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Structural analysis of Al protein-telomere-telomerase complex,

and development of inhibition of telomerase
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WFFER R OB (F£30) : We have determined the structure of the Musashi-target RNA binary complex
with the assist of long-range structural information. With the same assist, the structure of the Al
protein-telomere DNA-telomerase RNA ternary complex has been analyzed. It has been shown that Al
works as a bridge between telomere DNA and telomerase RNA. This suggests that A1 functions to bring
telomerase to telomere DNA. The strategy to inhibit telomerase with decoy nucleic acids has also been
suggested to be promising.

AN IR TERR
(REHAT - 1)
[ERESEH LIEESES ¢ & @t

200 9% 7, 800, 000 2, 340, 000 10, 140, 000
20104 4,200, 000 1, 260, 000 5, 460, 000
201 14 2, 800, 000 840, 000 3, 640, 000

I

I
ik 14, 800, 000 4,440, 000 19, 240, 000

WHIE5Y 8y - A

BFE DR - B - MBS IS

F—U—R:Tax7, Turs—¥, A1X I H, E. TaA

1. AFZEBRAE 4 FI D 5
EFMIEICIBNTIE, KinEREED 412
DNA 138 - SROEICH/MET D, ZD%
IO y S TREZR BIEIIIBR Y B D, —FH
FEARRIC B W TIE, ek T7T e A7
DNA Z#HETAHETHLT B2 A L —ADIE
PN, BEIZTIE L TWAS, Z D&M
JDZHDEIZAET A7 v A7 DNA DHE/IME

DNERT M TSI FR I 5y A - HEFE L | kR &
REEAGISEIT, T AL —ADIEEE
FHECE UL, BOWRBEICOBRNDHEEZD
NTWa, ZNFETICTFa A L—RZEEE
M HEROBRZEN, 7HT I 7 LR
— D OMIFTERNMZBNTITRbh T
7208, BINCE - TV,

I DDHA N T T —E LT, BLTFD



Lo ORHVEDL, Frxld Al ZoNT
BERGFELTHD T, 78 A L—2ADIEED
BENT BRSNS FHE R LTz, Bl
L7 8 A L —ZAOIEEORBLX, AL Z R0
BofE itk CTHabhTnd, £2CTF
T AL R EDZ OEE O A, R
B35, RIZENZWFIZE ST, AL Z 2R
JENT AL —ADIEEDORBLE X 2D
DEGET L FEEZBRE TV, BROCT
0 AL —ZADEMEERETE S FICENE
ST,

AL Z LR TENT 1 A L—ADEMEDIE &5 |
ST AN = AL LT, BFEE SR
BRIT 7= R A2 T & QD Yeaf RO T
7 A7 DNA (A A L7\ L A TH D08, &
FR72A A FIZRWC T, 7 AT DNA 134
EPEE R LA\, 4 S RS NCL
9L . TEAL—ZITEATDNAICT 7 EAT
ERRY FOMEEATHENTE 720, FHxid
T A7 DNA DU LT~ 4 B S, Al Z oo
DN 1 ABEIRRBICT > 7 p—/V KT DA
THIOTRHE U, ZLTCZohic k> Trm £
L—ADIEEOFBINE | X Z SO HEAFEE L
77 T o7 AL R L > TIEMEDIER) S | Xkl =
SNDHT, EORMOITE O L > TH K
s,

2. WO HW

F9 AL ¥ X7 8 LR U RRM R O%E K
BB THD Musashi T, v
TV OMEEHENMRIEIZ X > TH
53 22D HEGROMELZIT D, IRITHENL S
nNr-HiEimEfHNCT, Al #o0E—Tn
A7 DNA—F 12 A L—Z RNA O 3 H5H A
BT DM AEERERE AT 5, 5128
EVOERGT aAKERNA 1 X NI EIT
KET IR A REET 5,
PLEICE-»T, AL Z 2RI ERNL=T
BAL—AHEFELNIRANTTO—DHED)
Pz AR 5,

3. WrFED I

Musashi #Z /X7 B & FDEFHRNADE
BIRICEE L, FREMEREFIEAE (PRE) & FRA M
54 RDO) W T e v VL v P DkrE
Bz iS5, NICNOEGELND
va— ML U VOEBEHERE S DY S HET,
BAEROEE & B ERBRZ MR35,
LRECHENL ST HiERRE AL X NI E
—FT AT DNA—F 12 A L—Z RNA @ 3 E4E
BRICEH L, 3FESIRICHK T S AEEH
(e S Y S PAS S iy Y S
BEOOBKRE (T aA KR NA 1 XN
B\ KIFE T EE, HiaEiE L THRGEET 5,

4. WFIERkE

TR AL—RAX, T AT DNAIZERA LT
INEMETIETHEORREL 7> TV 5,
AT TITAL Z X E—F 1 AT DNA—T
1 A L— A RNA DA RIS T 2 AAEHER
K&, NMR JEIZ X - THEESRR 72 JU s & fig
i, Al X RO ENTa A L—ADIEED
FKHEZL X L TWAHHAIZE T,

W R R R A K OV 4% MU 1~ A &
Wiea L Z L VORISR OBEICE L
TIE, AL Z "7 LR U RRM B SRR &
IXTE T D Musashi & AW TIHiEROEN
#1To7=, NOE m"ofiEohbsra— Loy
OHEETHFRIC, 2O DOFRENEKT HHET,
Musashi & > /378 L % OFER) RNA DEAIR
DA E 2R ET D FITEEI L=, RNA D
T =vhiikE, BRNIED20ODT 2=
VT T =V ENRERNSY Y A v T35
FTRHET D L0 Ly Filakek =0
R &Nz, SBICRF RTZERIMNIL
TABEL VLT IEENL R DRED
FEROA 2 R AR T 2 OB L. 2D
AT = REBH BN/ 5T,

AlLZ VR IBE—Ta A7 DINA—T o A L—
A RNA OBARICE L, v a— LYot
EWIERE S IDNY T RN —FR— g
NHELNTERIZ, B P L ORISR
WEMK L TREMRBEEITo T2, TR
BALZ X 7EDOD2ODO RRUBI R AL D
N, A7 T 1 A7 DNA &AL, [FFIC S
ASRFFNRTE AL —ZRNA LFEAT HEIRE
EFHICAIRETH D . EBRICZD X 5 A
TERKERE & > TV D ENRELS R I T,
Bt Al Zo X0 BIZT e AT DNART
T 4=V RTDHEITIMZ., ZD 2 DO
ARAALVEANTTEATDINAET B AL
—AOWHF LFRIFICHEA L, MEET Y v
TAHET, THATINADOLZAETTa A
L—2% V7 NV— T 50K bAT HEN
RN,

FERECSNZ T W FIME 2 A3 5 B o B g
BFWRINTHE, R TBEOENGWNETD
T, RROMASERDIE S D EHFEERM
R ST,

DIEXD, BE o (T 21 KEE) I
£ Al ZURTEOBE R ETHHEICK
STTHRALV—ZADOIEHOFEBEEEL, =
DEIZL > TEIFEEZRETEWVWI AN
TU—IAEThHLEEZ LN,

5. FreRERLE
(BFgEfFeE . WFFE s K ONEEAF TR 1
1T TR

Ueskams) (B 1214
(1) Ohyama, T., Nagata, T., Tsuda, K., Kobayashi,
N., Imai, T., Okano, H., Yamazaki, T. and



Katahira, M. (2012) Nucleic Acids Res., 40,
3218-3231. “Structure of Musashil in a
complex with target RNA: The role of
aromatic stacking interactions”,
doi:10.1093/nar/gkr1139, & HiA.

(2) Nagata, T., Sakurai, Y., Hara, Y., Mashima,
T. and Katahira, M. (2012) FEBS J., 279,
1456-1463.  “Intelligent  ribozyme that
switches its activity in response to K* through
quadruplex formation”, doi:
10.1111/j.1742-4658.2012.08538.x, Z#iH.

(3) Takeda, M., Kondo, K., Ymamada, M.,
Sumikawa, M., Koizumi, J., Mashima, T. and
Katahira, M. (2012) Internat. J. Biol.
Macromol., 50, 236-244. “Presence of
alternating glucosaminoglucan in the sheath
of Thiothrix nivea” ,
d0i:10.1016/j.ijpiomac.2011.10.024, % i
A.

(4) Nakano, S., Mashima, T., Matsugami, A.,

Inoue, M., Katahira, M. and Morii, T. (2011)

J. Am. Chem. Soc., 133, 4567-4579.

“Structural aspects for the recognition of ATP

by ribonucleopeptide receptors”, DOI:

10.1021/ja110725d, & FHiA.

Sugiyama, R., Nishitsuji, H., Furukawa, A.,

Katahira, M., Habu, Y., Takeuchi, H., Ryo, A.

and Takaku, H. (2011) J. Biol. Chem. 286,

10051-10057. “Heat shock protein 70 inhibits

HIV-1 Vif-mediated ubiquitination and

degradation of  APOBEC3G”, doi:

10.1074/jbc.M110.166108, & FHif.

(6) Kondo,K., Takeda, M., Ejima, W., Kawasaki,
Y., Umezu, T., Yamada,M., Koizumi, J.,
Mashima, T., and Katahira, M. (2011)
Internat. J. Biol. Macromol., 48, 256-262.
“Study of a novel glycoconjugate,
thiopeptidoglycan, and a novel
polysaccharide  lyase, thiopeptidoglycan
lyase”, doi:10.1016/j.ijbiomac.2010.11.009,
HHA.

(7) Nagata, T., Niyada, E., Fujimoto, N,
Nagasaki, Y., Noto, K., Miyanoiri, Y., Murata,
J., Hiratsuka, K. and Katahira, M. (2010)
Proteins, 78, 3033-3047. “Solution structures
of the trihelix DNA-binding domains of the
wild-type and a phosphomimetic mutant of
Arabidopsis GT-1, implying a mechanism for
an increase in DNA-binding affinity through
phosphorylation”, DOI: 10.1002/prot.22827
HHiA.

(8) Takeda, M., Kondo, K., Yamada, M.,
Koizumi, J., Mashima, T., Matsugami, A. and

G

~

©)

Katahira, M. (2010) Int. J. Biol. Macromol.,
46, 206-211. “Solubilization and structural
determination of a glycoconjugate which is
assembled into the sheath of Leptothrix
cholodnii”,
doi:10.1016/j.ijbiomac.2009.12.006, & #iA.
Furukawa, A., Nagata, T., Matsugami, A.,
Habu, Y., Sugiyama, R., Hayashi, F.,
Yokoyama, S., Takaku, H. and Katahira, M.
(2009) EMBO J., 28, 440-451. “Structure,
interaction, and real-time monitoring of the
enzymatic reaction of wild-type
APOBEC3G”, doi:10.1038/emboj.2008.290,
At

(10) Mashima, T., Matsugami, A., Nishikawa, F.,

Nishikawa, S. and Katahira, M. (2009)
Nucleic Acids Res., 37, 6249-6258. “Unique
quadruplex structure and interaction of an
RNA aptamer against bovine prion protein”,
doi: 10.1093/nar/gkp647, At

(11) Sannohe, Y., Sato, K., Matsugami, A.,

Shinohara, K., Mashimo, T., Katahira, M. and
Sugiyama, H. (2009) Bioorg. Medici. Chem.,
17, 1870-1875. “The orientation of the ends
of G-quadruplex structures investigated using
end-extended oligonucleotides” ,
d0i:10.1016/j.bmc.2009.01.051, ##if.

(12) Nishikawa, F., Murakami, K., Matsugami, A.,

Katahira, M. and Nishikawa, S. (2009)
Oligonucleotides, 19, 179-190. *“Structural
studies of an RNA aptamer containing GGA
repeats under ionic conditions using
microchip electrophoresis, circular dichroism
and 1D-NMR”, do0i:10.1089/0li.2008.0167,
HHih.

(Fa5k) (Gt 26 14)

)]

O]

®)

Furukawa, A., Mashima, T., Sugase, K.,
Fujiwara, H., Nagata, T., Morishita, R., Ryo,
A., Nishikawa, F., Nishikawa, S., Kamatari,
Y., Kuwata, K. and Katahira, M. (2012)
Korea-Japan Bilateral NMR Symposium,
“Sliding-direction-dependent  activity of
anti-HIV enzyme, and structural basis of
anti-prion activity of RNA aptamer”,
2012/3/16, Sapporo.

Nishimura, H., Kozawa, Y., Okamura, H.,
Watanabe, T. and Katahira, M. (2012)
Korea-Japan Bilateral NMR Symposium,
“Towards evaluation of wood cell wall
structures and those biodegradation using
solution NMR”, 2012/3/16, Sapporo.
Mashima, T., Fujiwara, H., Nishikawa, F.,




Saimura, M., Kamatari, Y., Kuwata, K.,
Imamura, M., Yokoyama, T., Nishikawa, S.
and Katahira, M. (2012) Kaorea-Japan
Bilateral NMR Symposium, “Recognition of
prion protein by the RNA aptamer”,
2012/3/16, Sapporo.

(4) Mashima, T., Fujiwara, H., Koshida, T.
Saimura, M., Imamura, M., Yokoyama, T.,
Nishikawa, F., Nishikawa, S. and Katahira
M. (2011) The 16th annual meeting of the
RNA society, “Structural basis of the high
affinity of the RNA aptamer against prion
protein”, 2011/6/14-18, Kyoto.

(5) lwaoka, R., Furukawa, A., Okamura, H. and
Katahira, M. (2011) 3 G-COE International
Symposium -Zero Carbon Energy 2011-,
“Elucidation of functions on APOBEC3DE
and APOBEC3F based on structure-oriented
analysis”, 2011/8/18-19, J/KJH.

(6) Nagata, T., Sakurai, Y., Mashima, T. and
Katahira, M. (2011) The 38" International
Symposium on Nucleic Acids Chemistry,
“r(GGA),; chimeric ribozyme switches its
activity in response to K* via quadruplex
formation”, 2011/11/9-11, Sapporo.

(7) Nishimura, H., Furukawa, A., Okamura, H.,
Kozawa, Y., Morishita, R., Ryo, A., Sugase,
K., Watanabe, T. and Katahira, M. (2011)
The International Symposium on Nuclear
Magnetic Resonance 2011,
“Base-deamination rate dependent on the
direction of sliding of an enzyme along
DNA as revealed by numerical analysis of
NMR data, and wood biomass studied by
solution NMR”, 2011/11/15-18,
Yokohama.

(8) Furukawa, A., Sugase, K., Morishita, R.,
Nagata, T., Ryo, A. Takaori, A. and
Katahira, M. (2011) The International
Symposium  on Nuclear ~ Magnetic
Resonance 2011, “Real-time monitoring of
the cytidine deamination along
single-stranded DNA by an anti-HIV factor,
APOBEC3G”, 2011/11/15-18, Yokohama.

(9) Furukawa, A., Mashima, T., Matsugami, A.,
Nagata. T., Sugiyama, R., Takaku, H.,
Nishikawa, F., Nishikawa, S. and Katahira
M. (2010) International Symposium of
Korean Society of Biochemistry and
Molecular Biology -Structural Biology and
Drug Discovery-, “Real-time monitoring of
the enzymatic reaction of APOBEC3G
possessing anti-HIV activity, and the

(10)

structure of the RNA aptamer against prion
protein”, 2010/5/17-19, Seoul.

Mashima, T., Furukawa, A., Nagata, T.,
Nishikawa, F., Nishikawa, S. and Katahira
M. (2010) XXIV International Conference
on Magnetic Resonance in Biological
Systems, “Real-time monitoring of the
enzymatic  reaction of APOBEC3G
possessing anti-HIV activity, and the
structure and interaction of the RNA
aptamer against prion protein”,
2010/8/22-27, Cairns.

(11) Mashima, T., Matsugami, A., Nishikawa, F.,

Nishikawa, S. and Katahira, M. (2010) The
International Chemical Congress of Pacific
Basin Societies, “Structure and interaction
of an RNA aptamer with potential
therapeutic use”, 2010/12/15-20, Hawaii.

(12) Mashima, T., Matsugami, A., Nishikawa, F.,

(13)

(14)

Nishikawa, S. and Katahira, M. (2010) The
International Chemical Congress of Pacific
Basin  Societies, “Unique quadruplex
structure and interaction of
r(GGAGGAGGAGGA) with protein”
2010/12/15-20, Hawaii.

Furukawa, A., Mashima, T., Nagata, T.,
Nishikawa, F., Nishikawa, S. and Katahira
M. (2010) The 10"™ KIAS Conference on
Protein Structure and Function, “Real-time
monitoring of the enzymatic reaction of
APOBEC3G possessing anti-HIV activity,
and the structure and interaction of the RNA
aptamer against prion protein”,
2010/9/30-10/2, Seoul.

Furukawa, A., Nagata, T., Morishita, R.,
Iwaoka, R. and Katahira, M. (2010)
Korea-Japan Bilateral NMR Symposium,
“The real-time monitoring of the enzymatic
reaction of an anti-HIV  factor
APOBEC3G”,

(15) Furukawa, A., Nagata, T., Morishita, R.,

(16)

Iwaoka, R. and Katahira, M. (2010) XXIV
International Conference on Magnetic
Resonance in Biological Systems, “The
real-time monitoring of the enzymatic
reaction of an anti-HIV  factor
APOBEC3G”, 2010/8/22-27, Cairns.

Iwaoka, R., Furukawa, A. and Katahira, M.
(2010) The 2" International Symposium of
Kyoto University Global COE Program
—Zero Carbon Energy Kyoto 2010-, “The
analysis of the mechanism of an enzyme
reaction toward the development of new




energy systems”, 2010/8/19-20, Kyoto.

(17) Mashima, T., Koshida, T., Saimura, M.,
Nishikawa, F., Nishikawa, S. and Katahira
M. (2010) The 37" International Symposium
on Nucleic Acids Chemistry 2010,“Structure
and interaction of RNA aptamer against
prion protein in complex with the partial
binding peptide”, 2010/11/10-12,
Yokohama.

(18) Nagata, T., Niyada, E., Fujimoto, N.,
Nagasaki, Y., Noto, K., Miyanoiri, Y.,
Murata, J., Hiratsuka, K. and Katahira, M.
(2010) The 37" International Symposium on
Nucleic Acids Chemistry 2010, *“A
mechanism for a increase in DNA-binding
affinity of the trihelix DNA-binding domain
via its phosphrylation” 2010/11/10-12,
Yokohama.

(19) Nakano, S., Mashima, T., Tainaka, K.,
Katahira, M. and Morii, T. (2010) The 37"
International Symposium on Nucleic Acids
Chemistry 2010, “Structural aspects of the
fluorescence intensity changes of the
ATP-binding ribonucleopeptide  sensor”
2010/11/10-12, Yokohama.

(20) Yoshioka, K., Daidai, M., Katahira, M. and
Watanabe, T. (2010) The International
Chemical Congress of Pacific Basin
Societies, “Linkage analysis of lignin for
lignocellulosic biorefinery”, 2010/12/15-20,
Hawaii.

(21) Furukawa, A., Mashima, T., Nagata, T.,
Takaku, H., Matsugami, A., Nishikawa, F.,
Nishikawa, S. and Katahira, M. (2009) The
3rd  Asia-Pacific  NMR  Symposium,
“Real-time monitoring of the enzymatic
reaction of APOPBEC3G possessing
anti-HIV activity, and the structure of the
RNA aptamer against prion”, 2009/11/15-18,
Cheju.

(22) Furukawa, A., Nagata, T., Sugiyama, R.,
Takaku, H. and Katahira, M. (2009) The 3"
Asia-Pacific NMR Symposium, “Structure,
interaction and real-time monitoring of the
enzymatic reaction of APOBEC3G which
possesses anti-HIV activity”, 2009/10/25-28,
Cheju.

(23) Mashima, T., Matsugami, A., Nakano, S,
Inoue, M., Fukuda, M., Morii, T. and Katahira
M. (2009) The 6™ International Symposium
on Nucleic Acids Chemistry, “Structural
analysis of ribonucleopeptide aptamer against
ATP”, 2009/11/4-6, Gifu.

(24) Furukawa, A., Nagata, T., Matsugami, A,
Habu, Y., Sugiyama, R., Hayashi, F.
Kobayashi, N., Yokoyama, S., Takaku, H. and
Katahira, M. (2009) The 6" International
Symposium on Nucleic Acids Chemistry,
“Structure and real-time monitoring of the
enzymatic reaction of APOBEC3G which is
involved in anti-HIV activity”, 2009/11/4-6,
Gifu.

(25) Nakano, S., Fukuda, M., Mashima, T.,
Katahira, M. and Morii, T. (2009) The 6"
International Symposium on Nucleic Acids
Chemistry, “Structural aspects for the function
of ATP-binding ribonucleopeptide receptors”,
2009/11/4-6, Gifu.

(26) Mashima, T., Matsugami, A., Nishikawa, F.,
Nishikawa, S. and Katahira, M. (2009) Joint
Symposium of the 5" annual Meeting of the
Oligonucleotide Therapeutics Society and the
19™  Antisense  Symposium,  ‘Unique
quadruplex structure and interaction of the
RNA aptamer against bovine prion protein”,
2009/11/4-6, Fukuoka.

(HE) Gt2M)
(1) Katahira, M. and Mashima, T. (2012)

Encyclopedia of Biophysics,
“Introduction to Nucleic Acids NMR”,

Springer, in press.

(2 B FIEA, HALZESEMR - CSI AL b
LEa— “Bgb¥o=a—hrv K-
DNA - RNA OF7-72lREEZBAL” (4
) ABZEEAL Vol. 6, pp. 36-40 (2011)

SN A D B B & O R T —
5

(PEZETY PEHE)
OB (B 1)

2% : Nucleic Acid-Enzyme Complex
FEHE - AEIEAN

MERE - ARIREN. RS R AR
T R

g 7910721

BAA4EAH: 2343H10H
EWNs R . E CKE)

(& Dfth)
R BR— U



http://www.iae.kyoto-u.ac.jp/bio/a-13_j.html

6. WFIEHERR

() ArgefREHE

F3E IEA (KATAHIRA MASATO)

TR « TR L X — P T 22T - B
geEds 70211844

(2) WF5E s

AKH 4% (NAGATA TAKASHI)

TR » =R VX —BR T 22HF22AT - B
MoeEFK S : 10415250



