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Figure 1. 3,6-Bis-PEGit+ x# 1) > (1)
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Fuc a 1=6GIcNAcHE & 125 U HF 22 89 120 84
PR 5 2 s S [21], £ 2T,
K4 BEndo-F3OZE R H # H 72k

LB FNTAY X T-A2(a26)F0 i3 %
AT ZEMMER L L TEndo-F3(D165Q)
R UM SHER RS PO 2 4T 72 W, BESHER RS
FE W) OO BE SHA % A MassiZ K D RMT L7 & &
5, CORMTHE SN HEHHEED D Ha
77 A=A ELLDON9% U LETHL L
MWHERI N, TOHEA4 M ru~x 7
T 74 =X ) RO FEEZREL, a7 7
I—AEHFIIBLLED 7V ) a3 v v Hl
ReELThTAY X< T7-A2(a26)F% 8
THEIENTE, ZOMRENS, THTO
Hit5 il ) Endo-F3D R 121, Fuca
1—>6GIcNACHE & (ZFF R A I HESE D8 8§ %
LEE RS D D 2 LD RER S I, B —hEH
Mz FEoPfA oMo T E L CTld2-2-3
TEJiti L 72Endo-M % 72 1ZEndo-CCIZ X A/
KRS 2 EETI2HEO 2O, BIEx]
THEMILTED 2 Ebro T,

2-3-2 &4 b 5 AV X< 7 DADCCIHEE:
CZTIENTIAY A T-A2a26)FD 0
T A-RAEGHEEORL LT TV LT
ADCCIEMZME L7z ThbH, 1 34
HRMREA N T AV X< T2k LA2(a 2,6)D
WM IS N T A A< T-A2(a
2,6)-F0%. & H @ 17K 53 f# S IE 12 Endo-CC
ZHOWTHELZZ N T AV A< T7-A2(a 2,6)-
F95%. & H O H7K 53 FUS 12 Endo-M % H v
THRE L2 T A X< 7-A2(a 2,6)-F97%.
B & OHESH SRR NS I Endo-F3% H v T3
L7zt 9 A7 A< 7-A2(a26)-F99%% ] &

ik ECso [ng/ml]
AV TT-A2(a2,6)-F0% 0.49
FZRY AT T-A2(a2,6)-FI5% 9.24
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FSRy X< 7-A2(a2,6)-F99% 27.86

F2BZEBIMT XYY T-A2(a2,6)DADCC
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L7z WEHIEE DAY —H N T AV AR T
HHNS T 7Ty — T D5 TR
Endo-SO %2 §5 .4 O K %8 43 %# Endo-D T
fise L CHB L 72 Endo-S% fifi i L 72 B $4
A% DUIG T AE SRR 1 MR R O R W AR F A%
FrBIRL72o a7 7a-A%KFT 5PkL
A EWHIAOREWIIH L TE, 277
O— A% S % WHESH & DK S B SR
FE % FFOEndo-CC % 72 1ZEndo-M % I L
ZTOBROEAF I rux NI T4 — %
R miE#EeE LT, 7V 7)) 3y vl
DT T A—AEET LHIY—FEHEE T RO
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PUARBES) BV 7121 ) 72EndoS2 D184MZ AR D f#HT
Analysis of EndoS2 D184M mutant

for the use of glycoengineering of antibodies
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TEHEDO27EFEH O T A/35 F VR IIN-H
GRS DFE ST L 7> T B PURICHE
G LTWAHHEH (PuAiEsH) ofEix, sk
AT 1 M A5 B & PR R VL RIEVEH 72 & O
RIS EL RIZTHETH DL 0D
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N/
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WBEOIKIZ

MEEELN T —
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Eo2ENHB 1
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PEEAE TN TV D T ENL W, JUEOEE
LI TIEZ <, A OREEZE L 720857
FELTWwRZEDMESINTWS [6], Z
DT EE, Pk TEHEL] EE-oTH, iz
L FEE IS S PR AR M A a5 B 1 &
T X DML b PR, HIZ, R
BV, HDHWIIHRD TERWIEE L 22584 L
R WHESE G A LCHUEDSRIEL TWwaB T
AR LTED, EFEmeE L TomERLER
DHEMPHTHE HELLAWRREE 2
bib, i, TOMRELE LT, LI
fia LT a2 A —fEofi %2 £ 9 Endo-
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KL, DETPUE B2 - 72GleNAckR 212,
LA AR L o TR L 72— & O ke
PEAESE 2. MR EE 2 9 HENGase D&

@ Sia
0O :Gal
{LFEHFICEST B :GlcNAc
AR —LHEEE @ Man
HLOHEHD ’
TFRHJY A
2223pe-oe
—_—
MERIEMEL D
ENGaseZ £k P EN Y —THAIME
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BAK (V4308 —¥) THATHEES
B, PR TEEWS] L LTOMEB L OWE
zMESEL) VIR LR INDE LI
o TE7 (K1),

2. EndoS &£ EndoS2
COPEKEHO) ETY) Y TIZHW A
ENGasel LCTHEHENL L)X T2
R O—224Lhg L » ¥ Bk W Streptococcus
pyogenes Serotype M1H ¥ ®EndoS7?t &
%o ARWEF1X20014F |2 Mattias Collint# 412
FoTHwOTruU—=V7EN75DT, it
RBESH 209 B MBI E AT IEH 12w & v )
EERFRELZAET S (6] F 72201341214,
S. pyogenes Serotype M49H ¥ ®EndoS27%.
[7 U < Mattias Collinf#i = 5 ® 7 v — 712
foTru—=rr7sn/ [7]. EndoS2i%
EndoS & FIFR ICHUARRESH 2 YT 2 & v 2
BHFEREEZAE LT ds, WEOLE AN
FETRZ > Tz, $72b5, EndoSiEn
A~y /) =AMBLUNA 7)) v RRIOHIK
PEEH I3 B UIWTIE I E 720 <. B H2AREAH
G OYAESH 2 U3 % 25, EndoS212 1%
INHTRTOY A TOPRIESHE Z YT 3 %
WD H B v (8] F 72EndoS2iX Ptk
HEEE LI IZ 4 a 1-acid glycoproteinlZ & F 11
%2R GAHE A BINESH 2 YI T © & % 2%, EndoS

X ZOHESE 2 UM C & 22wy [7]0 PuiRBESH %
FRRIICEIM 5 2D X ) LBEEED REHE
TLONENH) T EIZE LT, S pyogenes
EPUR % RE R A9 I8 9 4 SpeB. IdeS & v o
o7 T 7 =Y HEET LI EPMEINT
B [9]. b0 70T —¥RLEndoSEREE
FeAHL T, BRGREICE Ok = fEe S
FHRVEIIIL TR EEZ NS,

&5 A5 &, EndoSIZ£ 9957 2/
M, EndoS213 &£ &8437 X Vb ), £
NZENT I BRECH] L~V T37%D H [ 14 %
R o EndoSIZ D\ TV ARKE & AT A3 72 &
NTHBY., e P24 UfEE L > T
HZEPHEEINTWS [10]. 722 B. EndoS
& L CEndoS200 7 3/ BRELH A3 4 T FE\ A3,
Z L I1ZEndoS2? Catalytic domain® N ¥ ]
Leucine-rich repeat® # 9t B L ICK
®Three-helix bundlefdig D KH 5323k % LT
Wh7eHThbH (M2,

& 2% CENGaseld fEE B R D 7 — ¥
N — A Td 5CAZy(Carbohydrate-Active
enZYmes)?D 5 $H 12 X 5 &, GH(Glycoside
Hydrolase)18 & GH85D2D @ 77 v — T 1243 1 F
5N %, EndoS& EndoS213GH187 )L — 72
BT AR TH S, GHIZY )V — 7 DENGase
& L TiE. (3212EndoH. EndoFl. EndoF2.
EndoF37% EDEEFHM LN TWAH A, T

Signal Catalytic domain Leucine-rich Hybrid Ig Carbohydrate  Three-helix

peptide repeat domain -binding bundle
EndoS module

*

[I ‘ ‘ L | ‘ Total

36 408 187 133 159 72 995 aa
EndoS2 P

T | | -

36 348 163 130 150 11 843 aa

*: DxxDxDxE motif

EndoS:
EndoS2:

228 DGLDVDVE 235
179 DGLDIDIE 186

M2 EndoS# & UENdoS27M K X 1 L &i&
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5 DO OIEHEBAL 121X DxxDXDXE & W )
F—TIPREENTVE, TDHH, Ty
I VERREIE ) a Y 7 — B OhKG RS
IZ B} Ageneral acid/base’% % & L CTHERE
LTBY, TO2ZREMMDT 287 F 0 R
Eix, ISH AL FH ) =7 A4 F
CORMREIZEG LT EEZLNT
w5 [11]e THizx L, GH8Z v — 7 d
ENGase & L Ci&. Endo-M. Endo-CC& 5
TCBEEDPHMOENTEYN ., TNHOBEREOEHE
HALIZIINKE &) VIR ST b,
ENGase® H1 12 1&. HESHEIWTEE D 1T 012,
ZOM I DOHETLBTEE = I T 2R F
T 505 D &) LBEROGHELBA ISR
ZEALT, WESHOMEEL2HHE T2 2 &b
\HERR A TG T & 5L L 72 AR S, BE S oo
JEREREO) ETY) Y SIIBI AT T4 Y
vy —EELTEHSINL TS [12, 13],

3. EndoS2 D184MZE £k £ EndoS D233Q%
EARDEREMEDIEE

EndoSIiZ o W T 1320124 (ZLai-Xi Wang
Hts o7 Nv— 712 &> T, DxxDxDxE
TEF—THNIEHDLT ANT X BRI LE
WL <794 a4 —+¥1f L 72D233A
2 BAR, D2BQERK P MESINTEDY

[11]. ¥ W 78 it ®HGP (Homogeneous
GlycoProtein) 7 u ¥ = 27 FTdH, 2T O
EndoSZ %4k (D233Q) #AIM L T, Lkt
OV ET) 7 REMLTE L [14]. £
7220164F12, A U < Lai-Xi Wangl#E+ 5o 7
V— 712X 5T, EndoS?OD233I12HH %4 7 %
EndoS20D184% D 7 3 / FRIZEHR L T
FA4 Ay =B LZEREKPRESNT
W5 [15]s 21 5EndoS2 D184% # AR o
TIX. DIAMZE BAK P ENT= T T4 a2~
y—Xr LTSN TBY ., BHWZEHT O
HGP7ay =2 MIBWT ., ALERAKDHE
WEEBEF L TAHADL I EIZL T,

EndoS20i# (= T1Z. American Type Culture

Collection (ATCC) & V' S. pyogenes NZ131#k
(Serotype M49) ®genomic DNA% AT L.
FNaHER L LCPCREMIE L2, 2z d &
(2. ERALAHE R 28 FGE A & v TEndoS2
DI4MZE #Z k% 2 — F 3 52DNA% i # L
720 ZODNAWF % pGEX-6P-138H X7 & —
(GE~V A7) 123 A L, EndoS2 D184M
BRKZTINIFF VS T VAT 2T—F
(GST) koo vy EE L TREHIC
RS, TOGSTRESY Vv E%, 7
VEFFv-t77a—A (GENVAFTT)
THWTT 74 =7 4 —AE8 L 72, EndoS2
D184AMZE Sk ONKR Il & M 72GST %
PreScission Protease (GE~NV A7 7) % H
W CHZ: L C. EndoS2 DI8AMZ AR % 1572,
% 72, EndoS D233Q% #/K2°EndoF3 D165A
ZERAK [12] LGSTRG Y /7 HE L TKR
WA S, FRRICEREL L 720
B, WEHmBEKED N F—EETHD T
VIR G A 2R ETIRESH O & F ) MK
(A2-oxa. M3A), BLU7 7+ 7% —FE
TdH 5(*= al1,6-Fuc)-GleNAchHifk o /3813 B
WIZHE- 72 [14, 16]s

EndoS2 DI8AMZ Ffk & FH\ 729k 7 7 &
Ty =~ L. Bk [15] 22%
\ZLT.PBS pH 74 TPk T7 7 7% —
100 ug (69 u M), X)) MR bHESHAEE
1.38 mM., BLUOBEEBRROEGETI0uLD X
ISR FEARLE LT, #E, R WEHTH
LT, 30CHOEMLETIT> 72,

F9 . REBRIZ BT B MR SO 3
HIEFREIZOWTHE L7z, A2-oxa% N —
. CHOMAZ I CTHA#E S N7z PR IR 38 i
DT AV XTI L TENGase P % fii
L CH# L 72(% a 1,6-Fuc)-GleNAcHifk % 7
7Ty —HEE L ERRI0u Lo Kn RIS
BWT, EndoS2 DISAMZE AKX DRI &= %= 1
WS TR E L 720 2 ORILE
WxSDS-KRY 727 ) N7 I FrIVESIKE

(SDS-PAGE) (Zfit L 724 5 % [M3BIZ. £
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Manipulation of Bio-Molecules in Single-Molecule Manner

by Utilizing DNA Origami Nanostructures
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Recent advances in molecular-based photon upconversion materials
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Abstract of Publications

Carbohydrate-binding domain of the POMGnT1 stem region modulates

O-mannosylation sites of a-dystroglycan

Naoyuki Kuwabara, Hiroshi Manya, Takeyuki Yamada, Hiroaki Tateno, Motoi Kanagawa,
Kazuhiro Kobayashi, Keiko Akasaka-Manya, Yuriko Hirose, Mamoru Mizuno, Mitsunori
Tkeguchi, Tatsushi Toda, Jun Hirabayashi, Toshiya Senda, Tamao Endo, and Ryuichi Kato
Proc Natl Acad Sci U S A. 2016 Aug 16; 113(33): 9280-9285.

Published online 2016 Aug 4. doi: 10.1073/pnas.1525545113

The dystrophin glycoprotein complex is essential for a variety of biological events, in-
cluding maintenance of muscle integrity. An O-mannosyl glycan [GalNAc f 1-3GlcNAc
1-4(phosphate-6)-Man] of a -dystroglycan (a-DG). Reduced glycosylation of a-DG is linked
to some types of inherited muscular dystrophy; consistent with this relationship, many
disease-related mutations have been detected in genes involved in O-mannosyl glycan
synthesis. Defects in POMGnT]1 are causally related to muscle-eye-brain disease. Crystal
structures of POMGnT]1 agreed with our previous results showing that the catalytic do-
main recognizes substrate O-mannosyl proteins via hydrophobic interactions with little
sequence specificity. Furthermore, it was found that the stem domain recognizes the f
-linked GlcNAc of O-mannosyl glycan. This interaction may recruit POMGnT]1 to a specific
site of a-DG to promote GlcNAc f 1-2-Man clustering and also may recruit other enzymes
that interact with POMGnT]I, e.g., fukutin, which is required for further modification of the
GalNAc S 1-3GlcNAc S 1-4-(phosphate-6)-Man glycan. On the basis of these findings, we pro-
pose a mechanism for the deficiency in postphosphoryl modification of the glycan observed
in POMGnT1-KO mice and MEB patients.

A e e s s s s s s P o P o P o o S P P

The Muscular Dystrophy Gene TMEMb) Encodes a Ribitol f1,4-Xylosyl-
transferase Required for the Functional Glycosylation of Dystroglycan

Cytotoxicity Activities
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Manya H, Yamaguchi Y, Kanagawa M, Kobayashi K, Tajiri M, Akasaka-Manya K,
Kawakami H, Mizuno M, Wada Y, Toda T, Endo T.
J Biol Chem. 2016 Nov 18;291(47):24618-24627. Epub 2016 Oct 12

O-X > /I Wr VA ORI a-P A T Y)Y (a-DG) OFEFER7) TV IMLIZE -
fﬁ%t’éﬂé%fﬁ%yxbm74—ﬁf%%myxbmfuw/ﬂv~@ﬁlf@%o
T, a-DGEMNEN~ M) v 7 ZA) T Y FEDHAICLELENLO-R Y ) VT )Ty
[3GlcA f1-3Xyla 1] n-3GIcA S 1—4Xyl—Rb05P—1RboBP—SGalNAcB 1-3GlcNAc p 1-4 (6-1) “HR)
Man a 1-OEEEEPREINT VS, LPLEDS, BITKREXyIEIED Y ¥ b —)L5-1)
% (RboSP) ~OFEAIZHL NIk > Ty, TMEMSGIE, a-Y A b7y h 28y —I12H
H928EFEDTHY), ZOEBEHRICEG T LW REOD ZHRLE L TIE I N TV DL,
FEERFEIIMKINE L TAHTH 5. KX Tl TMEMG2:0O-% >~/ v 7 ) 71 v EDOXyl
B l-ARbOSPHE A A TEK T AF BNV N T VA7 25 —ETHDHI EE2RET S, NMROH
WED, Ao 7 /v —VAREL LUK EME (fLAEE) ZRELZ, a VA MRS
) 2Ry —EBEIZESNSTMEMSIZBIT 2200 I At v ALREROEFENT, Fa¥y
WY AT 27 —EifFkE#EL 9. & 512, CRISPR/Cas9il & 2 TMEMbS#E =F DO 1%
O-%>» /N7 )H v Ed (3GIcA B1-3Xylal-) 2=y POMELZPHE L. s OFEE
IZEEDOWT, A IITMEMS 2350-~ >/ VIV 7)) 71 v OEASEG#ERKIZBIT 5 UDP-d-F* > 1 —

D) E b= b ) YR A LAV E - ARBEER L L CTERT S LR L 72,

A A A A A A A A A A A S e ~  —~ ~ —~ ~ ~ ~ ~

3D structural analysis of protein O-mannosyl kinase, POMK, a causative

gene product of dystroglycanopathy
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WURCS 2.0 Update To Encapsulate Ambiguous Carbohydrate Structures
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Accurate representation of structural ambiguity is important for storing carbohydrate
structures containing varying levels of ambiguity in the literature and databases. Although
many representations for carbohydrates have been developed in the past, a generalized
but discrete representation format did not exist. We had previously developed the Web3
Unique Representation of Carbohydrate Structures (WURCS) in an attempt to define a
generalizable and unique linear representation for carbohydrate structures. However,
it lacked sufficient rules to uniquely describe ambiguous structures. In this work, we
updated WURCS to handle such ambiguous monosaccharide structures. In particular,
to handle structural ambiguity around (potential) carbonyl groups incidental to the
carbohydrate analysis, we defined a representation of backbone carbons containing atomic-
level ambiguity. As a result, we show that WURCS 2.0 can represent a wider variety of
carbohydrate structures containing ambiguous monosaccharides, such as those whose
ring closure is undefined or whose anomeric information is only known. This new format
provides a representation of carbohydrates that was not possible before, and it is currently

being used by the International Glycan Structure Repository GlyTouCan.
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