AUNIY AL

msfnumhiiuas Inssadweven ladiua Ina Indnaainiisnennusune fod
yansn (FUNCTIONAL AND STRUCTURAL STUDIES OF PLANT -
GLYCOSIDASE SUBSTRATE SPECIFICITY)

s 2 s o A 9
@1%']3‘(’11/11_|§ﬂ‘15ﬂ :ANEAI191TY AT.LANE Lﬂﬁ]‘ﬂﬂ-‘ﬂﬁuﬁ, 137 i

nanveaenlad 0s4BGIu12 Basy naziou lasingmegiuasduds 2,4-dinitrophenyl-
2-deoxy-2-fluoroglucoside (DNP2FG) oy 2-deoxy-2-fluoroglucose
(G2P)uaziou lminatewus 0s4BGlul2 E179Q Wswediu TAG lagnwaaiiu  wanns 4

a o [ Y v o v
“])"L!@ﬁ’lll'liﬂﬁﬂlﬁiﬂalaﬂcﬁﬁﬂﬂlﬂﬂj']n’ﬁiglaﬂﬂﬁ\i 2.50 2.45 2.40 1ag 3.2 938AI0U AUaNAl

aa o

Y S a A A i =l o ' 9
ﬂ1ﬂﬂ1§tlﬁ8ﬂ1ﬂﬁﬂﬁi'lﬁﬁ1llhﬁﬂﬂlﬂuvlclfh%uﬂﬂu‘ﬂ@gcluﬁiwQmﬂﬂﬁlﬂuWU31Tﬂ§\1ﬁ§NI@ﬂi’J

o A

@ v a 4
llfl AHUSIHUDUNU LAATIVINYU  loop B ﬁumgau"lcm 0s4BGlul2 i]gﬁ disulfide bridge

a

A X ' aaa I o < 1 = = o
IWHUHUT U l?mliﬂﬂgﬂiﬂ’]mﬂ%@uq%ﬂﬂﬁﬂymglﬂu%aﬁllagﬂﬂg']ﬂaﬂﬂigll'lm 20 addaToON

9
v o W

a H o 1 1 Aann d v
asasnanangavesd wiiusalgnseweveu lainudiduss G2F azwulasegiuuy c,

]
A o

. X A o J o a Y A d .
chair FUNANUTS 1A aUNNUNIADZA U nihilu nucleophile

1 @ a 1 aan o v W gJJ
Lm‘lummz!fs?]ﬂaﬂumwmmmﬂgﬂsﬂwmmu"lcmmumﬂum DNP2FG ‘ﬂ%W‘UTﬂquﬁjﬂLL‘U‘U

1

S

4

skew boat %Qﬁﬂﬂﬂgﬂﬂ fT‘UTﬂNgﬂLLUU H half-chair

3 3

lugnmzniugsuveslfnsemsdosdats i arf3gumeum LY

A { o { 3 .
voansaez i Tunvinilu nucleophile Tulnseadavoaoulsy  Os4BGlul2

v
' o o W

‘ﬁﬁlﬂﬂgﬂﬂ@]’lﬂum G2F ﬁmwmé’waﬂﬁqﬁuﬁwuﬁlumu‘lwﬁ Sinapsis  alba myrosinase
wnnueulmilungu O-glucosidase 151 oula]  0s3BGlu6 n5o tou'lassl  Os3BGIu7
Feaoandeanumsionls]  Os4BGlul2annsndesdumATy S-glycoside 18

Tag'lunumsgesdumain S-glycoside lungu  O-glucosidase Frou mnmsnfieuiiend
U aglycon biding site yoaou Tl 0s4BGlul2
fuowlwidiouiieglunsznameadunuiudng  aglycon vouiIdUdy  DNP2FG gz

o

4
UAATN TAG Tulassadavoaou la] Os4BGlul12
Y 9 a a 1 %}
gndensoudrensaozi Tuatia luyewii
=) =) =\ g’/ é =) 1 gd 1 % =) d'
waznsaezd Iusialvigansaesil lumartilinnuuanaanunsaeci luinuly  aglycon

. g . dou A A ] = o
biding site ﬂlaﬂlauul%umauﬂagﬁlumxQamﬂ’mu



=\ 9 4 o o
1NNI weumeulassadaved oulsi 0s3BGlu6 tay ou'lei 0s4BGlul2 A
o Ao W a o yI3 A P
u'le] 0s3BGIu7 NunuTea lausan lad uaaalimiuiinsaezily Met251 Tuou o
= Y o a s A . ~ a
Os3BGlu6 AN Vveuwalaloa Inusyanl laanu3 g subsite +2 YazNNIADLA 11
4
His252 Tuen lasd Os4BGlul2
Y
Tuusnadeandssnuilannsaaiawuss lalasnunulea Inusaa lad lamitoud uou la
s = a 3 o v °
1 0s3BGIlu7 Mmiasuniaezii Iy Met251 111 Asn 09 0u 193] na1egWus Os3BGIu6 M
Y ] . . A X A A (% 4 ¥ a
19m & sk lumsdos laminaribiose MuAu 15 muilofeunuou e Os3BGIu6 AvAy
] A 49! = 1 [ a S A [ =
uazA k /K 1nNAW 9 09 24 1 lumsdes wa laloa Inusan laaniivuitenue1n 2 095
1 Y = a I 4 o Y
nie lunundunumsnlasunsaosi TuAns245 1511 Met Tueu laal 0s3BGIu7 11 T
k /K.~ 1umsgoy laminaribiose anad 6.5 11 UaY 17 D9 30md
1y a ﬂ’d’d 1 1 1
niuralalod Inugan laanuni1ea1 N8I 1guINN I 2 11e
y { a < k4 f
TuymzimsnlaounsaoziiTu His252 11y Met Tuionlani 0s4BGIul2 a1 k_ /K, anaa 209 6

M



a =) =
TIVIBIBAUAY

Umsdnw 2556

A A o =
AYUDYOUNFANH

A A I
a’]fJiJfJ%f)f)’mWﬁfJﬂ‘lﬁﬂ‘H’]




SOMPONG SANSENYA : FUNCTIONAL AND STRUCTURAL STUDIES
OF PLANT B-GLYCOSIDASE SUBSTRATE SPECIFICITY.

THESIS ADVISOR: PROF. JAMES R. KETUDAT-CAIRNS, Ph.D. 135 PP.

GLYCOSIDE HYDROLASE FAMILY 1/B-GLUCOSIDASE/RICE/PROTEIN
CRYSTALLIZATION/THREE DIMENSIONAL STRUCTURE/

MUTATION/KINETIC STUDY

The crystal structures of apo wild type Os4BGlul2, and its complexes with
2,4-dinitrophenyl-2-deoxyl-2-fluoroglucoside (DNP2FG) and 2-deoxy-2-
fluoroglucose (G2F) and the acid/base mutant Os4BGlul2 E179Q complex with TAG
were solved at 2.50, 2.45, 2.40 and 3.2 A resolution, respectively. The overall
structure of rice Os4BGlul2 is typical of GHI enzymes, but it contains an extra
disulfide bridge in the loop B region. The active site is located at the bottom of an
approximately 20 A deep slot-like pocket surrounded by a large surface loop. In the
innermost part of the active site (the -1 subsite), the glucose ring of the G2F in the
covalent intermediate was found in a *C; chair conformation, while that of the
noncovalently bound DNP2FG had a 'S; skew boat, consistent with hydrolysis via a
“Hs half-chair transition state. The 'S3 skew boat conformation of the glucose ring of
TAG also fit to the electron density best with the lowest B-factor value when
compared to the *C; chair conformation. The position of the catalytic nucleophile
(Glu393) in the G2F structure was more similar to that of the Sinapsis alba
myrosinase G2F complex than to that in covalent intermediates of other O-
glucosidases, such as rice Os3BGlu6 and Os3BGlu7 B-glucosidases. This correlated

with a significant thioglucosidase activity for Os4BGlul2, although with 200-
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to 1200-fold lower 4ca/ A values for S-glucosides than the comparable O-glucosides,
while hydrolysis of $-glucosides was undetectable for Os3BGlu6 and Os3BGlu7. The
aglycones of DNP2FG and TAG were in contact with both hydrophobic and polar
residues, which had little similarity to those aglycone-binding residues in other known
GH1 B-glucosidase structures.

Superimposition of the structures of Os3BGlu6 and Os4BGlul2 with those of
Os3BGlu7 bound to oligosaccharides showed that the corresponding Os3BGlu6
residue, Met251, appears to block the binding of cellooligosaccharides at the +2
subsite, whereas His252 in this position in Os4BGlul2 could hydrogen bond to
oligosaccharides. Mutation of Os3BGlu6 Met251 to Asn resulted in a 15-fold
increased 4w./Km value for hydrolysis of laminaribiose compared to wild type
Os3BGlu6 and 9 to 24-fold increases in the 4c.a/Am values for cellooligosaccharides
with degrees of polymerization (DP) of 2-5. On the other hand, mutation of
Os3BGlu7 Asn245 to Met decreased the Aca/Am of hydrolysis by 6.5-fold for
laminaribiose and 17 to 30-fold for cellooligosaccharides with DP > 2, while mutation
of Os4BGlul2 His252 to Met decreased the corresponding 4ca/ Am values 2 to 6-fold.

Together, these studies have clarified the binding and hydrolysis of various

substrates in plant GH1 B-glucosidases.
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