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Abstract. Several  ch i t i n -b ind ing  p ro te ins  were i so la ted  
f rom the " b o t t o m  f r ac t ion"  o f  Hevea  brasiliensis (M/il l . )  
Arg .  latex. One  o f  these ch i t i n -b ind ing  p ro te ins  is hevein,  
a smal l  m o n o m e r i c  p ro t e in  which  s t rong ly  resembles  the 
lectin f rom s t inging net t le  (Urtica dioica L.). Like  the 
lat ter ,  hevein showed  s t rong  an t i funga l  ac t iv i ty  aga ins t  
several  fungi  in vi t ro .  The  poss ib le  invo lvement  o f  this 
p ro te in  in the defense aga ins t  invas ion  by  po ten t i a l ly  
pa t hogen i c  fungi  is discussed.  

Key words:  Chi t in  - F u n g u s  - Hevea (an t i funga l  p ro te in)  
- Lect in  - P l a n t - p a t h o g e n  in te rac t ion  - Res is tance  (to 
fungi)  

Introduction 

Hevein  is a smal l  (4.7 k D a )  cys te ine-r ich  p ro te in  in the 
la tex o f  the r u b b e r  tree (Hevea  brasiliensis),  and  was 
or ig ina l ly  desc r ibed  by  A r c h e r  (1960). I t  is one o f  the 
m a j o r  p ro t e ins  in the lu toids ,  which  are  small  vacuole-  
der ived  organe l les  (Arche r  et al. 1969). A l t h o u g h  no th ing  
is k n o w n  a b o u t  the  phys io log ica l  func t ion  o f  this abun-  
d a n d  la tex p ro te in ,  the s t r ik ing  h o m o l o g y  be tween the 
a m i n o - a c i d  sequence o f  hevein ( W a t u j o n o  et al. 1975) 
and  tha t  o f  Urtica dioica agglu t in in  ( U D A )  ( C h a p o t  et 
al. 1986) m a y  p rov ide  some clues. 

This  U D A  is a non -ca t a ly t i c  c a r b o h y d r a t e - b i n d i n g  
p ro t e in  (lectin) wi th  specif ici ty t o w a r d s  subs t ra tes  con-  
ta in ing  N - a c e t y l - g l u c o s a m i n e  such as chi t in  (Peumans  et 
al. 1983). I t  occurs  at  re la t ive ly  high concen t r a t i ons  
in the u n d e r g r o u n d  o rgans  ( roots  and  rh izomes)  o f  
s t inging nett le.  W e  have  recent ly  d e m o n s t r a t e d  tha t  
U D A  inhib i t s  g rowth  o f  m a n y  ch i t i n -con ta in ing  fungi  in 

Abbreviations: FPLC = fast protein liquid chromatography; M = 
apparent molecular mass; SDS-PAGE = Sodium dodecyl sulp- 
hatepolyacrylamide gel electrophoresis; UDA = Urtica dioiea ag- 
glutinin; WGA = Wheat-germ agglutinin 

vi t ro (Broekae r t  et al. 1989), ind ica t ing  tha t  it m a y  be an  
an t i funga l  agent  in vivo. 

In  this p a p e r  we descr ibe  the i so la t ion  o f  hevein by  
affinity c h r o m a t o g r a p h y  on  chi t in  and  p rov ide  evidence 
for  its an t i funga l  act ivi ty  in vi t ro.  

Material and methods 

Materials. Freeze-dried "bottom fraction" of the latex of Hevea 
brasiliensis was kindly provided by Dr. S. Soemitro from the Rub- 
ber Research Institute, Kuala Lumpur, Malaysia. 

A pure samle of hevein was obtained from Dr. J.J. Beintema, 
Rijksuniversiteit Groningen, The Netherlands. Phycomyees blakes- 
leeanus Burgeff, strain K1 (ATCC 5633) was a gift of Dr. A. Van 
Laere, Catholic University of Leuven, Belgium. Pyrenophora tritici- 
repentis (Died.) Drechs. strain 45101 and Triehoderma hamatum 
(Bonard.) Bain. strain 10401 were provided by Dr. A. Vanachter, 
Catholic University of Leuven, Belgium. Other microorganisms 
used in this study were Septoria nodorum Berk. (MUCL 30111); 
Pyrieularia oryzae Cav. (MUCL 30166); Botrytis cinerea (Pers.) Fr. 
(MUCL 30158); Fusarium culmorum (W.G. Smith) Sacc. (IMI 
180420); and Fusarium oxysporium f. sp. pisi (van Hall) Snyd. & 
Hans. (IMI 236441). 

Crude crab-shell chitin and chitosan were obtained from Sigma 
St. Louis, MO., USA). Chitotriose was prepared from crude chitin 
by the method of Rupley (1964). Tritiated chitin was prepared as 
described by Broekaert et al. (1988). 

Purification of chitin-binding pro te&sfrom latex. Six grams of lyoph- 
ilyzed bottom fraction from latex of H. brasiliensis were extracted 
in 150 ml of 50 mM acetic acid containing 0.2 M NaC1. Thiourea 
was added to a final concentration of 10 mM in order to inhibit 
polyphenoloxidase activity. The extract was brought to pH 4.0 with 
1 N NaOH and centrifuged for 10 min at 20 000 �9 g- The super- 
natant was loaded on a chitin column and the column washed with 
0.2 M NaC1 until the A28 o fell below 0.01. The bound proteins were 
eluted from the chitin column with 0.5 M acetic acid. The peak 
fractions were diluted tenfold and brought to pH 3.8 with 2 N 
NaOH. In a final purification step we chromatographed the affinity- 
purified fraction on a Pharmacia (Uppsala, Sweden) Mono-S ca- 
tion-exchange column using a Pharmacia fast protein liquid chro- 
matography (FPLC) system. Washing was done with 50 mM sodi- 
um-formate buffer (pH 3.8) and the column eluted using a linear 
gradient of increasing NaC1 concentration (from 0.0 to 0.4 M) at 
a flow rate of 2 ml - min- 1. Peak fractions were collected and used 
for further analysis. The yield was 56 mg of pure hevein. 
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Purification of chitinases. Triticum aestivum chitinase and Nieotiana 
tabacum chitinase were prepared as described by Broekaert et al. 
(1988). 

Sodium dodecyl sulphate-polyacrylamine 9el electrophoresis 
(SDS-PA GE) was performed using a discontinuous system accord- 
ing to Laemmli (1970) on a 12-25% (w/v) acrylamide gradient gel. 
Hevein samples were somewhat overloaded since the protein rapidly 
eluted from the gel upon destaining. However, quick observations 
were possible as the stained hevein band eluted slower than the dye 
(Walujono et al. 1975). Since both hevein and UDA yielded diffuse 
bands we improved the resolution of the gels by changing the 
acrylamide concentration and the shape of the gradient. The best 
resolution was obtained under the conditions described above. It is 
worth mentioning that the exact relative molecular masses (Mr) of 
hevein and UDA cannot be determined using SDS-PAGE because 
of the anomalous behaviour of these proteins in this type of electro- 
phoresis (Tata 1975). 

Molecular-weight determination of hevein by gel filtration was esti- 
mated using an FPLC-system (Pharmacia) equipped with a 
Superose-12 column (HR10/30) and an on-line ultraviolet monitor 
(280 nm). Flow rate was 20 ml �9 h- 1 in all experiments. Reduction 
and carboxyamidation of proteins was performed according to 
Ansari and Mage (1976). 

Amino-acid analysis was performed by the University of Michigan 
Protein Sequencing Facility using phenyl thiocarbamyl amino acids 
(Koop et al. 1982). 

Enzyme assays. The following enzyme assays were done according 
to previously described protocols: chitinase (Broekaert et al. 1988), 
chitosanase (Price and Storck 1975), 13-N-acetylglucosaminidase 
(Boller and Kende 1979), and lysozyme (Joll6s 1962). Trypsin- 
inhibitor tests were done as described by Walsh (1970). Agglutina- 
tion assays were done as in Peumans et al. (1982). 

Growth inhibition assay. Fungal spores were suspended at a density 
of approx, l0 s spores �9 ml-1 in potato dextrose broth (Difco Lab- 
oratories, Detroit, Mich. USA). The suspensions were sonicated 
with a needle probe (Labsonic 2000; Braun, Melsungen, FRG) at 
50 W for 1 min in order to disrupt spore clumps. The constitutive 
dormant spores of Phycomyees blakesleeanus were activated by 
heating at 50 ~ C for 5 min. Aliquots of this spore suspension were 
incubated at 22 ~ C in flat-bottom multiwell plates (NUNC, Linbro, 
Denmark) until the hyphae of the germlings reached an average 
length of about 40 ~tm (stage 1). Then, test solutions were added to 
the stage-1 germlings, and the flasks re-incubated at 22 ~ C until the 
control germlings (50 ~tl of sterile water added) reached an average 
length of approx. 500 lam (stage 2). The average hyphal lenght of 
stage-2 cultures was determined from photomicrographs made with 
an inverted microscope (M40; Wild, Heerbrugg, Switzerland). 
Growth was expressed as the increase in average hyphal length from 
stage 1 to stage 2, relative to that of control cultures. Tests were 
performed in triplicates. Mean values were calculated and used in 
the figures. 

Re su l t s  

Purification and characterization o f  herein. The sediment  
formed after low-speed cen t r i fuga t ion  (1000"9)  of  H. 
brasiliensis latex, the so-called b o t t o m  fract ion,  was used 
as a s tar t ing mater ia l  for the isola t ion of  hevein. Extrac- 
t ion at low pH and  affinity ch roma tog raphy  on  chi t in  
resulted in a pro te in  mixture  that  yielded six different 
peaks u p o n  h igh-per formance  ion-exchange chromato-  
graphy  (Fig. 1). The pro te in  f rom one of  the ma jo r  peaks 
(peak 1) was tentat ively identified as hevein based on  its 
amino-ac id  compos i t ion  (Table  1). 
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Fig. 1. Ion-exchange chromatography of chitin-binding proteins 
from the bottom fraction of Hevea brasiliensis latex. Latex proteins 
(5 nag) isolated by affinity chromatography on chitin were loaded 
on a Mono-S column equilibrated with 50 mM sodium-formate 
buffer (pH 3.8). After washing the column with 4 ml of butter, 
proteins were eluted using a linear gradient of increasing NaCl 
concentration (from 0.0 to 0.4 M) at a flow rate of 2 ml - min- 1. The 
first major peak (peak 1) is hevein (arrow, left) 

Table 1. Amino-acid composition of hevein. 1, Composition of 
hevein (peak I fraction) purified by affinity chromatography on 
chitin; 2, composition according to Archer (1960); 3, composition 
according to Walujono et al. (1975) 

Amino acid 1 2 3 

Ala 1.3 0.8 1.0 
Cya 8.0 8.0 7.9 
Asp 7.6 5.1 6.2 
Glu 6.0 3.9 5.5 
Phe 0.1 0.0 0.0 
Gly 5.8 3.9 4.9 
His 0.9 1.4 1.4 
Ile 0.2 0.0 0.0 
Lys 2.1 2.1 2.0 
Leu 2.3 2.1 1.9 
Met 0.0 0.0 0.0 
Pro 2.5 2.1 1.9 
Arg 1.2 1.9 1.0 
Ser 3.5 5.0 3.7 
Thr 1.1 0.9 0.9 
Val 0.2 0.7 0.0 
Tyr 1.1 1.9 1.0 
Total 43.9 39.8 39.3 
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Fig. 2A-C. Molecular-weight determination of chitin-binding pro- 
teins by high-performance gel filtration. Analyses were done on an 
FPLC system (Pharmacia) and an in-line ultraviolet-monitor 
(280 nm). Elution rate was 20 ml �9 h-  1 in all experiments. A Run- 
ning buffer was phosphate-buffered saline containing l0 mM chito- 
triose. The column was calibrated with 20-1ag amounts of [3-amylase 
(Amy, 200 kDa), bovine serum albumin (BSA, 67 kDa), ovalbumin 
(Ova, 45 kDa), wheat-germ agglutinin (WGA, 36 kDa), chymotryp- 
sinogen (Chym, 25 kDa) and cytochrome c (Cyt c, 12.4 kDa). He- 
vein and UDA were analysed on a parallel run. B Running buffer 
was 6 M guanidinium-Cl' 100 mM Tris-HCl (pH 8.7). Calibration 
proteins were the same as in the legend of A, except that [3-amylase 
was omitted. C Hevein, UDA, and calibration proteins were re- 
duced and carboxyamidated before analysis. Running buffer was 
6 M guanidinium-Cl' 100 mM Tris-HC1 (pH 8.7)' 5 mM dithiotreit- 
ol. In all three experiments, hevein purified by affinity chromato- 
graphy on chitin migrated from the column in exactly the same 
position as a hevein sample purified by classical methods (Walujono 
et al. 1975) 

Molecular-weight  est imation o f  the material  f rom 
peak 1 by gel filtration under  native condit ions yielded 
an Mr value o f  10 k D a  (Fig. 2A). Gel filtration under  
dena tur ing  condi t ions  (6 M guanidinium-HC1) indicated 
an  Mr o f  9 k D a  for  bo th  the unreduced  protein (Fig. 2B) 
and the reduced and ca rboxyamida ted  protein (Fig. 2C). 
U p o n  S D S - P A G E ,  the prote in  migrated as a single band  
with an Mr o f  abou t  14 k D a  (Fig. 3). By any o f  these 
methods  the prote in  f rom peak 1 consistently comigra ted  
with a pure hevein sample, isolated by convent ional  pur- 

Fig. 3. Analysis of hevein, UDA and chitinase by SDS-PAGE. 
Hevein, purified as described by Walujono et al. (1975), UDA, 
peak-I material (hevein purified by affinity chromatography on 
chitin), and tobacco chitinase were loaded, in the order given, on 
hines 1, 2, 3 and 4. Molecular-weight markers (lane R) were phos- 
phorylase b (94 kDa), bovine serum albumin (67 kDa), ovalbumin 
(45 kDa), carbonic anhydrase (30 kDa), soybean trypsin inhibitor 
(21 kDa) and lysozyme (14 kDa). Samples were somewhat over- 
loaded since hevein eluted rapidly from the gel upon destaining. 
Quick observations, however, were possible since the dye eluted 
more rapidly than the stained protein bands. Note the contamina- 
tion by a 30-kDa protein (probably a chitinase) in the so-called pure 
hevein sample isolated by the method of Walujono et al. (1975) 
(lane 1, arrow) 

ification methods  (Walujono et al. 1975), thus confirming 
its identity as hevein (Figs. 2, 3). Moreover ,  as shown in 
Fig. 3, our  hevein prepara t ion  was not  visibly contami-  
nated with chitinase. 

The carbohydra te -b inding  properties o f  hevein were 
further  evaluated by ch romatograph ing  it on different 
affinity matrices (Fig. 4). The binding of  purified peak-1 
material  to chitin was a lmost  quantitative,  with re- 
coveries o f  up to 80% u p o n  desorpt ion with 25 m M  
chitotriose. Similar ch romatograph ic  patterns were ob- 
tained when convent ional ly  purified hevein was used 
instead o f  peak-1 material.  N o  binding affinity o f  hevein 
or  peak-1 material  could be observed on matrices consist- 
ing o f  immobil ized N-acetylglucosamine-conta in ing 
glycoproteins,  such as fetuin-agarose or  ovomuco id -  
agarose (Sigma). Besides the chit in-binding activity, 
hevein did not  show any agglut inat ion or  enzymat ic  
activity. It failed to agglutinate untreated or  trypsin- 
treated erythrocytes f rom rabbit,  pigeon or  h u m a n  
origin. Fur thermore ,  tests for chitinase, chitosanase,  
[3-N-acetylglucosaminidase, lysozyme or  trypsin-in- 
hibi tor  activity were negative even when hevein was 
included at up  to 1 mg - ml-1  in the appropr ia te  assay 
mixtures. 

Antifungalproperties o f  herein. The antifungal  activity o f  
chitinase-free hevein preparat ions  was assessed by deter- 
mining the effect o f  increasing concentra t ions  on the 
extension o f  fungal hyphae.  As shown in Fig. 5, hevein 
was inhibitory to all o f  the eight fungi tested (Botrytis 
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Fig. 4. Affinity chromatography of hevein on chitin. A hevein 
sample consisting of 2.6 mg (6.5 Az8 o units) of peak-1 material (see 
Fig. 1) in 1 ml 50 mM sodium-acetate buffer (pH 3.8) was applied 
on a column (5 ml bed volume) of chitin. The column was washed 
with 20 ml sodium-acetate buffer and the herein eluted with sodi- 
um-acetate buffer containing 25 mM chitotriose 

cinerea, Fusarium culmorum, Fusarium oxysporum f. sp. 
pisi, Phycomyces blakesIeeanus, Pyrenophora tritici- 
repentis, Pyricularia oryzae, Septoria nodorum, and 
Trichoderma hamatum ). 

The concentration required for 50% growth inhibi- 
tion (ICso) was taken as a measure of  the inhibitory 
potency of  hevein on a given fungus, thus allowing direct 
comparison with known antifungal proteins such as to- 
bacco chitinase and U D A  (Table 2). F r o m  this com- 
parison it appears that tobacco chitinase is the most  
potent inhibitor of  the saprophytic fungi P. blakesleeanus 
and T. hamatum. The plant pathogenic fungi included in 
our test were best inhibited by UDA,  which was three to 
five times more potent  than hevein. Tobacco chitinase 
did not cause growth inhibition of  the pathogens,  even 
when applied at 1.0 nag �9 m l -  1 

A morphological  effect often associated with hevein- 
mediated fungal growth inhibition is the format ion of  
thick hyphae with buds (Fig. 6). Similar effects were 
observed with UDA,  but not with tobacco chitinase. The 
latter more frequently caused lysis at the hyphal tips. 

The antifungal activity of  hevein appeared to be 
extremely heat-resistent, as it was not destroyed by a 
t reatment  at 90 ~ C for 10 � 9  Heat-inactivation of  the 
antifungal activity of  hevein ran parallel with its chitin- 
binding capacity, as indicated by the values of  growth 
inhibition after addition of  chitotriose (Table 3). Addi- 
tion of  anti-chitinase antiserum did not inhibit the anti- 
fungal activity of  hevein, indicating that the antifungal 
activity did not result f rom contaminat ing chitinases. 

Discussion 

We have developed a simple method for the isolation of  
herein based on its binding affinity for chitin. Our  hevein 
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Fig. 5A-C. Antifungal activity of hevein. Hyphal growth of germ- 
lings was measured at varying concentrations of hevein using the 
following test organisms: A �9 �9 Pyricularia oryzae; �9 �9 
Fusarium culmorum; �9 e, Pyrenophora tritici-repentis. B "--", 
Botrytis cinera; �9 e, Phycomyces blakesleeanus ; �9 �9 Trichoderma 
harnatum. C �9 m, Fusarium oxysporum f. sp. pisi; �9149 Septoria 
nodorum. Relative hyphal growth is expressed as percentage of the 
hyphal growth of control cultures, and data are means of three 
independent experiments. Ratios of SEs to means were less 
than 10% 

preparat ion was indistinguishable f rom a previously 
characterized hevein sample (Walujono et al. 1975) with 
respect to its amino-acid composit ion,  elution behaviour 
upon gel filtration, affinity ch romatography  on chitin 
and ion-exchange chromatography  on a Mono-S col- 
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Fig. 6A-C. Morphological effect of hevein treatment on hyphae of 
the fungus Pyrenophora tritici-repentis. A Untreated germlings 
(control) at 8 h post germination. B Germlings treated with 
500 lag " ml 1 hevein. Note the decrease in length as compared to 

A. Germlings treated with hevein (or UDA, not shown) developed 
thick hyphae with buds (see arrows). C Germlings, totally inhibited 
by 2 mg - ml- 1 hevein. Bar 20 lam 

Table 2. Antifungal potency of hevein in comparison with UDA and 
chitinase from Nicotiana tabacum (NTC). N.D. = Not determined 

Concentration (lag �9 ml-  1) 
required for 
50% inhibition of 
hyphal growth 

Hevein UDA NTC 

Botrytis cinerea 500 40 > 1000 
Fusarium culmorum 600 N.D. > 1000 
Fusarium oxysporum 1250 N.D > 1000 
Phycomyces blakesleeanus 300 100 20 
Pyrenophora tritici-repentis 350 N.D. N.D. 
Pyricularia oryzae 500 N.D. N.D. 
Septoria nodorum 500 35 N.D. 
Trichoderma hamatum 90 45 2 

umn,  and  re la t ive  e l ec t rophore t i c  mob i l i t y  u p o n  
S D S - P A G E .  

The  ch i t i n -b ind ing  p rope r t i e s  o f  hevein are  no t  sur- 
pr is ing,  t ak ing  in to  cons ide ra t i on  its a m i n o - a c i d  
sequence h o m o l o g y  with  o the r  ch i t in -b ind ing  pro te ins  
such as the lectins W G A  (Wr igh t  et al. 1985), U D A  
( C h a p o t  et al. 1986) and  m a n y  p l a n t  chi t inases  (Boller  
1988). M o r e o v e r ,  when spo t t ed  on to  n i t roce l lu lose  
paper ,  hevein weak ly  cross- reac ts  wi th  an t ibod ie s  ra ised 
aga ins t  W G A  or  U D A  (Broekae r t  1988), which  also 
po in t s  to some  s t ruc tu ra l  homolog ies .  Un l ike  the lectins 
( K o c o u r e k  and  Hore j s i  1981) U D A  and  W G A ,  however ,  
hevein does  no t  agg lu t ina te  red b l o o d  cells. I t  is no t  c lear  
at  p resen t  whe the r  this is because  there  is only  a single 
func t iona l  c a r b o h y d r a t e - b i n d i n g  site pe r  molecu le  or  to 
an  i n a p p r o p r i a t e  b ind ing  specif ici ty o f  the c a r b o h y d r a t e -  
b ind ing  site(s). 

M o l e c u l a r - w e i g h t  e s t ima t ion  o f  hevein by gel fi l tra- 

Table 3. Reversibility of antifungal activity of hevein and tobacco 
chitinase (NTC) by different treatments. Inhibition results are ex- 
pressed as percentage of the activity of untreated samples and are 
mean values of three independent experiments. Ratios of SEs to 
mean values were 15% or less. Untreated samples (50 lal) contained 
800 lag - ml- 1 hevein or 40 lag - ml- 1 chitinase in 100 mM sodium- 
phosphate buffer (pH 6). Chitotriose was added to the samples at 
a final concentration of 10 mM. Immunoprecipitation was done by 
adding 10 lal of antiserum to 90-lal samples containing 80 lag of 
hevein (or 4 lag chitinase) in sodium-phosphate buffer. After stand- 
ing for 1 h at 37 ~ C and 24 h at 4 ~ C, the precipitates were removed 
by centrifugation and the supernatants tested 

Samples Growth inhibition (%) 

Hevein NTC 

Untreated 100 
Chitotriose (10 mM) addition 25 
Immunoprecipitation with anti- 87 

chitinase (supernatant) 
Heating for 10 min at 90~ 95 
Heating for 10 min at 100~ 19 

100 
20 
0 

t ion under  bo th  nat ive  and  dena tu r ing  cond i t ions  in- 
d ica ted  an  Mr value  be tween 9 and  10 kDa .  I t  appea r s  
therefore  tha t  hevein behaves  as a m o n o m e r i c  pro te in ,  as 
p rev ious ly  observed  by  Ta t a  (1975). Ana lys i s  by  
S D S - P A G E  yie lded a s o m e w h a t  h igher  value  (14 kDa) ,  
bu t  ove res t ima t ion  is c o m m o n l y  obse rved  by  this m e t h o d  
with  p ro te ins  rich in cysteine and  glycine. The  obv ious  
d i sc repancy  between our  results  (9 k D a )  and  the value 
ca lcu la ted  by  W a l u j o n o  et al. (1975) (4.7 k D a )  is difficult  
to explain.  A l t h o u g h  hevein behaves  as a 9 - k D a  po lypep -  
t ide in our  exper iments  it c anno t  be excluded tha t  this 
value  is an overes t ima t ion  resul t ing f rom the pa r t i cu l a r  
amino -ac id  c o m p o s i t i o n  and  molecu la r  s t ruc ture  o f  this 
small  prote in .  
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The antifungal properties of  chitin-binding lectins 
have been a mat ter  of  controversy ever since the report  
of  Mirelman et al. (1975) on the inhibitory effect of  W G A  
on fungal growth. Schlumbaum et al. (1986) have pre- 
sented convincing evidence that chitinase-free prepara-  
tions of  W G A  or pota to  lectin are devoid of  any antifun- 
gal activity (Broekaert  et al. 1989). However,  we recently 
proved that another  chitin-binding lectin, U D A ,  is a 
potent  inhibitor of  chitin-containing fungi, and that its 
antifungal effect is different f rom that of  chitinases 
(Broekaert  et al. 1989). We now demonstrate  that  hevein 
also inhibits several chitin-containing fungi, though to a 
somewhat  lesser extent than UDA.  For  several fungi, 
however, hevein is a more potent  inhibitor than chitinase, 
which excludes the possibility that  the antifungal effects 
are merely caused by the presence of  contaminat ing chi- 
tinase. Our observation that  most  fungi are not inhibited 
by the chitinase is consistent with that  of  Mauch et al. 
(1988) who showed that  in most  cases chitinase must  act 
in coordination with [3-1,3-glucanase in order to exert 
notable antifungal characteristics. 

At present it is not known why some chitin-binding 
proteins like hevein and U D A  exhibit antifungal proper-  
ties while others, like W G A  or pota to  lectin apparent ly 
do not. It is tempting to speculate that the antifungal 
properties of  hevein and U D A  are somehow related to 
their particularly small size (4.7 and 8.5 kDa,  respective- 
ly), W G A  and pota to  lectin being much larger proteins 
(36 kDa  and 100 kDa,  respectively). Hevein and U D A  
may  be small enough to penetrate through the fungal cell 
wall and reach the p lasmamembrane ,  where they may 
have an effect on the active sites involved in cell-wall 
morphogenesis.  Hevein might interfere with growth by 
binding or cross-linking newly synthesized chitin chains. 
In this way the "steady-state" model of  hyphal  growth 
proposed by Wessels (1988) is disturbed. Alternatively, 
the delicate balance between chitin synthesis and selective 
hydrolysis of  preformed chitin chains might be interrupt- 
ed (Cabib 1987). 

The presence of  high concentrations of  hevein, a 
protein with antifungal properties, in the latex of  the 
rubber  tree, poses intriguing questions about  its phy- 
siological function. It  has previously been proposed that 
the presence of  lysozyme in tissues making the first con- 
tact with possible pathogens at a site of  wounding (as the 
latex does in this case) might be an effective system for 
the self-protection of  the plant (Tata et al. 1983). Recent- 
ly, the localization and mechanism of  action of  chitinase 
was examined by Mauch and Staehelin (1989) who show- 
ed that chitinase is located in vacuolar  particles in the 
cell. Only when the invading fungus breaks through the 
cell wall and p lasmamembrane  is there a cascade of  lytic 
enzymes which attack the hyphae of  the intruder. Since 
hevein is localized in the vacuole-derived lutoid bodies of  
Hevea brasiliensis, a similar mechanism of  action may  be 
involved. 
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