Temperature-sensitive TP53 Mutation

of previously wnreported missense mutalions, and examined
their abilily lo transactivate marker genes through distinet
P53 binding sites when the inutanils were expressed in yeast.
We deterinined the functional effect of each mutant p53 and
found that the pdb3 function correlated well with the stiuctwre
and mulalions (18).

Temperature-sensitive (ts)! p53 mutations have been re-
poried and used as tocls for conditional pSd expression in
mammalian cells. We jdentified previously fowr distinet 15 pb3
mutations in eight of the #1 human tumor cell lines using a
yeast-based Lranscription assay and predicled that 5-10% of
the twmor-derived missense mutations should be ts mutations
119). Te date, 61 p53 ts mmulations hiave been isclated by using
several different metbods, inclucding a yeast-based functional
assay (Talle I). Among these, the V272M ts mutant was reac.
tivated by a small molecule, aininothinl WR1065 (200, at a
non-pernissive lemperature, suggesting that ts mulants may
be fimctionally rescued by sinall molecules.

The purpose of this study was the sereening and isolation of
a large number of ts mutations from a comprehensive jmissense
mutation library, mapping them to the pb3 structure, and
considering the function-stuclure relationship through the ts
mutants. To isolale a nunber of ts p53 mutations, we screened
the pS3 library containing 2,314 p53 missense mulations using
a yeast-based p53 functional assay and found 142 ts p&3 mu-
tants, including previously mwreported 131 mutants. We con-
firmaed that most were also ts in p53-less mammalian cells. The
ts mutants were preferentially mapped on one of the g-sheels,
and there were Lot spot sites for ts mutations. Because a fairly
significant faction of the p53 mutants in the TP5? mutation
databases were ts mutapts, these ts p53 mutant proteins may
be novel molecular targets through the ts mechanism and
structure-dependent restoration of p53 function.

EXPERIMENTAL PROCEDURES

p53 Missense Mulotion Library—2,314 pid missense mulations were
constructed recently through o 96-well, Tormotied, site-direcled nw-
Logenesis and stably expressed in a haploid yeast strain harbering o
p53-responsive p21 ™ reporter plasmid (pASU3G) (21) or in diploid
yeasl sirains harboring p53-responsive reporter plasmids with a MDA 2
proater or p53 Linding sequences derived from BAY (pKSOTR), 14-3-3¢
{pKSUUR), pSIAIP (PKS11R), GADD45 (pKS13R), Noxa (pILS15R). and
p53R2 (PKS1TR) as described previously (18).

Screening ts p53 Mulants Using ¢ Yeest Assay—The 2,314 yeast
clones expressing the mutant p53 were grown en 25 95-well formatled
plates containing synhthelic complete {SC) media lacking leacine and
tryplaphane (8C - Leu —Trp) in {he case of the haploid strains, or SC
media lacking leucine, tryplophane and histidine (SC -Leu =Trp
—His} in the case of Lhe diploid strains

Fluorescen! Intensity—To evaluale the transaclivity of each mutant
P53 quantitatively, the yeast clones {haploid cells) were replicaled on
SC —Leu ~Trp solid media using a 96-pin replicator and grown al 37 or
32 ¢C for 2 days. The plates were then directly processed in 2 0G-well
formatled fluorometer (Fluoroskan Ascent L, Labsyslems) io measure
e (orescenl intensily (excitotion, 485 um; enission, 538 nm) of
pS3-dependent enhanced green {lucrescent protein expression through
a human p2J"*F-derived p33 binding sequence. The diploid cells,
selected by mating reaction, were incubaled on SC —Lew -Trp —His
plates at 37 or 30 °C for 2 days, and Lhe fluarescenl intensity of Ds-Red
wags measured nsing the same Nuoromeler {excilation, 514 nin: emis-
sion, 590 nm) to evuluate the p53-Oependent DsRel expressive
ihraugh alber p53-binding sequenees. Al least twa independent. exper-
iments were performed for each repurter, and Lhe fuorescence inlensi-
Lics were averaged. The averaged vnlues were slandardized in each p51
binding sequence, eluslered, and visualized using e CLUSTER and
TREEVIEW programs. The standurdized dala were also spolled on a
two-dimensional graph for 30 and 37 °C. We defined the following
erileria o select 18 mulanls from the p53 motant Hbrary, namely
Mo/ Wea = 0.7, Myp/Wyy = 0.5, and My /My & 2, where My, and My,

T The ubbreviulions used are: Ls. lempuralvre-sensitive; 5C, synthytic
compieie; HIRP, horseradish peroxidase.
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indieate the Buarescent inlensities of the p53 mutants ot 30 and 37 °C,
respectively, and Wy, ond Wy, indicate the Nuorescent intensities of tho
wild-type p53 al 30 and 37 *°C, respeetively.

Cell Cultire ond Transfevlion—A TPE3-deficienl humar vslesar
coma cell line, Savs-2, was cullured in RI'MI 1640 medium supple-
menled with 30% heal-ingetivated (56 °C fur 30 min) fetsd calfl serum
(IR Biuscicnee) in the presenee of 5% CO,. For luciferase assavs, ihe
cells were grown Lo G0-90% conlluence in 96-well tissue eullure plates at
37°C and den enliored at 32 or 37 °C for another 24 b For immnnopre-
cipilation, the cells were grown in 90 % 20-mm Lissue cullure plates al
37°C in the presence of 5% (0, and further incubaled at 32 or 37 “C for
anoilier 13 h. Transienl ransfeclions were pesformed vsing the Effeclenc
{Qiagen} transfeclion reagent. Tor Tucilerase assays, Lhe colls were co-
transfected with 12.5-50 ng of the expression veclor (pCR25S-pSIWT,
PCR259-pBIMT, ur « p53-less eantral pCR25Y veclor) (18) and 50-87.5 ng
of {he p53-responsive lucifersse plasmid {(p21Ps-lue, pMDM Pe-luc. pb-
AXPs-lue, pSIGMAPs luc p53R2Ps-lue, or pS3GADD45Ps-tuc) {18, 21)
arct incubated for & further 24 b. For immunoprecipilition, the cells
were Lransfected with 2 pyr of Lhe expression veclor (pCR259I-pSIWT,
pCOR259-p53MT, or a contral pCR259 veelor) and further incubated for
36 0.

Luciferese Assny—Afler 24 b of transfection, luciferin (Sleady-Glo
luciferase assay system, Promega), o substrate of luciferase, was added
lo the cullure media and further incubated for 60-120 min according to
the mannfasclurer's instructions. The flnorescent intensily was moas-
ured using the Fluoreskan Ascent FL (see above). The relative fivores-
cenl intensity to the wild-lype contral was ealeulaled from three seis of
independent experirmenial data a? 32 and 37 °C. The value differences
ol the two temperatures were sialistically evaluated by f lest. The Is
mutants were defined when the p value was <0.001.

Dmunoprecipitetion and Immunoblotting of p53—Saos-2 cell ly-
sales were prepared in 100 ul of NET buffer (150 mn NoCl, 50 mmM
Tris-HC (pH8.0), 5 mM EDTA, ond 1% Nonidet P-40} conlaining 0.1
afid phenyimethylsulfeny! Nueride. Fifly microlilers of the cell Jysates
were iminunoprecipilated with 10 uf of Lhe PAL1G28 {AL-5; Oncogene)
or the PAL240 (Ab-3; Oncogene) moneclonal antibody against human
p53. The lysales, wilth 8 pl of the crude lysole, were fractionaled by
8DS-polyacryiamide gel eleclrophoresis and branslerred electrophorelis
cally 1o Oplitran BA-583 membranes (Schleicher & Schuell), and the
expressed pS3 mutanls were detecled using 2 HRP-eonjugale anli-psa
antibody (p53(FL3YDHRE, Santa Cruz Biclechnulogy). The proteins
were visualized and quaniilatively analyzed using an ECL Weslern
blotling detection system (Amsershmn Bioscicnees), o luminu-image an-
alyzer (LAS1000, Fuji Film) and T} image analysis snflware {iodalt
Digilal Science).

Drawing p53 Pepticle Struetures—To map the Ls p53 mulanfs on the
p&J core domain, the NCBI slructuye file, I'TUP, was customized for our
parpese and visualized using CndD 4.0 soltware (22}

RESULTS

Clustering of 2,3 14 Mutations on Trensactivities at Two Dis-
tinct Temperatures——An unsupervised, lierarchical one-dimen-
sional clusler analysis allowed us 1o cluster the 2,314 ps3
mutants en the basis of similar measwred transactivities for
eight distinet p53 binding sequences {(p53 binding siles) at 30
and 37 °C (Fig. 14). The mutants are divided into two major
clusters. {n one of these custers the mutants retajn transac-
tivities; in the other they lose activity, and these clusters are
mostly lemperalure-independent, Nolably, there s one
temperature-dependent. sub-cluster within the Jatter cluster
(Fig. 1B). The cluster consists of 64 p53 mutants, and the
Lransaclivities of the mutanls are inactive on almost all 53
binding sites at 37 *C but active on some p53 binding sites at
30 °C, indicaling that a Jarge pumber of mutants are (s for
trapsactivation in yeast cells.

Isolation of 1z p53 Mutants in Yeasi—Althongh the cluster
analysis found the typical {s mutants thal yepresenl tempera-
Lwre sensitivity for mest p53 binding sites, there are mutants
that show temperature sensitivity on limited types of 553 bind-
g sites and, therefore, are not clustored. To also iselate such
dlones, the transactivities of the 2,314 mutant cdunes at 30 and
37 * ware standardized and overviewed by a scatter plot for
eacl 53 binding site (Fig. 2). Among (he 18,512 dala points
(8 x 2,314 clenes), the majority had similar transcriptional
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Tatng I
Summary of the 8] regorted pb3 mviations
53 mulant® Exprrimentnl syslem® p53DS oy promoter® Nefergnee

DR+ 1 BAX. CDKN1A, PIG 27
AlLLOY 1 BAX. CDKNI1A, PIG3 27
Y1265 1 BAX, CDKN1a, P1G3 27
Y126D 1 BaX, CDINIA, PIG 09
(132N 3 CON 28
K132R 3 CON 23
M133T 1 RGC 29
V135* (mouse pfi3) 2 CDIINIA an, 31
A133VHee 2 BAM, BCL2, CDKN1A, MDi2 a2
T140Y a CON 28
V13a 1,2 BAX. GADDABA, CCNG1, CDKN1A, CON, IGFBP3. MDM2, RGO 33-35
P152L*** 1 DAX, CDKN1A, PIG] 27
P152T*=* 1 BAX, CDKN1A, FIG] 27
G154V** 2 GALA a6
T155]** 1 BaX, CDKKNLA, MG3 27
M1G0IFA1GLT* 1 DAY, CCNGI1, CDEN1A, CON, GADD4S5A, IGFDP3. MDM2, RGC 35
1152F 1 BAX. CDKNLA, PIG3 27
TI170R I Bad, CDKN1A, PIG3 27
V1T2Fs 1 RGC 20
R175K* 2 BaX, ['OS, 1GrBP3 37
R175I* 2 BaX, FOS, IGTBP3 37
R175P#* 2 BAX, ¥F(OS. IGFBP3 37
R175Q* 2 BAYX, FOS, IGFBP3 37
RETES +* 2 BAX FOS, IGFBP3 37
R175M* 2 BAX. O3, IGFDP3 - 37
H179Q 2 GAL4 36
L180K 1 BAX, CDEN1A, P1G3, RGC 27, a8
R181G 1 BaX, CDKN1A, FIG] 27
R132IL 1 Bad, CDI{N1A, PIG) 97
H193R*+* 1 Ba¥, CCNGL, CDEN1LA, CON, GADD45A, IGFEPS, MDMZ, RGC 35
V197Lee= 1,2 BaAX, CDKN1A, 1’08, TGI'A, RGO 19, 40
Y205N=*+ 1 BaX, CDIN1A, PIG3 27
T1214R** 1 RGC 19
P219L%** 1 BAX, CDKEN1A, PIG3, RGC 27, 38
Y220¢ 1 BAX, CCNG1, CDKNI1A, CON, GADD45SA, IGFBI?3, MDM2, RGC a5
Y2201 I BaX, CDKN1A, PIG3 97
E224K 1 BAX, CDKN1A, PIG3 27
D228V 1 BAX, CDKEN1A. PIG3. RGO 27, 38
V2340+* 1 RGC 19
Y2341 e* 1 BAX. CDION1A, PIGE 27
MZITR"* 2,3 CON, FOS, RGC 23
N23958 3 CON 23
M246V* 3 CON 28
N247]¥=« 2.3 CON, GAL4 98 a5
R248W 3 CON 28
P250L+* 1 BAX, CUKNIA, IIG3, RGC . 27, 48
Lig2r+r 1 BAX, COKN1A, PPIG3 27
1254F** 1 BAX, CCNGL, CDEN1A, CON, GADD454, IGFBPI, MDM2, RGC s
T256A%* 3 CON 93
D259N 1 BAX, CDKN1A, PI1G3, RGC 27, 38
G2G6E 1 Bal, CDIN1A, PIG3 27
V272M ¥ 1-3 DAX, CDENIA, CON, GADD45A, MDM2, PIG3, RGC 19, 28, 38,41
R273H 3 CON 28
R273L 1,3 BAX, CDKN1LIA, CON, PIG3 27, 28
A2TGG 1 BAY, CDKN1A. PIG3 07
D281Y 3 CON 23
R28IJ1ms 1 BAY, CDKN1A, PIGS, RGC 38
L285K* 1 RGC 19
Ez86G** 1 BAX, CDKN1A, PIG3 v7
E236I¢x =+ 1 DAY, CDKNI1A, PIG3 27
286 K/287D" 1 DAX, CDKN1A, PIG3 27

" The meaning of the asterisk symbols used in this column is as follows: *, 15 mulan(s not eonstrucied in this study; ¥*, ts mutanis alsn isolated
in this study; ***, distinct substilution{s) sl the xame residue were ts mutants in this sludy.

* e meaning of e numbers used in this column is as fullows: 1, yeasl syslem; 2, mammalion eell system; 3, cell-free syslem.

< All but three of the gene names used in this column refer Lo those used in the Online Mendelian Inheritance in Man (OMIM) site
(www.ncbinim.nil.gowenireziquery fegi%db=OMIM). The three exceplions are: CON, pS3-binding consensus sequence; GALA, yeast GALA-
hinding seyuenee; and RGC, human ribvsomal geae custer seqnenee. The study on the GALA was porformed by GAL4-binding domain and ps3

fusion prolein.

Y2l

activity (either aclive or inactive) at both 30 and 37 °C, iudi-
caling that they were not is. Obviously, there were siguificrail
munbers of 253 mutant clones that yvepresented higher trans-
aclivity at 30 °C ihan at 37 °C, showing ts mulants for the
transactivation function (circled spots in Fig. 2). On the other
had, only a limited number of lones represenled higher
transactivity at 37 %2 than at 30 °C, showijng cold-sensitive

mutaits, As there is no cear boundary between 15 und non-s
mutants, we defined the borders for canvenience as desaibed
under "Experimental Procedures.” Accerding to the definition,
142 p53 mutanls were selected as s for yeast Gransaclivation
assay (Fig. 3A), indicating that 8.1% (142 of 2,314) of the p53
muants were 18 for at least one of the 153 binding sites. The
142 mutants, inclucling 181 previously uwweported ts mutants,
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Fic. 1. Cluster aunlysis of mutant p53 transoctivities ot 30 and 37 *C. A, vne-dimensional hierarchical cluster analysis of 2,314 p&l
mutants. Stand ardized dota for the indieated p53 binding sites and tem peratures were shown as the color gradation of red (Lhigh), groen {low}, ond
black (intermediale), A (s sub-clusler was underlined. B, the ts sub-cluster containing 64 pi3 mutanls wes magnified.

FiG. 2. Scatter plot of the transac-

tivities of the 2,314 p53 wutants for
eight distinet p53 binding sequences

at 30 and 37 “C. Standardized data for
ihe indicated p53 binding sites and fem-
peratures were used. Circled spots con-
tained s clonhes.

Transactivity at 30 degree
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were mapped on 82 residues of p53 (32 of 393; 20.9%) and 131
(92%) were within the core DNA-binding domain {residues
07-286).

Mupping of ts p53 Mutunts on p53 Core DNA-binding Do-
main—To characterize the isolated ts mutants in the strue-
Lural context, we mapped the 331 mutanls on the core DNA-
binding demain (Fig. 4, A and B Among these, 70 mutanls
(53.4%) were mapped on the S-strands. The frequency of s
mutants in e constructed mutants differed aneng the 10
3-strands; the frequency was relatively higher in 54 (14 of 43,
28.6%), ST (11 of 34, 32.3%), 53 (16 of 48, 32.7%), and S10(15
of 61, 24.6%), whereas it was lower in S1 (1 0f17, 5.9%), 52(
ol 24, 4.2%), 53 (1 of 33, 3.0%), 55 (2 of 22, 9.1%), 56 (2 of 24,
8.34%), and S8 (7 of 43, 16.3%). In partienlay, residues 158 10 161

4o 001 81 1 0 001 01t 10 o1 D1 1 10

Transactivity at 37 degree

(S4), 211 t0 217 (57, 251 to 256 (89), and 268 to 272 (S10) were
hot areas fer Ls mutants because there were 10 or more mu-
tants in every fowr contipuous residues. Three or more ts mu-
tantls were observed in residues Thr!85, Arg?®8, Met?®2, Ala®,
V:dl?2, His'zld' Sm.'nr.. pm'zza. Th.‘l‘231, Th.l"zu, ne’zﬁvl’ Tm.'.'r-ri.
Ser2% Glu®™, and Glu23®, and those residues showld be desig
naled ts hot spots.

Amine Acid Substitwtions of the 15 Mutanis—pnine acid
residucs before and after substitution of the ts mulant are
swnmmarized in Table I1. Isoleucine (21.4%), thremune (21.1%),
and Lryptophane (20%) were the most frequent residues amang
the original pbd residues. Glycine (20%), isoleucine (18%), ala-
nine (16.6%), leucine (16.2%), and proline (13.2%) were Lhe
most. frequent residucs among the residucs afler substitution,
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Fic. 3. Panels of ta p53 mutants. A. the 15 p53 mulants iselaled by yeasl-based functional gssay. 142 wlants were Jisted from 1he NH,
terminus o lhe COOH terminus of p53. Filled boxes represeni temperature sensilivily that salisfied the defined crileria {see *Experimenl.-ﬂ
Procedures™). B, 54 of 142 {5 mulants were examined lor Ls transactivilies in Saos-2 cells. When, according to £ fest, the Juciferase aclivities al 32
and 37 °C were statistically different wilh a p value <0.001 s <0.000%, e correspending boxves in the panel were eolored groy or blaek,

respeclively.

whereas aspartic acid (3.5%) and glulamic acid {0%) were found
less frequently.

Euvaluation of the ts p53 Mutants in Mammedian Cells—To
evaluate whether the isolated p53 mutants in yeast were also
ts for sequence-specific transactivation in manmalian cells, we
randomly chose 54 p53 mutants from the 142 ts mutant P53
c¢DNA elones {Fig. 3B), and constructed expression vectors for
mammalian cell experiments. Each mutant p33 was exprossed
in a p53-deficient buman osteosarcoma cell line, Saos-2, and
examined for the sequence-specilic ransactivation at both 82
and 37 °C by luciferase assay. When the values of the three
independent experiments relative to the wild-type pb3 at 32 °C
were significantly (p < 0.002; 2 test) different from those at
37 °C in at least one of the six promoters (p21*Y7, MDM2,
BAX, 14.3-3¢, pS3R2, and GADD45), the mutant clone was
defined as a 1s mutant in mammalian cells. Among the 54
mutants, 48 (59%) were ts mutants in at least one of the six
promoters. The results indicaled that most Ls inutants isolated
in the yeast assay are also ts mutants in mammalian cells,
suggesting that many of the remaining §8 clones may also be ts
mutants in mammalian cells. Among Lhe 48 clones, 16 were 1s
in all 6 promoters, whereas 32 clones were ts in a limited
nunber of promaters, although many retained wealk 1s pheno-
types for other promoeters (data not shown).

Epitope Analyses of the p53 Protein Expressed in Suos-2 Cells
Using Conformation-sensifive Antibodies—To examine whether
the ts mulanls display ls changes in their epilopes against
conformation-sensitive antibodies, PAb1620 for wild-type-Like
conformation and PAb240 for denatured mutant conformation,
six randomly sclected ts mutants, M160R, H193Y, TZ11A,
P2148, T263], and V2744, were expressed in Savs-2 cvells at
butly 32 and 37 *C. The cell lysales were Iimmunoprecipitated
using the two antibodics, detected by Westem blot analysis
wsing an HRP-conjugated autip53 antibody, and gquantita-
tively amalyzed using a hunine-image analyzer. In the case of

wild-type 153, the PADIG20 epifope was exclhusive, and only a
trace of the PAb240 epitope was detected (Fig. bA). Shnilar to
wild-type p53, the PAL1G20 epitope was dominant in R273H,
although the PAb240 epitope was also detected. On the other
hand, the PAL240 epitope was dominant, and the PAL1G20
epitope was less abundant in R175H. The ratios of the epitope
expressions of PAL1620 to PAb240¢ wre shown in Pig. 58.
R175H and R273H were uot ts becauwse there were no signifi-
cant differences in the ratios between 32 and 37 °C. Among the
s mutants, P219S and T2531 showed an obvious ts increase in
ratie. The remaining ts mutants showed no change or only a
slight change in ratio.

DISCUSSION

Comparing 142 ts pbd Mutonts with the Previously Reported
p&3 Mutant—Among the 142 Ls mutants, 131 were previously
wweported mmutants. In our swvey of previous papers, includ-
ing our own, 61 hwnan ts p53 mutants have been reported
(Table [}, These obviously include ts mutants notisolated in our
system. We speculate that there are two reasous for the dis-
crepancy. First, they were jsolated using eapevimenlal systems
different from those in our study, including a reporter assay for
sequence-specilic Lransactivation in iammalian cells, similar
yoast assays with different p53 bLinding sites, an clectin-
phoretic mobility shift assay (EMSA) in a cell-fiee system, and
monilering changes in strochure-sensitive antibody reactivity.
Therefore, it is pessible that there ure many polential ts mu-
tants not isolated by the method adopted in this study. For
examiple, aJmown Ls mtant, Y1434, did not appear as 1sin e
yeast cells because Lhe ts phenslype may be mediated Ly s
interaciion with human ASPP2 (p5IBP2), a positive modulater
of p53 Lransactivation (23, 24) that does nob exist in yeasl. cells.
Obviously, there may be mechanisims not directly allocting p53
Linding 1o DNA, We are now planning to screen such novel s
mutants by using protein-protein interactions that may madify
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IMG. 4. Location of the ts p53 mutants in the cove DNA-Linding dowain. A, precise map of the constructed p53 mulanis and ts mutanits
(white characters in black boxes) in codons from 101 do 300, Halicized characters, original residues cbserved in wild-type p53; open boxes, four hol
spots for 1s mutants; asterisk, 15 hot spol residues for s mutanis; fold lines, sccondary struetures {11 p-slrands and 2 a-helices). B, schemaltic
representalion of the core DNA-Dbinding domain (14) and the fraction of the ts mufants in the two B-sheet structures, Fereentages, fraction of the
ts inutanis within the censlructed mutlanis in the indicated secondary structures; small numbers, codon numbers showing the NH -terminal and
COOH-termina) ends of the indicaled secondary struclures. C, threa-dimensional structure of p5d core DNA-binding demain wilh double-strand
DNA oligonucleatides. Positions of ihe 10 tumor-derived hot spal residues (kefi panel) were compared wilh 15 represendative ts hot spol residues
(right panel). p53 and the inlerncting DNA strueture were derived from Protein Data Bank file 1ITUP (34). and views from the longitudinal axis

of DNA are shown using CD3n 4.0 software (22),

P53 structure by their post-translational mechanisms. Sceend,
as shown in Fig. 2, there is distinet strength in s transacliva-
tion, and some reported ts mutants have been eliminated from
owr eriteria becanse of a weak 1s phenotype. In fact, several
mutants clustered in Fig. 1B were not selected in owr defined
eriteria, We also note that many previously identified ts mu-
tants had a weal ts phenotype in our yeast sereening {dala
1ot shown).

Promoter Specificity of the ts p53 Mrtants—We have shown
that several p53 mutants differ in transactivity speetran in
ditferent 53 binding sites (18), Similarly, ts mutants diflered
in the ts transaclivity spectra in different ps3 binding sites
(Fig. 3). We specnlate that there are suble dillerences in stroe-
tural alterations caused by specific mutations and tempera-
twes and that such alterations are responsible for the pariial
inactivation or reactivation of p53-binding Lo the distinet DNA
sequences. In fact, there are similarities in the transactivity
speclra among mulants in Dwe same or contiguous residues
(Fig. 3A), supgesting similar structwal alterations. In partie-
ntar, some showed Ls inonly one or two promoters, suggesiing
the possible application of such mutants in the eonditional

transactivation of specific promoters to study pSd dewnstream
gene funclions. Various s transactivity specta on different
p53-responsive promoters were alse observed in manmalian
cells (Fig. 3B). The promoler selectivity of wild-type p53 by
Sor*® phosphorylation has been shown as the mechanism of
pS3AIPI transactivation (25). Overall, from the resulls of this
study and owr previous ohservations (18), we propose that there
may be other unknown potential mechanisms determining the
promoter selectivity of wild-type p53 on ps2 downstream pro-
moters other than the p53AIPI gone. The te transactivily
against different promoters was similar in part bat signifi-
cantly different between buwnan and yeast eclls (data pot
shown). We specwlate that there are several reasons for Lhis
diserepancy. First, the p538 binding elements, other than
P2V and MDM2 used in the yeast stady, were Uiree copias
of the specifc pBI-binding eloments and differed fran the
genomie sequences used in the mammalian cell study. Second,
the lemperatwe for the identification of ts mutanls in yeast
was 30 °C, whoreas it was 32 °C in mammalian cells. Third,
post-translational medification and the interaction of other
proteins may differ in yeast cells and mammalian cells. Finally,
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‘TabLe 11
Frequency of residue of ts mutent pid in the DNA-binding domain
before and o fler substilution

Before substitution {origingl residoe ab mulation sile)
No.of

Mo, of eonslruclod Frequency of

Residue niutations 15 1nulants te mutant
Tle 42 9 2143
PThr 76 16 21.05
Trp 5 1 20.00
Met 6 7 1944
Gln 66 12 18.18
Ala 49 7 16.67
His 49 8 16.33
Arg a9 14 .14
Pro 78 1 14.10
Val 16 g 11.84
Ser 86 9 1047
aon 63 6 9.52
Lev 75 G £.00
Gin 35 2 5.56
Tyr 48 2 417
Gly 78 3 3.85
Asf 56 2 357
Cys GO 2 3.3
Lys 36 0 0

Aller substilution {substituted residoe al mulation ¢ited
Na. of

Residus Na. of constructed Frequency of

mulalivns Is mutants s mutsnl

Gly 75 15 20

Ile 50 2 18

Al B4 14 16.67
Leu ¥L] 12 16.22
Pro 68 9 13.24
Asn 49 G 12.24
Met 33 4 12.)2
Val 99 iz 12,12
Thr 67 8 11.84
Tyr 47 5 10.64
Arg 86 9 10.47
Phe 13 1 230
His 55 5 5.08
Ser 93 7 7.4
Lys 42 3 7.14
Gin 28 2 E.26
Trp 21 1 4.76
Cys 43 2 4,685
Asp 56 2 1.57
Glu 35 ] ]

the criteria to define ts mutants were strict and differed be-
tween yeast and mammatian cell systems. Therefore, there
may be ts mutants defined by the yeast system but not by the
manmalian cell system and vice versa, in addition fo those
showing ts phenotypes in both systems.

Ts Mutants and the Structure of the p53 Proiein—We iso-
lated 142 (6.1%) ts mutants from 2,314 p33 missense mula-
tions. Most were mapped in the core DNA-binding domain {131,
91.5%), and a few were ju the NH,-lerminal (4, 3.5%) o COOH-
Lenninal (7, 4.9%) domaing, The results indicated that the ts
mutants isolated in this study may be mulants thal directly
affect. sequence-specific DNA binding rather 1han mutants af-
fecting Lhe p53 fumclion through post-translational modifica-
tions and protein-protein interactions. Within the DNA-biding
dowain, 50% (71 of 142} of the ts mutants were mapped on
B-strands (S1-S10% As only 16% of the residues in the DNA-
binding domain form p-strands, it is clear that the p-strands
bave more Ls substucture than u-helices and loops in the DNA
bincding domain. Among the 11 3-strands, fowr areas in 54, 57,
89, and 810 are bhol areas for ts mulants (see above), and,
therefore, the ts mutants tended to be concentrated in one of
the {we f-sheets (Fig. 4B). I particular, residoes Thi'®,
Arg”"“, Mctlﬂtl. Aln"”, valﬂ'_’, His',’ld. Set.‘i!rol Pr‘o"”"a, -”u.z;n‘

Temperature-sensitive TP53 Mutation
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Tic. 5. Expression of conformation-sensitive epitopes. A. the
indicaled p53 proteins were expressed from the corresponding pbss
expression veclors in the human osleosarcoma cell line, Saos-2, aL 32 °C}
and 37 °C, The crude cel) lysate was separated by SDS-polyacrylamide
gel clectraphoresis immediately or sfter immunoprecipitation {JP) us-
ing PAB240 or PAb1G20. The p53 proleins were delecled using an
HRP-cenjugated anti-p53 polyclonal anlibody. WT, wild-type. B, the
ratio of PAb1G20 expression {0 PAL240 expression ai 32and 37 *C. The
expression of gilher PAL1G20- or PALZ43-reactive p53 pruteins {slivwn
in panel A) was quantilatively analyzed. and the ratio of the values are
shown as graphs. n.c., net caleulated.

Tlo*3, T1e™, Thr™®, Ser™*, Glu®™, and Glu®*® are ts hot spots
(Fig. 4A), The s hot. spot mutants are spatially located vela-
tively far from the p33-DNA interface, whereas the tumor-
derived 10 hot spot mutations (except Thr?*"} are formed or
Incated close Lo the intarface (Fig. 4C). Although the stiuctural
reason why Lhe second p-sheet was more susceplible Lo ts is
still unclear, this ebservation indicated Lhat the f.sheet was
2 key structaral element controlling the p53 function, sug-
gesting Lthe existence of a potential inbramolecular mecha-
nisw in normal p53 regulation of the promoler selectivity
after post-translational modification such as damage-sensitive
phosphoryviation.

The consideration of ts-spetific aming acid residues before
and after substitution is of great interest, because such infor-
mation may provide a betler understanding of the structure of
ts mutants. [n p53 protein, Lhe majority of the sensitive vesi-
dues Lefore substitulion comprised isolencine, threoyine, and
tryplophane, all of which are hydrophobic residues preferen-
tially used in the fi-strands of many other proteins (26). On the
othier hand, the most. frequent residues after substitution were
glycine, iscleucine, alanine, lencine, and proline. Because these
residues are simalter hiyrophobic residues, it is possible that
the straclare of the f.strands is largely undisrupted, fess
frecuent residues were negatively chanrged, fe. aspartic acid
and glutaumic acid. This rosult was reasonable, because these
are known Lo be f-strand-disropting residues (26). An unex-
pected result was frequent proline substitution, beenuse pro-
line is lmown Lo be a structwrally stable residue and, therefore,
should nol be vulnerable o subtle stroctural change doe Lo
temperatore shifl.

The resulls of hminunopreeipilation vsing conformalion-sen-
sitive antibodios were wsexpected, becasse only a limited nwn-
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ber of the mulations examined showed ts changes in the ex-
pression of epilopes. We speculate that most 1s mulants
partially recovered their structural alleration, nt their strue-
ture and travsactivation function were not. completely restored.
It will be interesting to examine whether such partial restora-
ton of p53 function is suflicient to suppress twnor formalion
and/or progression when expressed under physiclogical
conditions.

Frequency of ts Mutants in TP53 Mutation Datobuses—Ac
cording o the lalest International Agency for Research en
Cancer (IARC) dala base for tumor-derived somatic mutaljons
(17), 1,135 distinet mnissense mutations, including 1,066 mis-
sense mutations with a single nucleotide substitution, are reg-
istered. These mulations have been reported 12,032 times in
total. Among them, 10.3% (110 of 1,066} of mulants were
thought to be ts mutants, and such ls mutations eomprised
10.4% (1,254 of 12,032) of the total number of mutations.
Therefore, we conclude that ts p63 mutation is not as rare as it
was previously thought to be {19}, and it may be a molecular
target for the pharmacological rescue of p53 protein.

Acknowledgment—We thank Ms. Yuka Fujimaki for lechnical
assislance.
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Background: BRCA1 and BRCA2 mutations cause high breast cancer incidence rates as high as 80%.
Although prophylactic therapy is still controversial, several prophylactic therapies have been proposed
and tried for BRCAl and BRCA2 mutation carriers. Prophylactic surgery, chemo-prevention and precise
screening have been proposed as prophylactic therapy. All BRCAl and BRCA2 mutation carriers need
knowledge about their disease and the countermeasures that are used to protect against onset of disease.
Counseling plays an important role in this regard for people with genetic diseases. Therefore, collabora-
tion between breast cancer clinics and genetic counseling services is the most important issue in clinical
practice. Qur group consists of three national universities and a general hospital. In this article we
describe our trial to construct a clinical system against hereditary breast cancer as an interim report for
the Japanese Ministry of Health, Labour and Welfare.

Patients and Methods: Twenty familial breast cancer patients were registered in this study. The
whole sequence of BRCAI and BRCAZ2 were analyzed. If pathological mutations were detected, their frst
degree families were introduced to the counseling division at each institute when candidates visited coun-
seling divisions.

Results and Discussion: Four cases of a deleterious mutation in BRCA1 or BRCA2 were detected
among 20 cases. Their first degree relatives are now under consideration for visiting counseling divisions.
The clinical system described in this study should play a role to protect BRCA1 or BRCA2 mutation
carriers in Japan.

Breast Cancer 11:30-32, 2004.

Key words: Hereditary breast cancer, Familial breast cancer, BRCAT, BRCA2

Breast cancer is the most common malignancy
observed in Japan and western countries. Treat-
ment of groups at high-risk for breast cancer is
also a challenging problem. Familial breast cancer
is an important factor impacting the early and
bilateral onset of breast cancer. Five to 10% of
breast cancer patients meet the definition of famil-
ial breast cancer"®. BRCA1 and BRCA2 mutations
have been reported as major causes of familial
breast cancer. Twenty to thirty percent of Japan-
ese familial breast cancer patients show deleteri-
ous BRCA1 or BRCA2 mutation®, Further, it has
been reported that 80-90 percent of BRCAI and

Reprint requests to Motohira Takeda, Division of Surgical Oncology,
Tohoky University Graduate School of Medicine, 1-1 Seiryo-machi,
Aocbaky, Sendai 980-8574, Japan.

30

BRCAZ2 mutation carriers suffer from breast can-
cer in their lives®. This high risk of breast cancer
incident suggests the importance of screening for
BRCA1 and BRCA2 mutations and preventive
measures for familial breast cancer. Counseling
and prophylactic therapies are of importance in
prevention of such genetic diseases. Familial
breast cancer patients and their first degree rela-
tives are anxious about their genetic status. There
is no standard clinical system and method for pro-
phylactic therapy for BRCA mutation carriers in
Japan. Hospitals or medical systems that provide
proper knowledge of familial breast cancer and
preventive therapies are needed. A larger number
of patients are required to establish interventions
for Japanese BRCA1 or BRCA2 mutation carriers.
In this study we aimed to construct a multi-center
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Familial Breast
Cancer Origin Patient

familial
discussion

Candidate for BRCAl or BRCA2
Mutatlon Carrier

[ntroduung to Information and
Counseling Division Lounselmg discugsion about
division introducing
counseling division
Analysis of BRCAl

and BRCA2
B1 east Cancer Clinic
Prophylactic therapy
Intensive checl up

Fig 1. Counseling system for BRCAL or BRCA2 mutation
CAreers.

and inter-division cooperative system to smoothly
introduce breast cancer clinic patients to the coun-
seling division. This is an interim report for the
grant of Japanese Health, Labour and Welfare.

Patients and Methods

Twenty familial breast cancer patients were
registered between March 2002 and March 2003.
Blood sampling and BRCA1/BRCA2 mutation
analysis were done with informed consent accord-
ing to the guidelines of the Japanese Ministry of
Health, Labour and Welfare. Whole sequences of
BRCA1 and BRCA2 were analyzed by the direct
sequence method at Myriad Genetic Laboratories,
Inc.

Clinical System
If obvious pathological mutations were detect-
ed, the patients were informed about the genetic
counseling division at breast cancer clinics. Their
first degree relatives were also informed about
their genetic background and invited to visit
genetic counseling services. When the first degree
relatives visited genetic counseling divisions, they
-were informed about familial breast cancer and
given the option to undergo genetic examination
at breast cancer clinics.

Results
Deleterious Mutations of BRCAI and BRCAZ

Four cases of apparent deleterious BRCA1 and
BRCA?2 mutations were detected from among the

total 20. These four carriers of deleterious muta-
tions are now undergoing counseling to discuss
along with their first degree relatives options for
BRCA1 and BRCA2 examination and prophylactic
treatments at the counseling divisions (Fig 1}. An
uncertain mutation thought to be a normal variant
was also found in four cases.

Discussion

Treatment for BRCA1 and BRCAZ mutation
carriers is a controversial issue. Prophylactic
interventions for pathological BRCAL and BRCAZ
mutation carriers include prophylactic surgery,
medication, irradiation and intensive follow-up.
Prophylactic surgery consists of mastectomy and
oophorectomny. Prophylactic mastectomy shows a
prevention rate of 90%", while prophylactic
oophorectomy shows a 50% prevention rate®”.
Although prophylactic mastectomy shows a high
rate of prevention as high as 90%, prophylactic sur-
gical treatments are invasive interventions not
only physically but also mentally for healthy peo-
ple. Contant et al. proposed prophylactic mastecto-
my accompanied by immediate breast reconstruc-
tion (IBR). IBR can be one of solution for those
hesitant to undergo prophylactic mastectomy®.
Medication and intensive check-up as conserva-
tive treatments show relatively low prevention
rate. Treatment with tamoxifen has an approxi-
mately 50% prevention rate”. Intensive check-ups
may also allow BRCA mutation carriers to under-
go breast-conserving surgery and have a better
prognosis as they can be diagnosed at an earlier
clinical stage.

A nonsense mutation of BRCA1 that was report-
ed to be a Japanese founder mutation was detect-
ed as reported by Sekine et @l.". In addition, a
variation in BRCA2 detected in four cases may be
related to breast cancer onset.

There have been very few reports of prophy-
lactic therapy in Japan. Proper prophylactic thera-
py has to be established for Japanese BRCA muta-
tion carriers and prognosis and outcome of pro-
phylactic therapy needs to be clarified. Our study
group consists of two national university hospitals
and a general hospital that cover each area. We
have also been studying BRCA1 and BRCAZ2
mutations before this study. Together with the
data from the former study, we are now beginning
to analyze potential for BRCA1 and BRCAZ muta-
tion carriers. Each institute in our study group has

3
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a breast cancer clinic and a counseling division. If
BRCAIL and BRCA2 mutation carriers decide to
visit our breast cancer clinics and receive counsel-
ing about their genetic status, they can accept our
introduction to clinicians in the counseling divi-
sion (Fig 1). When the candidates decide to under-
go genetic examination, we analyze their BRCAl
and BRCAZ sequences, The results of the exami-
nations are reported to us. The results are given
to the breast cancer clinics in each institute and
the patient is informed. If they have a deleterious
mutation, they visit the genetic counseling divi-
sion again and receive information about familial
breast cancer and prophylactic treatments.

Prophylactic mastectomy, oophorectomy, irra-
diation, medication and intensive check-ups have
been proposed for the treatment of deleterious
BRCA1 and BRCA2 mutation carriers. Prophylac-
tic mastectomy may seem to be a radical therapy
even if they show the highest prevention rate.
Since the general prognosis of breast cancer
occurring in BRCA mutation carriers is not differ-
ent from that of sporadic breast cancer patients.
Diagnosis before the onset of breast cancer
should positively influence outcomes. In addition,
Hoogerbrugge ef al. reported that the breast tis-
sue of BRCA mutation carriers has atypical hyper-
plastic change. Careful follow-up for BRCA1l and
BRCAZ carriers is required unless they undergo
prophylactic surgery™.

Long term observation should be continued to
clarify the actual onset rate and clinical outcome
of breast cancer among Japanese BRCA1 and
BRCAZ2 mutation carriers. Eventually this counsel-
ing system may be available for all Japanese fami-
lies with deleterious BRCA1 and BRCA2 mutation

carriers.
References

1) Lynch HT, Lynch JF: Breast cancer genetics in an
cncology clinic: 328 consecutive patients. Cancer

32

Collaboration of Clinic and Counseling Division

Genet Cytogenet 22:369-371, 1986.

2) Ikeda N, Miyoshi Y, Yoneda K: Frequency of BRCAL
and BRCAZ germline mutations in Japanese breast
cancer families. fnt J Cancer 91:83-88, 2001.

3) Noguchi S, Kasugai T, Miki Y, Fukutomi T: Clinico-
pathologic analysis of BRCAL- or BRCA2-associated
hereditary breast carcinoma in Japanese women.
Cancer 85:2200-2205, 1999,

4) Neuhausen S, Gilewski T, Norton L, Tran T, McGuire
P, Swensen J, Hampel H, Borgen P, Brown K, Skol-
nick M, Shattuck-Eidens D, JThanwar S, Goldgar D,
Offit K: Recurrent BRCA2 6174delT mutations in
Ashkenazi Jewish women affected by breast cancer.
Nat Genet 13:126-128, 1996,

5) Hartmann LC, Schaid DJ, Woods JE: Efficacy of bilat-
eral prophylactic mastectomy in women with a family
history of breast cancer. N Engl ] Med 340:77-84,
1999,

6) Moller P, Borg A, Evans DG, Haites N, Reis MM,
Vasen H, Anderson E, Steel CM, Apold J, Goudie D,
Howell A, Lalloo F, Maehle L, Gregory H, Heimdal K:
Survival in prospectively ascertained familial breast
cancer: analysis of a series stratified by tumour char-
acteristics, BRCA mutations and ocophorectomy. It [

© Cancer 101:555-559, 2002,

7) Rebbeck TR, Lynch HT, Neuhausen SL, Narod SA,
Van't Veer L, Garber JE, Evans G, Isaacs C, Daly MB,
Matloff E, Olopade OI, Weber Bl: Prophylactic
oophorectomy in carriers of BRCAI or BRCA2 muta-
tions. N Eng J Med 346:16156-1622, 2002.

8) Contant CM, Menke-Pluijmers MB, Seynaeve C: Clin-
ical experience of prophylactic mastectomy followed
by immediate breast reconstruction in women at
hereditary risk of breast cancer (HB(O)C) or a
proven BRCA1 and BRCA2 germ-line mutation. Eur |
Surg Oncol 28:627-632, 2002.

9) Fisher B, Costantino JP: Tamoxifen for prevention of
breast cancer: report of the national surgical adjuvant
breast and bowel project P-1 study. J Nat! Cancer Inst
01:1891A-1892, 1999.

10) Sekine M, Nagata H, Tsuji S, Hirai Y, Fujimoto S,
Hatae M, Kobayashi [, Fujii T, Nagata I, Ushijima K,
Obata K, Suzuki M, Yoshinaga M, Umesaki N, Satoh
S, Enomoto T, Motoyama S, Tanaka K: Mutational
analysis of ovarian cancer families: two common
founder mutations of BRCA1 in Japanese population.
Clin Cancer Res 7:3144-3150, 2001.

11) Hoogerbrugge N, Bult P, de Widt-Levert LM, Beex
LV, Kiemeney LA, Ligtenberg MJ, Massuger LF,
Boetes C, Manders P, Brunner HG: High prevalence
of premalignant lesions in prophylactically removed
breasts from women at hereditary risk for breast can-
cer. J Clin Oncol 21:41-45, 2003,

— 226 —



J Hum Genet (2004) 49:391-395
DOI 10.1007/510038-004-0160-5

SHORT COMMUNICATION ‘

Masanori Kawahara - Masato Sakayori

Kazuko Shiraishi - Tadashi Nomizu - Motohiro Takeda
Rikiya Abe - Noriaki Ohuchi - Seiichi Takenoshita
Chikashi Ishioka

Identification and evaluation of 55 genetic variations in the BRCA1
and the BRCAZ2 genes of patients from 50 Japanese

breast cancer families

Received: 29 January 2004/ Accepted: 7 April 2004 / Published ealine: 27 May 2004

@ The Japan Society of Human Genetics and Springer-Verlag 2004

Abstract We sequenced approximately 23 kb genomic
regions containing all the coding exons and their
franking introns of two breast cancer susceptibility
genes, BRCAI and BRCA2, of 55 individuals from 50
unrelated Japanese breast cancer families. We identi-
fied 55 single-nucleotide polymorphisms (SNPs) (21 in
BRCA! and 34 in BRCAZ) containing nine pathogenic
protein-truncating mutations (four in BRCAland five
in BRCA2 from ten patients). Among the remaining
46 SNPs, allele frequencies of 40 were examined in
both the breast cancer patients and 28 healthy vol-
unteers with no breast cancer family history by PCR-
RFLP or by direct DNA sequencing. Twenty-eight
SNPs were common and were also found in the
healthy volunteers and/for a SNP database. The
remaining 18 were rare {(allele frequency <0.05) and
were not found in the healthy volunteers and/or the
database. The pathogenic significance of these coding
SNPs (cSNPs) remains to be clarified. The SNP in-
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formation from this study will be useful in the future
genetic testing of both BRCAI and BRCA2 genes in
the Japanese population.
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Introduction

Mutations in the BRCAI and the BRCA2 genes have
been linked with the susceptibility to breast and ovarian
cancer (Miki et al. 1994; Wooster et al. 1995; Tavtigian
et al. 1996). Mutation carriers of these genes are at high
risk of breast and ovarian cancer (Narod et al. 1995;
Ford et al. 1998; Thorlacius et al. 1998; Neuhausen 1999;
Rebbeck 1999; Struewing et al, 1997; Anglian Breast
Cancer Study Group 2000). The two genes have large
coding sequences consisting of 48 exons in total, and a
large number of mutations and SNPs are reported in the
Breast Cancer Information Core (BIC) database (http://
research.nhgri.nih.gov/bic/) and the dbSNP database
(http://www.ncbi.nlm.nih.gov/SNP/index.htm!).  The
majority of mutations described are protein-truncating
mutations containing frame-shift mutations and non-
sense mutations. In the BIC database, 55.9% of genetic
variants are reported agpathogenic mutations containing
mainly protein-truncating mutations and a small fraction
of pathogenic missense mutations, and 39.3% of variants
ave categorized as “unclassified vartants.” These variants
contain coding SNPs (cSNPs) that result in amino-acid
substitutions or SNPs located at exon—intron bound-
aries. We have also reported five protein-truncating
mutations and 12 “unclassified variants” that have been
found only once in 24 breast cancer families (Sakayori
et al. 2003). To elucidate whether detected SNPs are
pathogenic mutations or not, it is important to accu-
mulate SNP information (both the type and allele fre-
quency) in patients and the general population.
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Table 1 Sequence variations detected in the BRCAT and the BRCA2 genes

SNP ID* Location  Variation® Flanking sequence (5’ to 3') dbSNP ID°  BIC*  Volunteers®
BRCAlgene

BRCAI-I Intron 1 IVSI-1(5C>T tegtttgtat C/T atictaanac r5s3765640 +
BRCAL-2 Exon 3 K38 (silent) (114G >A) tetccacaaa GJA tgtgaccaca 58176099 + +
BRCAL-3 Intron 8 [V58-58delT tacatttttt T/~ aacccttita + +
BRCAI-4* Exon 11 G275D (824G > A) gagccatgts GfA cacaaatact

BRCAL-5 Exon 11 S694 (silent) (2082C>T) gacatgacag C/T gatacttice rs1799949 + +
BRCAL-6 Exon 11 L771 (sileat) (2311T > C) cagtattica T/C tggtacctag rs16940 + +
BRCAI-T* Exon 11 2389-2390delGA™ ggcanaaaca GAJf- accanataaa

BRCAI-8 Exon [t PE7IL (2612C>T) tcatitgete C/T gttticaaat 5799917 + +
BRCAL-9 Exon Il E1038G (3113A > G) gtttttaaag A/G agceagetea rst694! + +
BRCAI-10 Exon 11 KI183R (3548A > () agegteeaga A/G aggagagctt rs(6942 + +
BRCA!-11*  Exon 12 ClI72X (4116T > A)* catctgggtes T/A gagagteana '

BRCAI-12 Exon 13 S1436 (silent) (4308T>C) taagtgacte T/C tergeecttg rs1060915 + +
BRCAI-13* Intron [4  IVSI4+ 14A>G agaaacatca AfG tgtaaagatg +
BRCAIl-14 Exon 16 SI1613G (4837A> Q) atctgeocag AJ/G glecagetge 51799966 +
BRCA1-15%¥  Exon I6 MI1628T (4883T>C) tatnatgeaa T/C ggaagaaagt rs4986854 +
BRCAL-16 Intron I8 IVSIB+66G>A tacacctaac GfA tttaacacct rs3092994 + +
BRCAL-17¥  Intron22 IVS22+33A>T gagagggage A/T cacaatatte

BRCAIL-18% Intron23 IVS23+8G>T atggtaaggt G/T cctgeatgta +
BRCAI-19 Exon 5§ L63X (188T = A)* cagtgteett T/A atgtaagaat +
BRCAI-20 Exon 3 H4IR (122A> Q) aagtgtgacc A/G catattttgcaaa

BRCAL-21 Exon 8 470-471delCT* tecaactct CT/— aaccttggaa +
BRCAZgene

BRCA2-1 Exon 2 SUTR-26G > A tatttaccaa G/A cattggagga rs1799943 + +
BRCA2-2* Intron 2 IVS2-16T>A taaggtzgza T/A tttttiteea

BRCA2-3*  Intron2  IVS29T>G geatttttt T/G traaatagat

BRCA2-4 Intron 4 IV54+67A>C tgtictataa AJC gatgaaltety +
BRCA2-5 Intron 4 IVS4-89T>C acaatttata T/C gaatgagaat + +
BRCA2-6 Intron 7 IVST+183T>A caaatacatt T/A agtggtagte +
BRCA2-7 Intron 8 IVS8+56C>T tttggaatge C/T tigttazatt + +
BRCA2-8% Exon 10 F266 (silent) (798T > C) gtcatggatt T/C ggaaaaacat

BRCA2-9 Exon 10 N289H (8365A>C) gtcaatgeea AJC atgteetaga rs766173 + +
BRCA2-10 Exon 10 H372 N (1114C=>A) aaatgtagea CfA atcagaagcee rs144848 + +
BRCA2-11 Exon {0 $455 (silent) (1365A > G) taccaaaatc A/G gagaagecat rs1801439 + +
BRCA2-12¥  Exon 10 T582P (1744A > C) tttaatatec AJC ctttgaanaa +
BRCA2-13 Exon Il H743 (silent) (2229T > C) cagtacaaca T/C tcaanagigg + +
BRCA2-14 Exon 11 M784V (2350A > G) aaacctagtc A/G tgatttctag + +
BRCA2-15 Exon 11 N9D (2971A>G) tgattacatg A/G acaaatggge 51799944 + +
BRCAZ2-16 Exon 11 K1132 (silent) (3396A>G)  agtuagasa AJG ccaagetaca ts1801406 + +
BRCA2-17* Exon 11 S1140 (silent) (3420T>C) tgcagaagag T/C acatttgaag

BRCA2-18*  Exon 11 3830delA® aagatagaaa Af- teataatgat

BRCA2-19*  Exon !l L1522F (4566G >T) ctactetgtt G/T ggttttcata

BRCA2.20*  Exon | G2044V (6131G>T) tcceaaaang G/T ctttteatat + +
BRCA2-21 Exon 14 52414 (silent) (72424 > G) aaactaaatc A/G cattttcaca Rs1799955 + +
BRCAZ2-22*  Exon [l 6491-6495delAGTTG* gacaaacaac AGTTG/- gtattaggaa

BRCA2-23 Intron 16  IVSI6+47TA>G gtattceete AfG tecctettte

BRCA2-24 Intcon 16  IVSI6-14T>C aatattctac T/C teeatttgte + +
BRCA2-25 Exon 11 V21091 (6325G > A) acttectegt G/A ttgataagag +
BRCA2-26* Exon 20 52835X (8504C > A)* gagaagacat C/A altctgpatta

BRCA2-27 {ntron22 IVS22-147TA>G cagataaagt A/G tanagttagt

BRCA2-28 Exon 25 R3128X (9382C>T)* AacctecagteggCfTgaccagaatee +
BRCA2-29 Exon 10 [278delA* ttcagaaaa A/- gacctattag

BRCA2-30 Exon 1 K322Q (964A > C) aaatctacaa A/C aagtaagaactage +
BRCA2-31 Exon [0 E425 (silent) (1275A > G) aaatatttcaga A/G aaagacct

BRCA2-32 Exon 11 V1269 (sileat) (3807T>QC) catgattetgt T/C gtttcaatgt +
BRCA2-33 Exon 11 E1455 (silent) (4365A > G) cagaaaccaga A/G gaattgcata

BRCA2-34 Exon 138 K2729N (B187G >T) tatgetgttan G/T geecagttagatect +

*The SNP ID that have been found in this study. ¥Published pre-
viously (Sakayori et al. 2003)

*The nucleotide number in the coding region indicates the position
downstream of the first nucleotide of ATG (initiation codon) in the

database

BRCA! gene or the BRCA? gene. *; Nonsense or frame-shift

mutation
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Table 2 Allele frequencies of
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SNPs in the BRCA! and the SNP ID* Allele Frequency
BRCAZ genes Breast cancer patients® Volunteers® dbSNP?
BRCAlgene
BRCAI-1 C=043, T=0.57 C=0.52, T=043 C=0.343, T=0.657
BRCAL-2 G=09], 4=0.07 G=098,4=0.02 =099, 4=0.006
BRCAI-3 T7=065 T6=0.35* 7T7=050, T6=0.50
BRCAIl1-4 G=098 4=0.02 G=1.00, 4=0.00
BRCAIl-5 (C=0.62, T=0.38 C=0.56, T=044 (C=0.657, T=0.343
BRCALl-6 T=062, C=038 T=0.54, C=046 T=0.678, C=0.322
BRCAL-8 (C=0.62, T=0.38 C=0.54,T=046 C=0619, T=0.2381
BRCAI-9 A4=0.62 ¢=018 A=0.54, G=046 A=0725 G=0275
BRCAL-10 A=0.62, G=0.38 A=054, G=046 A=0.703, G=0.297
BRCAI-12 T=0.62, C=0.38 T=0.54,C=046 T=0.747, C=0.253
BRCAI-13 A=098, ¢=0.02* A=100, G=0.00
BRCAI-14 A=0.62, G=0.33 A=054,G=046 A=0.696, G=0.304
BRCAI-15 T=098, C=0.02 T=1.00,C=000 T=0.995 C=0.005
BRCA1-16 G=0.63, 4=0137 G=054, 4=046 G=0.693, 4=0.307
BRCAIl1-17 A=098, G=0.02" A=1.00, G=0.00
BRCAIl-18 G=0.99, T=0.0l G=100, T=0.00
BRCAL-20 A4=0.99, G¢G=0.01 ND
BRCA2gene
BRCA2-t G=0.55 A=045 G=049, 4=0.5! G=0.762, A=0.238
BRCA2-2 T=0.97 C=0.03* T=1.00, C=0.00
BRCA2-3 T=0.98, G=0.02* T=1.00, C=0.00
BRCA2-4- A=0.84, C=0.16* A=0.84, C=0.16
BRCA2-5 T=0.84, C=0.16* =084, C=0.16
BRCA2-6 T7T=0.32, A =0.68* T=0.58, 4A=0.42
BRCA2-7T C=0.96, T=0.04* C=0596, T=0.04
BRCA2-8 T=098, C=0.02 T=1.00, C=0.00
BRCA2-9 A=086, C=014 A=084, C=0.16 A=0.838, C=0.024, G=0.009, T=0.129
BRCA2-10 A=0.80, C=0.20 A=082, C=0.I18 A=0.607, C=0.28!, G=0.026, T=0.085
BRCA2-1l A=0.86, G=0.14 A=0284, G=0.16 A=0.3875 G=0125 .
BRCA2-12 A=099 C=001 A=1.00, C=0.00
BRCA2-13 T=086, C=0.14 T=0384, C=0.16
BRCAZ2-14 A=0.93, G=0.07 A=095 ¢=0.05
BRCA2-15 A=0.85 G=0.15 A=0.84, G=0.16 A=0970, G=0.030
BRCA2-16 A=047, G=0.53 A=050,G=050 A=0.705 G=0.295
BRCA2-t7T T=0.599, C=0.01 T=1.00, C=0.00
BRCA2-19 G=0.58, T=0.02 G=1.00, T=0.00
"[dentical to the SNP ID listed  BRCA2-20 G=0.97, T=0.03 G=098, T=0.02
in Table 1, * found ina relative  BRCA2-21 A4=0.58, G=042 A=0.50,G=0.50 A4=0.758, G=0.242
Elﬂ not in the proband BRCA2-23 A=0.96, G=0.04* A=1.00, ¢=0.00
110 alleles from 55 patients, BRCA2-24 T=0.36, C=0.64 T=027, C=0.73
": data derived from 68 alleles BRCA2-25* G=099, A=00l G=1.00, A=0.00
(34 patients) BRCA2-27% 4=098, G=0.02* A=100, G=0.00
€56 alleles from 28 healthy BRCA2-10 A=0.97, C=0.03 ND
volunteers, ND: not BRCAZ2-3]1 A=097, C=0.03 ND
ddCf-ﬂ'mmed BRCA2-32 T=0.85 C=0.14 ND
National Center for Biotech- BRCA2-33 A=0.98 G=0.02* ND
nology Information (NCBI} BRCA2-34 €=0098, T=002 ND

dbSNP database

In this study, we extended our study on the BRCA!
and BRCA2 sequencing project to 55 breast cancer
patients from 50 Japanese breast cancer families. We
evaluated the detected SNPs by comparing the allele
frequency of the SNPs in healthy volunteers.

Japanese volunteers with no breast cancer family history
were also enrolled to analyze the specific BRCAI and
BRCA2 variations detected in the breast cancer patients.
We obtained informed consent from all patients and
volunteers, and the independent studies were approved
by the Familial Cancer Society and the Ethical Com-
mittee of Tohoku University Graduate School of Med-
icine. To identify the sequence variations in the BRCA/
and BRCA2 genes of the familial breast cancer patients,
we sequenced approximately 23 kb genomic regions of
the BRCAI (8.4 kb) and the BRCA2 (14.6 kb) contain-
ing all coding exons and their franking introns using a
method described previously (Sakayort et al. 2003). The
identified SNPs found in the familial breast cancer

Subjects and methods

Fifty-five enrolled patients (including 50 probands and
five relatives) with a history of breast cancer from 30
unrelated high-risk breast cancer families were selected
according to the criteria defined by the Tohoku Familial
Cancer Society (Sakayori et al. 2003). An additional 28
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patients were also examined in the genomic DNA from
the healthy volunteers by PCR-RFLP analysis using
PCR primers, cycle conditions and restriction enzymes
for PCR-RFLP analysis (http:/fwww.idac.tohoku.ac.jp/
dep/co/datafsaka/brca02.hitm) or by DNA sequence
analysis. We used Genbank (U14680 and U61268 for
BRCAL, U43746 and X95152-77 for BRCA2) and the
BIC database as the reference sequences of BRCA [ and
BRCAZ genes.

Results and discussion

By DNA sequencing analysis of the BRCA! and
BRCAZ2genes for 55 patients from 50 unrelated breast
cancer families; we detected 55 SNPs (21 SNPs in
BRCA! and 34 SNPs in BRCA2). Among these SNPs,
we found nine protein-truncating mutations (four in
BRCAland five in BRCA2) in ten patients containing six
novel mutations that were not found in the BIC data-
base (http://research.nhgri.nih.gov/bic/} (Table 1). The
existence of mutations were also confirmed by the stop
codon assay in yeast {Ishioka et al. 1997; Sakayori et al.
2003). The percentage of protein-truncating mutations
in the examined families was 20% (ten of 50), compa-
rable with several reports describing the frequency of
protein-truncating mutations of the two genes in Japa-
nese breast cancer families (Inoue et al. 1995; Takano
et al. 1997; Inoue et al. 1997; lkeda et al. 2001). Al-
though the frequency was also similar to results from
Western populations, the number of patients studied in
our and other Japanese populations was smaller than
that in Western countries. Therefore, it is necessary to
study a [arger number of patients to clarify the mutation
‘frequency in Japanese familial breast cancer,

Among the remaining 46 SNPs (17 SNPs in BRCA/
and 29 SNPs in BRCAZ), 18 and 31 have been reported
in the dbSNP database and in the BIC database,
respectively, (Table 1). To evaluate whether the SNPs
are also found in Japanese healthy volunteers, all but six
SNPs were further examined by PCR-RFLP analysis or
by DNA sequence analysis. Twenty-six SNPs were
found in the volunteers at least once with different allele
frequencies (Table 2). In these 40 SNPs, we predicted
that 27 SNPs were common polymorphisms and prob-
ably played no direct role in the tumorigenesis of breast
cancer. The remaining 13 SNPs were quite low in allele
frequency { <0.05) and were not found in the healthy
volunteers or the dbSNP database. In addition, there
were six SNPs that failed to examine in the volunteer
group. In these six SNPs, one was predicted to be
common and five to be rare from the allele frequencies in
the patients. Overall, we predicted the 18 rare SNPs are
candidates of pathogenic mutations and that the
remaining 28 were common polymorphisms and prob-
ably have no direct roll in tumorigenesis of breast can-
cer. In the 18 rare SNPs, five (BRCAI-13, BRCAI-17,
BRCAL-18, BRCAZ2-2, BRCA2-3) were located at the
exon—intron boundaries and twe (BRCA2-23, BRCAZ-

27) were located in introns far from exon-intron
boundaries. Although SNPs at the exon—intron bound-
aries may affect normal RNA splicing, our RT-PCR
analysis showed negative data for splicing abnormalities.
[n the remaining 11 rare cSNPs, seven (BRCAI-4,
BRCAI[-20, BRCA2-12, BRCA2-19, BRCA2-25,
BRCA2-30 and BRCA2-34) were nonsynonymous sub-
stitution resulting in the amino-acid substitutions, and
four (BRCA2-8, BRCA2-17, BRCA2-31 and BRCA2-
33) were synonymous (silent) changes. These SNPs may
directly affect the functions of BRCAIl and BRCA2
proteins or affect normal splicing by acting as possible
cryptic splicing sites. Unfortunately, we have failed to
clarify this issue mainly because there are no reliable
functional assays of either BRCA1 or BRCA2 protein
for many nonsynonymous changes.

To confirm the pathogenic effect of rare SNPs, both
the development of functional assays for these gene
products and more intensive SNP analysis including an
investigation into whether these SNPs cosegregate with
breast cancer onset in families are necessary.
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Abstract

Silica encapsulated CdSe quantum dots (QDs) have been prepared by the use of 3-mercaptopropyl trimethoxysilane (MPS} in
a weak alkaline solution in ambient atmosphere at room temperature. The average size of the multicore-shell structured CdSe/
Si0; is 28.0 nm and that of the CdSe QDs is 3.4 nm from the observation of the transmission electron micrographs (TEMs). The
enhanced photoluminescence (PL) intensity of the QDs has been observed by passivation of silica shell. The increased photo-
chemical and -physical stability of the encapsulated CdSe/Si0; QDs has also been demonstrated.

© 2004 Elsevier B.V. All rights reserved.

PACS: 8.20.n; 72.80.Tm; 74.25.Gz

Keywords: Encapsulation; CdSe; Quantum dots; 5i0,; Passivation; Photoluminescence (PL); Stability

1. Introduction

In recent years, interests have been greatly
increased in the scientific and technological aspects
of semiconductor quantum dots (QDs). Due to small
size, such zero-dimensional structures demonstrate
unique chemical and physical properties which are

* Corresponding author. Tel.: +81 22 217 5758;
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different from those of bulk solids [1,2). That the
number of atoms on the surface becomes comparable
or even higher than inside leads to the changes in the
electronic structure, state density and optical pro-
perties as consequence. However, semiconductor
becomes chemically active especially while the size
decreases to the quantum size range (several
nanometers). Therefore, the specific physical and
chemical properties are eliminated and the application
is greatly limited. A way to remove the influence is a
process named as passivation, which consists of
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surface atoms bonding to a different material with
inert chemical properties. W.L. Wilson and P.
Mulvaney et al. have concluded that silica is a quite
suitable material to be a coating or encapsulating inert
substance [3,4]. It has been successfully applied in
passivation of Au [5], Ag [6], and CdS particles [7].

Owing to the potential and practical possibility of
cadmium selenide (CdSe) with a suitable band gap
(1.76 eV), for applications in industrial and medical
fields, currently, the preparation, absorption, and
exciton luminescence processes in CdSe nanoparticles
have been extensively studied [8-11]. In particular,
CdSe semiconductor quantum dots have greatly
interested biologists and pharmaceutical scientists
[12,13]. By now, quantum dot quantum wall (QDQW)
nanocrystals heterostructurally coated with materials
with higher band gap of CdS [14,15), ZnS [16], and
even multilayers of HgSe/CdSe have been successfully
fabricated and their physical and chemical properties
have been apparently improved [17]. Moreover, CdSe
nanoparticles have been encapsulated with silica as a
film and their electronic properties can be improved
obviously [18-21]. However, there is no any report on
the preparation of core-shell structured CdSe/SiO,
quantum dots (QDs) except the work reported by
Rogach etal. [22] in which the PL intensity of CdSe Qds
dramatically decreased after the passivation of Si0O» in
relatively complicated conditions.

In this work a citrate-stabilized aqueous suspension
of quantum sized CdSe nanoparticles was prepared
at room temperature based on a simple chemical
precipitation in quite mild conditions. Also, these QDs
were successfully encapsulated with silica by a slow
deposition of silica solute from a silicate solution
while being transferred into ethanol. Moreover, the
valid passivation was confirmed with the absorbance
and the photoluminescence of the CdSe particles was
promoted after being coated with $i0,. Meantime,
the possible mechanisms for the passivation and the
promotion were simply discussed.

2. Experimental
2.1. Materials

Special grade reagents (Wako Pure Chemical Ind.}
of sodium silicate solution (NaO(5i05)5 4231, 52.0—

57.0%), 3-mercaptopropyl trimethoxysilane (MPS),
cadmium sulfate (CdS0,4-8/3H,0, >99%), seleninm
powder (Se, >99%), sodium nitrilotriacetate (Nas-
NTA:N{CH,COONa),), sodium sulfite, ethanol, and
sodinm citrate were used as received. Water was
double-distilled and deionized to have an electrical
resistance higher than 18 MQ ¢m ™",

2.2, Preparation of the stable suspension of CdSe
quantum dots

Firstly, 1.0 ml of 0.15M CdSO, was mixed with
Na;NTA at a mole ratio of [Cd**]:[NTA3"] = 5:4 to
form a Cd-NTA complex. Then, 1 ml of 1.6 wt.% Na-
citrate was added to the solution of the Cd-NTA
complex. Finally, 0.75 m! of aqueous solution of 0.2 M
sodium selenosulfate (Na;SSeQ;) with excess Nay,SO;
that was prepared by stirring 0.79 g of Se powder in
50 ml of 0.5 M Na,SO; at 70 °C for 24 h were added to
the above sclution to form a sclution of 0.006 M
cadmium ion and then aged it at room temperature for 5
days. The reaction equation is shown as the following:

Cd? + 20H™ + SeSO%~ — CdSe + SOZ~ + H,0

2.3. Preparation of silica encapsulated CdSe
nanoparticles

The established standard conditions for preparation
of silica encapsulated CdSe QDs were shown as
following.

Two milliliter of the formed CdSe stable suspension
was diluted with 17 m] water and treated ultrasonically
for 30 min. Then, 0.2 m! of freshly prepared 0.02 wi.%
MPS and 0.8 ml of 0.54% sodium silicate solution at
pH 10.5 were added to the above suspension and then
aged at room temperature for 5 days with vigorous
magnetic stirring. Hence, the silica slowly polymerizes
onto the MPS-modified CdSe QDs. Finally, the resulting
dispersion was transferred to ethanol at a volume ratio
of 1:5, and then the excessive dissolved silicate pre-
cipitates out mainly on the existing cores, which leads to
an increase in the thickness of the silica shell.

2.4. Electron microscopy

The products were observed with a JEM-2000EX 11
transmission electron microscope (TEM) with an
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acceleration voltage of 200kV and an EDMAX
scanning electron microscope (SEM). Also, atomical
composition of the products was analyzed with energy
dispersive X-ray (EDX) measurements equipped with
the SEM.

2.5. Optical measurements

UV spectrometry of CdSe nanoparticles in suspen-
sion before and after coating silica was conducted
with an UV-vis spectrophotometer, Hitachi U-2000,
where the light path length was 1 cm. In addition, the
photoluminescence of these particles was investigated
with a JASCO FP-750 Spectrofiucrometer.

3. Results and discussion

3.1. Formation of CdSe quantum dots without and
with silica encapsulating

After mixing Cd-NTA complex with Na,SeSO,
solution and aging it at room temperature for 5 days, a
very stable deep red suspension was formed. This
suspension was stable kinetically at least for 1 year.
Since citrate ions act as protect agents for a variety of
inorganic colloids including CdS particles [7],
probably the citrate ions also seemed to be of the
same function for the current system. This was
confirmed simply with the fact that the suspension was
fairly unstable in the absence of Na-citrate.

Fig. la shows transmission electron micrograph
of the solid product from the stable suspension.
Obviously uniform aggregates of CdSe particles with
an average size of 22.5 nm were observed together
with several tens of primary particles, The wet
chemical analysis measurement of the solid sample
showed 1:1 stoichiometry of Cd:Se. From powder
XRD measurements on dried nanoparticles, the
nanoparticles were in CdSe cubic structure which
is typical for low temperature prepared CdSe
particles.

Fig. 1b shows transmission electron micrograph of
the silica encapsulated CdSe QDs. It obviously
revealed that plural QDs were encapsulated comple-
tely with silica matrix. The average sizes of the
microcapsules and the QDs were 28.0 and 3.4 nm,
respectively. It should be noted that no aggregates

Fig. 1. Transmission electron micrographs of CdSe nanoparticles
before (a) and after silica encapsulating (b).

were observed in the encapsulated particles. Thus,
improvement of the particle dispersity was achieved
by encapsulation.

It is hardly possible for silica to deposit directly on
the surface of CdSe nanoparticles because of low
affinity between them. MPS is a bifunctional coupling
agent to bind with Cd atom on the surface in its
mercapto group as well as a silane coupling agent. It
has been successfully applied to the formation of silica
coated CdS particles [7]. The adhesion of silicate
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moieties to the particle surface can only be made
- effective when a silane coupling agent is present in the
solution. Such a coupling agent acts as a surface
primer for making the colloid surface vitreophilic and
facilitating silicate deposition [11]. In the case of
CdSe, MPS was chosen since it contains a mercapto
group, which can directly bind to surface Cd** sites,
leaving the silane groups pointing toward solution
phase, from where the silicate ions approach the
particle surface. These silicate ions build up a first
silica shell which permits the transfer into ethanol
without particle coagulation and Ostwald Ripening
[4].

3.2. Stabilization against photodegradation

Since CdSe (Ds are chemically active in comparison
to the bulk solid, the Se atoms on the surface are easily
oxidized to SeQ,, for direct exposure to air [16]. (Se* +
20, + 2H,0 — Se0, + 40H7). Such instability was also
obtained for CdS QDs [7]. However, when these QDs are
coated with some inert substance, they are expected to be
photochemically stable. It was observed that a very thin
sitica shell did not prevent photodegradation, because O,
molecules diffused through the thin shell easily. While
such nanoparticles with a thin silica coating were
transferred to methanol phase, almost all the silicate
moieties were precipitated out due to the sudden
decrease in solubility owing to the change in the polarity
of the solvent. Hence, the QDs with thick silica encap-
sulating were formed.

Fig. 2 shows the time evelution of the absorbance
of the citrate-stabilized and silica encapsulated CdSe
QDs suspensions. After coating with thick silica, the
absorbance kept constant, while the absorbance of the
QDs without coating decreased markedly with time
compared to the silica coated CdSe. These facts
indicate the silica shell was rigid encugh to prevent O,
from reaching the surfaces of the QDs. Such a
protection will be of great significance in the
preparation of stable nanostructured materials with
practical applications.

Additionally, the particle size of 3.4 nm estimated
from the peak position as followed by the literature [8]
was in a good agreement with TEM observation.
Furthermore, the sharp absorption peak shown in
Fig. 2b displays another advantage of the silica
coating.
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Fig. 2. UV-vis spectra at different times after preparation of citrate
stabilized particles (a) and silica-coated particles (b).

3.3. Promotion of phoroluminescence of CdSe (JDs
by silica encapsulating

It is not unusual that the PL intensity could be
enhanced if the semiconductor nanoparticles are
properly modified or coated with materials of a higher
band gap. This has come true for Cdi;As; modified
with N(Et); [23], CdTe with thioglycolic acid [24] or
dodecylamine {25], CdSe with CdS [14,15], with Zn§
[16] or with ZnSe [26], etc.

In order to.investigate the change in the PL
intensity of the CdSe QDs after silica encapsulating,
the PL intensity was measured for the initial CdSe
QDs before coating, the medium CdSe QDs modified
by MPS with a thin shell of silica (before being
transferred to ethanol), and the final ones with silica
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Fig. 3. Photoluminescence intensity (a.u.) of (a) CdSe QDs suspen-
sion; (b) CdSe QDs with a thin silica shell; {c) QDs with a thick silica
shell. (Aexe = 400 nm, [Cd?] = 0.0006 M).

encapsulating (after being transferred to ethanol). Fig.
3 shows the improvement of the PL properties of the
QDs in the coating process. Obviously, the PL
intensity of the final QDs with a thick rigid shell of
silica was much stronger than that of the initial QDs.
The reason for the increased PL intensity is the
formation of a thick silica shell, which may have a
higher potential for the ground-state electron, This
makes the shell of silica analogous to the CdS [14] and
ZnS [16] around the CdSe core, the CdSe [17] shell
around HgSe core, since CdSe semiconductor has a
lower band gap than that of CdS, ZnS, and Si0,, a
higher band gap than that of HgSe. This conclusion is
possibly further supported from the opposite side by
the fact that formation of HgSe shell around CdSe core
decreased the PL intensity of the CdSe nanoparticles
[17]. since the band gap of HgSe is lower than that of
CdSe semiconductor.

Here, it has been found that the PL intensity
increased after the addition of ethanol in the cases with
different concentrations of MPS and/or different pH.
That is to say, the PL intensity of the QDs with a thick
shell of silica is always higher than that with a thin
silica shell (before addition of ethanol). However, in
comparison to the initial QDs, the PL intensity of MPS
capped and then silica thinly coated CdSe QDs (before
addition of ethanol) became weak at high pH or in the
presence of high concentrated MPS. Virtually, the PL
became undetectable at pH > 10 or with 10 times
concentrated MPS of the current one. Rogach et al.
[22] has obtained the similar results. Actually, it has

been found that the existence of MPS negatively
affected the PL intensity of the QDs. Then, the
enhancement of silica shell on the PL intensity was so
strong that the QDs exhibited a higher PL intensity
than the initial QDs even after the formation of a thin
shell of silica under the standard conditions, as
revealed from Fig. 3. The details about the effect of
MPS on PL will be shown elsewhere.

3.4. Stabilization against intense illumination

Fig. 4 shows the changes in PL intensity at different
illumination times after exposure to Ar laser (532 nm,
700 mW). It was firstly found that the PL intensity of
the bare CdSe QDs increased rapidly in the initial
stage of the illumination. This seemed to result from
the effect of photo annealing, and thereby, the defect
sites on the surface of the QDs decreased. Then, under
a long strong illuminating, the PL intensity greatly
decreased. It can be considered that the QDs absorbed
so many photons with a great emergy and then
decomposition into the elements Cd and Se took place
under the extreme conditions. This has previously
been pointed out by Spanhel et al. in the case of CdS$
[27].

However, in case of silica encapsulated CdSe QDs,
the PL intensity was kept almost constant except the
slightly increase in the quite early stage of the
illumination. Probably, the silica shell was rigid
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Fig. 4. Changes in photoluminescence intensity at different illumi-
nation (700 mW, Ar Laser) times. (a} CdSe QDs; (b) silica-encap-
sulated CdSe QDs; (c) Rhodamine 560.
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