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Abstract

Quantum dots, as a class of fluorescence probes,
exhibit distinct luminescence characteristics
compared to those of traditional fluorophores.
They have shown great potential for applica-
tions in biomedical research. The last decade of
developments in quantum dots for biomedical
applications are reviewed.
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AAPUEEBBRY A T K2 F(RA ) A/
SFCEHERXN TRl EEEIE
A TR AR B K B T s St B FaFh
BRELFTE. EKEER. $ENFER. #
EHIRE R RN, Lingerfelt et a/”
BEYEUNEF A SRERNZETEANS
A, HTEA SRR, BRI R kRS
10 g/L. Chattopadhyay et a/”?#¥- Sk & T 55
ZERAMRAMEE S, AT %R B, Wu
et al™'N¥ & F s BN T 5Ot Rz 4t
BKR. Ziring et s Z O EHETEAHTH
HBIA  FE 2ER .

6 WREVFHR

T M RAEY AR50 B T Y B o s
R e A R B D B B . — . B A R
=24 B e 4 R A LU S v hR L.
MpEREA™. NshEAT. M R EHUED
FLER, BT AEMRADUTIFN SRS
Bk o, AT AR AIBT 5T BN A
AGIAEH. m: ()RR, 26901 206w



2178

ISSN 1009-3079  CN 14-1260/R

HEFRENBURSE

2007&7@1?5» %15% SE20HA

mLARH
15 LH#FH
FHEFXFARA
ki, AEBABZE
1-100 nm# ¥ %
BA (WA A
ERE, LEER
B2k, TR
F A E AR
FoRBERAR
FL(QET
RE mALHA
FT i@
F 26K #AT
WY, RERET
AR —k ke k
HATEK KA
FRAEEH KA
K4, 1 Sat
RE($ &)k
ARATH. 3K
BHETFFE,
# K #ystokesti
B, LROBE
BREREEGR
R

JE AR RS MRS RIS AR,
AT 2R E T RARCHR AT 2)%
1 ST AR AR A AT,

7 BDYDEARRER

Bt EREGERAEOR DA R
FEE (5% 658 B vmn ) A L ROON B AR (W s 40 v 1 e At
5580 1 R AR 996 R BEF. Dubertret er a/™ A

FHNHTHN . AR, AT, A7
¥ X Ma o A SR TSR AE S, w]
AT WIERE 22 7REE. Larson ef al™" LI &
T ROARGRER, &I FHOLHMILE
FEDWAR, SEEII L ERBEITTEH
ST, SR BN, il RXT LR A
HO BAR TEZ A L6 ek Ballou et !
Xt S AR WK IR R R EEAT TR,
HEHEHE R TEMNRLIFEIUBEETF A
RRE, X3 FKIHEE T2 GF. Gao et al™
K Th e 1 KR T sh e e 58 1) €
RLFIE P R

8 HYMER

8.1 AFaF. BT 4R WHifk, B s
507 ug LR KA P78t Gk 4 R o ot 34k
BEEREBN. X—REhg A TREENST
HIE K. WMedintz et a/™'PL K 44 68,7 6(560 nm)
MEF AR ICEFESSEA, UAIRER
FQS Y-9(FH B KR #E565 nm)xic B-AF RS,
ISR R B X, /e F F AN,
“EZNRMRERB IR, BT AR
HARCMKE. ik, S TN 2 R R AL
Nechyporuk-Zloy et a4 W68 F fibric HR
M T B FEE R R, 3R THRMESR.
8.2 AMH BN B EAGroELH2/ME S}
THEBNES, A& 4 Hi24.5 nmA R
RIUR, IEFAT AR —A B F £, Ishii ef a/>
K, EHEBEAGroEL-BE ¥ A E8YWHMA
ATP, J#EMg™, KA, EAS TREMWE
WA EFABRHREY). FMETFAE
EEBRBERMU, AR FHRHX—FATL
£ “HETAMEDEN IR T B EE,
MNTA T REH G R A Y45 a8

9 EFOEMIBEAR
BFRREFAR—NMESANENHBRIEESR
B R LI ER"Y. Han er al G EF R BHET

A GroEL

g
o 4.5 nm
-
\ 4.6 nm
‘<

—d

T.th cpn

(0)
¢

e

14.6 nm > ,A, t [cpn60];4

} [epnio},

Rt

Crystal structure

B Coagulation
/

cds (%}

nanoparticle T Release

ATP
Mg**+K*

0 R © ‘b
\ = § IR
W W W

[GroEL-CdS nanoparticle];,

4 MUATPEUBRAHEEORHASHNEFR.

BT EER LR, HIRORE S R EK
AR RIETER. KRR B R A W TR A
(DsREERTH. WL ek b, mr LA a8
THERT K BRI EE, NTTEARRME
IR B A AN R 28 6 25 R, anmT UER A5
107 3R E BN I BIK R, QRS BT,
HiFraR, T KR ABRL(E T RO R K
HHKRKANER, B, BARBZHAKK
JHIORL (1A s LA A0 3R Tk, B AT IR R
A AR RS B (B YR R TR (3)E I
M RN, TTIRTFRAEBIS R
BT R IC BRI SR 5 A i K B 2 (B
A1), Wi —F L AMAE, TIRERER. B
AARTO RS RE 5 R KRR ER ]
KA HIAERFP K HE An"-1, n AT B3R R
HEE, mATERBKGE)EE], B EL
BAROGHEKE RO & E Z5. R e
R IX TN T R ER, WEMEE)
KA IR A F B AEY 70, AR
B PRI R RZBRERL), B AR
WY 5 FHATRIERR, JFNH T B R
. BUR. Zik. BRE)MRN. KRt
TR ARAE B A DK A 1X A e 4 s 3L A 3
w EA RS LB INMEREEARFS. b
AaElERRAN R REEERE. SEERH.
E skt ttaF ikl FB, RAERKN
F# /1. tnMattneakis et a/*"#Lagerholm er a/*"
¥ ERREBA N T 2 4 MR-FAT 247

10 RS
ETRERH D EHAK, TTHARRT KA
PR A Y AR A 00 i) LS B T A A R

www.wjgnet.com



B, & SRR EYES RO A

2179

SRR AR KAE10 aff S [R), HBERA+
SriRaE. NS kAP S 2 T EY
RS ARAEYFE. KEEMFFEE
SR, BRI B K TR 2R A &4 R X
(BEF. WHF. 47 SR, A4, Bk, X
). XFW, 1E 8 —Fh SEARHIOCHEHE
HAMER R B TOLIRE, B RO
EHIRE N BEBBOA BRI FLTOEIRE A 5%
HREEABR, HI 5 ZEM LA, R
FE T RAHE KR, R T IR AN
KE. BT RIEEEEMEA AN E R
) T ST, MR VZ H 5 R A A B 2 A
R THAENXNEBSER. RIAEBMFE,
MR T AR PRE, AL R
UK FL A SE 0T R A R T, R R A
REE I B RA E 2 [K5TRR.

1
1

10

11

ZEIH

Haugland RP, Handbook of fluorescent probes and
research chemicals, sixth edition, Molecular probes,
Inc., Eugene, OR, 1996

Slavik J, Fluorescent probes in cellular and
molecular biology, CRC Press, 1994

Bruchez M Jr, Moronne M, Gin P, Weiss S,
Alivisatos AP. Semiconductor nanocrystals as
fluorescent biological labels. Science 1998; 281:
2013-2016

Chan WC, Nie S. Quantum dot bioconjugates for
ultrasensitive nonisotopic detection. Science 1998;
281: 2016-2018

Mamedova NN, Kotov NA, Rogach AL, Studer
J, Albumin-CdTe nanoparticle bioconjugates:
Preparation, structure, and interunit energy transfer
with antenna effect. Nano Lett 2001; 1: 281-286
Willard DM, Carillo LL, Jung JY, Orden AV. CdSe-
ZnS quantum dots as resonance energy transfer
donors in a model protein-protein binding assay.
Nano Lett 2001; 1: 469-474

Yildiz I, Tomasulo M, Raymo FM. A mechanism
to signal receptor-substrate interactions with
luminescent quantum dots. Proc Natl Acad Sci U S A
2006; 103: 11457-11460

Mahtab R, Rogers JP, Murphy CJ. Temperature- and
salt-dependent binding of long DNA to protein-
sized quantum dots: Thermodynamics of "inorganic
protein"-DNA interactions. ] Am Chem Soc 2000;
122: 1417

Pathak S, Choi SK, Arnheim N, Thompson ME.
Hydroxylated quantum dots as luminescent probes
for in situ hybridization. | Am Chem Soc 2001; 123:
41034104

Patolsky F, Gill R, Weizmann Y, Mokari T,
Banin U, Willner I. Lighting-up the dynamics of
telomerization and DNA replication by CdSe-ZnS
quantum dots. | Am Chem Soc 2003; 125: 13918-13919
Courty S, Bouzigues C, Luccardini C, Ehrensperger
MV, Bonneau S, Dahan M. Tracking individual
proteins in living cells using single quantum dot
imaging. Methods Enzymol 2006; 414: 211-228

www. wjgnet.com

12

13

14

15

16

17

18

19

20

21

24

26

Choi JH, Chen KH, Strano MS. Aptamer-capped
nanocrystal quantum dots: a new method for label-
free protein detection. ] Am Chem Soc 2006; 128:
15584-15585

Bakalova R, Zhelev Z, Ohba H, Baba Y. Quantum
dot-based western blot technology for ultrasensitive
detection of tracer proteins. ] Am Chem Soc 2005;
127: 9328-9329

Ghazani AA, Lee JA, Klostranec J, Xiang Q,
Dacosta RS, Wilson BC, Tsao MS, Chan WC. High
throughput quantification of protein expression of
cancer antigens in tissue microarray using quantum
dot nanocrystals. Nano Lett 2006; 6: 2881-2886
Ravindran S, Kim S, Martin R, Lord EM, Ozkan CS.
Quantum dots as bio-labels for the localization of a
small plant adhesion protein. Nanotechnology 2005;
16: 1-4

Dahan M. Watching the dynamics of individual
proteins in live cells using quantum dots. |
Histochem & Cytochem 2004; 52: 518-518 Suppl

Sun B, Xie W, Yi G, Chen D, Zhou Y, Cheng ]J.
Microminiaturized immunoassays using quantum
dots as fluorescent label by laser confocal scanning
fluorescence detection. | Immunol Methods 2001; 249:
85-89

Wu X, Liu H, Liu J, Haley KN, Treadway JA, Larson
JP, Ge N, Peale F, Bruchez MP. Inmunofluorescent
labeling of cancer marker Her2 and other cellular
targets with semiconductor quantum dots. Nat
Biotechnol 2003; 21: 4146

Goldman ER, Anderson GP, Tran PT, Mattoussi H,
Charles PT, Mauro JM. Conjugation of luminescent
quantum dots with antibodies using an engineered
adaptor protein to provide new reagents for
fluoroimmunoassays. Anal Chem 2002; 74: 841-847
Lingerfelt BM, Mattoussi H, Goldman ER,
Mauro JM, Anderson GP. Preparation of
quantum dot-biotin conjugates and their use in
immunochromatography assays. Anal Chem 2003;
75: 4043-4049

Goldman ER, Clapp AR, Anderson GP, Uyeda HT,
Mauro JM, Medintz IL, Mattoussi H. Multiplexed
toxin analysis using four colors of quantum dot
fluororeagents. Anal Chem 2004; 76: 684-688
Chattopadhyay PK, Price DA, Harper TF, Betts
MR, Yu J, Gostick E, Perfetto SP, Goepfert P,
Koup RA, De Rosa SC, Bruchez MP, Roederer
M. Quantum dot semiconductor nanocrystals
for immunophenotyping by polychromatic flow
cytometry. Nat Med 2006; 12: 972-977

Wu XY, Harper TF, Ng CH, Liu HJ, Burt A,
Minalla A, Nikiforov T, Bruchez MP, Ormnberg RL.
Multiplexing fluorescence immunohistochemistry
with quantum dot conjugates. ] Histochemistry &
Cytochemistry 2004; 52: 517-517

Ziring D, Shimazaki K, Dry S, Braun J. Inflammatory
bowel disease immune monitoring: Multiplex
analysis of quantum dot immunophenotyping.
Clinical Immunology 2006; 119: 5157-5157
Sukhanova A, Devy J, Venteo L, Kaplan H,
Artemyev M, Oleinikov V, Klinov D, Pluot M,
Cohen JH, Nabiev I. Biocompatible fluorescent
nanocrystals for immunolabeling of membrane
proteins and cells. Anal Biochem 2004; 324: 60-67
Tokumasu F, Dvorak J. Development and
application of quantum dots for immunocytoche-
mistry of human erythrocytes. | Microsc 2003; 211:

W @ 15
AXsEFER
AR EEHE
FHTTHHEA
H#IFTHEA, UE
AR, kL@,
TR, LA
R RAMIE.



ISSN 1009-3079

256-261

CN 14-1260/R EREN BTG

i

ER, Fisher B, Mauro JM. Self-assembled nanoscale

27  Akerman ME, Chan WC, Laakkonen P, Bhatia SN, biosensors based on quantum dot FRET donors.
Ruoslahti E. Nanocrystal targeting in vivo. Proc Natl Nat Mater 2003; 2: 630-638
Acad 5ci U S A 2002; 99: 12617-12621 34 Nechyporuk-Zloy V, Stock C, Schillers H,

28  Dahan M, LeviS, Luccardini C, Rostaing P, Riveau B, Oberleithner H, Schwab A. Single plasma
Triller A. Diffusion dynamics of glycine receptors membrane K+ channel detection by using dual-
revealed by single-quantum dot tracking. Science color quantum dot labeling. Am | Physiol Cell Physiol
2003; 302: 442-445 2006; 291: C266-269

29  Dubertret B, Skourides P, Norris D], Noireaux 35 Ishii D, Kinbara K, Ishida Y, Ishii N, Okochi
V, Brivanlou AH, Libchaber A. In vivo imaging M, Yohda M, Aida T. Chaperonin-mediated
of quantum dots encapsulated in phospholipid stabilization and ATP-triggered release of
micelles. Science 2002; 298: 1759-1762 semiconductor nanoparticles. Nature 2003; 423:

30 Larson DR, Zipfel WR, Williams RM, Clark SW, 628-632
Bruchez MP, Wise FW, Webb WW. Water-soluble 36 Han M, Gao X, Su JZ, Nie S. Quantum-dot-tagged
quantum dots for multiphoton fluorescence microbeads for multiplexed optical coding of
imaging in vivo. Science 2003; 300: 1434-1436 biomolecules. Nat Biotechnol 2001; 19: 631-635

31 Ballou B, Lagerholm BC, Ernst LA, Bruchez MP, 37  Mattheakis LC, Dias JM, Choi Y], Gong ], Bruchez
Waggoner AS. Noninvasive imaging of quantum MP, Liu J, Wang E. Optical coding of mammalian
dots in mice. Bioconjug Chem 2004; 15: 79-86 cells using semiconductor quantum dots. Anal

32 Gao X, Cui Y, Levenson RM, Chung LW, Nie Biochem 2004; 327: 200-208
S. In vivo cancer targeting and imaging with 38  Lagerholm BC, Wang M, Emnst LA, Ly DH, Liu H,
semiconductor quantum dots. Nat Biotechnol 2004; Bruchez MP, Waggoner AS. Muticolor coding of
22: 969-976 cells with cationic pepide coated quantum dots.

33 Medintz IL, Clapp AR, Mattoussi H, Goldman Nano lett 2004; 4:2019-2022

A A28k B4 KM

ISSN 1009-3079 CN 14-1260/R 2007 R H 4 N HAL 24 &

o BB o

NN T DR EAE R

AR £ DAERME, HHRE ARERBAHEAR2007FEFESEE¥EERE “HRtB5HEL
IR (RH % '5: 2007-0-0-02), & T2007-09-01/057E H il == MZSAT. 2% I HET IE) K 1805 [ 19 S 4 2
B R, WiRDhReE B R 2 G RR.

1 BRAR

Dhtert B w115 2K RIS MAr e TIZ 0 2, A T ALIEAER K908 B AR AR 0 40 52 DR 43 B, (7 1004
FISARRAIThBENE B B B OB GYT, @M AEERIBS. IhaetE k. haet RS, ThRetieo. &
BUYEE. DRt A AR, BEE DM IERE G BB AR EE MU SR EEABEEENN
EERI LT, IR UA R . RAGEMESE; IHEROAiFELA NI EEEEL WIS W RIAIT; Thist KEX
2. DHRMEATI I BB AR . ThAE TR HEE RS, DhAR BRI IS Wi bR E R IG YT, 2N SOB i RE A & B PH
WL R, BEPHRMKRAKZ S, B 8% RIUEARBEEAFSA RRGERBS; BT bt &
B TS AR R R F RGN R TEREREEEEE B #0125 5. FIRBHE
PR RAET9%): 6807C. BTHE —=H. A AE. AESMEE T2007-07-2580 8 FI T = HME A RER Y
e, AETUE 55 1) 30 K 58 — 50 5@ 4.

2 EBEAR
730000, =TT R K FAER1605, Bl E ARERMEILE. BRAN: BRM; 1% 0931-8281140; 8281141

www. wjgnet.com



