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Abstract

During the service of medical devices, complications such as infection may occur, which will induce
more serious adverse events. Seriously endanger the life safety of patients, and increase medical
costs. Currently, antibiotics are commonly used in clinical practice to treat or prevent infections
induced on the surface of devices. However, traditional antibiotics face risks such as allergy and
drug resistance. Therefore, it is of great significance to reduce the occurrence of device-induced
adverse events by imparting antibacterial function to the surface of medical devices. We report an
antibacterial surface construction strategy inspired by mussel adhesion and covalently immobi-
lizing active molecules with antibacterial functions. First, the substrate material was modified
with levodopa to construct a multifunctional surface with secondary reaction sites, which provided a
platform for the covalent immobilization of bioactive molecules. Then, carbodiimide chemistry
was used to successfully covalently immobilize lysozyme molecules with antibacterial biological
activity on its surface. The successful preparation of the coating was proved by material characte-
rization, and the basic properties and surface chemical composition of the coating were studied.
The validation proved that the lysozyme coating has good antibacterial ability. This provides a new
method for the construction of antibacterial surface coatings for medical devices, and also pro-
vides a new idea for the covalent immobilization of bioactive molecules.
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1. 5|8

BRI 2R BB AR T MR T EE 22 W Ra T 0 — SRR T W%, [RIT 2K R e e
XTHIR 2T K, B[] B R 25 bl 2 B S R0 A A s it R A A, S FH O R b ] e 5] 4 AT
T BN, 5 HE P LI ) B G R A By R . R ST, 2002 4F 3 [ A R IT A ORI 4t (healthcare-associated
infections, HAL)IA 700 /35, 5 IR AAAH R K2 AR Z WF 7R R, b 27D 55%~70% 257 A Rk G
PRIT UG A 0 o AR tH 3 AR ZHZA(WHO) SRR (e BB Se - ) AR E s BoR, 4t
LR R AR 1400 75 N KR AEBE ISy, ot 60% 1240 B BN RS54 BT A miUs e Al 5[ 1] [2]. Stk
A HAL B B AR TR, A8 — I T A AR AME BB T B 7, XS AME T 31%5 HAL
BK[3]e S BRI AAR IR O ON B B 22 4. BRI R T Jon s AN N R 7 A ) B B 5L R, o]
R A DR I PR R FH P R 2 S A e 110 [ i e 6 o - T R e ek e XU LA B B S

X T 8 THT S0P T L7011 T e A A R 2% S e 5 T B e 1) R A R0 A%l IR AR R TR
PrEEatEae, BRREIN A B RGPS 25RO E R 29 R E R, RIS/ I R S B b R R G IRV, 7E SEES
WEFC A BRSBTS T RAFHIRCR . 25k, Z Rty gt 2 1oz H 2P iR E 9%t .
tean @ B TS @A (R Mi55), AR (ECE  FIAET55), RAPIEFIGE RN MY 285 5%),
AU EBPUER (RS, —HAMENO), HEkE. Fu )l AT T 22 AR & T EHRaK
ORI BT 2 )20, H 1,6-C %X PET BT 0l NEE:, Foa Rl - IR S MAIF =508
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DIBTEAZ M) PET MR, BEJER PN MIRIEJFE 2 2 B (R 27 LUE BRI Bk [4]. H Phu-
engkham 55 N\ FE AT fi 25 Bk 2 T £, 78 67 28 S O I GoKBR(CHX NPs) >R 447 5 O (CHX) IR FR
FH e R FLAG T 7R 28 R BOR ) 8 S @ QKR T, FF I U 70 ek Wi 2 11D 1) % 17 B0 2 08 AN K BR[ 5] Liu
S NE T BT IR(TA MR AL & (BAC) — i i dl e, fEERH RE R IEMINRIN G BT 5K BT IR
(TBARIFE L EARE, BAREHIPEEEREDMEAME6]. M D’ Almeida 55 N PA = Z AR RERNET
ZRET(TESSA) NREG, EARG SR IMEE T R T HBUEIEE[7]. He W 28 Nl & 7 —Fhai& 1
b i BE R 4 ZRE(PEG) ARG N2 IR IH S5 18] Jones 55 NI NO 2R AM & LT 5'- B ik
PRI AT, S3 GTP SUENIHAE, TCIE4 FtsZ &AM iR IR MR &, MM 30 40 3 70 2 E 5[ 9] -
R X LSRG AT T AR W TE kR, SR — LLa] AT AR M AR Rk Blin& JEBaKb 1+ L ES RS T
TENAA A AR B PR SO0 PR S5 VB AR Bl s 704 3% P Tl P 2 B85 M0 248 7 P i 245 1 366 ol A4 P 24 D A it I et
GBI U5 IR IE K BeR SN By b4 B (1 TG A0 e R I AS BE 28 S 40 R [a) N\ AR AL #6782 HR
A B oxek B0 TR PRI B A P R v B S B ), RO T BAR B AR [10]0 [FIB UR 2 ) &k R 2 2 HOAER AN 4R
R HI LI TR R A R BE R 3R . PR, M — ] B SO 2 RIE L BLJC 25 1 L iR E R R 2
R R T A8 R G ) EE I AT g [, EL A B I R A SRR FH 5

H ARG VR 22 AT DLIE S 70 s 22 At B 22 IRRT 0 T 2 1 SR A AL AN TR 4E 15 R G A A S e[ 111, T
B E N —F T APTE T EREW ALAYER . H. RS AEMHS R RAREE A, 2Pt
AT JER B 152 28 (1%) B S 7 00 R - o 5 TR I T LA AR DA 4 T 4 B e ) N - LT PR B TR R N- 2 1 2 T
Z A1 B-1,4 WSR3 E04H B 40 M BE R N SR Mﬁﬁ&%im%tnmuﬂ HEER R,
H A I 58 R 30K 22 SO BP0 B 22 K DA S il A R R T HE I S (R T 2 R 1 [ 140 DRI, R iZeR
SRBUIR 43 B 50 B U J2 A ORs (0 0 34 R 8 B A .

FET b, AR T — 0 TG DURE B RS S [ € BA P BEE M DIRE 2 1 10 40 B 2 1 A e SR
26 DU R B RE B RE JT BT A A, W DU 22388 3 43 WA 285 P i 1 ol G 72 ] 85 P 5 BE |, B SR A TE R
B 3,4- FRE KA FR(3,4-dihydroxyphenyalanine, DOPA) [15] [16] [17]. A& 1 s, DOPA 44—

BRI B S B BB N SEIAE A N O DA K 4 S A [RI A 2 1 ) s R B, i HLL
FW Ik 1 4 A 5 T R AR B R (W, 5,6- 3R 36 NI s REE (U 4> R AR, B AR L A B
MBI AT . non HERRFIFH B +-m) 228 TE ICBU% IR )2 (18] [19] [20]. 64k, DOPA 4342 it
TRERARNEZRERRIETGER], N DOPA IR2 kB A WiE IR/ PR 4E T T RE[21].
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Figure 1. Schematic diagram of DOPA-LZM coating deposition
1. DOPA-LZM #EHl &R EE
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7E DOPA ¥ )2 1 2Eah b, S HOA B AU IS PETh AR 21, 8 I e — 0 b R S BV B B /2 DOPA
WERE AR 2. Wl 1a)fiw, B EDC Al Sulfo-NHS ¥ DOPA 2 174 35 5 7% 18 B A
FHEFATACER . EDC AE N —FhRKEACHR, (ESRRPE(pH = 5.6) %M T, B REMIARIE(-COOH) 5 1%
FE(-NH,) AR Bt ik [22] [23]. BT EAFIER &H 2 /MAZKEE, EDC A5 2B % 216 iR
FUFR S R I BEH LB 177 Sulfo-NHS [ AT A ek e 1) E) o AT B2 m B I ROR . [ M it EDC
SRR ] S BT BOEME O-BEHE SR A4, 78 NHS [IFF4E T EDC fff NHS S5 5B, Rkt O-F
B JOR e TR R AR VE 22 (H) FL A 2 S N (1) NHES 8+ TR, 2% m ) 5 M 17 1 Tl v 41 203 T s A
B, RAEBBEE, ML DOPA ¥4 )Z M4 [ & IS B2 1.

2. BRSHE
2.1. WIS

ARSI, Y5 TEVA Hlf(egg white Lysozyme), MES (2-(N-morpholino) ethanesulfonic acid hydrate),
% B (3,4-dihydrox yphenyalanine, DOPA), EDC (N-(3-dimethylaminopropyl)-N'-Ethylcarbodiimide), NHS
(Nhydroxysuccinimide), Tris-HCI, B 445 11 (AO 1), F 4% ¥ (Toluidine Blue O; TBO)# H Sigma-Aldrich,
IR EE IR AL, WA IR LI B IR mB BB IR A =] TR [E, 3% B A %) BR 18 (S. epidermidis)#kk ATCC
6538 Fl# == [CRHPE KA B (E. coli) Btk ATCC 25922 W A AE D) LR H O o

21461 B s B Nicolet 5700 Wi, B br1% A Bio-tek instruments Inc mQuant, 7K 22 /5 HH Kriiss GmbH
DSA 100 Mk 2 JUi75, w6 1N J.A. Woollam M-2000V, SEM Hi JSM 7800F ili#5 .

22. MEEBAENHIE

FREL— 8 S 1) A2 Jie 22 LR R Tris 2 (pH = 8.5)FCLHHI N 1 mg/mL B4 JiE 2 LI -

BRI 10 mm x 10 mm [ 316 L AN F N 24 FLAR, BRI 1 mL 875 52 LA
15 25°C, RS FUIR 24 /NI, ¥ 316 L R A RO KIS, BAWR T4

HE LR PEREIKDIRASE] DOPA %2 .

FREL— € & 1) EDC #1 NHS #3 K, fIA MES ZEH(pH = 5.6), i EDC Il NHS 5 2 £ 5373l
4 0.23 mg/mL 1 0.4 mg/mL, FCfil752] EDC F1 NHS V&5

¥ 2t DOPA BStVE AT AN BN 24 FLBR,  BNSLAROMA 0.5 mL ) EDC 1 NHS W@ &8, 1E
37°CAF RS 30 /A Bhig bRt

FREL—5E B f0 B TE VA W B (LZM), F MES 22y i(pH = 5.6)BCH] 1 mg/mL )V B VA -

TETE AL 5E R S NN 0.5 mL IV BRI, 75 37°CAAF N RV 8 /N o 4 316 L ANER4ANTE
RO 7K¥ei%, ZAWT BRI 45 2P0 & F1R )= (DOPA-LZM) .
2.3. REBMERMREY RS
2.3.1. IKIERFR

FRAS /KBl K B KriissGmbH DSA 100 Mk 2 £l #1 I @ SGEAT R . EHUR T, K 5 ul 19 up /K
TR, fromfeEns, MPuRnE A, 6/ DSA 1.8 BAdH AT Hefil /A 7347
2.3.2. RESh

KOG B AL (M-2000V, J.A. Woollam, USA )47 IR JE FEAS I . 7E 3K 370~1000 nm 5 () A
AIWAE, SRR PG (Cauchy) 70 Ak 2 15 I8 JEL 1T
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2.3.3. REFSR
BIEREIESHES N TSM 7800F T S es g .

24. RERENZEMSHT

24.1. REREEREEERT

BT REM E B SRHF ZE kG (Toluidine Blue O;TBOYAIE £ IR I . H4H pH N 10
S EAL N HIR BE A 4 x 107 M [ TBO ¥R, fEAEMREM M 100 uL () TBO %, £ 37°C
FATIEE 6 /NI, WEETEEH pHAAEN 10 ISR 7R /B b5 T BRI SinA
1 mL 1) 50 wt%MIBEERAE 37°C 4 1F T E 30 734k, Bl 5 L 150 uL BT 96 FLER 1, {3 FHEGFRAAE 631 nm
TR LR AR o (R, e — 2 MR BE Y TBO VB FE AR FE 5 76 631 nm WRUSC K I FLR o B AH
ExbibRAE 2R, T T hRvtE il RIS R T SR R R B R A I

FAEE R e EA: B RAERE SR pH AE N 3 WA N 500 nM 1) 100 pL (R PERE 1T (AO 11)
W, 25 CAME RIS 12 /0. E G H pH N 3 FEEERE VL IE T £ TR RS o
pH{E 9 12 1 1 mL /] NaOH ¥, 1E25°C%MF FFE 30 2080, ik R1 AO II A ES 764 5 L 150 L
FEESRTBON 96 FLARH, 7E 485 nm MWK ™ FHEG AR OGN & HBOCREEAE . FIR, Bohl—@ kR AO 11
VEYBURR B FRVRE 5 £ 485 nm WRWCR K N IllE HROCFEAE, LebilbriEh e, JF T brifk th &AL & J7 RE vk SR il
RN B e

2.4.2. GATR-FTIR #&31
P BE S ) 2% 75 4 F 32 T 9 SR FH B A o ik 4 I S 4 L I AR 8 21 71 6 1 (GATR-FTIR) R I A 3% T 4k 27
gEM,

2.5. REIME LK

A 1SO 22196-2011 VFAL IR 2 MU IR 5 1 o e 43895 22 [RPH 1 3% 1 i % BK B (S. epidermidis) #itk ATCC
6538 F# 22 FBIPE KIGAT B (E. coli)Hikk ATCC 25922 #EATHIR S . 156, HEIRmMIRE A a ik,
B — B VR P ARG R B 35 12 /NI IR 2N 6 x 10° mL ' AR5, HEE AR ERE S E K
BAETLH R TR o AL N 0.1 mL #R8 R L S a0 A FERE i 3R T, — i R LI i
e fE37°C + ICHAMMET 90%MIIRE N REF% 24 /NiF o ZEREASFLBR PRI 1 mL A2 2R EE /K IR | E IR
T, AR S RN a5 I b (R4 B 50 A e ok e R 5 100 pL 4H R B3 S0k T BIR AR, £ 35°C +
TCHAIARET 90%MIIRE T 5% 24 /NI, 24 h J5, XEEFFREER MM B IR HAR

R=(N.—N)/N.x100%
THEPUE R, H NN 73 SRR B 5 AN IR 2R & B v 4.

PR T A o T2 W A HT 0 o P 3R S LR TR, M40 B ERE TR T 32 8597 24 /NI S B FE
RIS IR N 5% wt [0 s [ 52 40 1 R 55 12 /NI, T8 E W4, 385 SEM WS R fh R T 4N i T 45
3. BRE R
3.1. REEEMR

VR B AR A5 K AR A 2R 2 LRGSR 22 T ) 2 I B R R 0] 2(a) s
AEERE Fr A R ER 2 2R UM A R B RO TR B . AEME A TIR 2 B E Ja 23] E K5
W, R D RO R TR KA R A AR, BRI (O RO A A I LSO B R
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JERMEHKEBHG RER, AR 316 L AFNRTF/KEZEMATEETLE 73.4° £ 0.5°, MA&LRZE
UG I DOPA ¥4 J2 22 1 i /K 3 1 FRAR B 1 54.1° £ 0.7°, XA T DOPA B2 5IN T K& IS5k M
Ik R B SR (B RRAE R )5, DOPA-LZM i3 2R I /K B/ X n® 7 77.2° £ 0.4°,
XARERER SV K TR, AT BRI Ree R, (ERMAMAC, W EEFR MK /KIE 512 DOPA
WE—M, B AKSCE G R T R ER M, FINEERS T, AR RS T IRRE TR
IKEEAL, DT ASE U 2 A TR Hh g K PR A o
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Figure 2. (a) Macroscopic morphology and water contact angle of coating; (b) Thickness of coating

E 2. (a) REMEWHHRIKERS; b)) REEE

N R DR R 2 I ST ) £ DL OISR R 2 R R (AR, R R O SRR R, A5
Wi 2(b)E7R, DOPA MRZMIEE R 26.7 nm, VWIS EEA PG, DOPA-LZM 2R ik
2|7 44.6 nm, EEHK T 67%.

Wi SEM MR EMMIEA, 558 E 3 Fiok, DOPA-LZM 2 3R H A /b VR 8 (A W0k 26 B

316L SS DOPA DOPA-LZM

Figure 3. The microstructure of coating was observed by SEM

3. FHRBRNE TIRENRMURSR

3.2. RERANFESSH

PEREE AT B SV 1R B A T S I AR 7 1 LA [ 7 R RT3 2% A, i B 2R 12 35 (Toluidine Blue O;
TBO)EFIER MRS 11 (AO 1) 4L ey m] LA E DOPA ¥ )2 S HF A VA H i > T J5 K [ -COOH F1-NHx ‘H fg
W, HIR[LIE (Toluidine Blue O; TBO)& — i F BRI AL Gy kl, = B8 A e AR BRI A At
B, MR R 2. ORI R BB A GO, iR S SR IEY B LAREL 1:1 ) EL AR
SEAMAE G, FRKELESAMABIGR, sefRfgurlr B msht, PR AR HS ™ EGE
JJo TERTERS 11 By th ik 2 ) IR MRS 11 1) 87 s R ik (] 5 3R i 1F PR S B AT R B 101 456, mr BA
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BBERMEILE, SEGJR S DAL, SRR AL, BEWE 7RO IR L 3 M % U
BBl A $2 (L B R SE PR R A (24 A 2 8 B4 W] 4(a) s, DOPA ¥R)=3R 1H-COOH #1-NHx H fig
1435174 3.2 nmol/cm® 1 2.7 nmol/cm?, B M:# DOPA )2 B 1 FI I IR IE MR IEHEAT IR 52
A . T ARG DOPA-LZM /23R 1H-COOH F it AL g i f4 K E] 2.9 nmol/cm®, DOPA
URZH-COOH B RE I A TH FE 1 J5 R /2 145 1 Bl JOR B () B AR SR A R R B AL A b 8 7 AR & . e Ak
DOPA-LZM /2R H-NHx ‘B REFK KN, XFT 7.2 nmol/em®, X2 M T ¥4 Wl & A K B L&
e HEM BT S8 R T RS TRk . B2 E R E R e B4 RIEH 7 DOPA RE2R M
TRV YIRSy T B AT ReE LA S DOPA-LAM ¥k J2 I D i) 4%

(a) (b)
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Figure 4. (a) Functional group density of coating surface. (b) GATR-FTIR of coating
4. (a) RERAMERAEE; Ob) ARNEEM2RSIINLE

A GATR-FTIR X3 2R AL A 45 MRS AT A . 45 R W 4(b) o, e clie ByiiiaE, &
JEAE 1604 cm 2 I T C=0 [4idRENE, IER] T DOPA I)2 M Ih i gt  TERER IR IS 12 TE 2936
om ? HHIL T R SR I PR 000 o R AN R BR A A R B 06, 7E 1662 om ? BIHIE HHIL 17 4R (1 BRS A
il C=0 f4iHRaNIE, 7£ 1546 om * W L T Wk 11 7 N-H 25 dhyRahig, ifi7E 1213 om > FHL HI T Bt
I C-N A 4dRahi . DL ES5REE—HIESE T DOPA-LZM ¥ 2 B 2 i 4%«

3.3. ESEE

TRAE DT VAR 2 AR I [ BRARHE(ISO 22196-2011) B0k (1 — Al el i UL VPN ¥4 2 BT 1 1 i PO R AIE
FB . KRB mMBI PN AR R T, AN E DR B B iash s BE s PE R 15 i AR S AR
F E A, T AT DB AR SR TR S XA 5w, RAEARLER T BT R MERE . A Sz
FH FR) 2 Iz 71 2 BR T R K T T 2 R Gy 88 22 G PR PR R 22 FC B MR T o @l v it ) 5(a) 14 DOPA %
JZH1 DOPA-LZM 20 A A0 P PERe . BTE TS Rl S(o)FR, 4558 28 DOPA RZEJLF
B YU ZCR, % T DOPA-LZM 2, H Xt 38 5 4 47 BR o A K A B (KD B8 56 23 1R 97.3% 11 81.4%

DOPA-LZM ¥ 2%} 5 % Bk B FL A 58 AR R i ot K F 8 P 0 B RO AT BT B A1 o DTS T Tl
PR AE LSRG, XS ETEVE A T 2B 0, WA iR BA — 2% W 2 1 A 4858 D i v il
Mg ey, WEFCRB, TR ORISR SN S 6 AN PHERISE A0S (A-F), 2494 R R 15 MR
TEVEVE FHESE, 200 T4 40 B K SR W B LE S i NAER T L0244, VA TERE CIUE” BEREIRIE IS, BUE
AT (RR B AT W[ 2500 DRIIL, 38 T PR R (10 2 ) 8 M RV A AR s R S 7 V8 T X S [ A 71 LA A TR 1)
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20 UK SRR R 2R 0 PR BE 7 o X A 2 TR 12 R VA 8 Al ) 7 A L R B BRI R A AR AR R, T 22 IR
BT, T AR AN — 2 B2 8 nm TR 2 HEAIE, AN A7 BELAS A B A b o0 5k
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Figure 5. (a) The colonization photographs of bacteria; (b) Antibacterial rate of coating

El 5. (a) RBCEAREFRRA; 0) RENRER

FIF SEM HJ LAWLEERE ity 2 URG A B R3S, ST s Y 00 S s Al TAE R . 255l 6 Fos, %t
HBZH 316L ANE4MA DOPA U2 bR T B R 38 K i ) BR B I AR TR 6, WA L B i M
7E DOPA-LZM ¥R ZEH, KRIGAT 3 3R B A A 3R A B AR, BAR RN A4S, B AL
TS5 R HPEBE > B N AP, 3K T BE A2 A B G -5 R B P Aol B P 2 2 AL, AR N AR S B T
BT,

316L SS DOPA DOPA-LZM

S. epidermidis

E. coli

Figure 6. SEM was used to characterize the surface bacterial morphology of the samples

6. HRREMMAENS SEM
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U VAN 45 AR 52 DOPA ¥4 )2 3 THI He A 8] 72 345 181 g e 78 2 R IE AR5 T I D REREME , DOPA-LZM &
JEREAE R K R R, R A 2 2 IR M B A BRI PR A6 /1, A I BT SR L & K

4. IR

FATIRT: T Fh I T DURH PR R S [ 52 A W03 ek Th e 207 T i R A S sk . (] A fie
CL PR R SN B TR B RE M, IR A B — 0 e A 2 B D A R T S [ 52 B B A4
EVEREE B> T, R T IRIR AL SR AL AU, FFX TR SR AT 0k, 25 R o
DOPA-LZM I 7 % 2 [ 4] 2 TR AN K AT BT B I3 R o AT FE BRI T 28 IR B 3R TR = BT 2
BE B, RO R VE D e 2 B3 [ E SR A TR A B

E&WE

A 7 R R R 22 Mt 8 AR SE R B s SR IR A A SR S R T RI(TTH 5. K202102);
E X AR EEGHS: 82072072);
V148 E BREHE G & EDTE (B H 5 : 2021YFHO0056).
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