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Summary. Chitinase activities have been compared in 
tobacco roots (Nicotiana tabacum cv. Xanthi nc) in- 
fected by the pathogenic fungus Chalara elegans or 
three species of vesicular arbuscular mycorrhizal (VAM) 
fungi: Glomus versiforme, G. intraradix and G. fascicu- 
latum, using native polyacrylamide gel electrophoresis 
(PAGE). All previously known acidic chitinase isoforms 
were stimulated in roots by the pathogenic fungus and 
by the VAM fungi, while two new acidic chitinase iso- 
forms were specifically induced in response to the endo- 
mycorrhizal association. After separation in sodium 
dodecyl sulphate polyacrylamide denaturing gels (SDS- 
PAGE) under non-reducing conditions, the estimated 
apparent molecular mass for these additional acidic chi- 
tinase isoforms from VAM-colonized samples was 
33 kDa, compared to 30 kDa for the main activity stim- 
ulated in C. elegans-infected root extracts. 
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Introduction 

Evidence for weak or transient activation of some de- 
fence responses during early stages of the vesicular ar- 
buscular mycorrhizal (VAM) symbiosis has been re- 
ported (Spanu and Bonfante-Fasolo 1988; Dumas et al. 
1989, 1990; Bonfante-Fasolo and Perotto 1990; Giani- 
nazzi 1991), with special emphasis on chitinases (Spanu 
et al. 1989; Dumas et al., to be published). Plant chiti- 
nases (EC 3.2.1.14) are potential antifungal hydrolases 
(Schlumbaum et al. 1986; Roberts and Selitrennikoff 
1988; Mauch et al. 1988a, b) which have also been inves- 
tigated in various host-pathogen interactions (Pegg and 
Young 1982; Roby and Esquerr6-Tugay6 1987; Mauch 
et al. 1988a, b). Recently, several chitinases have been 
identified as pathogenesis-related (PR) proteins (Le- 
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grand et al. 1987; Kombrick et al. 1988; Metraux et al. 
1988; Nasser et al. 1988; Joosten and De Wit 1989; Tru- 
del et al. 1989). 

Using detection techniques for chitinase activity after 
native polyacrylamide gel electrophoresis (PAGE) or 
denaturing conditions (SDS-PAGE), the complete set of 
chitinase isoforms stimulated in virus-infected tobacco 
leaves or present in some of the healthy tissues has been 
well established (Trudel et al. 1989). Up to now, we have 
failed to detect acidic chitinases in endomycorrhizal to- 
bacco roots by Western blots, while their occurrence has 
been clearly demonstrated using the same analytical ap- 
proach in tobacco roots infected by the pathogenic fun- 
gus Chalara elegans (Dumas et al. 1989; Tahiri-Alaoui 
et al. 1990). The aim of the present work was to re- 
examine VAM-colonized and C. elegans-infected root 
extracts using new electrophoretic detection techniques 
for chitinase activity. 

Materials and methods 

VAM-infected N. tabacum cv. Xanthi nc. was obtained by sowing 
tobacco seeds in trays filled with Turface (calcined montmorillon- 
ite clay; Imcore Division, Illinois, USA) and inoculating with leek 
roots infected by Glomus versiforme (Karst.) Berch, G. intraradix 
(Schenck & Smith) and G. fasciculatum (Thaxter) (Gerdeman & 
Trappe emend. Walker & Koske) as previously described (Despatie 
et al. 1989). Plants were grown in a controlled-environment room 
(17/23 ~ C -  1 ~ C, 16-h photoperiod at 300 ~tmol m -2 s - -  1 ,  60070 re- 
lative humidity). They were watered weekly with a low phospho- 
rus Long Ashton solution (HPO]-=44mg1-1) at the rate of 
41 m -2 of Turf ace and supplemented with distilled water. Control 
plants were grown in the same way, except that the inoculum con- 
sisted of non-mycorrhizal leek roots. For pathogen infection, to- 
bacco plants were individually transplanted into Turface and ino- 
culated 2 weeks later with C. elegans (Isolate 84-1 from the Tobac- 
co Institute, Bergerac, France) as previously described (Tahiri et 
al. 1990). Control plants received only water. 

Control and VAM-colonized roots were analysed after 10 
weeks [average of 20-3007o root colonization determined as de- 
scribed by Kormanick et al. (1980)] and after 14 weeks (average of 
50-60~ root colonization). Control and C. elegans-infected roots 
were sampled 4, 7 and 11 days after inoculation. Root homogen- 
ates were made by grinding tissue in liquid nitrogen and the result- 
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ing powders were resuspended in 0.1 M sodium phosphate buffer 
pH 6.5 (1 : 1 w/v) at 4 ~ C. Homogenates were then centrifuged at 
10000g for 1 h at 4 ~ C and kept at -20 ~ C. Sample preparation 
for chitinase activity after PAGE under native conditions for the 
separation of acidic or neutral proteins (Davis 1964) and under 
non-reducing denaturing conditions (SDS-PAGE) was performed 
as previously described (Trudel and Asselin 1989). Renaturation 
of enzyme activity after SDS-PAGE by incubation in the appro- 
priate buffer for 18 h at 37~ and staining of chitinase activities 
with Calcofluor White M2R were carried out according to Trudel 
et al. (1989). 

Results 

At least six main bands with chitinolytic activity sepa- 
rated in the Davis system at pH 8.9 were observed in the 
control root extracts (Fig. 1, lanes C1 and C2). These 
bands had the same electrophoretic mobilities as those 
of  the PR proteins previously identified as chitinases in 
an intercellular fluid from either virus-infected or chem- 
ically treated leaves of tobacco (Trudel et al. 1989) (Fig. 
1, bars on the left). Until now, acidic chitinases have not 
been detected in healthy tobacco roots while two root- 
specific acidic chitinases were found in cucumber (Tru- 
del et al. 1989; Majeau et al. 1990). In the present case, 
the occurrence of acidic chitinases in healthy tobacco 
roots could be related to general stress of the plants 
(Fig. 1, lane C1). Interestingly, the healthy roots (Fig. 1, 
lane C2), corresponding to the control of  the experiment 
with C. elegans, gave a lower signal for most of the chi- 
tinase bands, while a clear stimulation of  the chitinase 
activities was observed after infection with C. elegans 
(Fig. 1, lane C. e). This increase was particularly ob- 
vious for the two lower bands (first doublet indicated by 
arrows in Fig. 1). When tobacco roots were colonized 
with the three Glornus species, an increase in the intensi- 
ty of most of the chitinase bands already present in non- 
mycorrhizal roots occurred. Preliminary analysis of en- 
domycorrhizal extracts showed a stronger stimulation of 
chitinase activities in tobacco, reaching 50-60% root 
colonization, than in those showing only 20-30~ colo- 
nization. Electrophoretic patterns of chitinase activities 
are presented only for extracts corresponding to the 
maximal level of  mycorrhizal infection. The observed 
increase in chitinase activities from endomycorrhizal 
roots is particularly obvious with G. intraradix and G. 
fasciculaturn (Fig. 1, lanes G. i and G. f). Furthermore, 
two acidic chitinase isoforms were newly detected in ex- 
tracts from roots colonized by the three Glornus species 
(arrowheads in Fig. 1). The band with the highest elec- 
trophoretic mobility seemed to have a stronger chitinase 
activity. 

The same extracts were then analysed for chitinase 
activities after denaturing SDS-PAGE under non-reduc- 
ing conditions (Fig. 2). Only one band with an apparent 
estimated molecular mass of 30 kDa was observed in ex- 
tracts from healthy roots (Fig. 2, lanes C1 and C2) as 
well as in those from C. elegans-infected roots (lane 
C.e). This is in agreement with previously reported re- 
sults obtained with virus-infected tobacco leaves and 
some healthy tobacco tissues (Trudel et al. 1989). This 

Fig. 1. Chitinase activities after native 15~ polyacrylamide gel 
electrophoresis (PAGE) for acidic proteins (Davis system). Clarif- 
ied extracts of non-mycorrhizal roots (C1) and non-infected (con- 
trol) plants (C2) were compared to Glornus versiforme (G. v), G. 
intraradix (G. i), G. fasciculatum (G. f) colonized root and to C. 
elegans-infected root extracts (C. e). Samples each contained 36 gg 
protein. After electrophoresis, the gel was stained with Calcofluor 
White 2MR and chitinase activities were observed after UV illumi- 
nation as dark lytic zones against the fluorescent background of 
glycol chitin (0.01% v/v) embedded in the gel. Bars on the left 
indicate the positions of chitinase activities from an intercellular 
fluid of chemically induced tobacco leaves (PR). Additional (ar- 
rowheads) or stimulated (arrows) chitinase activities are indicated 
on the right 

Fig. 2. Chitinase activities after denaturing 15~ polyacrylamide 
gel electrophoresis under non-reducing conditions (SDS-PAGE). 
Extracts from non-mycorrhizal (C1) and non-infected (control) 
(C2) roots were compared to 14-week-colonized roots infected by 
G. versiforme (G. v), G. intraradix (G. O, G. fasciculatum (G.J) 
and to C. elegans-infected roots (C. e) analysed 4, 7 and 11 days 
after infection. Samples each contained 30 ~tg protein. Staining 
was as in Fig. 1. Prestained molecular mass markers (Bio-Rad) are 
indicated on the left: lysozyme (16 kDa), soybean trypsin inhibitor 
(24 kDa), carbonic anhydrase (33 kDa), ovalbumin (47 kDa), bo- 
vine serum albumin (84 kDa) and phosphorylase (110 kDa). Chiti- 
nase activities in mycorrhizal roots are indicated by arrowheads 
(new) or arrows (stimulated) on the right 

band appeared as a very faint signal in the healthy roots 
used as controls for the C. elegans-infected plants (Fig. 
2, lane C2) compared to healthy roots used in the experi- 
ment with the mycorrhizal fungi (Fig. 2, lane C1), con- 
firming the results obtained after PAGE under native 
conditions. Moreover, a noticeable increase of this 30- 
kDa migrating band was observed in C. elegans-infected 
roots from 4-11 days of infection. In extracts from 
roots colonized by the three Glornus species, a second 
band was distinctly detected with an apparent estimated 
molecular mass of 33 kDa. The induction of this addi- 
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t iona l  chi t inase  i s o f o r m  in V A M - c o l o n i z e d  roo ts  was 
con f i rmed  in a two-d imens iona l  gel system (results no t  
shown)  as one -d imens iona l  P A G E  is no t  as re l iable  as 
t wo- d imens iona l  gels for  d is t inguish ing  the va r ious  chiti-  
nase  i so fo rms  (Trude l  and  Asse l in  1989). 

Discussion 

Several  s tudies have focused  on  the s t imula t ion  o f  chit i-  
nases dur ing  p l a n t - m i c r o b e  in te rac t ions  ( G r a h a m  and  
G r a h a m  1991). Howeve r ,  to  our  knowledge ,  only  few 
inves t iga t ions  have been car r ied  out  on a single hos t  
p l an t  infec ted  by  ei ther  a pa thogen ic  or  a symbio t i c  fun-  
gus (Dumas  et al.  1990). Using  new ana ly t ica l  P A G E  ap-  
p roaches  for  de tec t ion  of  chi t inase  act ivi ty ,  we clear ly  
d e m o n s t r a t e d  for  the  first  t ime the occur rence  o f  a dif-  
fe rent ia l  i nduc t ion  of  chi t inase i so fo rms  accord ing  to  
the infect ing fungus.  Since b o t h  C. elegans and  the three  
Glomus species con ta in  chi t in as a m a j o r  c o m p o n e n t  o f  
thei r  cell walls  (Barn ick i -Garc ia  1968; B o n f a n t e - F a s o l o  
et al. 1986; D u m a s  et al . ,  unpub l i shed  results) ,  the  ob-  
served s t imula t ion  o f  chi t inase  activi t ies is no t  unex-  
pected.  However ,  we showed tha t  if  the  activi t ies o f  the  
chi t inase  i so fo rms  p rev ious ly  ident i f ied  as P R  pro te ins  
in t obacco  (Trude l  et al.  1989) are  ma in ly  s t imula ted  by  
the pa thogen ic  fungus  C. elegans, and  to a lesser extent  
by  some stress cond i t ions ,  at  least  two add i t i ona l  acidic 
chi t inase  i so fo rms  could  be re la ted  to the m y c o r r h i z a l  
symbios is .  These  V A M - r e l a t e d  chi t inase  i so fo rms  could  
be sero logica l ly  un re l a t ed  to  the  acidic  P R  chi t inases  
f rom tobacco ,  as no chi t inase  has been de tec ted  in 
young  V A M  tobacco  r o o t  extracts  by  Wes te rn  b lo ts  
when  p r o b e d  with a n t i - P R  chi t inases (Dumas  et al. 
1989). The  presen t  results  suggest  tha t  the  d ivers i ty  o f  
chi t inases in hea l thy  versus "b io log ica l ly  s t ressed" t issue 
is complex .  Selective induc t ion  o f  chi t inase  i so fo rms  ac- 
cord ing  to the  p a t h o v a r  o f  Xanthomonas  has recent ly  
been  r epo r t ed  in Brassica (Dow et al.  1991), bu t  the  sig- 
n i f icance  for  V A M  symbios is  has still to  be e luc ida ted .  
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