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Abstract : This article describes the concept and the trend of antimicrobial coating agents, which
will help to establish the direction of the research and development on antimicrobial coating agent.
Antimicrobial agents are compounds that inhibit or kill microorganisms. They are classified into
inorganic, metallic, low molecular weight organic, natural organic, and polymeric compounds.
Antimicrobial coatings are applied to the surface of daily necessities, medical devices, industrial
products, electrical appliances, fabrics, and interior building materials, etc. Conventional antibiotics
penetrate microbes without damaging bacterial cell walls, leading to drug resistance which
polymeric antimicrobials can prevent by disrupting cell walls. Most polymeric antimicrobials are
focused on cationic polymers. Improvement in the selectivity and durability of antimicrobials and
reduction of their toxicity will come true by more reasonable design of molecular structures and
their combination in coating system.
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Fig. 1. Cross—sectional diagram showing major
differences between cell envelope of
mammalian cells and various microbial
families[2].
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Fig. 2. Preparation of amphiphilic polyelectrolyte
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gramicidin A[1, 80].
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Fig. 3. Schematic presentation of linker
preparation and immobilisation of
polymyxin B (PMB) on solid support
(coated ITO glass slide)[4].
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of MAG-Cys
Derivative on Poly(MOE2MA-co—
HOEGMA) Brushes via a PMPI
Heterolinker[5].
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Fig. 5. Examples of chemical strategies for

controlled  covalent  attachment  of
AMPs on surfaces: (A) use of
thiol-bearing peptides(Cys usually as
thiol donor) for covalent

immobilization onto thiol-, maleimide—
or epoxide-modified surfaces; (B) use
of the Huisgen 1,3-dipolar
cycloaddition for immobilization of

either alkyne—bearing peptides onto
azide-modified surfaces or
azide—bearing peptides onto

alkyne—modified surfaces[6].

A
2 o1y =)

Ry

4. 3=

W,

HI

4.1, ES QA AAH

el g o mAEe AEZF
[quorum sensing(QS)]oleh= #Hg2 Sl A=E
s 4 Sk o] B4 AR’ ATHE
Tzt she #e A Byt FAste]

Al 9eE #AASh i 2¥e 24
gt QS Foll Zgte= A7HRrERIAtEE Y
Pt P APEE, 54+ N-acyl
homoserine lactone(acyl-HSL)°] St} A7H-=
e AR oEAor ZAHM ATHrE
Q7] Lt B4 e doW AEZe Vlse
ZHsto] HYTE Aol FHEE thE AlatEo
TA ool oET. QS 24 skol At 71w
> Rz AEZe] uExp A, Ho]l @AY
Al ¥, 2R, 785, AEEE, %A
SIHEY =4407e] EHE 2eeth QS A=
£ Woliste] Alte] 7lEel IS Fol Hiole

O] A]
r

o ox

N

il

_99_



Vol. 30, No. 1 (2013)

acyl-HSL %
St E‘f‘ﬂi@o Hisfj e
7t 7HkE T3 itk ol AdAlE
acyl-HSL -A+&, 2(5H) furanone, acyl-HSL¥}
FxAoz AR SEEe] 3%0 Yo ol
EAE2 voFe g dwd ageAddel &
galo] AlEe Fol Aol ozt Algel wiol
°BE F4e Aol Zolme Azl ae
o7]7] gob wolomE WA THAZA 2
AL Y]

o 2
ol
olt
5%
+
0,
rlr
o
2
%,

4.2. HES QAN XNoHExtel nH™st

Fo] I1{FE ZXF9Q Delsea pulchra®
flmbro ide(Fig. 6)2t1 st= =73t yAS o
©717] ot HioledE WA APYA=A 2
A WA Qo1

_>.1

R1 R2 R3 R4

H Br Br Br
compound H Br H Br
compound OAc¢ Br H Br

compound 1
z
3
compound 4 OH Br H Br
5
8

compound OAc Br H I
compound H H Br Br

Fig. 6. Structural variations of five halogenated
furanones produced by the benthic
pulchra

marine macroalga D.

(compounds 1-5). Compound 8 was

produced synthetically[1, 81].

4.2, ME4 Q1A XXt DA}

}_—‘?—r?_ Delsea pulchrab

M ook
i}
rlr
m&"
Hu
e
r;
=
o
=
(¢
Ju

fimbrolide(Fig. 6)2}
£ Eu[gitt, Hiole %ﬂ— = J"f”ﬂ*— Ao A
2RE Bisty] Qg AZS A4 AsjEAE

1As shr] 9t FAWol  HAEHYCL
furanone & YF= AEZEAI ARl 4
o] 9lojA] olzgo= AL ATHIL

7B 9] &
3t & EDC, PAAS] 4~goli7}o] Hrgo g PAA
Aglottt, o] PAAY| 4-azidoaniline®}o] ZA3d}
o8 uehd azideZloll FFAZCRE 1A}
furanone EAE2 S epidermis®] HIo|HE
& Asigit 01740 furanone e o e
A AT EARe} Bol A4
285 ste Ae 5‘1]3 = 740]‘3}[1].

2HS E2ant APz oflrE

o
=
=
o

fol

a
2
=
Iz
lo
ne
oo

o
aT

[e}
dojc}. odld S&%l = °‘%‘—% WA e i
S
o

o] gt} EOL oz AgoN 28 F
FE FET 0191011 Trﬂ% A, A A7t
AR FEHG EOv 4&FAoR Qs Aldt
AMzake HEste] Pag-E ste Ao= 534
Het EO+ od 9}6‘54 =geoz oY 7+
7t ofd B4R A
EOJE}. 54 *4“01]*15

E
_1)4

2

th. EO= 223 Z}ﬂﬂoﬂ %?_}7@53 A= 9

. EO & dfe H&Estd =4 A
EO7} m7 HE B Foloz dezr], 1E,
HaAw, @715, 7, oAHeE ded

ATH1].

5.2, ojMd 2 37 IEYH
01-7]/\]—%3 7]&4_}, g]ci/\]ng_\ﬂuﬂlauﬂgii

RIS

2, AT AY g2 vho] e AFEA; Fof vk,

Q7te,  HEaeks, AW, 2xEAb,
palmarosa®t &2 A9 EOE {3 TES
Ad de] Ho§ 7MY BEoR AW g+t
do] R Eo] }YPY| [FF7IT o] AFH 1
u el Az, gk ’91’%*01 FFE werh e
o oY= <ldf = NAH B, +571
FEs tﬂS’}/\V]‘:} HVHTE TR Egod

& 1do] Aastol® £ colell A5

g4 s 952
X

38 fA8HAnH1.

- 100 -



Hae A Sz shehee] #4938t ofviA]
£ W5 gidolt), aas 71do GYRSIE
sote] Jezger rde WY, eEw
A FYo A HoledFe F2E EYARI
fae A B9 RSt Alito] ol8st=
clidot gels EFAZIAY Al AlZ
Hee SNt 84k S AL Afopsta
it e AdAlE G

Al Pseudomonas w2 152 H&te 729
HaA7le ZRHOHAIE AT oA /%
o] > o}
7 ol

fo ox M ol

PECMADMF

Cubr/Culirybpy
ICah

'?'-M.ﬂ'j:—;]:u._.-“,}fu

COHDMSO Ol
=T . Mnj—]:ur
" Ot i

n{u—cu.—cn » -»(:’1

35-¢-P(PEGMA)-CDI

o
Lysozyme/PBS Wy
—_— H—t '—]-L_usnt_rm:
4480 Ao o N J
A L 'lh—("r}:} —Lysaryme

S8-g-PIPEGMA b= Lysarymie

Fig. 7. Schematic diagram illustrating the
methodology used to immobilize
lysozyme  onto  stainless  steel

(SS-OH) surfaces[1, 7].

6.1, 49| X3S}
S Bt Belehs aak A7

B 4T

BRI LR E RS

S| E2A17]9F AYSH cathecolic DOPAS]
ofglZ|e] ARt B Ruto|EE JRAA|
2 PEGMAE ATRPHe=z ZF&stdict 11
carbonyl diimidazole& H# 2 PEGS] U9 3]
EEA7]o 2tolaxtdle Age Z-8%(Fig. 7)
< PEGY] Aluti2hd=] 753 gto]42tel o] Al
w0 PE=I It Thpide] it Fuiv)s
o5 MltA|ZE &4 oFt A+ se ST
Zolct, o] Iguto] H{ESH S aureus®] 90%,
E. coli®] 80%7F &/ eHl, 71

Amino(propyDtriethoxysilane© 2 7§&AgH A
7t AgE EHo] IHZE H poly(ethylene
—co—maleic ahydride)®] MAS} &+ FHO|A
7V @ol 2ol 849 ofu|lr|et AgstH
S. epidermidis®] FA°] &4 w|AE LFo] H
st ZA] ZAasdoHl, 8-101.

==
1o

7.

rlo
oo

7 38

2 WAl AgNPe= ME24 Y S3A =
7Vg @ol 2ol aEAolnt. 23t 1 gtEe
Alet, drelgl s, Ztol dishA Fi it Ay
B Zgo] Atk 22 EfF AlxEch ngEd
tiste] =Ao] Ak S&44E S 22 Rt uF
ooto] REeAdol 2 Agh ol2o] Hof Tyt
Agsto] At siute] 2RSS doA A
x5 IAAFITh Ag'e ESF DNA, RNA9 <
719t ZHA7E Hol nidE BEAE oA &
o=, PPol & YAE AHT HEEIAR
Ag' W& PPETE E2jopn|=r} gtk 1EAO
ag/dit Aol Agrel WEO] dF%E Fh

71, HASEHE 0|88 229 nHs|
2HQE A 7 O] 2F 4ekEo] S|ERA
719 3-aminopropyltriethoxysilane2 Si-O-Cr
o] Adgtor AEY sto] =EH otz Hif
Ador At & UkdArt 37 F Ee
TF 4tam AStE 2 ol E colPl Higt
datg0] 99% olgolx AR A7 28mmo]

tHFig. 8)[12].



Vol. 30, No. 1 (2013)

A hydrolyzation S',
. —_ i— OH+
NH:MO’S" o o NH:~No~ I OH+ CHOH
0o, o dehydration

z
&
z
&
z
z
k&

~25C, 24-48h

o =Ag nanoparticle

Fig. 8. Reaction mechanism between silver
nanoparticles and  stainless  steel

through APTES[11].

7.2. LBL & 39| g3 2 &3
layer—by—layer(LBL) Zge] 2J§t vt P42
e, A4, teder WS e 7de

= 2

ct. AP AdgE dlelsE pol
(diallyldimethylammonium chloride) (PDDA) 4=
LM} Poly(styrene sulfonate) (PSS) 4=8-<ffo]
Sz wEele] HH @ AHom TA9)
PDDA/PSS ©]5%<& &% o LBL $& AgNO;
T8N HAste] & o]2S &9 F NaBH,
FgAor A 9 pAlE st 2 g
A} At & ke Bk LBL oke %
717V E colPl Aol A & FiTFol I
5 Aol AXHFig. NI13].

7.3. MS20IE EH 2 L YX} 23
Sodium clinoptilolite zeoliteE AgNO; =88
of ¥& & HAxste] 4 E917I6t 12 st
of PAE 2 Y2 & AlZHolEs 75
oANM E coli @ S typhell Adtelo] 4354t
A 2 RArg] o)FAo|ql. B 22

5ol HEHA ot Aol 7hesiti14].

PRy A e DEAL PN 1R
Az B ASAolt Balgre Aol 4
2455, 45AE Wold AT FEAgel 2 9
Fe b wEA AA] FRAEES Hold @
FH TEAE 18R ELAS EH ARA
A@AY) Srow QI SHT QA it =

lon -

Fig. 9. Schematic ~of  the

procedure  for
fabricating PEMs containing silver ions

or silver nanoparticles[13].

8.1. AMX} A gt 1EX}

2] At AlEHE Sshd Eol Sl
phosphatidylethanolamine(70%)& FdE2.
fratoh wEbA difi2e] et dRAe Fehd
Sjol ok ARIIREIIE 2 EATL M
o] Az AEHA ek ol AEAE]
Fg 7t AlEE/A gk opaAQl 2hg
= St Zlo] diAo®r IAEI Qlry. IHEY
At AlzEe] HErdeigt 5o FHo| e
Sto AEA ARgo] Al WiR= o] TSt
Alazet doags & 4 QoA 1iA= &
AR §-8 4 Stk Wi RS AlxE

oo

t
2 gl =

O
d

Be nEa FRAel A A gl
g Az Hosi: olFF Q4Q Fxe

gro] F7kE QITH11].

811 9% 2 dHz 77 7= 184
ARt PRI SOt Bad FAE
Zbe FolA 1R = T2 EYAHA, E9H]
dojajde] fEAolty. EY@-vidnzyd)
(P4VP)Z ZAtEel meEldo] gle medE =Y
of g 1AL Hek. ARRlsh P4V G
2 @rasle Zolo] wel gtk The deld] &
Az~ A)EgrtolEE 2= AR
P4VPE ¢FzEo WAool A& S epidermidis, P.
aeruginosa, E. colfe Z0°]™ £39] N-hexylated
PAVPE] 3at/do] Fsistr16-17].
Axpst Eeuldede gRge oA
AAgo] RSt 154 HuTh A
BEe 359 stol AT AAATLS
g 4= ot N-hexylated PAVPE X4d/48
49 HEMA, PEGMAS 353 3t AL
colPl gt Fat/do] ZAEHETHI8L. ol ¥

d
=

JZ‘Lr

28 3 o
oo by PR o o

ol



Aol A FRAol &4 A Beluldued
9 ZOHH olfeltt. ol TEUAS BY A&
ol 7157 WEoltt. FFFAL PEGMAL

AA 4VP FFQ 12-155F% olstollAe &3
= YARH19]. Fig 109] wjtE-Het2 2
ole EWANA HAstel st Ao 2
o7} Zow o w3 el FEEN} E4w
AE EHE 27150l AESTo] £l 7o
oJcH11, 20].

whfoleo] FaAgel dge £ 4 Ak
poly(4-vinyl 2-hydroxyethyl pyridinium)
chloride®] CI'& Br, OH , SH, NOs, BF, ,
CFHCOO & A8t A] o] Hifjol2 § OH =
Z¥= IRAE= M carcenelliods, A. niger, B
coagulans® dsliA] MIC7F Z+2ZF 1.04mg/mL,
0.52mg/mL, 0.065mg/mL& &z-go] 71 7
gotolet11, 211

n m
= o}
2
N™ -
[
R

Fig. 10. pyridinium-.methacrylate copolymer[11,

20].
/Q_"fx}-n\ mpoo' /[\th

R = alkyl NG
o " 20 il
X-= counterion R 'R H CH, H H

A B c
Fig. 11. PDAATFA and PDAMATFA, cationic
secondary and tertiary polyamines[22].
poly(diallylammonium trifluoroacetate)
(PDAATFA), Poly(diallylmethylammonium
trifluoroacetate) PDAMATFA), FsbdAd  o]xt
2 A2 E2otil(Fig. 1D 2atge] 2ted £
coli?} S, aureuse] HZF MICE= AR o] AR
< ARAe] A RS 2 skl @A 2
45 gistal = shd¥t &d @A HsiE o
ot F9l9l 47t %7}01*: At EAZE Aok
[11, 22].

8.1.2. of3 4, wWegmd IEX

gigel goley A RS ofa

N~ CF,cO0”

BRI LR E RS

oyt Hetzd FEAo]H 2-(dimethylamino)
ethyl methacrylate (DMAEMA)S 22 dHEta
d Ry gho] AQlth ' Ee FEeAl
Aast, 294, 2, 78 MeE J_’—qu}oq K
w4 LEAE AR AEATE 271 A7)
Alwe] 2R daA7le 2ol Fasith /\}
potnk 3R] stFAe "AAT 977,
AQ2 S, dijol o] g Qi dio] HE Lﬂ
Mol F27F ZAY rjrE dZ7], otd7], B4
717 2ol gleH ol F9 A shte 7l
G AR S AEHS) olFZa Aol
Ue 254 ATHEC|th iAol 4A7|7t
12 ]il:ﬂ_,] Z]7~1 O]Zz_q-_,] AA AT A
S7koto] @atidol AXTH23]. AR RE
7ol At 471 dagTt 87 odolw &
FollA Aol ARt S uEhdnH24]
DABCOE ZAgS HWEZHo|lE Hl-mo]A
DABCO¥] & Hiol= FE7v 7|17 4
4= ohE & At dEaE Fejo ddd"
TH(Fig. 12)[11, 25].

0
A /\/\/\/\/\/ﬁ\of\l‘)l\of\

_4

i

ol:o N

_/'\_
o]
°f

4
R=— ‘]'-]./N

R: CH,(CH,),CH; or CH,(CH,),CH,
Fig. 12. methacrylate monomers based on

DABCOI25].

DMAEMAE  benzyl chloride(BC), butyl
bromide(BB), dodecyl bromide(DB), hexadecyl
bromide(HB)&= AFal 9t Hl-m(Fig. 13)9] &
aureus, E. colPl et P AFEFAETE5
T, MBOIA A% dZ7)7F A5 AlzxH9]
A o)lFFe] g AoErgo]l AR FH
o] =7}gttt, DMAEMA-BC, DMAEMA-BB

micoje] AgulEe]l diE MBC L 50
mg/mLe|1l o] 59| 1EAe] A XN A

ot ¥iHo] DMAEMA-DB, DMAEMA-HB =
Lo Sg pEAET g@Ao] Atk o]AL
IR & Boll=rt Yol MuHogo] T
V2ol @AZE 7] wiZeltth. ol EA:=
ARAFE FAFAoW Fojgko] How e
2 W3t oF B, 26].

(CBAA)(Fig. 14)¢] AR ET oAHEY
Atelefl C1, C3, C59] ¢ZAA7I7t &= 359 =
LHE WY 32 mEI HE o “graft
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onto” F&= SIAth ol &AL mE uH
o YEIARA F22 Holu JheRs] &
oFZ oleA TEAL He FodALS
E. coliofl Hfgt a2 Awo]A Zol7t
AR} A4 polyCBAA-ester= 7H-E8] =H
B4 PCBAAZF HTH11, 271,

ru& H
N ro
do &

DMAEMA-BC: R = CH,C.H,
RCI (Br') DMAEMA-BB: R = CH,CH,CH,CH,

N +
o gﬁHa DMAEMA-DB: R = CH,CH,(CH,),CH,

DMAEMA-HB: R = CH,CH,{CH,),,CH,

Fig. 13. quaternary ammonium salt monomers
with different lengths of alkyl group
from DMAEMA by quaternization
with halides[26].

H3
o
¢ e
/\H/N\/\/T\BQLO/
0 CH,

/\er\/\/PT‘é'/\j\O/\

0 CH,

/ﬁrN\/\/IT'/\/\)L
ol
Fig. 14. alkyl esters of (carboxyalkylene)-3
—acrylamidoalkyl dimethyl
ammonium bromide (CBAA)[27].

0@012** TEAl Fig. 159 AU BE
“oraft onto" FFTt THL Ty Bz X_]ﬁc]_/%]
o] A fibrinogen, lysozyme, A7+ §&A4 It
EE=H(MCOY #2 T HE ] gl}%
WA, anti-hCGE TEA BEHo| vAs)st
H hCG7} Eo] ASHS dl= vl H|Eo] chaz
S2toll= A% A& gk polysulfobetaine(Fig.
15. B)o] WEH {2FAE S epidermidiset P.
aeruginosa®l 347k EM—E—&PS Z¥7t 9299}
96%2 ZAS HFTHIL, 28-30]. AL RE
stgtE= PEG3L st "“7\1] 187de  Fofdtrth
DMAEMAS}H PEGMAS Z-E3st1 33 ofule
o] FR/o #8479l RXE AEs} sichFig.
16). RX9] Ro| wle71e] B subtiisell gt
MIC Zte 20mg/LE A2 2}k Br-(CH2)q-R

A MICE &Z>LEE))orl~4tolnt. mehA
ol A 884 7E 2 a4d AV

ATH11, 311.

s i s i
N o : —o-
\‘jo/\/é m })ko/\/zr\/@ o
A
Fig. 15. 2-carboxy—-N,N-dimethyl-N-(2-
methacryloyloxyethyl)  ethanaminium
inner  salt(A).N-(3-sulfopropyl) -N-
(methacryloxyethyl)=N,N-dimethylam
monium betaine(B)[28-30].

Aa:R=Me m=2

e
Ab:R=Et, m=3 NR, B =
ot~ ol w o SNNOH
= == n — —— h
© fo/T0 e
O =
s AT cte
B + E.
c Nde, Br D SO
o-/_/ o
=)=}, = =}
-0 -0

. =
Me,N S0;
Bro

Fig. 16. Copolymers of quaternized DMAEMA
and PEGMA[31].

W
0 O
Hx
N O
,(J % o
HO.
Functional halides, RX = CH,I HSC\/\Br Wﬂr
o]

ﬂ\o e~y O Br HC Br

MO
Fig. 17. poly(phenylene ethynylene) (PPE)—
based cationic conjugated

polyelectrolytes[32-35].

8.1.3. gol FH EA Hajd

FA ol2G7E A FHIEA AHE(CPE)
T P AEEsE 2EARet} poly(phenylene
ethynylene)(PPE)A| &4 o]2/4 FHEA As|
Aol WA nejo] ARIREZE Foltt A(Fig.
172 dPoML AR Fast oJF-2oA
= A9RI7L Aok olF A= G A
143t el I, 1FIAEFY A%
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2 oG QYFFBHES PPEZF UV-Visel
wESE 9FF O7F WAs] gReltll,

294 Aol
ofgt GEy DEAL AP HEHe] Fo

H
T
B 054 BARE A f715Re )
4
=]
u

Belusit] AAGREES

o AYEEII WL ogE A
o eIty A4 N,N-dialkylimidazolium
saltUmS)71& it polysiloxane(Fig. 18)9] &
NS FEnterococcus hirae, S aureus, E. col,
Proteus vulgaris, P. aeruginosa®l tsto] A
o] Sl 7|E A AMAIEE AVE A=
polysiloxane®}t F-AFeFITH11, 36].

8.15 A%} ] Bk nEA

gesAERe B Jole AREHoR ¢
AR oppEEEelt3T-30). EesAERe
Pl FWANSAS BATANA TS
Aolsti mimo] PAL(Fg. 199 RE B
W 24o] AR, BYSAEUL S4o] ¥
7150 §EAOR W ARAgIl] MEATL
g}, Fig. 199 284 FAE9] 4do] wet
FRAE719 FRA JFL Fk 1ot 1B
Aol ol ATt usit 914 287
AR nRA AL HFRg] 2 Gl gk,
0 olgt BelSAEUY $UASE Aol
TEA uAle] Byt Gayol o Foburh
[11, 40-42].

CH, CH,
Ho-F-sioJ=+ /\/\[«(%iojz—éio—]n—éi—

§ § R: alkyl
N
N Nﬁ"\‘

S N—R SUN—R
Sl PO b 3%

Fig. 18. Polysiloxanes with pendant biocidal
N,N-dialkylimidazolium salt (ImS)
groups[36].

R
/j\ Initiator-Satellite functionality . Fﬂ
N\/_I (e} «E_N/\,]:’\{R;RZ
Terminator-N(R1}R2)(R3) functionality /lko

Fig. 19. poly(oxazoline)s end—functionalized
with  quaternary

[37-39].

ammonium  salts

R LR

8.1.6. FAk& W AR A& 97 ¥ 1EA

g REe] iy ol IEA= At HAE
BARE Zhe=t) Figo 20 Ax 5 ARsl YW
FRES 2= STIHE A 99 dolz
FHujdo] 2AH o] IEA= IAHA RS
2 ARG Al A4 R Y ZEH| A @
A AALE Bttt Fig. 20 BE o|n]Z2 23]
cAy widoqo] ZFHUER P aeruginosa,
K. pneumoniae, M. luteus, B. subtilis, A. niger,
E. faecalis, C. albicans, A. niger, P. digitatum
of gk MIC &Hel oJgt =4 Bt 12
L9 o7t AE Ad 5RO FAYA &

Wb 3 dRole vhavs EAnH11]

8.2, FOiL|E §x TEX}

Polyguanidine®t polybiguanider= &2 & &
=, g A, FHEe Y AYEH B
=A4og QlFf FHAR FES W Q. olE
JIEAE= chlorcyan, cyanamid ®+& dicyanamid
(polybiguanides®] 74-9)¢} tiopqlo] W Hi=
FolUesdat totvle] EFgtes PgH
(Fig. 2D[45]. o1& XEBAE= B. subtilis, E. coli,
S. aureus, Saccharomyces cerevisiae®| TS A
AujAl g ot MIC  S3olA
benzalkonium chloride®] MICQ} H|&3%t &5
o] GAQl Aol 800 Dall HuEAFFO]
Zadto] SIEATHIL, 46-471.

= cr
Br |+ ?H
SR e R M
2
A © R

Fig. 20. Polymers with quaternary nitrogen

atoms within the main chain[43,
44].
JNLH: X NHT X7
HNTSNH,  + HN—R—NH, H+EJLE_R 1w,

Fig. 21. polycondesation of a guanidinium salt
with a diamine[45].

334 WelSk STl S s
AqRege] Fag yrow BE AP §

defensin,  cathelicidin
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(LL-37), magainin?} &2 WE=E= Ald, Hto
2, Fgolo] oA s AN R
42 gt ol HEHEE +2 obd Ho| 1
AT 47g Fgo] SlojA AR A &
= 2ol FHES Nmuks IRt HE
s gl HHE: et 7H7E AZE
Qo J2y 5ol ME|Es AZRHF £l
ol Zrpegsido] ar oFEEHIgte] A=
W2 2] gfof oFE 8ol 2ekstlrH11, 48].

=

o)

8.3.1. ¥4 HEE.

HEE= (L-a-otkih)E& fXok=s A ¥
HE ZX, D-a-otu|k4l, p-HEE, HEOE
oF 2 HjdA X9 HE o tigt A7 X
A= et ofu|icAl BQ1E 10-307] ZH= AMP
= /R 8 AEHo] ok ol &%
7192 HEE AKE 249 HEAol §F
IS 4 ok ofmkAt B9E 10-307H
AMPE 1/9Hdat 8 #AEF o] it} o]
2 71 HEE AR A9 AEA
F5de AT 4 Sk AA HeEE=Ql
idolidicine®] 33 FAHEAIE FAdo] Wi 44
=THA49]. grasitin®] A GAAE T7eRA
T Ol A IS BolH QIrH
o] gt =4go] AR5 Wril1, 501

Fig. 22°] 3+ pHEIE(11, 51-52], &4 a/
B -HE]=[53-54]2} managainin FTAH] E
coli, B. subtilitis, E. faecium®l gt S
Hlwet Ay, [dspel H4/AsH7E Aggda 7
=40 2% AL FRlstint. ol HEE

g olF2] gfovt ggitido]l o 4o}
FAufd AP H ] o] AR FHAE Ho
ez ofri{11].

1 o E% r
N rlr o o

a2l
9

rlo

2,02 r 4

A i i i 8 8 R NH,
A AN AN Ay gy Ay gy Ay @ s
(e] ij

o o H O o o] Q o
+

H H 7 i H i i i NH,
8 ﬁr“z/migﬁu—m?iuﬁﬂfﬂgﬁ (P Ay

Fig. 22. antimicrobial B -peptides and «/p
—peptides[51-54]

©

4. B2 24 S X
E coli®} B. subtilis®] gt & d
AYo)A Fig 239 Zr2HEd fEAE 4

SA/A%4 39 zAR AuAT 894 Aol
o Agge Ed 4 ot

[55]. @ H&e WEESe] Gy bl o)
stk R Al @RAge] 9 1EA Ck @
Aol E4o] gl A obwly] YAl o
9218 £dT DA BE i Aedoe) ¢

=511, 56].

modified
acrylate, hydroxyethyl
butyl acrylate[57].

Fig. 24. Terpolymer of trichlosan

acrylate, and

X % chlorination X Y
CN Q _ CN le]
X" >

Fig. 25. Polymeric N-halamines[58].

8.5. &= nE2x}

Triclosan®] S|E547]E o]§, ot=d3} s}
hydroxyethyl acrylate®} butyl acrylate®t 353
Al triclosan ¥ Rl o] H[&o] E JIEAY
5 S epidermidis, E. coli Cellulophaga
Iytica, Navicula incerta®] Wgt 73] Skt
thFig. 24)[11, 571.

N-halamine& imide, amide, amine?] |43}
2 YEE N-XKE F2 )9 3RATS

sht ol Hote dHl=xe IRtEE AoH
t}. N-halamineg zZt= 1822= 230 $HE
Yo7z il FHS uPES &5 )
=9 & QoA /Rt Aoty N-Cl 4%
oA WS CI' o]l22 wjAES] oAE] AT

sto] maet tiAES Adll, ndes st
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1-acryloyl=2,2,5,5—tetramethylimida  —zolidine
—4-oneE VA, AN, MMA®} 53t st A4

=9 s N-3 amide]9] dR7b ¢HEe
N-halamine”| 2 ®3s}o] st Aol Q3L
Aol Sl AtAl(Fig. 257 FoH[11, 58]

8.6. ZAXE U £XZF AR[F 1EX

AR EAmEOIG SRES e FTH AL
Ae] 247175 AAARE T4 TEAG $41
Sto] AlEupyt AEHo] £AFES Fo] At
2—chloroethylvinyl ether®} vinylbenzyl chloride
o] FF@A(Fig. 26)= C albicans, Aspergillus

flavus, Fusarium oxysporum, B subtilis, F.
colii S aureus®] HANA 2L A4S Holoh
Aubd o2 phosphonium @-F %ol TEAF A

FAE AAtREd RNt 8 anpdolt
FFe nEAY mARE R
ZFsHeH11, 59-63].

Wt gesE 5

R: Butyl or Pheny!
R': methyl or hydroxyethyl

Fig. 26. Phosphonium—-containing
[59-63]

polymers

CHE R MEM |EX AEX}
ﬂﬂl‘"“o Al A 2F-gsto] AlEeta
of A W die HEst] AlZAE %12{]51'.
HEe B3 Azl AR Alx i SHeR A
ZAL B Al v AsistA gt Fig. 279
Z}7ke] Hlpmo] H|sto] 1g2te] fhtAdo] Eo
ZcHed]. 1224 Aot B 747t ZhRsfste] ot
ol=E2F+=3} p-hydroxybenzoic acidg& W&
o} 182 B WHE 7| WES EH Lo
Gt AL Af Cofl Hlste] s Ao o
E2} D9 poly(d-vinylphenoD)-2 S. aureus®t B.
subtilisoll ©fsto] AZPEAL AfollMe Fatdol
29k 24 FejollA= Fat/del glet6s]. whebA
aREARe] Eardat et el %S T
s F & Stk H2dHsIE feAle St
A gAR FRAE AW Hol 4P, AW

[oJRliigey |

r{m

oA, AxAR olgHI v @EFEA Es
MMA®e]  FEetAlel  Hlste]  Bacillus

R LR

macroides, P. aeruginosa®ll tolx <t v £
atdo] SITH1, 66].

oy 5%

©©

OH COOH

Phenol and ben201c acid derivative
polymers[64-66]

Q1A E] 11 ct,
(N-tri-n-butyltin) maleimide(TBTM)<}
m-acryloylamino—(tri—n—butyltin benzoate)
(ATBTB)(Fig. 28)E 77 &2 & Hlz ~Ed
I 3FE A
faecalis, E. coli, Bacillus megaterium 5| WSt
G TBIM S3%A7F ATBTE S5 AA| R
o o 329 F A 2R 2t o
qzsieH11, 671.

S. aureus, S. epidermidis, S.

{i] HN
Bu—?n—Eu
Bu
COOSnBu,
A B

Fig. 28. TBRTM and ATBTB[67]

8.9. 7|E} X} =

Ao G ZAbEgo] Sd, 89, Trdll

Fd B Hordl(Fig. 29)-2 °—‘Va1°] E. coll

i3t FAge] o I EEE B subtlisol St
H At} o5 1Bz P42 pH 7.590

ME F83e kg Z2E7] wlEoltH1l1, 68].

Fig. 29. polyvinylamine[68].

Zafo]aAlopo]

At REE  E2&(Fig.

EfAH 222 (Fig. 30),
E JMuAFig. 31),
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32), di-n-butyldilauryltin(Zdl), NMP(Ej)=
e EdHS IRulE 7ol 79, 7t4E
A3} S0 SFA A]ﬁloﬂ A A= A B
Staphylococcus aureus, 1H-3w E. colPll %
3 FadE AT

o~ OH

o] ’ (o]
HOWOH
+ 200°C,2h
o = HO-(CHal o}c {CHal— co (CH-OfH

| 40
HOMOH

Fig. 30. Synthetic scheme of solventless liquid
oligoester[69].

T

AN R g R \r BT R TN T
Fig. 31. Isocyanate crosslinker[69].

CHSCHZOSOS

Ta tk}w-.,‘ﬁl/““*-/ K/\O\‘
_/ k»-‘\
Té\,{}H
m

Tego IL T16ES (n+m=14)
* Tallow: C16-C18 hydrocarbon chain

Fig. 32. lonic liquid quaternary ammonium

compound structure[69].

y—oH —~
— o OH
Ho” oy
<\70 OH
dendrime o
Q o
L, P
NH, + o
~d o
Lo 7~
BZOH . = pa’ o —o_ /on
20— { <
g on om
& NH, I {

Fig. 33. Dendritic based  on
polyglycerol(PGL) and
O-carboxymethylated

crosslinked by boric acid[70]

structures

chitosan

ool

ZY2AZCPCLT O-7t25AWEs} 7
Ato] gty demE Bitog stwgt Z(Fig.
33)9] S. aureus, P. aeruginosa®l Wt A|tH
AL gure] 5 ot o MEDslE FH4
Y2E Ha AlZo] Hit FA4Jo] WATH70].

polyhedral oligomeric silsesquioxane(POSS)-
2740] 1-3nm¢] vhe F7]9] S5 Y Px
g2 122 5 o EYshd UeEekAvt Hof &
2ol s, 71IAA B4 85, A 2=
21, a4 Asl, §554 Pstel w9l
th. POSSol oA, ofql, Hd, &3, 7l=R
AE, EFeEsi, ouEet @E AgUE
Aol $71-%7] slolels UiAaz 2
Stk Fig. 349 ARAGEREVIE =Yt
POSS(Q-POSS), HO-PDMS-OH,
methyltriacetoxysilane Z2+-&H9] dFnjF 7|@
Fue OHSATA E colft IFFETE]
S, aureus®] P’ A4 Q-POSS Foll At
Aslelni ol AL4E, 2 Aol D%

AN
S zA B
gr5tA] o]

y =

ZAcH71].

ek

Fig. 34. (a)  Synthesis of  tertiaryamino—
functionalized POSS. (b) An idealized
structure of the partially quaternized
Q-POSS[71].
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qet. cufolx Eylo] F@ye Hofshs W

% Fig. 3594 Zi_‘:",__x]- i
AE ”4 OP— % ﬁc}l_l]ﬁ—?*éﬂ} el A
]_

a}
pil 4J Kol Fig. 361 2ol A4 wRo
2h4718 Folslil o] #4712 ol8ste] A
= o]
2
]

FaAlel EHate] Aol

A% mqsls 9= gtk nEA EA| o
o] Zg7)17F EAshE vtz FuAlE A &
ATH73]
®
A
Release of biocides over time
Surface groups that either kill bacteria
A or prevent bacteria adsorption
A
bR I TN
A A
%, 4 "A' y Al Polymer surface modification
A\, Rolymer coating witt loaded biéeides
BED A Bulk of biomedical device
A
Bulk of biomedical device
W

Fig. 35. Strategies for antibacterial coatings.
(A) Coating the surface of a device
with a polymer film containing

biocides that are released with time.

(B) Attachment to the surface of a

biomedical service of compounds

that either kill bacteria or prevent

bacterial adsorption[72].

W-m-é;i;g"

Fig. 36. Concept of biological surface
modification[73].
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poly(fluoroethylene propylene) (FEP)&
2-hydroxyethyl methacrylate (HEMA)S} A
A )| 3~hexadecyl-1-vinylimidazolium
bromide(VIB)2] &8 Fof X sto] A4 H917]
T A& 2AFSHA Fig 373 o] IHZE F
et ;o] Hw 1% A S aureus’t 7
Al 78 F=tH 51

Jpw

OH
HO i

CigHzs Cighis
\ /) |

e

e N'@
HO. OH
g 5w @ M
I—%I Q Ay
L

FEP film

CNg gﬁg
) 0 A .
\ / M

Fig. 37. Schematic diagram of surface reactions
on FEP[75].
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Fig. 38. Synthetic scheme used to produce the
Levofloxacin—containing

[771.

polysiloxane

ool

HoledE I AL AR JH s E L}

2 QA W A QBT 7I1gE o A
tE ofad RLwaigt Aujiditoradde o]

o|Aloflo]EZ] Rt SeEota e olE
Z2 M (Desmolux VP LS 2396, Bayer)¢} &
FPAE T AR AW FHHEE AF
HAE A 7Hol = At o) 549
v E colPl 3t Hiol™Fo] A4S AT
AAISFATHT6].  Fig. 383  Fo]  FAAQI
Levofloxacing PDMSel ZA3tstA FFA7L o
AEAbst WEAlEAo] 4okl AU wdE
Ol tHpo|A9] FRggoR Hjtoirt. FHI
A JHF I 2 aFddel ol 4

St 77].

R Sl m¥

TE mlm 2 rlo

1. MEXZ =2H

ol

g n2X}
Ampicillin sodium saltg &-f5k= Poly(e
—caprolactone)(PCL) A7I"AH A/E & A2
a7 FATE S aureus?t 1F-SAT Klebsiella
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Fig. 39. Zone of inhibition photos of yarns
containing ampicillin  concentration
of(a) 2%, (b) 12%, and (¢) 20%
against Klebsiella pneumoniae; (d)
2%, (e) 12%, and (f) 20% against
Staphylococcus aureus[78].
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40)[79].

Fig. 40. Scanning electron micrograph of RIF-
loaded PLGA microspheres prepared
from emulsion[79].
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