mXAAEER  (F130)
TH 14 EBAE KEENLENIE RS EREY  JUEEENE S
ko4 ADNHE RSP

wxEE _RELVIFVICRTBHERES V8 BEOMEE L BRI

RELVZF I VT OhTROAHBEREYE CHFEIREINLTVE—BTHD,
gL 3 ODDELES (7 FAL Yo, B, y) #72 ¥ 737 MCH D f2fe E 7z Botrefoil #EIE
CVIBEFRAAVEMELTWA, EREIVZF VI, FOBEROMEER S, MEEBEHA
DRECEEETD [VIFUVIN—T] b, BEOBR AL VL LTEETS [ 48y
V=T LHETELD, L2 F U TN~ TTROER Y vy B}, e<EFHR) Ky —
LAELS ¥ 8 RIP) OV Y ThHY, HEBRREEIETCHLMIERhTwE, VY
YEBEEASE, LIFUFAL Y THLBHBEVANT 4 FESTERLTWS, ¥7- B
$HIX. B-refoil HEZED FA A YEMN 2207 FAICHEELTEY, 20y v FalbiiifakE
WA O SRPRMIFRREZ TR TER L RoTnD O BHBOL 7 F v I N —TDF 132
ik, 12120 v L FABROBE, BEEELTVAEY, BEICE) LYV FA 4LV EBCHE
$AHREBLZFOFENEOPHE S, L LS T2 OMHESHEIAR & I L 75
ke —H L VA ATV — T, BREERY ¥ T - — ¥ (SoXynl0A)H 5 b HErE1RARARRT %
RIS A7 2 X 5 DFAPEATYE N, EEHBHICEE s TW R0V, REESIRIEEL
ZRAONTWEYT FAL VBOEEREEHNPRNTHE L, BIUOEE LEML %O
BEAL Y ORIED—HEERDPTRETE TV EVWLDTH S, ULoEREF LT A, RBL S
F Y BOBEREHEMB LURISA N =X ADZEEBREERT 5720, FWECEIZE SNV —F
VRO N BIUCERTHY ., HEEEEREBRHET L2 ENE L,

VoF oI V—=FTERTAIIAEELZFVEW)IE, Yy FAVE— DL IF VR
A YAPRIMTIAE L € ORI GIFE SR I ST v 20, BIRIEG & & 12 EW20 i,
CHRIUE F A A > TH5S Chalf AT b RIMIKEELEZ AT Z AL PTG o TS5, 18
PR THD7-DEFDOHT AN = XL EEBHENTWARWD, 22T Chalf-Lactose B HEDHE
BT HAT D & & TR DM £ 5t o 12, FOER, Lactose 2597 F A A vab L UY
DEFNFRIHES L TOBRTFFEET LI LRI L9, Z0ofE L EW20 OS2
fiTH Y, TobbREM AL X TROFELBERLILIEEZRB LTS,

LYWL AT NV—TIETSH SoXynl0A &, B F X A L EEEHEE FA AL X (SeCBM13)D 2
DOBEEF A A P LHERENRD, SoCBMI13 OF 7 F A 4 VB, HREHAICHEERTI VB
2208 TAM—OY T FAL Y THY, CRNFTOFRPOF IV E2ATAT v X 7H




k& AR EE—BD

HEEAL, ¥ 7 LOBAEMILLTWEEEX LN TWAD, L L, BRFIBITLYT

FAL POWRHERY Y VR ZVAZAMNy F Y FOEBTEINTEY, ¥V 7 FR
A YPEEHEOTBILIFTEE TH o 1200, 22T T F A4 VOB SILOBEL Y 7 F
A4 PNEHRL, BENCEAREEBHETAZ LI L, 37 F AL vy L F%SOBEC
L7z R S426W OBERET A O, £OERMERIF L 7 VI LS PN ELTwAE Z &a8
HIF Lo RIC S426W F 2 04 ) THEREGED X SR 2T o225, TREYSTF
AAYPCF YT B2 ATCAY v F Y VHEFERZER L TV ABEFIHATE, 37 F2
A ¥ BOREEHRAE MEIC I 5 & L ICHB L7,

SoXynl0A DEJSHRHEIL, HEDT /< —REFDKERET 2 [IL§E S &% Double displacement
mechanism TH 5 Z EAHBALTED, RINFGE? S EEZER T 3 £ TO Glycosylation & |
A b R % 15 5 F T Deglycosylation @ 2 DD FIBREPSER ShTWS, BE.
FROEATy T RAET 570, NEUBEERES 7 vy REFEET I usr 2T X
MUBIERAT & 1T\>, Glycosylation DEBRIEDOTHILA R SR T 5, L L. FUBEHOTHLL
PWHREER 2D, KIBOHEETH S Deglycosylation DA A =X LA 2FEHL-MIEELEv. £
2T B Rroled YT ETHA VICL DIERLEESAEAB L. 20 X SRR
D BEISO—EER ORI E AT, BRERKE, BI128H ZHREBRL L, F ¥ VA2 ER%
BALZERMET— V5 MU-active selection #% Vv, Azide THEOHIHFETEZ L0

(Switching Enzyme with Azide (SEA)) & LTINS N7-W, BEEMATOME, SEA I Azide IE
FAETTRIZIZBHELRE 2V, Azide IRINC & D 2 0GR 78 o cELEL, 42
B pH A ER - AT A VHICY 7 F LT, ZOWEZHHE L, BERISO—ITEE
DEEERAA T TTRIE pH KT THERINT A 2 8T, BRENSOETEHH L. BR-
HEABAROREISB L UM EBEOTBIIHE Lz ROTY—F V7 O&GE2 TV VH
W7 P3RS, BEDIEHHERE S TEPPICETL, HRe LTERELRKEH
BEOBEIEO N, & 5IC Azide & IR LIS 5 2 LT, Azide DREBEINED K
T A QS & FIRGC RUSEY © £ U S8, BE 2 KICEY-BREAHEOTRILICHIy Lz,
INLDOFRE. KEOEAT v 7ETCOTHRALZREL, BWE LTWABRRIDO—Ek
ROBEBUIZRGLAZLEBERLTWS, $A-REEY-BEHESGFOWUHMIC LD,
Deglycosylation 123575 HyO % Azide 12 & & REHES, FHMERIZF T v FENRTWEHED
T R —REOPHEPLITOID T L B R THO TEEERT S L1 b Ry L0,

References 1) Hirabayashi, J. ¢t al. (1998) J. Biol. Chem. 273, 14450-14460. 2) Rutenber, E. and
Robertus, J. D. (1991) Proteins: Struct, Funct. Genet. 10, 260-269.  3) Fujimoto, Z. et al. (2000) J. Mol.
Biol. 300, 575-585. 4) Kuno, A. et al. (1999) FEBS Ler. 450, 299-305. 5) Kuno, A. et al. (2000)
FEBS Letr. 482, 231-236.  6) Suzuki, R. ef al. (2004) Acta. Crystallog. D60, 1895-1896.  7) IR
2003 EEEILTE ARSI  8) Fujimoto, Z. ef al. (2002) J. Mol. Biol. 316, 65-78. 9) Fujimoto,
Z. et al. (2004) J. Biol Chem. 279, 9606-9614. 10) Suzuki, R. et al. (2003) Biotechnology of
Lignocellulose Degradation and Biomass Utilization, 72-78.  11) Suzuki, R. ez al. 3ZF§¥




mCARE (330
T4 EEAE REEEGNIE NRSEEREEE  REBRAE M
‘ & 4 DAL BREE

% 8 #2 H Studies on the Structure-function Relationship of Carbohydrate-binding Proteins Belonging to
R-type Lectin Family

R-type lectins, exist ubiquitously in both animals and bacteria, consist of
triple-repeated peptide (subdomains ¢, B and ¥) and form “B-trefoil fold”. The R-type
lectin family is classified into lectin group and enzyme group, and these functions as
binder the glycan on cell surface and the substrate-binding domain of enzyme,
respectively™”, A plant toxin ricin (RIP), classified into lectin group, is one of the most
prominent lectin and its structure-function relationship has been well characterized.
Ricin is composed of two functional subunit (A-chain and a B-chain), which are linked
via disulfide bond. The ricin toxin B-chain (RTB) exists as tandem arranged two
B-trefoil domains, resulting in hemagglutinination activity(z). Recently, a single domain
R-type lectin having a hemagglutination activity which consists of only one B-trefoil
domain, LSL from Laetiporus sulphureus, was reported. However, its structure-function
relationships have not been clarified yet. In enzyme group, the structure- function
relationship of Strepromyces xylanase (SoXynlOA) is characterized in detail®>.
However, its substrate-binding mechanism and hydrolysis mechanism of hydrolysis
have not been clarified completely. From these viewpoints, the author has tried to
elucidate the structure-function relationships of both lectin group and enzyme group.

The EW29 lectin from earthworm belonging to the lectin group is composed of
homologous N-terminal domain (N-half) and C-terminal ‘domain (C-half) and its
sugar-binding specificity was well characterized ™, Interestingly, its truncated mutant
comprising only C-half (rC-half) have hemagglutination activity in itself, however, its
structure-function relationship have not been clarified”). The crystal structures of the
rC-half in complex with ligands were, therefore, determined and sugar-binding structure
was analyzed®. 3D-structure of the rC-half demonstrated that two of sugar-binding
pockets were found to be able to bind the non-reducing-end galactose unit of glycan so
as to hemagglutinate the erythrocyte.

The SoXynlOA composed of a catalytic domain belongs to family 10 of glycoside
hydrolase and of a xylan-binding domain (SoCBM13) belonging to the enzyme group of
R-type lectin family. Subdomain B of SoCBM13 has been considered to make a double
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stacking interaction with two sugar ring units of the xylan using two aromatic residues
from the results of biochemical studies. However, to date, sugar-binding manner of
subdomain {3 has not been visualized directly, because of the crystal packing around the
subdomain B®%, In order to clarify the sugar-binding manner of the subdomain B,
S426W mutant, which was expected to be able to make a double stacking interaction
with xylan, was constructed. The S426W was, then, crystallized and its crystal structure
with or without substrate was determined. Consequently, double stacking interaction
was clearly visualized in the subdomain 1y of the S426W.

Retaining glycosyl hydrolases, that involve glycosylation and deglycosylation steps,
are the most abundant hydrolases. The visualization of both steps has been researched in
order to know their accurate reaction mechanisms. However, visualization of both steps
has not yet been successful and the focus has been on the glycosylation step since
glycosylation could be visualized by either inactivating the enzyme for the
deglycosylation step and/or using substrate analogues to isolate covalent intermediates.
Soaking products with glycosy! hydrolases suffered from mutarotation of an anomeric
carbon of reaction products and thus visualization of the second step has been
impossible. Therefore the mutant, which makes it possible to visualize each step of
enzyme reaction, was constructed by random mutagenesis. The resulting mutant acted as
a “switching-enzyme with azide (SEA)Y”"?. The entire step of an enzyme reaction was
tried to visualize using SEA. Intriguingly, the electron density maps of Michaelis
complex were obtained by the soaking crystals in to the substrate solution with acidic
pH. The covalent glycosyl- enzyme intermediate were trapped by the soaking crystals in
to the substrate solution with pH 6.5. Furthermore, the crystals were soaked into the
substrate solution (containing sodium azide) at pH 6.5, the maps for hydrolytic product
were also obtained. In conclusion, for the first time, the author could provide complete
snapshots for the entire reaction catalyzed by the active retaining enzyme using both

natural and more reactive substrates'?,
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