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Attorneys For Plaintiffs, LIFE TECHNOLOGIES CORPORATION,

MOLECULAR PROBES, INC., and THE REGENTS OF THE UNIVERSITY OF

CALIFORNIA '
UNITED STATES DISTRICT COURT

SOUTHERN DISTRICT OF CALIFORNIA

LIFE TECHNOLOGIES CORPORATION, | Case No. / ‘ S
MOLECULAR PROBES, INC., and THE -
REGENTS OF THE UNIVERSITY OF ’10 CV 2 12 / \EG NL
CALIFORNIA, COMPLAINT AND JURY DEMAND

Plaintiffs,
V.
EBIOSCIENCE INC. Presiding Judge:

Magistrate:
Defendant.

Plaintifis LIFE TECHNOLOGIES CORPORATION (“Life Technologies”),
MOLECULAR PROBES, INC. and THE REGENTS OF THE UNIVERSITY OF
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1 ||CALIFORNIA (“UC”), (herein collectively referred to as “Plaintiffs”) complain against
2 || Defendant EBIOSCIENCE INC. (“Defendant”) as follows:

w

JURISDICTION AND VENUE

1. This civil action for patent infringement arises under the patent laws of the
United States, specifically under Title 35 of the United States Code, Sections 271, et seq.
Subject matter jurisdiction in this Court is founded upon 28 U.S.C. §§ 1331 and 1338(a). The
Court has personal jurisdiction over the Defendant Ebioscience Inc. in that it is a California

corporation with a principal place of business in this district. In addition, Defendant regularly

O 0 NN N W A

conducts business in this district and has committed acts in this judicial district which give rise
10 || to this action.

11 2. The Defendant has committed acts of infringement within this judicial district
12 || giving rise to this action\. Accordingly, Venue is proper in this judicial district pursuant to 28
13 ||U.S.C. §§ 1391(b), (c) and/or 28 U.S.C. § 1400(b).

14 REGARDING THE PARTIES

15 3. Plaintiff Life Technologies is a Delaware corporation, with its principal place of

Suite 400
Irvine, CA 92612

16 || business at 5791 Van Allen Way, Carlsbad, California 92009.

Gordon & Rees LLP
2211 Michelson Drive

17 4, Plaintiff Molecular Probes is an Oregon corporation, with offices in Eugene,
18 {|Oregon.  Plaintiff Molecular Probes is a wholly owned subsidiary of Plaintiff Life
19 || Technologies.

20 5. Plaintiff UC is a public entity existing under the laws of the state of California.
21 6. Plaintiffs are informed and believe, and on that basis allege, that Defendant
22 || Ebioscience Inc. is a Califomié corporation that has its principal place of business in San Diego,

23 || California.

24 FIRST CLAIM FOR RELIEF
(Patent Infringement)
25
26 7. Plaintiffs repeat and reallege the allegations set forth in preceding paragraphs 1

27 || through 6, inclusive.
28 ||/
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8. United States Lettérs Patent No. 6,423,551 (the “‘551 Patent”), was duly and
legally issued by the United States Patent and Trademark Office on July 23, 2002, and
subsequently assigned to UC. Plaintiffs Life Technologies and Molecular Probes jointly hold a
lawfully acquired, exclusive license to the ‘551 Patent from UC. A true and correct copy of the
‘551 Patent is attached hereto and incorporated herein by reference as Exhibit 1.

9, United States Letters Patent No. 6,699,723 (the “‘723 Patent”), was duly and
legally issued by the United States Patent and Trademark Office on March 2, 2004, and
subsequently assigned to UC. Plaintiffs Life Technologies and Molecular Probes jointly hold a
lawfully acquired, exclusive license to the ‘723 Patent from UC. A true and correct copy of the
723 Patent is attached hereto and incorporated herein by reference as Exhibit 2.

10.  United States Letters Patent No. 6,927,069 (the “‘069 Patent”), was duly and
legally issued by the United States Patent and Trademark Office on August 9, 2005, and
subsequently assigned to UC. Plaintiffs Life Technologies and Molecular Probes jointly hold a
lawfully acquired, exclusive license to the ‘069 Patent from UC. A true and correct copy of the
‘069 Patent is attached hereto and incorporated herein by reference as Exhibit 3.

11.  Defendant has been infringing, contributing to the infringement of, and/or
inducing others to infringe the ‘551 patent by making, manufacturing, promoting, marketing,
advertising, distributing, offering for sale and selling and/or causing to be offered or sold
certain eFluor® products that infringe one or more claims of the ‘551 Patent literally and/or
under the doctrine of equivalents.

12.  Defendant has'been infringing, contributing to the infringement of, and/or
inducing others to infringe the ‘723 patent by making, manufacturing, promoting, marketing,
advertising, distributing, offering for sale and selling and/or causing to be offered or sold
certain eFluor® products that infringe one or more claims of the ‘723 Patent literally and/or '
under the doctrine of equivalents.

13.  Defendant has been infringing, contributing to the infringement of, and/or
inducing others to infringe the ‘069 patent by making, manufacturing, promoting, marketing,

advertising, distributing, offering for sale and selling and/or causing to be offered or sold
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certain eFluor® products that infringe one or more claims of the ‘069 Patent literally and/or
under the doctrine of equivalents.

14.  Defendant’s infringing products include, but are in no way limited to,
Defendant’s eFluor® Nanocrystals Products.

15.  Plaintiffs have been damaged and have suffered irreparable injury due to the
Defendant’s acts of infringement, and Plaintiffs will continue to suffer irreparable injury unless
Defendant’s acts are enjoined.

16.  Plaintiffs Life Technologies and Molecular Probes have sﬁffered and will
continue to suffer substantial damage to their business in the form of lost profits by reason of
Defendant’s acts of patent infringement as alleged herein, and Plaintiffs Life Technologies and
Molecular Probes are entitled to recover from Defendant the damages sustained as a result of
Defendant’s acts.

RELIEF REQUESTED

17.  Judgment that Defendant has infringed; contributed to the infringement of, and
induced infringement of, literally and/or under the doctrine of equivalents, the asserted claims
of the 551, ¢723 and ‘069 Patents; .

18. That Defendant and its subsidiaries, affiliates, parents, successors, assigns,
officers, agents, servants, employees, attorneys, and all other persons acting in concert or in
participation with it, be temporarily and preliminarily enjoined during the pendency of this
action, and permanently enjoined thereafter, from infringing the ‘551, ‘723 and ‘069 Patents,
and specifically from directly or indirectly making, using, selling, offering for sale, or importing
any products or services embodying the inventions of the ‘551, ‘723 and ‘069 Patents during
the life of the claims of the ¢551, ‘723 and ‘069 Patents without the express written authority of
Plaintiffs;

19.  That Defendant be directed to fully compensate Plaintiffs for all damages
attributable to Defendant’s infringement of the ‘551, ‘723 and ‘069 Patents in an amount
according to proof at trial, but not less than a reasonable royalty;

"
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20. That Defendant be ordered to deliver to Plaintiffs, for destruction at Plaintiffs’
option, all products that infringe the 551, ‘723 and ‘069 Patents;

21.  That Defendant be required to account for all gains, profits, advantages, and
unjust enrichment derived from its violations of the law; |

22.  That Plaintiffs be awarded their reasonable attorneys’ fees incurred in
connection with this matter;

23.  That Plaintiffs be awarded the costs of suit, and an assessment of interest; and,

24, That Plaintiffs have such other, further, and different relief as the evidence may

' !
require and as the Court deems proper under the circumstances.

Dated: October 12, 2010 GORDON & REES LLP

By:_!
Matthew D. Murphey J,..a
Attorneys for Plaintiffs - Y
LIFE TECHNOLOGIES CORPORATION,
MOLECULAR PROBES, INC., and THE
REGENTS OF THE UNIVERSITY OF
CALIFORNIA
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1 JURY DEMAND
2 Plaintiffs hereby demand a jury trial on all claims, causes of action, issues and defenses
3 || properly triable before a jury. |
4
5 || Dated: October 12,2010 GORDON & REES LLP
6
By it )
7 altfew D. Murphey
Attomeys for Plaintiffs ¢=\= 2..&’5 5%y
8 LIFE TECHNOLOQGIES CORPORATION,
: MOLECULAR PROBES, INC., and THE
9 REGENTS OF THE UNIVERSITY OF
o CALIFORNIA
11
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(12) U_mted, States Patent .(10) Patent No.: US 6,423,551 Bl
Weiss ct al. :(45), Date of Patent: . Jul. 23, 2002
(54) ORGANO LUMINESCENT 5,537,000 A 1996 Alivisatos ¢t al. v 313/5006;
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WO WO 99/19515. 4/1999 C12Q/1/68
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LINKING TOGETHER A SEM\CONDUC.TOR
NANOCRYSTAL CAPABLE OF. EMITIING
RADIATION IN A NARROW WAVELENGTH BAND
. AND
ONE OR MORE LINKING AGENTS CAPABLE OF
At_so LINK\WNG TO AN ORGANIC AF FENNTY
MOLECULE

AND
LINKING TOGETHER AN ORGANIC ARFINITY
MOLECULE CAPABLE OF SELECTIWELY

RONDING WITH A DETECTARBLE SLUBRSTANCE

AND.
THE ONE OR MORE LINKING AGENTS CAPABLE
OF ALSO LINKING TO A SEMICOMNDUCTOR
NANOCRYSTAL;

TO THEREBY FORM AN ORGANO LUMINESCENT
SEMICONDUCTOR NANOCRYSTAL PROGBE
CAPABLE OF BONDING TO ADETECTABLE
SUBSTANCE N A MATERIAL AND, FOR

WA\JEL.ENGTH BAND WHEN E)LPOSCD 1O
EXCITATION ENERGY TO WODICATE THE
PRESENCE OF THE DETECTABLE SUBSTANCE

EXAMPLE, TG EMIT RADIATION OF A NARROW |

'F‘IG. 4

EXHIBIT.
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U.S. Patent  Jul.23,2002  Sheet3 of 3 US 6,423,551 B1

OETERMINING THE PRESENCE OF A
DETECTABLE SUBSTANCE IN A B\OLOC:\CAL
MATERIAL BY CONTACT NG THE BIOLOGICAL .
MATERIAL WITH AN ORGANO LUMINESCENT |
SEMICONDUCTOR NANOC.RYSTAL PROBE
COMPRISING ¢

1o A SEMICONDUCTOR NANOCRYSTAL.
CARABLE OF EMITTING , ABSORBING,

SCATTERING , OR. D\FFRACHNC- ENERGY IN A

NARROW r-‘o.ee.uauo( BAND WHEN EXCITED;

2. AN AFFINATY MOLECULE CAPABLE OF
' BONDING TOTHE DETECTARLE SUBSTANCE ; 3
AND

3, ONE OR MORE LINWKING AGENTS CAPABLE -

OF LINKING TO BOTH TW\E sEM\coubUc.Ton
NANOCRYSTAL ANQ THE AFFWILITY MOI.E’CUt_\,

REMOVING FROM THE BIOLOGICAL MATERIAL
PORTIONS OF THE ORGANO LUMINESCENT
SEMICONDUCTOR NANOCRYSTAL PRORE NOT
_BONDED TO THE DETECTABLE SUBSTANCE

BXPOSING T\-lE BlOLOGlC.AL MATER\AL.TO
‘ ENERGY CAPABLE OF BXCI\TY NG THE
jSEM\CONDUC.'TOR. NANOCRYSTAL \N ANY
ORGANO- LUMINESCENT DETECTION
COMPOUND PRESENT IN THE BIOLOG\CAL
 MATERIAL YO EM\T ABSORB SCATIER. OR
b\F‘FRACT ENERGY :

SETECTING ANY ENERGY EMITIED-AND /OR

ANY ABSORBED, AND/OR SCATTERED OR.
OIFFRACTED BY THE SEMICONDUICTOR.

NANOCRNSTAL INDICATING THE PRESENGE N

- THE BIOLOGICAL MATERIAL OF ANY

DETECTABLE SUBSTANCE BONDED TO THE
ORGANO - LUMINESCENT DE-TEC.’T\QN

COMPOUND

FIG.5

EXHIBIT. 21 ~PAGE ”
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US 6,423,551 BI

1

ORGANO LUMINESCENT
‘SEMICONDUCTOR NANOCRYSTAL, I'IlOISluS
FOR.BIOLOGICAL APPLICATIONS. AND
PROCESS FOR MAKING AND USING' SUCH
PROBES

CROSS-REFERENCE TO RELATED
APPLICATION

tionSer. Nov. (18/978 450" !lled Nowv. 25,7997, and now issicd
nas US: Pat. No. S ‘)‘)()47‘) on Nuv 23 1‘)‘))

’I'hc. mvunlmn d(.scrlhul fierein arose:in the course: al,.or
‘nidee, Coniract:No, DE-/\C()?-SI‘OOOQS Between thieUnited
:Slates Department: of Energy.and the Umvcmly of Califor:
nia for the optralion. of thé Ernést: Orlarido Lawrende
‘Berkeley N.'umual Luhor.nmry The (‘ovurnmom may have
ng,hts 10 the invention.

BACKGROUNE OF THE INVENTION

1. Field of tliclnvention

Thiginvention relates to-ofgano lumineseent semicoiduc-
lor nanocrysial prubu» for bwlo;,xcal appluauom wherein
the probes inéludes s plurality‘of Scmiconductor datdcrys-
1als capable-of luminescence and/or absaerption-and/or scat-
tering o, ditfraction wheir excited by a radiation or particle
ho.n_n

2; Description of the- Related Art

l'luan.v.onl labeling, of biological systems is o will
known. gnalytical tool used in mo
as- analytical Micniistry: Applicatioiis for such Ruorescent
labeling . inchude u.(.hnologu.s ‘such as medical (and non-
meditul) Nuoréscence microscopy, histology, flow
cytometry, - fluorescence inssitu hyhrulmclmn (medical
assays dind rescorch), DNA sequencing, immino-ussiys,
binding assays, scparation, ete.

C um-wmm.xlly‘ such Nuoresient labeling involves the use
of un organic dye molecale bunded to a‘moicty: which, in

lirn, selectivély bandsito u p'lrlu.ul.lrhmlm,u..ll system, the

presence of which is then ideatified by excitation of the dye
-molecule o Ciuse it Vol Auorescs, There are o number of
problems with such an.analytical system.- In the first Pplacy,
“the gmission of light of visible waveléngths: from an ¢
dye:molecule: usually is. chiraclerized. by the pwsenu.
broud emission specirum as;well-as.a broad tail ofemission
‘on-the réd side of the spéetniim, Le., the -caiiec Emission
-spectrum s rather ‘broad. As-a n,sull, there .is a -severe
limitation on lic number of differcnt. color organic: dyc
molecules:which may be: wlilized simultancously or scquen-
tially in -an analysis' since it is-difficult to cither simulta-
neously or cven non-simultancously -detcet- or discriminale
between the presence ‘of a number of different detectable
substances due 1o the:broad spectium emissions and cmis-
sion tails ofthe-labelling molecules. Another problem is thal
most_dye molecules hive a relatively narrow dbsorption
spectrum, thus requiring: either multiple excilation beams
used -cither in tandem’ or’ s.quc.nlmlly for muluplc. Wave-
lun},lh pmhu, or¢lse a broud specteim_excitation source
‘which'is xequentially used with different lters for:
lul excitation.ofa series of probis rtspt.uwc.ly ‘excitedd al
sdifferent wavelengths.

Another prul)lum ln.quc.nlly encountered with existing
dye. riolecule labels is ‘that of photostability. Availible
fluorescent molecules.bleach,: or irreversibly cesse. fo emit
light, under repeated cxcitation (10°-10%) éycles of
absorption/emission. “These probléms: are often surmounted

isfapplicaiion i -a ‘vontinisation ol US. patent applicu- .
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,cpuu,s frgri. the sample.

different from the.p
“Thus, ii*is not possible to. labéla: ‘material with a Single lype

amiterial l'm' biological applicaiions havinga Wit

2

by minimizing the dmount oftime that the sample isexposed
ghl and: by n.movnm, oxygen -and/or other radical

In addition, probe.touls:used for:the study of these
syslems by ¢léelron microscopy lechniques are wmpluuly
wprohes’ used. for study by flugresce S

ol:probe Tor both:clectron, microscopy and. fur fluorescence.

1t would, lhl.l'LfOI’c, ‘be-desirable: to providea ﬁlablc pmhu
'xbwrpuou
band-and’ cupnble of Lxhlhlllnb eithier a-delcctable change in

jnbsorpnon or-of cxmlhm, radiation in a narrow wavcl\.ngth

band, without” the

pn.scncc of the- largered cmission tails

characteristic of ‘dys molécules (thereby: permitting the

simultancous use:of a mumber of sich probe malerials, cach
emitting lightof'a dxllm.m narrow waw.l:.nglh band) and/or
capable-of scaftering;of diffracting, radiation. It would-also

be-equally. dcsuablc to provndc a’single; stable: probe mate-
;rl.xl ihicly éan Be wsed (o image the same sanitple by both
light and clectron microscopy.

SUMMARY: OF THE INVENTION

The invention -comprises- a luminescent scmiconductor

nanocrysial. compound capable of linking. to .an- affiniiy

molecule to form an organo luminescent semiconductor
nanoerystal probic capable -of lumincescence dnd/or. absorp-
tion. and/orsscattering or diffracting when excited by an
eleciromagnetic radiation 'source (of broad .or " narrow

Dbandwidih) or:a, pamck. heam, and’ capable. of »xlnbxlmb a

dotu,labh, change-in-dbsorption-and/or of um(lmb radiation
in &' harrow wavelength band and/of scatiering or dlffraum;,
when so excited: The Juminescent semiconductor nanocrys-

tal compound - prelerably Comprisés:: (1) o sémiconductor

aanoerystal capable-of luminescence andfor absorption-and/
oriscatlering o diffraction:when excited I)y an electromag:
netic; radiation snurcc (of broad or varrow bandwullh) or i

particle | heam, and. capable ¢ of cxlnhmng a defectable chzmgc

in nbsorpnon and/or-of “emilting radistion. in a’ namow
wavo]ung,\h ‘band and/or scaltcring or dlﬂ'mumg when

excited: andi(2) 1 linking agént having a first portion linked

1o the somnconduuor nanocrystal, and a sccond’ portion

'c.npablc oft lmkmg 104n affipity. molccule.

“The.invention furthier comprises an.organo lumingscent
semiconducior nanocrystal: probe: formcd: by hnkmg the
above. described luminescent “semiconductor - nanocrystal
wmpuund 10. a1 nﬂmny moléculé. capable of Bonding to-a
deteetable substance-in a matcrial.-As a-result the organo
luminescent . Semicodductor nanogrystal prubc. .in ong
¢mbodiment, is capable of absorbing or. scatlering or dif-
fracting energy from ulhu a particle beamor an ¢leciro-
m1gncuc cadiation’ source (6'broad or.narrow: handwxdth)

‘and is capable of cmitting; «.luumm.u,m,uc radiation in

narrow waveléngih band when s6 excited; while in another

‘embodimeni the amount ol encegy so. absorbed, or scattered,

or diffractéd from cither:a padicle beam or an clcclmmdg,-
netic radiation source (of broud. or narrow bandwidth), is
Llcwp\ , the- cliangd in ahwrplum. seatierinygor: dil-
fraction is: dulu.mhh,

CTherefore, treatment of a matcrial- with: the - argand: lunu-
neseentsemiconductor . nanocrystal prol)c. and v.ubscqu»ut

expusure of, this’ trédléd matdrial 1o excitation: unuru ‘(froin

¢ither a pariicle beam.or dn-gleciromagnetic radiation source
al broaor narrow hdndWldlh) to determing the presencie.of
the détectable subsiance:within.the material, will exciteithe
semiconductor nunocrystals in the-organo lummcsc;nt semi-
conductor nanocrystal probe: ponded 1o the. detectable

EXHIBY

Fod_pace L




Case 3:10-cv-021ﬂEG -NLS Document1 Filed 10/12/10 Page 14 of 45

US 6,423,551 Bl

3

substancg, rmuhmg in the cmission of clcclromagm.uc
radiation. of a natrow. wavuluug,lh band. anid/or a deteclable
change. in-the amount of coergy being: absarbed and/for
seatigred or diffracted, siginilying the presence, in thé
mglmul,‘uf the detectable substunée bonded to the vrgano
lamineséeiit semiconduetar nanberystal:probe.

Thic inventian also comprises:a; process for mnkmg the
“Tuniiingseent seanicondictor -nanocrysial compound -and for
“making the. organo: luminescent semicondiuctor. nanocrystal
probe: coniprising ihe luimineséenl semicontuctor nanocrys-
tal compound linked to an nﬂlmly molccule capable of
bonding (o a-delectiblé substonée. The urgzmu Tuminescent
semiconductor nanocrystal probe of-the invention is stable
with’ ru.pt.t.l o n:pt.alt.d excitation by light, ‘or t.xpo:.un. 1o
oxygen or other radicals. The invention further comprises a
pracess for treating 4 maleridl, stch’as a biological material,
10 deterniioe the: presence of a dclcclablx. substance in' the
malv.rml which comprises, contacling the material with-the
org,anu Jimiaescent s¢imiconiductor nanoérystal probe,
-removing from the:material portions't uf the organo lumines-
“cent séinjeonductor nanacrystil probs. not bonded (' the
duu.lublo substance, and then exposing the material (o
activation-cnergy fram cither-an clectromagnetic raidiution
saurce (of broad-or.narrow andwxdlh) or g particle beam.
“Thie presence of thé-detectable aul)\l.mu. in the miterial is
then determined either by meusuring the; absomlion of
cnergy by the.organo luminescent sumconduclor nanocrys-
1al ;probe and/or- detecting, hic emission of: radiation- of
nafrow wavelength band By the organa Juminescenl semi-

¢onduétor nanoerystal probe, and/or detecting the scaltering

ardiffraction by the -organo luminesceni ‘semiconductor
nunocrystal prohc, indicative (in either. cise) of thé prescned
of the organo luminescent semiconductor nanaceystal probe
bondéd to the. detectable: substance in the. matérial,

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1'is a block -diagram of the lumincscent semicon-
ductor nanocrystal compound ol the inveation.

FIG: 2 is a block diagram of the organo luminescent
semiconductor nanocrystal probe of the invention.

FIG: 3 is a.block-diagram showing the affinity between a
detectable substanee and the organo luminescent semicon-
ductor sanocrystil probeof the: invention.

FIG. 4is a-Mow-shedt illustrating the process of forming
the-argano luminescent semiconductor. nanocrystal probe of
AMedivéntion.

FIG. § isa fow shéet llluslranng, a typical use. of :the
oq,zmu luminescent.sémiconductor nanocrystal probe; of tlie

invedtion in detecting the presence ol a delectable substance

in-a material such as a biological material.

DETAILED DESCRIPTION OF 'FHLE
INVENTION

The invention comprises: o luminescent semiconductor
mnm.ryﬁml compound. capable ‘of’ lmkln&, 1o an or;,amc
niolecule and capable of (.Xh\bllll\g a détectable c.hanl,e in
absorption-and/or of emitting electromagaetic radiation in a

‘narrow wavelength band and/or- scaticring o diflracting <

wiien excited by cither an clectromagnetic midiation soures
(of broad ar narrow bandwidth) or a particle beam: The
lnminescen: wmu)nduunr nanoerystal compound, in turm,
cotnprises: (1) semiconductor nanoerystals capable of
\.xhlbmug, a detectable change in absorption and/or of-emii-
ting clcclrmm;,m,nc radiation in.a narrow-wavelength band
‘whin excited by either an eléctromagnétic radiation source
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(of broad-or narrow ‘bandwidth).or a particle beam; and (2)

onc.or.more linking agents-cacly having:a fiest portion linked

to ‘the scmiconductor: nnn(uyml and a second portion

apablé of* lmkml, 10,10 organic aMinity molecule,

e inventicn alsi comprisés’the. above described lumi-
nescent semiconductar. nanocrysial u)mpound linked to-the
oipanic nﬁ'mly maleénle (thfough the inking agent).to form

‘AN Organo liminéscent semiconducior nanocrystal probe

capable of bonding, to a detectable substance and capable.of
exhibiling a déleciable. change: in absorptian. and/or of emil-

ing LICClmm&LBLIIL radiation in 2 narrow wavelength band

andjor scaltering of dilfracting when excited by cither an

clectromagnetic radiation -source (of broad or narrow
‘bandwidih) or 4 particle beam. Treatment of a material

(iypically.a biological matcrial) with the-argano luminescent
senticonductor nanocrystal prabe, and subsequent.¢xposure
of this treated- material 1o excitation cnergy, as described

.above, 1o determing the presence of the detectable substance
“within the- mau.nal will éxcite thé. semiconductor nanoc-

rysl.sl in the:organo. luminescent semiconductor nanoerystal

probi’ bonded (o’ the..detectable - substanee, ‘catsing thie
‘detectable Lhany. in alxwrpuun and/or emission of electro-

muyluw rudiation of* & narrow- waveleagth bind and/or
wallunn}, or diffraction signilving (in vither: instance) the

cpresence in thematerial, ol é'detectable substance borided

tu the organa. liminescentsemiconducior nanocrystal probe.

“The invention alsd-comprises a process. for making: the
luminescent semiconductor nanocrystal compound, and a

_pracess for making the orgnno luminéscent semiconductor

nanocrystal prabe comprising. the luminescent semiconduc-
16r nanoérystd] compound linked o an aflinily molecule
cnpnl)lc aof bondmg 10-a detectable: subqlnncu.

The invention. further. comprises a process for \reating a
material, guch as a biological material, to determine the
pn.s,m'v. of a détectable substance in e ‘matcrial which
comprises: (1), contacting the malerjal with the organo
lumineseent semiconductor nanocrystal probe, @) runovnm,
from the material portions.of the organo luminescent semi-
cutiduetor nmm«,rysml probe no1 borded to' the deteciable
substance; (3) exposing the material lo'encrgy (such as the

sabovesdescribed electiromagnetic energy source-or particle

peam);capable ofexditing the semiconductor nanocrystal-to
cause 4 détectablé chiungein absorption and/or emission of
ulu.lmm.tg,m.lu, radiation of a narrow wavelength band
and/or suluunn;, or diffraction signifying (in citherinstance)

‘the presénce of ihe organo Tuminescent semiconductor

nanocrysinl probe bonded to the detectable substance in the
material, and-(4)- duu.lmg, ¢ither the change: in absorbed
cnergy or the ch.clromn;,m,no radiation emitted or the scat-
tering or.diftraction by ihe semiconductor naocrysal in the
organo lumincscent semiconducior nanocrystal probe.

n. Definitions

By use of the terms “nanometee orysl.ll" or-"nanocrystal”
herein is:meant an organicor inorganié single crystal particle
having un - .wum;,u cross-séction no larger than about 20
nanumeters (nnn) o' "()xl()‘° meters (200 Alu,.slrums), prel-

,u.\hly no larger, than. ahout 10 nm (100 Angstrams) -uid

minimum average cross-section of aboul’ 1 nm,-although in

-samg instances:a smaller average cross-section nanocrystal,

i.c., down to-about 0.5 nm (5 Angelmmq), may be- accept-
nbh.. T ypu,ally 1he mmuc.ryslal will bave un average cross-
section ranging in size from about 1 nin (10 ‘Angstroms) 1o
about 10 nm (100 angstroms).

By use of the ferm: *semiconducior nanocrystal™ is meant
a narometér crystal or nanocrystal of Group II-VI and

EXHIBIT. )
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Group -V semiconductor: «campounds capable.of emilting
clectromagnetic radiation upon excitation, allhoubh the use
‘of:Group: 1V semiconductors such as germanium or sili¢on,
or the use of ofganic semiconductors, may-be feasible under
certain-copditions.

Bv- o[ thee. terim “a narrow wuw.h,nglh band”, with
rq,.lrcl to the ylu.lrnma;,ncllc radiation emission of the
semicondiictor-nanocrystal, is meant a“wavelength band: of
cmissions not uxu.ulm), aboul-40. nm, .and: prt.lcral)ly not
cxcct..dlm, about 20 mn’in \Vldlh and' symmetric:about. the
eenfer, in umlmsl 10 the emission hnnd\vxd(h of about 100
nm-for.u. lypical dye moleeule, with u red 1ail which may
extend the band widihout as much -ag-another 100 am. [t
sliould-‘be_ nated lhal di¢. Bandwidths referrcd 10" are- deter-
“mined ffom méasurement-of the width of the. emissions at
half peak height. (FWHM), and nre-appropriate in the:range
o 200 nm to 2000 nm.

I}v usc-of the term “a hroad absorption band”, with regard
o the clectromagnetic radiation-absorption’ of the s¢micon-
duelir nancerystal iy meant :a Eonlinuously: uu.rt.usmg
absorption from the onset, which occurs near to, but:at
-._.sllg,hlly higher- cnergy than the “narrow wavelength baud” of
“the: emission. This is in-contrast- 16 the “narrow absorpllon
band” of dye molecules which oceurs near the cmission peak
omtfic high eneegy side, but.drops off rapidly away lrom that
waveléngth,

By use of the:term "du!u.luhlu stbstance” is meant an
_ettity-or, group, e ‘presence or abseice of. which in 2
‘materialsuchas a hmlogu.ll material, is to be ascer(ained by
use-of the mjbano-lummugum semicondiicior nanocrystal
probe of the iovention; ‘ ‘

By usc of the term “affinity molecule” is meant the. portion
of the urgino luminescent semiconductor nanocrystal probe
of the invention which will selectivély bonil'to-a detectable
substance - (if present) in the material (eg., hiological
“malterial) being analyzed.

By use of the term “lulkm;, 1gv..nl is meant a substance
capable of linking wiih a semicotiductor. nanoctystal and
also capable- of linking 10 an affinity molecule,

The terms “link” and “linking™ arc meant’ 1o describe the

adherence between thé nﬂlmly mu]uculc dnd the-semicon-

ductor nanm.ry»l.nls, cithicr direétly or througl a moicty
identificd hercin. as - linking agent. The adberence may
comprise: any, sort of bondl,-including; but nol:limited tb,
covalent, ionicy hydm;,t.n honding, Van der Waals' forces, or
mechanical bonding, ¢tc.

The terms “bond” and “bonding" arc meant ‘to describe
the adlicrence between-the affinity molecule and the deteet-
able-substance: ‘The: adherence may comprisc any sort-of
hiond; including, but not limited 1o, covalent, ionic, or
hydrogen bonding, Van der Waals' forees, or mechanical
,hondmg, cle.

The .term “luminescent semiconducior nnnouysml

compound”, as used hérein, is intended 10 dcl‘mb o $emi-
conductor nanocrystal linked to onc:or more linking agents
.and'eapablé of linking 1o an aflinity molecule,; while the serm
“organc-lumincscent- semicondiiclor nandérystal probe™ s
intended, 1o define. o luminescent semiconductor nanocrystal
compound linked 16 an affinity moldeule.

The term “glass” ds used heréinis. intended to include ime
or ‘more-oxides of silicon, boron, and/or phosphorus,or a
mixure. thereof, as well'as the further, optionalinclusion of
‘one”br-more:metal- silicaies, nietal borates ‘or nictal. phos-
phates-therein.

b.Thi"Semiconductor Nanocrystals
The semiconductor: fanocrystals uschul in the practice of
the invention include nanocrystals of Group 11-VI semicon-
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«conductors is discribed
assigned Ahvusulos ctal:US. Pat. No, 5,751 018; Alivisatos

'$,751,018, and Alivisatos ¢t al. UsS.

6
ductors such as Mg$, MgSe, Mgle, CaS$, CaSe, Ca’ Te, Sr8,
SrSu.brl». BaS;-BaSc, Ba'le; ZnS, ZnSe, Zulg, CdS, CdSe,
CdTe; HgS, HySe, and HgTe; and nanocrystals of -Group
(H=-V semicanductons such as GuAs, InGaAs, InPyand InAs.

- A$‘memivied .xbovu. the s of- Group.iV: sunn.uudm.lurs

such - as germanitim ;or -silicon, -or the use of organic
sémiconductors, may ilso.be Teisible under: certain condi-
Imm

‘lormauou ot 1anometer. uyslals of Group. =V semi-
i copending. and cummonly

stal. U.S. Pdi. No. §,503,928;:and Alivisatosier al. U.S. Pi.
No. 5,262,357, which also describes the formation of Group
li-vI sumconduc.lor _manocrysials, and ‘whicl is lso
ms.sngncd to thé aSsignee of this invention. Also described
thereinis the contsol -of, the size of the semiconduclor
nanocrystals during formation using crystal’ ‘grawth termii-
nators, The teachings of Alivisatas ¢t al. UiS. Pal. No.
Pt No, 5,262,357 are
cich hereby specifically incarporated by reference.

In a preferred embodiment, the nanocrystals aré used-ii o
core/shell configuration: wherein a first- semicanduetor
nuiocrystal formis o core ranginy in diamncicr, for. example,
Trom abau 200 A ‘to; ubout 100 A, with 4 shell.af anather
semicondictor- nanicrysial m.ucn.ll grown over ‘the core
1mno¢.ry1-.|nl lon(hlcl\nc%of for example, 1-10 monolayers
in thicknéss. When, lor example; a 1-10- rncmnlayc.r thick

shell of CaSiis cpllnxmlly growan over.a core-of CdSe, there

dramitic. incredse ia'thic foom temperatune photolumi-

‘nescénce ‘quantum -yield. Formation  of sich core/shell

nanocrystals is deseribed inore fully:in-a. puhlu;almu by oie
of us With “othérs entitled “Epitaxial’ Growth. of Highly
Luminescent (,dbc/CdS Core/Shell Nanocrystals with Pho-
tstability and Eleetronic Acccsqnblluy" by Peng, Schiamp,
Kadavanich, and Alivisatos, publisticd in the Journal of the

‘Amgrican Chemical Society, Volume 119, No..30: 1997, ai

pages 7019-7029, the subject. matter of ‘which: is hereby
.sps.uﬁcally ‘incorporated: herein by reference,

The semiconductor u.mmrystala. used in the uwumon will
have-a, capability, of umllmg light within a.narrow wave-
length band of about 40 nin of Iess, pn.lurahly about 20 nnt
of less, thus pz.nmllul;, the simultancous us¢ of a.plurality.of
dlth.erIv colored organo lumineseent -semiconductor
nunm.rys!al probes with diflerent semiconductor nANOCrys-

‘tals without overlap {or with.a small amount of overlap).in

w.m.]unp,llm of -emiuted light (unlike the use of dye mol-
ceules with broad emission lines (é.4., ~100 nm) and broad
tils of emission:{c.g., another 100 nm) on the red side of the

'spéctrum); thus-allowing i for the sinultaneous détection ol

plurality of detectable substances,
¢: Affinity- Moléeule

“The particular aftinity: molecule forming a part of the
organo-luminescent semiconductor nanacrystal probe. of the
inveation will Be " selectcd based on s affinity for 1he
parncular detectable sibstance whose prt.sc.nu. ar abséice,

for example, in a biological material, is to be: ascertained.

Basically; the. affinity molecule may comprise’ any molécnle
capable of being linked to a luminescent semiconductor
lmumryslul comipouiid which is also.capable ‘of specific
ru.ugmlmn of-a_particular detectable substance. In general,
any ollifity moleculé uselul itithe prior art in combination
with - dye: molceule o provide” spc.ul'u. srecognition of a
detectable substance will find wtility in. the formation of the
Qrgann- lummef-ccm semicondictor hanocrystal probei of
the inveniion, Such affinity molecules include, by: way of

s,xmsi,r_[_ pace_L




Case 3:10-cv-021%IEG -NLS Document 1 Filed 10/32/10 Page 16 of 45

us. 6,423‘,551 Bl

.

example only, such-classes of substances as' monoclonal and
polyclonal -antibodies, nucleic acids (both monomeric and
oll;,nmcm.), proteins, ]mlysacchands.s, and small molécules
such as sugars, peplides; drugs, and ligands: Lists:of. such
ulinity “molecules are available. inthé published literuture
‘such as, by way-of uxmnpl«.. the “Handhook of Fluorescent
“Probes - und: Rumrc. ("hunu..ils". (slxlh (,dllmn) hy R.P.
llaul.,lmd nvmlablc {rom Molucul'\r Probes, Inc.

d. The Linking Agent

The - Grgano-luminescent sericonductor nanocrysial
jrohe of the invention will usually find- utility with rt.s;wcl
to.tlic detcetion of one or more “détectable substances: in

nrg-mlc materials, and'in p.nrllcul.nr to the deteetion of one vr

more detéetible substances: in- hiological matérials. This
requires the presence, in the organo-luminescent scmicon-
ductor nanocrystal probe, of an allinity moleéule or moiety,
as described above, which will bond the argano- -luminescent
semiconduclor mmuuvslal prabe 10 the detectable substance

inithe: mg.nm/bmlu;_.ncul materiil 86 that the presence of the

detectable material ‘may be subscquently ascertained,
However, sineé thic: “semicoaductor. nano«.ryslals are
‘inorganic, they may not bond dircetly 1o.the nrg,amc aﬂxmly
_moleculé: in thesc casé ihéreforé, there.must be: some. type
“of linking agent pr(.scnl in the. organo- -lumincseent.semicon-
duictor. nanocryslal probe which is c.apahlv. of lorming a°link
to:the i moq,amc semiconductor. nanut,ryhlal as well as 1o the
organic affinity molcculc in, the. organo-luminescent semi-
conductor nnnucryhlul prohc.

One form i which the semiconductor nanocrystal may be
linked to an affinity molecule via a linking .agem is by
coaling the semicorduttor nanocrystal with a thin layer of

glass, such as silica (8i0, where x=1~2), using a linking

agent such as a aul)slllnlud silane, ¢, 3-mercaploprapyl-
trimethoxy silune to link the nanocrystal 10 the glass: The
plass-coated semiconductor nanocrystal may then be further
ireated with . finking agent, ¢.g., an aminc such as
l-nmmupropyl mmuhoxymlam which will fum.hon w lmk
the ;,]a&w.oaud scniiconductor nanocrys\nl o the afﬁnuy
molccule, That is, the glass-coated semiconducior nanoc:
~ry§ial may.thén bic-linked 1o the affinity molecule, It is within

A
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he contemplation of this invention that: the original lumi:

neseent semiconductor. namuysml compound.may alm he
chemically, modificd after it has been madein order.to link

clfectively 1o thé.aflinity molucule. A variety of references
‘sununarize dhe stanclurd classes of, chicaristry which may be

uscd 16 this end,:in: p.lrlu.ul.sr he “Handbook of l‘lunn.-«:(.m
Prabes «and Rmcarch (_hcmncuts", (6th; udition) by: R..D,
Hnm,lund. available fFom Molccular Probes;. Inc., and the

book “Bmwnjugnu Techniques”, hy Greg ‘Hermanson,

availablé from- Academic Press, New York.

‘When.the semiconduclor nanocrystal is caated with wthin
laytr 6f glass, the glass by way of example; may um}prm
u silica glass (bn() where xw1-2), having: a. thickness

ranging from about 0:5-nm 10” dbout 10 nm, and prelérably

from about 0.5 nm to about 2 o,

The semiconductor nanoerystal is codted with-the coating

of thin glass, such as. silica, by {irst coating the:nanocrystals
with, a surhulnnl such as: !m-m.tyl-phosphmu oxide, and
then clxswlvmg, ihe surfactant-coated nagocrystals in a'basic
méthanol solutian .of a linking agent,
3. ms.r(.aplupropyl -tri-methoxy silane, followed by partial

such as

tivdrolysis, which:is lollowed by addition of a.glass-affinity
molecule: lmkm;_., agent stich as nnun()-pmpyl wrimethoxysi-

lane which will link (o the glass:and serve foform a link with

the uﬂ'mly molecule When ‘the’, Imklm5 dgent dods nol

‘involve the use- of sglass coating -on the semiconductor
nanoerystal, it. may comprise! a number’ 6f differont

mx\lumlb. depending upon the: particular-aifinity molecule,
which, in tum, depends upon‘the type of-detectable materiul
being .analyzed for. It should.also be-noted that while an
individual linking agent may be used to link 10an: individual

sémiconductor nanacrystal, it is also withih the camcmpla-

tion of the- invention:that more-than one linking agent may

“bond to the same semiconductor. nanocrystul and vice versa.

i A few cxamplesiof the types of lmkmg agents which-may
be-used 1o link:to-both the semiconducior: nnnoc.ryslal (orto

a plass coaung on lhl. nanoceystal) and to the organic aflinity
‘molecule in theé: pmbc are. llluslralcd in the-table bisloiv, it

being understood that this is not infended to be'an exhaustive
st

Linking Agent

Structure: Name.
NH. N-(F-nminopropyl)3-merenpo-benzamide
i
/\/\ 3~nm§n0prom'l-uimelhoxysilnne
[ RO NEH,
/\/\ A-mutenplopropyl-triméthox ysitone
(CHIO);Si SH
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It should be further noted that a plurality of polymerizable
lmkmg agents miay bic used: togsther 16 forin an Cncapsulal-
ing netor linkage around an individua) nanocrystal (orgroup
ol mnocrybnls) “This is of parficular intérest. where the
particular linking agent is incapuble of forming. a. strong
Hond with the danderystal. Exumples of linking agems
'cnpnhlc af bonding together in such a°mannerto surround
thenanocrystal with a.nétwork of linking agerits include, but
are, not limicd 1o: dincetylencs, acryldles, acrylnmldc.s
vmyl styryl, and lhu aforcmentivaed silicon oxide, boron
‘oxide;, phosphorus oxide;: silicales, borates and- pho‘;ph.llt.s

¢. The Bxcitativn of the Probe and Detection 6f
Emission/Absorption

As previously meniioned,. the OFgano. lumlm.su.nl semi-

conductor nanberystal probe.of the invention is c.npnl)lc. of
hcm&, excited over-a broad bandwidrh, yet exhibits cmission
in 3 narrow wavulungth band, in contrast to (he dye mol-
eeules used.in the, prmr art. Thus clectromagnetic radiation
ofwavelength ranging from x-tay to ltraviolet 1o visible to
infrarcd ‘waves .may. becused lo cxeite the luminescent
semiconductor nanogrystals in the probe. In-addition, the
luminescent semiconducior nanociysials arc capablé of
excitation from bombardment with.a particle beam:such as
it electfon beam ((.-lu.am) Furthermore, because of the
broad bandwidth at which the luminescent semiconductor
nanuc.ryslals are: exeitable, one Way use 1.common exilas
{ion source for.the simultancous excitation of several probes;
i.¢., ‘seveial probes which -give off radiation @t dilferent

[fequencies, thus permitting simultancous cxcitation - and s

detection 6f the. presénce of:seviral probis. indiculing, for
example, the presence-afl severil-deteetible substances i the
material Imnk, examiined,

‘Thus, for example, a laser radiation source of a given
frequency, e.g., ‘blue light,- may be used to excite a first
organo  luminescent. semiconductor nanot.ryslal prulx,
capable of emitting radiation of a sccond fn.quuucy, e, red
light, mdxcatmb thie presence, in the malerial being
iHuminated;, of o first.deteetable substance to- which tlie
-particular. red light-cmitting organo luniinescent semicon-
ductor nanocrystal probe-has bonded. At the same time, the
samé blug, light laser source. may also bé, exciting a sceond
-organo lumineseent semicorductor nanocrystal probe (m the
‘same materidl) capable of emitiing cadiation of o thied
fruplunc.y, c.g., green light, indicating 1lie prmcnu., inthe
material being illuminated, of a sccond detectable substance
to whichthe panicular gréen ll},hl cmiting organi lumines-

20

t3
wn

A

=

B
=

6(

‘cent semiconduetor nanoerystal probe has Gonded, Thus,

unlike the prior-ait, multiple cxcitation sources nced-not. be
used (beeausi of the broad bandwidih in. which the- ongana
luininescént semiconductor. nanocrystal probic af the inve-
tion is capable-of being excited), and the narrow band of
crmission of the spuuﬂc semiconilucior nnnocrysnls in ¢ach
pmhn makes possible the. eliminadtion of sequencing -and/or
elaborate-filtering 10 detect the emitied radiation.

With respect-o the: nlmmlmn of energy by: the. probe of
the invention, when' the excitation sdurce is, an electron
héam, or an X-ray.source, the presence of the organo
lumingscent semiconductor nanacrystal. probe honed 1o the
detectable substance: of interestin the maierial being ana-
lyzed ¢an be ascerlained using a commercially available
cnergy-absorption or scnltcriu[, or-diffraction detection sys-
tem- wherein changes in absorption ‘or scatleriny cross, sec-
tion or'in diflraction af the muicrial being analyzed can be

detected, a.lgmfymg, thé presence of . the probc in the

material, which, in'turs, indicates the pn.scnct. ‘of the détécl-
able substance to. which the prabe is bonded in the material
being analyzed. In ‘addition, it may b . powblu 10 usc
clectron. or X-ray sotirces- o deicel the presencé of the
organo. lumineseent semiconductor nanocrystal probe

bonded to the d\.lcclublo substance by using a conventional
detection system fnr the.¢mission of visible hg,lu 10 observe
‘the vmhlt. cmission in thie narrow wavelength-of emission of

lho pmbu.

“The following examples will serve 1 funherillustrate the
formation of the organo luminescent semiconductor nanac-
rystal probes-of the invention, as well as-their use in

.(qu.lmg thi presence of a deteciable substance:in.a material

such as.i biological material.
Example |

To.illustrate the formation of - the luminescent semicon-
ductor nanocrystal wmpmmd (comprising thé semiconiuc-
tor nanocrystals linked (0.2 linking agent) 20ml, ofa’5 mM
solution of (4- mt.rcapm)bt.nw:c acid-was pn.pnn,d with a
pit of 10 using: (CH3),NOH.5H,0. 20 mg of tris-
octylphosjihine.oxXide.coatéd CdSe/CdS core/shell nanacrys-
taly were added to the solution und stirred until completély

dissolved. The resultant. na'npc(y;;m]/_linking -agent solution

was heated-for §-hours at 50-60° C. and ihen concentrated
to.a few ml by evaporation. Then an qul.'ll volun¢ of acetone
was added-and the, nnnocrys(nls precipitate-out of -solulion
homogcm.mnsly The precipitate was then washed with
acelone, dricd, and then:can be siored.

EXHIéIT__L__PAGE._. l é
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The luminescent: semiconductor nanoerystal compound
prepared above can be linked with an appropriate aflinily
molccule to. form. the organo . lummcsu,nl semiconductor
nanoerystil probe of the invention 1o treal a hmluyua]
‘material w0:déterming the presence or absence of a deteetable
substance, That:is,.the lumineseent \cmu.nn(lucmr nanac-
rystal cnmpound pn.pnn.d above can be lmkul for c.xnmplc.
with avidin or sireptavidin (as 1hé uﬂmny molcéule) o, form
an organo lumineseent semiconducior nanacrystal pml)u [
treat -’ biological material (0 asceriain the presence.of biotin;
‘or the luminescent’ semiconductor nunouyslal compotind
prepared abovecan be.linked with anti-digoxigiiico 1o form
an-organo Tumingséenizsemiconductor nanm.ryml probeito
Ireat 4 biological material io -ascertain the presence of
digoXiginéi.,

Example 2

o illustrate thi formation of Tuminescent semiconductor
nanocrystal compound (comprising glass-caated semicon-
ducior ninocrystals linked, .4 linking agent), 50 ul of
3:merenplopropyl-trimethoxy silanc was added 1o 40.ml of
‘an-anhydrous solution of 25 vol. % dmn.lhylsulfoxndc in
methanol, and the pll was adjusted 10 10-11 using: (CH;)
JNOHSIL0. 10 mg «of tris-octylphosphine ‘oxide cdated
‘CdSe/CdS, eore-shichl particles, prepared by the: technique
‘described in the -aforementioned Peng, Schlamp.
Kll(laV-lnILh. and Alivisatos article, were then dissolved in
lhwm]ulmn, and stirred for:several hours. The solution was
dilutedavith 40 ml of méthariol adjustéd 16 a phi-of 10 with
(CH,) NOH.5H,0, and heated for 1 liour at'69° C. The
solution was; .sllrrul far an hour, and 40 m} of a 90 vol. %
methanal/9:89 val. % H.0/0.1 vol. % trimethoxysilylpropyl
urea/0.01 vol. % aminopropyl-trimeifioxy silainé solution
which hid been stirring for al leastan- hour, was added, arid
stirréd Tor 2 hours, Subsequently-the reaction was heated o
69" C. lor 15 minutes, and then :.(mlul 10 ml'of a 10-vol.

thomlnmulhyl silanc salution in. methanol which had
_hwn adjusied to a pH 6f 10 using (CHL),NOHSH,O was
added, stirred for:2 hours, then heated to 60° C., nnd then
partially c¢oncentrated wnder vicuum, Once the: methanol
had all. cvaporaied, the solution was precipitated with
acctone as an il product comprising the Juminescent scmi-
conductor nanocrystal compound. The Teminescent sémi-
conductor nanocryslul compound may then be redissolved in
waler, and in a varicly of bullér solutions to prepare:it-for
linking it 1o an aftinity molecule to form the organo- lumi-
fcséent seiconductor nanoérystal probi of'the invention 1o
Ireal a biological material (o determine the presence or
abisenice; of & detectable bubalauw

“Thus, théinvention provides an organo luminéscent semi-
conductor nanocrystal probe containing a scmiconductor
nanocrysial capable, upon excitation by cither ¢lectromag-
netic radiation (of ¢ither narrow or broad bandwulth) or
particle beam, of. emilling clectromagnelic radiationin a
narfow wavelength band andjor absorbing energy’ sudfor
scattering or dillrcting | said excitation, thus pcrmmmb the
simultancous - usage of a number of such probes emitting
different wavclcnglhs of alwlmmn;,nuu. radiation to
'lhm.hy peemit simultancous détection of the preseuce of a
number of: defectable substances ina given material. The
probe material is stable:in the presence of light or bxygen;
capable of bwu, exeiled by cnergy over o wide speciium,
i has 3 narrow band of emission, resulling in an improved
material and process fi

for the simultancols and/ar sequentiil
deteciion of a number of-detectable substances:in a matcrial
such as a biological material.

1}
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‘Having thus described the invention what is cluxnu.d is!

1. A scmiconductor nanocrysial compound, comprlsmg‘

“a) a water-saluble semiconductor nanocrystal comprising;

i) a corc. compnsmg 4 first semiconductor material; and
i) a.core-overconting shell comprising asccond semi-
~ conductor: material; and

b) a linking: agent.linked 10 said:water-soluble semicon-

-ductor nanocrystal- -and capable.of linking to an affinily
moleenle.

2. The compaund ol claim 1, wherdin said first semicon-
‘ductor material is-o 1=V semiconductor or a TI=V semi-
conductor..

3. The. compmmd of'claim’2; whercin'said first semiéon-
ductor material'is a.11=VI semiconductor.

4. The: compound: 6f claim 2, wherein: said firsp semicon-
ductor material is o 1[I~V m.mu.onduunr.

5. The n.ompound of claim 3, wherein said first semicon-
ductor niaterial is Mg§, MgSe, MgTe, CaS, CaSe, CuTe,
1S, SrSe, SrTe, BaS, BaSe, Ba'le, ZnS, ZnSe, Zn'Te, CUS,
CdSe, CdTe, HeS, HySe; or HgTe.

6. The compound of claim 4, whercin said first semicon-
diicior material is GaAs, InGaAs, InP, or InAs.

7. The compound of claim. 1, wherein snid second semie
condiictor material is a [1=-VI semiconductor or a 1I-V
sL‘miL‘onducwrﬁ _ i

K. "Ihe compound of claim 7, wherein said second semi-
cafiductor misterial is a U-V1 semiconductor.

9, The compound of cliim 7, .wherein said second semi-
conductor material‘is a 11~V scnuconduuor.

10, Thé compound -of claimn 8, whercin said second
semiconductor material is MgS, Mg,Sc. Mglc Ca§, CoSe,

‘Ca'le, Sr8,. Sr%, Srlc. BaS, BaSe, Ba'le, ZnS, ZnSc; ZaTe,

CdS, CdSe, CdTe, HgS, HgSe, or HyTe.

1. The compound of claim 9, wherein Soid s¢oond
‘qcmlconductor materiil is. GaAs, InGaAs, Inl or InAs.

12, The; c.ompound of claim 1, wherein said first semi-
.wnducmr material is- CdSc and the sccond. semicanductor
matérial is Zn8S,

13. The compound of claim 1, wheréin said linking;agent
coimprises a thiol ‘moiety.

Ad:The: Lcmpound of claim 13, wherein said linking agent
further comprises an. alkyl group.

15. The c.ompuuml of claim 14, wherein said alkyl group
lis-u propyl group,

.16, The compound of claim 1, wherein said linking agent
is N-(3- znumuprupyl) -3-mercapto-benzamide,
3:aminapropyl-trimethoxysilane, 3-mercaptopropyl-
,tnmclhoxysul.mc., 3-maleimidopropyltrimethoxykilane, or
3:hydrazidopropyl-trimgthoxysilane.

17. The ‘compound of claim L, wherein $aid nanderysial
L()mpoum] further comprises a glass coating on said shell.

“18. The caimpound-of-claim 17, wherein said glass coatifig
‘comprises a polymeric.oxide.

19. The compound of claim- 18, wherein said polymieric
oxide is.an oxide:of silicon, an oxide of boron, an oxide;of
phosphorus,.ora mixture. thicreof.

20.°The u)mpound of clmm 18, wherein said glass-coating
’furlhcr comprises a metal'silicate, a metal borate or-a-metal
phosph:uc

21, The compound of claim 7, wherein said linking ageni
is N-(3-aminopropyl)-3- -mercapto-benzamide,
3-uminopropyl-trimethoxysilane, 3.-meccaptopropyl-
wrimethoxysilane, 3-malgimidopropyl-trimethoxysilane, or
‘3-hydrazidopropyl-trimetioxysiline.

22. The compeund of claim 1, wherein: siid shell epitaxi-
\ally surrounds said coré.

23, A luminescent semiconductor nanocrystal compound,

‘comprising:

EXHIBIT. { PAGE
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“aya waler-soluble luminescent sémicondictor nanocrystal
comprising:
i) a.core comprising a first semicondudtor malérial;-aind
ii) a core-overcoating shell comprising a second semi-
coniluctor nuiterial; any

b) ‘a, linking-ugent linked 0 said water-soluble Jumings-
cent semiconductor nanocrystal andl.capable of linking
to.an-aflinily molecule,

24, A luniinescent semiconductor nanocrystal compouud

comprising:

ayawater-soluble _lumingsccnl’m_niiconduclpr nanocrystal
comprising:
iy aicore comprising.a first luminesceat scmnconduclor

nanocrystal matérial;-and
ii) a core-overcoating shell comprising a-second 'semi-
contuctor materidl; and

b) a linking agent Jinked to said water-soluble lumincs-
cent semiconductor nanocrysta) and-capable of linking
1oan aflinity molecule.

25, A luiincscent. semiconductor nanocrystal compound,

comprising;

14

-a) a waterssoluble luminescent semiconductor ninocrystal

comprising:
i) a.core comprising 8 first sémiconductor material; and
ii) a cores vercoating:shell comprising disecond: lumi:
neséent Semiconduéior n.muc.rysl.li miaterial: and
ib) a linKing agent linkd 10 said water-soluble, himinescent
semiconductor nenocrystal-and capable of linking:to an
affinity molgcule.

26.A lummwc»m semiconductor.nanocrystal compound,

" comprising;

a)a water-soluble lumincsccm semiconductor nanocrystal

comprising:
-i) a core comprising a- hrsl Tuminescent semiconductor
_nanocrystal matérial;. and
ii) a coresovercoating:shell comprising a:second. lumi-
nescent semiconducior nanocrystal malérial; and
b) 4 linking agent linked 10 shid water-saluble fumings-
cenl semiconductor nanocrystal and capah]c of linking
1o an affinily molecule.

* .k *  x %
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ABSTRACT

A semiconductor nanoerystal compound s duseribed

capablc of linking 10 un aflinity moleéule. The t.ompound
compnsu. Ma hcmu.onduc!or nanocrystal capable of cmit-
ting electromagnetic radiation and/or ahsorbing coergy, and/

‘or scattering or dillracling electromagnetic radiatinn—when:

gxcited by an electromagnetic radiation source or.a- particie
beam; and (2), ut least ‘one linking dgent;, having 4 first
portion finked ta the semiconductor agnocrystal and & sce-
ond portion capablc of linking 10 an aflinity. molecule; The-

compound is’ linked to an affinily miolecule: 1o . lurm 3

semiconductor nanocrystal probe capable of bonding with-a
detectable: substanée. Subsequent cxposure 16 excilation
encrgy will excile: the semiconductor nanocrystal” in- the

probe, causing. (he cmigsion of clectromagnétic radiation:.

Further deseribed are processes for respectively: makmg, p the
semicondictor nanocryslal compou nd; making the.seinicon-
ductor nanocrystal probe; and using the probe lo determine
the prescnce of a detectable substance.in o material.-
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LINKING TOGETHER A SEMICONDUCTOR,
NANOCRYSTAL CAPABLE OF EMITIING
RADIATION IN A NARROW WAVELENGTH BAND
AND
ONE OR MORE LINKING AGENTS CAPABLE OF
AL.so LINKING TO AN ORGANIC AFFINNTY
MOLE cOLE

AND
L\NK%NG TOGETHER AN ORGANIC ATFINTY
MOLECULE CAPABLE OF SELECTWELY
- RONDING WITH A DETECTABLE SUBSTANCE
AND
THE ONE OR MORE LINKING AGENTS CAPABLE
OF ALSO LINIKKING TO A SEMICONDUCTOR
NANOCRYSTAL

TO THERERY FORM AN ORGANOQ. LUM\NESC.E[{V
SEMICONDUCTOR NANOCRYSTAL PROBE
CAPABLE OF BOMDING TO A DETECTABLE

SUBSTAMCE N A MATERIAL AND, FOR
EXAMBLE , TO EMIT RADIATION OF A NARROW
WANELENGTH BAMD WHEN EXPOSED TO
EXCITATION ENERGY TO WOICATE THE

PRESENCE OF THE DE'.TEC_TAB\.E SUBSTANCE

FIG. 4
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OETERMINING THE PRESSNCE OF A
DETECTABLE SUBSTANCE IN A BIOLOG\CAL,
MATERIAL BY CONTACTING THE BIOLOGICAL
MATERIAL WITHR AN ORGANO LWMINESCENT
SEMICONDUCTOR NANOCRYSTAL PROBE
COMPRISING ¢

V. A SEMICONDUCTOR NANOCRYSTAL.
CAPABLE OF EMITTING , ABSORBING,

SCATTERING , OR DIEF RACTING ENERGY IN A

NARROW FREQUENCEY BAND WHEN EXCITED)

2. AN AFFINITY MOLECULE CARPABLE OF
BOWNDING TOTHE DETECTARBLE SUBSTANCE
AND

3. ONE OR MORE LINKING AGENTS CAPABLE
OF LINKKING TO 80TH THE SEMICONDUCTOR
NANOCRYSTAL ANDTHE AFTINITY MOLECOLE

REMOVING FROM THE BIOLOGICAL MATERIAL
PORTIONS OF THE ORGANO LUMINESCENT
SEMICONDUCTOR NANOCRYSTAL PROBE NOT
BONDED TO THE DETECTABLE SUBSTANCE

BEXPOSING THE BIOLOGICAL MATERIAL TO
ENERGY CARPABLE OF BXCITING THE
SEMICONDUCTOR NANOCRYSTAL \N ANY
ORGANO-LUMINESCENT DETECTION
COMPOUND PRESENT IN THE BIOLOGICAL
MATERIAL TO EMIT, ABSORB, SCATTER. OR
DIFFRACT ENERGY

DETECTING ANY ENERGY EMITIED AND /OR
ANY ABSORBED, AND/OR SCATTERED OR
DFFRACTED BY THE SEMICONDAICTOR

NANOCRYSTAL INDICATING THE PRESENCE N
THE BIOLOGICAL MATERIAL OF ANY

DETECTABLE SUBSTANCE BONDED TO THE.
ORGANO = LUMINESCENT DETECTION

COMPOUND

FIG.5
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1
ORGANO LUMINESCENT
‘SE MICONI)UC’I'()R NANOCRYSTAL PROBES
FOR BIOLOGICAL APPLICATIONS AND
PROCESS FOR MAKING: AND: USING SUCH
PROBES

CROSS-REFERENCE TO RELATED
APPLICAITON

“Ihis application is a divisional application of U:S. patent |

application Ser. No. 19/349,833 fileillul, 81999, now US.
tar, No. 6 423 551 which!is a-continuation of U.S. patent
xlppllcnlmn Ser, No.. 08/978, a50 filet Now. 25, 1997, ‘niw
LS. Pat. No.: 9‘)‘)() 47‘) issved Nov. 23,1999,

"The invention described herein amse in he course of, or
undér, Contract No, DE-AC03-SF00098 between- the Umlt.d
States. Department of Energy and the University of Califor-
mia for thie operation of the Emest Orlando Lawrence
l}crkulcy National Laboratory: The Government may have
tights 1o the jnvention.

BACKGROUND OF THE-INVENTION

1. Field of the Invention

“This invention relates 10 organo [uiminescent semiconiuc-
tor nanuerystal probes for biological applications wherein
1he probes includes a, plurality:of semiconductor nanoérys-
1als capable of luminescence and/or absorption and/or scat-
tering.or diflraction when excited by a radiation of particle
beam.

2. Deseription of 1he Related Arv

Fluorescemt labeling of: biological systéms ‘is a well
known anadytical tool used “in modern bio-technology “as
well as analytical chemistry, Applications [or such lluores-

cent Jabeling include technologies such is medical (and
non-medical) fluoreseence micraseopy, histology, flow

cytometey, Huorescence - in-situ. bybriiliznlion (mutlicnl
-assays and research), DNA scquencing, IMMUNO-ssays;
binding assays, sepdration, ete.

Conventionally, such flunrescent labeling invalves the use
of an-organic dye molecule bonded 1o a moicty which,, in
wrn, selectively bonds (o a particulir biological system, (he
presence of which is-then identified by excitation of the.dye
molecule 10 cause it 10 NMuoresce, There are a number of
problems with sich-an nnalyuml system. In the first place,
the emission of light of visible wavclengths from an excited
dye molceuls dsually s characterized by the'’ pr«.scuu. of a
broad ¢mission spectrum as well as a broad tail of emissions
on the red side, of e spectrum, sie., the éntire érmission

spectrum is_rather broad. As a resull, there is a severe

limitation -on the numbir jof* different’ color organic dye
molecules which may be utilized simultancously or sequen-
tially in an analysis since it is' diflicult. yo cither sinulta-
neously. or even non-gimuliancously detéct of discriminate
between the presence of a, number of diflerent detectable
subsiances due to the broad spéctrum emissions and emis-
sion tails of the Jabelling molecules. Another problem s that
mos! dyi molecules hiave a relatively: narrow” absorgiion
spectrum, thus requiring: cither multiple excitation beams

used, either in tandem or sequentially for multiple wave-

length pmbus or else.a: broad specirum excitation soureé
~which is scquunuully used with different filers:for sequen-
tial excitation of ' seriés of probes réspectively excited at
different wavelengihs.

Another problem; fri:quunlly encountered with existing,
dye miolecule labels is that of photostability. Availabile
fluorescent molecules blgach, or irreversibly céase to emil

-
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light, under repeated excitation (10°-10%) cycles of
nbwrpuonmnu»smn. These, prohk.ma are often surmounted
Dy minimizing the amount of lime that the samplic is oxposul
1o lq,hl and hy removiig oxygen -and/or “otlier ridical

. -species fram’ the sample.

Tn-uddition; th prol)u 1eols: psed fur the sluLIy of these
systems by electron microscopy techniques are wmplc.u.ly
different from the probes. used for study by. fluorestence,
Thus, it is not-possible to label a-materid! with a single type
of probe for both electron microscopy. and for fluorescence.

-1t would, therefore, bie desirable 1o provide a stable probe
imaterial for lnoloy,u.al applications having 4 Fwide: ahwrplmn
band and capable. of exhibiting cither a detectable change in
absorplmn or af-emitling radmhon in.a narrow- wnv;lc.ng,lh
band, Without.1hic presence of the large, fed emission tails
characteristic .of dyc molecules (thereby permitting the
‘simultancous use-of a iamber of such probe, materials, eich
«emitting light of a different narrow wavelength band).and/or-
capable of scatiering or dilfracting radiation, 1t would also
be equally desirable lo-provide:a single, stable probe mate-
rial which can be used to image the same sample by both
light and slectron microscapy.

SUMMARY OF ‘I'HE INVENTION

The invention comprises a lumincscent semiconductor
nanocrystal compound capable of linking to- an asflinity
malecule 1o form an organo fumincscent semiconductor -

nanocrysial probe capable of luminescence and/or absorp-
tion andjor; seattering or diffracting when exeited by an
c.lc.clmnugnum. radiation source (of broad .or -narrow
handwidth) or a: pumulc beam, aid capable of exhibiting a
detectable ch.mg,c. it absorplion und/or of ¢milting radiation
in & narrow waveléngth band and/or scatlering or diflracting

_when so excited. The laninescent’ semiconcicion nanocrys-

tal compoynd pn.lu.shly comprises: (1) a. sémiconduclor
‘nanocrystal- cnpnblu of lnminescence and/or. absarption. and?”
or %Jln.nu;, or diffraction when :.xcuul by an clectromag-
netic-radistion source (0f broad ‘or warroiv bandwidih) or a
pnrllclt. beam,-and capable of b(hlbllm&, a detectable change
in absorption and/or of cmiitting radintion .in a. narrow
wavelength band andfor scatiéring or diflracting when
excited; and (2) a linking agent, having a-first portion linked
jo the semiconductor nanocrystal, and a-second porticn
‘capable of linking.to: a0 affinity molccule:

The invention [urther comprises an-organo luminescent
semiconductor. - nanocrystal: probe formed -by. linking the
-above d(.SCﬂbt.d Tuminescent semiconducior nanoerystal
cumpuund to"an allinity molecule-capablé of bonding 1o a
‘delectable substance in.a material. As.a result the organo
lumingscent semiconductor - nanoerystal probe, .in one
cmbodiment, is -capable of absorbing or scattering or dif-
fracling energy from cither a pamclc beam or-an clectro-
nmbncllu radiation source.(of broad of narrow handwullh)
and is capuble of emilting clectromagnctic radiation in a
narrow wuvelcogth band when so excited; while in another
embuodiment:the amount of energy so absorbed, or scatiored,
or diffracied (rom either a.particle. beam or an clectromag-
nétic radiafion source (of broad or namow bandwidth), is
deteetable, ic,, the chinge in absarption, scattering, or
dillraction s détectable.

“Fherefoie, treatmént-of @ material with:the organo’ lumi-
neseent semiconductor nanocrystal probe, and subscquerit
exposure of this treated malerial 10 exiitalion energy (from
dither a-particle beam or an cleciromagnetic.cadiation source
of broad or nacrow handw;dlh) to'determing the: presence | of
thé: detectable-Substance within thé.material, will excite:the
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semiconductor nanocrystals in the organo luminescent sémi-
conductor nnnoc..rysl.ll prabe: bonded {0 the dclu.tnblt.
'quhblaum., tesulting” i the emission of ¢leciromiaguetic
_mdmlmn ol a nurrow-wavelength band and/or a detgctable
chunge i the amount of energy Deing . absorbed uindhfor
scatiered or diffracied, signifying the presence, in the
material, of- the detectable substinee bonded to the ofgano
luminescent semiconductor nnnm.ry%l.\l pml»..

‘e invention: also-comiprises a process-for making the
Tumingseent semiconduetar. nanocrystal-compound. and. for
makKing the. organo {uminescent ‘Semiconductor nanocrystal
probe comprising the luminescent semicondudtor nanocrys-
1l compound linked 10 an affinity molccule capable of
bonding-to 1 detectable substance. The organo luminescent

“semicanduclor nafiocrystl probu of ilic invention is stable

with respect to- n.pumul excitation by lu,hl, or.exposure. o
‘ox¥gen or'othér radicals. The dnvention firther comprises’a
process for. treating a matétial, such:asa biological material,
to determing the presence of a detectable substance in-the

material which comprises cnmauml, the. matérial with the *

argano  luminescent semiconductor nanocrystal probe,
removiig from the material portions of the ergana luniines-
“cent semiconductor nanuerystal probe not bonded. 10 the
detectablé substance, and then éxXposing thé malerial to
activation. energy from either an clectromagnetic: radiation
spnres (0f broad or narrow handwidih) or a particle beam.
The presenice off the detectable sibstance in'the material is
then determined cither. by measuring: the, absorpuon of
“enerpy by the organo fuminescent semiconductor nancerys-
tal; probe and/or detecting the emission of radiation-of a
narrow waveléngth band by the organo luminescent semi-
conductor nanocrystal probe and/or detecting the scatiering
or diffraction’ by the organo luminéscent semiconductior
nmmuy\l.d protic, indicative:(in cither case) of: the presence

of the orgino lumineseent semiconductor nanocrystal probe

bonded 1o the detectable substance in the: material.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is d block diagram 'of the Juminescent semicon-
duciar nanocrystal.compound of the invention.

FIG. 2 is 4 block diagram: of the. organo. Jumincseenl
semiconductor nanocrystal probe:of the invention,

FIG. 3 is.u.block dingram showing the aflinity between a
deteerable:substance. and. the orgiana. Juminescent scicon-
ductor nunocrv%lnl probe.of the invention.

I1G. 44 15 a flow sheet nlluslrnlmb the process of forming
the orgalm luminescent sémiconductor nanocrystal probe of
the invention,

FIG. 5 is a flow sheet illustrating a typical use of the

organo lumineseentseniconductor nanocrystal probe of the
invention in'deletting the presenie-of a deleélable substanice
in a-muterial suchas a'biological, material.

DETAILED DESCRIPTION OF THE
INVENTION :

In-The invention comprises a lummw.um semiconductor
ainocrystal compound capatile of linking to an or;,:mu.
-moleciile. and capable of exhibiting a detectable change in
ahsorption.andfor of ¢riitting t.lu.(.lummbm.m. radiation in’ i
narrow wavelength band. andjor ‘sealiering or dillracting
whenexcited by cither an clectromagnetic radiation source
(of broail or narrow bandwidih) o 1 porticle Botim. The
humnwu,nt semiconducior-nanocrystal compound, in turn,
comprises: (1) semicondueor niinnerystals Capable of
cxhibilinb a detectable change in absorption and/or of emil-

"
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“(GF broad 6r narfow b'm(ldelh) orap
one.or more linking agentscach having a first portion linked

4

‘ting eleciromagnetic;radiation in @ ndrrow wavelength band

when:-excited by cither an c.lu.lmmn melic radiation source
ticlé-beani; and 2)

1o the scmiconductor nanoc.ryslal and o second’ portion

. amhlc af linking to an organic affinity molecule.

The invention dlso comprises the:-above described lumi-
nescent semicondiictor nanocrystal compound linked-t6 ihe

.oiganic affinity: molecule (through the:linking agent):to forin

an_‘organo: luminescent- semiconductor- panoerystal prabe
capable-of bonding 10-a deleciablé substance and capnblé of .

rcxlulnlmb a.detectible change in absorplion’ and/or of ¢mit-

ting. c!cclromm,ncuc ‘fadiation’in a_farrow wavulunglh band

and/or seattering or dnﬂ‘raumg when excited by either. an
‘cléciromdgnetic radiation :source (of’ broad or narrow
=bundw1dlh) or-a pamck beam. Treatment of a material
(typically a hmloglul material) with the orgario Juminescént

semiconductor nanocrystal probe, and subseqiicnt' éxposurd

‘of this' treated materisl o excitation encrgy, as ‘deseribud

above, to determine thé | prcst.ncc of the deteciable substance
within the material; will excite: the. semiconductor nanoc-
rystal in the organo lunminescent semiconiductor uanocryﬁlnl
pmbu bupded to the detectable substance; causing the

«detectable thange in absurption and/or.eniission of elecirfo-

mu,m.llc radiation- of a narrow. wavelengih, band. andjor
swll\.nng, «qr dilfraction signifying (in either instincy) the
preseiree in the matcrial, of the'detcetable substinée bonded

o' the argano Tuminescent semiconduetor nanocrystal probe.

‘The uwmuon also comprises 8 process f()r making the
luminescen .scmlwnduc.mr nanocrystal compound, and a

-process {or mukmg the. Organo luminescent sémiconductor

na\nocryslal probié comprising the lumincscent semiconduc-
tor narioerystal compound linked 1o an affinity. molceule
cipableiof bonding o-a detectable substance.

‘The invintion further comprises a process. for treating o
material, such as a biological material, o (qummc the

presence ol a detectable substance in the. material “which

comprises! (1) contacting . thé material” with _the o:gmo
luminescent:semiconductor nanocrystal probe, (") roumvmg.
from the matérial portions of The ‘organo: luminescent semi-

‘conductor nanacrystal: probe not bonded to the detectable
substance, (3) exposing.the material to encrgy (such as (he
ahove-tuseribed oloclwmauwliu energy source or particle
“beamy-capahle of exciting the semiconductor n.muuysml M

catise a détectable change-in absarption. and/or emission of
cluclromn;,nulu. rackiation .of o narrow wavelerigth band

-andjor scattefing or diffraction mt,m[ymg (in either instance)

the presence of the organo luminescent semiconductor

‘nanocrystal prabe bonded 1o the détectable. substance in the

material, und (4) deteeting cither the change in absorbed
cnergy or the cleciromagnctic radiation emitied or thi scat-
tering or diffraction by the semiconductor nanocrystal inithe
organt: lummusccm‘st.m.lconduclor nanocrystal probe..

a: Delinitions

By use-of the terms “nanometér cryslal" or “panocrystal”
herein is meant an organic or murganu. singlecrystal pamulu
having-an aVerage cross-section no larger than about. 20
nanomoters () or 20x10"° meters (200 Aug,slwms) pref-
crably no largerthan abom 10 nm (100 Arigstroms), and a

.minimum average cross-section of-aboiit 1 nm, alihough in
‘some instances.s smalleraverage cross-section nanocrystal,

ity diwn to-about 0:5:0m (5 Anigstroms), may Hé actept-
able. Typu,nlly ihe nunocryalnl will have an-average cross-
séetion radging io size-from about 1 nm. (l(l Angstroms) 10
abowt 10 nm (100 angstroms).

EXHIBIT, cl PAGE<>25




Case 3:10-cv-0212‘EG -NLS Document1l Filed 10/8/10 Page 28 of 45

US 6,699,723 B1

5

Bv use-of the term “semiconduclor uanouryslal" is meani

i nanoficter <rystal or nanocrystal of Group 11=VI and
Group lll—V semiconductor compounds capable of cmitting
ulu.lrnma;,m.lu. ricliation upiu excitation, ulllxuug: the-usé
of Group:1V semiconducturs such as germaniumeor silicon,
orthe usé of organic semicondirctors, may. he feasible:urideér

cenain conditions.

By use of the 16rm™a. narrow’ wavulcn;,lh band”, ‘wiih
regard o the c.ll.t.lrumagnunu :radiation emission ol the
~»uuuunulu¢.mr nangcrystal, is meant § ‘wavelength band of
cmissions not uxcccdm[., about 4(); nm, and preferably. not
(.xccuduu, about 20 nm in width and symmiciri¢ aboul the
‘cenler, in-contrast 1o the emission:bandwidth of - about 100
sy for 4 typical ‘dye: molecule, with-a red il which may

-exiend the band width out’ as much as-another. 100 nm. It
should-be noted that the lmndwxdlhq -referred: to are dclcr--

mined ffom mumurumunl of the width-of the. crmissions at
‘halfpeak height (IWIIM) and are appropriate in. the range
“of 200 nm 102000 am.

By use of the term “a broad-absorption band”, with regad
10 the-clectromagnetic radiation-absorpiion of the semicon-
ductor’ nanocrystal is meant a continuously increusing
~absorption from tlic ‘onsci, which” occurs. ncar 1o, bui. at

'slu,hlly hnghu energy than the “narrow wavcleagth band”of
thie. einission.. This i%-in"ontfast 1o thic: “namow abwrpuon

band” of dye molecules which occurs near the emission peak
-on the high cnergy side,-but drops off rapidly away {rom that
wavelength.

By use: of the term “detéctable ‘substancé” is méant an
cntity or _group,.the preseace or absence of whichin a
material such 58 4 biological material, is16 be ascerlaincd by
use of the organo-luminescent semiconductor nanocrystal
probe of theinvention,

By use of the term alfinity molecule” is mcant thepartion |

of the ur),.nm Jurninescent semiconductor nanocrystal probe
of the invention: which will selectively hond to a detectable
substancée (il present) in the material (c.p., biological
material) being analyzed.

By use of the term *linKing agent” is meant a substance
capable of linking wxlh a semiconductor nanocrystal and
al$o cipable:of Tinking 10%an aﬂmuy ‘molecule.

The terms ™link® and *linking™ arc. mcant to describe the
“adhérence between the- affinity miolecule and ‘the semicon-
duclor -nangerystals, cither directly or through a moicty
identitied hercin us' lmkmg agent. ‘Thes ndhcrmu. niay
comprisc any sort of bond, including, but not limited 1o,

covalent,ionic, hydmgun bouding, Van ‘der Waals" forces, or

mechanical booding; ete:

Ihie:terms “bond” arid “bonding” arc. meant-to describe
the adherence between the aftinity molccule and the detect-
able’ substance. The adherence, may- comprise any Sor(; of
bond, 1m.ludmg, but aot hmm.d lo, covalent; ionic, or
hydrogen bonding, Van der Wn_al-«, forces, or mechinnical
bonding, ctc.

The lerm “lumingséent semiconductor nanoagrystal

componndd”, astused herein, s intended 1o define. a-semi-

-conductor n'mm.ryslul linked to one ar ' more lml\mb agents:

and-capable of inking io an aMinity: molecule, while the lurm
“organo-luminéscent semiconductor nanderystal probe”
intendet! (o defing a lumincseeni ‘semiconducior nunouyslul
compound linked to an .slhmly molecule.

i term = glass™ iis used biérein is intended 10 include one
or more oxides off alhu)n boron, andfor phosphorus, or.a

mixture thereaf; as wr.ll as'the-farther optional inclusion f .65

onc or more metal silicates, melal borates or-metal phos-
phiates thérein.

3.
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b. The: Semiconductor Nanocrystals

“The ‘scriiconductor nanocrysials uscful in’the pmcncc of
the invention include nanocrystals ol‘ Group 11-VI semicon-
duciors such as MgS, MgSe, Mg,lu. Ca8, CaS¢, Ci'le, S,
§rSe, Sr'le, BaS, BuSe, Ba'le, ZnS, ZnSe, ZnTe, Cds, CdSe,
Cdle, HgS, HgSe, and llg,lc’ and nanocrystals of Group
I1I-V:semiconductors such as GaAs, InGaAs, Inl, and InAs:

As mentioned abové, the tise of Group TV-semiconductors

such as germanivin “or, silicon, or. the use of jorganic
semiconductors, may also be feasible undér certain condi-
tions, -

Formation of: nanomeier érystals of Group: 1=V scmi-
conduclors is: deseribed in- copending and .commonly

ussigned Alivisatoseral U:S. Pt No: 5,751,018; Alsvnalos'
ctal, U8 Pat: No. p

,505 928;-and Alivisalos.etal, .U .
No. 5,262,357, whu.h also describes the formation of Group
11-V1 sémiconductor nanocrysta]s. and which:is. also
ﬂbhl}_.,llttd to. the assignee.of this mvcnl 0, Also described
therein is (he control of: ihe size of ihe semicanductor
nanocrystals during formation using. crystal. growili (€rmi-
nators. “The  teachings’ of Alivisatos ¢t al. U.S. Pat, No.

‘5,751,018 and Alivisatos ¢t al. U.S. Pat. Na. 5!262,357 arc
ach herehy specifically’ incorporated by relorente.

Ina preferred ombodlmunl the nanucrystals are used ina.
core/shell wuﬁgurauon ‘wheréin a first semicanductor
nanocrystal fonus: s core: ranging, in diameter, for example,
, with a shell of auother
semiconductor: nanocrystal m.tlc.n.ll grown .over the-core
n.muc,ry\l.tl 10°a thickaess of, Tor example; 1-10 monolayers
in thickness.~When, for- cxnmple 8. 1-10' manolayer thick
shigllof CdS'is cpllaxmlly grown over:a core of GdSe, there
is a dramatic increase in‘the room femperaure photolumi-
neséence quantim yield, Formation of such core/shell
nanocrystals.is déseribed more: fully.in a publication by onc

-of ‘us” wilh nlhu(s‘cnlulcd “Epitaxial Growih of Highly

Liminescent CdSe/CdS Core/Shetl Nanocrystals with PPho-
tostability and Clectronic- Acct.ssibilily" ‘by Peng, Schiamp,

.Kadavarnich, #nd Aljvisatos, published in the Journal of the
. American Chemical Socicty, Volume 119, No..30. 1997, at

pages. 7()19—7()29, the subject matter of which is hereby
specifically-incorporated herein by reférence.
Thé semiconductor nanocryqlals uscd in the igvention will

Jhave a capability: of-cmitting, light-within a narrow wave:
lul‘,lh band of dbout'40 nm.or less; preferably about.20.am_

or less; thus permitting: lhu mmu]tanwus s of a-plurality of

differently coloréd organo hifninescent - Semiconductor

nanocrystal probes with diffcrent semicondiictor nanncrye-
tals without gverlap (or with-u small amount of overlap) in
wavéléngths of cminted light: (unlike the yse of dye mol-
ceules with broad cmission lines (e.g., ~100 um)-and broad
tiils of cmission (¢.g., andther 100 nn) on the'red side of tll_m
spectrum), thus allowing for the simultancous detection ol
plurality of detcetable substances. ’ '

¢. Aflinity Molecule:
The particular: aﬂ' inily molecule l'ormmg, a part of the

‘orgario- “luminescent semiconductor nanocrystal probe: ol the

invention will be sclected based on its -affinity for the
particular detéctable substance” whose presenee.or absénee,

for cxample; in-a bmlo;,u.al miateridl, i 10 be ascértuined.
Basically, the allxmly molecule:may comprise.any molecule

capuble cof buing Liked: o u Tuminéscent semiconductor
naumryﬂlal compound which .is also capublu af “specific
reeognition of 4 prrticular.detectable. substance. In general,
any affidity molecule useful.in the:prior art in: comhm-umn
with. a «dye molecule to-provide spegific. recognition: of &
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dotectable substance will, find wtility.in the formation ofthe
'»uq,ano-lummoscml sémiconductor nunouystal probes of
the invention. Such 1ﬂmny molu.ulu- mclud». by way-of
'-«.x.tmplc. nnly, such claxses of substances a8 manoelon il and
polyulmml anfibodies; nucleic acids (bolh u monomeric and
oligameric), proteins, polysacéharides, and small ‘molecules
such.as sugars, pq.pudcﬁ drugs; and ligands. Iists of such
allinity miolécules are available in'ihé published licraure
such ‘as, by way of example, the * Handbook of Fluorescent
Probes ‘ind- Research Chemicals®,: (sixth cdition) by R. P.
Huublnnd available from Moleéular Probes; Inc.

d. ‘The’ Linking Aucnt

l‘hc “organo- -luminescent -semiconductor nanocrystal |

probe 6l the invention will: usuully find utility with ruspu.l
to-the detection of one or more: detectable substances: in
uq,amc. umlurmls. and in-pari aular'16'the delection of one o
more detcctable substances in: hmloucul materials. This
riyuires thé presence, in the organo-luminescent semicon-
ductor nanoerystal probe, of an-allinity molecule or maiety,
asdeseribed.above, which will band the organo-lumincseent
semiconductor nanocrysial probe to the detectable substance
in the org’mlc,‘bnolog,lc.ll material so 1hat the presence of the
detectable materiil may be subsequently ascertained.
However, since the . semiconductor: nanocrystals are
inorganic, they may ot bond direetly-to the organic allinity
molecule: I these ‘easc therclore, there must be some: type
of linking agent present in the. orbnno -luminescent semicon-
-ductor uanoc.rysldl probe which is capableof lormmg allink
1o the’ inorganic semiconductor nanderystal as' well as to (he
-organic alfinity molecule in the organo-luminescent semi-
conductor nanocrystal-probe,

One form in which the semiconductor nanocrystal may be
linked to an affinity: moleéule via a linking dgent is by
coaling the semiconductor nanocrystal with a thin layer of
gliss, such as silica ($i0, wheré-x=1-2), using a linking
agent such as a substituted silan, c. 8. 3-mercaptopropyl-
trimethoxy sitane to-link the nunoerystal 1o the glass, "The
,y,alm\-walul semiconductor nanocrystal may thenbe further
treated with a lmking agenl, c.g., an amine such as
34 minopropyl- lruno.llmxysllnnu, which will function 10 link
the plass-coated semicomductor’ nanm.ryslul 10 the nﬂ‘mty
molecule: That is, the Lla\‘i-budlbd semiconducior panoc-
rystal:may then be linked to'the aflinity molecule, Itiis within
the coiitemplation ‘of this invention thai the original lumi-
neseent semiconductor _nunocrystal mmpound may also-be
¢hemically modilicd after'it has.begn made in order to link
cm.um.ly o the-affi inity molceule:. A varicty of references
summarize the.standard classes of chemistry which may be
used 1o this eid, in pariiculur the “Handbook of Fluorescent
Probes and- Rescarch Chemicals”, (6th edition) by R. I
_Haugland,. available. [fom Molecular Probés, Inc,, and the
hook “Bioconjugate Techniques”, by Greg Hermanson,
-aviilable from Académic Press, New'York.

Wihen the semiconductor nanecrystal is couted with'a thin
fayer of bld\h. the glass, by way of ¢xample, muy comprise
a silica ‘glass (Si0;, where xe1-2), having @ thickncss
ranging from aboit 0.5 am 1o about: 10 am, and preferably
from about 0,5 nm.10 about. 2 an

The semiconductor nanocrystal is-coaled with the coating
ol thin glass, such axsilica, by fimtcoating the nanocrystals
wilh a. surlactant such as tris-octyl-phosphine. oxide, and
then dissolving the surlactint-coutet) nanocrystals'in a h.m-..
methinol Solutiagn of a linking apeat, such as
J-mercaptopropyl-iri-methoxy silane, {ollowed hy p.nrunl
hydrolysis: whichis followed by addition.of a glass-affinity

=~

ta2
<

60

molecule linking agent such as nmmo-prnpyl trimethoxysi-
lane which will link 16 the g lass and séeve.io-form a link with

-the affinity molccule.

Wheithe linking agent'does notinvolve the useofa g Llass

.coating on the semiconductor nanocrystal, it may.comprisc

2 number of different malerials,, depending upon the, par:

ticular- affinity nmlx.cul«., whicli, in furi, depends upon the

type of detectable material being analyz:d for. It should also

‘s-noted that while an individual linking- agent may. b used
1o Jink to anindividual semiconductor nancerystal; it is also

within the wmunpluuon ofthé.invention thul more than oig
linking, agear may’ hond o the samie semiconductar nanoc-
rystal and vice versa. '

A few examples ol the!types of lml\mt, agents vhich may

be uséd 16 Tink 1o boih the v.mu.onduuur nanmrvslal (or {o

a glass walm;, on:the uauucrystal) and to the organic all'mly
molecule in the probé -are illusirated in“tlie table below, it
being understood that this is not intended to be an exhaustive
list:

Liki pent
Struciure ‘Name
Ny N-(3-aminopropyf)3-mercapio-
beazamide

NH
H-

U .

) ) /\/\ J-aminopropyl.
(CHONSI NIty trimethoxysilane
/\//\ Fmcreaptopropyl-

(CH0) SH trimethoxysilane

0, '.avnmlcumdoprop\'l-

trimcthoxyilane

@ino” TN

O
’ “ 3:hydmzidopropyle
AN ~ {rimethoxysilane
(C”)OJ:'/\/\“/ N1,
(6]

1. should be fanther noted that a plurality. of polymerizable

linkingagcms may be used togather to form an encapsulat-
ing net or linkage aroisnd an individual nanocrystinl (or group
ol nunocrysials). ‘Ihis is of -particulsr interest where the
pariicular linking agént is mv.',upu,hlu ol Torming. a strong,
bond ‘with. the nanvcrystil. Examples of linking agenis
capable-of bonding together in sich 'a manner Lo ‘surround

he-nanaerystal with o network of linking apems inclutle, but
arc not limited to: ‘diacerylencs, acrylates, . acrylamides,

vinyl; styryl, ‘andl:ihe afcremeéntioned silicon oxide, boron
oxide, phosphorus-oxide, silicates, borates and’ phuspham

¢ Thé. Excitation”of thié: Probe and: Detetiion of
Emission/Absorption
As prcvlously mcnlmncd the organo lumincscent scmi-
<onduclor nanocrystal- pl’()b(- of ihé invention 'is:capable. of
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being; gxult.d over. & broad bandmdlh -yétexhibits cmission
i a nirrow wuvclus&lll band, iin.contrast 16 the dye mol-
ccules used'in the pnor art. Thus-cleclromagnetic radmllon
sof wavelength ranging from x-fay 1o ultraviolet to Visible.lo
Jinfrared waves may ‘be used 1o cxcite the luminesceat
semiconductor nanouyal.ll.s in the' probe,. o addition, the,
Himinescent semiconducior nanocrystals. are capable of
“\.xcuanon from bombardment:willi-a particle beant such as
- electron. beam “(e-beam). Furtbicemore, because of the
browd Imndwullh at which the lumineseent semiconductor
nafucrystils. ire-excitable, one miy use s €ommon uxcita-
tion source for the simultansous excitation of several prohes,
i, several probes ‘Which. give off radiatian a1” differént
‘In,qucnucs, thus permitting simultancous excitation. and
détection-of the présence of'sevetal probes mdncalm},, for
example, the presence of several detectable substances inthe
material being examined.

"Thus, for w\amplu. a laser radiation source. ol 'a given
frequendy, ¢..,. blue Hght,” miy be used- o excite -a, first
organo fuminescent semiconductor nanocrystal pmhc
: p.nhlu of emitting radiationofl'a sceand frequency, e.g., réd

lluminated, of a first detectable subsiance to- which the
particular ced tight-coitiing: orgao lnmineseent -semicon-
ductor nanocrystal probe has bonded. Al the samg lime, the
‘samé blue’light laser soires may also Be &xciting a %ccmd
organo lumineseent semiconductor nanocrystal prabe. (m the
‘saime matéridl) capable of emitling radmlmn of a third
lruquum.y. .., green light, indicating the presence, in. the
miterial heing illuminated, of a'sccond detectable substance
10 which the particular green light-cmitting organo fumines-
.cent semiconductor nanogrystal pmbu has bonded. Thus,
ualiké the prior an, multiple excitation sourcés need not be
used (because of the broad bandwidth inwhich the organo
Tuminescent semiconducior nanocrystal probs of the. invin-
tion is capuble of being cxcited), and the narrow band of
cmission of the specilic semicanductor’ ndnun,ryslalh in gach
prabe-makes possible the ¢liminativn of scqueacing and/or
‘elaborite-filicring wediteet the emitted radiation.

With respect (o the absorption:of encrgy by the probe of
tlic invention, when the cxcitation source i$ an €lectron
beam, or. an X-ray source; the presence of the organo
Tuminescent semicanductor nanoctystal:probe bonded to the
détectable. substance.of intecest-in the: material being ana-

lyzéd can by ascertained using a commercially available -

encrgy absarption or scatlering of diffraction (lth.cuon SY5-
tem wherein:changes in’ al:sorplmn or scaltering cross scc-
tion or in-dillraétion.of the; materiidl béing analyzed can be
detected, - slg,mlymg, the presence of “Ihe probe in the

mulerial, which, in turn, indicatés the prust.n(_c of the detect !

able substance to-which the probe is bonded in the material
being analyzed. I addition, it may be possible 1o, use
clectron or X-ray sources: (0 detect the. presence of ‘the
organo lumineseent semiconductor nanocrystal ' piobe
bonded 1o the detectable substancee by-using a-conventional
detéction system for thé emission of visible light 1o obscrve
¢ visible caission in ihe narrow wavelength ofeniission of
the probe..

The following examples will.serve o Turther itlustrate the
_inrmnuon af the: organo. luminescent semiconducior nanocs
rysral. probes: of the invention,: as well, as their usg in
detecting lhe presence of a deteetable subisiance in a matefial
stich as o biological material,

EXAMPLE 1
“To illustrate, the formation of the. Juminesceit semicon-
ductor nanaerystal compound (comprising the semiconduc-

‘lu,hl. ‘indicating the presence, i the muterial being -

c
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lor. nanocryhlals linked lo a Imkmg agent) 20 mk of o 5:mM
solition. of (4-mcrc.aplo)hunmw acid was prcpaml ‘with .2
pH of 10 using. ((“113)4N0H SH20. .20 ‘mg, of tris
mlylphuxplnnc oxide. conted CdSe/ClS t.()l'l,/bht." nanucry.

- tals, were uddc.d to:thie: solution and stirred until «.umplcloly

dissalved: The resuliani. nnnncry-anl/hnkmg agent sohition
was heated for 5 hours.ab 50-60° C. and: then-concentrated
10 a few m} by cvapération: Thicn an cqual vohime of deetoni
was added .and (he nanocrystals -precipitate ‘out of “solution

‘homogencausly. The. precipitnte was: then washed: wilh

acétone, dricd; and then can be stored.
The luminescent: semiconducior -nanocrystal -compound
pn.paud above can be’ linked with an appropriate- ufinity

iolecule 1o form thie organo lumineseent semicoriductor

nanocrystal probe-of the -invention to treat a biological
matcrial to délgnmine the presence or absence of o déleclable
substance. That is, the. lininescent semicondisctor nanac-
rystal.compuund, prepared abave.can be linked, for example,
with avidin.of Streptavidin (as the: aMinity moléeule) 6 form
an organo Tumincscent semiconductor nanocrystal probe-1o
tredt a biological.material 1o ascertain the presence afbioting
or the luminescent semiconducior nuanocrystal compound
préparéd dbove €an be linked with anti-ligoxiginen 10 farm
an organa. Juminescent semiconductor nnnourysml probe 1o
treat -2 biological material (o dscertain the presence of
digoxiginen, :
EXAMPLE 2

“To illustrate the formation of luminescent scmiconductor

nanocrystal ‘compound’(comprising glass-coated semiicon-

ductor panocrystals linked ‘to a linking agent), 50 ul of

3-mercaptopropyl-trimethoxy sitané was added to.40 ml of
an anhydrous, solution_ of 25 vol. % dmu.lhylhulloxldu in
mt.lh.mul and the pH-wis acjusiad to 10211 using (CH3),
NOHSILO, 10:mg of. tris-oetylphosphine oxide coated
CdS6/CdS core-shell particles, prepared by-the- lt.chmquc
described in ihe aforementioned Peng, Schlump,
‘Kadavanich, aad Alivisatos. article, were 1licn- dissolved in
this solution, and stirred for several hours, The solution was
‘diluted with 40;mil of méthanol djusted 10 a pH.of 10" with
((.ll,),‘NOllS ), and heated for 1 hour at 69° C. The
solution was stirred: for an hour, und 40 mi of 4 90 vol. %
methanoi/9.89.vol. % $H,0/0.1 vol. % trimethoxysilylpropy!
urea/0.01 vol. % nmmnpmpyl -trimethoxy silance- solution
whith. had béch’ Sticring for 3t least-an hour, was added, and
stirred: for 2" hours. Subscquently the reaction was heated to
69° C. for 15 miinutes, aud they caoled. 10.mlaf a 10 vél.
% chlorolnmulhyl silane solution in me!hanol which had
been-udjusied to 4 pHl of 10 using ((‘Ils),,N()HSIL() ‘was
added, stirred for. 2 Jhours, then heated to 60° C., and then
pantially- conceitrated under vacyum, Once the methangl
had all cvaporated, the-solution was precipitated wilh
atetong as an oil product comprising the luminescent Semi-
conductor nanoerystal compound. The luminescent semi-
conduclor n.mocry.sl'\l compound may then be:redissolved in
water, and in-a variety of bufler-solutions to prepare; it for
linking it to an.aflinity molecule to form the organo lumx-

neséenl seniiconductor nanocrystal probe of thi¢ invention to.

treat n biological material to determine the presence or
absence of a detectable substance.

"Thus, the inveniion provides an organo luminescent seii-
conductor nanacrystul probe; umlummg, u. seaticonductor
nancerystal capable, upun exéitation by either cl«.umma;,-
nétic. radiation (of ¢ither narrow or broad h'mdwullh) ar
particle beim, of emitting éleciramagnelic radiation in o
narrow- wavelength: band and/or absorbing encrgy and/or
scaltéring or dilfracting said excitation; thus pérmitting the
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simultancous’ usage -of a.number.of such probes cmitling

différent: wavc.lcm,lhs ‘of u:lu,tmmugnuuc radiation o
thereby permit simultancous deteetion of the: presence ()f a
number of deteetablé substang L given material. The
.probe; maferial i blul)lu in the préseice of light-or oxygen,
mpal)lc. of h\.mg, excited hy encrgy aver a vide specieum,
“ind has-a narrow band of emission,: resulliog in‘an improved
malerial and: pracess for the simultancous and/or: sequential
defectionof i number of détectablé substances in a 'material
such as a biological material:
Having thus-described the invention what is claimed is:
1: Arliminescent .scmu,umluclor nanncrysldl probe,-com-
pnsm;,'
a). 1 water-soluble. scmuonduuor-n.mm.rystal conpris-
mg‘
1y 4 core wmpnsm;, d first: semiconductor mau.rml and
i) u. caré-overcoating shell comprising 4 sécond ‘semi-
conductor - material;:

b)a linking agent comprising a first portion and a second

porlion, wherein saidl first portion is linked to said -

waler-soluble seniiconductor nanocrystal;.and
¢) an affinity. molecule linked 1o said second portion of
said linking agent.

2.7 'he pmlx. of cluim 1, wherein said tiest semiconductor

material is a 11=VI semiconductor or a 11I-V semicanductor.
3.Ihe prolu. of claim 2, wherein said fiFS1 semiconduétor
material is a =V semiconductor.
4. The probc of clzmn .2, whoréin.said first:ssmiconductor
material is a TH=V semiconductor.

S.The probe of-cliim'3; wherein said flrst semiconductar

material is MgS, Mg,chMp,lL, CaS, CaSe, Ca’ Ic,br\ SeSe,
Sr1¢, Bas, ‘BaSe, Ba'le, ZnS, Zu'ic.Zu'lc CdS, CdSe, Cd T,
1S, HySe, orflgle:

6. The Jprobe of claim 4, wherein said first semiconductor

material is GaAs,, InGaAs, InP, or InAs.

7. The probe of claim 1, wherein said sccond semicon-
ductor iaterial is a 11-VI- semiconductor or a [=Visémi-
conductor,

8. The probe of claim 7, wherein said sccond semicon-:

ductor malerial is a H=-VI semiconductor.

9, "Ihe ;irolwol' claim 7, wherein said ‘second semicon-
ductor material is a HI-V semiconductor.

10, “The probe: of claim 8, whercin suid. second Semicon-
ductor material is MgS, MgSe, Mp'lL, CuS, Cuse, Ca'le,
SrS, SrSe, Srle, Ras, RaSe, Bale, ZnS, ZnSe,. ZnTe, €dS,
CdSe, CdTe; HgS, HySe, or HyTe.

1L, The. pmhc of claim 9, wherein said-second semicon-

ductor material i§ GuAs,:InGaAs, InP, or InAs.

Ju

12.

12, The probe of claim 1, wherein said fitst scmiconductor

“material {5 CUSe and suid seeond, semicandutor material is

ZnS:
13, The prabe of; claim. 1, wherein: said linkinj agent

‘comprises 4 thiol. moicty.

14. The probu of-claim 13, whefein said linking. agent

further comprises an’ alkyl: Broup,.

15, The pmln. -of claim 14, wherein said-alkyl-group is a
propyl. group.

16. The probe of ¢laim 1, wherein said linking, agent is
chosen from. N+(3- nmmopmpyl) 3-mercapta-benzamide;

-3-aniinopropyl- lrum.lhoxysxlnm., 3-mercaplopropyl-

trimethoxysilanc,- ‘Lmulcmudopropyl-lnmclhoxysxlum. and

.3 hydnmlopmpvl -trimethoxysilane.

17.“The .probe of ‘¢laim. 1, Whercin said nanocrystal

-compound. further compriscs a-glass coaling on said shell.

18, The probe;of €laim 17, whercin said. gluss coating

-comprises<a polymeric oxide.

19. The probeof claim 18, wherein said polymmc oxide
is chosen from.an oxide of silicon,.an oxide of boron, an

“oxide of phosphorus, and a mixture thereof.

20, 'The proh(. of: claim 18, wherein $aid glass coating
further comprises metal snl:cal«., u metal borate or-a.melal
phosphate.

21. e’ probe-of claim 17, wherein said hnkm;, agent is

“chasen. from N-(3:aminopropyl)- 1-mz.rc.apl0-huvamult.

3:aminopropyl-irimethoxysilane, 3-mércaptopropyl-

trimethoxysilane, 3-maleimidopropyl-trimethoxysiline, anil

A-hydrazidoprapyl-trirethoxysilanc.

22. The:probe of claim 1, wherein said, alhmly molecule
is chosen from -an- aitibody, 2’ nucléic acid, a protein, a
polysaccharide and-a small molecule:

23.Ihie probe of Qaim 1, wherein said afinily molecule
is chasen from avidin, s!rcpllavuhn._ biotin " and" ani-
chsoxlgmon. '

"24. The.probe of.claim &, whercin said affinity: molecule
is streplavidin,

25, The probe. of claim I, whicrein said linking. agent is -
3-1muuptopropyl -trinethoxysilane and said affinity mol-
ccule is chosen from.avidin, streptavidin, biotin and anii-
dlg,oxxunun.

26.'Thé probe of claim: 1, whcrcin said linking agent is
J-mercaptopropyl- -trimethoxysilane and said:.allinity mol-
ceule is: streplavidin,

27.The probe-of claim 1, wherein- said shell qnmxmlly
surrounds’ saidl core.
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A semiconducior nanocrystal compound is described
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LINKING TOGETHER A SEMICONDUCTOR
NANOCRYSTAL CAPABLE OF EMITTING
RADIATION IN' A NARROW WAVELENGTH SBANO
AND
ONE OR. MORE LINKING AGENTS. CAPABLE OF
ALSO LiINKING TO AN ORGANIC AFF-'IN vTYy
MOLECULE

AND
LINKING TOGETHER AN ORGANIC ARFINITY
- MOLEcCVLLE: CAPABLE. OF SELECTWELY
RONOIWNG WITH A DETECTABLE SUBRSTANCE"
AND
THE ONE OR MORE LINKING AGENTS CAPARLE
OF ALSO LINKING TO A SEMICONDUCTOR
NANOCRYSTAL;

TO THEREBY FORM AN ORGANO LUMINESCENT
SEMICONDUCTOR NANOCRYSTAL FROBE
CAPABLE OF BOMDING TO ADETECTABLE

SUBSTANCE N A MATERIAL AND, FOR

EXRAMPLE , TG EMIT RADIATION OF A NARROW

WANELEMGTH BAMD WHEN EXPOSED YO
EXCITATION ENERGY TO WDICATE THE
PRESENCE OFTHE DETECTABLE SUBSTANCE

FIG. 4
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DETERMINING THE: PRESENCE OF A
DETECTABLE SUBSTANCE IN A B\OL.OC:\CAL
MATERIAL BY CONTACTING THE BIOLOGICAL
MATERIAL WITH AN ORGANO LUMINESCENT
SEMICONDUCTOR NANOCRYSTAL PROBE
COMPRISING ¢

1. A SEMICONDUCTOR NANOCRYSTAL,
CARABLE OF & M\T"lNG Aa.soRB\qu

SCATTERING , OR B\FFRAC\' ING EN.ERGY INA

NARROW Fp.e:aueuc( BANO WHEN EXCITED;

2. AN AFFIMATY MOLECULE CARPARLE OF
BONDING TO THE DETECTABLE SUBSTANCE ;
AND

3. ONE OR MORE LINKING AGENTS CAPARLE
OF LINKING TO BOTH THE SEMICONDUCTOR
NANOCRYSTAL AND THE AF‘F\N\TY MOLECULE

REMOVING FROM THE B!OLDG.ICAL MATER\AL
PORT\ONS OF THE ORGANO LthNE.sc.ENT

| SEMICONDUCTOR: NANOCRYSTAL PROGE. NOT™

BONDED TO.,’\'I-\E. DETECTABLE SUBSTANCE.

BRPOSING THE BIOLOGICAL MATER\AL.TO
ENERGY CAPABLE OF EXSATING THE
SEMICONDUCTOR NANOCRYSTAL (N ANY
ORGANO~LUMINESCENT DETECTION _
COMPOUND PRESENT IN THE BIOLOG\CAL
MATERIALTD BMIT, ABSORB,; SCATTER. OR
D\F'FQ.AC.T ENED.GY

DETECTING ANY ENERGY EMITIED AMD /OR
ANY ARSORBED,; AND/OR SCATIERED OR.
DFFRACTED BY THE SEMICONDAICTOR

NANOCRNSTAL INDICATING THE PRESENCE IN
THE BIOLOG\C.AL MATERIAL OF ANY

‘ DE.TE_CTA&.E SUB STANCE. BQNBED TO THE.

ORGANO - LUMINESCENT DETECTION

COMPOUND

FI1G.5
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ORGANO LUMINESCENT
SEMICONDUCTOR NANOCRYSTAL PROBES
“FOR BIOLOGICAL APPLICATIONS AND
l'RO(.Lbs FOR MAKING AND USING SUCH

PROBES,

CROSS-REFERENCE TO RLIJ\ILI)
APPLICATION

‘I'his application.is a cantinuation of- us Cpatent appllu-
tion Ser. No: 19/349,833 filed - Jul. 8, 1999 nowUS Pat. No.
6,423,551 which-application is a continuation-of U,S, patent
application Ser. No. 08/978,450 filed Nov. 25, 1997, and
now issucd s U.S. Pit..No.5,990, 479 on Nov. 23; 1999,

The/invention desctibed, herein: ‘arost_in the’ Gourse-of, or

under, Contraci No, DE-AC03-SF 00098 between the United
Stutes Department of Energy. and the University. of Caljfor-

nia for the operation” of - thé “Ernést Orlanda. Lawrénge
Berkeley National labomury ‘The Government may ‘have:

rights 1o’ the invention,
BACKGROUND OF THE INVENTION.

1. Ficld of the- Invention
“This invention relates 1o organo lumincscent semiconduc-

lor nanocrystal. probes, lor biological applications: ‘wherein:

the prbes includes a plurality of semiconducior nanocrys-
tals-capable of luminescence anclor ub\orpuon and/orscat-
tering or dillraction when excited by a radiation or particle
beam..

2. Deseription of the. Related An

Fluorescent labeling of I)iol%iul systems is a well’

known analytical tool usedd in modern bio-téchaology as
well a8 ‘analylical cheniistry. Applicdtions for such fluorés-

cent labeling include- ll.(,|ln(‘ll(1],lb§ such as medical (and.

non-medical) fluorescence mlcrmcop). histology, flow

eytometry, fludresécnce in-situ hybrlduullon (médical ¥

assays and - research), DNA scquencing, immuno-assays,
bindling-assays, separation, ‘ele.,

C unvunlu)nally. such Muorescentlabeling involves the vse:
of "an organic dye molecule bonded to-a. moicty which, in:
turn, sclectively bonds 1 a“particular hxologml system; the, -

presence of which is then identified by excitation of the dye
molecule to Cause. it1o dluoresce, There gre.a number of
pmblcms with suéhan analytical system. [n the first place,
the:emission of light-of visible wavelengths from an excited
dye molecule usually is characterized by the. presence ol a

broad emission spectnum as well as s broad tail of cissiops:
the ontire cmission

on. the red side of the spectrum, i,
spectrum is ratlier broad.. As a rusull there is a scvere

limitition“on (he: number -of different color organic dye:
molecules which may be-utilizeéd simillancously or sequen-

tially-in an analysis since it is difficult 10 cither simulta-

nepusly ar even non-simultancously detect or discriminate.

between: the presence of a aumber of différent detectably
substances due to the broad spectrum cmissions. and cmis-

siontails of the lnh&.llmg molecules, Another problem.is that:

most dye molecules haves i relitively narrow absorpuon
spectruim, - thus requiring cither multiple excitation beams
used ¢ither in 1andem or scqucnually for mulnplc waves
length’ probt.s, or-clse a“broatl spectrum exditation source
which is scqu(.nlully used with different filiers for sequen-
tial excitation of a scrics ‘of probus respectively excited at
differcnt wivelengths,

Anather: problem fuquonlly encountered with - existing

dye molecule tabels is. that “of |)lmlusl.1h1hly ‘Available:

lluum«unl molecules: bléach, or irreversibly cease to cmit
light, under repeated excitation (10°-10%) cycles of
.nl:surplmn/um:ssmn These problcims are often surmounted
by minimizing th¢ amount of time that the sample is exposed

US 6,927,069 B2
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(0] nghl, and by-removing, myy.n andfor other radical
species from the:sample.

In addition, ilie pmhu fools used for the study of these:
syslems hy. t.lu.lr()n microscopy techniques are completely
different from' the probes- used for study by fluoreséence.
“Thus, it is ol possible:to label a material.with a single type:
of probe for both electron microscapy and for fluorescence,

1 would, therefore, be desirable. 1o provndc a stable probe
material for bivlogical applications having a wide absorphon
band and’ Lapablo of Lxhlblllnl, cithicr a détectable, change in
absmpuon or.of emitting radiation-in a. narrow wavulun&,lh
band, without the: presence .of the large red emission taily’
¢haracieristic, of dyé ‘miolecules. (ihercby pemiitiing: 1he
simultatcous:use of a number of such probe materials;-cach
emitting light' of o dlﬂ(-f(:l’ll narrow wavelength band) and/or
capable, of seattéring or diffratling ‘fadintion:: It would also
be equally-desirable: (o pruvndo a-single, stable prohe mate-
riak:which-can: bieused 1o image the:same sample by both
light and’ electron-microscopy.

SUMMARY OF THE:INVENTION

"The - invention compriscs a lumincseent semiconductor
nanocrystal compouiud capablu of linking to an affinity
molecule to form an uigano lurminescent semiconductor

-~ nanocrystal probe c.apnblu of luminescence and/or absorp-

tion and/or scatiering or diffracting when excited by -an-
clectromagnetic .radiation. source (of broad or narrow
bandwidth) or a particle beim, and capable of cxhlbmng a
detcetable-change. in absorption and/or of. cmmlm, radiation
in a-narrow wavclength band and/or scancring or diffracting
when $o éxciicd, The luminescent semiconcuctor nanocrys-
tal compound preferably ‘comprises: (1) 4 semiconductor
nanocrystal capablé of lumineieénct and/or absorption-and/

“or scattering or. diffraction when exclied by an clecimmag-

netic radiation source (of broud or narrow bandwidth) or-a
particle bcam. ‘and-capable-of cxlubnlm;, a deteclable change
in absarption andfor of cnmlmg radidtion in- a narow

-wavelength band and/for suallmug, or dilfracting, when

exciled; and (2)-a linking agent havirlg a first portion.linked
10 the sémiconducior nanocrystal, and a sceond pariion

- capable-of linking to an affinity molecule.

The nvention further comprises an organo luniinescent
semiconductor ganocrystal probe Jormed- by linking the:
dbove “deséribed luminescent: semiconduclor nanocrystal:
compound to un -aflinity malecule capable of bonding to-a
deicetable substance in-a material. As a result the organo

luminescent Semiconductor hanocrystal, probe, in one

embaodiment, is capable of absorbing.or scallcrm;:, ‘or dif-
fracting energy. from cither-a particle beam or an electro-
m.u,m.lu. radiation source (of hroad or nirrow l).md\vullh).
and is capible of emiliing électromagaedic mdiation:in, a
narrow wavelength band when so excited; while in another
embodiment the amount'of encrgy so absurbed, or scattered,

ordiffractéd from:ciilier a-panticle beam or-an t.lu.lmma;,-
netic radiation. source (of broad or. narrow lmndw:dlh) s
detcetable, i, the change in absorption, scattering, or

" diffraction 'is dclcclnl)lc

lhcrc.fon. tregtment of 2 material with the organo. lumi-
nescént sémicondiictor nanocrystal pmbc. and subscquent.
exposure.of this trenied material 10.¢xcitation coergy (from

- either a particle beam or an clectromagnetic racliation source’

of broad or. nafrow hundwndlh) 16 determine the’ pusmw ‘of
the-détecfable substince within the: material, will excité the
semiconductor.nanocrystals in the organo luminescent semi-
conductor n.mm.ry\lal probe borded 1o the detectable
substance, resulling 1n fhe emission of- cléctromagnetic.
radintion of a narrow wavelength band and/or azdetectable
change in’ the amount -of .encrgy. being ahsorlu.d and/or

‘scaneréd or diffracied, sigaifying the presence, 'in. he
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material, ‘of lhc detectable s bslanc» ‘handed to'the organe
lummu.m.nl semiconductor nannuyslal probe..

‘The invention also-comprises i process for making the,
lumineséent senviconduetor nunberysta u)mpuund -and . for
making the-organo. Tuminescent semiconductor nanocrystal
prabe comprising, (. lumingscent semicsnductor nanucrys-
tal-campound linked 10 an affinity molecule capable of
bonding 10 a-deteciable substance: The-organo Juminescent
semiconducior nanocrystal probe; ol the; invention is stable.
with n.spu,l to repeated excitation by- h&,ht or exposure 1o
oxygen or other radicals, The invention: further comprises a
process for’ treating a malerial, such-as a biological. material,
10 determine 1hé prw.m.u -of a déiectable. substance iuthe
material which comprises contacting the material with- the
'mbnnn luminescent ‘semiconducior nanuer)slnl probe,
removing from the.malerial poriions of the orjano lumines-
cent semiconductor nanocrystal probe not_bonded (o, the:
dclu.l.nhh. :.nl)sl.nm.u and then expusing (he, material (0
activation encegy-from ¢ithier an: ‘Slectromagnelic radiation
source (of broad or narrow:bandwidih) or.a particle beam.
The presence of the detectable substance in. the material ds:
then -determined. cithiée by ‘meéaguring: the dbsorption of
energy by the organo luminescent semiconductor nanocrys-
tal pmhc andior detecting the emission ‘of radiation of a
narrow ‘wavelength band by the organo” luminescént semi-
conductor nanocrystal probu and/or detecting the scaliering
or diffraction by the organo lumineseent ‘semiconductor
nnuouys(al preibe, itdicative (in ciiticr case) of the presence
of the:organo luminescent- semiconductor nanocrystal probe
bunded 10 the detectable substance in'the material.

BRIEFDESCRIPTION OF THE DRAWINGS

FIG. 1 is a-block diugram of the- lumingscent semicon-
ductor nanocrystal compound. of the invention:

FIG. 2 is.a block diagram of thé¢ organo luminescent
semicanductor nanocrystal probe of the invention:

F1G.3 is a: block diagram showing the.affinity between a
detectable substance. and the organo ‘luminescent semicon-
‘ductor nanocrystal. probe. of the invéntion.

FIG. 4. is'a low:sheet- illustrating the process. of forming
the organo, luminesceni semiconductor nanocrystal-probe: of
the invention..

I1G. 5 is a Now sheet illusirating a typical use of -the
organo luminescent semiconductor nanocrystal probe ol 'the
invention in‘detecting the presence.of 3 deicciable substance,
in a.matcrial such as.a biological malcrial.

DETAILED DESCRIPTION OF THE
INVENTION

“The invention comprises @ lumincscent semiconductor
nanm.ryslal compound capable of linking to an. oq.aruc.
molecule and capable:of uxhlhlllng, adetectable chnug«. in
absorplion andfor of emitling ulu\roma;,m.m radidtion in a
narrow: wavelength - band -and/or scattering: or diffracting
when ‘excited by citheran eleclromagnetic radiation source:
(of broad or narrow bandwidih) or a pamclc beam. The;
,lummuscum semiconductor nanocrystal compound, in wra,,
comprises: (1) scmiconductor nanocrystals capable of
exhiibiting. ardetectable change in absorption:and/or of emit-
ling. ul\.clromng,ncuc radiation in a narrow wavclength band
when excited by cither:an cleciromagnetic radiation.source
(ol brodd or narrow bandwidth) or:a parmlc beam; and (2)
onc.or'more linking agents cach having'a first portion linked
to the semiconductor nanocrystal and a second portion
capable of linking 10 an organic: affinity molecule.

The invention also comprises the above described fumi-
nescent semiconductor nanoerystal compound linked to the
organic nﬁmuy molecule (through the linking agent) (o form

-
w
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an organo luminescent semiconductor ‘nanocrystal “probic
cupible of hnndmj, 1o n=dclcclalxlu substince. und cupable of
cxhibiting a deteetuble change in absorption.and/or of cmit-
ling cluulr(mmg,nuuc ridiation in a parrow wa\'dcng,lh hand
and/or scatiering or: dllTrm.lxm_, whin exéited. by citbiér. i
clectromagnetic radiation . source::(of broad or parrow
bandwidih) or a particle beam. Treatment: of-a mnu.nul.
(typically a biologicil maférial) willi the’organdluiminescént
semiconductor nanocrystal probe, and’ subsequent cxposure
of this tr¢ated malerial 1o excitation- energy, a8 described
above; to détérming he. prcccnu of 1he defectable substance,
within: the. maierial; will excite the semiconductor nanoc-
rystal in the drgano. luminescent semiconductor nahoctystal
probé borded to the deétectable  substing v causing, the;
detectable.chunge!in absorption:and/or ¢mission-of ¢lectro-
magnetic radiation ol a narrow wavelengih, band andjor,
Nullt.rmb or dnﬂ'muum sigailying (in dither: |n.sl¢|nct.) the.
presence. in the.material, of the:detectable substince: bonded
to the organo luminescent semiconductor nunoerystal probe.
The invention also compriscs a- process for making the
luminescent Semiconductor nanocrystal compound,-and’ a
piocess (or making the Organo, luminesceni semicondicior
nanocrystal probe comprising: the luminescent semiconduc-
tor -nanocrystal. compound linked to un. aflinity moh.culc,
capable of boriding to*a détectable substance,

The invention furihcr comprisés @ process for treating-a°
material, such as ‘o blolog,ual materidl; 1o determing thé
presence of .a_delectable substance -in the material which
comprises: (1) ‘contacting the material ‘with the” ongano:
luminescent semiconduétor. nanouyslal probe, (2) removing

. from the material portions of the organo lnminescent semi-

condliictor: nnnou)'stal probe; not bonded to-thie detectable
substance; (3) exposing the malkrial lo encrgy (Such as the
above-deseribed: ulu.lrmnauluuc cnergy. source or particle:
beam) capable of exciting the semiconductar nanocrystal to.
causc a delectable changé in absorption'ind/or emission of:

‘nlwlmmagnom radiation of a narrow wavelength band

and/or scatlcring or dlﬂrncuon signifying (in citherinstance)
the presénce. of the organd lumincscent sémiconducior.
nanocrystal, probe bonded to the:detéetable substance in the:
malerial, and (4) detecting cither the change in. absorbed
cncrgy of tlic.clectromagnetic radintion cmittéd of the “sciil-
tering or diffraction by:the semiconductor nanocrystal in the-
organo luminescent semiconductor nanocrystal probe.

a. Pelinitions

By use of thenns “nanometer crysml" or“panocrystal”
tierein is meant an organic of inorganic single crystal particle
havmb an average crass-section no- lurger than about 20
nanometers (nm) or 20107 meéters: (200 Angstroms),.prel-
ual:ly no langer than- about. 10.nm (100 Angstroms) anda
minimum average Cross-section of about T.5im,- although in.
some instances a smaller;aviérage cross-section nanocrystat,.
¢, down 10.about 0.5 nm (5 Angstroms), may be accept-.
able: 'Iypnca]ly the nnnocryslal will have an average: cross-
section, ranging in $ize, from about 1 nm (10 Anstroms) io

" about 10 nm (100 .mgslmma)

By usc 6l the. term “semiconductor nanocrystal” is meaiit.
a hanometer xcrysml ar nanocrystal of Group 11=VI and
Group 1=V semiconductor compuunds capable of cmitting,
electromagnctic: radiation upon cxcitation, ullhoug,h the use.
of Groitp 1V semiconductors such ds germanium of silicon,
or the use of organicsemiconductors, may be feasible under.
certain conditions.

By use of 1he term " narrow wnvuluu,th band”, ‘with
regard. to - thic ulc.clmmagnc!u, radiation emission’ of the;
semiconductor nanocrysial, is meant a wavelengtly band of
cemissions nol exceeding.about 40 nm, and préferably-not
exceeding about. 20°nm in ‘widih and symmetric about: l_lu.
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‘eentdr, incontrast, to. the ¢mission: bandwidth;of about 100
am for - ypical xlyu moleeule, with o red tail \vhu.h may
extend. theé:band width. .out as much as another: l()() nm. It

should b ﬂulud thal he lwmlwldlhs n.furrul lo dre deter-:

wined from ll]CdSUfOllle of the. widih of ihe ummmm al
hylf peak height: (FWHM), and are ‘appropriate in-the range
‘of 200°nm-16 2000:7im,

By use.of the term “a broad abisorption band’’; with regard
to the c!c.n.lrnmq,muc radiation- absorpiion of lhu ‘semicon-
ductor nanocrystal is:meant -a continuously increasing:
absorption from the -0nsél, which. occiirs near to, but at
slightly. hq,ht.r t.m.rby than the:“narrow wavilength band® of
the emission. This is in contrast 10 the *narrow abwrpuon
band” of dye: molecules which occursinear fhe. cmission peak

on thi Righ endrgy side, but dmps ofl riipidly. away from that

wavelength.

By use of thi term “ditectoble substance” is-meant-in
entily: or-group, the presence or - absence of which 10w
material suchas’a biological mnlmal is10 b ascertained by
use- of the: un,mu “luainescent semiconducior: nancerystal
pmhu ol the invention,

l}y use.of g term "aﬂ'mty molecule’is meant the portion
of the argana luminescent-semiconductor nynacrystal probe
‘of the invention which will selectivély'band 1o°a délectable,
substance (il present) in ihe material (e g hmlug,xcnl
material) being analyzed,

By use of the term “linking. agent™ is meant a substance
capable of linking with a semiconductor -nanocrystal arid
alsacapable of linking to an affinity molecule.

“The 1erms link™ and “linking” are meant 1o deseribe. the

adherence between the atlinity molecule and the semicon-

dugtor nauocryemlﬁ. cither directly or through-.a mmuy
identified hervin s« linkingg-agont, The adherence may:

comprise any siiri of bond, inchiding, bt ol Timited 10,

covalent, ionic, hyclm},t.n bonding, Van der Waals? [orees, or
mechanical honding, ete.

The terms “bond” and * *honding'" are meant to-describe.

Ahe adhirénée between the affinily mélecule and the detect-
able substance, The adherence may comprisc: any, sort of
bond, mcludmg. but . not limited 1o, covalent, ionic, or
hydrogicn bonding, Van d6r 'Waads’ -forces, ‘or mcchanical
bonding; ete.

The term “luminescent. semiconductor. nanoerystal
compound”, as.used herein, is intended ‘to défine a scmi-.
conductor nanocrystal linked to onc or more linking. agenls
and capalilé of linking to'an ity -molécule, while the term
“organo-luminescent semiconductor nanocrystal ‘probe” is
intended o define o lominescent semiconductor mmncrvslnl
‘compound linked 10:an affinity molecule,

Thererm “lass™ as used herein is inlended to include one
or moresoxides of silicon, haron, andfor phosphorus, or 2
mixture thereol, as well as the further. optional inclusion of
oné. or more métal silicates, metal borates. or melal phos-
phates therein.

h. ‘The Semiconductor Nanocrystals

The semiconductor nanocrystals useful in-the practice of

the invention include nanocrystals of Group.l1-VI semicons
tuctors such as Ml,s Mise, MpTé, Ca$, CaSe, Ca'le, Sr8,
SrSe, 8rle, BuS, BaSc, Ba'le, Zn$, ZnSe, Zo'te,

As mentioied nbov«..
such -as germanivm or sxhum or the use of organic
seniiconduciors, may also be feasible under certnin‘condi-
Aions;

Formationof ‘nanomcter crystals of Group [H=V semi-
condictors is diseribed in copeniding and commonly

, CdSe,.
CdTe, HgS, I1gSe, and llg_,lc; and nanouryslals o[ Group ¢
11-V semiconduclons such as GaAs, InGaAs; Inl), and InAs..
the usé of Group IV semiconductors

0
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asSigned Alivisatosset al. U.S, Pal. No, 5
chal. US. Pat, Na. 5, 505

,IS1L,018; Alivisalos
,‘)28' nnd/\hvxsalus etal. US, Pat.
Nu. 5, 202,357, 5 the formation nl'(:roup
H=VI sem lu«.lor nanocrystals, id Which is also
asexwud t0.the- assignee of This invéntion. Also.described’
thercin is the, control [of ‘theisize of thc semiconduétor
nanocrysials during Tormation using crystal: giowtl termii-
nators: The: teachings of. Alivisatos et al. US. Pat. No.

5,751,018, and Alivisatos.¢t al.. US. Pat. N0.35,262,357 are

cach hereby ap»cxhu\lly incorporated by reference.

In a preferred embodiment, the'nanocrystals afc used:in a
core/shell configuration - wherein a first semiconducior
nanocrystal forms:a core ranging, in-diameter, for-example,
from ahout 20 A 19 about l(mlx with'a sholl"of another:
semiconduéior nnnncryslal miterisl grown over the .core
nanacrystal o a thicknessof; for cxample, 1= 10 m(mnlayurs
in whickness. When, Tor ux.unph., # 110 monolayer thick
shell of CdSis t:pll.lxmlly grinvn over s core o CdSe, there:
isa dramalic-increise in the room temperature phulolunu-
niesceuce ‘quantum  yield. Formation of ‘such’ coresslicll
nanocrystals is desinbéd more fully;ina: publxcallon by one.
of us willi others entitled “Lplmxlal Growth. of Highly
Luminescent-CdSe/CdS Core/Shell Nanocrystals with Pho-
tostability and Gléctronic Auccssxhnhly” by Peng, Schlump,:
Kadavanich, and. Alw;salos, publishied in the Joumnal of the
Americon Cliemical Socicty, Volume 119, No: 30. 1997, at
piges 7019-7029, the subject maticr of which is herchy
specifically incorporited ‘hersin by reference.

The semiconductor: nmocryqlnl% used inihe invéntion will
have a cnpahxlxly of emitling light within-a narrow wave-

) lcn;,lh band of about 40 nm or less, preferably about 20 nmv

a

orless; thus permitting th simultancois usc of a: plurility of.
differenily: coloréd orgung Tuminescent sémiconducior,
nanocrystal probes, with differcal semiconductor nanocrys-
tals without gverlap (or with.a small amouiit-of overlap):in.
waveléngths of emitted fight (unlike the use of .dyeimol:
ccules with broad emission lines (¢.g.,~100 mn) and‘broad
tails of ¢mission (¢.g., acother 100 nm) on the red side of the
spectrum), thiis allowing: for the'simultancous detection‘of'a
plurality of-detectable: substances,

¢. Aftinity ‘Molccule

l'hc particutar affinity molecule forming, a. part of the,
or;,ano -luminescent semiconducior, nanotrystal probe ol the
invention will be selecled “based on its alfinity for the
particular dolulnhlo substance whase* presence or absence,
for example,. in.a biological material, is (0 e ‘wSeeriained.
Basically, the:allinity :molecule may comprise any molecule
cipable. of being: linked o 4 luminescént. semicanduclor
nanocryslal compound which is:also capable of specific.

_recognition of a:particular detectable substance. In general,

any affinity molecule uscful in the.prior-art in combmauon
with a dye molecule 1o provide :,p(.cmc recognition of a

detectable substance will find utility in‘the Tormation-of the-
oq,nnu-lummcsct.nl semiconductor nnnocrysml pl'()hbb of
the invention. Stich affinity molecules include,.by way of

. example orly, such classés of substances as monoc]onal and

polyclonal antibodies, nucluc acids (both monomeric and
olighmeric), proteins, polysiceharides, and smull molecules
such as sugars, peptides, drugs, and ligands. Lists of such
aiﬁm(y malecules are available in the published literature
such as; by wiy of example, the *1andbook of Fluoreséeul
Probes and Réscarch’ Cheniicals”; (sixth cdiiion). by R. P,
Haugland available. from Molecular Probes, Inc.

d.The Linking Agent

The. organe: luminescent. semiconductor: nanocrystal
prope of the invention will usually find utility with;respect’
1o ihe deéteciion-of one of more detectible substances in
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organic materials, and in‘particular to'the detéction of ané or
more detectable Substances-in biological matcrials. This
requires the presence, o the organo-luminescent semicon-
ductor nanoerystal probe;of an-affinity malécule ormoiety,

as described above; which will bond the organo-luminescent

semiconductor nanuerystal probe to:the:detectable substance:
inthe q,amu/bmloglcal maierial §o'ihat the presence of the
deicetable material may be-subsequenily. ascertained,
llowever, .since the ‘semiconductor nanocrystals arc
inorgani¢; they may nol bond du'cclly to the organic affinity
molecule. In thicse: casc 1herefore, there: must be.some type
ing agent present in.therorgano-lumincscent semicons
ducto ‘nanoerystal probe which is capible of forming a link
to.the inorganic ss.nnmnduc.lor nagocrystal as well as1o: llu.
organic alfinity. molecule in the organa-luminescent ‘semi-
Lumluuur ndum.ry\lul prulu.

One, turm in which the. semiconductor nanocrystal may he
linked i ‘an allinity inoleesle via u linkiflg agent is.hy
coaling the semiconductor nanocrystal with a thin layer of
glass, such as silica (Si0,, where X=122), using @ linking
agent such as a Substituted 'silane, ¢.g., 3-mercaptopropyl-
trimethoxy sitane lo-link the nanocrystalito the glass. ‘The
glass-coated semiconductor nanocrysta) may then be further
trédted with 4 linking agent, e.g., an amine such- as’
3-aminopropyl-trimethoxysitane, which will function to link
the glass-conted semiconductor nanocrystal to the. aftinity
m(\lcculu That is, the. g,lais-conlcd scmiconductor. nanoc-
rystal may then be linked o the, affinity moleeule, Tis within
the contemplation of this invention that the.original lnmi-
néscent semicanduclor ‘nanocrysial compound may also’ be
chemically madified after it hag beén made: in order 1o-link
cllectively (o the allinity molecule, A variety of n.h,rtncw;
summarize the standard classes of. du.mhlry which may he
used 10-this end, in- particular the “Haddbook of Fluorescent
Probics -and Research Chemicals”, ((uh edi liun) by R. P.

h ydml

[*]
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Haugland, aviilable’ from Molecular Probes, Inc,, andl the
book: “Ihm.nmuh,uc "lechniques”; by Greg Hermanson;,
available from: Academic: Press, Nc.w York.

Wlu.n the semiconductor nanocrystal is wau.d witha- thin
layer of:glass, the: g,la:,s, by way-of cxamplc may comprise
a silica plass. (8i0, where: xm1<3), having .2 .thickness
ranging fram about () S nm to-abowt’ 1() T, and. preferably

from about (:5am 1o about 2, Am.

"The semiconductor nanocrystal-is ¢oated-willi the coating

- of thin glass, such as:silica, by first coating the nanocrystals

with a suifactant.-such-as m.s-ouyl-phosplnm oxulc,. ud
then dissolving the sirfactanticoatéid-nanocrystals in a basic
methiano! solifion of a Ilnl\an agent, such as
3- m:.rc.lplnpmpyl-lrl -methaxy silane, Tollowéil” by partiul.
which is followed by .ulclnmn ol i glass-aMnity
molcculé linking: ag,unl such as amino- propy! trimethoxysi-
lane which will link to the glass and serve-to form 3 link with
the affinity ‘malecule.

When the linking agent does not involvé thie.usé of ag Ll.iss‘
coating on the semiconductor nanacrystal, it may comiprise
a number of different materials; depending upon- the par-
ticular allinity ‘molécule, which, in urn, (Iupcnds upon the
type-of deteetable mulerial being analyzed for Teshoold also
be noted that while an individual linking agent inay be usid
10:link (o, an individual semicanductor nanocrystal, it is.also
within the comcmplallon of the-invention that more than one
linking agent may bond 1o the same semiconductor nanoc-
rystal and vicé versa. )

A few cxamples of the types of linking agents which may
be used 1o link 16 both'the semiconducior nanocr‘y al (or to
a glass coating op the nanocrystal) and to the organic: aﬁumy_
molecule: in’ thé probe aré illustrated in the table biliw, it
being undersood that this is notintendéd to bé an exhaustive
list:

igking AQ
Suﬁc_ly;@ Name
Ny N-(3-aminopropylyd-mercuplo-heneamivy
Nt
HS
O
) . /\/\ Jaminopropyl-trimethoxysilane
(CHLO)SIY > NH;
. /\/\ . J-mercaptopropyl-trimcthoxysilune
(CHONSI si ’
Q A-maleimidopropyi-rimethoxysiline

s NNy |

o

i 3-hydrazidopropyl-trimethoxysilane

o~ N
(1 ;,_ohsi/\/\Ir SN

O
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IUshould be. furiher noted that a plurality of polymerizable
lmkmg agents may be used-dogether 1o form an encapsulai-
ing netor linkage around-an individual n.muc.rysl.n] (or graup
of naiiderysials), This - i3 of particular intetest- where the.
particular. linking agent “is incapable: of forming a strong
bond with the. nanocrystal, Lxumplus of linking agents
capablc of bonding togethérin suclya maniee to surround
the nanocrystal with a network of lmkmh agents include, bul
are not limited 10: diacetylenes, aceylatgs, acrylamides,
vinyl, slyryl,\ and the aforementioned silicon Bxide, boron
oxide, phasphorus. uxuh., silicates, borales and: phosphates,

¢, Thé' Excitation-of thé:Prabe and Detéction of
Emission/Absorption
-As previously mentiongd, the ofgano liminescent semi-
conductor nanocrystal probe of the invention is-capable of

ln.m;, excited pver a broad bandwuhh. yetexhibits crission

in a nareow wwulungh band, i contrasi-io the dye mol-
ecules used i the pnor ant, Thus electromagnetic radiation
of wavelengthi.raiging from x-ray lo ultravioler'to visible to
infrarcd waves may be-used (o excite the luminescent

semiconductor nanocrystals i the probe. In-addition, the.

fumincscent semiconductor nanocrystals, arc. capabl«. of
excitatidn from bombardinent with 3. parllclb beamsuch as
un ¢lectron ‘beam (e-béam): Furthermore, bécause of the
broad Bandwidih at.which the Tuminescent. semiconductor
n.muctysluls arc cxcitable, one may use a common cxcila~
tivn souree for the snmul(:m(.oux excitation of several probes,
i.c., several probes which give olf radiation at diflerent

frequencies, thus permitling simultancous excitation and,

deteition of 1he presence of several prabes indicating, for
example, the presence of several detectable substances in the
material béing examined.

‘Thus,. for example, a laser radiation-source of a. given

frequency, e.g., blue light, may be used 10 excite a firdl

organo lumincscent semiconductor n.mucrys(ul probe’
capable of emitling radmlwu of a second [requency, e, red
indicating the presence, in the material ‘being:

light,
Numinated, of a. first detectable subsiance 1o which the;
particular red lght-cmitling. argano luminescent semicon-
duclor mnoc,rysl'nl probe has bonded. At the same time, the,
sine blue light laser source may ulsé bic exciting & seeond
organo lsminescent semiconductor nanacrystal probe (in the
same, malcrixl) C-lpdhlb of emittiog radiation of 4 third

frequéncy, c.g., green-light, indicating the: pfcsence, in the:

material being iHuminated, of a secoad: detectable substance
to which the particular groen light-smitting ongano’lumines-
cent seniiconductor nanocrystal probe has’ bonded. ‘Thus,

unlike the prior-art, multiple excitation sources need not be.

used (bécausé.of 1he broad bandwidth in- which the organg’

timinescént semiconductor anocryétal prabe of ihe inven-

tion is capablé. of being cxcited), and the narrow band of
¢mission of the specific semiconductor uanocrystals in each’
cing and/or.

prolie makés passible the; ‘climination of sequ
claborate filiering 10 detect the emitted radliation,

With respeet 1o the nbsorplxon of encrgy by the probe of
the invention, whea the excitation source 1§ an -€lection

beam, or an X-ray source, the presence of the. organo.

lumincscent semiconductor nanocrqul probe bonded to the
detéetable substarice of interest in the: material being ana-
lyzed can be dscertained using a commercially-available
cnergy absorption or sculu.rmg or diffraction detection sys-
tem wherein changes in-absorption or. scattering crass sec-
tion-or in diffraction of the maicrial being analyzed can be
detected, ~1),m!'ym;, the presence of the probe -in the
material; wlm.h, in turn, indicales the presence of the detect-
able substance to which the. pmhc is bonded in the material
being analyzed. In addnmn. it may be- possible to use
clectron or X-ray sourées 16 detect the presence of the

organo lunmu.swnl seimiconduttor nanocrystal probe:

30
rystal compound prépared above.can be linked, for example,
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bonded to the detectable substance by using a:.copventional
delection system for the emission of visible light 1o observe
the visihle emission in the narrow wavelength ul' emission of
the, prabe.

The following examples will serve o furllu.r illustrate the
formation of the 0rgano luninescent semiconductor nanoc-
rystal probes of the invention; as wcll as their use in
detecting the presence of adetectable substance in a mtctial
such-as a hiological maicrial,

EXAMPLE 1

To illusteaie the formation of ihe Juminescent semicon-
ductor nanderystal compound, (cnmprmn;, ihe semicondue-
for tunocrystils Tiiked 1 8 lioking igeat) 20 il 045 mM

- solution of (‘I-murwpln)honmu. -acid wis prepared with u

pH. of 10 using (CH,),NOHO:5H,0. 20 mg of Iris-
octylphospliiiic oxideicaated CUSe/CAS corefihell nanocrys-
tils were:added 1o the.sofution and stirred until compleicly
dissolved, The restiltant nanocrystal/linking agent ‘solution

- was heaicd for 5 hours :31'50-60° C..and then cancentéited

10 a few mi by wupomlnon. Then anequal volume of"acetone
wis added anidl the. mnucryal.tls precipitate: out of solution’
homn;,encously Thé ]\l’LClpllnl&. wis thén washed with
acetone, dricd; and then canbe stored.

The lumidesecin sémiconducior nanocrystal compount.
preparcd above can'be linked with an appropriatc aftinity
molecule to form the argano lumineseent semiconduttor
nanocryqlnl prabe of the invention 1o treat a _biological
material 1o déteemine.the presence or absence ofa detectable
substance, ‘That is, the luminescent semiconduclor nunoc-

with-avidin or sireplavidin:(as the alfinity molecule) lo Torm
an organu luminescent-semiconductor nanocrystal probe to
tecat a biological matérial to ascertain the presence of bioting

~or the luminescent semiconductor nanocrystal compound

i
wn

- preparcd abov

be.tinked with-antidigoxiginen to form
an organo-luminesi et semiconductor nanucryslal probe-to-
treal a biological material to ascedain. the presence..of
digoxiginen.

EXAMPLE 2

To 1lluslmlu the formation of luminescent semiconductor
nanocryslal wmp()uncl (comprising glass-coated Semicon-
ductor nanocrystals linked to a linking agent), 50 i of
3-mcrcuptoprupyl-lrmnlhoxy silane was added to-40 ml of

" an anhydrous solution of 25 vol. % dunulhylsul[uxxdu in

meilianol, and the pH was adjusted 10 10~11 using (CH3)
JNOHO:5H,0.. 10 mg of iris-actylphosphine oxide coated
CAdSe/CAS core-shell. pariiciés, preparéd by ihe lechriique.
described in the aforemehlioned Peng, Schlamp,
Kadavanich, and Alivisatos article, were then dissolved in
this’ mluuun. andl stirred for several fiours. Thesolution wais
diluted with 40 mi of methanol adjusted (o a pHt of 10 with
(’Il..),,N()HO 5H,0; and heated for 1 hour at 69° C. The
soliition was' stirred for an hour, and 40-m1 of 4 90 vol. %

_ nicthanal/9.89 vol. %:H,0/0:1 vol. % trimethaxysilylprapyl

urea/0.01 vol.. %: ammcpropyl -trimethoxy silane. solution
which had been stirring for:at least;an  hour, was added, and
stirred for 2 hours. Subs«.qm.mly the reaction wastheated to”
69° C. for 15 minutes, and then cooled: 10 ml.of a 10 vol:

% (.hlomlnmothyl silane solution in methanol which had
been adjusied to a pH of 10.using (CH,),NOHO5SH,0 was
addded, stirred {or 2°hours, then heated 10 60° C. and then
partially concentrated under vacuum. Once the methanol
had all Lvapur.uul the sululmn was precipilated with
acétone as an oil product comprising the Tumineseent semi-

- conductor nanocrystal compound. The luminescent semi-

conduclor nnnocr)atal compound may then bo rcdlsmlvcd in
water; aind in a viriety 'of bufTer-solitions 1o: préparé it for
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linking it-to an aflinity ‘molecule to form the’ Grgano lumi-

‘nesdéent semiconductor n.mmryslal probe of the invention o

treat i hioJogical -matiérial 16 determine the presence or
absence af-a detectable substance,

Thus, theinvention provides an organo luminescent séiii-
condictor -nanocrystal probe containing a semiconductor
mum.ryslal capable, upon-excitation by. cither clectromag-
netic radiation (of cither ndrrow or broad bandwidth) or
particle beam; of emitting ¢lectromagnetic: radiation: in_a
narrow. wavelength band andior absorbing cacrgy and/for
scattering or dilfracting sdid excitition, thus-permittiog thic
simultancous usage of a numbir of such probes emilting
different wavelengihs of clectromagnetic radiation 10
thereby permit simiiltancous detection of: the-presence.ol'a
number afdétéetable; substinces in“a. gnv«.n material. Thi

vpmbu materinl is stable in the: presence’of light or oxygen,

tapable of, being excited l)y energy over.a wide Scetium,
nimproved

material aud process for ihe simullaneous and/or sequential

“detdetion’ ofa uumber oft detettablé substancesina’ mau.nal

such as a biological matérial.
Having thus dw.nb«,d the invention. what is claimed is:
1. A probe, comprising: )
() a-semiconductor nanocrysial which emits light when
excitéd;
(b) a linking agem, linked to thé sémiconductor nanoc.
rystal; and
() an affinity molecule linked o the linking agent.
2, The probe of chim 1, whercin the affinity moleeulé. is
a biological material.
3. Ihe probe:of claim 1, whercin'the allinity molecule is
an antibady. ! '
4. The probe of claim 3, wherein the antibody is a
umnuclon.xl antibody. .
CThe prabe of claim 3, whercin- the antibody is' a
pulyclunnl antibody.
6. ‘I'he probe of claim'1, wherein the- -affinity molecule.i
nuduc acid,
7. The probe of claim -6, wherein ‘the nucleic ncid -is
monomcric. . )
& Ime probe of claim 6, wherein the noeleie acid is
nhbomu'w
. Thie probe of claim 1, wherein the allinity molecule. is
a proh.m
10.The: probie of claim: 1, wherein the affinity molecule is
a polysaccharide.

y:
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1. The probe of claim 1, wherein the aflinity molecule is
a sugar.

12.°1he prabie of elaim' 1, wherein the aflinity molécule is
a peptide. v

13, The probe of claim 1, whercin the aflinity. molecule:is
a drug.

14, A coated strisciure, comprising:

a semiconductor nanocrystal core which emiis light when

‘exciteds. and

‘a.coating comprised of silica glass positioned at' least

partially -around the.core,

15, The .cohtéd structiire 6 cluim 14, whitein the 2loss
comprises silica plass, n,prcscnh.d by the formula- Si0,
wherein x:is:selected from: the group consisting of: 1 and .2

16. The coated slrucl Jof claim 14, wherein the: coalmg
has: a thickness in:a: range of from-ibout 0.5 nm: to:about 10
nm.

17, The eoated stricwre 6 claim 14, wherein i coating’
has o thickness in a range of from about 0.5 nm t0-aboui 2
nm,

‘18. A composition; comprising:

u -semiconductor . nanuerystal which.-emits' light when

ekdited;
a polymer; and
an ailinity molecule..
19. The composiiion as claimed in claim 18, wherein the
polymer encapsulaies the semiconductor nanocrystal,
20, ‘The composition as claimed in.claim. 18, fusther
comprising 4 first additional semiconductor nanoc,ryslnl
which cmits light. whcn excited:
21. “The _composition, as-claimed jn. claim; 18, further.
Lk)lllpl'l’ﬂlllb
a plurality of, additional scmiconductor uanocrystalh'
‘which emit’ Ish,ht whien exgited:

2.A compasilion, comprising;.

a phurality of semiconductor nanocrystils which emit light
‘when c.mlul

a polymcruabl(. lmkmg agent eacapsulating the nanoc-

rystals; and

an allinity molecule.

23. The camposition aé'claimed in clim 22 wherein' the:
linking agent is comprised of a polymier dnd.chosén from
diacetylenes, -acrylates, acrylamides, vinyl, and sjyryl.
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