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# OE . MEET AR N PGER K, AP ERC R RS AL DA R, mIEHE AWM ERIA T L
TR BA S PETT, W] DL R I BN OL S A sk e, BRI I A 100 TRR R A A A 1) o AR TSR SE A 1
AR Cu,S KL, SRIG 5 3-CRIFmEms-2-5 1) PILe i iR 40 (SBPF) [ hj, il 5 1 45 # #7711 Cu,S@SBPF #1
#t, R TEM. XRD. UV-vis, FTIR } XPS &Ml T BEXAE G i OIS . 2548 . JU R Al A5 R A7 3R AE
BRI T IR E A RS 22 BB KB T B (E. coli) . # 22 PR FH P B 4 5 (0 8 B BRI (S. aureus) AT 25 B 10
TR A (T-Salmonella) B9 90 W PEGE . 25 R FE W, ¥ K 500 pg/mL 19 & & 41 B 78 60 min B} XF E. coli.
S. aureus 1 T-Salmonella I B R 13453 99.99% E 4T E. coli fe U . MR HLHI R, ZE &M BEERIR
YA AN AEREE A LT P NS, M ANEITR, BReZBANPEIET . X —BRAT SR e A A i 245 [ R BT 28
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Synergistic antibacterial properties of Cu,S@SBPF composites

WANG Yan', ZHANG Qiang" , CHEN Huihui', QIU Ying' , HU Ruiling' , LI Yapeng®, ZHAO Xinxin',
AN Xue?, LIU Huizhi*, GUO Shaobo'
(1. School of Chemistry and Environmental Science, Shaanxi University of Technology, Hanzhong 723000, China;
2. School of Biological Science and Engineering, Shaanxi University of Technology, Hanzhong 723000, China)

Abstract: With the rapid growth of drug-resistant bacteria, organic bacteriostatic agents have been unable to meet
the needs of social public health. High-activity composite bacteriostatic agents can not only retain the properties of
single components, but also show more excellent antibacterial properties, thus becoming an important research
direction of antibacterial materials. In this study, a novel structure Cu,S@sodium 3-(benzothiazol-2-ylthio)-1-pro-
panesulfonate (SBPF) material, TEM, XRD, UV-vis, FTIR and XPS were used to characterize the micromorphology,
structure and elemental composition of the samples. The antibacterial properties of the composite against Gram-
negative bacteria E. coli, Gram-positive bacteria S. aureus and drug-resistant bacteria T-Salmonella were investi-
gated. The results showed that the antibacterial rate of the composite at the concentration of 500 pg/mL to E. coli,
S. aureus and T-Salmonella reached 99.99% at 60 min, and the composite was the most sensitive to E. coli. The anti-
bacterial mechanism showed that the composite material could destroy the cell wall of bacteria into the interior of
bacteria, inhibit bacterial respiration, and eventually cause bacterial death. This result is expected to provide a new
solution to solve the problem of bacterial drug resistance.
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UTAER A T R | S 1 i R N S
BRI, ek G ALY 2 A A AR R T Y
HICHF FRIMMEAWE, RO KW FF 5 0 4 5
03 4 PR TR SN R A R A R TS i L i
SV PR 4 0 €0 8 75 TR R ) o L P R 4 T 24 PR
PRI PP TG P, R A AR 3 P R R T
PEBE I N TR BB AU, VRIS
R STE X R

CuB I m A YA, HdaFHuE R
W T, 2% 5 Rk a4l i & F s b & A —SH.
—NH fil —OH Bi v, Cu*il i W Bt 78 40 B 2 i 1k
FI)6F 20 B RE B IR, 1 T A TR A0 A A
[Fi) S O 40 F A o 0 e, ol A
BT DRI AN BB LE B AT, i 4 BUf8 20 T A SR A
TP TR T RAFA IR PERE , B N
S ERAR G A AR SR, Cut R A A S
TR P . AR e RS R ST, AT
IR 32 S ] F5E, K AT HILI A R 5 4 R R G 2 R
T2 AWM R, HASAURT LLAR B A4 5 1
P, 38 B A S A B AR . Xu S50 1
TF 5340 D S Ak A B 0 3k S A0 i i % B 2 & R
14 100 B AR RS X A R4 o Zhou 451 DU
AL . A A ST ER N EEHE & T Cu,0@
TM & ARk, HXE K 1 18 R 4 o € 8 46 BR 1
PIRA R M EERE . S0 S5 & B Cu,0/
CuO-WU 2 & 5 A R B A S I P RE , i
Su:ibioea = RN NGV W P SN T WIS = )|
LSRR, DURAE S SR RS A AL B R
Be 7 ] LAAS 8 B S e 2 A MR, SR
M, A LA B 00 TC v R AR NS B TG P AL s 45
O BRI R KAR . A A SCLL Cu(NO;),-3H,0
Sy JEUARK A 3 ok 220 1k ) £ 5 B 28 D S5 R I 4K Cu,S
ORLIE 5 A LT ) 3-(CAR JF e ke - 2- 5 58 ) T Jot Tk
% £l (SBPF) I i 45 5 1% 3| Cu,S@SBPF & & #1 ¥}
o B TH 6T FAR R R . SR B O T B U
(TEM). X P77 5 (XRD). 40 a] W20 6ot B
11 (UV-vis). o B it 78 4 21 51 S 35 A (FTIR) & X
SO L RETE 20 A AL (XPS) 55 I ik T Bt i
MR SOWIE 50 . 2548 . Jo R A R AT R AE
FESL A B, B % KB M E (B coli),
22 G OBH YE B (S, aureus) TR 245 W ¥ 1 K
(T-Salmonella) 3 F# K B 7 — 25 0F 58 H P [R) 40 g
PERE, JEER ST B R A A HLE . g5 SR,

RS MR RE IR 200 T 4 20 M BE BE A AR T AR
AR PP, A AR AL

1 LMBEAE
1.1 E#e

= KA THIRE (Cu(NO,),-3H,0, 99%, |- ¥
LT AR R AR A A]) . Z L8 (NaOH,
98%, L& kAR R ARAA). RO
I W e R (PVP , 99%, B i i F A1 1L T.F R
NE)). LKA FAL SN (Na,S-9H,0, 99%, [
SEMRA AR R AR A A]) . &K (25%, L
B H R AR A R AR KA B (N,H,, 80%,
K Rk 7R ) 3-(CRof e me -2-F 5L ) N
Sl R B4 (SBPF, L ifg Bl 4 T A AL BB I A FR
oHED) . MR P RE (bR R A AR A FRA D
WEm2 A48 (Na,HPO,, 99%, BEvH R EYRIHAH
MR, BERR S 4 (Na,HPO,, 99%, #ItZE4
EAEYFHE A RAF) . KRBT (BNC-C1332640)
4> W4 W % Bk B (BNCC186335). ¥ 1] IR B
(CCTCC CB20082358), 1 [k v 4 £ F 1 #F 75 Br
PRt AR FRE (A AR . AR R RER #),
Bl B 2 AR A R R R L, S kB
JoK B, B FEERTRL T AR AL R B0 A BR A
Gk 250
1.2 #RA &l &
1.2.1 Cu,0 MIHl#&

fE 100 mL 1 2 1 /K th fil A Cu(NO;),-3H,0
(0.4832¢g, 0.02mmol/L), Fi i A 1 1 (KQ-
600, L8 A XARARA A, T% 600 W) 43
BEXSE, IMAPVP(2g), 4ks:A 48 0.5h,
FHR G WCE T T 1Pk 4% (850 r/min) 2 A+,
2% 12 3 /il NaOH ¥ 7% (10mL, 1mol/L), 4k %z Hi
FE10min 5, & IMA KA WE (50 uL, 80%), X
M 30 min J5 , >R 0 ML (CHT210R, 1 m I 1X
SR ANAR I A A R/, 8000r/min, 10 min)
AT B, W ER TR B Y R Z8 K sE k4 ik, G
KOBEVEG 1 IR, SR)GHZS T 5h (75C), 153
LR EIER (B, Cuy0).
1.2.2 Cu,S Ml 4

iR Cu,0 [EA T T NayS ¥ i (0.02 mol/L,
100 mL) H', # 7 10min (3% 600W), JHE.LHL
(8500 r/min, 5min) #1704 E, KGR B
FHZBK VR 3 E, A5 I A Z oK (300 mL,
10%) #7543 1h, FE.CAL (8 000 r/min, 5min)
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HEATE O R, FHZEMK RS 3k, Jo/K L BEVE %
LR, SR ¥ AR B Y H2s T 8h (75°C), 15
F AL Cu,S AR (45 )12,
1.2.3 Cu,S@SBPF [ 4%

B AR il 25 ) Cu,S (80 mg, 0.5 mmol) 43 #L
T 100 mL W) 751K, SRIE A 3-CA% Jf e ke -2-%
F )TN bE B FR 41 (31 mg, 0.1 mmol), # 7 20~
30min J5 B TR A B P AE A 4h, 0 8O E
> (10 000 r/min, 8min) J& 15 FI| (1) & 4 FH 2% 18 7K
MIAK OEESVERIR, & T HZ T4 (DZF-
6050, | ifF —fHFL =R ARAAE) T T 5h
(75°C), 1932 E A [E A KK (Cu,S@SBPF),
1.3 MEFEENE
1.3.1 HEHRTEL

P55 F% B e AR bk A b 2R Bk Y A 0R
(E. coli. S.aureus. T-Salmonella) 43 5| 3E47 R £k 35
F%, JEE FHEIRR IR (37°C) #EAT K 5% 24 h,
IS PRI TR P59 K45 9%, dk st BRLDL i 51
Bigg, IRAHIS AR TE AR o 20 i b B A R Al v
P — I B R R A N BRI P, BT
TR T 0O B R B 7% AR b H B K ), 4 B
WL b S SRR, A TG K B B VK KON 5%
10° CFU (colony-formingunits)/mL £ H .
1.3.2 JEAUH V0L

VL E. coli. S. aureus F1 T-Salmonella /) 40 7 £
PO AE R, 8 S s K TR # (LDZF-75L,
I H 2R BE ST R T) (120°C) Wb S I BT 7 kKL
5 K B 20min, ¥ Cu,S@SBPF & & # B . Cu,S
1 SBPF ] TG B 7% 1 /K Fic il i ¥ & >4 200 pg/mL.
500 ug/mL . 1mg/mL fl 5 mg/mL i 7% B . K I
A G 433X B FH G 7R 22 19 /K B &2 5x10° CFU/mL,
50 M A A R b, N6 L AN R I B 1
B A MORERDS B BT B AR 6 mm 1 IE4R A I,
DL TGP 28 187K Ry 2s U0 B, Bl il s A7 3 41,
FEE R 37°C S FRAE NG SR 12 h MEREE 5L, 4N
WEREAT o LIVRBEBRE (ng/mL) SR AR bR, 4007 el
HA& (mm) WY\ bR, LHIEE-HR k.
1.3.3 WKL

i 1 B V% B0 I E Cu,S@SBPF & 4 1 Rk X
E.coli. S. aureus Fll T-Salmonella /) B 8] ) B
2o EIWEAEF T, ¥ 500 pg/mL Cu,S@SBPF
5 A RERE 2 1) 45 9 B Sl 5x10° CFU/mL 1Y 3 Fh B &
WIRE 0. 5. 10, 20, 40 Fl 60 min J5, 7 [ K%

IR LN 10 uL FVEW, BRI SRR .
DAMRE Ry 5x10° CFU/mL AR EIRCAHXTIRZH, 7E37°C
fE IR 55 7248 (DHP-9602(37. %), I ifF—fHR} 4L 4%
ARRAF) NREFE 12h, X R RS 556 b 5 3 7550
AT R, BATE AT 3 4, #hE MR
AR R EE . LRGSR AT A (min) R AL AR, DA
AN [ B[] P00 A5 1) SF- 35 B v RO A b, 2 o
] - M Ze . R 25 m %

X-Y
Z:

x 100% (1)

Hrr: ZRARMAEARCE; X WXRARKENE; ¥
R AN [) s T 92 36 2 R A B8

1.4 HIEMHIFHR

1.4.1 Zeta B 53 HTi2:

K M Zeta {57 43 #7 4% (90Plus PALS, 3 [H 1ii
vl i AR S w5 A ) I E Cu,S@SBPF
A MR X 3R I K B O(E coli. S. aureus.
T-Salmonella) V) Zeta W v {5 B B 8] & 4 19 A8 £k o
53 S B TS Ak B 1 3 R K B R R Dk U 5
10° CFU/mL, % X Zeta vV {HAE M X4, &
B3I IE SEEYE . KA RS r 3 Ak R 5
500 pg/mL Cu,S@SBPF & & #1 Kl 43 Jill iR & 5 min
H1 60 min Ji5 &0 HL (5000 r/min, 5min) ¥ & 4
MBS 2%, e %t 3 Rl i B 1Y) Zeta HR A (B HE 1T
W, EE 3 I .

1.4.2 HWUALTNBE (PI) YL tayk

TE TG W 3 5% OB O (B coli. S. aureus .
T-Salmonella) ¥ B %= 5x10° CFU/mL $5£4), LA4lii
R WAE X 4L, A Cu,S@SBPF & & # F
BB N SE SR, JFAE 37°C TR 5% 12h,
PR B OPLE IR G W 52, B 15 pL BUfL Y i
Yo Fm A 300 L L E W AT G 6 I kO
10 min, #&J5 7£ B 0> Hl 8 000 r/min F & .L> 5 min,
i JH W 2 h 22 b (PBS, pH=6, 0.2 mol/L) ¥k %
3k, I IX73 AUHEGE EAEE (AR L ik =X
2x4t) WAL Cu,S@SBPF & A AR 21 B I A 2 B
1.4.3 4 it 5 4y Joie ot o 00

0 TE A0 M A S P N A S, R
FH 2 A8 0T I 40 5656 BE 3 (UV-61008 Y, ¥ e Hr
I %8 A BR 2N H)) 78 260 nm &b AT K I 3 H Py 2590 1)
FRAE IR Wb, Dk i — P4 5E Cu,S@SBPF & 4
OBE G T BL S o S K 3 A I R R ORE 2
1.5x10° CFU/mL 45 1. U 3 mL B2 A B LA 1E
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KA, IMAZEGME, PR GREERT
¥ 24h, B.0HL 10 000 r/min B0 10 min, T3
VSR BRER A B SRR AT, [ AHR 3 mL 4l TR
YERXFIRE o Bedm, FHSA0 ] I 43 5600 B il e
DRV ZE AT Rl , P AT 3 S

2 ERESW
2.1 Cu,S@SBPF E 5#BHIEHAFITE AR S
2.1.1 Cu,S B EAE

K1 A M Cu,S@SBPF & & M BHK A4~ ik 2 .
AW T A R A A JORHE #5159 1) Cu,0, R H il
Z035 45 Cu,S #ifk, SRJEH Cu,S #fk 5 SBPF it
i 45 &5 74 ¥ Cu,S@SBPF & & #1 Bt . K 2(a) Ny
Cu,S 7~ f i 1K 1 TEM EI 4 (B 5 L+ B 7%
FEITecnaiG2F20, fij 2 FEI/A dl), H R 24 N
258 nm; [£ 2(b) & Cu,S ) HRTEM 1%, MK H
A5 T8 TR E R 0.195 nm, X R TN 5 A
Cu,S 1Y (110) & i ™, & 2(c)~2(e) 1 — & %1 1Y
EDS Ef% (X B fig ik 1%, Oxford, &[4 ML 7%
LT UESE T il CuyS A 5 Cu A1 S JTTR IWAFTE,
H Cu,S M43 A 1 HL AT WL, Cu,S TR 433457,
UL 45 T Cu,Se
2.1.2 Cu,S@SBPF & & 1 KF Y 245+ £ 1E

K I X S 2417 51X (XRD, D8 DISCOVER, fii
B IEAT I UL ) 43 B Cu,S@SBPF & 5 4
ML AR ZE R . anlEl 3(a) FFR, 7E 260 i T 38.0°,
46.9°, 49.0°H1 54.7°4b WL 22 21| 4 A FiT S0, 43 ) X
N Cu,S ) (102), (110), (103) Al (200) {7 [hi
(JCPDS No. 20-0365)", Cu,S@SBPF & & #1 £l i1y
XRD [ 17 51 5 Cu,S MG Tseel, HE S
AR} B U iR B R A B Sk A O 55 L 1) A 30 R AR /S
¥ . LhF4rHr2 W Cu,S 1 SBPF 1] fE & 24k T I
HifEH .

AN, (SO%QNazngzoO SBPF
/.‘\ PVP NH, H,0 In the dark

Cu?* solution Cu,0 Cu,S

Cu,S@SBPF
PVP—Polyvinyl pyrrolidone
F1 Cu,S@3-(HIFUEmk-2-513k) INKEhliR A (SBPF) & &M BHY
s R
Fig.1 Illustration of the synthesis of Cu,S@sodium 3-(benzothiazol-
2-ylthio)-1-propanesulfonate (SBPF) composites

SR FH A8 HL A8 8 21 41 5l 3% {X (FTIR, TENSOR
27, fE[E Bruker /A 7] ) ¥ Cu,S@SBPF & & #1 ¥l it

B fig A #1720 Fr (9 3(b)). SBPF 7E 3 055 cm™ Ab
JIF kT C—H B4 4R sl 1, 1634 cm™ 40 #Y MK
W i Sy C=N 1y ff 45 ik 3 1%, 1425cm™ &b Ky
C—CH%4 IRz, 1454cm™ kbl 35 K5 39k 3,
1172 cm™ 2k} S=0 Ay MYl , 1047 cm™ 4b Ay fit§
PR AR (0 W Wi i, 757 et &b ik W i R A 3R Y
AL BRI i, 595 em™ 4b Sl C—S Y i 4 1R
SIS, 991 em™ Ab (4 W LI X 1B C—N i 45
¥ 3 5, 5 %) IR #H SBPF (1 FTIR & 3% #H It ,
Cu,S@SBPF & & #1 B 7£ 1047 cm™ 11 172 cm™ 4b
WM K A T m A, HLE 1584 cm™ b BT
B s, T] fE & SBPF Y IR L 5 Cu,S K
AT —E MECALAE .

PR CALINUS 37 TR v = 31 i =
Il 3(c) N Cu,S@SBPF & & #F #} Fl % i 2H Cu,S.
SBPF [ %8 4 AT L4, i 7F 281 nm 1 223 nm
Rb W %¢ 5] SBPE 1 FEAEMASCH,  H SBPF 7k Cu,S %
AT 4 570 35 5R 20 23.1% 1,

i A X G2t 7 e IS (XPS, Kratos, H A
AXIS Supra 2 7)) % Cu,S@SBPF & & # K 1) 41 i,
MICEZMAFTHE L o0 . B 3(d) K CuS@
SBPF & & #1 KHK) XPS e H i ek &, M har L
FHH C. N. O. SHI Cuf¥fE gy 7775, Cls.,
Nls. Ols>y SBPF Jif % JU &K MIFFIEIE . 40 &l 3(e)
B, T 932 eV Hil 951.8 eV {1 1 A 45 fiF i 43 5]
A Cu2ps,, il Cu2p,,, 45 A HE, XJE T Cu,S'H
Cu' R fiF W% . 3 T 933.7 eV Fll 954.3 eV [ /™
fiF 16 73 51} Cu2ps,, I Cu2p,, B 45 A fE, & T
CuS ' Cu I FEEIE, o1 F CuyS A7 il £ 3
A KR A, MR —35 4 Cutdd
AR cu*, RILTE Cu2ps, Ml Cu2py ), Ab 53 5 47
—4b Cu* i) TR FFAEIE M Cls 75 284.6. 285.5 Fll
286.2 eV 43 4l § C—C. C—S Fl C—(S,N) fY H5 fiF
I (1 3()=2Y, W 3(g) i s, O1s H 531.2eV
Ab 1 5 1 1 J&8 T SBPF 1 S=0 B 4FAF 15 %2, N1s
1 398.7 1 399.3 eV 4k 1Y 1§ )5 J& T SBPF ) C—N
1 C=N (& 3(h)), Cls. Nls. OIs FFfF 0§ 9 H B
W — 5 3FE W T SBPF 5 Cu,S HY % I f 2 2, 1n
& 3(i) flf s, S2p 7F 169.1 eV il 168 eV 4b H B 11k 45
fiE W, 43331k SBPF 1 (1) SO3™ Fll ST KR AF U , {3
T 160~163 eV Fl1 163~166 eV [IHFAEIE 354 S2ps) s
M1 S2p,, K45 A B, T 163.9eV Fl 162 eV (1)
A5 AE 6 43 51 R SBPF H 35 Y C—S 119 45 1iF 06 B4,
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(a)

250 nm 250 nm

250 nm

[#2 (a) Cu,S i TEM E1%; (b) Cu,S i HRTEM E%; ((c)~(e)) Cu,S Y EDS &3

Fig.2 (a) TEM image of Cu,S; (b) HRTEM image of Cu,S; ((c)-(e)) EDS diagrams of Cu,S

1E 163.1 eV Fil 161.2 eV &b i Bl U5 5 J& T SBPF H?
AN C—S, T 162 eV F1 163.1 eV 1 >R E
Ik Cu,S 1 S* B R AIF 1 27 XPS 1Y ik [l 4 #7 1F
—IEM T Cu,S@SBPF & 4 41 R i3 1 45
2.1.3 Cu,S@SBPF & & A BB T 45 1
HRAE 5 4(a) AT L 3 (BSP) /MW R BoR,
SBPF I ' 4R fifk 8 5 119 WV FJY 32k HL A AF 48 g 1) 26 T
#rr gt A3 T 109.00 kJ/mol, 3% & H1i% W T 3 Ab
T X, HEFa®BERK, B REA
JiF, T SBPF 7E fif % i B i 5 A R X AR Y 2% 1fg
HrEE e, H-129.20 KJ/mol, X i S=0 3 A H 4
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2.2 Cu,S@SBPF £ & # B & iF %
2.2.1 IEAUH YA R

i 3 U8 AR B O R R & A MR X E. coli
S. aureus 1 T-Salmonella ") 1) T PE6E . & 5(a;)-~
5(cy) 439l & 3 B AS 6] #4 L (Cu,S. SBPF. Cu,S@
SBPF) #£ AN [A] ¥ £ &, XF E. coli. S. aureus Fll
T-Salmonella WA PEREWF 5T . Hob A GRIBK)
5 EXTHRLL, WTLOUEEE], Y4 3 Rl R E R
0.5mg/mL iy , SBPF % A H BN 8 , Cu,S Al
Cu,S@SBPF ! Bt 11l 1% 1B H. Cu,S i 1l & 18 /N T
Cu,S@SBPF., itz A4 Ak i FE Ay 438 im LA PRI 8 0t 52
LABSE, Bk EXF 1. 28 5mg/mL A,
Cu,S@SBPF i 75 i Lt [F] ¥k B2 11 Cu,S il SBPF 1 K
I B . M 5(a,)~5(cy) AT LAEH, 24 Cu,S@
SBPF [ ¥¢ &}y 2 mg/mL i} X3 3 b a8 7 9 410 7
ORIl . SCIR SRR, Cu,S@SBPF & 4 okt
X3 Bl B X A AR I RO, R 1,
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Fig.3 XRD patterns (a), infrared spectra (b) and UV absorption spectra (c) of Cu,S, SBPF and Cu,S@SBPF; ((d)-(i)) XPS spectra of Cu,S@SBPF

5B fd ] Cu,S AL, Cu,S@SBPE & 4 1Rl Xt E. T 1.19. 1.14 f11.30 f%, 5 SBPF Lt , ZEAM
coli. S. aureus F1T-Salmonella TN HERCR ML & BT E. coli. S. aureus 1 T-Salmonella /3 7 3R
R 1 BF. Cu,S. SBPF LK Cu,S@SBPF X E. coli. S.aureus? T-Salmonella ¥J3NE B R ~t

Table 1 Inhibition zone size of solvent, Cu,S, SBPF, and Cu,S@SBPF against E. colj, S. aureus, and T-Salmonella

Concentration/ Inhibition zones/cm (+0.05 cm)
Bacterial o
(mgmL") H,0 Cu,$ SBPF Cu,S@SBPF
0.5 0.6 0.9 0.6 1.0
1 . 1.1 . 1.2
E. coli 0.6 0.7
2 0.6 1.6 0.8 1.9
5 0.6 2.1 1.0 2.4
0.5 0.6 0.6 0.6 0.7
1 0.6 0.7 0.6 0.8
S. aureus
2 0.6 1.2 0.6 1.9
5 0.6 1.7 0.7 23
0.5 0.6 0.7 0.6 0.8
T-Salmonella 1 0.6 0.8 0.6 1.0
2 0.6 1.0 0.7 13
5 0.6 1.5 0.9 1.6
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Fig.4 (a)Schematic diagram of the optimized electronic structures of SBPF and Cu,S and the electrostatic potential (ESP) analysis of SBPF;
(b) Binding energy between Cu,S and SBPF
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Fig.5 Diffusion photos of E. coli, S. aureus and T-Salmonella by different materials on filter paper (A, B, C and D correspond to the solvents distilled

W
(=]
W
(=]

water, Cu,S, SBPF and Cu,S@SBPF, respectively): ((a;)-(c;)) Antibacterial results of different antibacterial materials with concentrations of 0.5, 1, 2 and
5 mg/mL against E. coli, S. aureus and T-Salmonella; ((a,)-(c,)) Inhibition zone diameter curves of different materials against E. coli, S. aureus and

T-Salmonella as a function of concentration

SYRERE T 2.38. 3.17 F11.86 1%, HILAIW, ZEA 2.2.2 K EES R
AR A R RE T R T R — PR R AR R . ok Y A0 I 2 Wk BE A 0.5 mg/mL A
i, Cu,S@SBPF &GN E. coli 4 = HIHUSNE Cu,S@SBPF & & ¥ ¥ 2+ 5 5 E. coli. S. aureus
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Fig.6 Cu,S@SBPF colony count distribution diagram of E. coli (a), S. aureus (b) and T-Salmonella (c) inhibited by the composite; (d) Time-sterilization

curves of the nanocomposite; (e) Comparison of antibacterial rates of nanocomposites against the three test bacterias at different time
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Fig. 7 (a)Zeta potential values of the Cu,S@SBPF composite after mixing with the three test bacteria for 5 min and 60 min;

(b) Cumulative release of copper cations measured by ICP-OES; (c) Experimental results of toxicity of composite materials
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Fig. 8 Photos of the propidium iodine (PI) staining of the Cu,S@SBPF composite for E. coli (d), S. aureus (e) and T-Salmonella (f), and ((a)-(c))

Corresponding rendering of the pure bacteria control; Results of cytoplasmic leakage of the Cu,S@SBPF composite acting on E. coli (g),

S. aureus (h), and T-Salmonella (i)
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Fig.9 Antibacterial mechanism diagram of Cu,S@SBPF composite material
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