=

a o { 4 < Aaa
Yoaly wlnszInn : msAnwmihiuag Iassadraveueu lmilidr-du-ozdaang In-

EX]

tiad (ngauuaa) tiia 20 NNAD Vibrio harveyi a2 MIAUINAT pK, VO
ou ol ladmeaudliia 18 (FUNCTIONAL AND STRUCTURAL STUDIES OF GH20
[-N-ACETYLGLUCOSAMINIDASE (GlcNAcase) FROM VIBRIO HARVEYI AND pK,
CALCULATIONS OF GH18 CHITINASES) 019156711/3011 : 509/1aA319158 93,

AmM qaud, 253 wih

wulxlladwadiaeglunguueslnalnled laTasaauiian 18 uag 19 Heiivdhnly

9
o

1 a 9°I a 3’; { [ ]
msgesaarslaauliiiuimialed Inugan lsdaoduiigndesaaisas 1iduiima

Ay

{ 4 an A a a 4 @
ﬂQﬂLLuﬂINLﬁflﬁL?\ﬂ']jﬂﬂl@uhlcﬁuﬂﬁqﬂlluﬂl,ﬂﬁuwuﬁ‘VI 320 10% 84 INYTUNUTRUDVU LAty
= I 1 1 o = A [ a A o Y A
ﬂ'liﬁﬂ‘]el'l@@ﬂlﬂu 389U Iﬂﬂﬁﬂullﬁﬂ'Vl'lﬂ'lﬁﬁﬂy'lLﬂEJ'Jﬂ'Uﬂ'lf!'@]iﬂﬁ]ﬁﬂﬂﬂiﬂﬁ)ﬁuiu%WWWUWW
J aan 4 1 a v
Tumsisalfaserveasu lsingauuad lagasmsrioiaemanil nsnezii Tu 2 g (Asp303-
J o v J a
Asp304 LLng ASp437-Glu438) ﬂlaqgauhl%uﬂqmmmaﬁg ﬂﬂ'lcl,ﬁ}ﬂﬁ'lﬂwu‘léiﬂﬂlﬂﬂuﬂﬂ'li
v J o 1 ~ a
NATYNWUTHUVIRWISAULTUN m‘ilmu‘vmm’azﬂu Asp303 Asp304 Asp437 tiag Glud38 @9{38
a = = A =\ o Y = 1 Aaan
N5ALH U1l LOEaWIT 1Y Wi@ﬂg@ﬂllu‘VIﬂfﬁ’L;fﬂlu!,ﬁﬂﬂ'ﬂuﬁTJJ']ﬁﬂGlUﬂ'lﬁﬁﬂ‘]J{(]ﬂ'ifﬂle'EN

4

J ] I ' aan A 4 @
Lau"l%uﬂqmmm@ﬁ ’EJEJN]lSﬂﬂ ﬂ’JﬂJﬁnﬂﬁﬂclUﬂﬁLiQﬂg]ﬂim“ﬂﬁﬂﬁﬂﬂl’ﬂﬁl@ull“]ﬁJﬂﬁ?EJ“lNu‘ﬁ

@ ] = a s 4

D437A aunsngniaunavu ldedunamulsmannududuvesionalolid (Wodwa

A 1A L%I A ' aan 4 v do A Y
Tooow) Nldmuay Tuvazianuawnsalumssalgnsoweaueu lsinareiugalouding

9
wilowdAy auiu mstemasmanaiveaeu lyingauuaeanaleiug D437A Tasmsld
a J 1 a 3 o ' a J '
12 To IWdee52171 nsaez il Tu D437 Wudnsauutiiag Te llaniowa uazgnsa
a 3 o 1 v

oz Tu E438 iWudnsauuld Tsaouniosulisaon

Aa v

U { { 4
luauidearuiides nihiuaz Tassadwveseu laingauuawa ldgndanuilae

= v = P P ~ o ~
MIAnEIMNMUEANeNaasiazaaunasndasued Ilsau mamlasinlans i lasusnain
=S o a a a a 4 g’/ Y ]
yuraved llsAunaznisimisianlas isFavesezasar luamauuuasaauouus I
4 I 4 =~ 1w a @ =
ulyingauuaeagnraudunuy Ty Tuwes Taslivuraminy 75 A Taatadu n1sAny
< ' 4 { 1 @
Tnssadruaadddfiiui oulsingavuaedlsznoulddroam Tamuiiuanannune
{ o 4 <} a { A I 1
Tamwunsunis lulamsanesarudumeiivea Tawuni Iassairuilu a+p vazTamusg
aan { a 1 Awv o o 4
Uil Tassad19uuy TIM-barrel U5 NUT0INIUNUTUTATNVO DU I ngALLALDE
= 9 A [ 4 3 = o @ %l a 4 g}J
Hlaseafrumiounuglusrvuiadnduruiznunissiiaialoed Inusant lsaaredu

[

v o {~a 4 aa 4 1 v o o ¥ )
ﬂTﬁ‘%I’E'JuﬂUﬂuﬂJﬂﬂTﬂﬁﬂﬁ%Wﬂﬁﬁallﬂuﬂ U”luﬁauﬂumauauuzm NITIUNUNUUINAFNUN



4
v @ o

a { a J § a J J 4
Glﬁjlﬂﬂﬂﬁlﬂa‘t’J‘L!IﬂNgﬂ“]JiL’Jﬂ!i’eNﬁﬁ]‘Uﬂ‘UHWﬂa f‘ﬂ'i’Jlﬂ§1$ﬂﬂWQ%auwaﬁ1ﬁ@]iﬂlﬂﬂlﬂuUlcﬁu

J A 1

% aan [~ 1 1 a o [} [
ﬂaWﬂwu‘ﬁﬂil’lmlﬁﬂﬂgﬂﬁEﬂllﬁﬂﬂﬁn’i‘l‘l’ﬂ ﬂﬂiﬂ@guiu D437-E438 fJﬂ’JHJﬁ"Iﬂﬂlu’f)fJNﬁﬂﬂﬁ@

q

J aan 4
ﬂTﬁLiQ‘]J;]ﬂﬁﬂWﬂJﬂQLﬂuulcﬁiJﬂQﬂlluﬂlﬂﬁ

[

Tuudseaunay A1 pk, voansaozi luluusnansa§nsernd g DxDE

[ C4

. 9 o ' o a a
sequence motlf(alﬁmmuaﬂymxmum D, D, i8¢ E) itag pH profile vouou Lol ladtuaunda 18
9 = a 4 U 9 a ] o ] 49! ] 4
Idgndny nsdmszinuuuuatensaezii Ty D, ogludiunie “Yu” og1eauysol
~ 9 1 o 1 I 1 1 g’; 4
Tuvmginvusdnvesnsangauua B ogludwmis “<as” idudiulvginalugiuoson las]
a 4 [ v Aa Jd 4 9 o a Y 1 ]
derszuazNIUAVAUNUA A1 pk, N 189 InMsMuInYeInTaezl TuaWAIgANDI A1 pK, ¥oa
1 9 1 1 1 1 1 L] ] 3’, 1
D, iA18n 11 2 A1 pK, Y03 D, 8g32 1IN 8.0 D4 13.0 Haza pk, ¥0d Egnnueg lugieaae
= 1 d' o 9 1 1 a a 9
6.0 14 9.0 A1 pk, NAwa 185211 gnsaezil Tuneanuna D, uaz D, lweulxi ladmaldy
X Y [} 1 d' a o Y. 1 {
Uszgauiisaniisdrsaunulunne pH luvmzinsangain E gnih 145 T saouian pH #
S A o 9 a o dy A 1 o
eulsieglugUnhauld Tasagil nsaezii TudwdrtignidusuuzouaaunuIMI WY
1 aAan a a a Y 1 4
Tumsisalgisorveseu sl laduauiia 18 nagnsaeziiTu D, D, nag E Avaegluzlad

Uszq Wifidszy vaz lildszgamwdaudmsy lndwaiodluglviam1d

a A A A A o =
A1V NIBIBAUAY AYUDVOUNFANH

= = A A I
Umsfny 2558 aTﬂﬁJﬂ%ﬂﬂWﬂTifﬁﬂlﬁ'ﬂHW




PIYANAT MEEKRATHOK : FUNCTIONAL AND STRUCTURAL
STUDIES OF GH20 -N-ACETYLGLUCOSAMINIDASE (GIcNAcase)
FROM VIBRIO HARYEYI AND pKa CALCULATIONS OF GH18
CHITINASES. THESIS ADVISOR : ASSOC. PROF. WIPA SUGINTA,

Ph.D. 253 PP.

S-N-ACETYLGLUCOSAMINIDASE, CHITINASES, VIBRIO HARVEYI, PROTEIN

CRYSTALLOGRAPHY, ENZYME KINETICS, pKa CALCULATIONS

Chitinases are a member of family 18 and 19 glycoside hydrolases that are
responsible for the successive degradation of insoluble chitin to yield soluble
chitooligosaccharides, which are then further hydrolysed to GICNAc monomers by
family 3, 20 and 84 GIcNAcases. This thesis is divided into three parts. The first part is
involved with probing the catalytic residues of VhGIcNAcase by a chemical rescue
approach. Two invariant acidic pairs (Asp303-Asp304 and Asp437-Glu438) of
VhGIcNAcase were mutated using a site-directed mutagenesis strategy. Substitution of
Asp303, Asp304, Asp437 or Glu438 with Ala/Asn/GlIn produced a dramatic loss of the
GIcNAcase activity. However, the activity of the inactive D437A mutant was largely
recovered in the presence of an exogenous nucleophile (formate ion) in a concentration-
dependent manner, while the activity of other mutants was restored only slightly. In
conclusions, chemical rescue of the VhGIcNAcase D437A inactive mutant by an added
nucleophile helped to identify Asp437 as the catalytic nucleophile/base, and hence its
acidic partner Glu438 as the catalytic proton donor/acceptor.

In the second part, the function and structure of VhGIcNAcase were investigated



v

by protein crystallography and enzyme kinetics. Size-exclusion chromatography and
native-PAGE suggested that the recombinant VhGIcNAcase is a monomeric enzyme
with molecular weight of 75 kDa. Structural investigation revealed that VhGIcNAcase
comprises three distinct domains, designated as the N-terminal carbohydrate-binding
domain, the a+f topology domain and the TIM-barrel catalytic domain. The substrate
binding pocket of VhGIcNAcase has a small tunnel-like structure, which is suitable to
accommodate a short-chain chitooligosaccharide. Superimposition of the crystal
structures of ligand-free and ligand-bound VhGIcNAcase suggests that binding of the
GIcNACc induces local conformational changes around the sugar binding pocket.
Kinetic analysis of the active-site mutants revealed that the adjacent D437-E438 pair is
significantly important for the enzymic activity of VhGIcNAcase.

In the third part, the pKa of the active site residues in the DxDXE sequence motif
(referred as ‘D1, D2 and E’) and its pH profiles of family 18 chitinases were
investigated. The analysis has found that the side chain of D is mainly in the ‘up’
position, whereas the side chain of E is mainly in the ‘down’ position in the apo and
holo forms. The pKa values calculated for the three residues are as follows: pKa (D1) <
2.0, pKa (D2) in the range between 8.0-13.0 and pKa (E) in the range from 6.0 to 9.0.
The calculated pKa values indicate that the D1-D. pair holds exactly one negative charge
over the whole accessible pH range, whereas the catalytic acid E is protonated over the
catalytically competent pH range. In summary, these three acidic groups D1, D2 and E
are proposed to play a concerted role in the catalysis of family 18 chitinases and must

be charged, neutral and neutral, respectively for the chitinases to be active.
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