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Kinetic Evidence of the Existence of a Stable
Enzyme-Glycosyl Intermediary Complex
in the Reaction Catalyzed by Endotransglycosylase
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Abstract. Xyloglucan-endotransglycosylase (XET) 15 an enzyme mvolved 1n the
metabolism of xyloglucan (XG) m plant cell walls and seeds This enszyme acts
both as a hydiolase and as a tiansglycosylase by tianstering the fragments of xy-
loglucan molecules to other XG molecules o1 vyloglucan-derived oligosaccharides
(XGOs) In this work, we studied the kinetics of mteraction between XET and
XG The equilibrium in the reaction of XG degradation by XET was found to de-
pend on the mitial ensvme concentiation and the availability of suitable glycosyl
acceptors After 1eaching the equilibrium, the addition to the reaction misture of
XET ot XGOs caused further degiadation of XG, and a new equibbrium with a
lugher degice of XG depolymerization was cstablished These results indicated that
m the course of XG depolymerization, the ensyme 1s bound n a 1elatively stable
temporarly mactive ensvine-glycosyl complex and this complex 15 decomposed by
transfering 1ts glycosyl moiety to suitable oligosacchaiide acceptor Mouse poly
clonal antibody agamst XET lhinked to AfhGel 10 (Afh-Ab) adsorbed both XET
and XET-XG complex but not PH]XG alone XET unmobilized onto Affi-Ab was
able to bind PH]XG and catalvze transglycosvlation mn presence of XGOs
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Introduction

Xrloglucan (XG) 15 the miajor henucellulose m the primary cell walls of dicotyle-
donous plants wherc 1t 15 associated by a strong hydiogen binding with cellulosc
nucrofibrds (Hayashi 1989) NG molecule 15 long enough to sunultancously form
Iy drogen-bonds with more than onc cellulose microfibril and it has heen proposed
that XG forms tethers between cellulose nucrofibrils (Frv 1989) The bieakage of
wyloglucan chains would therefore have an important effect on wall plastiaty and
the ensvmes capable of splitting and reconnecting the XG chains may have an es
sential mportance for the plant growth (Fiy et al 1992) Such enzvine activities
have been detected m many plants and they are closely related to various physiolog-
1cal aspects of plant growth such as cell expansion (Fry et al 1992) fiuit nipening
(Maclachlan and Brady 1994) o1 seed germumation {Edwards et al 1986) and were
collectively termed wyloglucan endotransglvcosylases (XETs) EC 241207 This
type of enzyme activity was also found m cell suspension cultures of plant cells
(Takeda et al 1996 Nakamura and Hayashi 1993)

In some seeds (¢ g, nastuitium — Tropacolum magus L ), XG serves as storage
polysacchanide Its degradation dunng sced germination 1 brought about by a co-
opaative action of four ensymes (Edwards et al 1986) wvloglucan specific endo-
(1-4)-3-D-glucanase ,3 galactosidase, a-xylosidase, and g-glucosidase Xyloglucan
specific endo-(1-4)-3-D-glucanasc was found to be m fact a transglycosylase and
for this 1eason 1t was later termed wvloghican endotransglycosylase, XET (Farkas
ct al 1992) In the absence of XGOs, the (nzsyme acts as a hydiolase but the XG
depolymerisation 1 very slow In previous papers (Farkas et al 1992, Sulova and
Farkas 1996) we proposed that an intermediary complex forms between XET and
NG i the course of transgly cosylation The present paper provides hinetic evidence
tor a relatively high stability of the assumed XET XG complen

Materials and Methods

Substrates

Tamarmd ( Temarindus mndica) seed xyloglucan was 1solated by alkaline extraction
accordmmg to Edwards et al (1985) with some modification In the last step, the
dialvzed crude XG was dissolved mm water and purtfied by batch treatment with
DEAE cellulose mn acetate form The M, of the prepared XG was mn the 1ange 107
10° as determined by gel filtration

[PH]svioghican was piepared by feeding suspension cultured spmach (Spina
cra oleracca L) cells with L-[1-*H]Jaiabmose (Amersham, specihic radioactivity 92
TBq/mol) as deseiihed clsewhere (Sulova et al 1998)
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Enzyme purification

NET was punified to homogeneity from extracts of germimated (at 25°C 12 h/12
h hght/mght 1egme), nasturtium Tropaeolum majus L seeds by ammonium sul-
fate preapitation amon-exchange chromatography, hydiophobic-interaction chro-
matography and gel permeation chromatogiaphy (Sulova et al 1995) The degrada
tion of XG was followed colormetiically or viscometrically as desciibed previously
(Sulova et al 1995)
The time course of XG degradation by XET was fitted by non-linear 1egression
according to equation (1)
W= wu (1 —e M) (1)

where v and w~ represent the portion of XG degraded at times ¢ and + — oc
respectively A 15 the rate constant

Preparation of antbodies

Mouse polyclonal antibody agamst XET was prepared according to Harlow and
Lane (1988) Mice were immunized with thiee mtrapeitoneal mjections (05 wml
25 30 pg of XET) at three  week mtervals The first dose contained complete
Freud’s adjuvant the nest two were m phvsiological solution The munune serum
was turther punified by ammonium sulfate precpitation, dialy zed and concentrated
by ultrafiltration

Bindimg of XET and [*H] XG to AffiGel 10

Buiding of antibodies against XET to AthGel 10 05 ml of AfhGel 10 (BioRad)
was wcubated with lml of antibody’s solution (5 7 mg of protemn/ml, 05 mol/l
MOPS pH 7 2) at room temperature for 4 h The amount of bound protein was
calculated as the difference between protemn concentiations in the solution before
and after the binding The gel with bound antibodies was centiifuged and washed
thice tincs with MOPS contammmg 0 15 mol/l NaCl and then 10 volumes of 100
minol/l ethanolamine weie added and mcubated at room temperature overmght
under mining  After blocking, ethanolamine was 1emoved by centiifugation, and
AfhGel antibody (Afh-Ab) was thotoughly washcd with MIOPS  NaCl XET was
bound to Afhi-Ab 1 0 5 mol/l MOPS pH 7 2 for 4 h The amount of XET bound
was detected as the decrease of XET activity m the solution after binding or using
the ELISA method

Results

Effcct of enzyme concentration on the reaction equilibrium

The time-comrse of NG degradation by XET could be described as a pseudo first
order 1eaction characterized by a rectangular hvperbole (Fig 14) Good agiee-
ment between measured and computed data was obtamed when the experimental
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Figure 1. Tune-course of XG degradation and 1ts dependence on XET concentration i
the absence and m the presence of XGOs 4 Two ml teaction mixture contaimng 2 mg of
NG m 50 mmol/l citrate-phosphate buffer, pH 5 5 and (@) 2 8 ug XET, (0) 56 ug XET,
(W) 11 2 g XET B The same conditions as mm A but m the presence of 1 mg/ml XGOs

data wnere fitted by equation (1) The kinetic parameters obtamed by non-linear
regression are shown m Table 1 The values of w, depended on the mitial enzyme
concentration and the degree of XG degradation at equilibrinm mcreased with the
mcreasig XET concentration (Fig 14) Addition to reaction minture of XGOs at
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Table 1. XG degradation bv XET 1 several concentiations himetic parameters 4 1
the absence and B m the presence of 1 mg/ml XGOs respectivels

Amount of XET (pg) Woe, E(h

4 28 02744232 x 1073 00143 +307 x10 ¢
56 0357 +390 x 107° 00355+136 x 1073
112 0408 +189 x 10™* 00560 £111 x107°

B 28 0893+ 580 x10 3 00454 +£114 x 107}
56 0955 +353x10 ° 00910 +£1 184 x 1073
112 0969+189x10~° 01810 +£331 x107?

w~ and A were obtammed by nonlinear regression of experunental data from Fig 1 ac-
cording to equation (1) and represent the computed value = SE N (for 9 degrees of
ficedom)
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Figure 2. Effect of the addition of XGOs in the course of XG degradation by NET Four
ml reaction nuxture contaming b mg NG m 50 grnol/1 citrate-phosphate bufter pH 5 3 and
56 prg XET (0) reaction started without NGOs (@) mixture contanung (0 8 mg XGOs
At tmnes mdicated by artows 04 mg XGO« were added to cach 1eaction musture

reaction equilibiium mtiated further XG breakdown and shiffted the equilibiium
towards lugher values Saturating XGOs concentiation was about 0 6 g /ml (data
not shown) 4t higher XGOs concentrations (1 mg/ml) the equilibiiun v alues weit
no mote ensyme concentration dependent (Fig 13) The effect of XGOs added
the course of the reaction 1s llustiated in Fig 2 Addition of XET (Fig 3) to the
teaction mixture at equilibriumn also had a similar effect In both cases additional
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Figure 3. Effect of stepwise enzyme addition m the course of XG breakdown bv XET
Four ml 1eaction minture contammng 4 mg XG 1 50 mmol/l atrate-phosphate bufter pH
55 and 11 6 pg NET the addition of AET (5 6 pug) 15 marked by the arrow

XG degradation was mitiated and a new equiibiium was established at a higher
level

[*H]-XG and XET binding to Affi-Ab

In these expernments bindmg of XET and [PH]XG alone or of XET ["H]XG com-
plex to AthGel 10 hnked with antibodies agaimnst XET was studied (Fig 5) The
speafiaty of the antibods to NET was deternuned by Western blotting, and 1s doc-
umented m Fig 4 The antibody only stamed a single protemn band (M, 25.000)
m the arude extract om nasturtium seedhings cortesponding to XET (Edwards
et al 1986) XG alone did not bind to AfhGel or Afh-Ab (Fig 5) In contrast
XET alone was binding onto Affi-Ab very extensively Immobilized XET obtamed
m thus way retained 1ts 1esidual enzy matic activity (about 80 to 90% of that of the
native ensyme) and could bind [PH]JXG from the solution (Fig 5) Moteover, when
XET was premcubated with PH]XG under sumlar concentration 1atios as men-
tioned above, addition of Afh-Ab to the preincubation mixture resulted n sunilai
binding of XET as obseirved with the enzvime alone but the binding of [*H]XG was
enhanced (Fig 5) About 15% of bound [*H]XG was released into the solution after
the mcubation of Afh-Ab-XET-[*H]XG complex with 1 mg/ml XGOs m 0 5 mol/l
MOPS, pH 7 2 whereas practically no radioactivity was released when the complex
was mcubated n the buffer alone this indicates that the enzyme had retamed 1ts
transglveosylase activity even when bound on the cainler mn the complex
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Figure 4. SDS PAGE and Western blot of fiactions from individual purification stages
1 SDS PAGE electophotesis 1 crude extract, 2 — anion exchange chiomatogtaplh
(DEAE Spheion), 3 hydrophobic interaction chromatographyv (phenvl sephaiose), 4
size exclusion chromatography (BioGel P 60), S standard XET B Western blot of
mdividual purification steps for symbols see 4
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Figure 5. Binding of XET and [*H]XG to AfA-Ab 4 bmding of [PH]XG to Affi-Ab
the absence of XET, B binding of PH]XG to XET mmmobilized on the carnier, C' binding
of ["H]XG to Affi-Ab after premncubation with XET D nonspecific binding of XET to
AfhGel 10, E unmobilization of XET on Afhi-Ab, F' binding of XET after premcubation
with PH|XG
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Discussion

In owm previous workh (Farkad et al 1992) we have proposed a hypothetical mecha-
nism of XET mteraction with substiate (Scheme 1)

XG Bond

Hydrolysis
cleavage H,0
3 -
s ‘ : e ,é‘w‘é°@7’ 4
Enzyme Enzyme-glycosyl complex
0000
XGO
0000
Transglycosylation
0000
kL o &
Scheme 1

This mechanisim was based on the assumption that after the mteraction of
NET with XG the substrate molecule 1s split into two parts the first part con-
taming the newly formed nonredueing end 15 1eleased from the binding site of the
enzvime but the second one contaming the potentiallv new reducng end remains
attached to the active site of the enzvine forming a relatively stable and temporar-
iy mactive enzyme-glycosyl intermediate which 1s decomposed by transfering the
glvcosyl molety to a switable polysaccharide or ohigosaccharide acceptor (transgly-
cosylation)

The existence of the stable enzyme glycosyl intermediate 1s supported by the
observation that the equilibiium of XG degradation by XET appeared to be di-
rectly proportional to the ensyme concentiation (Fig 1.4) At equilibrium, all the
enzyviie was probably bound to an mtermediary complex with XG  Apparently, the
complex s relatrvely stable agamnst the attack of water so that the enzvme bound
m this complex becomes temporanly mactive Equilibrium could be disbalanced
by further addition of XET (Fig 3) and/or XGOs (Fig 2) After the addition of
a new portion of XET, the reaction continues until practically all newly added
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enzyme molecules become a part of the complex. On the other hand, added XGOs
are probably promoting the reaction by acting as glvcosyl acceptors. Transglyco-
sylation is accompanied by the release of the enzyme from the complex so that
new binding to substrate molecule can take place. When the concentration of free
XGOs in reaction mixture is decreasing to zero the reaction rate is very low and
equilibrium is established at a higher level.

The ability of Affi-Ab to bind firmly [*H] xyloglucan in complex with XET
from the solution gives a further support to the existence of a stable XET:XG
complex. An interesting physiological implication of these findings would be that
the formation of inactive XET:XG complex could provide a means for temporary
mmactivation of the enzyme or its conversion into a latent state in the plant cell wall
duting periods of limited growth (Sulova et al. 1998).
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