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Construction of dual-functional coating of biomimetic phospholipid polymer
and silver nanoparticles and its antifouling and antibacterial properties
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Abstract: Zwitteronic copolymer (PMPCD) was synthesized from free radical copolymerization of
dopamine methacrylamide (DMA) and 2-methacryloyloxyethyl phosphorylcholine (MPC), and grafted onto
substrate surface with dopamine (DA) as anchor agent to form an antifouling coating. Dual-functional
PDA/PMPCD-AgNPs coating with antifouling and antibacterial properties was then obtained from in situ
reduction of silver ions to silver nanoparticles (AgNPs) by polydopamine (PDA), and characterized by
FTIR, '"HNMR, SEM and XPS, with its adhesion and water contact angle analyzed. The biocompatibility of
PDA/PMPCD-AgNPs coating was further evaluated by anti-protein, anti-platelet adsorption, hemolysis and
cytotoxicity tests. The results showed that the PDA/PMPCD-AgNPs coating exhibited excellent hydrophilicity
(average water contact angle 25.0°~34.0°), antibacterial property and biocompatibility. The antibacterial
rates of PDA/PMPCD-AgNPs coating on Escherichia coli and Staphylococcus aureus were 98% and 95%,
respectively. Meanwhile, the coating displayed an anti-protein adsorption rate > 90%, reduced platelet
adsorption and activation, and low hemolysis rate as well as excellent cell activity.
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and PMPCD

MK 2a AT LVE H, PIEESFIL R Y PMPCD H#1
T MPC FYRFIEN IS4 , 4351 967 em™'( —N'(CH3); ).
1082 cm ' (—OPOCH,— ), 1238 cm' (—POCH,—)
1722 emt (BRIE), AU T DMA AORRHER
W, 43510 1722 em™ (BFE ), 3410 cm™ (—O—H
—N—H—) F1 1580 cm ' ( 2£¥F ), FH PMPCD
C LA A

MIE 2b AT LA Y, 0 6.57~6.91 () 5 1 Xk 137 BAfA
DMA HFEH FAY H {5508, 64.22. 4.10. 3.58
1313 A3 SIXH Bk MPC |7 H & B2 —N*(CHa)s
1) H {5506, i — 25 A40F PMPCD i 6 o
it/ Hr "THNMR 3% 8 MPC F Bt N(CH,)3 9 B 5
H F#EE S DMA R BIBI R H FRRAE 06 ) FL
WL, 754 PMPCD ' MPC F Bt DMA Y 35FR
YIm R R 3.4 1 1.0, X 58k LR MPC fil DMA
FI A (3.5 :1.0) HEA—F,
2.2 PDA/PMPCD-AgNPs & BB RE
2.2.1 SEM % #F

T Z O WA A ZM RS, DA Al o-n HE
. PHE T AEAEF . 5 AORH B AR A XL S
XA ML EAT ARSI H 2 B A AT 3 i
A4k B BIE R PDAR, i85 PMPCD HAYAR2E —
FEPAHEAT A, ffi PMPCD 8 75 3 s 6 i 12324
JE L PDA/PMPCD )2 . R, 4878 L pln 5
Ag %G, HAEARRMEfTIL2A 0 Jm R I 00T, B



© 832

M 4m 4 T FINE CHEMICALS

42

Ag B JF R AgNPs, MERERIZP, B3 PVC,
PDA/PMPCD )2 . PDA/PMPCD-AgNPs 4 /2 Y
SEM K,

E 3 PVC (a), PDA/PMPCD )2 (b), PDA/PMPCD-
AgNPs I )2 (¢) 1Y SEM &} PDA/PMPCD-AgNPs

WwZr#RkiE SEM K (d)

Fig. 3 SEM images of PVC (a), PDA/PMPCD coating (b),
PDA/PMPCD-AgNPs coating (c), as well as
cross-section SEM image of PDA/PMPCD-AgNPs
coating (d)
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Fig. 4 XPS spectra of PDA, PDA/PMPCD-AgNPs coatings

%1 PDA. PDA/PMPCD-AgNPs T Z 1 i 45k

Table 1 Mass fraction of elements on the surface of PVC and

PDA/PMPCD-AgNPs

.- [t 43 HU %
#I‘ID
C N 0 P Ag
PDA 7240 033 762 — @ —
PDA/PMPCD-AgNPs 67.69 3.67 1677 2.18 1.09
e =" 3R XPS AR FIZ L RFS

2.3 PDA/PMPCD-AgNPs i& 2 BT BE 9 47
2.3.1 REFEM oMt

¥l 5 4 PDA/PMPCD )2 . PMPCD ¥R)Z2HKI
IR K% . 18 6 5 PDA/PMPCD )2 .PMPCD
TR 2 1w S .
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Fig. 5 Optical images of microscratch trajectories of PDA/
PMPCD (a) and PMPCD (b) coatings
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Fig. 6 Critical loads of PDA/PMPCD and PMPCD coatings
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PRALEUE, HAPBHR R SRS S AW EE E &
FYEZRPT ¥ 1 emx1 ecm x 0.025 cm 4 PP, PC,
PVC Ml PET SA 0 T s B4 2 ¢/L i DA 1Y
Tris-HCl & w5 ( pH=8.5. 0.05 mol/L ) H, #1715
PDA % JZ , # 4 %l il ¥ PDA/PMPCD #i
PDA/PMPCD-AgNPs 1532, H: 1 1) /K 422 fl f A8 4k
TEH LA 7,
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LR B KYE, & PDA 142 B9 35S 22 11 7K 322 foh
£ /N T PDA/PMPCD 142 5 PDA IR E ML,
HLRE B2y /NS A 2558 PDA/PMPCD &4 1) 22 Ifi (14
KA TN, SRR, HTRET 30°
Tidio XAER K, PMPCD H& iR E B 3 K FE AT
AT DL B b R T K G RE T BRI . AN, £

it AgNPs ByiE— M5 , AgNPs RIURFE T %2
JRAS 25 KM, 3 o8 3 T A K B2 fioh A 0E— 2B B AR
PDA/PMPCD-AgNPs ¥ 2 19 °F 34 K 2 filk M 7¢
25.0°~34.0°Z [A], XIEH A, AgNPs 48K 45 F414
N7 R E AR RURE RIS 2 e AR R s
Fy# ) PDA/PMPCD-AgNPs 14 )2 ELAT 38 FHPE , REA 4L
W3t 2 PR R 2 ) 2R AK I

PDA/PMPCD-

=H PDA  PDA/PMPCD AP
PP Jdh. A .
80.0°£1.5° 52.4°+1.4° 33.4°+1.7° 25.0°+£3.1°
PC.‘. i 4
e — 9
73.1°+£0.6° 52.3°+1.0° 43.8°+1.5° 25.2°4+1.2°
e A .
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Bl 7 AR R 2 i 2R K Sk AT s K 4 ik A

Fig. 7 Changes in water contact angle before and after
modification of different substrate surfaces
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i A
2.4 PDA/PMPCD-AgNPs & E BT E M RE 9 7
%] 8 iy PDA/PMPCD-AgNPs 4 2 B4 4 1 AE I
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Fig. 8 Photographs of E. coli and S. aureus colonies formation on PVC, PVC/PDA/PMPCD coating and PVC/PDA/PMPCD-
AgNPs coating (a); Inhibition rate of PDA/PMPCD and PDA/PMPCD-AgNPs coatings on different bacteria (b); SEM
images of E. coli and S. aureus on PVC, PVC/PDA/PMPCD coating and PVC/PDA/PMPCD-AgNPs coating (c)
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coatings (b)
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Fig. 10 SEM images of adhered platelets on PVC, PDA/
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Fig. 12 Effect of PVC, PDA/PMPCD coating and PDA/
PMPCD-AgNPs coating on cell viability
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