$38 % IV RIS 5 0
2021 4E5 H CHINESE JOURNAL OF APPLIED CHEMISTRY 510-523

DOI:10. 19894/j. issn. 1000-0518. 210070

MEENMREMH, ARIGUEFREHES

WIe KEY £ X7
(TR R BRI 5920 st 100029)

B OE OHAERRE (COVID-19) BENF Y IR e K RIS P AE A X N 2H 14 e B i ™ S 1)l 0, A1 168 = 0
L ) U [ 8 ACEREF , 51 T A i S B A% EBURTHRIT 46 R O A ) 1) A ) 22 e, o 6 2 %) A )
LA BT RO R . PO AT RHR A W2 R B R 23, B0 T A5 25 75 N 19 AR ) e
—IRT LR 2 A AL ARG UR RS BTG R PURORE FI A S ipe o AL G eme LUK B 3, A,
TR R T MR AFAELE IR R B, 25 5 S B W)™ AT 251k o DRI, A JR i ) 0 I SR g T S
Ko S DUR RS L AL T EEBEIAT 0, R P BRI RIAS TR Sz AP 27 25 R B0 A ] 194 0 o7 P 45
s I3 WA SE IR R BB L2 0, A8 1 3 B ) PO R R S A A4, A 6 DT A A JE )
Fas o ASCIREIFR TIE 5 TR BRI HERS , 25058 1 S AL 2 PO SR 1 2P SN A SR T 4

AP
KGR R A YT RMORL LR PR R E Y
& 425 0641. 6 SCHRPRIRAS : A X E4E :1000-0518 (2021 )05-0510-14

TR BE (COVID-19) BEAE B RMR A S — T+ 00 E WL 2 e KA, i R ERAE 2 A2 T ik
JRCF B S B X R AL S X B A A e R R AR T R B L A 2021 4 4 1 27 HLHE
AL N E AL 1.5 A NS TR RN 15, LT KO 310 J7 o 187 B Ail 48 E 1W F
19, 2% ORI RS My 2 Bt o R A T (A N RIS RTE AR 22 403k A5 A 2 42 2
AEFRGERRD S Y2 T B2 5 T T2 TR XX 4 4928 4 RIS U B TR 42
TR ER

1 YR 5EMREMH

A2 AR A v B AR BT A0 R PR A 25 0 358 P A i ol ) o 1 B, ok L o B
() — R ANA AL A I A o A2 4 W RF S AT 55 14012 A S B AL Y i O I A
WIEEAR R 6 M S B i A i A BT X R i 25 AR e UR T s 1k A
Pl AR A R R A S AR P A R A RO SR MR o 491 L T o e
1, BEAN I P T SRR N X o 25 AR A OB, A5 AR 25 ABE v e R i) A A Bl B
A SRS R B R 2, FECEA SR ARFIEE S5 NG A 22 A 4 1o T A
FEGE 2 1A A 1) 2 S T T, TSN B3 Bt 5 BRI R BT o PRI, AR )2 2 SRR R} 2
FHAS A B AR 3t e igp e A ) 22 A TS P 9 1 22 Bk

FEH, Yu S R TR AR R R R R R R R
LA SRR ARG WSSO 25T R I B T A W) 28 4 25 U — [ 2Rk o AW 2 2 bh
BEER AR A SR E T35 S A R bR A8 R AR ) & bRL 2 FIAT SC B S
AR DR AR 22 A ISR RERE o AR 2e R A% O P YU L6 4% R (51 n 22 My W M A i 45 ) s (43
U SR A I B Al e AN S ) GRTT (IR 25 e v A ) A AP (BN B3P R B AR 23R 5

2021-02-17 Wefi ;20210316 4557
5 A ARFF LS (No. 21574008 ) BT B

# E-mail ; wangxing@ mail. buct. edu. cn



555 1 SR FARINE SR/ K7 e v - VA LN A 5 N B e 511

PRI B ) A7 T (1) o B & i h R SCER  l5h T AT BELA  2E 2 A bR o™ A A W 2 e b
BE BB  BHUF N 5% AT TR T VA R P ) AR ) 2 4 R AU SRR A, DR 2 S B SS SUR
A et i A=) 28 et B i gk R A ) 22 4 (R R RE T, AT B T X A ) 2 A Pkl

Seed storage containers
Conservation +— Spermlegg containers
Blood containers
Food safety

Detecti +— Path 1 identification

Bioterrorism
Biosafety Materials —
Specific drugs
Treatment Vaccine
— Disinfectant

PPE

Protecti +— Ecological environment

Laboratory

B A SR A

Fig. 1 The application of biosafety materials''>’
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Fig.2  (a) Schematic illustration of interactions between bacteria ( E. coli) and nanopatterned PNIPAAm/

bactericide surface at different temperatures™™!; (b) Schematic diagram of the temperature-responsive hierarchical

antibacterial surface™’; (c¢) Schematic illustration of a pH-responsive “kill-and-release” antibacterial surface based
on SINWAs modified with PMAA™’; (d) The hierarchical platform provides a biocompatible and nonadhesive
surface under normal physiological conditions. In the early stage of surface colonization by bacteria, the bacterially
induced acidification triggers MLT releasing, turning the surface from nonadhesive to bactericidal when needed to

attack the adhering bacteria™’



514 A 5538 %

MR I, S BRI TR N2 R CRE ) A T A o AT pHL i 1 SR 40 3R R R R R (PMAA ) X ik 4
KRERPES (SINWAS) FEATR U, B T4 Ay AT 42 4 S BRIV BICR SR B0 BTV RT3 A B A 22, ST s 1o
pH W S BETRACA R o WA 2¢ Birzs  FERRYE pH Z61F T, PMAA BE8 B LU (e 2E BT R 7 R S 1 51 SINWAS
S BR A DT SE B 00 204 TR DD RE s 7E PPk pH A5 1F T, PMAA S 32 (o1 ORI 03 28 A 74 T Al , AT 3%
U PR I5E H B A0  5 TERRE pH A5 15 T, PMAA BELRZEFE (i B 2 5 428 T4k, LAREGER T b A4 58 B Al
I | IR T 0t , AMEAE T — M ER o B B OB VR T o Zhu %570 46 T A ZFh DI RE AR
o CRLFE R, OO0, AR A R 5 ) 19 3R PH s 5P 91, e O A i SR A 1A 835 1 3 [
ARTE R, R LI T I 5% B8 P B 70 B A 119 8 75 i R L BOAR 28 1 o Zhang 25" 3 1o 3¢ 204
(PVA) 9K EF 4 1) J22 B A1 5 7 g 8wl A 1 88—~k e P R R 1) S PR i 25 AT =2 1) B A A IR S
FC il £ 1 TRl B AT BT AN R R AT AR IR PVA GKEFYE, Liu %72 R T — R 22
AR RS VIR RS o %22 )2 45 h I W L NI RS S 18R (PHEMA) SNZ R B 1 N JZ AU, X 2E N =
A 3o A LA S A PH S U R R R(MLT) o A pH Z& 4 T, 3Kk PHEMA 7ESNZIE — 4>
IREJE ABARGTAN TR ARG B o 5207 O 2R BRE 910 1 2 i, A0 155 i R AR A 2 M e L2
HRANTGAE 114 T M B ) SR8 , BT 2 8 L L P 140 J e ML, 5 17 {68 352 18T R 08 K% Ik 235 SRS R 114 2
W ([ 2d) o 73R R Z R LTI R ARG PR R 2% , 7 0 DA ) g B S AN o 1 o L
R A MRRAE T R BUS ST R 5, WEAART SR I R ot MR R R S, E 8 T TR MRS, 4
J& T HORLIRE

UTARK, SR SR B T 2 2R BTRE M 27 AR FIAT AN TR i BE XS 25 J0 A R R AT T
PEANMIEIA , Holn Wei 2575 £33 1280 B 0 I P BT A B s Chen 25 I3 1 4 40 B2 2 O FH O BC T
RAPIAKBT R Ding 265 A28 7 Z DI REDUI AR Ding %50 BUSE 158 ROBEAT AL W I BF 52 30 5 Liu
SETIPEIA T A ) R A A T A SR (5 5T R 5 Dong S5 Y RGN T H A A s MO ST TR R |
IRHT R PRI FETT )B4 ) 2, A E R 12 F R 23R STk

3 R FENERESEEMEMRTESR

Hanein %) % BUAN R GHT G BRAS PUK G900 (R, R) f VAR 2 100 22 B HL 58 220 Pt B O 4, T X (S, S)
(AT F BRI o SR, AT U 1 T A0 W LA AR R T B 4 T TS BIF AR
S 1 HE— BT ) S A 2 Fe T E A AT R IESE T X — WL I R R T TR A K
TR, Sun 28 BESE T AITE R R TR V-5 T BERE-L( D) -2 e 508 (NIBC) 45 19 F2 18 1 kG
BEEAT 205 SR e WD RS R L 49 750 3 T 114 e 2 200 M A0 0578 R TR REAE D 49 280 26 T 9 240 IR S0 7 PP e
LT AR B S 36 o AR 2 T AR ) A5 3R . Wang 25 IS T 0 A AS [7) T-1 28 6 90 38 5 Wy i 2 i )
REBHAT o G55, L- 3 (N-DU IS G- 200 R ) (L-PV ) B _F R B A 40 M 400 A 2 3 T D-3R (V- A -
HEIR) (D-PV) B, Liu 261 75 = 4 T P40 K 27 48 15 40 1 69 AR B4 FABF ST TAE bt 3] 7 260 4%
B X segk B A MU REAS IR SRR I 9 TN T T A MR A = 4 TR T 4554, OF
IR B 22 S 1 — 2 0E B 0 ) 35 17 TS A R — sl B 42 . W5 3R, s 40 a4
BB AR A T (NS 1 BRI DNA 25) o360 S 8] T4 43 T 1S A Al 2 S5 4 2 B 4 25 S U
I3 o Wang 251 % B2 [ 5L AS 7] T 14 2 L B 3R 4 W 42 RS R AT ol LA 22 S E W 7 3 i
VRN [R] 0 T S A 2254, G2 B e B G B 4 P . Waang 457 3 5t 44 L 9% 11 4 71 ( BSA) 7
A TS T 9 A 20 b T AuNPs ) 2 T BRI S 36— A E S 14 1 3R 9 S7 1AL 2 13 Mk
FEE . Zhou 25 HFSY T BSA 7E L2 AR (L-Cys ) B4 1 2 i A1 D-21 PR 2 R ( D-Cys ) 15 Wi 9 25 T RS B
170, 5555 EIRESIE—30, A1, Tang 2571 % B DNA L BAT S AL 2 SRR I, 23032 ] DNA T {5
6] TR M 7E L-NIBC IBHG R F T o JFORE peDNA3 75N [ T 57 A1 2 2 T FORS R AT SR 0 — 2 3iE 52 DNA
(ST AR e FRARE T . BT S 2, 2B R S8 (4 2R 15 DNA 26) 1 DL X 20 TS A Al 2 45 4 5F:
FEIU AR TR ARG AT A o 200 T 2L T 2 00 /K T B9 2 i U, T B 608 123 [ S A A 2 2 T B i
Wy, 753X B2 1T b BAT AN E AR B RIAE K AT



555 1 T A A AW 2 AR, R S IR A2 SRR RS 515

T PRGN, FA TR I T SL A TR A AR I 73T IS AL 2 S A P A )
A7, BIVSE R T L ) Bl A R R T ) TRt AT DA, R Rl 2 0 RS RAS [ S M 2 H I Al
AN IRV, R (8 Bl A A0 A S SR B SRR T, DT S8 B AT RORG B AR
3.1 FEREY

ARV A FSL AR 2 5T HEMS , BT I & 1 2R HA HURORS IR T ST R 390 Ui Luo
ST R T — FR G B R e I (PBA ), A4 A2 E L5 K (PLBA) A7 i€ 45 K ( PDBA) 11 Jie 45 g
(PIBA) o $ HH A BUAR ™ S8 D0 RS B A PR A TR 7 3R 5 W bR A O IE 5 8 T AR B SR 2 I,
TEFME AP A ST BT, 200 B AER AR PO ) S I T8 e 200 B S PR AR 0 B A 1 1) S0 A 4 1) B it
(9 I SRS BT R B PE R SR ES ™ o S5 SR, LT BOIE B S b Rt O 2 T R A A e o
HEZH 2R FH RE PO R FH T ( PMIMA ) R R A, T TGk S8 PBA YRR, IEWT T PBA AUBTRORE R TERE . A1,
IR SRR, AR T PBA 2 (W] BT RS ERRVE AT AR 22 53 (1] 3a) o PBA TR P AEZ i i3t
2 X AR A R R R A R EL B AE P S R 9 0 B, Sun 5 4 T DY 0 R R R
(MMA) AR I il (BA) IR Y P(MMA-co-BA) , SCBL T X% PMMA ({52 AL 22 i etk . W5

ANy ey
Y \ § @
: ol P {: 8;.5 5
| /5y 990 _ A\ C‘ ?? ?P??
1 A -
I Iy
| Membrane :' -~ : RR¥ 7 g
| targeting_;Hydrophilc W gt B
_ I £ col " Ecoli  _=—"
-E‘ 4 B s.aureus 4 09 /,/
g bt °§0.( .4;.::‘__:':'_‘:-—1
© 2000 o - ~‘/'
=
0 00 44— -
20000 v
Z 1 09(S —— :_:,;—:.—::.‘S
§‘°°°‘ gos //f/ e Costd
g Sl F ZE
o 00 e *
Q"j Fod LS 0 4 8 12 16 20 24
Time/ h

B3 (a) 11T PBA SR WA ROR: I F O (4 BOSR ™ S 56 K R FF 1 A A [R]85 5% 5 49 P9 AL PMMA PLBA |
PDBA Fil PIBA [ a5 ™ 5 (b) 3 PO 35 UL 5 e, W 4R 4E 3 (Z2) A BGC (A7) BRI HE
UK YRR . 4 O BMEIR) BoR : BRI LF 4 2R (AR BEE) BGC |75 (o) BP BAW
T LR B IE], BP SRE W) (BPL - 4) ) die (IR 0 T8 4R 2 e T Rk B2 45 51 L S AE A M T B9 R AT
i o (o A R AR R i T

Fig.3 (a) “Prison Break” experiment for antibacterial adhesion assays of polymer films. Effects on controlling the
escape of E. coli from PMMA, PLBA, PDBA, and PIBA rings after different periods of incubation time ™!,
(b) Antifungal adhesion activity of pellets of cellulose (left) and BGC (right) by culturing A. niger for 8 days. The
operation was carried out in ambient conditions, thus M. racemosus and yeast strains were also found. Optical
micrographs (inset photos) showed that the fungal cells adhered to the cellulose pellet and stopped adhering to the
BGC pellet'™. (¢) Schematic illustration of the antibacterial mechanism of BP polymers. MICs and MBCs values of
antibacterial polymers (BP1, BP2, BP3, BP4) with different chain lengths. Growth curve of E. coli and S. aureus as
a function of culture time in the presence of ( +)-borneol, MPland BPl; the concentration of additament is

39 pg/ml for E. coli, and 156 pg/mL for S. aureus'””’
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Fig. 4 (a) Schematic diagram of IWPU and the photos of E. coli colonies in plate count experiments'”™ ; (b) Effect
of antifungal adhesion on raw CT (left), and BDCT (right) by culturing A. niger in the center location of solid

medium in the same plate!™’

3.3 BHTFREEMG
AL A BT B RS BT 5 23 Ja W0 n] DUFIVESU R TR 2 A8 1 21 2% b BE b4 i, S B 2%
A ISR AU O o Meng %5 1™ 58 5 11 1 SR 45 RIS A SN £ J 1A SHEJEL ST Al 5 A e 4 2 7



555 1 SR FARINE SR/ K7 e v - VA LN A 5 N B e 517

SER IR Y, A AL R Y 81 34k R 11T (Ti-CP-TA) |, BEA AL 1k o 1 1 4 € B 4 BR A 1)
KB o Cheng 265 455G T oG 09 SR 4 45 ke 1 e 38 3 1 B0 0 A AIL-TE LA e S I 1 45 17 R ] 470 T 0
J2(HS-MKB-X) , %% 2 Wi B RE H 5% - b 0T A 8005 - FF B RS S BR 4 BORE Ff . Wang 251
3 3 T T 2L B B ( RAFT) SR SN0 BA 51 A 4 BEIL R (V-3 ,4- R S0 2 SE N 1 ot
e R IR AR TG ) (PDA-b-PBA) | FI T 45 25 20 T FH IO U INA 2 %08 2 S8t 0 A I 1 4 2
AR R B B BT RS IR RE (1 5a) o Wu 281 X SR ZUS (PU ) HEAT 15 23 722 0 ST AR AL 2 B0 1 ke
P AE S AN AL T B S B - < R T BN R A A AR S R R 0 9 TP S M TN TR e ik S
(PIBA(OH),) ,PIBA( OH) 5 575U BR TG & A 1 388 S L RV M K M B 45 A R & T P, 15 2 S RE AL SR
BRI (PIBA-PU) , 24 PIBA & i s i, PIBA-PU 132 BT AN B FIHT L ORGP BB IS 4R 5 o AR,
Chen 25" 33 X7 (B Z B N KSR TG (PEGDA ) Fl BA) B R MG HER R Al % T BB % 2
(181 5b) o ¥RZ T MR 09 000 T 37 AL 225K (TR IR G TR 40 T-45 M0 2 — B iR el 2 1454 ) |, Bk T
DA A5 1T BB B , SCRT LASE BT L BEORG B B A B ) 3828 . LI 200 BT Ay 35 77 96 T S AR Ak 27 i 2L
FEORH IR SRS R A 77 DA% o Xu 2563 3 2 B M- AT AT 22 49 ( DAM) 5 2 150l ( DA ) Sk L 5, s 9
T — XS AT ST AL B A1 . DAM B i i F7 214 (P (DAM-co-DA ) -CT) X 40 1 ( K T
FE IR IAT I ) B 0 7 T PP 46 P bR 4 2 €60 0 28 Bk A RV T 0 oty 25 R 2 Bk i ) R B ( SRt 23 L o ol
% R BEM T HEG) RIS BRI

Hll,b b
) i / é%.. . o) Amphiphilic @@
TR 6.0 L 29

& E Dopamine Mussel @ @ /
oati"? f § - =3
s % S = \
e AL PV @ Borneol Cross-linked .
A - PEG structure o

Chamomile

PDA @

S.aureus A.niger
SS wafer .

SS wafer

{

4 g
PBA@ PDA-b-PBAgs PBA@ PDA;-b-PBAgg
SS wafer @SS wafer SS wafer @SS wafer

K5 (a) PDA-b-PBA ¥R J2 BT B I HH 7S 33 P, S A 50 S5 6 v O A T T 9 R <6 007 76 R T T 9 1 TR
R (b) P B LTS B 7% 255 P LA R AN ) AR 26 1 1 2 5 T e ™
Fig.5 (a)Schematic diagram of antibacterial principle of PDA-6-PBA coating, the photos of E. coli colonies and

[82

S. aureus colonies in plate count experiments'™’ ; (b) Schematic representation of the fungal repelling mechanism of

P, coatings and contamination of A. niger on the surfaces of different materials'®’

4  SLEAL BRI HTR B R A

IR TAR TS UEN] T SL A BT R AR 1 AT A RN T BT, B A R DL MRS TR 2
GUslo Hu 55 5 T 8 AT e 1 =GR MU B , SR 54 AR B 15 0 ORI ) 4% e 19148 AR
Jig R TR A 1 2 — PR R BB 15 0k o UERRE AT LATE I 7K Fp 22 48 9 it SR8 IO i A0 I , 75
1R EEIEEF TSR R P o

Xu S5 7 S AR TR SR P A0 25 SR TR B o SR 2# Bk BDCT (4] 6a) A1 P
(DAM-co-DA) -CT BEGSEH 1A H Rt AR, IR, FURUR 2 I A0 5 B [ AT TR AR , DT ZE 57 B K el A 25



518 A 5538 %

AT AR 2 R 5 NS B R R L AL, SR A S AR S M AT A . Yang T I ST
PRSI AR TR A SRR S, B i SR Y FE T R A HLEE b DT RIR (AEM 5700) 9 A
(AR LV B L AT 2, O LAY MRSA [RBEAT A, Cheng %50 PIBA-PU 18 A bRHRL T H b0
b T B R R AR A B T A (B 6b) o

a > _ e Stereochemistry
. ' # . SN L-borneol D-borneol Linear
Antimicrobial adhesion g 5‘ 5
N A 3
& &
L-BDCT D-BDCT DDcT
e Hydrophobicity ® No releasing

WCA=0" WCA=125"

WCA=124" WCA=123"

iPU-0 PIBA-PU-0 PIBA-PU-20 PTB?:-PU-W PIBA-PU-40

gl 4

lavender Water-resistance

m
o ()

Antlmlcroblal adhestlo)n

PIBA-PU -. m H -

Water Orange juice Milk Red wine Coffee  Black tea

Cr NURNG
[Hantzsch-po:;m: 1|_i:rary] m I.I.H
c DO

1) High Throughput
Synthesis

4)(4)-PE

Natural Product Antlbacterlal
Derivatives Utensxls

6 (a)BDCT FHTEHLELIGIE ™ ; (b) IRAT iPU Rl PIBA-PU i 5 4R i 42 AN [) I I6) B 110 350 220 14 K B4
AE™ s (o) Pl RS I L LR 451 P(4) (4) RILEehE PE BUETBERO LA MERE RO
Fig. 6 (‘a) Schematic representation of microbially antiadhesive effect and mechanism of the BDCT™!;

(b) Antifungal adhesion property of leather samples coated with iPU and PIBA-PU at different periods of time'™!;

2) High Throughput
Screening
3) Processing

(¢) High-throughput screening and application of antibacterial stereochemical structures; Antibacterial howls made

from P(4) (4)-PE and antibacterial adhesion results"*”’

Liu 257171 P e i RO I5E 1 7 725, DA 30 AR ) Ak 23 45 M 1 3R 45 90 o B 20 2 o — T RS A7 801G
AR ISR G P(4) (4) (ZEFIILIET 6¢) , FRATHEN 12 R G W B DT B AR O 1, 4- S e ) 5%
(A RESEARAL S 25 A BT BTHR S o KR A5 DL R T SR G 1 (U 2R L0 %5) W TEANBUE R O h



555 1 SR FARINE SR/ K7 e v - VA LN A 5 N B e 519

FRGVHUMIERERIFTHE T I3 T AR AT E (] 6¢) o IXBERIFSE TARIESE ST ARAL 27 0 1 s AT
AR AT A lcse By 12 i f 25 A PRI S50 22 U, DA ¥ 1 A DR E P A 14 8

5 ZitE5RE

A B SRR B AT SO X AR ) 22 4 IR S Pk SURAT MY AR ) 22 S bR i) B B2 20 A
R348 i R A ) R 5k — T A AT ) A ) 2 2 [l LA S B S ik A% S8 B DT T 8 LR TR A
N BRI HUBAR T A DI (RIS, SR T 2% AR AR A DA A 22 45 2 A I, TR B2 AT
RORBIDTR AR A A BEAUDGE SR SR W ACK 3 ZE ARG AR ERE (14022 e, gm0k
55), LA RA R ZEAE T RIPTR R o P, TR RN 2 D REAL AN BEALA A THU AT hI A J 12
Tl A )RR TR R BACPR B RR AL , R TIT A BT X P Bt 54, SEBURHETS BR , 2 A= W) & U AR IE S Y

IR Z o P, AR BT RO R LE B3 BN 22 4 8 R BB AL A 7 ) Tk
W), Roo %5 ™ ST (R WU REIE BB LT TR IS BUE RS R G, RO A H

WALAEA 5 B, 0 B LR R G /INER 23, R ROt P A R RS A mal A
REARR B A 2R, — DR T I A B A P HRRE SRR 4 W RE i A H B o L AR A5 2 SO 0 il o ) i e 4
W 70710 o ALGERR B RHEREASRE X 0 A T BA i 18 , SLEE A% KM o R Gl A 0 A 25 R e F
iy, 75 o o 2 Lt A e, DT S B S 1 R AL E AT R M 25k o ST AR =R BT B SR B mT L e
el BEAGIRNE, E AT TAERI], S AR AR BT AL RIAT & T4 18 E SC, AW 2 2 ar
TRAL AU RIS AT 5 DU R A R RGBT R 3 S~ HT R RISL E T A1 AR WA T O BT T B
&, BT RCE YRR R T B RENAE T B oA A RO SE AL 2 A5 S I RERE B Sl B T 3 H A
BRI 52 A F R AR E A IR I AN T S A BRI , AT LLSE BN Sl Py A S Ak o i
XA YAt 22 ORI AIE AT B S B T AR N Z I8 5 S A2t B R B 9K A A Bl R
PIRRTEE T, AL SO AR AS B B S AR 2R (SR W MR ™ o LRI, 7E A2 BRI AR 2 i 3t
[R5 17T, SEAA A 70 T SRS L 96 14 S0 ] G - A 22 PR B < 8 50 20 BR AT L 3% B A 48 BR
IS S BRI A5 ) o 22 FRBE B ORI AT v AR Sk B R AT T 25 ) L 22 T 24 1 (it Y 4P b 4 2 0 3
BRI 7 vl B RIS ER R ) M RIS B SR B %, B MRS ) o R, 3
221 TS A A BT IR SR BT T PR A 2, MO AR AT

B SEAL A DT RO PR YA T N R BILE AR AR 2 DU A R R AR AL T — 5
6] , A A A DRAR A 15 e R DG B A ) A T LR Bt 58T 38 o (EUR: , S A e T SRS A P i A P 4
BRI AL T R IR R B BE , 5T B A T R AT I AR R U 1 2 BRA , 7 2 2R AR
—ik 55 SR AR

Z £ x M

[1] BONACCORSI G, PIERRI F, CINELLI M, et al. Economic and social consequences of human mobility restrictions under
COVID-19[J]. Proc Natl Acad Sci USA, 2020, 117(27) : 15530-15535.

[2] WITTEVEEN D, VELTHORST E. Economic hardship and mental health complaints during COVID-19[J]. Proc Natl
Acad Sci USA, 2020, 117(44) . 27277-27284.

[3] WANG X L. Enhancing the national biosecurity system in China amidst COVID-19 epidemic[ J]. J Biosaf Biosecur, 2020,
2(1): 34.

[4] WHO. WHO coronavirus disease (COVID-19) dashboard[ OL]. hitps://covid]19. who. int/table. [2021-04-27].

(5] 25wy spfeEZEAY 2 UE XS RaR0T]. B 4, 2020, 4: 21-23.
LI Q. Significance and enlightenment of strengthening national biosecurity[ J]. Theory Contemp, 2020, 4. 21-23.

[6] RAO L, TIAN R, CHEN X. Cell-membrane-mimicking nanodecoys against infectious diseases[J]. ACS Nano, 2020,
14(3) : 2569-2574.

[7] ZHU L L, WANG L, ZHANG X Q, et al. Interfacial engineering of graphenic carbon electrodes by antimicrobial
polyhexamethylene guanidine hydrochloride for ultrasensitive bacterial detection[ J]. Carbon, 2020, 159, 185-194.

[8] DING X, YANG C, MOREIRA W, et al. A macromolecule reversing antibiotic resistance phenotype and repurposing drugs



520 A 5538 %

as potent antibiotics[ J]. Adv Sci, 2020, 7(17) ;: 2001374.
[9] PASHA M, HARE C, GHADIRI M, et al. Inter-particle coating variability in a rotary batch seed coater[ J]. Chem Eng
Res Des, 2017, 120 92-101.

[10] DUFRESNES C, D JEAN T, ZUMBACH S, et al. Early detection and spatial monitoring of an emerging biological invasion
by population genetics and environmental DNA metabarcoding[ J]. Conserv Sci Pract, 2019, 1(9) : 86.

[11] BRAY M. Defense against filoviruses used as biological weapons[J]. Antiviral Res, 2003, 57(1/2) : 53-60.

[12] FENG S, SHEN C, XIA N, et al. Rational use of face masks in the COVID-19 pandemic[ J]. Lancet Respir Med, 2020,
8(5): 434-436.

[13] GREENBERG N, DOCHERTY M, GNANAPRAGASAM S, et al. Managing mental health challenges faced by healthcare
workers during COVID-19 pandemic[J]. BMJ, 2020, 368: m1211.

[14] YUY J, BUF Q, ZHOU H L, et al. Biosafety materials; an emerging new research direction of materials science from
COVID-19 outbreak[ J]. Mater Chem Front, 2020, 4. 1930-1953.

(15] EARTE, sl , ML, 5. REEY MBS SRt EERZ2uEE 1], e, 2020, 37(9) : 985-
993.

TANG D S, CUI J X, LIANG G H, et al. Developing biosafety materials science and building the national security wall of
Chinal[ J]. Chinese J Appl Chem, 2020, 37(9) ; 985-993.

[16] Center for Desease Control and Prevention ( U. S. ). Antibiotic resistance threats in the United States 2019 R]. CDC,
2019.

[17] O'Neill J. Antimicrobial resistance; tackling a crisis for the health and wealth of nations[ R]. Rev Antimicrob Resist,
2016.

[18] JERNIGAN J A, HATFIELD K M, WOLFORD H, et al. Multidrug-resistant bacterial infections in U. S. hospitalized
patients, 2012-2017[J]. N Engl J Med, 2020, 382(14) ; 1309-1319.

[19] LICHTER J A, VAN VLIET K J, RUBNER M F. Design of antibacterial surfaces and interfaces: polyelectrolyte
multilayers as a multifunctional platform[J]. Macromol, 2009, 42(22) . 8573-8586.

[20] LIY, LI G, SHA X L, et al. An intelligent vancomycin release system for preventing surgical site infections of bone
tissues[ J|. Biomater Sci, 2020, 8(11) . 3202-3211.

[21] ZHOU M, QIAN Y X, XIE J Y, et al. Poly(2-oxazoline)-based functional peptide mimics; eradicating MRSA infections
and persisters while alleviating antimicrobial resistance[ J]. Angew Chem, 2020, 59(16) : 6412-6419.

[22] JIANG W N, XIAO X M, WU Y M, et al. Peptide polymer displaying potent activity against clinically isolated multidrug
resistant pseudomonas aeruginosa in vitro and in vivo[ J]. Biomater Sci, 2020, 8(2) ; 739-745.

[23] ZHANG Q, MA P C, XIE J Y, et al. Host defense peptide mimicking poly-B-peptides with fast, potent and broad
spectrum antibacterial activities[ J]. Biomater Sci, 2019, 7(5) : 2144-2151.

[24] ZHU S X, WANG X Y, YANG Y, et al. Conjugated polymer with aggregation-directed intramolecular forster resonance
energy transfer enabling efficient discrimination and killing of microbial pathogens[J]. Chem Mater, 2018, 30(10):
3244-3253.

[25] WANG X Y, CUI Q L, YAO C, et al. Conjugated polyelectrolyte-silver nanostructure pair for detection and killing of
bacteria[ J]. Adv Mater Technol, 2017, 2(7) . 1700033.

[26] ZHANG P B, LI S L, CHEN H, et al. Biofilm inhibition and elimination regulated by cationic conjugated polymers[J].
ACS Appl Mater Interfaces, 2017, 9(20) ; 16933-16938.

[27] FAN X L, HU M, QIN Z H, et al. Bactericidal and hemocompatible coating via the mixed-charged copolymer[J]. ACS
Appl Mater Interfaces, 2018, 10(12) . 10428-10436.

[28] LIJJ, CHA R T, ZHAO X H, et al. Gold nanoparticles cure bacterial infection with benefit to intestinal microflora[ J ].
ACS Nano, 2019, 13(5) . 5002-5014.

[29] DAI X M, GUO Q Q, ZHAO Y, et al. Functional silver nanoparticle as a benign antimicrobial agent that eradicates
antibiotic-resistant bacteria and promotes wound healing[ J]. ACS Appl Mater Interfaces, 2016, 8(39) ; 25798-25807.

[30] HUANG LY, LOUY T, ZHANG D W, et al. D-Cysteine functionalised silver nanoparticles surface with a “disperse-
then-kill” antibacterial synergy[ J]. Chem Eng J, 2020, 381, 122662.

[31] ZHOU J L, XIANG H X, FATEMEH Z, et al. Intriguing anti-superbug Cu,O@ ZrP hybrid nanosheet with enhanced
antibacterial performance and weak cytotoxicity[ J]. Nano Res, 2019, 12(6) ; 1453-1460.

[32] WANG X H, FAN H Y, ZHANG F, et al. Antibacterial properties of bilayer biomimetic nano-ZnO for dental
implants[ J ]. ACS Biomater Sci Eng, 2020, 6(4) : 1880-1886.

[33] XI Y J, WANG Y, GAO J Y, et al. Dual corona vesicles with intrinsic antibacterial and enhanced antibiotic delivery
capabilities for effective treatment of biofilm-induced periodontitis[ J]. ACS Nano, 2019, 13(12); 13645-13657.

[34] ZHOU C C, YUAN Y, ZHOU P Y, et al. Highly effective antibacterial vesicles based on peptide-mimetic alternating
copolymers for bone repair[ J]. Biomacromolecules, 2017, 18(12) ; 4154-4162.



555 1 SR FARINE SR/ K7 e v - VA LN A 5 N B e 521

[35] WANG M Z, ZHOU C C, CHEN J, et al. Multifunctional biocompatible and biodegradable folic acid conjugated poly( &-
caprolactone ) -polypeptide copolymer vesicles with excellent antibacterial activities [ J ]. Bioconjugate Chem, 2015,
26(4) . 725-734.

[36] LIU Y, BUSSCHER H J, ZHAO B, et al. Surface-adaptive, antimicrobially loaded, micellar nanocarriers with enhanced
penetration and killing efficiency in staphylococcal biofilms[ J]. ACS Nano, 2016, 10 (4) . 4779-4789.

[37] CARLOS D B, ANDREAS O, RADOSTIN D N, et al. Building an antifouling zwitterionic coating on urinary catheters
using an enzymatically triggered bottom-up approach[ J]. ACS Appl Mater Interfaces, 2014, 6(14) . 11385-11393.

[38] WANG Y F, SHEN J, YUAN J. Design of hemocompatible and antifouling PET sheets with synergistic zwitterionic
surfaces[ J]. J Colloid Interface Sci, 2016, 480 205-217.

[39] RAN B C, JING C Y, YANG C, et al. Synthesis of efficient bacterial adhesion-resistant coatings by one-step
polydopamine-assisted deposition of branched polyethylenimine-g-poly ( sulfobetaine methacrylate) copolymers[J]. Appl
Surf Sci, 2018, 450, 77-84.

[40] PORNPEN S, ARRIYA W, YASUHIKO I, et al. Clickable zwitterionic copolymer as a universal biofilm-resistant
coating[ J]. Macromol Mater Eng, 2019, 304(9) : 1900286.

[41] LI B, YUAN Z, JAIN P, et al. De novo design of functional zwitterionic biomimetic material for immunomodulation[ J].
Sci Adv, 2020, 6(22) ; eaba0754.

[42] KIM S, JUNG U T, KIM S K, et al. Nanostructured multifunctional surface with antireflective and antimicrobial
characteristics[ J]. ACS Appl Mater Interfaces, 2015, 7(1) : 326-331.

[43] LAITMAN I, NATAN M, BANIN E, et al. Synthesis and characterization of fluoro-modified polypropylene films for
inhibition of biofilm formation[ J]. Colloids Surf B, 2014, 115 8-14.

[44] BIY C, WANG Z Y, LU L L, et al. A facile route to engineer highly superhydrophobic antibacterial film through
polymerizable emulsifier[ J]. Prog Org Coat, 2019, 133 387-394.

[45] ZHAO W Q, YANG J, GUO H S, et al. Slime-resistant marine anti-hiofouling coating with PVP-based copolymer in PDMS
matrix|[ J]. Chem Eng Sci, 2019, 207 790-798.

[46] YU Q, ISTA L. K, L PEZ G P. Nanopatterned antimicrobial enzymatic surfaces combining biocidal and fouling release
properties[ J]. Nanoscale, 2014, 6(9) ; 4750-4757.

[47] WANG X H, YAN SJ, SONG L ], et al. Temperature-responsive hierarchical polymer brushes switching from bactericidal
to cell repellency[ J]. ACS Appl Mater Interfaces, 2017, 9(46) . 40930-40939.

[48] WEI'T, ZHAN W J, YU Q, et al. Smart biointerface with photoswitched functions between bactericidal activity and
bacteria-releasing ability[ J]. ACS Appl Mater Interfaces, 2017, 9(31) : 25767-25774.

[49] WEIT, YU Q, ZHAN W J, et al. A smart antibacterial surface for the on-demand killing and releasing of bacteria[ J ].
Adv Healthcare Mater, 2016, 5(4) . 449-456.

[50] ZHU Y W, XU C, ZHANG N, et al. Polycationic synergistic antibacterial agents with multiple functional components for
efficient anti-infective therapy[ J]. Adv Funct Mater, 2018, 28(14) ;. 1706709.

[51] ZHANG T, GU J W, LIU X Y, et al. Bactericidal and antifouling electrospun PVA nanofibers modified with a quaternary
ammonium salt and zwitterionic sulfopropylbetaine[ J]. Mater Sci Eng C, 2020, 111 110855.

[52] LIUT W, YAN S J, ZHOU R T, et al. Self-adaptive antibacterial coating for universal polymeric substrates based on a
micrometer-scale hierarchical polymer brush system[ J]. ACS Appl Mater Interfaces, 2020, 12(38), 42576-42585.

[53] WEI' T, YU Q, CHEN H. Responsive and synergistic antibacterial coatings: fighting against bacteria in a smart and
effective way[ J]. Adv Healthcare Mater, 2019, 8(3) . 1801381.

[54] CHEN J, WANG F, LIU Q M, et al. Antibacterial polymeric nanostructures for biomedical applications[ J]. Chem
Commun, 2014, 50(93) ; 14482-14493.

[55] DING X K, DUAN S, DING X J, et al. Versatile antibacterial materials; an emerging arsenal for combatting bacterial
pathogens[ J]. Adv Funct Mater, 2018, 28(40) . 1802140.

[56] DING S, WANG Y F, LI J N, et al. Progress and prospects in chitosan derivatives: modification strategies and medical
applications[ J]. J Mater Sci Technol, 2020, 12(8) : 1005-0302.

[57] LIU L, SHI H C, YU H, et al. The recent advances in surface antibacterial strategies for biomedical catheters[J].
Biomater Sci, 2020, 8(15) ; 4095-4108.

[58] DONG A, WANG Y J, GAO Y, et al. Chemical insights into antibacterial N-halamines[ J]. Chem Rev, 2017, 117(6) :
4806-4862.

[59] HANEIN D, GEIGER B, ADDADI L. Differential adhesion of cells to enantiomorphous crystal surfaces[ J]. Science,
1994, 263(5152) . 1413-1416.

[60] HANEIN D, SABANAY H, ADDADI L, et al. Selective interactions of cells with crystal surfaces. implications for the
mechanism of cell adhesion[ J]. J Cell Sci, 1993, 104(2) . 275-288.

[61] SUNT L, HAN D, RHEMANN K, et al. Stereospecific interaction between immune cells and chiral surfaces[ J]. J Am



522 R b 2% %38 %

Chem Soc, 2007, 129(6) : 1496-1497.

[62] WANG X, GAN H, SUNT L, et al. Stereochemistry triggered differential cell behaviours on chiral polymer surfaces[ J].
Soft Mat, 2010, 6(16) : 3851-3855.

[63] WANG X, GAN H, ZHANG M X, et al. Modulating cell behaviors on chiral polymer brush films with different
hydrophobic side groups[J]. Langmuir, 2012, 28(5) : 2791-2798.

[64] EL-GINDI J, BENSON K, DE COLA L, et al. Cell adhesion behavior on enantiomerically functionalized zeolite L
monolayers[ J]. Angew Chem Int Ed, 2012, 51(15) : 3716-3720.

[65] LIUJ Y, YUAN F, MA X Y, et al. The cooperative effect of both molecular and supramolecular chirality on cell
adhesion[ J]. Angew Chem Int Ed, 2018, 57(22) ; 6475-6479.

[66] WANG X, GAN H, SUN T L. Chiral design for polymeric biointerface; the influence of surface chirality on protein
adsorption[ J]. Adv Funct Mater, 2011, 21(17) ; 3276-3281.

[67] WANG X Y, WANG X F, WANG M Z, et al. Probing adsorption behaviors of BSA onto chiral surfaces of
nanoparticles[ J]. Small, 2018, 14(16) : 1703982.

[68] QING G Y, ZHAO S L, XIONG Y T, et al. Chiral effect at protein/graphene interface: a bioinspired perspective to
understand amyloid formation[ J]. J Am Chem Soc, 2014, 136(30) : 10736-10742.

[69] DENG J, LI Z, YAO M, et al. Influence of albumin configuration by the chiral polymer-grafted gold nanoparticles[J].
Langmuir, 2016, 32(22) . 5608-5616.

[70] GAO G B, ZHANG M X, LU P, et al. Chirality-assisted ring-like aggregation of AB(140) at liquid-solid interfaces: a
stereoselective two-step assembly process[ J]. Angew Chem Int Ed, 2015, 54(7) :2245-2250.

[71] ZHOU F, YUAN L, LI D, et al. Cell adhesion on chiral surface: the role of protein adsorption[ J]. Colloids Surf B 2011,
90(1) . 97-101.

[72] TANG K J, GAN H, LI Y, et al. Stereoselective interaction between DNA and chiral surfaces[ J]. J Am Chem Soc,
2008, 130(34) . 11284-11285.

[73] GAN H, TANG K J, SUN T L, et al. Selective adsorption of DNA on chiral surfaces; supercoiled or relaxed
conformation[ J]. Angew Chem Int Ed, 2009, 48(29) . 5282-5286.

[74] LUO L Q, LIG F, LUAN D, et al. Antibacterial adhesion of borneol-based polymer via surface chiral stereochemistry[ J].
ACS Appl Mater Interfaces, 2014, 6(21) ; 19371-19377.

[75] SUN X L, QIAN Z Y, LUO L Q, et al. Antibacterial adhesion of polymethyl methacrylate modified by borneol
acrylate[ J]. ACS Appl Mater Interfaces, 2016, 8(42) . 28522-28528.

[76] SHI B, LUAN D, WANG S H, et al. Borneol-grafted cellulose for antifungal adhesion and fungal growth inhibition[ J].
RSC Adv, 2015, 5(64) : 51947-51952.

[77] YANG L, ZHAN C, HUANG X, et al. Durable antibacterial cotton fabrics based on natural borneol-derived anti-MRSA
agents[ J]. Adv Healthcare Mater, 2020, 9(11) ; 2192-2659.

[78] WU J H, WANG C H, MU C D, et al. A waterborne polyurethane coating functionalized by isobornyl with enhanced
antibacterial adhesion and hydrophobic property[ J]. Eur Polym J, 2018, 108 . 498-506.

[79] XU J Q, ZHAO H J, XIE Z X, et al. Stereochemical strategy advances microbially antiadhesive cotton textile in
safeguarding skin flora[ J]. Adv Healthcare Mater, 2019, 8(15) ; €1900232.

[80] MENG L, PAN K, ZHU Y, et al. Zwitterionic-based surface via the coelectrodeposition of colloid particles and tannic acid
with bacterial resistance but cell adhesion properties[ J]. ACS Biomater Sci Eng, 2018, 4(12); 41224131.

[81] CHENG Q, GUO X, HAO X, et al. Fabrication of robust antibacterial coatings based on an organic-inorganic hybrid
system[ J]. ACS Appl Mater Interfaces, 2019, 11(45) ; 42607-42615.

[82] WANG X, JINGSY, LIUY Y, et al. Diblock copolymer containing bioinspired borneol and dopamine moieties: synthesis
and antibacterial coating applications[ J]. Polymer, 2017, 116 314-323.

[83] WU J H, WANG C H, XIAO Y H, et al. Fabrication of water-resistance and durable antimicrobial adhesion polyurethane
coating containing weakly amphiphilic poly(isobornyl acrylate) side chains[ J]. Prog Org Coat, 2020, 147 105812.

[84] CHEN C, XIE Z X, ZHANG P F, et al. Cooperative enhancement of fungal repelling performance by surface photografting
of stereochemical bi-molecules[ J]. Colloid Interface Sci Commun,2021, 40 100336.

[85] XU JQ, XIEZX, DUF L, et al. One-step anti-superbug finishing of cotton textiles with dopamine-menthol[ J]. J Mater
Sci Technol, 2020, 69. 79-88.

[86] HU J K, SUN B K, ZHANG H H, et al. Terpolymer resin containing bioinspired borneol and controlled release of
camphor; synthesis and antifouling coating application[ J]. Sci Rep, 2020, 10(1): 1-10.

[87] LIU G Q, ZHANG Q, LI'Y S, et al. High-throughput preparation of antibacterial polymers from natural product derivatives
via the Hantzsch reaction[ J]. iScience, 2020, 23(1) : 100754.

[88] ROO V, BATEMAN A C, SIEMENS K N, et al. Cleanliness in context: reconciling hygiene with a modern microbial
perspective| J ]. Microbiome, 2017, 5(1): 1-12.



555 W TR A S WG bt R S S AL A OB & 523

Developing New Stereochemistry Antimicrobial
Strategy to Advance Biosafety Materials

XIE Zi-Xu, ZHANG Peng-Fei, WANG Xing "
( Bejjing Laboratory of Biomedical Materials,
Beijing University of Chemical Technology, Betjing 100029, China)

Abstract The outbreak of Corona Virus (COVID-19) and its periodic changes of its epidemic pose a serious
threat to human health, which has brought the biosafety problem back to the public view and has attracted the
worldwide attention. Governments all over the world have begun to strengthen biosafety measures, and there is
an urgent need for effective materials to deal with biosafety threats. Antimicrobial material is an important
component of biosafety materials, and is committed to solve the thorny biosafety problem of microbial
infections. Traditional antimicrobial strategies include sterilization, antimicrobial adhesion and antimicrobial
composite. The traditional strategy is mainly based on sterilization, which takes effect quickly. However, the
antimicrobial agents used in materials are easy to lose, thus making poor biocompatibility. What's worse, it
may lead to microbial resistance issue. Therefore, the development of new antimicrobial strategies is of great
significance. The stereochemical sirategy is based on the reversible recognition of the microbes on a material
surface, allowing the microbes to autonomously leave the surface when they distinguish the stereochemical
signals of the materials. This strategy, in line with the development trend, can effectively inhibit the
adhesion, propagation and spread of various microorganisms. This review briefly summarizes the research
progress of antibacterial materials in the past five years, and the current researches of stereochemical
antimicrobial strategies. The new concept for a management and control of microbial behavior is further
discussed.
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