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Abstract

Blood contact devices such as extracorporeal membrane oxygenation (ECMO) devices, central ven-
ous catheters (CVC) and pacemakers (PM) play a major role in the treatment of severe patients with
lung failure, continuous drug delivery and cardiac maintenance, but the use of these devices can
induce platelet adhesion and lead to serious problems such as thrombosis. Therefore, it is particu-
larly important to build coatings with excellent fouling resistance on the surface of biological mate-
rials. In this paper, based on the adhesion ability of the catechol structure of the dopamine (DA)
molecule and the phenolamine chemistry of the catechol structure with hexanediamine (HD), the
two molecules were covalently cross-linked to construct an amino-rich adhesive DA/HD coating
on the surface of the material by one-step molecular/ionic self-assembly. The BSA biofouling coating
was successfully constructed by chemical grafting of bovine serum albumin (BSA) molecules with
carbodiimide using primary amino groups on the surface of the DA/HD coating as the reactive site.
The anti-adhesive properties of BSA are used to construct biofouling coatings on the surface of
blood contact materials.

Keywords

Phenolamine Chemistry, Albumin, Covalent Cross-Linking, Antifouling Surfaces

Copyright © 2022 by author(s) and Hans Publishers Inc.
This work is licensed under the Creative Commons Attribution International License (CC BY 4.0).
http://creativecommons.org/licenses/by/4.0/

1. 5|8

B A R — L ARG P M BE O S FH T RE MR, FEBSR ST, B, JRy7 i R 46 B
BRG] IR MM R S8 . REMSEM R A AR B BRI 38 ( ECMO.
CVC & PM 25l T7E RS A2 rR A N S 5 1 v B e e i, 2 38t i FR] -1 PR 8y DA B 4 48 8 1 TR A
NS )RR B (R R B 5 30, A P A TR I 1 % A2 2] [3] [4] [5]0 B0 b iy i 2 2 b 3 2
(R I 1) 258, R R &5 F R0Y6R 97 77 2 (8 PP L 25 W0 (AT 207097« 38T, RAEMS A &5k — RS
A RN, AR S RN T LA™ 5 R[] S T I8 R G 45 271 SR 1A 9 R0 Il
B, Wl T — RO E S oK MR, BN 2 ZBE(PEG) [7]. PETEE TEE[8] [9], XEERAWIM
BHE T KM, 25 KEKSFEEEBKNLZ, TEMRIRTERAS RN,  Be08HUE /MR R A
AN IAR T B, AHILAE S bR AR M B R y5 . AL, BRAE R T 54 —Fpokng: WEs s+
KRR . Prime Al whitesides B XIRE T —F PEG #1744, MK T8 PEG H4LK A EMIE R LIG
A FEAR, A2 AR T AR BRI HE S ARR10] [11]. ZH# TR RERNE S
JIHI I, XL RAY) 7 T8 T B AR INEA Ge R B R R T, SO PR T AR BTI5 Bkl
IS o R TF BB B s iR 2 e N B2

HEETR R RERNEY RS T2 —, HERLMIIRE IR T ARG, L &ER
ARSI D Re R E . RS B R EBSA)R MK &+ EWEAM, HIg 4R ILmmmsEE, 2t
pH &1, FEEIBFL /N1, WS, PR ZER—L 2595y 1[12] [13] [14]. AFTE XN, BSA wJUHEHLE
RS T, BRI ELISA RS It 3 Py, HORL AR S5 0 A 2 PR 15]. APl 5 i
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WAL, FEA MR HARERE LR 7 E R R I SeA R, BUEM BRI sk Ee — B HEA,
REAR AR /NARREE I R IR B, TR BIHTLEE R BB 16] [17]o Khan W S50 R I, 4 1-2-RIL L
Hoynttng B k@ AR U7 VAAE 3161 SS RIMMER MIRE, #E— P& EEER MR ZE R,
ZIRIE TLF AT B 5e A b /R R &G B, [F I B R M Mg e (B2 iR il T2 E R, R
REEESBEMERIWERRE, BA—EMERE18].

Ik, Lee % N8 T K2 M(PDAM), RIJET06 D07 A4k 2= RGBSk, LR B PDAM 1] LAIR &
OGP TS A RIS, H AT PDAM 2 O 12 N TV R 8RR . FREE KA A SR 78 24 [19] [20]
[21], T B ERRER A B2 MRS AL S 28 BRATR, R LM IR A, AT R0
Ji T — R B SIS R, SRR R AR A ) T DS R AR S AR B . B
BB ILRRNIF KR T 2 El% - © ZZ(DA/MD) & IZHF iR)ZE, 301 DA/HD I 2 R A IEEE A [ S A7
s MR AR E A A, BRI R BSA PG IRIE o 3K N LR il 5 38 Bl 1T
SRR AL T R
2. SEIEERSY
21, SHHRY

B2 LH(DA), © & (HD), 24 I 5 [ (BSA), 2-MS AL Z FE R (MES) , N-#2 5L 58 31k W i (NHS)
AN-3- 2 F R RL R 2 -N'- 2 56— P (EDC)I [ Sigma-Aldrich A s AO 1T EAZRIE B _EigRTH T A4k
HARBRAT: BERRERZE M ER/K(PBS)IW B e P S0 a0 = AEBEER /K. To/K SRR IR e B iR b Ak 2
RAERAE; R4S AR Elisa %7 &6 H w2 KK

316L SS ¥4k} HH % #B Derbo 4WEkA PR A A #2 k. 316L SS AT H AN, ZEEFEAKKIRE, &
JE AT
22. REHIE

1 NiREH & RARE, WE PSR RR A S 2 B mgml), /% (2.44 mg/ml)i] Tris-base
ZE (10 Mm, pH 8.5), 7E 37 CHEEH N 24 h, i BUH A S 78 78 18 /K HP e 7 T e b 3 T A 2 B
bi, BAKTRIT] o @it — 20 T 27E 3161 SS MR M k1T DA/HD )2, MM EE & e 56 b & 1 .

4

EDC/NHS
\ 37°C (PH=5.6) . .
76, Tris base Nz N, NH, NH, N2 ——— Q 6.0
L ss (PH=8.5) | 24h et pspje 9900 6
DA/HD coating BSA coating

DA+HD

Figure 1. Preparation of BSA coating
A 1. BSA iR JZ %

NI BSA BLi5iRJZ2, ¥4 BSA 4 16 & 2k DA/HD 2RI E E . & ef Bk R 2 mg/ml
) BSA &, Hrya7HIy MES 22 (pH = 5.6, NHS = 0.36 mg/ml, EDC = 0.58 mg/ml), 7£ MES &
WK HIEAL BSA 43+ 30 min, 51> DA/HD FERRIETINA 1 ml &G BSA W, =&ML 12 h, FIH
DA/HD Ff i 3R RS A BSA 43 TR ISR A BEREAL 22 v, 3ETE BSA 4 118 & T & B30 IR 2
R, M5EREEAKED 3 &, smaim =St &H.
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2.3. HRIFERAE

2.3.1. FKIFEfA(WCA)
SR FH KB A A1 0 F SO0 SE R RESE K I . SRR, RS RS ZE BRI ERaiKG ul), FE3 s)E
BAR TR, AIRHEA DSA 1.8 IR WCA JEAT R . L4 BT IUA-FATRE,, 5Bt =4 X B

232 BREER

FRIERS 11 (AO IN)EL (3 i 5€ 316L SS. DA/HD i 2R BSA 42 £ G % . B 2Bkt i
RN AO I /KB GEE HCL ¥ pH T4 4.0)7h 4 h 5, FREEFE A HCL KR (pH 4.0)3E5 LABR 2 K %
N B B AO T, AR5, ¥4 i 2 R T I A AO T 200 ul () NaOH 7K iAW (pH 11.0)BE, 348 F BRI,
E 485 nm FEHTIIE, FRGUEMAH AO I HIRIE, R4E AO 1 HRMFEHEE 1:1 WA EEE, @i c s
(17 AO 1 ¥R S 2 A A A il 2 TH 5 LR R 5 3R T R R R 2 T

233. REERE
A AP 370~1000 nm U TE B A A AR, SRR (Cauchy) 73 s i 55 IR 2 1D )5
JiE.

2.3.4. FIHEHBEFESEM)EN
P B R B PR SRR AR R A ELAE T, @ RS S R R R T S, B
P4t e AT DAL A R 2 T OO SR, ohid R EAT R TR 3R 0 HT

2.3.5. HEMHLIIMTHRAIEFTIR)EM

AN CHRET T 2 I, oo P 0 B R B 2 B S O e K I AL AN PR AR R Bh A 5 R B
GRL . A E I BRI S  E E B A R RO R, AN S A B AR BT A AR I
B, AT LR LT AR S R IR ATV e 420 T £ R sl 2 B AT S M T

2.3.6. X B FREIE(XPS) R

HEA —ERER X AR A R AR E R A EAER], R T IR R 2 Oy H B
Y. HTRT/0 B TEERERE e R, MRt TR MR R TR AN, A
[N A TR TR AL AR AN Rl 2 S B 45 S RE AN R, DR m] BAA3HT H e 3R IR & LA R AFE T 30
2.4. FiSHERESRAE
2.4.1. O0/NRFRH

e ECN 3T 6 03 -5 Bt i A MR BR AR AR L 9: 1 YR A 3 21 LU S TN B0 HLEA 1500 t/min 2540 15 min,
B E EE AR B E /MR K (PRP); BANEE SR 100 ul 1) PRP, ML K 5S4 & T
MRLERT, T 37°CKi#AL 1 h, Bl PBS S2rPilis s 3 40, T, N 2.5%1 & BE [ 12 hs W)
R R, B3, ZJE MWK 50%. 75% 90%F1 100% (£ B% 5 7K ARFR T 43 bb) i 2 8% & T3 X
B N EAT FE S B K 30 min, FRFEATERE, WIE B, iR s gt /MR ECE

2.4.2. FEZEBIRFg)Fi

A SEB R S A 4E 2 A 5 Elisa R SR, ESeARIE AN 2 7E 3161 SS M RLER T & A FR 2,
FRRZERMTREET 24 FURT . BEE/EREMRITIA 100 ul FRTTIRIZ(PPP). N 37 CIHIRAEIT &
120 min Ji5 , 5 Fi A= 2 257K 3 3 36 , B8 Ja I\ 2B 3 25 /K i B 9 BSA $5F (20 mg/ml) 300 ul, 5 14 30 min.
BIATERE, FA PSR KIEBERE AR T 3 I, R SR T Pe E BRI T, FCE T8 24 LR LI, 7E
FEMERTIIA 100 ul AW R R4 B IR bk TAER, N 37°CIEIRFIFE 60 min, b5 H AR K
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TEPE 3 WK, T HONH LA, BN R I 100 ul BRI AL YBEHRP)ZS & TR, 37 CIEE
WGP E 30 min J5, FHAEBEERAKIEDE 5 G AERMCTONGEFLIR T, FERE R SRTIINA 100 ul TMB &£
TARME, 37°CIEEAEERDEIE 10 min, FMEMEIIMA 100 ul B 1 mol/L MMIRL L. &5, i
ANBE SRR THREL 150 ul AL 2 96 FLAR T, EBEFR{X 450 nm %K AL BB CFEEE . WOCEME S Fg & &
R IE B

3. ZRE S
3.1. REEE, kEMARBREEESER

(a) 316L SS DA/HD BSA

i —

Y
=3 Q \of o O \of
9 S §Z\ é’o 2 v\’b 05.)

O
N Q

Figure 2. (a) Macrophotograph of the coating and Water contact angle; (b) Amino quantification; (c) Thickness of coating.
Data are presented as mean = SD (n = 4) and analyzed by one-way ANOVA (¥*p < 0.05, **p < 0.01, ***p <0.001)

Bl 2. (a) WEMEEE A FKERA: (b) BIETE: (o) WENEE. #ELIFME £SD Rxh=4), JFEdARE
R ENHT(p <0.05, **p < 0.01, ***p <0.001)

EE 2%, WNEZEEMEXELHE L, £ 3161 SS _EITIE ik DA/HD )2 N h, BSA iRE
P NG VR o TEXT M I K B2l f 7, 3161 SS 7K EE A A4 70.2° + 0.8°, DA/HD )2 MI7K B 4 50.1°
+0.3°, DA/HD &2 Lk 316L SS R FEINZE /K, IX AT B8 /2 T DA/HD R JE R M & F K8 K M3 F it
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B T MR SRR - BSA U2 R /KB M 3 K F) 86° £ 0.4°, —J7 T vl BE2& i T#:8; BSA 75,
RIMHEGEHE, H—I7H AT REt T BSA 7 A KEHUKEER #EE, FEOKEA MG, KM mAE
W BSA 4 F1/£ DA/HD 123 M R INHEA o 75 1] 2(b) h FRA 38 1 ek s & mT LS HH DAVHD (3R T i
FEN 10 nmol/em® £ 47, E BSA IRZREAIEIEE N 15 nmol/em® /247 . BSA 7 FHI7/EHE K BRI
FEEL[], 5 R RAIESE DA/HD ¥ 2 36 0 BIDHERL BSA 401« 7E 15 2(c) rh i st i [ i e A0 2 35 2 B
DA/HD 21 BSA 2B £ 30 nm 744 .

3.2. RAERMA SR DT

WIZR AP GEE 1R KIS 14 3 AN FEE S R BB IR, O 804 10,000 %
XFEE 3161 SS A4 %L, DA/HD ¥ /ZRE A HE BRI, RIPIZBIKRER &R, @ittt
MEAE AT 5, BSA BRJZFR T H B 2 H00 B R RN, Z R W00 AT B /2 BSA 7 TR 4, RE%
PRI E]

316L SS DA/HD BSA

Figure 3. SEM results of 316L SS, DA/HD, BSA coating
& 3.316L SS, DA/HD )2, BSA ®JZ SEM 45 R

= 1880

Reflectance (%)
§§

LI B L B B I e B B B B
4000 3500 3000 2500 2000 1500 1000 500

Wavenumber (cm'1)

Figure 4. FTIR spectra of the DA/HD (red) and BSA coating (blue)
&l 4. DA/HD (ZL£5) 1 BSA ¥ JZ (I 2) ¥ FTIR S

3.3. FTIR o4

A8 L 2L 4053 # 0T LA FH 20 /R S B w0 AR A R ATV o 400 IR 1 e T A 2 ik A7 s Ve b . AR
SEIGRG I S5 A E 4 Fros, MWEER AT LLE H, DA/HD 2%, 1660 cm ™' 4t H 3 DA I I (C-0)%A
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1 IR (C=0) 25 1 1) C=0 iR 5h, 1560 cm ' B MM (C=C) M 4iHR 514, iFsZ DA/HD Zhihik Er g
FI. TE BSA #RZEH C=0 h4ERz) B &, FAAEAS TE4WHE & KRB 1 7 (C=0)h ik
B, £ BSA 7> 7RI, HAE 1560 cm ™', 1259 cm™ AbJy 5 H B0 AR (I B % 1T 45 (C-N HIZE9R 3 A1 N-H
5 R 20 0 ) R % T A (C-N 4R 2l . N-H IS {h4R 2 F1 C-0 25 AR BN RFE I [22]. DL b S AYRRAEIE
FIHEL, BB IESE BSA 4 F/Ih 8 /F DA/HD iR)Z3K1H, B BSA 2RI .

3.4. XPS 47%F

XPS W LA e RIS AR AFE . % |, DA/HD IR)ZEZH C. N. O SFu a4,
RIS BIAFNEER Fe 7oz, KW DAHD & RIEEMHRE R E . BSA B2 A ST R R,
BN TR GTERZEM, ETFFEAD 75 KE N TR, MIMIESK BSA 707 MRIHER . £5 1
A 5(a)h, PIRRRZ R ITAKLINE] S JTURIIAF(E, FEEE 5(b)H S MR #i, DA/HD JR)Z1E 168.8
ev &b S MAFAEFANT ALY, DA 1 HD PRI TA DB S JuaMAr £, LR AT e A A i
FEep, FERRRIEZ EV5 Y5 5l . BSA WRZRIHTE 164.1 ev 47 ML R EEIRFAEVE, —AiERYEFFE
FURZ R I A R 7, 3 —2PIESE BSA 73 THEBU& D«

Table 1. Atomic composition of the coating

= 1. REREFHERK

Sample C(%) N (%) 0O (%) s (%)
DA/HD 69.65 10.82 17.73 1.8
BSA 65.33 15.03 18.24 1.4
(a) (b)
DA/HD
C1s
E’T ? R-SO, or R-HSO,
S 01s 8 168.8ev
2 2 N
= =
c c
i) N s I
g S -
W . S‘2p
ML B BLELEL AL BLRLELAL BLELELELE BLELELELE BLRLEL
1200 1000 800 600 400 200 0 176 174 172 170 168 166 164 162 160
Binding energy (ev) Binding energy (ev)

Figure 5. (a) XPS characterization; (b) S 2p high-resolution spectra of DA/HD and BSA coating
& 5. (a) XPS &1E; (b) DA/HD 1 BSA ¥R/ZH S 2p i /3 HEeih

3.5. fistERERIE

NYBSIE BSA ¥ )2 HITTS RORFATHEAT HUML /NS b PR S0 AN £ 48 5 1 S 8 P S 36 o AERDRER T 285 PR 11
MANBCRES— AT 9 Tifh: 1) PR AR, RIOVREGE: 2) FEIZIR: It e,
Dy A i AL, RIS RIIAI B 3) M ECIR: D8RRIz, D 2 1280 i 1P A T R
TR s 4) R BRI, BBCIR COZHTH &, W™ s 5) S flifg: OB BRI Py 2 »
o FETAR B R, s i o P EL 23] F 6(a) I R REER T /MBS P10, BOR A% 405 1000 {5 AT 5000
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. 316L SS MELRMF M 1T KR MR, HEMIEE FENFRMECIR, fRAE 2R, RIS
M /MR D2 & FEBOE - DA/HD )2 o /MR RS B B #5482 , IR 2 ABEIRE, 1IX 2 T DA/HD
WIEREFE M, ek i/ NRE T [24]. T BSA RER ) LT-504 BN, BT 41055 A
BAEA TR, AT /N BB B o AR R D BB i R A TSRS . FEE 6(b) R,
316L SS MR AL B 4 1.2 x 10* AN P 72K, DA/HD %2 R A M35 1.8 x 10* AN Pk,
1M BSA IR JZR M MR 2 x 10° A F 2K, T 3161 SS FiF ¥R TP 1 6 £if, £ B BSA
WEEA TP M DIRE . Bl 6(c) R 4R AR LR, [F 316L SS MEHHLL, DA/HD ¥%
JER B E R BEM AL, RIZILRIREA R &P Fg M 0ThRE, RN BSA TG,
Fg R fH#cE ROLEEE T M. dE—PHESE BSA IR)Z2 A &R R biis Eae.

(a) 316L SS DA/HD BSA

(b) (c)

25+ 3
: *% e
20+ L
Lo — 1
[ -
© E ] 2 E 27
5 5157 T8 ]
o3 | 2y
o O - o ®
R S 1
< = - J
5- 4
0- 0
5 & & i & &
o Q ,b\‘b Q

Figure 6. (a) SEM images; (b) Platelet adhesion; (c) Adsorbed Fg. Data are presented as mean + SD (n = 4) and analyzed by
one-way ANOVA (¥*p <0.05, **p <0.01, ***p <0.001)

Bl 6. (a) SEM &5 (b) HL/NBCHEF s (c) Fg ZibH o #dls LLTHME + SD Rom(n = 4), JFilid 5.8 5 J5 2 737 (*p < 0.05,
**p <0.01, ***p < 0.001)
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4. BE

ASCHR T —F T B, R & AP TR Z T SRR 2 O S C R M A S RO
W T B AR BRI @ W BRI, i PRI AL A4 BSA 701, it
AWIPUGIRIZ . I FTIR M XPS (45 R34 FTIESE BSA $Ui5HR)Z BRI . 1T BSA 70 7H K&K
HiKIEH, BSA IRIZBONHIK . FEH SEM FES 0 Hr, BSA IR Z BN L], AT HE 2 [ FR0R .
FEVPOT ALV TERERT, BSA 2RI L7 MIPTIL MRANEF 4 8 IR RSB RE 70, B RURLF AN 237
WAHTIGVERE . (H2 BSA iR/JZ I AREA R MRS, B0 R0 f MM AL THOEIRE . ZIRER
BN IR T SN O v QU E /IR Y P 1R G L By i T 0w e A DA E 9=

B oW

AKTARASE] T e 77 BERLR 8 AR 2R Bt w2 IR A SCRE S KRR E 5 K202102). [ 5K H 28R}
R e——i FIEE S 82072072)810U) 1148 E R R AIH S ETH (FH 5 : 2021 YFH0056)f 3 %5 .
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