HRR A HE N me R RS REELREF Y

Synthesis of functional nanomaterials for the detection of

cellular enzyme activity
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NPEF A& 3 F #£3F (gold nanoparticles © Au NPs)# & + 53 LS
it & %8 chE & (thymine-linker numer, T,; n = 0-60) frife f=if & 48 (thrombin
binding aptermars * TBA)% # % 3 4 # p (hairpin number, h,,; m = 0-16) » 5% 7
Mot 2 FrE L T 2 & 1% o TBA-T,—Au NPs 4o TBA-h,~Au NPs 4] 5c % &g
B % W] 5 : TBA-T3p-Au NPs > TBA-T4s—Au NPs ~ TBA-Tg—Au NPs >
TBA-T;s—Au NPs > TBA-Ty—Au NPs {- TBA-hg—Au NPs > TBA-h;—Au NPs >
TBA-h;~Au NPs > TBA-h~Au NPs - # i# % 3 3 v F
TBA 5/ TBAw-hsTis—-Au NPs 305 # % § 4 |t {5 i 121 g% Jr ] ] 2
frita fFd (B chit &4 (Kg=8.86x 10 > M) &2 ¥ i ch TBAy 48+ 5 £ 100
% > A TBA|5:710,000 & » @ &2 gk & if & 48 (fusion aptamers) ~ #FR % if &
# (dendritic aptamers)fpt 3 > 5 10 B2 F o o *t > TBA;s/TBAy-hsTs—Au
NPs 22 K 4c o~ Fr 4] & (¥ B 2)> 58 & f* 52 7 FF B (Thrombin Clotting
Time ,TCT)R|:E 1 5> Hat £ prF 4 5 296 15 o 24 v 4p 2 gt Hojirac 417 H o
Fusts DNA & RNA if SR8 402  HAL b - P75 i 227 o jat Bov 17
oo Bldet % 4 Fa T3 (factor IX) ~ 7 i 39 C (activated protein C) ¢ % = &

» ¥+ (factor VIla) % o

BatF 1 &R KA G PF - MR i AR



Abstract

In this study, we have demonstrated that thymine linker length number (T,
n = 0—60) and hairpin pair number (h,, = 0—16) in the terminal of thrombin
binding aptamers (TBA) have strong impacts on the flexibility and stability of
gold nanoparticles (Au NPs) and thus the binding strength and inhibitory
potency toward thrombin. The decreased order of inhibitory potencies of the
functional Au NPs is TBA-T3;0—Au NPs > TBA-T;s—Au NPs ~ TBA-Ts—Au
NPs > TBA-T;s—Au NPs > TBA-T(—Au NPs and TBA-hg—Au NPs >
TBA-h;c—Au NPs > TBA-h,~Au NPs > TBA-h,—Au NPs. The multivalent
TBAs/TBA,9-hgT;s—Au NPs provided ultrahigh thrombin enzymatic inhibition
in plasma samples. The TBA;s/TBAy-hgTis—Au NPs exhibit a high binding
affinity (Kq = 8.86 x 107> M) toward thrombin—over 100 times higher than
that of monovalent TBA,y, 10,000 times higher than that of TBA s, and at least
10 times higher than those of fusion aptamers, dendritic aptamers, and
TBAy—Au NPs. They exhibit TCT 296 times longer than that without
containing an inhibitor. We believe that our described techniques can be
applied to modify NPs with other anticoagulant DNA or RNA aptamers toward

different proteins such as factor IX, activated protein C, and factor VIIa.

Keywords : gold nanoparticles (Au NPs) ~ thrombin - thymine ~ aptamers
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R e > Lom R Bt e g R 0 Flpt R R RF S ARk
Bl Ao B 0 TR R ARG e A A MR
9 e DNA $2 52 5 o § 1 it 37 5 BB kB2 A
-+ (metallic NPs)er# & 7 J‘ + #&(surface plasmon resonance, SPR)
T fﬁf"}"’-ﬂ-m‘\/ AR ek oG 13 AR E R e B o e 3
B5E plenigel > a BF e 5 (microarrays) 3 A 7 1 0F o
Fob NPs vt - BAHFEELRRERIRASRGR > 4ok 3K S (Au
nanoparticles; Au NPs)2_ SPR w.yc 4 #c s 10°-10""M'cm #_- 418 4
LA - F R AR EE R N SE KRR E S R 3
%is‘{ﬁﬂi;}‘%éa\—?fﬁiﬁ'l—ﬁ”v\ﬁ o d 3 Au NPs e FAE 2~ 7 & ‘m¥e
FPodesr e PEEH R EBA TR e I S
¥ & AuNPs F 2 A # i (20 3 0 4ot Bkl - f & 8 (aptamer) F
FRERTY WAL FRE B BE# R RS
LFRE DGRy o ¥ b5 AuNPs & 3 4o+ < [ A 3
2o S HEIF SN H R R A HEEE v BE wSd BAr2 b
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¥ 4] * SELEX (systematic evolution of ligands by exponential
enrichment) P jiFéF 38 &2 P R4 3 3 3 M frd 2 3 HFE B E Y
e 5 B o il s % Fitl (antibody)Ap vt 0 B X KRG enier 4 2
Lo epaaE g SRE Y BRI pH ERE EF RAd R
RRALIE 2 TR (T 0 fRE € % 2 (denature)id < B HEX fE 0 HIRR
(antigen) {¥ % 4 & Hg2 33 o PR Y AV g R pH B+
PR T HBERBEDOFTLAS BRI0 TR on PRy &
B g BB AT A2 AT A B4 S QR EH
(aptamer-conjugated nanoparticles > Apt-NPs) % 4¢ 33 i & ¥ %+ p &4 F
e d o
Fo BAAELER-EN RIS FR I RFFELEL LS
P 2 ] ap R AR AR FE R AR . P Ao
%% S MR ) ¥ 4R 44 (probe) & F kB 1 e
K foigd X R L WRIP he R BEE O B kS B
TAM o HEr R RERBEZE S - L ED
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FloFr 65 B PF LTS DNA A &85 348 F5 14
® DNAF £ 1= SR Frdl @ g a2 T 5o pahe 5 3% 5 p
% 4 lysozyme, thrombin, HIV-RNAse, secretory phospholipase A2,
neutrophil elastase, 22 HCV NS3 protase % e14 &+ if & %8 © 4L &%
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e ¥ BT AR ﬂ}gpéflzggoyfk,
4 & 4 (binding affinity) 7 & 2 * 53 ikl > € & > EHEAIH 5 o
7 ¥ % & (multivalent binding):# #x & A4 e & 4 2 3% kip ] v pf
ZEPBEPRYS 2z — o Fi2 AR I LGV RBEBA A
FBREMAFEIRILF ETREIVNREEAMIRRES TR

#Er P (thrombin) 2t e & P B E & g B0 3 & 7y AR
Lty RANREIY o R (B D s IR RS
ﬁﬂﬁﬁ#ﬁﬁ—l P ¥ ALAc ¥ thrombin £% 7 DNA i 64873 =
f o~ wE_15 Bk ke a0 TBA ;s 22 29 Bk AL 0 TBAy - TBAs
22 thrombin 0% & =% % exosite I’ exosite | fr PFF» F o fayeand

£ F e ¥ > TBAy & thrombin B2 R 47 $5k 20 % & ic 4 (K~0.7
nM)> & TBA,9 ¥ thrombin % & = % % exosite I TBAy & & F exosite
II 6 &2 2 %R 5 thrombin F o Flign s L5 5 B A F 3§ 680 %
E 3 d-0 FF A LR (exosite) s w1 2 oKk F A mop R/
i % (self-assembled arranged monolayer; SAAM) et -+ i * >+ H
FEE Rl E ] Do AT Y 0 APEREEY 2 R LR Y
$ e (thymine)free ¥ % & % 73 47 #c P (hairpin pair numbers) »
DI fr st 4 o gt b s AL 3 TBA s fv TBAyy B i3 4F
mEZERF R G N W F R A P R B B R

R R PEE P e
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# n fi#(human o-thrombin > >1,000 NIH units/mg protein) ~ A #f 4
Y8 F=v Ju (human fibrinogen) ~ # & v 3¢ (bovine serum albumin -
BSA) ~ » # £ f&(Hydrogen tetrachloroaurate(IIl) trihydrate » HAuCly -
3H,0) ~ 2 ¥ *4(NaOH) ~ # i 4 (sodium chloride » NaCl) ~ # i 47
(potassium chloride » KCI) ~ # i* 4F(Calcium chloride » CaCly) ~ # i*
4% (magnesium chloride > MgCl) ~ = # 7 A F A 7 =
(tris(hydroxylmethyl)aminomethane) - % & (Hydrochloric acid > HCI) ~
3+% (heparin ammonium salt from porcine intestinal mucosa * 1134.928
g/mol > 140 USP units/mg) » [¥ 4 & FZ(argatroban) > -k %% (hirudin)pE
** % B Sigma-Aldrich 2 @ » #2 {k(warfarin) B § ** # & Fluka = @ >
= 4 R ¥ P4 B (trisodium citrate dehydrate)f§ p % & J. T. Baker =
7 o st fiw BF R P 232 (thrombin clotting time reagent » TCT) § >+ /%
7 (Helena Laboratories) < % % ¥ i fv i3 & it 2 22 % 2 H i
(thiol-modified oligonucleotides) & p # B DNA H jiF & = = &
(Coralville, TIA, USA) - = -k p]d Millipore = 7 B @g 4k
(Milli-Q ) -

EINPY-
1. % 5\ &z ik SynergyTM 4 Multi-Mode Microplate Reader (Biotek
Instruments, USA)
2. 43 E PC-420 (Corning, USA)
3. 424 %% B DINX-DC200H (Delta, Taiwan)



4. 28R & B G-560 (Scientific-Industries, USA)
5. %k # Milli-Q system QGARDOOR1 (MA,USA)
6. 7+ 4 17 * T HR-200 (Adapter, Japan)

7. % i & % 3K-30 (Sigma, Germany)

8. pHp&#& & 2+ SP-701 (Switzerland, UK)

9. ¥ k& k3 R FP-6300 (Jasco, Japan)

10. -k ¢ 2 A MUPID-2plus (MUPID, Japan)

= ~ £ 2 13nm £ 3 F 7 (AuNPs)

A7 12 50 mL (4 mM)R #7744 (NasCeHsO7) 5 3B R &4 0.5
mL (0.1 M)z # £ f(HAuCL)® B & £ 3 5f 43 o gt F st id g3
P EFE O F RS A TS TF LA 13 nm £ 2 F RS
ERHFZ1ISaM - B 5THE T F ks T RF o AuNPs F T
95 133+£0.6nm o

z ~ TBA- AuNPs @ #

A e w5 202 AR FR % (thiol) & 3 2. 5 i fiFif & §2 (thrombin
binding aptermars) : TBA5(150 uM, 5 uL)22 TBA (150 uM, 5 uL)=
Moo F 4o x 13nm g4 2 K3 (150M, 990 pul) » 1 * £ FridE(Au-S)
e 4R o Ea Bl pFE{S 0 £ 4 >~ 200 mM NaCl i {7 salt aging °
E- R LA @ e g (R E4e 4 53,0000 g0 20 A
40 2 =) SmMTris-HCl(pH7.4)% i3 - 27 2. % B 4 2

P

2_ OliGreen (OG)z# k4 ' L ¥ kw7 28 o



T~ R fE R FRE R R

WORsE e frRFIPER > felBAE S 500 pLipie 71X AR
R (pH 7.4) ~ £ & F 9 39 (100 gM) ~ #74]% (TBA - Au NP, 2.5
nM) > A& B BF(5.0 nM)Z i H(0.5 X) 37 BB EY (Pef 3
) B i A FR A lom 2 EE KRR U PR
FpER o
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- ~ & B ¥ TBA-Tn - AuNPs 7§ 58

Al £ FR(Au-S)dER E N s N 2.0 UM Ea fEig & B

(thrombin binding aptermars > TBAs 2 TBA,y)fr5E # & 7| (random
DNA > rDNA)# &3t & % sk de & a > A% 3 b £ R G99 Mo
(To» Tis > Tso > Tus fr Teo)fr? I & & % 3 48 # P (hy-hairpin)eig &

iy &> &3 K FF (Apt-Au NPs)+ (% 7+ 5 TBA-h,T,- Au
NPs) > 4o: TBAyo-hyTis - Au NPs % 7 52 TBAy 7 4 {5 4 % 3 4 v

4y

B3 15 fﬁ’iﬁj’gﬁl‘!f’q’ﬁiﬁﬂﬁﬁﬁsf%é PR R SHME £ AR
Fom REATALEEY o 50 FH R R E BRI AP HIrJRL
R APPRIERET A R EROAL FRATFRE > KRR 2
Fik 5 (5.0 nM) ~ AFFEA ek B o R b r B R i ] A4 T
TBA 5-hoT,, (100 nM) > TBA -, T, (100 nM)> TBA 5-hoTo—Au NPs (0.83
nM) » TBA,s-heT;s—~Au NPs (0.91 nM) » TBA 5-hyT3—Au NPs (1.30
nM) » TBAs-hT4s—Au NPs (1.52 nM) » TBAs-hgTep—Au NPs (1.89
nM) » TBAo-hy To—Au NPs (1.00 nM) » TBAy-h,T;s—Au NPs (1.14 nM) »
TBAo-hyT3—Au NPs (1.43 nM) » TBA,e-hyT4s—Au NPs (1.54 nM){r
TBAzo-hyTgo—Au NPs (1.92 nM) » 5% i 5 Rk e if 2R B & 6 58 %
To & Teo & & 2 Hi 4e @ ¥ 1 o

Bl 1 Bgomaf & R P @A chZL B oo Vit e | R g & > AL
4]* TBA 4 TBA—Au NPs £ £ & fif 5% B PF I [(t — to)/to] & 2] %5 > 1,
fo t A W] m i de » FEd] R Fode » Frd Rt KPR 0 R iR
FIPF R R £ & PO cndEe A o § A fd TBA s & TBAy i & 18
Fhpd AR ET (AR AR R RS A6 ) 8 TBAs it fiv

10



R uEARY P R Ptk o oA ALF] G TBAs iTF 3R
w fFd & =¥ {4 oexosite | 0 E 3 thrombin & 1% o

o eb o AU g T TBA-Au NPs #ri»c s g 0¥ To X Ty & & 03 4
mREEEWER RS 0 48 L G-quadruplexs 3] 0 & @ A
Frl e d | e 23 30 B ReRe(>T) 18 o H Fr ] 2k I 5
TR B R o AR P 4 T, & B it ® 24 & AuNPs F e TBA i
BB 0 548 G-quadruplex 2 7] @ 3 4o Fjta 2k o o
B 2A ¥ TBA-Au NPs " ¥ T, & BA#{+ 1 n =60 K& E T
(Hydrodynamic diameters)~ %2 3 4r > § TBA i3 4% % Au NPs *+ T,
£ R A3 n=30TBA i34 & B Au NPs } a0t 52 4p¥+7% (&
D) ERPrdlme >c% T % o B 2C ¢ RAERH F 0 P TBA 1345
T AuNPs FSEF T, B4 - B 50 PpHER -

10
HTBA5-hoT,
_[TBAzg'h4Tn
BTBA5-h,T,-Au NPs
;o @ TBA,o-h,T,~Au NPs
Ls
-
&
-
0 |

Bl r;rfﬂ;ﬁgm o fA R e PR R AR Y R L fF R R

(relative thrombin clotting time) [(t — to)/to] 2 +* #& °
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(A) (B)

70 0
E u &
E . E
< = A c ° [ ]
33511 * 325'
[ [
S 8 ® TBA,-h, T;s-Au NPs
B 1 ® TBA, -, T,~Au NPs ® B TBAL-h! T)—Au NPs
M TBA,.-h, T,~Au NPs
0
0 30 60 0 8 16
n (linker length) m (hairpin pair number)
(C) (D)

B 2:(A,B)k&2/i5&E(C,D)7? & & 2 TBA-h,T,—Au NPs (50 nM)
20 Viem 7 3T 57 4 18 20 % % oLanes *%(C): (1) bare Au NPs, (2)
BSA capping Au NPs, (3) TBAs-hyTo—Au NPs, (4) TBA5-hoT|s—Au
NPs, (5) TBA;s-hgT;0-Au NPs, (6) TBAs-hgT4s—Au NPs, (7)
TBA5-hgT¢o—Au NPs, (8) TBA-hsT¢—Au NPs, (9) TBA,y-hsT15—Au
NPs, (10) TBA,y-hsT30-Au NPs, (11) TBA,y-hsT4s—Au NPs, (12)
TBA9-hsTgp—Au NPs ; Lanes in (D): (1) bare Au NPs, (2) BSA capping
Au NPs, (3) TBAs-hoT;s—Au NPs, (4) TBA5-h4T;s—Au NPs, (5)
TBA5-hgTs—Au NPs, (6) TBAs5-h;sT;s—Au NPs, (7) TBA9-hoT5—Au
NPs, (8) TBAy-hyT;s—Au NPs, (9) TBA,y-hgT;s—Au NPs, (10)

TBA29—h16T15—Au NPs ’f\—"(l 1) TBA15/TBA29-hgT15—Au NPs o

12



= ~TBA-h,Tis - AuNPs & & % 03 47 #c

B 3 % TBAs-h,Tis (100 nM) » TBAy-h,Tis (100 nM) >
TBAs5-hgT{s—Au NPs (0.91 nM) > TBAs-h4T;5—Au NPs (1.11 nM) -
TBA5-hgT|s—Au NPs (1.43 nM) > TBAs-h;sT;s—Au NPs (1.82 nM) -
TBA,9-hgT{s—Au NPs (0.85 nM) » TBA9-h4T;5—Au NPs (1.14 nM) »
TBA-hgTis—Au NPs (1.43 nM)z" TBAj9-h;6T1s—Au NPs (1.82 nM)st
w FERFRERE R o R & Y 0 AP IR TBAs-h, Tis 2t & ¥
% % 3 At ficit & % G-quadruplexs $3] 0 € B i HAR ST TR 4
PR pE o v @ 3 Ao drlata s o gt oo A SR L TBAs-h, Tis—Au
NPs f= TBAo-hy, Tis—Au NPs ¢ 5§ ¥ 7 48 #ci€_ho 3 e 3| hg ¥ 18 {7 $r
FlARE > % & 5 F 2 0 IHEERF R EFFrFRL TR L o N
PAER > B AT A B R BENE GNP W
G-quadruplexs Sz ATk > & Fardlie sek A o ¥ b Hi 4
hy» 7o ¥ if £ 8 G-quadruplexs Bk £ B S (4Bl 2B #777) o
F e fr o FFEE R KO fi 0 TBAs-higTis—Au NPs/TBA,y-h¢Ts—Au
NPs (2f £ i frd BPFAF A W) 5 2.6/123 ) uf £ % B T i
TBA 5-hgT s—Au NPs/TBA-hsT s—Au NPs (% £ 3 & fi# 52 FFF R 4 5
T 42182 B)®  RlT i LA H K bF B A AT ) it
Feif SRV Gl (& 1 ol 2D)2 2 P AP hAs F B LD
G-quadruplexs & 7 & #F 3 o
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20 -

ETBA h T,
ETBA,-h Tis
EMTBA, -h_T,—Au NPs
8 TBA,o-h, T,s—Au NPs

—
e

TCT [(t - t,)/t,]

B 3150 k57 40 » TBA-h,Tis & TBA-h,Tis—Au NPs 4 $Hi5¢

& P E PR [ to)t] <
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% 1. TBA(

#Au frif £ 48)% rDNA(KE# DNA B 7))t 4 2 f b3 £
m b2 #P o

Name

Sequence?

TBA/Au NP°

Toho-TBA 5
Tohs-TBAs,
T,-tDNA
SH-Tohg-TBA 5
SH-T)sh)-TBA 5
SH-T30h)-TBA 5
SH-Tshy-TBA 5
SH-Tyoh)-TBA 5
SH-T,hs-TBA,,
SH-T)shs-TBAso
SH-T30hs-TBAso
SH-Tshy-TBA,,
SH-Tyohs-TBA,o
SH-T shy-TBA 5

SH-T,shg-TBA 5

SH-T15h16-TBA15

SH-T;sho-TBAso

SH-T;shg-TBAso

SH-T)sh;-TBAso

SH-T15-rDNA

5"T,GGTTGGTGTGGTTGG-3'
5T, AGTCCGTGGTAGGGCAGGTTGGGGTGACT-3'
5'-T,GCTGACTACACGCTGTCATTA-3'
5'-SH-GGTTGGTGTGGTTGG-3'
5'-SH-T;sGGTTGGTGTGGTTGG-3'
5'-SH-T3,GGTTGGTGTGGTTGG-3'
5'-SH-T4sGGTTGGTGTGGTTGG-3'
5'-SH-Ts\GGTTGGTGTGGTTGG-3'
5'-SH-AGTCCGTGGTAGGGCAGGTTGGGGTGACT-3'
5'-SH-T;sAGTCCGTGGTAGGGCAGGTTGGGGTGACT-3'
5'-SH-T;,AGTCCGTGGTAGGGCAGGTTGGGGTGACT-3'
5'-SH-T4;sSAGTCCGTGGTAGGGCAGGTTGGGGTGACT-3'
5'-SH-T¢oAGTCCGTGGTAGGGCAGGTTGGGGTGACT-3'
5'-SH-T;sAGTCCGTGGTTGGTGTGGTTGGGGTGACT-3'
5'-SH-T;sATCTAGTCCGTGGTTGGTGTGGTTGGGGTGACTAGAT-3'

5'-SH-T ;s ATTCTACTGGATAGTCCGTGGTTGGTGTGGTTGGGGTGACTATCCA

GTAGAAT-3'
5'-SH-T;sGGTAGGGCAGGTTGG -3'

5'-SH-T ;s ATCTAGTCCGTGGTAGGGCAGGTTGGGGTGACTAGAT-3'

5'-SH-T ;s ATTCTACTGGATAGTCCGTGGTAGGGCAGGTTGGGGTGACTATCCA

GTAGAAT-3'

5'-SH-T;sGCTGACTACACGCTGTCATTA-3'

120

110

75

66

53

99

88

70

65

52

90

70

55

118

70

55

105

TR £

FAERRZIABINEBEEFRT TS 2 L WP
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= TBA15/TBA29-hgT15—Au NPs # Y%' 'H’_?ﬁ’ ks

A MRt eE B E 54 ez TBA-h, T,—Au NPs&i% i {5 »
A flE 5 R ME L & 2 KRS (TBAs/TBAy-hsTis—Au NPs)# 5 #
1A R fF g F B o SRR F oA TBA s-hsTs (100
nM), TBA5s-hsT;s—Au NPs (1.43 nM), TBA-hsT;s—Au NPs (1.43 nM)
rTBAs/TBAo-hsTis—Au NPs (1.42 nM)zf £ 4% o fis 5 B P ¥ 4o W) 2
oA~ Frd| A 3.9 ~ 42 - 18240296 1 (B 4) » B x B or o
TBA|s/TBAy-hsTis—Au NPs & F & »it #rf s st e @ A G
T A #ice % TBA 5-hy/TBAo-h,—Au NPsit £ jiw fr st FREF 5 19.3
217 1% 5 T TBA 5/ TBAy-hsTis—Au NPsfrji 5 F Jis €
B AR L EIER 5 N F A Rk R 03 4 (103100 nM) >
TBA5/TBA-hsTis—Au NPs (1.0 nM)z B % 425 & F e jc 1 P &
chsg it (B1S) o d BI67 svTBA,s/TBAyo-hgTi5~Au NPsfrif s fis 2. [F 3
fapeni &4 > BiEgp ¥ s Ki=8.86%x10""M > & free TBA,
BB 0 AR STBAsE TBAp— B R F 7700 poh s g5
B v Frdlpek o fip] T i F] 5 TBAs/TBA-hgT s—Au NPs & ¥ 22 5%
LR AANFETIEY S NI F A RI AL G 2 HRER Y
o Bip R BEVEORY  PREREE DR R BT FLRP
Fefie "% 2 E I E & eh o AP P TBA s/ TBA-hgTis—Au NPs ¥ 4& 7_
Wk R RAR YR ER L E(RT) 0 A AR
TBAs/TBAy-hgT;s~AuNPsF| & & B3t % f 2t i B EAR WL 5

AR N A EIE.L f}]%*i LA %‘%#m%+ﬁ’xﬁ4m“§ ﬁ)a27 R
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(A)
300-

a. Control

b. TBA5-hgT 45

c. TBA,5-hgTs—Au NPs

d. TBA,g-hgTs—Au NPs

e. TBA5/TBA,g-hgTs—Au NPs

Scattering intensity (kcps)
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F F&# 71 : RSC Advances

#+8F ' Highly flexible and stable aptamer-caged nanoparticles for

control of thrombin activity.

ﬁ"’ﬁ' - Chia-Lun Hsu, Shih-Chun Wei, Jyun-Wei Jian, Huan-Tsung
Chang, Wei-Hsi Chen, and Chih-Ching Huang

BE

In this paper, we have demonstrated thymine linker length number (T,, n = 0-60)
and stem pair number (P, m = 0—16) in the terminal of thrombin binding aptamers
(TBAs) having strong impact on the flexibility and stability of TBA—modified gold
nanoparticles (TBA—Au NPs) and thus the binding strength and inhibitory potency
toward thrombin. The anticoagulation of TBA—Au NPs increased with an increase in
the linker length from Ty to T3p due to an increase in the flexibility of G-quadruplexes
of TBAs on the Au NP surfaces (TBA-T,—Au NPs). The inhibition of TBA-P,,T|s—Au
NPs increased with increase in the P, from Py to Pg as a result of increase in the
rigidity and the stability of G-quadruplexes of TBAs on the Au NP surfaces. The best
results were observed for multivalent TBA-Au NPs
conjugates—TBA, 5/TBA29—P32 15—Au NPs— exhibited ultrahigh binding affinity toward
thrombin (K4 = 8.86 x 10 © M) and thus extremely high anticoagulant (inhibitory)
potency because of their particularly flexible and stable conformation and
multivalency. Compared to the case without inhibitors, their measured thrombin
clotting time (TCT) was 296 times longer, whereas for TBA;s5 alone it was only 3.9
times longer. From the dosage dependence of TCT delay, we further demonstrated the
anticoagulation ability of our TBAs/TBA»-PsT1s—Au NPs was much better than the
commercial drugs (argatroban and hirudin). Moreover, the Au NPs modified with
TBA with photocleavable (PC) unit allow a reversal in the activity of TBApc—Au NPs
via near-UV light-inducement of TBA released from Au NPs. We believe that our
described techniques can be used widely to modify NPs with other anticoagulant
DNA or RNA aptamers towards different proteins such as factor IX, activated protein
C, and factor Vlla.
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"t‘—‘lg'f : Tzu-En Lin, Wei-His Chen, Yen-Chun Shiang, Chih-Ching Huang,

Huan-Tsung Chang
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F A EF 7| * Analytical Chemistry

3>8 * Peroxidase Mimicking DNA-Gold Nanoparticles for the Fluorescence

Detection of Lead Ions in Blood.

ﬁ‘-ﬁ : Chi-Lin Li, Wei-His Chen, Cheng-Kang Chiang, and Huan-Tsung

We have developed a ﬂuorescence approach for the highly selective and sensitive
detection of lead ions (Pb*") ions using G-quadruplex DNA (T30695)-modified gold
nanoparticles (T30695—Au NPs) and Amplex UltraRed (AUR). Surface-assisted laser
desorption/ionization time-of-flight mass spectrometry (SALDI-TOF MS) and
inductively coupled plasma mass spectrometry (ICP-MS) revealed the formation of
Pb-Au alloys on the surfaces of the 40T30695—Au NPs gl e., the system featuring 40
molecules of T30695 per Au NP) in the presence of Pb 1ons leading to increased
catalytic activity for the HzOz-medlated oxidation of AUR The fluorescence
intensity (excitation/emission maxima: ca. 540/584 nm) of the AUR product was
proportional to the concentration of Pb>" ions over a range 0.1-100 nM (R* = 0.99),
with a limit of detection (LOD, at a signal-to-noise ratio 3) of 0.05 nM. The
40T30695-Au NP/AUR probe was highly selective (by at least 200 fold over other
metal ions) toward Pb*" ions; it allowed the detection of Pb* ions in standard
solutions containing 100 mM NaCl and 10 uM cysteine, with LODs of 0.1 and 0.3
nM, respectively. We validated the practicality of using the 40T30695-Au NPs/AUR
probe by determining the concentrations of Pb>" ions in blood samples in a simple,
selective, and sensitive manner.
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