$od duge : anuduiussznialnseadaazvihfiveaen lufiuaing Indiae
BGLU1 ludn (STRUCTURE-FUNCTION RELATIONSHIPS IN RICE
BGLU! B-GLUCOSIDASE) 210136711/3n%1 : s09eheas 10138 as.iond ingiia-
MFud, 189 nih.

[

4 [
o laraf BGlul veadinuuinlugiand

o w I o {1
MeenaonazfIdNenuan Mrtnges
a o & I ' @ J 4 o ]
ToaTnusan lsaguiludiulsenovvesniusadiy tmodnuinuiuwizlumsdos

o L4 a
duamasalagouluiuaingTadiaaluaszna Glycosyl hydrolase 1 (GHI) Tagmwiy
o v v a 4 { A 3 a
o lmiluisdomsdos Tod Inusan lsa nanTUsAudriane nanTdsauauan nanTdsau
4 9
v Aa o [ . v
AUANNUETIVEY 2-deoxy-2-fluoroglucoside wanTisAunatewug E176Q waznan lsau
v Jdo o a 4 o a o aa
naeugnuduaasalod Inuaan1lsd cellopentaose gniindmsizrin Iasead wauia
' = 3 a % v A g S ¥ = =
vouou laxd Taowann 4 yagunsaRnmsed@onsd lanuazideai 2.20 1.52 1.35 uag
[ o w = ~ 9 aa o S a A
1.80 dedasou mwdiay  nnmslSeuiienTassadeauianuen loirsdaduluaszna
2 o 1 Y A [ 1 1 [ a 9 A d
et unud Iaseas i lassaumlounuuauana i umnzuina Inssaienieusnindlu
VInumMadvesd s lfnien Fsdumisainaniinnurainnalgvesdiaunia
a 4 = @ Y < J a @ 1 A Y [ o
ozl Tulwoulwiaszgaerdu uaasliiduiiusnudinarnerdesiunsiivua
o 1 1% 9 an 4 1 a 1 4
AnuitzaedumATa 910 Iassaswanuiiaveson lai BGlul wuusnaus svesou lan]
[ 1 a P 9 9 A =y I~ 1 =
MUz EuADN5 800U 10a Inuann lsanasnualoiuse B-1,4 iesnniansuziiusosdn
d‘ 1 Aa 9 d' a 9 Y an = 09.1} a Y %
vNneeN InguinamudazuaunuInaauly TaseasnamuiaveslUsauduaunuag
[ c?/’ Yy I a Aa A . 2L a P 1 rd
09 naalimunimmsnalnien transglycosylation ¥una 1aa Iagn15is v aon la
o a A I v W i A ] Aa A
BGlul TagiiTurananawesoadiniingnseniudrsung Inaiinaainmsisalgnie
an [ 4 o o
msane lasead nawiduesldsAunareiug E176Q nudumasa cellopentaose WUN13
asulasiusnuriuenves loop C Adwwuinsaezily Y341 V342 uaz F343 49
wuNnsaezi Tu Y341 Tudhilumsivraniunglnah 4 uaz 5 vosduamsa
y @ a s o o
sy linaing Taded BGlul luda waz BGQ60 lunisiadiinnusuniz
4 [ H
aomsdesdulasa cellobiose tag cellotriose UANANAU AaTiUNTAOZH TUNUTNIUAUWUIN
o o o [ . . . L( :
Amhndududuasadiuate (aglycone binding site) vouou lasiludna Sagnulasuln
I a o 4 4 9 v Ja o 1 a ~ v A 3 1
Wunsaozd Tuvesou leiluusad udmsnaenugidwvisnsaozil luiesd udeaniu 1
= o 1 @ 4 1 =2 4 1 a a
awsolasuntasanudumzaeduidsala ugainmsAnyivamansniasslgnierves
4 v J 1 a v @ o { [
Lau”l%ﬂmawuwum nsnezil 1u 1179 N190 nag N245 Jutududasauazinerdesnums

s o ]

1 a A 4 4 1 4 o a {
Li\iﬂ{]ﬂiﬂﬁlﬂ\ilﬂuq"]ﬂh fﬂiﬁﬂ‘]&lﬁ]ﬁﬁTﬁ'Gﬁﬂ'liﬁ\ﬂlﬁ]\‘lLﬁlull‘;]illﬂﬁ'IEJWH‘ﬁ'I/]ﬁHL’HuQﬂiﬂ’EJgSJIHﬁ

E]



II

ﬁ114fhmumi!,i'qﬂﬁﬂ'?mmamu"lmﬂ BGlul (nucleophile tag acid/base residues) 811150
fuduldinsaezd Tuianed (E386 naz E176) 1iludussilfnTervesou'les BGlul
wonvINTLENs iR ez fuTilsaeu (acid/base residue) §9eMU1TONAUNTY
Uinsen 18l luanzii luanavinadniifivssyaudumimihilumssu T saeuunuy

uaxmu”l%ﬁﬂmaﬁuﬁ E176Q uanuauninlumsdesduaiasn p-nitrophenol glucoside

T
v A A 1

Y ¢ o v <&
ulﬂﬂﬂ’ﬂlﬂuhl‘ﬂ)’%ﬂﬁ”lﬂwu‘fg ADUNAYIT NI UNINDUUAUIU

a = = A A v XK
ERRIRE BE P IN3Y MYUDBOUNANEN

a =< A A A (=R
MsANET 2550 18U D19156NUTAY




WATCHALEE CHUENCHOR : STRUCTURE-FUNCTION
RELATIONSHIPS IN RICE BGLU1 B-GLUCOSIDASE. THESIS

ADVISOR : ASSOC. PROF. JAMES R. KETUDAT-CAIRNS, Ph.D. 189 PP.

STRUTURE-FUNCTION/B-GLUCOSIDASE/X-RAY CRYSTALLOGRAPHY/

CELLOOLIGOSACCHARIDES/ENZYME-SUBSTRATE INTERACTIONS

Rice BGlul, a plant B-glucosidase highly expressed in flower and germinating
shoot, hydrolyzes cell wall-derived oligosaccharides. To understand the basis of
substrate specificity in glycosyl hydrolase family 1 (GH1) B-glucosidases, especially
plant enzymes acting on oligosaccharides, crystals were generated and the crystal
structures of free wild type BGlul, its covalently bound complex with 2-deoxy-2-
fluoroglucoside, E176Q mutant BGlul, and E176Q BGlul in complex with
cellopentaose were solved at 2.20, 1.52, 1.35, and 1.80 A resolution, respectively. The
structures were similar to previous GHI1 B-glucosidases, but showed several
differences in the loops around the active site, which lead to an open active site with a
narrow slot at the bottom, compatible with the hydrolysis of long B-1,4-linked
oligosaccharides. The complex with the 2-fluoroglucoside provides a snap shot of the
transglycosylation reaction, which is efficiently catalyzed by rice BGlul, with a
glycerol from the cryoprotectant playing the role of the incoming acceptor sugar. Two
alternative conformations were found for the flexible loop C at residues Y341, V342,
and F343, which are located at the entrance to the active site, in the E176Q mutant
structure, though Y341 appeared to orient Glc4 and Glc5 of cellopentaose bound in the

active site of E176Q mutant.
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As the rice and barley enzymes have different preferences for cellobiose and
cellotriose, putative aglycone binding residues were mutated to those of barley
enzyme. Though no single residue appeared to be responsible for these differences,
1179, N190 and N245 did appear to interact with the substrates and play a role in
catalysis. Two catalytic residues (E386 and E176) were confirmed by kinetic analysis
of nucleophile and acid/base mutants. The role of the acid/base catalyst was assessed
by chemical rescue of the E176Q mutant with addition of anionic nucleophiles, which
showed that this residue is indeed the catalytic acid/base and this mutant was
especially active with p-nitrophenol glucoside compared to previously studied

acid/base mutants.
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