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Abstract  Fluorescent semiconductor quantum dots have shown great potential applications in analytical
chemistry, biochemistry and biomedicine. The unique optical properties and various surface structures of QDs have
received more and more intensive attention. Here,we present a review of current development in QDs, including
their synthetic method, surface modification and bioconjugation, especially their applications in drug delivery.
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Fig.1  Cartoon, photograph, and PL spectra illustrating
progressive color changes of CdSe/ZnS with increasing
nanocrystal size (top); Qualitative changes in QD energy

levels with increasing nanocrystal size. Band gap energies,

E,, were estimated from PL spectra ( bottom). (28]
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Fig. 2 Emission maxima and sizes of quantum dots of
different composition. The curves represent experimental
data from the literature on the dependence of peak emission
QD diameter. emission

wavelength on The range of

wavelength is 400 to 1 350 nm, with size varying from 2 to

9.5 nm. >
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Fig.3  Photostability comparison between QDs and Alexa
488. (a) top row: Nuclear antigens were labeled with QD
630-streptavidin (red) , and microtubules were labeled with
Alexa 488 ( green )

conjugated to anti-mouse IgG

simultaneously in a 3T3 cell. bottom row: Microtubules were
labeled with QD 630-streptavidin  ( red ), and nuclear
antigens were stained green with Alexa 488 conjugated to
anti-human IgG. Images at 0, 20, 60, 120, and 180 s are
shown. Whereas labeling signals of Alexa 488 faded quickly
and became undetectable within 2 min, the signals of QD
630 showed no obvious change for the entire 3 min
illumination period. (b) Quantitative analysis of changes in
intensities of QD 608-streptavidin ( stained microtubules )

and Alexa 488-streptavidin ( stained nuclear antigens). !
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Fig. 4 A representative QD decorated with multiple
disparate biomolecules (e. g., nucleic acids, proteins,

peptides) is depicted
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MR B J> T 38 FCR-QDs B BREHE b 25 9
TR AN A2 WA T AT A0 MR R YT A IS
Moz — . Liu 7 R EME AW RER KR
) S S5 A Y QDs 55 4% R 3 BC AR M B 5, T[] isf %
WA R A2 7T LR AT R . Chen 55" 4 X A
EAA RS RSP R) GBI210 3 B A 8 i Bt i b 5
PEG {6 H) QDs 1K, I FH Ty iz A T 2 ik b 2
F1R) A 22 JE T3 9 240 i £ 5 AL RIS

3 QDsEALEHHEH N

RGBT W E IR T, 7 B S A S
T HBEFTS M, R G RBOAIT . 2 D RERY 40K
FRT- G A BEEP T — R, S8 W7 G F 25
L R EAT o 53 Ah, QDs B B 1 ik R A
v 7 T R R B A% S IR 2l 25 W T 4 K 25 9 7 3 1
24 0 8 3 TR 9 B AT R, A B T 0L B v A
G 7E P PR DY I 23 AT 32 R O 25 28 HL fl
ST B B, T T I R T 24 i (4L 7 28 A 4
ARFE
3.1 QDs 42581k

T QDs 8 CHY He e T, HL2 5 Bk 2 Fh e i 18
Wi, K QDs fEAS LA e 25 4 3 4 45 4 10 07 5
52515 T LR LL QDs 1R 9 48 Kk 25 2
BTS2 BLZG W 4 T 7 40 I B 3h W AR 9 i 9O
REWIT.
3011 QDs/N T 2545 25 1k RBFSE

2006 4F , Manabe 25" ¢ e 223 AT QDs FRic#it
9 100 25 ) R 46 3% A (Cap) |, 43 B H e /N BUA P9 Y
25 2 AR A . AR R AR R T
A QDs B LA AE KB M QDs i 1Y = IF
o LS P AR B %, B QDs-Cap H AW, 45 B
7R, TE R BUR B K B 48 25 )5 30min i, & A M R B
H 5 G M 2 B A R TR A P o AT e T A 1%



201209060016

-2240- LT =

# Kk

16 17 tiE bk

524 %

BRE AW E BN R N, X — T
16 S /N 43 T 265 90 0 K 0 BT 5 R AL TR Y R K
Byrne 45" AR (KPR 25 P H BN MR A F
JKHE CdTe QDs F i, IEBIFE T 2 & 9 169 5
YT ANE WGV DEFC R, 90k 52 A W7 A R
i ELA B0 Ba R e, OF EL AT L E T W 40
THP-1 oM L

S-B (A (5-HT) 2 F il & b i) 2 ph 4
BT, SRR I A (SERT) & —Fhotf S-HT 4 55
JE SR 1 10 B T G5 B 1, 0K AR S I 7 A 5-HT
P PR, R0 T 0 R A FORS s ) T 25
B, fif, Chang %6 QDs 55 IDT318 ( —Fh 241
T 5-HT ik &%) 456 J5 , #% % 2 & ik SERT [ 5}
TR, H5 QDs bRICHY BPEE 40 i 15 00 B PE T (—Fb
PIMAERZE ) L0 T 5 & BN, 2€ 6 3R 3 B FRF 1) 1 i i
Fy ke A5 1 k78 (EIEL S BT R ) o 3k 2 4 0 4R it

N SR R a7

allosteric modulator screening - - - -
EEEN

] ]

5 min

high fluorescence :
allosteric ow fluorescence

modulator
l:]D mn m
-

B S 322 Y0, QDs-FL P 19 5 45 B 417 A 25
RSB0 QDs 15 40 410 A 25 % e 9 ok R B (Z2 D) i
QDs- R A HUAR , 52 56155 el Il (A7 1) ™

Fig. 5

=
ES
o

20 uM
paroxetine paroxetine control

0 min 10min 30 min

Fluorescence displacement assay based on ligand-
conjugated QDs for antidepressant drug discovery. Upon
exposure to a potential drug that induces a conformational
change in the binding site (left) , the QD-tagged ligands are

displaced, resulting in a decrease in fluorescence intensity

(right) (03]

Bl %5 2 (doxorubicin, Dox ) J& — Fi i 47 92 )6 B 41
g 259, 7T L LR AR 7 205 RNA B DNA JE
JR Y WEE CG 9 45 4 . Bagalkot 45 '™ & & T
Dox % iR & Iic # Fl CdSe/ZnS QDs 4 J 1) ;L FRET
TR FR I F T 1 T A A1 i 4 i 20 ) S AR
ik KR YT (INE 6 FioR) o AT ks QDs
LI REE X H 51 AR F S A 1 0 5L (prostate specific
membrane antigen, PSMA ) B 1R 5158 J1 A A10 RNA
3 JC A AT 306, AR T A G ) rhom A Dox, B 5T
W] QDs-Apt( Dox) Xf T F ik PSMA ) LNCaP 4 Jifd
BA PR B R A ot . O R R W
Ttk B W g% QDs-Apt( Dox) %1k PSMA ) LNCaP 4
LR B PR K I TERE TR )1, QDs 1 Dox 1Y 75¢

(@)
® Dox

QD-Apt: “ON”

QD-Apt(Dox): “OFF”

*s?l) rug release .""'-'-':..

lysosome - “ON”

B 6 (a)QD-Apt(Dox) fEtt 4k 7 88 18 R 7n ZIEL; (b)
QD-Apt(Dox) i i PSMA /0 5k A 41/ B B

Fig.6 (a) Schematic illustration of Bi-FRET system. (b)
Schematic illustration of specific uptake of QD-Apt ( Dox)
conjugates into target cancer cell through PSMA mediate

endocytosis''"*’

eSS b TR ;1. 5hs , BT LNCaP 4 ffg 4
25 PG XS PSMA 8 e 44 119 A= 0 5 A 4 D, 18 066 K fi
B9, Dox 13 BRI, Pt QD 1 Dox 34 8 78 Hi %5 5 11
Yo X FE FLAR-QDs 254 B UK R TE 25 W BTk,
i (R B Nl = & S 9 S [

DL TAE RO /N T2 AE R AT it T
— AR T i BRI S 3 A AT DR A
W RAEH EEN, 5 —Jrmm, 5 QDs K5 i 2
W& 2GR A HE 2 25 9)-QDs B8 WM,
W B R
3.1.2 OQDs-siRNA 425k &

RNA + 3 ( RNA interference, RNAi) f R A &
IR UL B DA R N IS R 8 4 v T A s 9 i 1Y
EEGA . B LI—FOEE RNA (dsRNA) 4> 11
mRNA JKF- b ¢ P AH I 1) B PR 1% 26 38 B el 0 30
FORURY I | SR R b e IS RIS
(PTGs) , AMJE sk N M dsRNA T8 52 40 Jifd i 39F A 41
MLJS , B 9t dsRNA H5 5 PEAX IR P4 U A S o 1
P E 2123 DREHBRI B, PR/ F AR
RNA (siRNA) , & )2 2h 41 I8 )9 RNAi JZ 7, /& RNAi
i H ] RS 271 B A siRNA iy T AR R
K, T B i, S0 FE far ¢ 9 45 [R) R AR Xk F A 40 L, 2
RNAi JAJ7 I8 FH B9 350 0l f ' . el AP 98 2 1, 5%
JKPE QDs A L aof £k 27 B 5l s AR HT 5 siRNA
4,91 B, QDs AT LIAE R/ 148 RNA (siRNA) 11y
A B R YO0 B, L T b A B ) EPR KON A
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FIIT QDs 7E i 98 21 2L 1) 3R 45 5 B8 o 56 R 2 e o [
AT LS I AT PR AL B siRNA [ 38 ot 72 1

Derfus %" ¥ 8 2, — [k QDs( PEG-QDs) {E
R AR EEA Z K F3 S (Rl ) M 4 40) |, 9F R
JHTT 240 (1) — B d 4 4 siRNA, SCBL T siRNA (1) Jif
58 240 0 BT 173 26 9868 B . Walther 251 5 it #
HLAE B siIRNA WG B 7E (2 1A FH 25 7 2 KB QDs
FR, ASCIEE siRNA (20 0 N 3 26 . (B LR J7 ik
TN} 0 AT T A B A G X 440 i 1 TR A
T2 . R T 10 45 24 28 1A dht 4 PN R IR B, Tl o
HAGKERE & BRG] T a3
HAR) .,
3.2 QDs tric 4y 25404k
3.2.1  QCs-HE R4 251K R 5T

g it (liposome , Ls ) J& EL A W43 T 2 45 44 Y
B R, HE W 1 2 S5 F RE 06 A 3 b L 1 2
Yy, TR, S T RSE LR AR s T R R
TG SE T8, ) AR Rl 25 ) Bk . QDs &
MG AE R AR A, s B TR AR N, AT 6 AR 45 24
B AR HEAT T WL AL (936 B BF S8, Al-Jamal 2Rk
& H2nmiy CdSe/ZnS QDs i A B X 43 F — il ik
B N e JIEL Gk ( DOPC) FIBH B8 7 1, 2- 3 ot -3- = 1 4%
SN BE(DOTAP) [ 41 %6 B 1 /N 1 2E JIg ot 44 1) B35 g
WUJZ P 3 3 e 2 AR I el 4 ) G g 4k T
LGS A AE NN b a0 e i, -k o #r . if— 20
W B AR T 5 0 0 R RRORE B N R B PR C33a
N, EW 9 R B FH B 1 DOTAP Jig o 44 1% i 9
5% BOFN{4 58 B 88 T DOPC g ik, 5 4h, i1k

semiconductor organic coating,

core,e.9., CdSe—p )y« -0 carboxyl 97UP__tumor-targeting moiety,

inorganie sShell,/' d e.g.,anti-HER2/ErbB2
eg.Zn %
CWLEe?

single chain Fv fragment

L ?

\ % hemically tethered
oly(ethyléne glycol) W %% S AT
poly( se)émentgy )§Z§ ’%’% carboxyl quantum dots

] 22 \
== =
N\ = ség) =~
7 S §
% N = 4
A AN
% KA

aqueous interior for
drug and/or functional agent

DSPC/cholesterol/DSPE encapsulation,e.g.,doxorubicin

lipid bilayer

B7 QDs-IRmAd
Fig.7 Schematic showing the structure of a QD-IL

nanoparticle''"*’

5T AN [ W i 21 LS B MR -QDs (£-QD-L) X J 2H
LI P o AT A B IE A A £-QD-L AE 5 0 20

fi 3 5% % md, 5 AR R SR 00 40 M 45 A 5 B B
311, 2008 4, Weng 45 AR GE T QDs-fig B i
(QDs-Ls) 525K 2 (WA 7 fron) o AT e i 2 1
HIREFL W K CdSe/ZnS QDs AE 9L #R 4, A
T AR N F 32k 2(HER2) VR 8 B MG 4+, 5
WG IEAT 24 3% 2, B L QD-Ls 45 25 44, SR Ji5 %6
BRI ER B R TR RN, 259 /R B
2G4 R T o e R A I Bl AR e 2K A A )
JESZ % OD-Ls %t HER2 i JF 35 35 9 SK2BR23 fiI
MCF27/HER2 4 jfd i) 8 1) 55 1, I H, B 25 % 76
o F AT LA BRI (AT IR T o e e e R R R Mk
2525 QD-Ls J& , il 13 7 % 1R & 58 W A% R o6 fF
5 T A A A% W 2T i 2R G R A R A
3.2.2 QDs-REWH AR AW

& UL B BH B 3R A W i % i B 4 T Rk i
4 DNA PSR it i 2 A (PECs) . XA
Sy 240 P9 A AL, DA DY TR 4R k% T g £/ 47 DNA
%% DNA BEAYREfE . NIL, B A AR ERE A 37
AL Rz B T oeEN . R QDs KARIC R
B YER L 2 AR, T R BF 5 41 2 0 AT K
fE B . Kim 2D A4 715 QDs M4 4, il i
AL B T R A PLGA gk ek, wl il o) pH
SR VAR G K B A W 2 T A AR b X — A ARl i i
TR T A, 20 7 240 60 5 %) 8 B oAy e 4 1) 2 it | 4
LB 9 B T 32, A0 40 K BRIE MV A fige , R
QDs B 5. MUK ERIA R AL E Mitotracker 2¢ ) Yt
RECPE R BRI 259 4 1) , o mT 5 ok % 42 1 A 40
JL, B RS, TS S R 2 o R R A 1S
A 4 ORI AT LA R T R A (R T )
QDs, ¥E 4 siRNA iz f i /k (Nl 8 frm). A T
QDs PRI, sSiIRNA 53 & 1A TT LA SE B8 40 i BE , I A% P9
A 3k s O B SR A 40 LY v, O A0 N AL, 7R
sIRNA & 4 1t fi D= 2 9 26 1 0 ol 3 0 T4 . i
FEWA QDs FAE LT, 4547 7 L faf (19 siRNA JE 5 iF
A4, BFFE R, R [ MDA-MB-231 4 jitd 4
T SiIRNA BRCR 2 A 57 /) 10—20 45,1
FEPE R R 5—6 %, S50 o B2 v LLIE o % 55 A
BHOREAT SN B B, AN, mE RS R
MEREGWALE QDs, I 4¢3k siRNA  #&15 T HER2/
neu 7 SK-BR-3 4H it A% 3£ [K 7T 2k

H T QDs bric R & W) 8 A B HA R 47 i 22
JERN 45 siRNA 55 e 40 i i 1 72 45 2 1 /R B2
B EOR B Z Y IRE RV QDs-R AWK R
YEN siRNA %5 2 2 ik H A 4B % 1 5 19 B H A 5.
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Rational design of proton-sponge coated quantum

dots and their use as a multifunctional nanoscale carrier for

siRNA delivery and intracellular imaging""'®’

XS AN SR B TN R - T A R 2 TR
(PMAA-co-PDMAEMA ), B2 A% 25 M (19 7] 7 A B 8,75
6155 1 ZnO QDs, Jf HI LhF DNA Jii kL iz 3% &
COS-7 4y, Bod7 45" " 3 i e A 8 e 1 7 3 i
&R AMRBM R QDs 4E R siRNA 1y 44 K 2
&, B QDs 2k K # 47 siRNA #F A F 20 i 4
(HeLa) v, JiE BR300 5L [ HPV18 K6, DT 10 il g 44
JHL 1 3 5 A A
3.2.3  QDs-FERMEL K R W5
SERMERE P RN A SN, A R0
AHZSVE I A 25 M |22 A M KT A ) G i T S
o 7E = 25 5B 5 L 94 0K 45 25 4R AR AF 55 7 1HT 3% %)
Pz Zhang S5RGBT
FE] RN A KOG QDs, 5 B TR AR K 2 A1E
60nm7E R H-QDs E AW, % & & WAIE N HER2/
neu siRNA 2K, 3838 i IR B2 9¢ Y615 5 1) X siRNA
Biz 26 FVRE g gE AT IR BR . WF ORI, R A i A
HER2 $TK 1% 52 R HE-QDs 7 LUz % siRNA #[a] &
HER2 i 335 1 SKBR3 ZL i 9 40 il , JF B, i1
YR il R I O 5 43 BT S IR S A4 B Y siRNA
0 35 PR LBk Ak o Miisra 25 P M T Zn0-QDs-
FCRME-I R B2 1R &R R H A b 5 W) BT R
(Dox) , fF5E 2 M1 , AKX Dox B2 F Rk 75% &

A5, JF AT LS Dox Y il B M. Li 250 % Bk
TR SHRAE I Ny 2 S AR E KPR
AR P Fe, O, 40K A0F A1 CdTe QDs f E 7E 76 &
BEGOKR K 8 A W ) DG ARIC AT pH B ORE
2R IBET — IR R R 20 R 4
3.2.4 ZUike QDs HEHAKR

YR58 © 28 A IR B 2 K R Y i 2
J7 I 22— W 25 ) B8 i — A EE T, an el
20 K JURL I3 AT I DR 24 W 1 P e R K R 22 ) g 1Y
J7 i, S H AT R A R e R R —

DL QDs fE R GE 1 2 DI REYN K 5 & 45 4, T gk
B Z AT RNGIT 5 T S B2 Dy RE AT ) SR FLA
JT o 2008 4F Kim 45" gl 4 T — 4 £ o0
Wi SEIRIT F— R Z IR RAG RS, XA GH
BT AAHBSY (1) PLGA 9 K Kr 1B H i 7Kk Jieh 93
iR AR AR (2) MRE P Fe, 0, F1 CdSe/ZnS
QDs P Fp TCHLGY K AL T AL EAE R AR R T, 435
FF Je MRI 2 W f2bRic s (3) mHiR 2y F H F
1) KB bR 4 5 (4) BT 2 B e 3 2 ik R b A
TR A IE T o AN SE IR 45 R WoR X R 2 Th e 2y
S5 B S BT R A0 AR 1) OMRT AR 2O AR D
DA 25 ik 2 ROk . B S, Park 17 O
I Z D REGN K 25 25 B AR F T IR IR 2 WA T o bl
K H PEG & 11 s 62 £ B8 ¥ 4 5 2140 QDs | it
PR B 8 2 0 B A ISR Z5 K, O AE 3 1 45
A F3 Z2 JKHE ) 43 1, 3 Fh &5 b RE % S22 i 98 9 1)
0 2T AR5 6 A MRL I K B AR 2 W7 K 265 03697 o
I BRI ) PEG Ah 5% 0] A5 54k G 28 7R Bl 1Ak g
o R GEAT W, KR IG5 T 40K 25 W K N R e 1, 4iE
KT R P A RD 38 K TR bR A 4 A P2
XAMEZRBARRIBETHE NS, 1R
ili 220 b g T BRIE B 20 - S B % K £E 800nm )
LT AD QDs-ER RGN Fe, O, ghK b T3 251K &, If:
K PLGA (poly (lactic-co-glycolic acid) ) ¥t 71 9w 24
PR B B T AR R (& 9 FTR) . B
W, I A W S 45 T B R R S R R X
B i g 40 LNCaP HAG $0 1] /R o[]S 336 44 52 56
98 2 W, B A 0 BRI R B 45 B DL 4 K 45 25 1R &R
7E 2 bk e G AR RIS, B T o R L 1) 2O A5 S
HAW B2, XU T 7/ &£ )88 ODs 2
KRR EFESE WU R T EEN,

9K (CNT) B 3 Ug 1 A W AR 25 0 30
FRUK AT 487 K o 24 ) HL 3101 25 52 A M S5 4 0L 3
JLAE R 26 W0 480K BF 5 09 38 2% 07 112 L Jia
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functionalization of MNSs: PTX loading using a thin PLGA
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S U SEH CdTe-QD SR BRIT 2 IR YT 25 I X
FERATIR (ASODNs) |, Jf-fif By 5 £ 4 W iz ( PEL) FH 5
5 HL A SO M R Ak 1Y 22 BE B 40 K 45 (MWNT)
SRJ5 H5 ASODNs-QD FIZREALAY MWNT L i A
T7 GG I8 PO AR IC BB 98 K A 8028 R gt It
RAETOCHUR L PEL B4 i J5 MWNT X HeLa 4
J 2 P ASODNs B % 20 , & AR JE 4L MWNT 78
Zead BE WE J TE R R ARG T 40 AR 1) A% 2K 2
WA R I AR S . Shi ST MR R GH I K MR
Z14MP) CdSeTe@ ZnS QDs 5 1 2 2 1L ) MWCNT

drug
delivery
system

cancer cell surface

B 10 SWNT {51k QDs, 125 4 1 EGF ¥ 1] it 77 20 g
K2 K EGFR /R B 5 4 18] : = A X007 & B UG R AE
Ko Sl HN12 g9/ BRORR B 9 1 SQ B SQE 4k B (41
), 4 K% AT Hoechst B (3 €0) , il 45 1] 9¢ O 36 -7 e
I e e (Gt ) |

Fig. 10 left: Schematic showing SWNT bundles
bioconjugated with EGF and cisplatin targeting the cell
surface receptor EGFR on a single HNSCC cell. right:
Representative frames from time-lapse videos acquired by 3-
color, intravital two-photon microscopy. Mice bearing the
HN12 xenografts were anesthetized and treated with SQ or
SQE (red) bioconjugates. Cell nuclei were stained with

Hoechst ( blue) and blood vessels with 500 kDa FITC-

dextran (green) "’
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