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Over 50% of the eukaryotic proteins are glycosylated.
(Apweiler et al., 1999)

To date, glycoprotein crystal structures giving electron
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only 0.18% of the protein crystal structures deposited in the
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(Kato & Yamaguchi, 2011)
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Liquid jet e
Rear pnCCD
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(e

Interaction

Front pnCCD
point (z=68 mm)

a * Upper font detector

Lower font detector

BEEMBIFEZLTZDE (SCALAZHDID)

ROB5LE (1) 7/ BRERV ASERITE DR — IR
(2) BATFEEEDO—HFRIERT
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JER 25 T T~ A 7 1 R A A ZEMET S (X 3-59 2251 3-61),

P UL A b BT AR TR E TSR TR o 2, BRI DHHC &
WO ar Y ARSI AR O K D I X XY RNV M A MEERERTEMER S D
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BR FEZ BR (BEHERKXE - EFH)
[HREED DD SLWVE NI EOHEEZBED SFET S ]

P RNAY A LT TN B D IVTRRE R ETE X » X7 (2D Tl 7= 4,
REERRATIC S e L2V (1% 3-66)

P 1998 HIZ RNAL & W ) BIRNFE R I N7k, 3 DO TEHE LR RNF -, &
A Y — (Dicer) &9 FEW A RNA 28\ A RNA (U4 2 EE O3 A,
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LT DBZERGMPoTNDN, EOLX DRI TERT DEIRTEICAHTHD
T OREEDOIRAN Z OB TORBEE LR L —X(IZR>TWD (¥ 3-73),

P FHxOFEETIE, A—/L A br—2A (Maelstrom) &9 EAE 1723 piRNA O
RICEE R ZENZR- L TSI xR L7, A— /LA M —LA0EE LW &,
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FmA— )L A N —LH ST EN WNEDIEFRIERICEbA~ A, 7 aFa—T )L
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L7z (X 3-74 725X 3-76),
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Argonauta hians

Argonauta argo
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Haruhiko Siomi
Keio University School of Medicine

Kelo Universty

w S ) KEIO 150
2 g nthe Fusue

RNA interference
RNAi

dsRNA

<€ Dicer
: 5 <<
Three key discoveries SRNA
in RNAi RNAhelicase
<
i Ar
1. RNase |1l enzyme Dicer (2001) "g:;:-:wmm

2. Small RNA-directed nuclease complex
(RISC) (2000)
3. Argonaute2 (AGO2), a core of RISC (2001)

all by the Hannon lab

@ -

TmGpppG A

sequence specific RNA cleavage

3-66

AGO2 the Slicer?

Reconstitute
Ago2 with

ss siRNA, no ATP

no siRNA
ss siRNA
ds siRNA
. sssiRNA

-
W s SIRNA, no 5P
-

3' product

5' product W light chain

Liuetal.

Protein Gel Science 2004

Biochemistry is (often) not enough to convince referees

3-68

rimson ot al

The small-RNA machinery of representative eukaryotes "°*1%2%

Species Ago Piwi Dicer Drosha Pasha Henl
Homo sapiens 4 4 1 1 1 1
Drosophila melanogaster 2 3 2 1 1 1
Caenorhabditis elegans* 5 3 1 1 1 1
Nematostella vectensis 3 3 2 1 1 1
Trichoplax adhaerenst 1 0% 5 1 08 0f
Amphimedon queenslandicat 2 3 4 1 1. 2
Monosiga brevicollis (034 0% [0)4 0 0 0f
Saccharomyces cerevisiae 0% (0 (034 0 0 [0}4
Schizosaccharomyces pombell 1 (1) 4 1 0 0 0%
Arabidopsis thaliana 10 0i 4 0 0 2
Physcomitrella patens 6 0% 5 0 0 1
Chlamydomonas reinhardtii 2 0% 3 0 0 1
Argonaute \
prototype subfamily prototype
PIWT |

3-70

3-67

AGO2 is the Slicer!

Ago2(D597A)
Ago2(DB69A)
Ago2(WT)

Ago2(D597A)
Ago2(D669A)

‘The PIWI domain is similar to ribonuclease H.
with a conserved DDE motif

SiRNA in vitro

W light chain
co-transfection reconstitution

Protein Gel

Song eta
Liu et al.

ubiquitous

germ cells

e i 5%, Drosophila Argonalite1 (AGO1)
4 3 —— PAZ m— PiWi
“ Drosophila Argonaute2 (AGO2)

e “ POQ e PAZ P =

I
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Identification of small RNAs associated with PIWI proteins

g
— ! —_—
L 4 30nt

anti-AGO1

anti-Piwi
* lanti-Aub
© anti-AGO3

MW

- . &
29nt- & 8
28nt-
27nt-
AGO3 piwi aub o piRNAs
b 24nt-
23nt-
22nt- 2 =
ol 3 . miRNAs
20nt - '

Gunawardane et al
Science 2007

Small silencing RNA production

a dsRNA precursors Transcriy ipt €
* T °] 2
fprimg g
WG Synthesis of sRNA
byRaR
Dicer Dicer RdRP
/mm ,,,,, g\
@Nasell dependent)
T = (O Nuclease?
smat-anadies| @D
u = Unwindase? EITITITITIITY
Stcer dependentd
Loading onto
\ / Argonaute

lf:::"g onto J

AGO

mIRNA/SIRNA

Siomi & Siomi, Nature 2009
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|
Mae/strorm - an HMG domain protein

Exaptation - shifts in the function of a trait during evolution?

maelM391/T M3
mae/M391 pf

wildtype

\
8
.
I
z
>
]

maelM391 pf

miR310 & = &

maelM397 1pf

UBSRNA | -h

piRNA production MT and axis formation
and TE silencing Kaoru Sato

3-74

Mae | strom
EH® ©HO

(] )HmG | MAEL ) )

A Mael-specific domain is conserved in a broad range of species including
vertebrates, sea squirts, insects, nematodes, and protists

Zhang et al. 2008

What does the Mael domain look |ike?

3-73

Mael is a component of MTOC
T T
§ 8
z =2
S5 &P
* = ok : Lysate
/Nocte
:‘, Msps
= /TACC
220 o /NAT
160 == —Cnn
\ssp2 Mael
120 == o O
100
90 =
80 .
- Microtubule o
70 - _— . .
+ e -gg%wsps \
60 - TACC Qi
%'.
¥
50 - —Mael
kDa
Kaoru Sato
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How is Mael, a component of
involved in piRNA

MTOC,
biogenesis?
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HEA R (RAEKZ - KEREFRARH)

[T IHINAFOD—EBEEMZDOFHTIERREIL]

>

>

ORI E AT, I WAL F o o— L iEEEYTE L OMTERER 1T e
IV T ENEIRRD (X 3-78),

BUSESAE T, RO FENA Ao s 2 iRIcREFEESND X oI EERR S, &
K= FIA LTI ERG) O 20%3ICTH720I10, BhEffoTnd, Ky
ARG TE, MIRNICEET S L WIFIERH L0, 1 DORESHRF->TND
TAT TV —=DHAN—=T 4 —2100 TRREIZR LD EHERT D, —FHT, #it
RITHPENIZIZIA S 22V, NA = a—FT—T a2 Aivd & 100 (5% TRz
THEEEMEE RS (K 3-79),

LWL E LT, 5FETORS T (O TFEE00REET) K KkE, XY
MO FIZ NS FRRE D48 (600 725 3000) DiLAWZEZ L. Pk L Rk
ZUNTEEOHABEERPREE A0 RMNE S T 0MESHNMZ TE (K
3-80),
ZOREIALAEMOFIE LT, SEMHEAIE L THERA SR TWS A 7 r 2R v A
BRENH D, FAZ AR AIZHENERET L RKRMTH LN, BRI F
FHEEZ D, RROZ U RTHRORTF FEIIMHENRREL R, K&
1200 225, ZDOXHIRIEX LRI EORTF REHBIZARLTIA 7T Y —
ELTHEHAT R, HLWEMB AT 72 (X 3-81, X 3-82),

RTF RERBANO 2 7 D 1 5B 7 L oA A (Flexizyme) Th D, Ziulk
ANLTENAERL L 72 U R A AT, tRNA 27 2 7 b9 HHERE 2 Fio, tRNA 12
FX¥—YENDT I EBOMEBEIZM b2 (X 3-83),

RO T 2 ) ek F ¥ — LI tRNA Z VT, EHRZ CTHRSE S LEE
DRFF REERITX S, BUIIC. N—ZuvuaT7tFL—p— ) 7720
AI, VATAURRRIIRD XTI T HE, BBEOVAT A OMEN N
— 7T EFNNERIELT, XTF BRI L, FAZ—T VX DIEFITLER
BRIRRTF RNRTE D, 8005 147 2V BRICKDERIRATF REERT I, 20
HAN—=T 4 —F 1000 BEL L& 720 FilEEE A5 (X3-84 225X 3-87), ~7
FREMRNA A D v TV T FTHZ LT AY Y —=2 TR T 584 (RaPID
display) HBI¥ L. 7otk xoH#EbEbLED TS (X 3-88),

E6AP WS 22X F U T —8iX, & hE R —< T A LR L DD AALICEE T
%, E6AP FHEAIDOA 7 ) —=2 7 TlL, #AEELED 0.5 nM O 5RO ELETEMEZ £
BORARTF FOBREFICEII L2 (3-89 75X 3-91), TDOMICEH, ZHDZ—4
MZFEET DIEMERTF FOBMRCHRI LT Y, B+ CIERER#ETH-7-H 0
They hEEHETWD (K392), A7V —= 73 KIE2HEBITHKRDD, Z D%
X, ZTHETITo CTE bk a Ze & V87 EREERAERFE RO —FIT, ZivE T 20 FfE
MABR DR B AR ER L LTI L TE 722, O A ERIZE LoD RIE
90% Ztx T\ 5,

BIERENRNEETH 72 MATE & W9 X X7 IR LT, fEEXTF REfERIL
(MEBHAE NS 1 7 H TERSET) . Fh e MR 2T 2 &, ISRk
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ETET, Fx OXTTF RiE, HEEMFHIT ORI OHEWNTH D, AT F REF
ERWEZAIFEEITO R F v —bub B, 22Tk, W5t BN 3D
WEHLREIFZE L CWA, T T 2 v 7 & LT MofseE~n a2 ) BEa—y g
% LTz, GPCR 7¢ EREGEMRAT AN EE 2 2 — 57 > MIxtT /6 ~7F R &t
L, ZNZ AW THEELZLZEL S, oS MATICR N T D, MENRE - T

WIRNT A VA Z 8T EOREITIC BER D5 LB A TS (K 3-92, X 3-93),

JST-CRDS Workshop: #iE £ 65 F15 9/20/2011

TEANINMAQAI—LEEEEY
FOHTNER LT

Hiroaki Suga, Ph.D., Professor
Department of Chemistry, Graduate School of Science
The University of Tokyo

B {488, Ph.D.
RRAFAFREFRARH - (LFER
EVMBERIEFRZE HR

Contact: hsuga@chem.s.u-tokyo.ac.jp

Drug R&D : small molecules vs. biologics

Small molecules Biologics (antibodies)

i - NN N
Ao SrigllER Larger

Oral available Recognition of shallow interacting

Membrane permeable face of proteins = PPl

High affinity & specificity

Available diversity

3-78

3-79

Drug R&D = small molecules vs. biologics

Small molecules

» Snigller I.';iger

In-bétiveen

(but small side)

Oral available Recognition of shallow interacting

Membrane permeable face of proteins = PPI

High affinity & specificity

Biologics (antibodies)

Non-standard peptides as natural products

(yclosporinA/f/ Chlorofi

N - )/
AR ICA0

Non-standard peptides
(containing non-proteinogenic amino acids)

N-methylated backbone Unusual sidechain Macrocycles

via non-reducible bonds

* Rigid structure * High affinity to targets
* Peptidase-resistance ~ * Membrane-permeability

3-80

3-81
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Toward synthesis of non-standard peptide libraries

Cyclosporin A ] ADEP1 Chlorofusin

s Engineering the NRPS system(s)

Developing a new system
Genetic code reprogramming + RaPID system

Flexizymes; eFx (structure) and dFx

Flexizyme W
(45 or 46 nt)

Nature Methods 2006, Murakami & Suga et al., Nature Protocols 2011, Goto, Katoh, Suga
Collaboration with Adrian R. Ferré-D'Amaré (FHCRC) Nature 2008

3-82

3-83

S

Elongation table
Initiation table

Goto et al. ACS Chem Biol & RNA 2008

Initiation table

Elongation table

Lys | Arg

val :" Gly | 5
u

Yamagishi et al. unpublished data
Patent filed 2010

OPOC| OPOC | OPOC| OPO

3-84

3-85

Genetic code reprogramming (N-Me + NNU) Non-reducible cyclic non-standard peptides

Elongation table
Initiation table NNU library (11 aa + 5 naa)

u
(9}
A
G
U
C
A
G
u
C
A
G
U
C
A
G

Yamagishi et al. unpublished data
Patent filed 2010

DNA RNA Expressed Cyclic peptide
template  template linear peptide via thioether

n=
8~14

10" 1013 ~10" Goto et 41, ACS Chem Biol & RNA 2008

3-86

3-87
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Rapid screening using RaPID display

cyclic
non-standard
peptide-RNA
fusion!

>10"2 peptides
in one tube

E6AP (HECT) in HPV: A non-druggable target

» & - J
LA u(f

No apoptosis \

PM. Howley et al.
PD display, patent filed in 2009
3-88 3-89
Anti-E6AP peptides: SPR analysis An anti-E6AP peptide inhibits polyUb of targets
- Prxi p53
Peptide Sequence K, (nM)
CMy-1 Myt CMy1 LMyt
———————33 0.53 3 45 6 7 8 9 101 . 123 5 6
MC, -1 Ac-oweov @GR @) @) @ PCa-NH, K,, = 4.0 x 106 M-15°1 P"""""(“M’ 2 0 0 0 0IDaalemdmEl 1 10 Peplide (uM) O O 1001s.0.1.001 10
Ko = 2.1 x 10757 erEr T L T L LTl = M
MLy SRES gl, — e 180  (300-fold less active) it e A A MEF-E6AP — + + + + + +
pios T e B L O I SR Ubiguin |+ + + 4 + 4 %
S kDa LA A ] Lo kDa c
CPyy- —o0 - Joo (inactive) 200— 8 200— - Ll ] g
(no N4 ® 140- E o 8
i i
MC,, 124 -
50—|
MCy, 131 e

lamagishi et al. unpublished data
Patent filed 2010

In collaboration with Prof. Shoji in Kobe Univ.

3-90

3-91

Progress and up-coming results The Suga laboratory & PeptiDream Inc., Tokyo

*E6AP: Inhibition of polyubiqutination on p53
*VEGFR2: Disruption of the VEGF-VEGFR2 interaction

*EpCAM: Tumor imaging (visualizing confluent tumors)
«Sirt2: Sirt2-specific inhibitors

*Akt2: Akt-specific and/or Akt2-specific inhibitors
+JMID2a: IMID2a-specific inhibitors

*MATE (collaborations with Prof. Nureki to help solving the structure)

% Viruses "
Lifestyle
Drug Discovery ~i\ A |

------------------- Drug development

L]

Proteins that are difficult to solve the structure

* Human membrane proteins (GPCR etc.)
¢ Virus membrane proteins (HCV, HBV etc.)

3-92

3-93
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[&2NTEDBERE ST SN E]

>

>

>

H Ry B OREERE IR T DS E O E LT, TN LIEEAYFICR L THE
Y5k (%] 3-94)

KR ENEDER OEEE RT-3 720121k, EbAE LIS iIkEEE2 LD Z &M
BN, MENIEE TSRS R E RN H D, X T EDT +— T 4 v
TV, T DERDBEBT 1D OREOEHEIZR D, WIS D EERVE M
N ZAFET D2 FRIE, FEREEOICHS 5 /MalR CERkigiE 2k 5, mikiE
ENIER 2 2 X7 T B ~E X, BE 2 o X7 BT EORH LT
DRSS, ZHUC L > TUMNKIZBIT A2 7 EOMEEEN SN THWSD (X
3-95),

HHERFE OX R ENEE LTS AE S, MRS T oA ZH A TBY, Zh
T 74—V R Tuags A LAKRL A (UPR) EFEATWD, ERIEESN R
WA N ENRERT DL, FTERNSIEE D, KIZ, Yy Xa v OFRBN EH L,
T —NT 4 T EIEFICES Xy U T =B ERT 5, EoiidEER T X v
NIEOG EREFERORBEN LHT 5, BlarREHAE 2 P.OL Lo, Mafk
16U R Y — L7 5 NSO RBEREE IOV T, RIFMH Sz (1% 3-96,
X 3-97),

UPR L H—®D 1 >PERK # K4 L7z~ v R, HERHIZ/SH, & FTH PERK
DR NEEMEORERIF 2 RIESED Z ERMENTWD, FERD gL, 1%
VY EEVIRE D E—HT7 L—F% 20 THIRZ (LD T, @R ERERN L 725D
ERioTCHETALEWI T L—F T =T TA VAU VAEEES TWDEDENR, 7
V—%NEND X T H—NFETH LI, WERFEXY RNV ENEHELTT AR
F—2AZEZILTLES EEDRTND (X 3-98),

IREL1 E WIHOEERNBBRESNTWD B —D /) v 7 70 b~ A%, FFEN S E
TPITHRMEBIEIC 72D, IIZT VT 2 U abhd & L THEA e % o X7 B &Gk
LTCWAHEHToh 5, UPRDMED 2 & TEFICF 3T BT D R SER L
FERITIR AR O CES N D1X T OIRMERS TE FRIMIZ 72 - TSR, AT
UPR VAT AZEFICLEESAIT, AFNTL 20, AR R, 0L XICE
MEEBIT 5 & RIBEDO I NI THPESHAIZR > TW5D, FEIROTELEEE O WE
FENTERT, WEEZ W TET, IV NHETE e TRERFTREA
T35 (4 3-99),

Fa MBI LI ATF6 o | BOX TV v 7T U7 b~ A, 8.5 HOERETREIZIH
PEEIEIZ 72> CND, JIEDAZ HTATF6 o /| BDOETND ) v 7T b&VED
L. BFRENPBEELRLS T, KENILED, BREVIDIEFIREIICTEIHRETHY
BRa oo 7 FNELFa— 2L TEY Miat~ ) v 7 2550 TWAHDT,
UPR BRI D E/NEIC AR D30y THIBA TS, HIR S EICE S, UPR A
BEER REBROBRR LD Z RS TWD, FNAMEIEL UPR 23 LT
W AT TS (1% 3-100)

B —NEDL T L TH R EOERBEERT 27853 L TV DT, FTEARM
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HTH D, BEREO IRE1 OfiEZ L &, XA ~—|l7xoTl- & X2 MHC-1 T#iE &
NTWLERXTF RS T4 TRy hOXIRBbONRR 25 WH LT, ZZ
WCHHE X R BEETHZ ETIREL 04 Y S~— (k&R LT, ¥ 7T Aniih
LHOTIHERBEINTWS (X 3-101), — 45T, B FdIREl TiE¥ A ~—{bLTH
CAHARTy MIFEEIZH, ZTOX 7L AT F RITHEATERVWOT, BR
b FTIEHEREANE D EEFEDN TS (X 3-102), 78 BIeim KO JeE D 7L —
TORERTH, MICE-oTIRE1 DL ARV ANELRS (K 3-102), UPR O /E
M, ZEAEFONTORETHS (X 3-103),

P HEEAEWEIL. B OMEEICITE THLEELY, BE L LD AAMEGEEY SIS
b, X237 3000 70y MTHBIMULTEN, 1FEAEMBEE -T2,
INEIRDRE S 2 X7 1345 THIF E A ERIEREIN TV e, B L LT, #HiEs
iR T2OD ) TNT DT —HRXR—=ANRNEK L, T KLU v 72—tz 2 E
(T 2572DINV—T3D L ZAZRNBREERHINCEZ NI DE NI LI &%,
T=Z_X=Z{L LT L, RV EMFRITHEMARD ) UNTE2FF-> T, 20/
UNYEFER L TRADRE, IHITIE, LA E LA S W IRH] 25 2 TER LY,
BB R O 1L, BEEY T O & OB RN DIV, FNENOFEIC T
LT, &by e LRI &2 Bl IZE & 5 RIS 272
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MR IG &

Secretory and Transmembrane Proteins
Are Folded and Assembled

in the Endoplasmic Reticulum

o
©q
00 -

b

final destination

molecular chaperone

§120-0 &

ER-associated

degradati
(ERAD)
RBREXFRBEFHRR mRNA
Emmg%#iﬁ/ Amaﬁg Quality Control System Operates in the ER
& e
3-94 3_95

Unfolded Protein Response (UPR)

ERAD

Attenuation H * 1
L)

Protein Folding & unfoided
e O e

ER stress

environmental stress \\

Y Quality Control

Productive

genetic mutation folding

Induction

ER chaperone
ERAD component

Molecular Mechanism of the Mammalian UPR

{ ER Stress

l ER Stress l
PERK ATF6 I IRE1
unfoided urfolded unfolded

proteins proteins proteins
O_bw pATFS(P)._b. Oﬂm
ER lumen

CReP O
- XBP1 mANA spliced
PATF6(N) O
Y

T XBPT mANA

—eroc— R —

translational attenuation

PXBP1(S)
transiational induction of ATF4

— maRe—]{_ ATF4-target | — —crse—{ ERchaperone | — — upre—| XBPidarget |—

. Physiological function of the UPR
3-96 3-97

Involvement of the UPR in Diabetes

Perk-/- mice develop diabetes (by Ron)

PERK a1
unfolded
J proteins ;
L3
protein kinase 5
domain E
© 3
elF2-q elF2-0(®

v

8o

translation no translation

Insulin mANA W

PERK as a causal gene of the Wolcott-
Rallison syndrome characterized

by early infancy type 1 diabetes

Knockout of IRE1/XBP1 Causes Embryonic Lethality

By Glimcher and her coworkers
E145 E145 Ens
>

i

3-98

3-99
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MNEFEARLRERR

MNEFERRAN R BERESVNVEDNMRERER) IS
BYISHLTEGLE

o Bffifa RAZES T SR ERBICHETERL !
o [EfER AT FEORIE !
o MRS HREMERE —FOVUR
P EMEERIRELE
o HILE PR 2%
o 1DV IDAE . IDRRE
e ¥/OT77—y BAREEIL

I, B/ NMNERRNRGEEBRLTEREERETS

Mechanism of Sensing ER Stress by Yeast Ire1p

Walter and his coworkers (PNAS, 2005)

aa20-110

BN ]aa 114459

BBA50-526 ER Lumen

— /Q @ Cytosol
2

RNase

Ire1

unfolded
proteins

K K)(K

active kinase and RNase

inactive kinase and RNase

X 3-100

X 3-101

Mechanism of Sensing ER Stress by Mammalian IRE1a

Kaufman and his coworkers (PNAS, 2006)

Kohno and his coworkers

anti-aggregation activity

g ursoroann S. cerevisiae Iretp O
@ C. elegans Ire1 X

e ) Pek (@)
R - h - h‘ D. melanogaster Ire1 A
Pek X

C > T » H. sapiens IRE1a X

s ¢ Wl ¥ o IRE1B A

PERK X

Three UPR Sensor/Transducers in Mammals

PERK l IRE1 l
unfc unfolded
proteins
—>
lumen
—

0= =
0 0 R &

Next Goal

Comprehensive Understanding of the Unfolded Protein Response

to Physiological ER stress (pathway-specific) (tissue-specific)

X 3-102

X 3-103
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IR L LT NG OREERICITE® T N FOHME L OBENVLETH D, ETEES AT
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NA Fu v —E &AW EAEEEY T L O, A EEDDH T ENEE,

P EBEHA ATV TITBWTCL, EBOMFRED A A — P &R AAHEEIHEODIT 72012 F
BRI VLB TEV, BN TIEEFHE, BAOMEOY I 2L— 3 4y
B ORI 1T, Ry T~ DR AT,

P XFELIZBWTIL, Vo 7AnN v iyay hTHRESNSDT, va v MEDOE
HaRDDHZENEEL, FERNEDL I IZANT WD NERD ST /LT X LBHH
DHETHDH, TINbILIT, @OMREE. T oMieziBRT 252 L2500 T,
Vialb—a VOEAPMERRRIZRD, ~N—ROEHE ., V7 N O % itifn
THEDLVERD D,

P EBRRETTIRTRDDLZEITEETHA D, GPCR DV 7 A A OFEEMATI TX
DIl 100557 7 AADOHITIFHEENRET 2N DEHHTEA I,
BENRIN2 NS DT, 2BRoET—2hbvaIb—rarTiddny, 14+
7 RAZLTYH, JRPORETTRTEIBE Y Z LD TX HERTIKITKEICAEE N
WEAS, BAF IV AT, I alb—3i g U TRAESE T, EBRT—F TED
FhEZHIR - fIET 2 &0 ) FIERBENTHA D, EREFHERIIAAGDED Z
EMMETHD, T2, =7 —R_—%fHF DT OFHERFETIEAR L, FEEBIIRT
EEWTC, TANE IV RIZEINTWDENE D700 I 2 b— g UET
H5,

P HEEAEDLZ L, Iz —Ta VEHEWIERIOS TG EITTo TV D, HEIOZE
N b 21T 9 BeBE T, EHIO X —7 Nl b 2 X7 EOMEENHIVUL., ik
DRENRNIEFICEHL 12D, AT I Fv— R=2A K« KT v 7 « THA L FAH3
ICHEOEINTH D, BERBBROERTHIIE, VI 2 — a3 kD0 FikEtn
BERET D L oI~ C& 2, Tl ¥ —RERD L, HERRVDTHFR
AL, IBIHIZEAERNWTEAY, RA LV Rl a—T—arOERG, 1
HEWI)EHRTIIARERTH D, M CROFRIRIEEMT ORE RN TT, TNy
Ralb—varoFiZEos T UT I, BoMEMEHITrE I ab—3a UiFm
i CEIK LERH D,

RODPLBIBERBERETEZDH?

P AGEFOIREORMD 12l 1 OONT XU X ERBD TEED X I E
EAUHET I aryTEDLENWIZLTHD, ZOFEEXNEHY LTHLHEMETE 20,
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DYRK1A in Down Syndrome and Alzheimer Disease
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DYRK1A has been shown to phosphorylate a multitude of targets, which have been implicated in
a number of biological processes and Down Syndrome-associated phenotypes, including
endocytosis and Alzheimer Disease.

Hum, Mol. Genet, (2009) 18, R75-R83.

CoSMoS (Co-localization Single Molecular Spectroscopy)
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Ordered and dynamic assembly of single spliceosomes.
Science. 2011 Mar 11;331(6022):1289-95.
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