 4>
SAE 0~24 h I [E1 B VAL Yb* 15 &

b. 2 SR 20 P BT R L B E . W
Yb** Al Yb-C AL 3 5 (P40 s K FH 75 95 0t 4 g
HEATBBE AL FE,  FET 10 000 r/min &5 0» 10 min, 43
TS B3RO BEARTTIEYD AR ASUEAKTH
fifJo 2%, B ICP-OES 70 Wil & Fis (8-S
Y1157 5 T (25 A 4 i RN 41 i B ) b Y
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1.2.5 HEaHHr

K Gt 22 84 (SPSS19.0) i Sz 06 K ¥ 37E 47 B
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Fig. 1 pH changes of Yb* and C chelating reaction

system at different molar ratios
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2.2 AEIEEREE Yb*:C HIHNE M RE

ANFEBEER L YO 0 C 5 4 FhaJavm & i
EVEERRWEER 1 . BEFE C KM, &Y
XT 4 s JE B A BRI — B B 9R. 7E YbY
CCEEIRIEAN T D 1~1 3 W, 0075 B8 B A% B BE /R
LUIE KT A8 38 s M EE R 1 1 4 1F, HITE ]

BEARROR: (R4 R BE/R LS 1 05 I e e B
BRI, AT, RBER RS YO o C BAEE/R
b1 4 BRMEAE YR AREAPUETE . 46
AL 20 WRFFLAE R, VAEEJREE 11 4 /B2 YB¥-C
A R B EERC B

Table 1 Relationship between the Yb*:C ratio and antibacterial activity

Inhibition zone(mm)

Yo e Escherichia coli Staphylococcus aureus Pseudomonas aeruginosa Salmonella
1:1 10.10 + 0.04 12.23 + 0.03 10.47 £ 0.03 10.20 + 0.02
1:2 10.13 + 0.03 14.47 £ 0.05 10.35 £ 0.17 10.30 + 0.08
1:3 10.54 + 0.02 15.07 + 0.03 11.23 + 0.01 10.28 + 0.04
1:4 11.33 £ 0.03 17.15 £ 0.07 12.22 + 0.02 11.69 + 0.05
1:5 11.40 + 0.12 17.25 + 0.03 12.42 £ 0.20 12.00 + 0.01

23 Yb*-C Bm/MIEIRE (MIC)

Yb¥-C X} 4 Ff & J5 1 41 B 19 MIC W1 3% 2 Bt
. ATLUEH, YbU-C R EE 1E R 3 s C
B Yb FuE. AHEC T R G AT
IREE, Yb*-C X 45 o8 £ 5] 4 BR BR A 400 1) 200 R B e
a1, KR SPSS19.0 Al At r b, LK
B WAAF B SR MR B S0 1T DA PR 187 Pl K /2
B i) 2 B 3R AR B2 (P > 0.05), 1M 4 5 (08 %) BRI
55 A 3 Fh B bR A b 22 5 B3 (P < 0.05),  1X i B

P A% = TRBH P B 5 =2 U e T D 40 B v
TAEII R 22 5, OO 4 00 3] 2 BK B 0 4mf) s R o
. XEKNEHOHERE T E 2 KHEE R, H
st 5% 2 IR R A BRRES, HaifusE
Bk B (50% ~80%). T Ik SR BEAE y— Fh &5 b
B2 MK, S LAY 2 W A T ISR e,
Rk, Bo&9 Ybr-C 5k 7 Yo fRE M, LS
o1 i H A S SR A SR A g, T DL R R AT 40 1
TEM.

Table 2 MIC of C, Yb* and Yb*-C against four kinds of food-borne bacteria

MIC(mmol/L)
Escherichia coli Staphylococcus aureus Pseudomonas aeruginosa Salmonella
C 6.490 6.490 6.490
Yb* 7.143 3.572 7.143
Yb*-C 0.771 0.771 0.771

24 KE-REHEDHT

Yb¥-C %o 4 ¥ €0 6] 4 BR A RIS ) - 3% B b 4
Kl 2 Fros. BRI, 78R A (control) 117
BLUR, TE 0~4 h B 4 3 €07 %) BR 0 20 i 9 B2 6 A
NP, BEERRRAN R E . HAE, 4 C. Yb
J Yb¥-C JG ¥ Re A 3808 K 4 ol 3 ) Bk R, i L
Yb¥-C AN 2 h #iRd B AF R RCR, 1 C
Yb* T E 8 h A 1A E| S Yb*-C M4 HI A H &R,

SERT UL, YO™-C [ AN AT DL 25 3 v 3001 1k
AE, T HLIE REAT R 8 A I RIS JRATTRE, 41
R BRI Y, (ARIK G L 2
Phs MRS VETEERSR SRR GE A R A, &
BRITEBONE % Fae v 22 HAF RS Al K
H2Z MW, Yb-CER LR, REEM®R &
ML R R I RPUER, B RN
JREL B
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Fig. 2 Time-Killing curves of C, Yb* and Yb*-C
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M By RAL 5 W S BRI 4R B S5 M s, R
B RT3 PR MO R T A A AN B ()™
Pro A2 RBFIR, FHRMAN, FRA
K.

BARZ Yo AF I < o 0 ) 3K 0 0 AR DR F
T AR ER I A5 K, (E R R T R AR
MRS (T 3c). JEEBRBAP R BURE 88 1 Xof 5 o (0 ] %)

ERIETE AWK, ERE 2 DR A HL W PR 6 240 % 1
111 3 BRI RS

Yb¥-C A FH Ji5 4 55 €556 % BR 18 4H a1 7/ A i A
TN, MR X THAR ) Y TR, {9045 40 o 25
P8 IE 0 2L (| 3d). XA Yb-C KiE T
Yo 5 C M EIMER, T H YOS C BIRCAL AT
2 Yb B — @ IR, AT DL 40 B N
YT I 5 — LR A AR, i R 45 1
1) 7 FE AR

Fig. 3 Observation of ultrastructure of cells by SEM
(Cells treated with a, b, ¢, d respectivily. a: Control; b: C; ¢: Yb*; d: Yb*-C)
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A ER T 40 M R S M R (] 4). ST A
R NI EECIR, LM, LI, WmARN, H
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AT 5 (K 4a).
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B 020 M 55 5 fg B DR e R HLEE RO, HAT
R/NANTE, i LA 5T HE 0L A A ] 4 AP0 A 45 I
(18 4b). 454 SEM Wirtras i, Al Ly Lo
RSN BT, E R 4 ) 2 P L
55, PRI, JHG T S e 4 IS 5 A T o 440 5 ) 5
M| 458 /]N27,

Z YO EH G s Om ke, g0 REE &
I 6 B2 55 55 K B AE R e 2, ELR A R N AN
A R IR RS BA — S ME Y, 40RO
1) [ 247 Je S AL IR (B 4c). BB AT I, Yo AEH
A SRR, (H T g SR A
Hz, B AE D& Yo Bl NG Pk
FEAER . A A H] 52 06k B 4 7 711 fura-2 T 9T
P E BT RIBSIEAT Ny, R I B 2 e DA
21 L 5.

28 Yb-C Ab B 41 0 BE K 40 i I 45 25 K A
P B K S, o B A v EE Dk HAT BORLIR
JrRHERR, 45T B BE 0™ B B ] 4 R R A I
F(E 4d), XaE— U] YO BAE A A A
THIFH. 454 SEM MR, arblhilh,
Fe& Y Yor-C BA SR bt i AF i R R e ) LA &
RIETHAEKER, WY T Yo" —ERRENE,
R G FEMME, IS — L
PEVI A EAEHT, R T AN g, S B A
T2, X5 Chaudhary 5523050} Bic & Y40 1 AL EE ) AR
FEARW) &

Counts

Fig. 4 Observation of ultrastructure of cells by TEM

(Cells treated with a, b, ¢, d respectivily. a: Control; b: C; c: Yb*; d:
Yb*-C).
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Fig. 5 EDX analysis of the cells
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Fig. 6 The Yb* content in cells at different times
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Fig. 7 Distribution of Yb* in different parts of cells
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Investigation of Antibacterial Activity and Mechanism
of Yb*-Catechin Complex®

YU Kang”, LIU Lu", LI Ke", YANG Xi", LI Xia", LIAO Xue-Pin"?", SHI Bi"?
(" Department of Biomass and Leather Engineering, Sichuan University, Chengdu 610065, China;
? National Engineering Laboratory for Clean Technology of Leather Manufacture, Sichuan University, Chengdu 610065, China)

Abstract The synthesis, antibacterial activity and mechanism of Yb*-Catechin complex (Yb*-C) were
systematically studied in this work. The experimental results showed that the optimum coordination mole ratio of
Yb*-C was 1 . 4. The minimum inhibitory concentration (MIC) of Yb*-C was significantly lower than that of
single Yb*" and C. Yb*'-C exhibited high antibacterial activity against Escherichia coli, Staphylococcus aureus,
Pseudomonas aeruginosa and Salmonella, and more effective for Staphylococcus aureus and the MIC value was
only 0.0963 mmol/L. Further investigation showed that the sterilization time of Yb*'-C was greatly reduced to 2 h.
In addition, the analysis of scanning electron micrograph (SEM), transmission electron microscope (TEM), and
adsorption and distribution of Yb* in cell membranes and intracellular indicated the stronger affinity and
penetration ability of Yb*'-C to bacterial cells. Therefore, the Yb* in the form of Yb*'-C is more easily accumulated

to the effective concentration in the cytoplasm, resulting the damage of cellular structure and apoptosis.
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