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Characterization of Gold-oligochitosan nanoparticles
and Antibiofilm Effect against Biofilm—forming

Pseudomonas aeruginosa PAO1

Jang—-won Lee

Department of Food Science and Technology, Graduate School,

Pukyong National University

Abstract

Being opportunistic pathogen and development of multiple
antimicrobial resistance properties, there is an alternative demand
for the combating Pseudomonas aeruginosa infection. Chitosan is
one of alternative biologically derived product that has been
proven to be exhibits diverse biological activities. However, the
low water—solubility of chitosan limits its biological activity and
the chemical modification, resulting in the study on shortening the
polymer size as alternate possibilities to maintain its activity.

Furthermore, nanotechnology is one of the emergence approaches

iii



for the enhanced biological activity of any potential drug for
treating the pathogenic infection. Several reports showed that gold
nanoparticle will be as a potential candidate for the treating
bacterial infection. In the present study it synthesized a potential
chitooligosaccharides—gold nanoparticle by taking
chitooligosaccharides and chloroauric acid materials. The
synthesized chitooligosaccharides—gold nanoparticle has been
characterized by UV-visible spectroscopy, Fourier transform
infrared spectroscopy, field emission electron microscopy and
dynamic light scattering. It was observed the treatment of
chitooligosaccharides—gold nanoparticle to P. aeruginosa resulting
in a concentration dependent biofilm inhibition and dispersion of
virulence factors. Furthermore, it showed the suppression of
swimming and twitching motility by the treatment of nanoparticle,
whereas it enhanced the swarming motility. Findings from this
study provide 1mportant insights to the potentials of
chitooligosaccharides—gold nanoparticles as a new effective drug
for prevention and treatment of P. aeruginosa biofilm-related

infections.
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#7 Fol PRI MATE 54 Ewl PFse] FAH olF Al

=2

(autoinducer)E& &3 A9 #A](quorum sensing, QS)HAHS AH AXE
Q] dEAEZAS extracellular polymeric substance (EPS)E A 3s}A
"uh EPSE Fall 4A4dE 3xdA] FxES vl E(biofilm)ol 2kaL
st wlAEo] SAA HgS FAAY uf, vlolLIEY FAHLE A8
3 vkl 7kdo] 2 ASA ®oH(Vipin et al., 2019; Lee and Yoon,
2017; Awad et al, 2018). Hfe] B Fo] FAHHI & o]Fd= vhgst
WAS Fell eFel = Aoy EsHACl A=Eo] HigE A Ao
FolA A Al vlo]LIEES FASE EPSt w@Hd 9 AlxZ £ DNA

(extracelluar—-DNA, e-DNA)®} #& aiEx Edz2 FA"

¢

WESA~Z A (Kim and Lee, 2016; Flemming and Wingender, 2010;

Flemming et al., 2007), & #&& st =4o| violedE uFd

ul

= o Al 3o Aot A= Apekgho = A A<

7k 71t (Harmsen et al., 2010; Skariyachan et al., 2018). =3H

AR Ask B s =dwele] Ads FEA Al moVIE

3o Hoiby et al., 2010; Hall and Mah, 2017; Stewart and Costerton,



2001). HpoledES 7 ®Wol A= mA= T stz L4l

Pseudomonas aeruginosa®| 213k 7498 At 4= A d 7+ dAA e 2=

O

ot o A7 gk AZbe EAE Lo FHRojas et al., 2019; Lund-
Palau et al., 2016; Savoia, 2014, Schroth et al., 2018). P. aeruginosa+w

3

elemgel F4n 7 g B4 Axe A4S Sa o

(o,
o

A= Aoz 4 A dti(Harmsen et al., 2010; Pang et al, 2019;

Chatterjee et al.,, 2016). P. aeruginosazZ%¥ ¥ SA <2AxE=

|

Adfshe A2

oy
12

o gyAel XEHoR dHA o thgFst A
A o] d3x a1 dtH(Pang et al., 2019; Chatterjee et al.,, 2016;
Khan et al., 2019a; Khan et al., 2019b).

% el RS ASe A AdrESH fuU® 7EddA
=

o
e
e
v
ofl
=il
i
*x
m

wgat  N-olAEE

H
oft
o

Ao H(Jung and Rark, 2014) $H& HX& thFs 2

o,
{0
T
il
Bjie
X
o
fru

ol E T ATt EotolA 7IEAFS] HAHS &8sk oy AFT)
&% 2 9 tHLodhi et al., 2014; Liaqat and Eltem, 2018; Park and Kim,
2010). 28y 71EANS A pH % =& Hro xAdA Azkd

T84S e Sdow ddd AdHow a6l ofedge Axn

AthLodhi et al, 2014). 71EAe] @AZ Fualr] g8 PGS
FaEAAAY Hetd ANE 9 A9 5 e WSl olg HojA

sk}, 7)1 EARS-2] a1 (chitosan—oligosaccharide, COS)2 Fx}&ko] 2Zba

F1EAr] wvla] F8Ao] =& JEA fd EFEX, HAA 7dS
g3 Y3t shorA 2 gmjoloAEAE AFEHaL tH(Fernandes et



al., 2010; Li et al., 2019; Lu et al., 2014; Quintero—Villegas et al., 2013;
Lu et al., 2019).

T3, FHtolE= Pooaeruginosad] violEE #H TIPS A 8538ty fgh
et T stu=A AAlHolw A Al FEAS 5HoR =
A E4S o]&d vx AAZ #4dS wal tk(Khan et al, 2019a;
Khan et al., 2019b; Busetti et al., 2014; Papa et al., 2015). ©]& o]-&3}]
gt 24 555 =olal ALY HA4 EAE HAster] AEA v
A4S ARRRE dtolH = AlAl e AREo] A dvk(Patil and Kim,
2018; Vinci and Rapa, 2019). Y=Y AHgold nanoparticles, AuNPs)=
nAE e Aags A AT A, 22 F sy ZE(Khan et al.,

2019b; Rajkumari et al., 2017; Rice et al., 2019; Khan et al., 2018), %<

O

P we

L5 [e29) pE

=2

HA W owe AR Qs AESH ATl ol&FH1
9oL et al., 2014; Farokhzad and Langer, 2009; Zhao and Jiang, 2013).
o] AFEC Y3tH AuNPse TU=E ALLEHAY vt 223 44
o] % AMREUS W, thFS a7 AT R I A A veledE
FAd Ao a4 Aoz HuEAt(Khan et al., 2019b; Mu et al.,
2016; Ramasamy et al., 2017). o]el & AFeA= 7IEAEZ LT -

TYHE=YAHCOS-AuNPs)9] &4 2 5A-S @13tar COS-AuNPs7) P.

it

aeruginosa®l WOl QB E Alof, 54 AR A A L FFAFA v A=

G sl st



1. 438 A=

B Ao = Korean Collection for Type Cultures (KCTC, Daejeon,

¢l KCTC 1637 Pseudomonas

MN

Korea) ZF¥E #% w2 I
aeruginosa PAO1& AF&3tt. P aeruginosa®l w%Foll+= tryptic soy
broth (TSB; Difco, Detroit, MI) ¢} tryptic soy agar (TSA; Difco)E A&
shTE MY 2= 35C=E AAste] A FAHR=S sl >10
kDa9] #AS 7F#]= COS (80% deacetylation ® 71E4F f2)& Kitto
Life Co., Ltd. (Seoul, Korea)®+¥, hydrogen tetrachloroaurate (II)

(HAuCl4-3H20)¥ Sigma-Aldrich Co. (St. Louis, MO)®& F-E T35+ t}.
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2. 4 ¥H

O

2.1 COS-AuNPs §4 2 EA &<l

COS-AuNPse| §4& oldd] A7=Ad e Bz B39

o

(Manivasagan et al, 2016). >10 kDa COS 50 mgES v+ AHe] 3}ol

|

¥9,

80C<] 10 mL HAuCl4 - 3H20 (107" M) &l £3gFozH COS-
AuNPsE @48l 42 70| dl= A4 oas Fa dxtdow
gelEglom ol% UV-visible spectrophotometer (Beckman Coulter;
Fullerton, CA)E ol&ste] FFE=E SA8I3TE o= 12,000 < g9
271 stollA 302 s dAEE7IE Fd8l 7F8Ad COS-AuNPsE pellet
BHlE vrEdlem SagE oY A AAEAA 12 kDa o] 4] EAF

= AT F U= FA FEE AFESEo] Pellet )99 EEss AA

sholtt. +5% COS-AuNPsE 2% FE7F S5 o4 dxsglon o
TES A BE B4 8 54 B4 ARgsslnh WA, Fedl W A

el E337](Spectrum Two; PerkinElmer Inc., Waltham, MA)= 400 ~
500 em ™9 g WS ~FER ~ofdel] ARgate] COS-AuNPsell &
Ask= 271 bE A87le] &4 55 gelead. COS-AuNPse] 4=t
A7l 5% FA(dynamic light scattering, DLS) 3 %= A(ELS-

8000; OTSUKA Electronic Co. Ltd., Osaka, Japan)Z& A&t 1L &9



el HA WA 53 dx @n A (FE-TEM, JEM-2100F; JEOL Ltd.,
Tokyo, Japan)E& A}&3} k. COS-AuNPse] 24 54 1S f&] X-A
3ld BA7](XRD, X'Pert—-MPD system; Philips, Almelo, Netherlands)<-
ARgstler 44 2AES BAde duA E4hE E3EA7I(EDX, S-

2400; Hitachi, Tokyo, Japan)< A}F&3}3it}.

2.2 Minimum inhibitory concentration (MIC) and minimum

bactericidal concentration (MBC) assay

P. aeruginosa®] ™3 COS-AuNPse MIC % MBCEZ &<lstr] sl P
aeruginosa< 35TCo|A WA} ¥l & TSBE o|£3}e] 600 nm optical
density (ODgop)®] =104 0.057F H =% 3|43 7, 34 = wjgFe 250
uLE 96 well microtiter plate (SPL Life Sciences Co. Ltd., Pocheon,
Korea)® %71 3 COS-AuNPs9 %7} 16 ~ 8,192 ug/mL7}F I == #H
7}tk Microtiter plate reader (Synergy HTX Multi-Mode Reader;
BioTek, Winooski, VT)E ©]-&3}%] 96 well microtiter plateZ 35T oA
241 7F 52t WHE AEj(567 cpm) stell HiFStATh vl %, 600 nme] I}
Fo A wjFde] ODE F43sar MICo| AE-3F3l™ 96 well microtiter
plateE A}&3te] COS-AuNPs¢ MBC A &S sttt RE well25-
Bl 100 pL #jFi& TSBRE 10™] A< 5Askal 5149} 100 uLEs TSA

plated]] EFsle] ~Z#y 3 5 35CA] 24X 7 =<t wjeksod). vk



F, TSA plated] F48 P42 Axach RE Bhe 339 APe

2.3 A &3 &2l

A5 As &y gl Ag2 MIC == ©l8kdl 16 ~ 1,024 pg/mLe] &
T HeAA AU P. aeruginosas 35CoA] HA] vl & TSBE
o] 83t ODgpooll A 0.057F ¥ k=5 34stal COS-AuNPs9| 7} Fid
97l 96 well microtiter plated] 300 pL #53F] &3k}, vl
microtiter plate reader WollA awk A Ef(567 cpm)= 35T, 244179 %

Aoz HPHEF oW ODgll A 2417 ZHE 02 wjgAS 54

Folch &

ol

£ gohe 389 NEL AW BEAS ANta

2.4 vlo]UE A A HAF

Crystal violet 921 2 A4 Ago] F 71X WHE $3le] sub-MIC

o A1¢] COS-AuNPs9| 3njo]le &

1:0{1
:‘_]4

& 4F3s ok wpoleBFe

lo

crystal violet 9 o]d AGE HMHS EUiR offte] A4S AA

2

g EAtHKhan et al.,, 2019a). WA 96 well microtiter plateE P.



aeruginosa® Who|SEE A JHHORE o] &3qlth WHA Wit

s

aeruginosa W FNe] ODgypsE TSBE ©|&3te] 0.057} HE= 34}

£

96 well microtiter plate®] COS-AuNPs9 5%7} 16 ~ 512 ng/mL7} &

= sho] 300 pLo| WlFle BFFATE 35T 2447 Bk wjY

FQL'

40

B0 ARES AAS Y R4 33 AFAS S, 205 7+ 300 pLe
0.1% crystal violeto.2 |- Pttt tA] =2 33] AlF st 300
pLe] 95% ethanolol]l A& E $+ F microtiter plate readerE ©]-&3}o]

ODszooll M =788kl th,

w82, B Al F vpoledFE W AlxEe AL i3k sub-MIC
A COS-AuNPse ads H7tsl7] ffs A Aol P+ Avk
(Artini et al., 2018). YAl w3t P. aeruginosa ¥l %212l ODgpoE TSBE
o] &3} 0.057F H == 3 X35t 96 well microtiter plateo] COS-AuNPs
o] %7} 16 ~ 512 pg/mL7F W =% &tof 300 pLé] Hl¥A S 53kt

35T A 24X7F ZoF vlekst 5, 7+ welle] Hld S TSBZ 107H] o4

ﬂJI

845t 4] 100 uLE TSA plates] #7sto] ~xagsigdnt. ol F,
$aso] g uloleBE Wiel EAS: #& AHS] A 2 well

S TSBE 23] AlF3s3it. thA] TSBE BF3stal W §S o] &38ke] u}
FES Foldl & TSBE o]&3te] 107 A& s|dsta 4 100
uLE TSA plateol] &Fato] 2w At 35Tl A 2447 &<t vl <F
3tal TSA plated] dAW HE4E A, Ze F7ke 339 Al

DREER

oY
o,
=1
)

[o
2
>,
ol
ol
38
)

Oft



2.5 Scanning electronic microscopy (SEM) and fluorescence

microscopy assay

P. aeruginosa®] W3t COS-AuNPs®] kS AlZtA o2 E2lsl7] 94
& 4-&n] 7 (fluorescence microscopy)¥} TAFA A 1] 7 (scanning
electronic microscopy, SEM)S ©]-83}%t(Khan et al., 2019a). & 4%
25, 9 wiekst Pooaeruginosa WS TSBE ©]83F9] ODgyy w4l
0.057} =5 843 5, 512 pg/mL COS-AuNPs® #]3le] nfe] g
e AHES 3 SEM 240 = ddE ¥H0.5 X 0.5 cm)s 24
well microtiter plateo] Y& %, 35TColA 24A17F et HjLgsta
2% formaldehyde®t 2.5% glutaraldehydeS AF&3to] A|EZE 4ToA

12717 B¢k LA A A Y. o] 3 0.1 M phosphate buffer saline (PBS, pH

7.2)5 o]g3dle] YdE =TS AFEa 50% Z 100%9] oE dFew

Ea o w2 gagih. g F AlEzE 33d whs 52 1x7](FD851S;
[IShinBiobase Co. Ltd., DONGDUCHEON, Korea)& A}-g3slo] 524 Ax3

o

o] 2 ~¥E(E-1010; Hitachi, Tokyo, Japan)E ©]&3f4 120% &<t

als

o5 FYIYEY. o]F SEM (JSM-6490LV; JEOL, Tokyo, Japan)E A}
43Fo] x 5000 S 2 15 kVe] Aol s}

q4 v BX A= P oaeruginosaS 1 X 1 cm9 8 THS v
o] Wo] FHo| nlo] QI Eo] MAEEE 319 HKhan et al., 2019a). ©]

. acridine orange® %7} 10 pg/mL7} ¥ %= 3to] FAs 5 0.1 M



PBS=  AFs. o]%, FF  dv]H(Leica DMI300B; Leica
Microsystems, Wetzlar, Germany)& ©]&3}e] X 40 vj&olA #4353

.

10



2.6 B4E violedE AT AA AH

P. aeruginosa®] 3] AAE vlo]e HEo] tdt COS-AuNPse AA

J[m

4 A2 crystalviolet 4 B Ay A3S Fall &< sAvH(Khan
et al., 2019a). WA, crystal violet @22 35Tol|A WA} wjst P
aeruginosa®l vl OD600S 0.057F HEE TSB= 3]4ste] 96 well
microtiter plateo] 300 uL& +53 H, 96A1%F &< 35T oAl v %3}t
HlFR S A AL TSB HiA|E o]-&3ato] 33] AlHstdvt. ZF wellol el
COS-AuNP9 %7} sub-MIC (16~1,024 pg/mL)7} %= 300 plLe]

TSB9} Al ®538 5 35TColA 24417 F<F Hl

o2
Oft

bolet, wele A7

o

3l SHFE o]&sle EE wellE 33 AFS T 300 ulY 0.1%
crystal violeto.2 20+ 7F Gkt crystal violets A AL TA] &
T2 33 Azg & 300 pL ethanol® A HE 3k FH, Microtiter plate

readerol| A ODszool Al =4 3+5 T}

A4 A2 35Tl WAl widst P aeruginosa®l WS ODgoolll
A 0.057F H| == TSBE 3]43}e] 96 well microtiter plateo] #=F3F H,
96413t Eet vlo]l o AES A st TSB HIAIE o|-&3te] 33] A= 33l

2, 7} wello] COS-AuNP¢ 5%7} sub-MIC (16 ~ 1,024
pg/mL)7F ¥ %=5 300 ple TSBe} A &%k F 35TA 24A13F &
ob mjaldch. wigA & AAS L TSB wiA= 23] &3 5, TSB vl

300 pL& #5383l microtiter plate®] ¥Wol| &A= vlo]oAES &H

11



78 §& AFEsle] Fojuioltl. o3, TSB wixZ 10778) A% 34 &}bar,
Mg Feol 100 uLg TSA plateo] ~Z#QWsle] 35T A 2417 =
oF wjokatict. viF 3, TSA plated] BAE &S A8t CFUS A

Astelth, B Bobe 339 AEe AAsgn BRg AAs,

2.7 88 &4 9 A4 AA A <l

$9 B4 W =4 A4 Y A 4G olde] dTd Yol ne

T35 tH(Khan et al., 2019a; Lee et al., 2012). BE 2Ado|A P

[e]

=4
ol

aeruginosas WA vl gste] wjgA el ODgyy @kl 0.057F ¥ == TSBE

O

ol g3te] s|Agt ] FHakqch &3 A AFolA wigA s Jelg COS-
AuNPs H%2 Agsta A8 wjEr]e] A 250 rpme] 27 o= 35Tl A
24X 7F Fob viFsttt. viFed 50 pL= 500 uLel A d - (red blood cell,
RBO)$F Z§staL 35ColA 250 rpm®] ud 231 3hell 60% &<+ wiFst

At} o]F, AE NS st 543 nmoll A A3t}

COS-AuNPs9 Fxo] wZ P aeruginosa®l pyocyanin A A& &

H= o[ Ao wet HAEH A (Essar et al.,, 1990). Z+2Fe] COS-

N

ol
o

AuNPs F%9 374 TSBOlAM P. aeruginosaZE 250 rpm uyk 274

rob

of 12A17F %<k 35T Al i3t 3 10,000 rpmell A 1087F LA Eg

K

H, A5 5mLe chloroform 3 mLE #H7}ste] pyocyaning 33}

12



A5 lS A A8 & pyocyaning 0.2 N HCIZ AFA3FA] 7 th, 3 A 0] Al

JF=Eol ddl ODsypll A 3hs S35l

Rhamnolipid®] A&st= o] de AFo|A XPHJE orcinols o] &3
Hl Aol whe} =8 = QI tH(Wilhelm et al., 2007). Z+7F¢] COS-AuNPs &
=9} &4 300 ule TSBelA P. aeruginosaZ® 250 rpme nHF %7 3}
of 12A13F &t 35Tl wfgst 5, widkele] 2u) 4wb= diethyl ether
= Hrbstar dAldEgste] Asds Adxsidv. S5 100 ul, 1.6%
orcinol 100 ul. % 60% 34F 800 s =A = H7}slar 80T A 250
rpm®| m¥E 2 ko] 30%F 7tk o] %, ODyrol A 8] #ke A5t

e

Pyoverdin®] &3t olxde] Ao wef = ATH(Stintzi et al.,
1998). Pyoverdin®] A#3}= &l P. aeruginosa M EHS 1:1000.2 3]
Mgk & 2% sodium succinateE 573 minimal salt B]*](minimal salt
medium, MSM)el| Al 2+ 5 %ell whe} COS-AuNPsE 7k 5 250 rpm®]
Rk =31 el 12413F Feb 35Tl widstaltt. AH&E MSM Hi=] €]
242 ey 2o 54 1 L % NaHPO, 4.0 g, KH.PO, 2.0 g,
MgSO, 0.8 g, (NH,)2SO, 0.8 g % trace element solution (TES) 1.0

mL. TES®] 242 75 1L & Al(OH); 0.1 g, SnCl; 0.05 g, KI 0.05

g, LICI, 0.05 g, MI’ISO44H20 0.08 g, HgBOg, 0.5 g, ZI’ISO4.7H20, 0.1

g, CoCly.6H0, 0.1 g, NiSO,..6H,O0 0.1 g, BaCl; 0.05 g,

(NH,)sM07024.4H,0 0.05 go]@ith. wiSF & microtiter plate reader ©]

13



3

st ODyosoll A1l %k

S

Q

¢}

e AT

H
ﬁo

B!

14



2.8 34 4 AY

COS-AuNPs7} P. aeruginosa® swimming, swarming % twitching®] 3
7HA #sAdel miAl= d3FS &) flal ofdel MFHAE HE AT
=9 WS dF F48st A6t tHKhan et al., 2019a; Wu et al.,
2011). Zt7te] &84 w42 54 ARoRFH Azxd @ wiAE A
£3}e] P35 th. Swarming Aol AEE 1A wjA+= luria britani

broth (LB; Difco)ell 0.5% casamino acids, 0.5% glucose % 0.4% bacto

agar (Difco)S F7}ste] A 23}tk Swimming A& ol] AFS¥E 313 1A
= =599 0.2% casamino acids, 30 mM glucose % 0.3% bacto agar<-

HA7vsto] Al zst3 ). Twitching Aol A= 0.2% casamino acids, 1.5%
bacto agar ¥ 30 mM glucoseE SHol H7lste] A X3 wiAE AL
339t Swimming BiA] 9} swarming WA= 121TCo A 15% 3F Hsh
H, COS-AuNPsE ol s F7beto] platedl] ¥ § =3t} ol F,

HhA wjkst P oaeruginosa® ¥ 5 plS plate %o B33

rlo
i)
=K
rot
o
¥
>
=
il

Twitching 232 o] 83lo] plated T P
aeruginosa®l A|YAES =31 & H3SE twitching WA E F-o]A 3t}

EE platex 35CoA 244

R
offt
o
=
-
(o]
=4
Oft

199t Swimming Z# o] E ¢}
swarming Z#o|Ex= #jF ol F FHA ARI¥ = P aeruginosa®l 99

of sidst= A4dE At Twitching®] 4, 4

ol
filo

=437 9

WA S A ~HA AASHEL 0.1% crystal violeto & 208 7+ A3 5,

15



i
2
o
filo
|\
ol
ol
o
38
ui

FH5E ol gdtel ANFn A2 F G4

2.9 A4 &4

=< GraphPad Prism 7.0 (GraphPad

2 Ao Ao AAE a"HES
Software Inc., San Diego, CA)S &3 YelUl o A3= Hi + 15

Azxpz AT A 23se fods ATstrl As) 2z delH e

4 (ANOVA)S Abg-ate] =353l

16



m 23 € 1%

1. 4% COS-AuNPsd &4 #4 A3

P. aeruginosa®l °|8| A/d¥ wioledF o= A3k 2 AFWERE of

ulfe

Ul A4S vk gkt Foko A Azksk A 7F H A tH(Rybtke et al.,
2015). B3k bkt dAYSFS 71 A St P aeruginosael W

A 712 Qs g2 giotEe] 2 dkAl M Chatterjee et al., 2016).

2 Fulole g EAE VMRl FEL2 sehEo] A Ui (Mohammadi
et al., 2019; Saeidi et al., 2015; sadeghian et al., 2012; Mulat et al., 2019;
Khan et al., 2019¢). 7Z|E4F 2 7|E4Q FEAE olgg A 33+ F
stz vhFet el oe o2 ez §dE 4 Ak (Chopra et al.,
2006; Arguelles—Monal et al., 2018). COS& 7|EAFY] 84S A

7171 f1al shebAQl Wely a4l He we A"

2

A
71 EAF A tH(Liang et al., 2018). COSeF AuNPs9| AhiE 9 njo] o
5 AgA| &AL o)dd AT Ao (Sahariah and Masson, 2017),

Ao = COSeF AuNPsE $HAlsle] wHE COS-AuNPsE o] 83k 3}

SHHoR FAE COS-AUNPY S4E st WAL sa9rh
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UV-visible spectrophotometerg ©]&3 3= 07} <ol MA

= &% Flo] WA P AY. COS-AuNPs® ~HAEZL 532 nm 3

o
=2
>
N
1o,
rﬂ
_>.:
u
=
=
[

Ad FY= A2E ehior(Fig. 1A),
g AT 5 99T 532 nmol A AT £ 9AE AAE AHEY

of Ate} ojyke] AFE oo AyEelA BaEHAY COS-AuNPs9]

COS-AuNPs9] Ao]gt zt87]9] ZA= FTIR 3 93] &<1=9
t}(Fig. 1B). FTIRY A7}, ~FAEZAL 1088 cm oA C-0, 1154cm o]
A A HZ7](-COC-), 1641 cm "ol 2R Y 71(C=0), 1,526 cm ‘ol A

-NHS| thefek 2187159 SAE HA 4 Ak

COS-AuNPs9 =7] @ 3= DLS @ FE-TEME Al&sto] 159

H

t}. COS-AuNPs9] #} 7] HH#&H o2 56.01 + 3.48 nm 9 Ao
sl o, HFdskA Fxs o] AAHFig. 1C). FE-TEM 4ol A=

COS-AuNPs9| dej7} 782l Aoz gels 4= 9 thHFig. 1D).
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Fig. 1. Structural analysis of chitosanoligosaccharide—gold nanoparticles (COS—-AuNPs). (A) UV-visible absorption

spectrum, (B) FTIR spectroscopy of COS-AuNPs, (C) DLS histogram, and (D) FE-TEM images.

19



|

COS-AuNPs9 Y%z EAL XRD #Ald 93] &%t XRD 2
3}, 2 thetaol A (111), (200), (220), (311)¥} #-& Aol3lt 3= el

AL, Zhzte] I A+= 38.23 °, 44.58 °, 64.89 © & 77.819] fo=

4

i

25 A (Fig. 2A). watA, COS-AuNPs+= A Al(cubic crystalline)

lo

ol e 7HA AL e o] Ak ol Aol A ®ard At dA st

& tH(Manivasagan et al., 2015).

COS-AuNPs®] 542 Fig. 2BolA &1 4 = vk} o] EDX &

HAEHS BAgto g IHolEdrt. COS-AuNPsolA] Aud &A= 29

Eg o] thekdt v g vt Elon, 2.2 keVollA] 7HE =8 ug7t #
AL}, w3k o2 3352 EEH COS-AuNPsel] EA(C; 0.3 keV), A

2(0; 0.5 keV) ¥ 78 (Cu; 8.2 keV)7} EA)3ttt= AL Fold = A

o} olel@ Auls ol ATelA o] §EH £F

i‘L
ot

59l fucoidan®o.= 9

Q1 AuNPseol| A 9] Ao} A3}t (Khan et al., 2019b).

ey

3
b

egiae] gy e FHEARAY

=z

&

(o]
fu
i

X
o
I
fr

QL'

>

o

¥ COS-AuNPs+= 6701 &<QF WHaro|A 4°Ce =% sk A&sk H,
M2 A %3 COS-AuNPsé} vl alsle] et Ao tidt H71E & st
(Singh et al., 2018). Fig. 2Col A &%= nle} o], A& A 235k COS-

AuNPs¢} 67049 =<t H3E COS-AuNPs+= FAFSHAl 532nmoll A H of

59 29EUS b, Ade A7Eel ojstw ol Auk: COS
2 o8 cappingd 3 YolAE Ao 6T A% AT

oF COS-AuNPs9] ¢tAHA S 3ol 4= ¢+ ZAo|th(Franconetti et al.,

20



2019; Mu et al., 2016).
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Fig. 2. Characterization of chitosanoligosaccharide—gold nanoparticles (COS-AuNPs). (A) XRD spectrum, (B) EDX
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spectrum and (C) Stability analysis of six—month old COS-AuNPs by UV-visible spectrophotometer.
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2. COS-AuNPs¢] MIC, MBC 2 A% A3 A%

P. aeruginosa 737l ™3k COS-AuNPse MIC ¥ MBC9 &AL u}
oleEEY YA W =4 A A tig A LA Aol oA D4

Ao Fastofof stz Ao|tt. o] ©ANA P. aeruginosaZt ¥ho] 2.

i

5% 34 4 sl A7 COS-AuNPs & HHE 2elsle] o] &
3o AtgE FEE AAST 4 A P aeruginosa ° tgF COS-AuNPs
o] MIC ¥ MBC #-2 Z+7Z} 4,096 pg/mL, 8,192 pg/mL Q1 o=z 3y
ATHFig. 3). o] 2= Fig. 494 & F e AAYH Adg dFAA=
Ze ARE HYvh COS-AuNPs®| sub-MICE ZAst7] 8, P
aeruginosa®l AS=Ad] e AdS uwuk 27 oA MICo|gle] §%
! 16~1,024 pg/mLelM APt Fig. S5aM A& 4= Xl P
aeruginosa®l 374<& COS-AuNPs %o wa} Wl AX|7]= oF 12
AzEll A 16413 ol mdshs Aoz gelE il 1,024 pg/mL 2 512
ng/mLe] COS-AuNPs sXo| A P. aeruginosa 373 thZx-3 H] uls}o]
24 A7 WSk & oRZF Attt ARE WY o R P oaeruginosa©l A vk

oFdE Al 2 =4 QA A AHAYS 3 sub-MICE 16~512
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Fig. 3. Minimum inhibitory concentration of chitosanoligosaccharide—gold nanoparticles (COS-AuNPs) against

Pseudomonas aeruginosa.
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2048 pg/ml 4096 pg/ml

Fig. 4. Representative colony images of Pseudomonas aeruginosa treated with different concentrations

chitosanoligosaccharide—-gold nanoparticles (COS-AuNPs).
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Fig. 5. Effect of chitosanoligosaccharide—gold nanoparticles (COS-AuNPs) on the growth properties of Pseudomonas

aeruginosa. Q: control, @: COS-AuNPs (16 ng/mL), [: COS-AuNPs (32 ng/mL), B: COS-AuNPs (64 pg/mL), A: COS-

AuNPs (128 ng/mL), a: COS-AuNPs (256 pg/mL), V: COS-AuNPs (512 ng/mL), ¥: COS-AuNPs (1,024 ng/mL)
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3. H}o] L EE A &3 L AZ4FH BA Ax

Fig. 6Ao|A] &elst 4= 9l%o], COS-AuNPsol 93+ P. aeruginosa®l v}

QR

ul(f
o
o,
)
%
rlr
>,
juieil
fllo
2
ot
ol
ol
38
rﬂ
wn
o
T
=
(@]
=
(@)}
1
(@)
—
\]
=
0
~
=)
C
oE
o

2
oA FLolEAl AAS Hol= Foz IHAUT, E3H, AP o] &
FH COS-AuNPs sXoA = P aeruginosa®l Ao tigt A& ad= &

2w %] 2 dthFig. 6B). oJd A4Sl COSe AuNPsol w3t vlo]lo

ul(f

AA 82 BuEglow 53], 7|EAN 2 J|EA A 9] Fufol e
45 SAS otxrlel EA e g8 yEue  Fole  Hstet
exopolysaccharide, e-DNA 2 A o] Aoz QIgh dlo] A F o5
o] gol2 a7t AA7HA FEARS $d U Hew Huygl
t}(Costa et al., 2017; Liu et al., 2004; Shi et al., 2016; Zhang et al., 2013).
AuNPs¢| gule|ed & 542 AH7|4 5248 5 Axe] Wy whgof
o3 el (Yu et al., 2016), o] A5l ostH AuNPsihs o] &
stAY FAAMu et al, 2016), dIdFE=EKhan et al., 2019b;
Ramasamy et al., 2017; Rajkumari et al., 2017) ¥ 7|} 2F& Ex}=S 7}
721 3 (Zhao et al., 2010; Zhao et al., 2013)3}2] &3+ Ao YEh}E= A
o % HusojA gtk COS9 AuNPs®| Fule]led g 542 o]Eo] 34

g o] Follk FAE Aor AtsHEY. P. aeruginosa®l F-r Al B Hlol

)
ul(f
ofl

2,
X
kel
o,
o2

N

=83 Hrhetr] A% A A9 Ay £33 o4A

383k crystal violet |94 Adel Aol FUIITE sub-MICel A
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COS-AuNPs+= % &40 Hlo|IE W P aeruginosas 242
2 A5ttt E3], tixaF vluste] oF 2.7 ~ 2.8 log CFUY 74}
g7l 256 S 512 ng/mLe] FrolA AA A A= Ak (Fig. 7TA). W
sub-MICel| A} COS-AuNPs& H7bskols 7% wzats} wlalshe]
Aol JekS m 2% &ktH(Fig. 7B). Crystal violet 2 A& ZAx}e}
A A A9E T39S 9, sub-MIC ©]3tel 4] COS-AuNPsE 96

well microtiter plate®] FTWA F-2F Mool tis] A €4S Uetwith
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Fig. 6. Inhibitory effect of sub—minimum inhibitory concentrations of chitosanoligosaccharide—-gold nanoparticles (COS-

AuNPs) on Pseudomonas aeruginosa biofilm formation. (A) biofilm assay (B) cell growth. *p < 0.05 and #**p < 0.01

indicated statistical significance while ns indicated no statistical significance as compared to the control.
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Fig. 7. Inhibitory effect of sub—-minimum inhibitory concentrations of chitosanoligosaccharide—-gold nanoparticles (COS-
AuNPs) on P. aeruginosa biofilm formation performed by cell viability assay. (A) CFU of biofilm cells (B) CFU of
planktonic cells. *p < 0.05 and #**p < 0.01 indicated statistical significance while ns indicated no statistical

significance as compared to the control.
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COS-AuNPs9| #}o]
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}oith. COS-AuNPs
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Fig. 8. Morphological analysis of Pseudomonas aeruginosa biofilm architecture by the treatment of 512 pg/mL
chitosanoligosaccharide—gold nanoparticles (COS-AuNPs). (A) SEM (Scanning electronic microscopy) images
of biofilm cells, (B) fluorescence microscopy images of biofilm cells, (C) Relative fluorescence intensity of the

COS-AuNPs treated biofilm cells.
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4. P. aeruginosa®)l &3 ABAE nvlo]oFE A|A A

P. aeruginosa®l 93l @A =] A= vio]| LB ES AASHE A2 HiolL
45 IS gAst= A A F83 vto]ledE Aol WHgolth. P
aeruginosat GHHH o2 9% JeHE % JAF T

71719] el PAgE o] A7) AT vYdd 84 xdo] g WA
7EA 7] flel] wlol A E S Pt o] 5 Ao A HAAHo] HH B 8%

79 5o AZS 23tk (Zhang et al., 2014; Horii et al., 2003). u}2}A]

ogh

A P. aeruginosa®l wiolo &S A|AS=d 2dojA COS-AuNPse]
MIC o3} sZqAel '3 Slo] HQStHKim and Lee, 2016;

Skariyachan et al., 2018).

2 Ao A= crystal violet G4 H A HE-S T P aeruginosa

of o FAE nio]2FF o thet COS-AuNPsd &35 AHFHow g

L

Utt= A g = Ay FHH R,

AZE St FAE veledE o Al disiA COS-AuNPse] sub-MIC
of oa] FIHF AALE AARE 1T + AUk COS H AuNPso| H
A Aol tigh vlo] e AE AA SAL ol dAsdl e ®ad up
2 tH(Khan et al., 2019b; Li et al., 2019; He et al., 2014). COS-AuNPs<2}

COS, AuNPs Ztzto] @/dd nloledF A wAl= Gl et Al
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gk WAUSS obx] AFEHA kot AuNPsol|l sl dA 4= 2l
= ol E AA WAYELS AuNPse W Atz <13F o ko] tH(Giri
etal., 2015). COS¢] %ol SA I 37, ol59 542 ¢4 Fol= nfol
IE AA &l 7jde Aoz wgdnh Y] AfEe AAE F
A El COS-AuNPsE P. aeruginosa®l ole] FAE wlo]oHE st
AAT B F8E vpo]edE W F& Aol dE A&E A= dow

e o vk
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Fig. 9. Eradication effect of different concentrations of chitosanoligosaccharide—gold nanoparticles (COS-AuNPs) on
preformed mature biofilm of Psudomonas aeruginosa as determined by crystal violet staining assay. **p < 0.01

indicated statistical significance as compared to the control.
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Fig. 10. Eradication effect of different concentrations of chitosanoligosaccharide-gold nanoparticles (COS-AuNPs) on
preformed mature biofilm of Pseudomonas aeruginosa as determined by cell-viability assays. **p < 0.01 indicated

statistical significance as compared to the control.
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5. COS-AuNPs®] d885F 2 J=A4 A 25

P. aeruginosas s=°|u Azt Aol HEGE dyst= 88 &

S 7HY. webA, P aeruginosa®] td COS-AuNPs9| €38 &4 A

;=S gelslr] 98 sub-MIC (32-512 pg/mL)olA 28-S st 1
A3}, P aeruginosa®] €8 XS sLoEH R AAE= AEFES &l

sk 4= U AHFig. 11A). P. aeruginosa®] £+38 A el A= 512 pg/mL

2] COS-AuNPs s%XoA °F 59%= yEelYt). o]edt A¥}+= Fucoidan

i)

FUHEYAE-AuNPs)E A3 o] &3k o] 9 A% sub-MIC
F#<9 256 pg/mLolA FUS v & &8 B e vE EHOR

Hashs ek gis] ®asE At (Khan et al., 2019b).

{1

P. aeruginosa’?} 7FA+= WEAE A= HHS Al HLAd g3k

¢

otd HZW = skbolth(Lee et al., 2012; Morkunas et al., 2016; Naik
et al., 2013). ¥ A7} old A JAAE o2 A E A sto] sl

QAL BASA RHED S o] B

)
rlo
=y

A

il

Aets Auc s
o e FEAA et WEe] Edwolw A% FAA WA E3
WA Jbsel stom e /1E A £F Aol sbestel AeH

CHTotsika, 2017). AA7FA AAE H5A

12

A o= FHo g
Al $2 A, B4 A4 oA, 33 B Azw Aol 2 QS Aol
S tH(Hassett et al.,, 1992). P. aeruginosat™ pyocyanin, rhamnolipid,

pyoverdine ¥ protease®} &> o] 74| 54 JAAE At 5o
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[e) [e] =
2Ee fEsh

aly

HAL B A7 ASHoE PES £ YEE Y
(Morkunas et al., 2016; Hassett et al., 1992; Zulianello et al., 2006;

Michel et al., 2005; Fernandez et al., 2012).

WA, pyocyanin® AL COS-AuNPsol| 9a] HEoEHor gAY
AtH(Fig. 11B). 512 pg/mL &%ollA COS-AuNPsell 8| P. aeruginosa
9] pyocyanin A 64.6 @7HA] TAsE AoR2 SRIEAT. FESH
A3t L9 COS-AuNPs+= rhamnolipid® AAS 54%7HA] HAA 7]+
Ao 2 YeEWtHFig. 11C). L8y}, pyoverdinee 7-¢, A o] A E =
Aoz FAQAHAGFig. 11D). Az, & 4d2 COS-AuNPs7t P.
aeruginosa®l =23 54 1ALe] AAHS JA|st] A A=A A

Az 0§89 & ke A FAT 5 AL,
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Fig. 11. Attenuation of virulence different properties of Pseudomonas aeruginosa by sub—minimum inhibitory
concentrations of chitosanoligosaccharide-gold nanoparticles (COS-AuNPs). (A) Antihemolytic activity of COS-
AuNPs, (B) Reduction of pyocyanin production, (C) Reduction of rhamnolipid production and (D) Effect on

pyoverdine production. **p < 0.01 indicated statistical significance as compared to the control.
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6. COS-AuNPs°ll 93 34 =4

swarming)¥} 31V AX w7 = (twitching)el F 7FA F3o] U

(Chang, 2017; Kilmury and Burrows, 2018; Baker et al., 2019). HX wj
N 52 338 A #osty FIHIV AR v/l 252 &3 FA
HAsta 718 Ee F71E9 xHd FAE =S @h(Chang, 2017

bl %

[t

5 A= EPSE AA

Oft

Persat et al.,, 2015). 54 ¥Wo] =4

7] AAsha dgd e A JUE 2E AZES Fess oo

ul(f

T%2E WET(Flemming and Wingender, 2010; Chang, 2017; O’ Toole
and Kolter, 1998). wahr, ol2j3t &&4d FH& °Fshr7l= AL P
aeruginosa®l Hlo] L HE FAo o3 of7|H= HES JAE7] 9% A
cHoR Az 3 4 Q. B AFo A, COS-AuNPs”} swarming,
swimming % twitching® 37}4] <ol vH= dFS FAEUL
Swimming ¥} twitching %<& FXo] v dsle] A= Aoz el
©1}(Fig. 12C, D, E, F), swarming< %< 5%9 COS-AuNPsol|A 73}
HE o2 I ArhFig. 124, B). swimmingS 256 ng/mLe] 5 el A]
69%7HA AdEE Ao 2 UEROH twitching® JAlE L3 FEd

A ek 38% AEAT. AAES ABsAS W], P. aeruginosa®l <573
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A AFME 3-S5 ti(Lee et al., 2012). T3

N

AR 7]Fol o&EH oY gstsld S VA= swimming¥e UEA,
swarmings # A E9 A3 T=  rhamnolipid®t cis(3-5)-cyclic-
diguanylate-monophosphate (c—-di-GMP)2] A4 2 FIJIV AR & F

7FAQl 2H1ES e 7 3H(Baker et al., 2019; Kohler et al., 2000; Lin

et al., 2016; Strehmel et al., 2015; Caiazza et al., 2005).
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Fig. 12. Antimotility properties of chitosanoligosaccharide-gold nanoparticles (COS-AuNPs) on Pseudomonas
aeruginosa such as attenuation of swarming (A and B), swimming (C and D) and twitching (E and F). **p < 0.01

indicated statistical significance as compared to the control.
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Bag §, vloleRES AT B4 A4 FHS B wHHd @

=S tia] A3Ado] molA A Hrl E AFAE P aeruginosa

PAOLS] ulol 2% 8l %4 AE Aojair|sls] e wTE fo

JNEAS Y 1d Y w2 obdAd E Ye gl 58 EAoR e FUx
9] 2H(gold nanoparticle)E ©]-&3t] COS-AuNPsE A3 a1 &nlol
SEE g4 9 A4 AAE "= &y tis] dolrsith. A E

COS-AuNPsE 3% #4=S Sa 5740 &<lE2Aem, 532 nmeoll A

Y EYE 922 pAE g9 T dE S ANE Row

32

o Axte] H A7)+ 56.01+3.48 nmol Y -8 9]

wth EF, C-0, C=0, -COC-, -NH 5°] #8715 7H& Zez &1ly
2 LRt

e
shel g

kv

A e ojds THHA AL e 67hd Rhe] A&

4

AdATt. P aeruginosa®l tig+ MIC % MBCx Z}7} 4,096 pg/mL, 8,192

ng/mLz Yebstow A5Asidd dy, Aol Haghe] o

OSL’
rUO

= A=

Ao PekEE 512 pg/mLe] RS A sub-MICE HAste] o]F A

ot

< Pt ol dE A Aol sub-MICS] COS-AuNPsE #7F

|

sto] wi<kstal s W, P. aeruginosa®l 3ol F&s MAA FAT YA
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