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Summary 

A polygalacturonase (poly(1,4~-D-galacturonide)glycanohydrolase,  EC 
3.2.1.15) was purified from the culture fluid of  Botryt is  cinerea. The poly- 
galacturonase preparation, homogeneous on the basis of  disc-gel electrophoresis 
also showed pectinesterase activity. Some properties of  the purified polygalac- 
turonase were studied. It had a molecular weight about  69 000. It was inac- 
tivated by  p-chloromercuribenzoate,  te t rani t romethane and urea. A 50% loss in 
viscosity of  sodium polypecta te  solution occurred when 4.6% of the glycosidic 
bonds were hydrolyzed.  The only end product  of  sodium polypectate  and 
oligogalacturonides hydrolysis was monogalacturonic acid. 

Introduct ion 

Botryt is  cinerea, like many other fungal phytopathogens,  produces pecto- 
lytic enzymes. These enzymes have been considered to function in aiding 
pathogens to spread within the host  plants. Several workers have demonstrated 
a heterogeneity of  pectolyt ic  enzymes in crude preparations from B. cinerea 
[1--3] .  However, no data has been found in literature about  homogeneous 
pectolytic preparations from this fungus. The physical, chemical and enzymatic 
properties of  these enzymes are also little known.  The present paper deals with 
purification and characterization of  B. cinerea extracellular polygalacturonase 
(poly(1,4-~-D-galacturonide)glycanohydrolase EC 3.2.1.15). 

Material and Methods 

Botryt is  cinerea E-200 Pets, obtained from the Institute of  Breeding and 
Acclimatization of  Plants, Bydgoszcz, Poland was the strain of fungus used in 
the investigation presented below. The fungus was surface-cultured in the liquid 
Czapek's medium with pectin. After 10 days of culturing, the mycelium was 
centrifuged out. Acetone was added to the culture fluid to 20% and resulting 
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precipitate was centrifuged out. Supernatant  was adjusted with acetone to 66% 
and the precipitate was dissolved in 0.01 M acetate buffer,  pH 4.0. This solu- 
tion was passed through a column of Sephadex G-50. Active fraction was 
applied to a column of DEAE-cellulose. Elution was done by linear gradient of 
0--0.2 M NaC1 in the phosphate buffer,  pH 6.4. Enzymatic fraction having been 
eluted in 0.075 M/0.1 M NaC1 was finally purified by filtration on Sephadex 
G-100 column, washed with the acetate buffer, pH 4.0. The purified prepara- 
tion of polygalacturonase thus obtained, was further characterized. Its homo- 
geneity was checked using polyacrylamide gel electrophoresis. 

The polygalacturonase activity was determined by estimating the incre- 
ment of reducing groups with 3,5-dinitrosalicyclic acid method [4] .  The reac- 
tion medium contained 1 ml of  0.5% sodium polypectate  or pectin N.F. (68% 
esterification) in 0.01 M acetate buffer, pH 4.0 and i ml of enzyme solution. 
One unit of polygalacturonase activity was defined as that amount  which 
liberated 1 pmol  of  galacturonate equivalents per minute at 30 ° C. 

Pectinesterase activity was measured according to Wang and Keen, at pH 
5.0 [5] .  The protein was determined by the Lowry et al. [6] .  The molecular 
weight was estimated with a column of Sephadex G-100 according to the 
Andrew's method [7] .  

Hydrolyt ic  products were examined by chromatography on Whatman 
No. 1 paper with the mixture, ethyl acetate/acetic acid/water (3 : 3 : 1) as a 
solvent. After development,  the paper was sprayed with phthalate anisidine 
reagent and heated at 90°C for 5 min. 

Results 

Table I summarizes results obtained at each step of purification proce- 
dure. Two peaks exerting polygalacturonase activity have been found during 
separation on DEAE-cellulose {Fig. 1). Peak II was the subject of  this paper. 
This peak after additional purification on Sephadex G-100 was quite homo- 
geneous when checked on disc gel electrophoresis at pH 8.4 (Fig. 2). The 
position of the enzyme activity appeared to be identical with a protein band. 

T A B L E  I 

P U R I F I C A T I O N  O F  P O L Y G A L A C T U R O N A S E  F R O M  B. C I N E R E A  

The  t o t a l  enzymat ic  activity was  measured with  sod ium polypectate .  

Purif icat ion step T o t a l  T o t a l  Specif ic  
prote in  ac t iv i t y  ac t i v i t y  
(mg)  ( u n i t s  X 103)  ( u n i t s / m g )  

Yie ld  
(%) 

C u l t u r e  s u p e r n a t a n t  2 3 1 2 . 0  1 8 9 . 7  8 2 . 0  1 0 0  
Acetone  20% (supernatant)  1 4 2 0 . 6  1 7 9 . 0  1 2 6 . 0  9 4 . 3  
Acetone  66% (precipitate)  9 0 0 . 0  1 3 8 . 5  1 5 3 . 8  7 3 . 0  
Sephadex  G - 5 0  3 0 1 . 1  1 1 9 . 2  3 9 5 . 8  6 2 . 8  
DEAE-ce l l u lo se ,  p e a k  II 2 3 . 4  4 2 . 4  1 8 1 1 . 9  22 .3  
Sephadex  G-100  1 8 . 4  37 .7  2 0 4 8 . 9  19 .8  



4 0 4  

0.7 

0.6 

< 

o,4 
i> 
"6 

0_ 

0.2 

I 

. . .  . . . . .  " 0.100" 

z 

D.2 

2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40 42 44 46 48 
Erect ion number  

Fig. 1. DEAE-ce l lu lose  c o l u m n  ch roma tog raphy .  C o l u m n  size; 1.5 cm X 30 cm, 0.1 M sod ium phosphate  
b u f f e r ,  p H  6 . 4 ,  NaC1 g r a d i e n t  is s h o w n  in  t h e  f i g u r e ,  5 .8  m i  f r a c t i o n s  w e r e  c o l l e c t e d .  F r a c t i o n s  3 5 - - 4 4  

w e r e  c o m b i n e d .  © ©, a c t i v i t y  ( s u b s t r a t e ,  s o d i u m  p o l y p e c t a t e ) ;  • - ' ,  a c t i v i t y  ( s u b s t r a t e ,  p e c t i n  

N . F . ) ;  . . . . . .  , p r o t e i n ;  . . . . . . .  NaC1.  
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Fig. 2. Disc-gel electrophoresis of B. cinerea polygalacturonase. Separation was carried out in polyacryl- 

amide gel (7.5%) at 5.0 mA per tube for 120 vain. Tris/glycine buffer, pH 8.4 was used. The gels were 

stained with 0.5% amido black in 7.0% acetic acid. 

Fig. 3, Effect of pH on polygaiacturonase activity. The pH of sodium polypectate substrate was adjusted 

with McIlvaine buffer. Incubation time was 10 min at 30°C. 
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T A B L E  II 

Polyga lac turonase  act iv i t ies  w i th  s o d i u m  p o l y p e c t a t e  and pec t in  N .F .  and p e c t i n e s t e r a s e  act iv i ty  in the  
m i x t u r e  o f  p e c t o l y t i c  e n z y m e s  on  several pur i f i ca t ion  steps.  PG, p o l y g a l a c t u r o n a s e ;  PE, pee t ines terase ;  
PMG,  p o l y m e t h y l g a l a c t u r o n a s e .  

Pur i f icat ion  s tep Act iv i ty  (units  X 103)  Act iv i ty  Act iv i ty  
ratio rat io  

PG* P M G * *  PE P M G / P G  P E / P G  

Culture supernatant  1 8 9 . 6  1 3 2 . 2  59 .8  0 .69  0 .31  
A c e t o n e  66% 1 3 8 . 5  95 .1  46 .4  0 .68  0 . 3 3  
S e p h a d e x  G-50  1 1 9 . 2  72 .9  35 .7  0 .61  0 .29  
DEAE -ce l l u l o se ,  p e a k  II 4 2 . 4  34 .1  2 0 . 2  0 . 8 0  0 .47  
S e p h a d e x  G - 1 0 0  37 .7  30 .7  18 .5  0 .81  0 .49  

* Activity with sodium polypectate. 

** Activity with pectin N.F. 

Purified polygalacturonase as well as crude preparations hydrolyzed pre- 
ferentially sodium polypectate. The high ability of polygalacturonase to 
degrade pectin N.F. could have been clearly visible, too (Table II). The degrada- 
tion of pectin was probably connected with its previous deesterification by 
pectinesterase, present in preparations. The experiments showed pectinesterase 
activity in the crude preparations and in the purified polygalacturonase (Table 
II). It is very interesting that the single protein band, obtained during disc-gel 
electrophoresis of the polygalacturonase preparation, being active with sodium 
polypectate and pectin N.F. as the substrates, exhibited the PE activity, too. 

The molecular weight of polygalacturonase was about 69 000 according to 
the gel filtration method. The optimum pH for polygalacturonase activity with 
sodium polypectate as a substrate was 4.0 (Fig. 3). The polygalacturonase 
activity was strongly inhibited by p-chloromercuribenzoate, tetranitromethane 
(pH 7.0) and urea (Table III). p-Chloromercuribenzoate-inactivated polygalac- 
turonase was reactivated by cysteine. During disc-gel electrophoresis of urea- 

T A B L E  III 

E F F E C T  O F  S O M E  R E A G E N T S  O N  P O L Y G A L A C T U R O N A S E  A C T I V I T Y  

The e n z y m e  p o l y g a l a c t u r o n a s e  w a s  p r e i n c u b a t e d  at 30°C for  3 0  m i n  w i t h  c h e m i c a l s  at  p H  7 . 0  (in the  case 
o f  t e t r a n l t r o m e t h a n e  also at p H  4 .0 ) ,  then  the  remain ing  ac t iv i ty  wa s  assayed at p H  4.0 .  The  final c o n c e n -  
trat ion  o f  c h e m i c a l s  w as  1 0  -3  M, o n l y  the  c o n c e n t r a t i o n  o f  urea was  8 .0  M. 

Chemi ca i s  Remaining 

activity 
(%) 

p - C h l o r o m e r c u r i b e n z o a t e  14  
D F P  9 8  
T e t r a n i t r o m e t h a n e  ( p H  4)  69  
T e t r a n i t r o m e t h a n e  (pH 7)  15  
Urea 9 
H2 0 2  8 2  
E D T A  1 0 0  
C y s t e i n e  117  



406 

I 
To 

. , '  . /  

5 / 

/ 
• / 

. / /  
4 / / 

• / 

3 .f.z 

2~, / / °/ 

/ / /  . J 

/ 1." 
/ /  / 

2 4 10 2 0  
I', _.__1 PCMB 1 
I L . . . . . . . .  Km ~ (°/o ~ /v )  
I -~ tetronitromethane 

_1 without inhlbitor Krn 

Fig. 4. K m and V determinations in the presence of inhibitors ........ p-chloromercuribenzoate; ...... , 

tetrardtromethane: ---, without inhibitor. The final concentrations of inhibitors were 7 • 10 -4 M. The 

substrate was sodium polypectate used in the following concentrations: 0.05, 0.I, 0.25 and 0.5% w/v. 

treated polygalacturonase, two protein bands were obtained instead of a single 
band in the case of  untreated enzyme.  Both of  the bands were inactive. 

The Km and maximum velocity for the polygalacturonase acting on so- 
dium polypectate were 0.12% (w/v) and 2352  #mol  reducing groups/min/mg 
protein, respectively (Fig. 4). The Km in the presence of  tetranitromethane was 
very similar (0.12%), but the maximum velocity was diminished to 1052 
pmol/min/mg protein. In the presence of  p-chloromercuribenzoate the values 
0.34% sodium polypectate and 1666  pmol/min/mg protein were obtained for 
Km and V, respectively. 

During the breakdown of  sodium polypectate 50% loss in viscosity oc- 
curred when no more than 4.6% of  glycosidic bonds were hydrolyzed (Fig. 5). 

Changes undergone during the action of  polygalacturonase on sodium 
polypectate and oligogalacturonides were detected by paper chromatography. 
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Fig. 5. Viscosity changes and percent degradation of sodium polypectate by polygalacturonase as a 

function of time. The reaction mixture contained 0.5% sodium polypectate in the acetate buffer pH 4.0 

and enzyme solution. The temperature was 30°C. 
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T A B L E  IV 

R E L A T I V E  R A T E S  O F  B. C I N E R E A  P O L Y G A L A C T U R O N A S E  A C T I V I T Y  O N  S O D I U M  P O L Y -  
P E C T A T E  A N D  O L I G O G A L A C T U R O N I D E S  

T h e  r e a c t i o n  m i x t u r e  c o n s i s t e d  o f  e n z y m e  a n d  0 .5% s u b s t r a t e  in a c e t a t e  b u f f e r  a t  p H  4 .0 .  

S u b s t r a t e  A l d e h y d e  g r o u p s  Rela t ive  
r e l eased  ( p m o l /  r a t e  
m i n / m g  p r o t e i n )  

S o d i u m  p o l y p e c t a t e  1 9 5 3  1 0 0  
T e t r a g a l a c t u r o n i c  ac id  1 5 4 2  79  
T r i g a l a c t u r o n i c  ac id  1 0 1 5  5 2  
D i g a l a c t u r o n i c  ac id  2 7 3  14  

At earlier stages of hydrolysis, sodium polypectate was broken down mainly 
into monogalacturonic acid and to a lesser degree into oligogalacturonides (Fig. 
5). The spots corresponding to oligogalacturonides gradually disappeared with 
the reaction time, so the monogalacturonic acid remained as the only product 
of the hydrolysis. 

Fig. 6. P a p e r  c h r o m a t o g r a m  o f  t h e  hyc t ro lys i s  p r o d u c t s  f r o m  t h e  a c t i o n  o f  p o l y g a l a c t u r o n a s e  o n  s o d i u m  
p o l y p e c t a t e .  T ime  i n c u b a t i o n :  (A)  1 0  m i n ,  (B)  2 0  m i n ,  (C)  6 0  m i n ,  (D)  1 2 0  m i n .  1,  m o n o g a l a c t u r o n i c  
ac id ;  2, d i m e r ;  3, t r i m e r .  
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Tetragalacturonic acid was degraded first into mono- and tri-galacturonic 
acid; digalacturonic acid was detected further. The end product was only 
monogalacturonic acid. 

Table IV presents relative rates of polygalacturonase activity on oligo- and 
polygalacturonides. The activity was maximal with sodium polypectate, fol- 
lowed by tetra-, tri- and digalacturonic acids. 

Discussion 

The ability of B. cinerea polygalacturonase to degrade pectin N.F. was 
connected with the presence of pectinesterase in the preparation. It is very 
probable that polygalacturonase and pectinesterase may exist as a complex. 
The following facts support the occurrence of this complex: (1) During disc-gel 
electrophoresis of polygalacturonase preparation, only a single protein band 
was obtained, but it showed pectinesterase activity apart from the polygalac- 
turonase activity. (2) The polygalacturonase used here has relatively high mole- 
cular weight in comparison with the values obtained for other polygalacturo- 
nases of microorganisms [8,9]. The existence of pectinesterase-poly- 
galacturonic acid lyase complex with high molecular weight was reported at 
Clostridium multifermentans [10]. The occurrence of two protein bands 
during disc-gel electrophoresis of polygalacturonase preparation previously 
treated with 8 M urea may indicate dissociation of polygalacturonase-pectines- 
terase complex. 

Considering the rapid decrease of viscocity and the presence of oligogalac- 
turonides during sodium polypectate hydrolysis, we conclude that our poly- 
galacturonase attacks the glycosidic bonds in a random manner. Also, this 
mode of action is confirmed by the fact that the rate of substrate degradation 
diminished in parallel to the polymerization degree. However, it exhibits rather 
large preference for the hydrolysis of terminal bonds in the substrates. There- 
fore, we can explain why the principal product of sodium polypectate hydroly- 
sis is monogalacturonic acid and why tetragalacturonic acid is cleaved initially 
to mono- and trigalacturonic acids. 

The inhibition of polygalacturonase activity by p-chloromercuribenzoate 
suggest the presence of SH-groups in the active center of the enzyme. The 
decrease of polygalacturonase activity after incubation with tetranitromethane 
in the pH 7.0 indicates that tyrosine is also important for the activity of 
polygalacturonase. According to Riordan et al., tetranitromethane nitrates the 
tyrosine at pH 7.0, but at a lower pH, the solution oxidizes cysteine residues 
[11]. The proof of the role of SH-groups and tyrosine in the catalytic reaction 
of B. cinerea polygalacturonase will be the subject of further studies. 
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