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i) 0] T U QA FHekE citrate T IS
Z2l4 97404 718 HAuCl §940] citrate §942 3
Au™ 0] 22 Aug FHIEH= wo|tk” o714 27 UsHA
P & HeA F20|1EE TEHE ol&sto] AAT 5=
Atk HAuCly 847} citrate -84 2] ¥k-3- & H|of w2} Tk
3719] 8 = Q8K Amax = 520-530 nm, L = ~10-50 nm)

ZaxRY 43
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Bl AE &0 A 7 Ui YAH(Amax = 520 nm, L =
~40-250 nm)E TS = Qleh iii) seed mediated growth
e AFEEAIAQl  hexadecyltrimethylammonium
bromide(CTAB)& o]-&5t] & WA 34 4= =
E3 AlF3tal FUA9] oS HIIAA thRet F3u| d =
719} mokg ZHe  eglAHE ek Wholn T o
£ 5ol 3 egla} 448 913t growth §H(CTAB 9
AgNO;, L-ascorbic acid2 F4)of| seed §H(HAuCl, &+
AA|2] NaBH,, 2He] CTAB g4 o= F4)S ol T4
3} 4= ek qhok growth goHo)] AREE I L-ascorbic
acid g 9| Fe= Xs1A F8[5lAL seed §HS FHIATHA
2 U8 (e = 535 nm, L = ~50 nm) 2 34 3 4= glo.
% o]u)] L-ascorbic acidZ hydroquinone2 thA[gt growth
LN & seedE AFAIXITHH SS9 v]7F AojRH
81,100 nm2} S22y HES 7= 5 Yt thiE 4
3} 2= 9Jrh? w3t growth 8-l¢]] L-ascorbic acid, AgNO;
9} 3] NaOH7} 2R tHA F W 2B (Amax = 570, 780
nm, L =~100 nm) S ¥ 4= 9Jc}"” wlek CTAB tiAl sodium
citrate & A3 seed 8- growth -8-l)(L-ascorbic acid
o} NaOH ol B=chel, 2kae] 2 Ui k(e =
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of gold nanoparticles and (b) the corresponding TEM images of each
nanoparticles, (i) Gold nanocubes, (ii) polyhedral gold nanoparticles,
(iii) gold nanocages, (iv—vi) gold nanorods with different axis ratios,
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® 1, Different Strategies to Functionalize Gold Nanoparticles with Biomolecules Alongside a List of Examples for SPR Based Biosensing in
Conjunction with Different Types of Biofunctionalized Gold Nanoparticles

Measurement Types of conjugation Biomolecules for )
methods methods for GNPs Types of GNPs conjugation Target biomolecules Ref
Sphere Biotin Cholera toxin 31
Rod Anti—Transferrin Transferrin 33
Covalent linking chemistry Rod, cage . . )
(EDC/NHS) polyhedral Anti—=Thrombin Thrombin 30
Cube Anti—BNP BNP 35
Polyhedral Anti—-Human 1gG Human IgG 28
SPR e
Neutravidin—biotin Sphere Neutrawdln. biotinyalated Carcinoembryonic antigen (CEA) 37
anti—-CEA
. DNA IgE, thrombin,
Thiol attachment Sphere Anti—cMb Cardiac myoglobin 51, 38, 52
Sphere Anti—PSA Prostate—specific antigen (PSA) 26
Physiosorption i
Y p Rod Anti—TNEQ Tumor necrosis factor alpha 5
(TNFa)
Covalent linking chemistry . _ ; ’
(EDC/NHS) Sphere Anti—CRP C—reactive protein (CRP) 32
Covalent linking chemistry
(glutaraldehyde/ Nanostar Anti—PSA PSA 40
NaCNBH3 coupling)
LSPR - .
Covalent linking chemistry . .
(linker: ATPMS/NHS) Sphere Biotin Streptavidin 4
Physiosorption Sphere Anti—Biotin Biotin 24
NTA—Ni(ll)—histidine chemistry Sphere Decahistidine—tagged IFNa2 36
IFNAR2
Thiol attachment Sphere DNA DNA 50, 53
SPR imaging idin— Bioti
Streptavidin—biotin Sphere StreptaV|d|BNflot|nylated DNA 36

530 nm, L = ~50 nm)"*& ¥hE 4= e} 2 UeA o)A S
B A, T ERY B4 AT 94, & ey
£ 38kl 1 HHol 52 Yok T2 Zuby ek
02 2 YeFBE 5oUfH £o] Bl 5 WeA O] A] (hnax =
640 nm, L = ~40 nm)7} 299 4= glck”

2.2 2 LI-Uiol HOIR7|S5A £ i

SbA AFBIgIES] F e R 953t Foky AL
7HA e, EHo] St 4] 2 24 Ro|2 Uehl1, 35}
|, BB 0 2 g Fo|t). B3] F U= gAte] o] ul
0] 27154 =415k SPRe]| FE3le] 1 A=E FZA]
71 "Ue Rl i3 o] SPR B4 o] M kslA A
BT gl SeAoltht ol Ui giat ZThE Hlol oAl
Ao 5 A7) 918 945t Hlo| 27154 71
L e RS SR v F88k, A 1061 ¥zt
Hlo] @84S 2 Wizt EHol| 1A 9%t thokst i
o] 7= ek B2l F2he] o) AR HhEt
2 Thokst cross-linker SREHE-S o g3lo] ZAT Al71=
BRRY o) Qiet. o]e} Fl F R} oo BAe] Ztzt

streptavidin®|u neutravidin T+ avidin¥} biotin A%
AlolAdste] o] 57t A5t AR o83l 7|eHE =
Qshe o] FHEEIE Aek Y B 1.8 clope meat 2
719] 2 LhegiAjol] A2 the SRo] AR EE EISHs &
A5t WP Ea} o] 2 SPR 7|4k Ao 3831 H
QA7 2IHEL Bele Aol g Sol Tothill APHE 2
L= §JR}o]| prostate-specific antigen 3 (anti-PSA)E T
Bapyio] oJs) =5k, T8 anti-PSAS THFHSPR A
of| PSAS} 3| 218 0 2 AFAIAH PSA =5 SPRE &
A31rE” Feng AFHE thrombing HE381] $13)
thrombin7} 2 ARel= F o] N2 T2 A 2
DNA Qieh)2 283151tk 1 % shko} Qjeb] Sehe sH
2 Aejotol 2 e Aol A8 1Yk the Ale) e}
H=Z SPR-E 22 A|zF5}5th SPR 2of £X14 2 2 thrombin
3} 3 e e Feio) RRAEAA RIS BT
24 thrombing 17E=E HE51E” Spoto ALEL
= Y=} streptaviding S&FA|# biotin BH7|& 2t
= DNAE 241X & 0|5 SPR imaging #A4] ]| 21851
o] genomic DNAS 7&% 272 ¥ 18kt Piehler
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A2 trisnitrilotriacetic acid 7|571& Z= 9%t polylysine
3} polyethylene glycol2 444 copolymerE & W=y
Zpol] A3t 3 Ni(Il) &AJ3}e]| polyhistidine © 2 tagging
S AR o] MRS ol8sle] & LAl
interferon ANE] 9] subunitQ] IFNAR2E 83t & IFNa
2 7=t Agsh= A2 localized SPR (LSPR)2 HE3}
ek

ol F Lheglajel ulo] 284S FHARAL &
Qe ThakRt cross-linker SFETVHNG o1 g3le] &
QP Lherfol e AFALIES B 4 e, 1 F
1-ethyl-3-(3dimethylaminopropyl)-carbodiimide /N-hyd
roxysuccinimide(EDC/NHS)7} B2 -8%1 Q)
t}. &, EDC/NHSE o83t 7 U=YAt o] A7kz
HH carboxylic acid Wet7|9} vlo] 2 B2l o) ZA)1= of7l
718 BHERAL 4 k. 3 ATAGAE EDC/NHS S
olgste] ofel7x) mepe]  Lhegia}(7, s, 7, o
719 5ol Hlol 75 de =Yt e, o5 SPRe| 5%
A7 S B3l IgE, thrombin, B-type natriuretic peptide
(BNP) 52 1w skt 2859k Wu
T = $IR} 3-aminopropyl-trimethoxysilane (ATPMS)
£ o}gele] ofl 715718 s}, NHSE Ai77lo) s
bioting 2347 LSPRY &-830 2 M streptavidin
o] g Z4ats) SEalch”

o3t & WieAE Al SHE 835171 SlshiAle=
= WediAtel] TR E vlo| 20| EA] E B=0| o
£ Eske Ao] Pepzlolnt. o] A2 2Hes] UV-vis 131
= 53l &g = e} 217 2= EDC/NHSE 0|83} ok
79| & WAt T tiemitiofl 2+t ieh e S
L=8HE w UV-vis 28 ER W3S Uehd Aot} 34
Well o B2 7RI Aol WiRfE] o] Qlof e (oF
30 bases) DNAX T} &A|(MW: ¢F 150 kDa)E Z¥ 3t 32,
PP delolAl Zcjakg gho] Aubgo R o wol ofF

o) [ <
7S 24 ik

@ 20 —

. T T
Amax: 546 — 548 nm

Extinction
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12l 2, Representative UV-vis spectra of (a) polyhedral gold
nanoparticles and (b) gold nanorod solutions, In each case, dotted
and solid lines were the nanoparticles before and after coating with
biomolecules, respectively. DNA and antibody were used in (a) and
(b), respectively.
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BA7715 7idkslA EAERE 39 a2 2, 34 3¢
H), 2/ vk 3/ 584 ojEe, gE ¢ A&
712 4= 0] glek. B2 Saf p-Hashe do| 2wt
A SHolA 218 of F eha) 524 oke] $HEA A
Aol EHAR7 |97 FAHEY o] ff 213 W
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A o] Lz H3}E Q18| SPR Zto] A vl o] FdEo] W}
£ A& EAshe Yot 1d 3b). o2 HlW 13 3cot
Zro) El7 A} AF5 A= DNA-aptamerS 1435
2 b ol EALS Z91619S 1) Bl i Eo] aptamer}
Aol met FEE0| 7Rk AL 2 4 Yk & AA
7ro 2 Z24stmAt 31 Bl SRS mUEHE 4= 9l
L 983 in-situ BAWoTk. E3E F utut Fof Ysk= e}
A& A3 S Y TR £7] probeS =8 4= 9
o] th7|543, Bl 93 S0] B4 A2 ekt 4= gick

SPR EA151.& xLgale Hlo] mpga QAL 53 WSA|
7]+ WHol w2t i) Biacore AlE-S H|ESI] AAAIH o=
e sRISo| Qalo| wet 28 E jolZ 248k scanning
angle SPR,* ii) Z}-& WSt 71H A 2HE HolS ZHst
L FT-SPR,* iii) wlo]a2ojgfo] Fei= chofst e &

(a) J(,

b) T ™
> = E
= = 145 -
o v 4
Y = Aptamer,
ﬂaf) 04 5 14.0 Protein iR 7
® 02 s .5
S . — Bare Gold ) é 1351 | o %‘ |

+ === 10nm 5 4 &
0.0 (SPR angle shift) k5]
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12! 3, (a) Simplified schematic of surface plasmon resonance
set-up. (b) Plots of % reflectivity as a function of changes of
incidence angle, (c) An example of SPR sensorgram for the
adsorption of proteins onto aptamer modified surfaces.
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18l 4, SPR sensorgrams for different BNP concentrations using (a)

anti-BNP and (b) nanocube—antiBNP conjugates with BNP aptamer

on a thin gold film % Reproduced with permission of Analytical

Chemisty,® Copyright (2014) American Chemical Society.
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