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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-endotransglycos-ylase (XET) is an enzyme involved in the 
metabolism of xyloglucan (XG) m plant cell walls and seeds This en/yme acts 
both as a hydrolase and as a tiansglvcosylase by tiansfermg the fragments of xy­
loglucan molecules to othei XG molecules or xyloglucan-denved oligosaccharides 
(XGOs) In this work, we studied the kinetics of interaction between XET and 
XG The equilibrium m the reaction of XG degradation by XET was found to de­
pend on the initial enz \me concentiation and the availability of suitable glycosyl 
acceptors Aftei i caching the equihbimm, the addition to the reaction mixture of 
XET oi XGOs caused fuithei degiadation of XG, and a new equilibrium with a 
highei degiee of XG dcpol \meri /a t ion was established These results indicated that 
m the couise of XG depolymenzation, the en/yme is bound in a íelativeh stable 
temporal íly inactive en/vme-glycosyl complex and this complex is decomposed b> 
tiansfermg its glycosyl moiety to suitable ohgosacchande acceptor Mouse poly 
c lonal antibody against X E T linked to AfhGel 10 (Affi-Ab) adsorbed both XET 
and XET-XG complex but not [3H]XG alone XET immobilized onto Affi-Ab was 
able to bind [3H]XG and catalv/e tiansglycosvlation m presence of XGOs 

K e y words: Xyloglucan Endotiansgl jcosvlase— Ohgosacchandes Enzyme-
substrate c omplex 

Abbrev ia t ions : XG xyloglucan, XET xyloglucan-endotiansglycosylase, XGOs 
xyloglucan derived oligosaccharides, Affi-Ab AffiGel 10 linked with antibodies 

against XET 
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Introduct ion 

\ \ l o g l u ( a n (XG) is the ma]oi hemicellulose m the piimaiy cell walls of dicotyle­

donous plants wheu it is associated b \ a strong hychogen binding with cellulose 

muiohbi i ls (Hayashi 1989) XG molecule is long enough to simultaneously fonn 

hydiogen-bonds with moie than one cellulose miciohbiil and it has been pioposed 

that XG fonns tethers between cellulose iniciohbrils (Fiv 1989) The bieakage of 

xyloglucan chains would therefore have an important effect on wall plasticity and 

the enzymes capable of splitting and reconnecting the XG chains may ha \e an es 

sential impoitance foi the plant giowth (Fiy et al 1992) Such e n / \ m e activities 

h<\\ e been eletec ted m many plants and they aie closely related to yanous phy siolog-

ual aspects of plant giowth such as cell expansion (Fiy et al 1992) hint i ipenmg 

(Maelachlan and Ehaelv 1994) oi seed germination (Edwaids et al 1986) and were 

(ollte t i \el \ te imed xyloglucan endotransglve osy lases (XETs) EC 2 4 1207 This 

type of enzyme activity was also found in cell suspension eultuies of plant cells 

(Takeda et al 1996 Nakamma and Hayasln 1993) 

In some seeds (e g , nastuit ium Tiopacolvm majus L ), XG seives as storage 

polysaccharide Its degiadation dining seed germination is biought about by a co-

opc i a tne action of four enzymes (Edwaids et al 1986) xyloglucan specific endo-

(l- l)-^-D-glucanase ,1 galactosidase, a-xylosidase, and /^-glucosidase Xyloglucan 

specific endc>(l-4)-/i-D-glueanasc was found to be in fact a transglycosylase and 

foi (his íevison it y\as latei teimed wloglue an endotiansglyc osylase, XET (Faikaš 

e t al 1992) In the absence of XGOs, the en/yme acts as a hydiolase but the XG 

de polymeii/at ion is yery sloyy In previous papers (Faikas et al 1992, Sulova and 

Faikaš 1996) yye pioposed that an mteimechaiy complex foims between X E T and 

\ G m the couise of tiansglycosylation The present papei provides kinetic eyidence 

foi a íelatiyely high stability of the assumed XET XG complex 

Mater ia l s and M e t h o d s 

Substrates 

Tamaimd (Tama mid us nulica) seed xyloglucan was isolated by alkaline extiact ion 

a< cording to Edwaids et al (1985) yvith some modification In the last step, the 

diahzed ciude XG was dissolved m watei and punned by batch treatment \yith 

D E \ E cellulose m acetate form The M r of the piepaied XG was m the lange 10° 

HI1' as eleteimined by gel filtiation 

pHJxvloglucan was piepaied by feeding suspension cultuied spinach (Spina 

<ia olei(i(<a L ) cells yyith L-fl-^HJaiabinosc (Ameisham, specihe laehoae tiy lty 92 

TDq/mol) as desenbed elseyvheie (Suloyaet al 1998) 

file:///yith
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Enzyme pinifuation 

XET y\as punfied to homogeneity from extiacts of germinated (at 25°C 12 h /12 
h light/night regime*), nasturt ium Tropaeolum majus L seeds by ammonium sul­
fate pieeipitation amon-exe hange chromatography, hydiophobic-mteiaction chro­
matography and gel permeation chromatogiaphy (Sulovaeta l 1995) The degrada 
tion of XG yvas folloyved colonmetiically or viscometncally as descnbed pieviously 
(Sulova et al 1995) 

The time couise of XG degiadation by XET was fitted by non-hneai regression 
according to equation (1) 

w = Woc(l-e~K<) (1) 

wliere « and w^_ lepiesent the portion of XG degraded at times t and t —> oc 

lespectnely k is the rate constant 

Piepaiation of antibodies 

Mouse polyclonal antibody against XET was prepared according to Harloyv and 

Lane (1988) Mice yyere immunized yyith thiee mtrapentoneal injections (0 5 ml 

25 30 fig of XET) at three week mteiyals The fust dose contained complete 

Fiend's adjuvant the next tyyo yveie m physiological solution The immune seiuni 

was hnthei punfied by ammonium sulfate piec ipitation, dialy zed and e oncentiated 

by ultiafiltiation 

Binding of XET and pH] XG to AffiGel 10 

Binding of antibodies against XET to AffiGel 10 0 5 ml of AffiGel 10 (BioRad) 
yyas incubated yyith 1ml of antibody's solution (5 7 mg of p io tem/ml , 0 5 mol/1 
MOPS pH 7 2) at loom tempeia tu ie for 4 h The amount of bound protein was 
calculated as the difference between piotein concentiations in the solution before 
and aftei the binding The1 gel yyith bound antibodies was centnfuged and yvashed 
three times with MOPS containing 0 15 mol/1 NaCl and then 10 yolunies of 100 
irimol/1 ethanolamme yyeie added and incubated at room tempeia tu ie oyemight 
undei mixing \ f ter blocking, ethanolamme yyas lemoved by c c nti irrigation, and 
VffiGel antibody (Mfi-Ab) was thoioughly washed with MOPS NaCl XET yvas 

bound to \ f n - \ b m 0 5 mol/1 MOPS pH 7 2 for 4 h The amount of XET bound 
y\as detected as the dee lease of XET activity in the1 solution aftci binding or using 
the ELISA. method 

R e s u l t s 

Eff(tt of enzyme toiu entration on the leaction equilibrium 

Flit tnne-eouise of XG degiadation by XET could be described as a pseudo hist 

oidei leaction ehaiac tenzed by a iectangulcii hvpeibole (Fig 14) Good agiee-

nient between measured and computed data was obtained when the experimental 
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Figure 1. Time-couise of XG degradation and its dependence on XET concentration m 
the absence and m the presence of XGOs 4 Two ml leaction mixture containing 2 mg of 
XG m 50 mmol/1 citrate-phosphate buffer, pH 5 5 and (•) 2 8 //g XET, (o) 5 C /ig XET, 
( • ) 11 2 //g XET B The same conditions as m .4 but in the presence of 1 mg/ml XGOs 

data yycio htteel by equation (1) The kinetic paiameteis obtained by non-lineai 

íegiession aie shoyyn in Tabic1 1 The values of w^_ depended on the initial enzyme 

e one entiation and the degree of XG degiadation at equihbiium meieased with the 

mi teasing XET e one entiat ion (Fig 1 4) addition to leaction mixtuie of XGOs at 
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Table 1. XG degradation bv XET m several concentrations kinetic paiameteis 
the absence and B m the presence of 1 mg/ml XGOs respeetiveh 

Amount of XET (ivg) M s ~ ' ) 

B 

28 
56 
11 2 

28 
56 
11 2 

0 274 ±2 32 x 10-3 

0 357 ±3 90 x 10"J 

0 408 ±1 89 x 10"1 

0 893 ± 5 80 x 10 3 

0 955 ± 3 53 x 10 ' 
0 969 ±189 x 10~! 

0 0143 ± 3 07 
0 0355 ± 1 36 
0 0560 ± 1 11 

0 0454 ± 1 14 
0 0910 ± 1 184 
0 1810 ±3 31 

x 10 
x 10" 
x 10" 

x 10" 
x 10" 
x 10" 

4 

-a 
-Í 

-í 

i 

-j, 

(ux and k were obtained by nonhueai i egression of experimental data from Fig 1 ac­
cording to equation (1) and represent the computed value ± S E M (for 9 degrees of 
fioedom) 

100 150 

Time (min) 

Figure 2. Effee t of the addition of XGOs in the tomsc of XG degradation bv XET Foui 
ml leaction mixtuie containing 1 mg XG m 50 /miol/1 c itrate-pliospliate buffer pH 5 5 and 
5 6 //g XET (o) reaction staited without XGOs (•) mixtuie containing 0 8 mg XGOs 
Vt times indicated by ariows 0 4 mg XGOs weie added to each leac tion mixtuie 

leaction equihbiium initiated fuithei XG bieakdown and shiffted the eejuihbimm 
towaids highei values Sati i iatmg XGOs eoncentiation was about 0 6 mg/ml (data 
not shown) At highei XGOs cone entiations (1 mg/ml) the equihbiium v allies weic 
no moie enzyme eoncentiation dependent (Fig IB) The effee t of XGOs added in 
the eouise of the leaction is illustiated in Fig 2 Addition oi XET (Fig 3) to the 
leaction mixture at equihbiium also had a snmlai effect In both cases additional 
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Figure 3. Effect of stepwise enzyme addition m the course of XG breakdown bv XET 
Foui ml reaction mixtuie containing 4 mg XG in 50 mmol/1 citrate-phosphate buffei pH 
5 5 and 11 6 /tg XET the addition of XET (5 C fig) is marked by the arrow 

XG degiadation was initiated and a new equihbiium was established at a highei 
lev el 

pH]-XG and XET binding to Affi-Ab 

In these expeimients binding of XET and [!H]XG alone oi of XET [5H]XG com­
plex to AffiGel 10 linked with antibodies against XET yyas studied (Fig 5) The 
specificity of the antibody to XET was detei mined by Western blotting, and is doc­
umented in Fig 4 The- antibody only stained a single piotem band (M r 25.000) 
m the c inde extiact horn nastui t ium seedlings coriespondmg to XET (Edwards 
et al 198G) XG alone did not bind to AffiGel oi Affi-Ab (Fig 5) In contrast 
XET alone was binding onto Affi-Ab veiv extensively Immobilized XET obtained 
m this way letamed its íesidual enzymatic activity (about 80 to 90% of that of the> 
native enzyme) and could bind pH]XG fiom the solution (Fig 5) Moieovei, when 
XET was pieine ubated with [!H]XG under similar eoncentiation íatios as men­
tioned above, addition of Affi-Ab to the preincubation mixtuie resulted m snnilai 
binding of XET as obseived with the enzyme alone but the binding of [^rljXG was 
enhanced (Fig 5) About 15(zi of bound ^HjXG was released into the solution aftei 
the incubation of Affi-Ab-XET-pH]XG complex with 1 mg/ml XGOs m 0 5 mol/1 
MOPS, pH 7 2 wheieas piaeticallv no radioactivity was released when the complex 
was me abated in the buffei alone this indicates that the enzyme had retained its 
tiansglvcosylase activity even when bound on the1 earner in the complex 
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F i g u r e 4. SDS P A G E and Western blot of fiactions from individual puiification stages 
4 SDS P A G E etet t ophoi esis 1 c iude ext iae t , 2 - anion exchange- chiomatogiaphv 
(DEAE Spheion) , 3 hydrophobic inteiact ion chromatography (phenvl sephaiose) , 4 
size exclusion chromatogiaphy (BioGel P 60), S s tandard X E T B Western blot of 
individual puiification steps foi symbols see 4 
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F i g u r e 5 . Binding of X E T and pH]XG to Affi-Ab 4 bmehng of [ JH]XG to Affi-Ab m 
the absence of X E T , B binding of [3H]XG to X E T immobilized on the earner , C binding 
of [JH]XG to Affi-Ab after preincubat ion with X E T D nonspecific binding of X E T to 
AffiGel 10, E immobilization of X E T on Afh-Ab, F binding of X E T aftei p iemcuba t ion 
with [ !H]XG 
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D i s c u s s i o n 

In oui pievious woik (Faikas et al 1992) we have pioposed a hypothetical mecha­

nism of XET niteiaction with subst ia te (Scheme 1) 

XG Bond Hydrolysis 
cleavage "2" 

I y ',Í</„. 
!<° &" J 

Enzyme Enzyme-glycosyl complex 

XGO 

Transglycosylation 

t 

Scheme 1 

Tins mechanism was based on the assumption that after the mtenaction of 
XET with XG the subst iate molecule is split into two pai ts the hist part eon-
taming the newly foi med 110111 educing end is leleased fiom the binding site of the 
enzyme but the second one contaimng the> potentially new reducing end remains 
attached to the active site of the en/yme foiming a relatively stable and temporar­
ily inactive enzyme-glycosyl mteimediate which is decomposed by t iansfenng the 
glycosyl moiety to a suitable polysacchande 01 ohgosae chanele aceeptoi (tiansglv-
e osv lation) 

The existence of the' stable enzyme glycosyl intermediate is supported by the 
observation that the equihbiium of XG degiadation by XET appealed to be eh-
icctly piopoitional to the enzyme eoncentiation (Fig 1.4) At equilibrium, all the 
enzyme was piobablv bound to an mteimechaiy complex with XG Apparently, the 
complex is lelatively stable against the at tack of water so that the enzyme bound 
111 this complex becomes tempoianly inactive Equilibrium could be disbalanced 
by furthei addition of XET (Fig 3) and /o r XGOs (Fig 2) Aftei the addition of 
a new portion of XET, the reaction continues until practically all newly added 



Xyloglucan Degradation Kinetics 141 

enzyme molecules become a part of the complex. On the other hand, added XGOs 
are probably promoting the reaction by acting as glycosyl 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 [3H] 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 
mactivation of the enzyme or its conversion into a latent state in the plant cell wall 
dining periods of limited growth (Sulová et al. 1998). 
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