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Figure 1 (Color online) Scheme of DNA-mediated nanoparticles assemblies. (a) DNA-mediated assemble to different superlattice structuré™. (b)
Planet-satellite stoichiometry control by DNA origami™®
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Figure2 (Color online) Aptamar-mediated nanoparticles assemble to core-shell structures®!
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Figure3 (Color online) Scheme of antigen-antibody mediated nanaparticles assemblies®
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Figure 4 (Color online) Biotin-avidin system mediated AuNPs functional assemblies. (a) Core-satellite Au nanoassemblies before and after proteo-
Iytic cleavage. (b) Immobilization of the negatively charged AUNP cores is enabled by Coulombic electrostatic attraction to glass surface. The glass
dideis subsequently passivated with an mPEG chain to block nonspecific satellite adsorption. (c) Satellite attachment is enabled by a directional cyste-
ine/biotin-streptavidin peptide tether. (d) Addition of trypsin cleaves the peptide, releasing the satellites into solution and enabling colorimetric detec-

tion of the proteasé®

S p 5 SR B 2 H SF B OTHE A AN, I HLAE
A 9 B 5 R0 A0 K R N T3 R 4 K SR 22 JR] ) PR
YN, AR R FRAZ O - TR G0 K AR R mT AR N
— R 4F () SERSHE SR IL I . J5 ok, X IR AL L
BT TY R, AT RREEE - TEYK
A HAABA  AUNPs T IRAKIT | G gl sy 7 (R -4 4l ok
Wk RAA BIF ST T RO AN A R 5 TR A K R
F4) ] i S 7 A L R T3 ) A AR Pt 8 e 5 o) 45
TR A RN () 5.

BeAh, LMEREY, R K (PEL, o] LLK
itk 2 35 141 1) 68 A 119 4 4 K S8R 2 25 o ST 7 5 S I
GER, LSS R T PEIAE TE 2 i A4 76 T 5 3
T Ak OB 00 A R BB A B, YR, TR
FE TRt RN ) 2k ik BEREY,
WER K 206 -b- 3R W LV 6 R W B (PS-b-PMMA) . R
W -b- BN TR (PS-b-PAA) . B 245 -b-BE MR I
fis =X I A R (PS-b-PEP) &S, T A R4 ks 4 4 K S50k
2255 0 T T A S S T O B i A
ik, BRIRERA W o FnT LU F i 455 7 oo
(i) 777 9 4 R A A SO0 B A fR . Rotello i &t
21 3905 3 28 PO 20 B R PAMAMEE i, SIERA T
21 256 R A R 0K ) #8517 3 35 W Ak B4 1)

3040

JO7 FH T35

2 5y 1A AR URLEH 2 ATy A 0 g T

FH EE T BB 0 K BORE, 5 B T IOT AN K 41
A o T AR 1) 14 25 5 1 SO0 AR 1 280 0L Je B R 22
R G PR, I HLAPRBURLA [F] i 412307 X A
B AR AR SURL A | 22 44 oK UL 22 1) 9 A/
SE W AR B T HOTRE A A REE, DN 52 1R 25 2
F AR e 11 07 R0 R PO 4 e AR RS T T AN
KA A8 FR R AR 94 K JUARE 22 18] B4 AT B T A E A A TR
AW RAR AR IR R #1247 AR B Iz Y
o7 Y i 35180,

21 ik

AUNPSH B8 5 H A BOR S BB E, 4
AUNPsH 23 HCIR 25 3 1 R LA, F T 0K (] A9 2% 1
EETFIEMESEHE O AL, Fit, KRG
AUNPST T AIME B0 A 78 Ak R LR e £ 3 A 1%
J@%&[ZB,BQ]'

FL7E 19974E Mirki ni 5 25 1O 5t 1) 1 A uN PszH %
5 B0 B AR b f TN R R I AR K. 7
AUNPs 2 1iiDNA, N A B4 HDNAJE, BT



PR

- e
W APTMS F§

) CHSO,SL.OCHS

Fg

l. © AuUNP (13 nm)
/

Sonlr:.alion in EtOH

B 5 (MR ) NN T S 0% - 10 25 H 4 A R 2 2 A B
Figure5 (Color online) Stepwise assembly process for asymmetric core-satellite nanoassemblies using selective desorption !

DNA Z% 22 175 5 AUNPsZH % 25 fff AUNPSTA i 45 40 T 1

W 2T Ry, VR BR Ch £T (A8 R s (0, DTS2 ER

T X [ DNARI KT . Park 1Y eo ] FH 44 K 25 55 1

PO T 25 R 2 25 R ST T X miR-21 A Fb 6 45 TRk

FHEREF LA [ 2 7235 35 - b A9 4% 0> AuNPs, FR7ET

W TR B 248 i TL2 AUNPs, BODAUNPSS TLE  oresotms.
AUNPs H A 1E #EmiR-2177 75 I A 2 41 %5, 75 % 41 e
E R S ﬁﬁﬁﬂi%ﬁﬁ’fﬁﬁ‘éwu < 5] 26 % Ry I
A B S £ M €078 Sy B, 3 e BT € 14 AR Ak T
DS F X mi R-21A4 #6:30 (1£16).

K mif 21 20 14205 o 33 Y I DN A 44 52 B
AUNPs " RIK, T XHHEDNARY H (58, KR
He i FH B9 58 Y AL IR B AR LA B 2% H:Féf;’ﬁAuNPs Bl 6 (M4 NOR ()5 T 40K 45 5 7ot TR 25X miR-21 /Y Lt
A A B FG R B £ 1000045, TG, Linigas <Y

Figure 6 (Color online) Colorimetric detection miR-21 based on

VR (0 3o PR A T % BHE 5 22 (MC) RO L plasmonic nanopartcles assemblies'™

\

Target miR-21

Core GNP conjugated 2% Satellite GNP conjugated
Q) SR B e g o

3041



a4 % B B 2016FE98 H61% F27H

LIk, 5 MCHLZ5 & 0y aF Bo R 1E S BR 2 50), f
AUNPSZH % 1 — K. YMCHETERT, MCS i i (4%
BB AUNPSIT B, WA 6 R AR L, AT SR
TXIMCHY H e A&, Kl PR 7] 1£0.05 nmol/L. filt,
Zhou it #5128 MHE 0 B3 T B B 00 i B R e AT
(DHPs), 454 1= 2% 1 ¥ 4 {1k DHPsZH 2 il AUNPSH T
R H BT S B T X FLDNA Y R UL IR, K
MFR1%0.1 pmol/L, 7] 7£0.01~5 pmol/L il il N 475
A

2.2 SERS/:Mfk)&

SERSK: £ At T Hm R . Mg, A
WEIREE S . TR R 9 | e MU M3l A o B T 4
Bk, NI IZ 0 T EREE S 2 0 A G T 4 4508
P T 225 A v R 408 T 1 8 K 0k 35 T 25 S T SO R
BRUNE, T BOBURL A FROT AL 1Y G S e S R, (A
FZAL W Hr B A5 S A B HOR. I, %58 Tk
TC 4 K Uk 41 %5 UK 7E SERSH I 1A £ 5 3] 32 I
m[45~47].

Tang i 20 858 1ot [ 4H 25 75 vkl 46 T &5 R 5
) RN = AR A e 5, RS b g5 S
5 DR T g e AT 1K 07, BE B 8 K SOR 14 1 58 IR T
B LA B S. Linif 2 0% AuNPsHI Au-Agh%
SRR TR TR G e R b, AR
R By PSR I LS 5 Bl AuNPsZ 3 19 T A2 45
FA LA H, I K JEC A0 7 A2 18 on ik = o 8~1017% .
Rk, FIHA G MVE Rk 3L, ol IR KRR
TR 3BT % A6 I 3R 5 . Coronadoif i 2H B 5 A=
YIZ FE R Z A EAE A T 90K ER (AUNSs) 2R
R, R AR A R A RN A R R TN A B
ori R B, A= 0 2R 0 S TSI B B 5 2] pmol /L.

K otovif i 41 5% F DNA XF AuUNRsHE {7 3% £ 1 1&
i, AT AR A AUNPSFIAUNRSZ 244 . %40
B SHelaZi I 7E37°C T 155712 him, RINGH K 4%
PRXT AR M JC R, I LR N 1) 440 At 5% 3% i 2L A 1R 5 1Y
SERS(5 5, ik 465 5l 3 Y5 T 94 A 20 B (A ok g 25 1)
P2 AR RN, I FLAS ) # 7R f 20 25 R o g 2 4 i
2 g 5 AN ], O I S S 06 1 5 AT LA XS 4
JH P9 BRI R A A O 4 T S s T (1 7).

2.3 SPRA:¥f )k
pATEe e e ST . 1 VA [ N S I T YA T e

3042

N N i o o8 W TR B OB 7D i e R G
TF 14 265 B P3O0 72 A A AR RO AR TR
JRUSE  RFFRE LA S e 160 F14 T B85 0 2L B 4 A SR )
JR U RE T HRL far A AR B A TR A3, DA R S 0
JCHE IR I 1 3 ZLRAR X o B9 R4y A 2 e
TR T YN AU 1Y) 2 255 T AR B 2 25 i 5 R ik
JCILHR I A AR AL X A4 o0 T AT AR IR, SPRAE W) 1% IRk
a HAA R WUE S RS . R SR
LT, BRI R

Alivisatosif i 28 B4R Hy I 25 8 1 b R BIF 5 20
HEDNAZRAZ B J12F. A gk ok — A1 S i
HEEDNABLEE, A B ANDNASEf5, MEE 3 U
i, RUIDNAGESEIT T 2432, KN HEEDNA
X tt, 51 A E #PDNABEETT 4238 Ja i H: K P 4 5
Tl 290 K TR 43 5 DA TS 5 4 K TR, SR R A
JCREWE RS, T A 7 L W A K R IR AR B B
T 1] LUAF 58 DNA B 24 28 86 J1 2% . dun%s AT &
DEVEJT 51 i JIk 17 1656 432 AUNPSZH 2 i e JR 25 4, 78
caspase-3f77E I, DEVER1 # T Wi 2 fiff AUNPs/3 5,
BE e & AR A, DRI A e O S AR e T DL A
LAY K- caspase-3. SEUG 4 W, XS R T
ORI BERE 75 20 22 /NI P 34 2 W i caspase- 31 7
b, S WG T 48 il T caspase- 31 1 1 Ak B AL T
SRS A ] (1518). L eelf i 20 50 it A= 1 3 1 S bk
F N (AN -BUiR I R . R -EA R ARG ) AR
SR UKL L ALBE Ak B R, RE TS T
() R A, Mt SR AR ARG I A A R ) B R 4 i
3T IR, b7 % BRI 2 A A B RS X 4R v
I3 AT RABTEA AR KA, b 77 3 w] 5 (8 M v T
PRLTH S F R

2.4 [ A ik

FHEYK A AR 450 ARG Z —.
Tk g K 2H 2 AR HE (R — a3 Y T WG IX £ 77 A s 2
K FYEME S, I H IS 5 0h 2 5 (A L AT #4 54 i 25 1k
TRk, B R N AR AR A 2 5 R B e
PR RANTR. PR, AH T AL 8RS, R FHEAE
SAE MR IE SRR P . eI Y, PR
) 0[5 245 25 41 4 14 8 R R A 00 5O,

VF 22 55 B 7 9 R 0k 21 245 AR B i 45 55 7 CD A
fE, 40 2 5% . B EEDNA . DNA R FEE 4>+ 47 4k
S ARAE ZH A i AUNPSZE 35 1A . K otovilf i 28 7 1o 58



Satellite assemblies (d)
Side assemblies
End assemlies

Non-assembled
Hela cells only

v(C=0)

400 600 800 1000 1200 1400 1600

Bl 7 (R4S ROR ) R [RIF R s 4R, TR S5 (a), M (b), Wil (c)7e Heladtl L P (9 B B R S5 AR B (O R0 i (o)™
Figure7 (Color online) Optical images of HeL a cell with different binary ensembles. Satellite (a), side (b), end (c) assemblies and Raman spectra (d)

from the Hela cells with three types of assemblies™
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Figure 8 (Color online) In vitro caspase-3-mediated cleavage of crown nanoparticle plasmon rulers. (a) Schematic of experimental design. (b)—(d)
After caspase-3 molecules were introduced, and the color and intensity changes of crown nanoparticles were monitored under dark-field microscopy!®”
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Plasmons nanoparticles assembly and biological applications
ZHANG Lei, MO Lan, SHEN JingJing, ZHANG Ying & WANG LianHui

The Synergetic Innovation Center for Advanced Materials, Key Laboratory for Organic Electonics and Information Displays, Institute of Advanced
Matrials (IAM), Nanjing University of Posts & Telecommunications, Nanjing 210023, China

Surface plasmon resonance (SPR) effect of nanoparticles, is an emerging subfield of nanophontonics, and it attracts
increasing attention because of its potential applications in controlling and manipulating light at nanoscale dimensions.
This review focuses on the molecules mediated nanoparticle assemblies and their biological applications, highlights
several molecules mediated nanoparticle assembly technique and their recent applications in biomedical, and prospects
the future development. Based on the specific binding ability of these functional mediate molecules (including DNA,
antigen-antibody, aptamar, biotin-avidin, small organic molecules and polymers), plasmonic nanoparticles could be
synthesized by self-assemble methods. Noble metal nanoparticle assemblies have broad applications in biological sensing,
imaging and treatment due to their exclusive plasmon optical properties. With the rapid development of self-assembly
technology, molecule-mediated self-assembly technology can be used well to control the spatial arrangement structure of
plasmonic nanoparticles. Individual nanoparticle has been used to controllable assembled into one-dimensional, two-
dimensional or three-dimensional conformation of the novel composite materials. SPR effect of noble meta
nanoparticles, is an emerging subfield of nanophontonics, and it attracts increasing attention because of its potential
applications in controlling and manipulating light at nanoscale dimensions. Compared with the individual nanoparticle,
nanoparticle assemblies have alot of novel or excellent physical properties which exhibite convenient adjustable ability
in SPR spectra due to noble metal nanoparticles with irregular shape. They show notable antenna effect at the edge of
nanoparticles and the coupling effect between adjacent two nanoparticles. All of these unique optical properties on
plasmonic nanoparticles will be further enhanced by the self-assemble nanotechnology, which exhibits many promising
applications in the field of biosensors (including photocolorimetric method, SPR, surface-enhanced Raman scattering
(SERS), circular dichroism etc.), photoacoustic imaging and photothermal therapy in recently decades. This review
focuses on the molecules mediated nanoparticle assemblies and their biological applications, highlights several molecules
mediated nanoparticle assembly technique and their recent applications in biomedical, and prospects the future
development. Based on the specific binding ability of these functional mediate molecules (including DNA, antigen-
antibody, aptamar, biotin-avidin, small organic molecules and polymers etc.) plasmonic nanoparticles clusters could be
synthesized to molecules mediated nanoparticle assemblies (MMNAS) by sdlf-assemble methods following the
well-designed linker. MMNAS could be widely used in bionanotechnology and biomedicine. The MMNAs would exhibit
more sensitivity to the imperceptible changes of micro-environment around the assembles. There would be larger shifts
in this resonance due to changesin the local index of refraction upon adsorption to the nanoparticles which could be used
to detect biopolymers such as DNA or proteins. For example, the satellite gold nanoparticles linked on the surface of core
particle by DEVD peptide would be cleaned by caspase-3 from the core. This method has been used directly for rea-time
monitoring the enzymatic reaction by MMNAS' scattering spectra shifts. In addition, there would be abundant hot-spots
between the satellite nanoparticles and the core, which is emerging as a powerful tool for SERS spectroscopic detection
of trace molecular, cellular, and in vivo targets. The enhancement factors could achieve up to 1014-1015 by properly
adjusting the LSPR spectroscopic profile and structural features of the MMNASs. What's interesting is that when noble
metal nanoparticles aggregate, there has been a red-shift in the light absorption spectrum, which dramatically enhances
the light absorbance in the NIR region. And the MMNAS would show great adjustable ability in plasmon resonance
absorption which opening up new opportunities for plasmonic nanoparticles to be utilized as photosensitizers in the NIR
photothermal therapy photoacoustic imaging applications. Based on the further comprehensive researches and
developments of MMNAS in recent decades, we believe that the continued development of MMNASs will be applied well
in the fields of chemistry, physics, optics and biomedicine in the future.

nanoparticles, self-assembly, molecules mediated, biological applications
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