Temperature-sensitive TP53 Mutation

Tastk 1
Summary of the 61 reported p53 mulations
P53 mutant® Experimental system® p5aBS or protnoter® Relerence

SHaT+*s 1 BAX. CDKN1A, PIG3 27
AlL1SV 1 BAX, CDKN1A, PIG3 27
Y1263 1 BAX, CDKNI1A, PI1G3 27
Y126D 1 BAX, CDKN1A, PIG3 27
K132ZN 3 CON 28
K132R 3 CON 28
M133T 1 RGC 29
V135* (inouse p53} 2 CDKN1A 30, 31
Al138VE== 2 BAX, BCL2, CDKN1A, MDM2 32
T140Y 3 CON 28
V143A 1,2 BAX, GADD45A, CONG1, CDKN1A, CON, IGFBP3, MDM2, RGC 33-35
P152L**= 1 BAX, CDKN1A, PIG3 27
P152T+* 1 DAY, CDKN1A, PIG3 27
G1E4v=* 2 GALA 36
T1651%* 1 BAX, CDKNI1A, PIG3 27
MI160VALIG1T* 1 BAX, CCNG1, CDENI1A, CON, GADD4BA, JIGFBP3, MDM2, RGC 35
1162F 1 BAX, CDEN1A, PIG3 27
T170R 1 BAX, CDKNI1A, PIG3 27
VI172F*+* 1 RGC 29
R175K* 2 BAX, FOS, 1IGFBP3 37
R1751* 2 BAX, FOS, IGFBP3 a7
R175P**+ 2 BAX, FOS, 1GIFBPP3 37
R176Q* 2 BAX, FOS. IGFBI'2 37
R1T5S*** 2 BAX, FOS, IGFETM 37
RI175M* 2 BAX, FOS, IGFBP3 37
H179Q 2 GAL4 36
E180K 1 BAX, CDKNIA, PIG3, RGC 27, 38
RIBI1G 1 BAX, CDKN1A, PIG3 27
R181H 1 BAX, CDKN1A, PIG3 27
H193Re=* 1 BaX, CCNG1, CDKN14, CON, GADD45A, 1IGFBP3, MDM2, RGC 35
VIO7L*** 1,2 BAX, CDKN1A, FOS, T'GFA, RGC 39, 40
YZO5N*** 1 BAX, CDKN1A, PIG3 27
H214R>* 1 RGC 19
P21GLas* 1 BAX, CDKN1A, PIG3, RGC 27, 38
Y220C 1 BAX, CCNG1, CDKN1A, CON, GADD45A, 1IGFBP2, MDM2, RGC 35
Y2204 1 BAX, CDKN14, PIG3 27
E224K 1 LAY, CDKNI1A, PIG3 27
D22av 1 BAX, CDKN1A, P1G3, RGC 27, 38
Y234 1 RGC 19
Y234H*** 1 BAX. CDKNI1A, PIG3 27
M23TR** 2,38 CON, FOS, RGC 28
N2305 3 CON 28
M24GV** 3 CON 28
N24Tr#es 2,3 CON, GALA4 28, 36
R248W 3 CON 28
P250Le* 1 BAX, CDINIA, FIG3, RGC 27, 38
L252F+**+ i BAX, CDKENIA, PIG3 27
T264F=* 1 BAY, CCNGI1, CDENIA, CON, GADD45A, IGFBP3, MDM2, RGC 35
T256A** 3 CON 28
D259N 1 BAX, CDKNIA, PIG3, RGC 27,38
G266E 1 BAX, CDKN1A, P1G3 27
V2T2M*»+ 1-3 BAX, CDKN1A, CON, GADD454A, MDM2, PIG3, RGC 19, 28, 38, 41
R273H 3 CON 28
R273L 1,3 BAX, CDENIA, CON, PIG3 27, 28
A27GG 1 BAX, CDKN1A, PIG3 27
D281y 3 CON 28
R283I[*** 1 BAX, CDKN1A, PIG3, RGC as
E285K** 1 RGC 19
E286G*** 1 BAX, CDKNI1A, PIG3 27
E28GI*** 1 BAX, CDKN1A, PIG3 27
286K/287D* 1 BaX, CDKN1a, PIG3 27

? The meaning of the asterisk symbols used in Lhis column is os follows: *, 1s mulants not construcled in this study; **, 15 mutants also isolated
in this study; ***, distinct substitulien(s} al the same residue were ls mulants in Lhis study.

# The meaning of the numbers used in Ihis column is as fellows: 1, yeast sysiem; 2, manmalian cell system; 3, cell-froe sysiem.

¢ All but three of the gene names used in this column refer to those used in the Online Mendelian Inherilance in Man (OMIM) site
(www.nebinlmonil.gov/entrez/query.fegi?db=0MIM). The three exceptions are: CON, p53-binding consensus sequence; GALA, yeast GALA-
binding sequence; und RGC, huinan ribosamal gene eluster sequence. The study on the GAL4 wus performed hy GAL4-binding dewain and ph3

Tusien protein.

activity (either active or inactive} at both 30 and 37 °C, indi-
cating that they were not ts. Qbviously, there were significant
nuwnbers of p53 mutant clones that represented higher trans-
aclivity at 30 °C than at 37 °C, showing ts mutants for the
transactivation funclion {vireled spots in Fig. 2). On the other
hand, only a limited nmunber of clones represented higher
transactivity at 37 °C than at 80 °C, showing cold-sensitive

mutants, As there is 1o clear boundary between Ls and non-ts
mutants, we defined the borders for convenience as described
under *Experimental Procedures.” According to the definition,
342 p53 mutants were selected as ts for yeast transactivation
assay (Fig. 34}, indicating that 6.1% (142 of 2,314) of the p53
mutanls were ts for at Jeast one of the p53 binding sites. The
142 mutants, including 131 previonsly wwreported ts mutants,
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Fig. 1. Cluster analysis of mutant p53 transactivities ot 30 and 37 *C, A, one-dimensional hiorarchical elusler analysis of 2,314 p53
mulants, Standardized data for the indicated 153 binding sites and lemperatures were shown as the eolor gradation of red (high), green (ow), and
black (inlermediate). A 1s sub-cluster was undertined. B, the ts sub-cluster conlaining 64 p53 mutants was magnified.
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were mapped on 82 residues of p53 (82 of 393; 20.9%) and 131
(92%) were within the core DNA-Linding domain (residues
97-286).

Mapping of s p53 Mutents on p53 Core DNA-binding Do-
main—To characterize the isolated ts mutants in the strue-
tural context, we mapped the 181 mutants on the core DNA-
binding domain (Fig. 4, A and BY. Among these, 70 mutants
(53.4%) were mapped on the p-strands. The frequency of ts
mutants in the constiucted mutants differed among the 10
f-strands; the frequency was relatively higher in S4 (14 of 49,
28.6%), 87 (11 of 34, 32.3%, S9 (16 of 49, 32.7%), and 810 (15
of 61, 24.6%), whereas it was lower in $1{1 of 17, 5.9%), S2 (1
o 24, 4.2%), 83 (1 of 33, 3.0%), 85 (2 of 22, 9.1%), S6 (2 of 24,
8.3%), and S8 (7 of 43, 16.3%). In particular, residues 158 to 161

Transactivity at 37 degree

(54), 211 to 217 (S7), 251 to 256 (39), and 268 to 272 {S10) were
hot areas for ts mutants because there were 10 or more mu-
tants in every fowr contiguous residues. Three or more ts n-
tants were observed in residues Thi?®F, Arg1%, Met!9%, Ala181)
Vall72, His?M, Ser?!6, Pro?®8 Thy?2) Thr?84, [1e#64, Tly206
Sar?%, Glu®™, and Glu?®®, and those residues should be desig-
nated ts liot, spats.

Amino Acid Substitutions of the ts Mutants—Amine acid
residues before and after substitution of the ts mutant are
sumimarized in Table 1. Isoleucine (21.4%), threonine (21.1 o),
and tryptophane (20%) were the most frequent residues aman I
the original p53 residues. Glyeine (20%), isolencine (18%), ala-
nine {16.6%), lencine {16.2%), and proline (13.2%) were lhe
most frequent residues among the residues after substi tution,
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Fic. 3. Panels of ts p53 mutants. A, Lhe ts p53 mutants jsolated by yeasl-based funclional assay. 142 mulanis were listed from the NH,
terminus {0 the COOH terminus of p53. Filled boxes represent temperature sensilivity thal satisfied the defined eriteria (see “Experimental
Procedures”), I, 54 of 142 is mutants were examined for ts transaclivities in Sans-2 cells. When, nccording to ¢ lest, the lucifernse aclivities at 32
and 37 *C wera statistically different with a p valie <0.001 or <0.0001, the corresponding boxes in_the panel were colored gray or black,

respectively.

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

Evaluation of the ts p53 Mutanits in Maemmalian Cells—To
evaluate whother the isolated p53 mutants in yeast were also
ts for sequence-specific transactivation in mammalian cells, we
randomly chose 54 p53 mutants from the 142 ts mutant p53
c¢DNA clones (Fig. 3B), and constructed expression vectors for
mammalian cetl experiments. Each mutant p53 was expressed
in a p53-deticient hman osteosarcoma celt line, S8aos-2, and
examined for the sequence-specific transactivation at both 32
and 37 °C by luciferase assay. When the values of the three
independent experiments relative Lo the wild-type p53 at 32 °C
were signifieantly {(p < 0.001; ¢ test) different from those at
87 °C in at least cne of the six promoters (p21%A™, MDM2,
BAX, 14-3-30, p53R2, and GADD45), the mutant clone was
defined as a Ls mutant in mammalian cells, Among the 54
mutants, 48 (89%) were ts mutants in at least one of the six
promoters. The results indicated that most ts mutants isolated
in the yeast assay are also ts mutants in mammalian cells,
suggesting that many of the remaining 88 clones may also be ts
mutants in mammalian cells. Among the 48 elones, 16 were ts
in all 6 promoters, whereas 32 clones were ts in a limited
number of promoters, although many retained weal ts plieno-
types for other promoters (data not shown).

Epitape Analyses of the p53 Protein Expressed in Suos-2 Cells
Using Conformation-sensitive Antibodics—To examine whether
the ts mutanis display ts changes in their epilopes against
conformation-sensitive antibedies, PAb1620 for wild-type-like
conformation and PAb240 for denatured mutant conformation,
six randomly sclected ts mutants, M1GOR, H193Y, T211A,
P2198, T2531, and V274A, were expressed in Saos-2 cells at
beth 32 and 37 °C. The cell lysates were immunoprecipitated
using the two antibodies, detected by Western blot analysis
using an HRP-conjugated anti.ph3 antibody, and quantita-
tively analyzed using a lnmine-image analyzer. In the case of

wild-type p53, the PAL1G20 epitope was exclusive, and only a
trace of the PAb240 epitope was detected (Fig. BA). Similar to
wild-type pb3, the PAb1620 epitope was dominant in R273H,
although the PAbZ40 epitope was also detected. On the other
hand, the PAL240 epitope was dominant, and the PAL1620
epitope was less abundant in R175H. The ratios of the epitope
expressions of PAb1620 to PAbL240 are shown in Fig. 5B.
R175H and R273H were not ts because there were no signifi-
cant differences in the ratios between 32 and 37 °C. Among the
ts wutants, P219S and 72531 showed an obvious ts inerease in
ratio. The remaining ts mutants showed no change or only a
slight change in ratio,

DISCUSSION

Comparing 142 ts p53 Mutants with the Previgusly Reported
P83 Mutani—Among the 142 is mutants, 131 were previously
unreported mutants. In our survey of previous papers, includ-
ing our own, 61 human ts p53 mutants have been reported
(Table I). These obviously include ts mutants not isolated in our
system. We speculate that there are two reasous for the dis-
crepancy. First, they were isolaled using experimental systams
different fromn those in our study, including a reporter assay for
sequence-specifie ransaclivation in mammalian cells, similar
yeast assays with different p53 binding sites, an electro-
phoretic mobility shift assay (EMSA) in a cell-fiee system, and
monitoring changes in structure-sensitive antibody reactivity.
Therelore, it is possible that there are many potential ts mu-
tants not isolated by the mellod adopted in this study. For
example, a known Ls mutant, V1434, did not appear as Lsin Llie
yeast ¢ells because the ts phenotype may be mediated by ts
interaction with human ASPP2 (p53BP2), a positive modulator
of P53 Lransactivation (23, 24) that does not exist i yeast cells.
Obviously, there may be mechanisms not directly affecting p53
Linding to DNA. We are now planning to screen such novel ts
mutants by using protein-protein interactions hat may modify
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Fic. 4, Location of the ts p53 mutanta in the core DNA-binding dowain. A, precise map of the constructed p53 mutants and is mulants
(white characters in black boxes) in codons from 101 lo 300. Ialivized characters, original residues observed in wild-type p53; open boxes, four hol
spols for 18 mutonts; asferisk, 15 hot spot residues for ts mutants; bold lines, sccondary steuctures (11 f-strands and 2 o-helices). B, schematic
representation of the core DNA-binding domain (14) and the fraclinn of the Ls mutants in the two p-sheet structures, Percentages, fraction of the
ts mutants within the constructed mutants in the indicated secondary structures; small numbers, codon numbers showing the NH,-terminal and
COOH-terminal ends of the indicated secondary structures. C, three-dimensional siructure of p53 core DNA-binding domain with double-strand
DNA eligonuclootides. Positions of the 10 tumor-derived hol spot residues (feft parel) were compared wilh 15 representative is hol spot residues
(right panel). p53 and the interacling INA struclure were derived from Protein Data Bank file ITUP (14), and views from {he longitudinal axis

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

P53 structwre by their post-translational mechanisms. Second,
as shown in Fig. 2, there is distinet strength in ts transactiva-
tion, and some reported ts mutants have been eliminated fiom
owr eriteria because of a weak ts phenotype. In fact, several
mutants clustered in Fig, 1B were not seleeted in our defined
criteria. We also note that many previously identified ts mu-
tants had a weak ts phenotype in our yeast screening (data
not shown).

Promater Specificity of the ts p53 Mutants—We have shown
that several p53 mutants differ in transactivity spectrum in
different p53 binding sites (18}, Similarly, ts mutants differed
in the ts transactivity spectra in different p53 binding sites
(Fig. 3). We speculate that there are subtle differences in struc-
tural alterations caused by specific mutations and tempera-
tures and that such alterations are responsible for the partial
inactivation or reactivation of p53-binding to the distinet DNA
sequences, In fact, there are similarities in the transactivity
speclra among mutants in the same or contiguons residues
(Fig. 34), suggesting similar structwal alterations. In parlic-
ular, some showed Ls in only one or two promolers, suggesting
the possible application of such mutants in the conditional

transactivation of specific promoters to study p53 downstream
gene funetions, Various ts fransactivity spectra on different
pS3-responsive promoters were also observed in mammalian
cells (Fig. 3B). The promoter selectivity of wild-Lype p53 by
Ser*® phospherylation has been shown as the mechanism of
p53AIPI transactivation (25). Overall, from the results of this
study and our previous observations {18), we propose that there
may be other unknewn potential mechanisms determining the
promoter selectivity of wild-type p53 on p53 downstream pro-
moters other than the pS3AJPI gene. The ts transactivity
against different. promoters was similar in pat but signifi-
cantly different between hwnan and yeast cells (data not
shown). We speculate that there are several reasons for this
discrepancy. First, the p53 binding elements, other than
p2IYAF and MDMZ2 used in the yeast study, were three copies
of the specific p53-binding elements and differed from the
genomic sequences used in the mammalian eell study. Second,
the temperature for the identification of ts mulants in yeast
was 30 °C, whereas it was 82 °C in mammalian cells. Third,
post-translational modification and the interaction of other
proteins may differ in yeast cells and mammalian eells. Finally,
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Tatre IT
Freguency of residue of ts mutani pb3 in the DNA-binding domain
before and ofier substitution

Before substitution {original residue ot mutation eite)
No. of

No. of coneltucled Frequency of

Residue

mutalions ts mulanis ts mutant
Tle 42 9 2143
Thr 76 16 21.05
Trp 5 1 20.00
Mot a6 7 19.44
Glu 66 12 18.18
Ala 42 7 16.67
His 49 8 16.33
Arg 99 14 14.14
Pro 78 11 14.10
Phe 30 4 13.33
Val 76 9 11.84
Ser 86 H] 1047
Asn 63 6 952
Lev 75 5 8.00
Gln 36 2 5.66
Tyr 48 2 4.17
Gly 78 3 3.85
Asf B6 2 357
Cys 60 2 3.33
Lys 36 0 0
After substilulion {substiluted residue al mulalion gite)
. X u o
Residue Mo mants et
Gly 75 15 20
le 50 9 18
Aln 84 14 16.67
Leu 74 12 16.22
Pro 68 92 13.24
Asn 49 G 12.24
Mot 33 4 12.12
Val 99 12 12.12
Thr 67 . 8 11.94
Tyr 47 & 10.64
86 9 10.47
JIQ;IJ;E, 43 4 9.30
His 56 5 9.08
Ser 98 7 7.4
Lys 42 3 7.4
Gin 38 2 b5.26
Trp 21 1 4.76
Cys 43 2 4.65
Asp 56 2 3.57
Glu as a 0

the ariteria to define ts mutants were strict and differed be-
tween yeast and mammalian cell systains. Therefore, there
may be ts mutants defined by the yeast system but nat by the
mammalian cell system and vice versa, in addition to those
showing ts phenotypes in both systems.

Ts Mutants and the Structure of the p53 Protein—We iso-
lated 142 (6.1%) ts mutants from 2,314 pB3 missense muta-
tions. Most were mapped in the core DNA-binding domain (131,
91.5%), and a few were in the NHy-terminal (4, 3.5%) or COOH-
terminal (7, 4.9%) demains. The results indicated that the ts
mutants isdlated in this stndy may be mutants that directly
affcet sequence-specific DNA binding rather than mutants af
fecting the p53 function through post-translational modifiea-
tons and profein-prolein interactions. Within the DNA-biding
domain, 50% (71 of 142} of the ts mutants were mapped on
B-strands (S1-810). As only 16% of the residues in the DNA-
binding domain form g-strands, it is ¢lear that the f-strands
have more ts subshucture than a-helices and loops in the DNA
hinding domain. Among the 11 g-strands, fow- areas in 54, 87,
89, and 81¢ are hot aveas for ts mulants {see ubove), and,
therefore, the ts mutants tended o be concentrated in one of
the two p-sheets (Fig. 4B). In particular, residues Thr®®,
Al.glﬁ.’i' MGLIGD. A]a““, val‘l?Q, His?l'l' Ser'.?lr»’ PI.0223' Th].231,
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Fig. 5. Expression of conformation-sensitive epitopes. A, the
indicated p53 proleins were expressed from the corresponding phi
expression veclors in the human osieosarcoma cell line, Snos-2, at 32 °C
and 37 °C. The erude cell lysate was separated by SDS-polyocrylamide
gel electrophoresis immnediately or after immunoprecipitation (IP) us-
ing PAbZ40 or PAb1620. The p53 proleins were detected using an
HRP-conjugated anti-p53 polyclonal antibody. WT, wild-type. B, Lhe
ratio of PAb1620 expression ¢ PAL240 expression ol 32and 37 °C. The
expression of either PAb1620- or PAL240-reactive p53 proteins (shown
in panel A) was quantitatively analyzed, and the ratio of the values are
shown as graphs. n.c., nol calculated.

Tho#%S, NIe?™, Thr?™, Ser?®, Glu®™, and Glu?®® aye ts hot spots
(Fig. 4A). The ts hot spot mutants are spatially located 1ela-
tively far from the p53-DNA interface, whereas the tumor-
derived 10 hot spot muotations (except Thr??®) ave formed or
located close to the interface {Fig. 4C). Althongh the structural
reason why the second p-sheet was more susceptible Lo ts is
still unclear, this observation indicated that the g-sheet was
a key structural element controlling the p53 function, sug-
gesting the existence of a potential intrameclecular mecha-
nism in normal p53 regulation of the promoter selectivity
afler post-translational medification such as damage-sensitive
phosphorylation.

The censideration of ts-specific amine acid residues before
and after substitution is of great interest, because such infor-
mation may provide a better understanding of the structure of
ts mutants. In p53 protein, the majority of the sensitive resi-
dues before substitution comprised isolencine, threonine, and
tryptophane, all of which are hydrophobie residues preferen-
tally used in the p-strands of many othor proteins (26). On the
other hand, the most frequent residues after substitution were
glycine, isoleucine, alanine, leucine, and proline. Because these
residues are smaller hydropliobic residues, it is possible that
the structure of the f-strands is argely undisrupted. Less
frequent residues were negalively charged, i.e. aspartic acid
and ghutamic acid. This result was reasonable, becanse these
are known to be B-strand-disrupting residues (26). An unex-
pected resull was frequent pro}ine substitution, because pro-
line is known to be a structurally stable residue and, therefore,
should not be vulnerable to subfle stroctural diange due Lo
temperature shift.

The results of iinmunepresipilation using conformation-sen-
sitive antibodies were unexpected, because only a Jimited num-
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ber of the mulations examined showed ts changes in the ex-
pression of epilopes. We speculate that most is mulanls
partially recovered their struetural alteration, but their strue-
ture and transactivation function were not completely restored.
It will be interesting to examine whether such partial restora-
tion of p53 function is sufficient to suppress tumor formation
andfor progression when expressed under physiological
conditions.

Frequency of ts Mutants in TP53 Mutation Databoses—Ac-
cording to the latest International Agency for Research on
Cancer (JARC) data base for tumor-derived soinatic mutations
{17), 1,135 distinet missense mutations, including 1,066 mis-
sense mutations with a single nucteotide substitution, are reg-
istered. These mutations have been reported 12,032 times in
total. Among them, 10.3% (110 of 1,066) of mutants were
theught to be fs mutants, and such ts mutations comprised
10.4% (1,254 of 12,032) of the toltal number of mutations.
Therefore, we conclude that ts p62 mutation is not as rare as it.
was previously theupht to be (19), and it may be a molecular
target for the pharmacological rescue of p53 protein.

Acknowledgment—We thank Ms. Yuka Fujimaki for technical
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Mass production of size-selected stable nanostructures and their aggregates or modifications is an important milestone

in the development of future medical devices.

Nanomedicine is an application of nanotechnology to the diagnosis and treatment of disease in the human body. This

discipline is in its infancy. It has the potential to change medical science dramatically in the 21st century. In this review we

describe areas of the research related to clustered-based materials for future medical applications. We also discuss the

future innovation in cancer imaging by synthesizing novel diagnostic agents with nanoparticles, which may serve as

fundamentally new materials controllable for medical purposes.
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ABSTRACT

How to produce medical safety culture
Yumi Shoji, Akiko Umezawa, Kunihiko Hoshi, Kenji Nemoto, Noriaki Quchi
Meadical Quality Fmprovement, Tohoku University Hospilal

As a part of the medical safety management system, the efforts to establish the incident report system and the
hospital organization contro] system have been made in every medical institution. However such efforts are
not enough. However, safety control mechanism will never work properly if the efforts would be made only
by limited number of people. This work requires a system in which all the staff members should be involved.
Regardless of line of work, each one of the hospital staffs should be aware that it is his or her duty to secure
the quality and safety of medical treatment. For that purpose, it is important to have safety culture fostered
across the organization. The Ministry of Health, Labor and Welfare defines the medical treatment safety culture
as “A way of thinking or an attitude that all the staffs engaged in the medical services give the highest
pricrity to patient's safety, and strive for its realization and also the way organizations toward the goal” 1t
is not easy to foster the safety culture, however, while making laborious efforts toward it, we have found the
following five points to be effective. DDeclaration to launch organization wide efforts to seriously tackle the

"medical treatment safety” issue. @Activities of the project teams that attempt to solve the problems existing
in multiple lines of work @lssuance of a self-adhesive labals to those having attended the training lectures
concerning the medical treatment safety. @Provision of concrete feedbacks that seem to have contributed to
improvement. ®Study meeting over the idea of Quality Control (QC) based-problem solving method, Fostering
the safety culture is not something to be achieved at one time in the future, but rather it should be the whole
continuing process that needs to be tackled with concrete measures and all out organizational efforts.
Keywords ! safety culture, incident report, cross organizational activity
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