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Characterization of serotonin transporter bioconjugated gold
nanoparticles and its applications for screening in vitro
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Abstract

We have prepared gold nanoparticles (Au NPs)-based functional
nanomaterials for labeling of LLC-PK1 cells, renal epithelial cell line originally
derived from porcine kidneys. Bioconjugation of 2-((2-((dimethyl-amino) methyl)
phenyl) thiol) phenylamine (MADAM) on the Au NPs was through the formation
of amide bond between MADAM and Il-mercaptoundecanoic acid
(11-MUA)-modified Au NPs via nsulfo-N-hydrosuccinimide (sulfo-NHS) and
1-ethyl-3-(3-dimethylamion propyl) carbodiimide (EDC). About 650 MADAM
molecules were bioconjugated on each Au NP based on the UV-vis absorption
data. Our prepared MADAM-Au NPs were stabled in 5 mM sodium phosphate
buffer (pH 7.4) at 4°C for at least three months. The MADAM-Au NPs were
specific for LLC-PK1 cells through interaction of MADAM and serotonin
transporters (SERTs) on the cell membrane. Using Alamar blue assay, we
determine that the MADAM-Au NPs (1.5 nM) induced low cytotoxicity (about
6%) of LLC-PKI1 cells.

Keywords: Au NPs ~ SERTs ~ Serotonin ~ LLC-PK1 cells - MADAM.
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1-ethyl-3-(3-dimethylamionpropyl) carbodiimide (EDC) >
sulfo-N-hydrosuccinimide (sulfo-NHS) ~ & it 42 (KBr) ~ & ¢ TF Pl el i
(polyvinylpyrrolidone - PVP)% & § f ¢ ' (oolyethylene oxide » PEO) & 1+ & %
SRR Ao ARG LA P o2 =k Rd Millipore 2 7 4% Bl dg w4k
(Milli-Q ) °

S RE

& &7 % * 41* microplate reader (p-Quant Biotek Instruments; Winooski;
USA) ki {7 % #b /7 B L (UV-Vis)s jc 2 ¥ £ g Bl 5 1 * 5 = & e
(OLYMPUS IX71; Tokyo; Japan) k gLip| m* 2 Au NPs 4 % ; § * & %48 &
@ ”ffi B+ 4~ 47 R (ICP-MS; ELAN 6000; Waltham; USA) k T & & *f 3t o2 5
Au NPs kR 5 A B4 B4 5 55 5 253872 - | 3 &R (MALDI-MS; Bruker

Daltonics, Bremen, Germany) °
=~ £ 13nm £ % 3t 3+ (AuNPs)

774 4 50 mL (4 mM)# #5744 (NasCeHsO7) & B R 41 #- 0.5 mL (0.1 M)
v & £F(HAUCL)E R & & 2 KT o 00 F it ke i ? 817 0 5 i 8
AABSEETRE > TTF LR 13mm A A K RT ERYL 1SaM o B tE ST

LER

&H
4

MAcH B E v AuNPs k89 % 13+2nm -



2z ~ 2 4F MADAM *t 13 nm AuNPs % & }

P-4 1 mL 2 13-nm Au NPs (15 nM) » . {8 ﬁ; 2 Rk o 2950 pL
I okwin o kAL BAEEE2 11-MUA ~ EDC (ﬁaﬁi’v? 0.1M > pH 4.7
MES % ft7i%) ~ Sulfo-NHS 2 MADAM % 358 » f8 L g & Nt & i
Bod s 12 UV-Vis 5z 5 F/2: 0 MADAM 47 A& 2 K k3 £ o vl & 0 2 4F
WEALACE] 1 7T e

11 MUA

’ . gn e ‘\
13 nm AuNPs J\‘ ﬁé\{.

MES buffer 0.1M , pH 4 {

B 1. MADAM 2 47t £ 2 F 3 7 3 B

I ~ 2 SALDI-MS #7_MADAM-Au NPs

f1* Au NPs i%¥ 5 surface-assisted laser desorption/ionization mass
spectrometry (SALDI-MS) i 4 &L B #5127 B % # ¥ MADAM & Au NPs 42
A AP A R IR RN 8 gD RN hiE 2k #% MADAM &

11-MUA *% AuNPs _+ i3 &F i3
= ~ 11 FT-IR i ;] MADAM-Au NPs

%1 41 SALDI-MS % #% MADAM £ F &3 AuNPs % 5 ¢ » 3 o
A E 2 e b Ak 3 R (FT-IR; Varian Company, Cary 5000, USA):i

FHET K200 FRHRSF» CaF, B 1 > B R fFict L2



/PIJ o
= 14 SERS f ;7] MADAM-Au NPs

Z o H 3 & 4§78k ¥ (Surface Enhanced Raman Scattering » SERS) ¥ 4%
P12 R eTE A 3 JEd it ded AghAu 2 Cu R £BR K A5 A R

-\y;}

Fl3gie @ MADAM & 5 = 5% 4 B g4 B0 7 j5d SERS e j
ZPH L FIREME o APEEF A DFRIRE(S0L) 0 1 11 20 By

BRZRF IR FNF LT ISR FFE 0 £ 72 SERS 7 W B o
IR L T N 1

BFET G | F 4 A e (LLC-PK1)s 4 #75F i (Huh7) 2 4 475" fo
% (MCF-7)= thm® k& & 4] & 10° cell/mL 12# % % sodium bicarbonate
(26 mM) ~ HEPES (3.574 g/L) ~ DMEM (3.5 g/L) - penicillin G (10 U/mL) ~
streptomycin (10 mg/mL)% 10% *54 w72 & ¢ > ¥ 3 5% C0,~37°C
Z R A 48 IS > M R B0 > £ 2 3 mL B (PBS, pH 7.4)%
*"F'- = 0 Efs11 1 mL 0.5% trypsin-EDTA #-3: % x + 2 'wmP2 353 §=

{ 5 t ,G‘E’fj}"i%’\ma ,|1%§\."'§§-P«i—g%‘°

-‘:u

-

1 ~ ADAM-Au NPs m % 9 5k

B4R e A PF > 50 v i MADAM-Au NPs %7 & SERT
WP A G B2 £ & 0 AP A B MADAM-Au NPs 4 » LLC-PK1 (% %
#)~Hep-G2 (& 2 1)2 MCF-7 (R e 2)= fhwmz ¥ » &F 12 | BFi » B~
N3 &R 0 I 3mL B (PBS, pH 7.4)% ek e s =0 £ 1 52 N A
G E o Bt > 1 1 mL0.5% trypsin-EDTA #-42 £ = } 2 w393 47

30 dme iy #3{.9 ’ ‘f ICP-MS i’% I tavex KI‘I/\"" B fn % % m 7 Au NPs



SR L A TS

5 7 473140 » 11-MUA-AuNPs, MADAM-AuNPs - AuNPs Z 1 2 H Jk &
Hovhnre i R o 1 96 3L KB £ wre > #E - B wall (hiwte i F
iQ%OwMN@D«@ZLM%ﬁ%%Q’iMM@%%ﬁ%%’#4D“?$%
B Y o T 24 ) RS > KB " 12 200 pL e (PBS, pH 7.4)%
fbrife e 2 = o B te 4o~ 250 uL 0.1x Alamar blue (Alamar blue ¥ 32 % jg = 1:

O 3 R) 4 P PEISIH K R RPI T E e E o



-~ FHREFEHSG
— ~ 12 SALDI-MS 7 3% # 2% MADAM-Au NPs

5 L% MADAM £ Au NPs 425175 > A 41* Au NPs ¥ 4&i% 3
Surface-assisted laser desorption/ionization mass spectrometry (SALDI-MS) s
PRATHAL 2 TRBRESST > d FHBA B & m/z196.99 2 217.14 g% 5|
[Au NP]" % [11-MUA-H] &3t 35,30 & § BHN T » 7 L% 5 [ADAM+H]
(m/z 346.84)c2 5.(R] 2) - F]pt d SALDI-MS &P % % MADAM 4% = Au

NPs % & o

104

RN-mode A: ﬁ TR AN

[AuNP|-

| [11-MUA-HJ

A J_\ ; 11 Lol |

200 100 pan) ) 2l 3bo E0)

%xm"— RP-mode B: & & B H;0

H
& 600
g

E
?»
=

.
=

=}
6.843

4004

2009

I\ly“ L | . Sl

2. %ﬁ d SALDI-MS % #%_MADAM-Au NP -

- ~ 2 FT-IR 2 SERS # % MADAM-Au NPs



Fope 7 4i1% FT-IR 2 SERS #2_MADAM £ Au NPs et %o d FT-IR(E]

3)i#]# MADAM-Au NPs 3 F #%-C=C an15.22-C=0 % -CH 35 > & 57

MADAM ¢ x4 i34 4 AuNPs & & o

; e )Y
IMADAM-Au NPs B ol &
# o
AT .
(@)
s :
(5]
=
] 3
E . = ) _
w 3
c & |
E i CHy 'I.'
= 4 N
NH; CH
ES - I . S\U/LJ
- 2HC L
' Myl s =
% o = &
& T o
o[ MADAM
aw k{k =W -‘:N 1 . 20 1 1000

Wavenumber (cm-)

® 3. MADAM £ MADAM-Au NPs 2. FT-IR % 3 ] -

k3 Pt g g ende & (Raman) ¥ ;{ﬁ“r} St AgcAu i Cu i 22 Kk

+ 3 % H 2 e MADAM # + B 5 ihsx e 4 hinigfp > 3300 F REARL

SR B B o % 13-nm 422 F 3 (3.3nM) £ 15nM MADAM-Au NPs

CURAE 11 38 0 3 MADAM A 5 488 e BL(B) 4)i2 — % %P MADAM 4

%% AuNPs o

10



HO-1S-

MADAM-Au NPs

£

a

] =

= -

g (]
= W
E o
=

HD-

i '-.I"‘- 4

Ll "3 | ;
A, K
{ _\' et R it ety et smra et et et W ',

Raman shift (com!)

# 4. MADAM-Au NPs 2. SERS 3 ] -
= ~ MADAM-AuNPs & LLC-PK1 1k — #£.3 £

L1t} & MADAM 2 & 2. AuNPs &2 p & w% LLC-PK1 ehie % i 4 >
APk B (1.5 nM) 22 MADAM-Au NPs ~ 11-MUA-Au NPs £ & % 4 ¢
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LLC-PK1 Contro|
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