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ABSTRACT Objective: To investigate the interactions between the TPR (tetratricopeptide repeat) domains of Ppp5¢/TTC16 and
protein of Hsp70/Hsp90, to study the effect of the overexpression of TPR domains of Ppp5¢c/TTC16 on cell cycle in MCF-7 cell lines.
Methods: After being analyzed by online informatics tools, the TPR domains of Ppp5¢/TTC16 and full-length of HSPA1A/HSP90AAL1
genes were respectively sub-cloned into two separate vectors of the yeast two-hybrid system provided by ClonTech to confirm the
protein-protein interactions. The TPR domains of Ppp5¢/TTC16 were sub-cloned into eukaryotic expression vectors which were stably
transfected into MCF-7 cell-lines, whose cell cycle was then examined by flow cytometry. Results: The TPR domains of PppS5c/TTC16
interacted with proteins of HSPA1A/HSP90AA1. A large amount of apoptosis was detected when the TPR domains of Ppp5c
over-expressed in MCF-7 cell line, and the cell cycle was blocked at the S phase when the TPR domains of TTC16 over-expressed in
MCF-7 cell line. Conclusion: This research revealed the discrepancy in the capacity of the combination of dissimilar TPR domains with
Hsp70/Hsp90 proteins, as well as the effect of overexpression of TPR domains on the cell-cycle of MCF-7 cell line, which may help draw
the panoramic picture of the functions of TPR domains and deep the understanding of intra-cellular functions of PppSc and TTC16
proteins.

Key words: Ppp5Sc; TTC16; Protein interaction; Cell cycle

Chinese Library Classification CLC : Q28 Q75 Q78 Document code: A

Article ID:1673-6273(2012)11-2005-05

TPR 3-16
(o TPR TPR
TPR (tetratricopeptide repeat) 34 . . .
1990 12 TPR - NADPH . N
- 341 N TPR [7-11] . TPR
- TPR PP5(Protein phosphatase 5) /

Bl TPR PP1. PP2A .PP2B.PP4 PP6  PP7021,

* 30971092
1985- s - E-mail: liunightelf@yahoo.cn

AN 025-86862102 E-mail: jianminlilab@njmu.edu.cn
( 2012-01-07 2012-01-31)



- 2006 -

www.shengwuyixue.com Progressin Modern Biomedicine Vol.12

NO.11 APR.2012

PP5
. PP5
04, PP5
N .DNA N N
N elF2a
(18 Ppp5c(protein phosphatase 5, catalytic subunit)
N TPR
. TTC16 tetratricopeptide repeat domain 16
TPR
HSP(heat shock protein)
- Hsp70  Hsp90
C EEVD TPR
° PppSc  TTCl6 TPR

protein 1A)
class A member 1provided)
TPR

1

1.1

pLIM1-EGFP .pEGFP-Hsp70 . pEGFP-Hsp90

dgene ; pGBKT7 BD
ClonTech X-gal
(
Tech (
(Promega)
.DMEM
ma) HEPES(Gibico)
(Thermo) DNA (

Hyclone
(Gibico) PCR

HSPA1TA (heat shock 70kDa

HSP90AAI (heat shock protein 90kDa alpha,

ad-

ClonTech pACT2 (AD )

; XL-blue
) Y-190 clon-
) Taq DNA

Lipofectamine TM2000(Invitrogen)

(Amersco) DMSO(Sig-
(Bio-Rad )
DYY—6B

) (Panasonic WV-BP330/G) (
) (Thermo Forma Series II) (

SW-CJ-1F)
1.2
Ppp 5c¢ TTC16
pCMV-sport6-pppSc
Sfil
pGBKT7,
pLIM-F2  Link-CGF-R2
Nhel, Agel
Hsp70  Hsp90
pEGFP-Hsp70 . pEGFP-Hsp90

o

1.3

HSP70/90
o 200 ng

carrier

500 pl

pCMV-sport6-ttc16

(Olympus).,

TPR
PCR
Sfil

PCR
Nhel  Agel
pLIMI-EGFP
Sfil
pACT2

TTC16
Clontech
pGBKT7  pACT2

LiAC
1x TE/LiAC/PEG,

PppSc TPR

Y190

30 C 30 15 pl DMSO o
42 °C 15 o 5 4000 rpm 5
100 w1 0.9 % Nacl SD/-Trp 30C
72 o 2
X-gal 37C 520
4 . 4-12
° pS3 LT
1.4 HEK293T  MCEF-7
10% .100 U/ml 100 U/ml
DMEM 37 C.95% 5%
CO, 2-3
70-80%
1.5
HEK293T 180
60 mm 4 ml
10% DMEM .
90% - OptiMEM 500
pl 20 pl Lipofectamine2000 5 min
1, OptiMEM 500 i, 4 ng.
pVSVG.A891  4pg 2,
20 HEK293T 6
° 48 72 2
polybrene 1 wl/ml HEPES
( 10 pl/ml) 0.22 pm MCF-7
8 DMEM .48
1.6
(0.6 wg/ml)
DMEM 2 ,
100 / DMEM 6
0.5% 24
DMEM 90%
2
2.1 Ppp5c  TTCl6
ncbi Ppp5Sc
19q13.3 isoform 1 mRNA
13 isoform 2 mRNA isoform 1
isoform 1 iso-
form 2 o smart http://smart.embl-heidel-
berg.de/ PppSc N
TPR C Ppp5c 1A .
TTCI16 9q34.11 mRNA
14 smart TTC16
TPR 1B .
TPR EEVD
Hsp70  Hsp90 °



www.shengwuyixue.com Progressin Modern Biomedicine VolL12 NO.11 APR.2012 - 2007 -

A 121 170 301 451 S00

40 2!1233 266 349 37592 479
WeE ’ ‘ ‘ | mi‘ | ‘F
1 o 0 1 L] 10 L

MAMAEGERTECAEPPRDEPPADGALKRAEELKTQANDYFKAKDYENAIKFYSQAIELNPS
N AIYYGNRSLAYLRTECYGYALGDATRAIELDKKY IKGYYRRAASNMALGKFRAALRD
YETVVEVKPHDKDAKMKYQEC: -+ :

B L] 3 ” 142 175 219 Fel) 372 19 M 617 8T

3 e S22 s
FH I —
4 L] 1

L 3 ] ) 2 1 2 0

MTDSDEDALKVDQGPSRDIPKPWVIPAPKGILQHIFGTSHVFQSICDVKPKVTGLTVPLKV
REYYSRGQQCLEQADWETAVLLFSRALHLDPQL VDFYALRAEAYLQLCDFSSAAQNLRR
AYSLQQDNCKHLERLTFVLYLQGQCLFEQCAFLDALNVFSHAAELQPEKPCFRY -

1 PppSc(A )

TTCI6(B )

. ( TPR

TPR

)

Fig.l Conserved domains of Ppp5c (Figure A) and TTC16 (Figure B). the TPR domains we cloned in this research were labeled with red boxes,

corresponding to the protein sequences labeled with grey color below

2.2 Ppp5c  TTCl6 TPR Hsp70  Hsp90
Ppp5c TTC16 TPR
Hsp70  Hsp90 pCMV-sport6-PppSc
pCMV-sport6-TTC16 cDNA

Ppp5cs-F-Sfil: S'CATGGCCAATCCGGCC-
GCAGAGGAGCTCAAGACTC A Ppp5cs-R-Sfil: 5'CGTGGCC-
TCTAAGGCCGTCATGGGGCTTCACCTTGA TTCl16s-
F-Sfil 5'CATGGCCAATCCGGCCGTCAGGGAATACTACTC-
CAG;TTC16s-R-Sfil:5' CGTGGCCTCTAAGGCCTTTCTCAGG-

HSP90AAI
pACT2

HSPAIA  Hsp90

pACT2-Hsp70  pACT2-Hsp90, Ppp5c

TPR HSPAIA  HSP90AAI
TTC16 TPR
HSP90AALI
2.3 Ppp5Sc  TTC16 TPR
Ppp5c  TTC16 TPR

pLIM-F2:5'AATAATG-
CTAGCGCCACCATGGAATTCAAGGCCAATCC;link-cgf-r2:5'

CTGGAGCTCAG TPR AATAATACCGGTGACGTCCGTCGACGGCCTCTAAGG
pGBKT7 pGBKT7- pGBKT7-PppScs  pGBKT7-TTC16s
Ppp5cs  pGBKT7-TTCl6s, pEGFP-Hsp70 pEGFP- pLIM1-EGFP
Hsp90 Hsp70-F-Sfil: 5’CATGGCCAATC- pLIM1-Ppp5cs pLIMI1-TTC16s,
CGGCCATGGCCAAAGCCGCGGCGATCGGC;Hsp70-R-Sfil:5' pLIM1-EGFP 293T
CGTGGCCTCTAAGGCCCTAATCTACCTCCTCAATGGTGG MCF-7 MCF-7
Hsp90-F-Sfil:5'GGGAGGCCAATCCGGCCATGCCTG-

AGGAAACCCAGACC; Hsp90-R-SfiLGGGAGGCCTCTAAGG- (  2),
CCGTCTACTTCTTCCATGCGTGATG Hsp70

pLIM1-Ppp5cs pLIM1-TTC16s pLIMI1-EGFP

2 PppSc

TTC16 TPR

MCE-7

Fig.2 Green fluorescence of MCF-7 cells which have been transfected with TPR domain of PppSc and TTC16 after drug screening
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Fig.3 The flow cytometry assay of MCF-7 cells expressing the TPR domain of Ppp5c and TTC16

1

Table 1 The proportion of every cell stage of different cell lines in the flow cytometry assay

Cell number (%) pLIM1-Ppp5cs pLIMI-TTCl6s pLIM1-EGFP
Gl 16.16 42.82 5143
S 17.14 56.52 38.91
G2 0 0 9.66
Apoptosis 66.70 0.66 0.15
TPR
3 TPR o
TPR(tetratricopeptide repeat) MCEF-7 Ppp5c  TTCl6 TPR
- - Ppp5Sc TPR
TTC16 TPR
B4, TPR S TPR
TPR °
TPR Ppp5c  TTCI16 TPR
TPR o Hsp70  Hsp90
PppSc / N TPR
N
TPR o TTC16 R
TPR - Hsp70  Hsp90 4
C Ppp5Sc  TTCl16 TPR
EEVD TPR . Hsp70  Hsp90
Ppp5c  TTC16 TPR o Ppp5c  TTCl16
Ppp5c  TPR TPR MCF-7
HSPATA  HSP90AA1 TTCl16  TPR o
HSP90AA1 Ppp5c References
TTC16 TPR [1] Hirano T, Kinoshita N, Morikawa K. et al. Snap helix with knob and

TPR Hsp70  Hsp90 hole: essential repeats in S. pombe nuclear protein nuc2+ [J]. Cell,



www.shengwuyixue.com Progressin Modern Biomedicine VolL12 NO.11 APR.2012

- 2009 -

1990, 60: 319-328

[2] Sikorski RS, Boguski MS, Goebl M, et al. A repeating amino acid
motif in CDC23 defines a family of proteins and a new relationship
among genes required for mitosis and RNA synthesis [J]. Cell, 1990,
60:307-317

[3] Blatch GL, Lassle M. The tetratricopeptide repeat: a structural motif
mediating protein-protein interactions [J]. Bioessays, 1999, 21:
932-939

[4] Lamb JR, Tugendreich S, Hieter P. Tetratrico peptide repeat interac-
tions: to TPR or not to TPR [J]. Trends Biochem. Sci, 1995, 20:
257-259

[5] D'Andrea LD, Regan L. TPR proteins: the versatile helix [J]. Trends
Biochem Sci, 2003, 28: 655-662

[6] Allan RK, Ratajczak T. Versatile TPR domains accommodate differ-
ent modes of target protein recognition and function [J]. Cell Stress
and Chaperones, 2011, 16: 353-367

[71 Goebl M, Yanagida M. The TPR snap helix: a novel protein repeat
motif from mitosis to transcription[J]. Trends Biochem Sci, 1991, 16:
173-177

[8] Ponting CP. Novel domains in NADPH oxidase subunits, sorting nex-
ins, and PtdIns 3-kinases: binding partners of SH3 domains [J]. Pro-
tein Sci, 1996, 5: 2353-2357

[9] Callahan MA, Handley MA, Lee YH, et al. Functional interaction of
human immunodeficiency virus type 1 Vpu and Gag with a novel
member of the tetratricopeptide repeat protein family [J]. J Virol,
1998, 72: 5189-5197

[10] Cziepluch C, Kordes E, Poirey R, et al. Identification of a novel cel-

lular TPRcontaining protein, SGT, that interacts with the nonstructu-

ral protein NS1 of parvovirus H-1[J]. J Virol, 1998, 72: 4149-4156

[11] Mamane Y, Sharma S, Petropoulos L, et al. Posttranslational regula-
tion of IRF-4 activity by the immunophilin FKBP52 [J]. Immunity,
2000, 12: 129-140

[12] Huang X, Honkanen RE. Molecular cloning, expression, and charac-
terization of a novel human serine/threonine protein phosphatase,
PP7, that is homologous to Drosophila retinal degeneration C gene
product RdgC[J]. Biol. Chem,1998, 273: 1462-1468

[13] Chen MX, McPartlin AE, Brown L, et al. A novel human protein ser-
ine/threonine phosphatase, which possesses four tetratricopeptide re-
peat motifs and localizes to the nucleus [J]. EMBO J., 1994, 13:
4278-4290

[14] Chinkers M. Protein phosphatase 5 in signal transduction [J]. Trends
Endocrinol. Metab, 2001, 12: 28-32

[15] Teresa G, Ileana VA, Beth R, et al. Elevated levels of Ser/Thr protein
phosphatase 5 (PP5) in human breast cancer [J]. Biochim Biophys
Acta, 2008, 1782(4): 259-270

[16] Partch CL, Shields KF, Thompson CL, et al. Posttranslational regula-
tion of the mammalian circadian clock by cryptochrome and protein
phosphatase 5[J]. Proc. Natl. Acad. Sci., 2006, 103: 10467-10472

[17] Zuo Z, Urban G, Scammell JG, et al. Ser/Thr protein phosphatase
type 5 (PP5) is a negative regulator of glucocorticoid receptormediated
growth arrest[J]. Biochemistry, 1999, 38: 8849-8857

[18] Shao J, Hartson SD, Matts RL. Evidence that protein phosphatase 5
functions to negatively modulate the maturation of the Hsp90-depen-
dent heme-regulated elF2a kinase [J]. Biochemistry, 2002, 42 :

6770-6779



