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Product ion of Pectolytic and Cellulolytic E n z y m e s  

The  disease s y m p t o m s  of eye  spot  disease of whea t  cau-  
sed by Cercosporella herpotrichoides are  marked  in advanced  
stages by  a ro t t ing  of the  s t em basis of the  plants .  I t  m a y  
therefore  be presumed t h a t  the  fungus possesses cell  wall  
degrading,  especial ly pec to ly t ic  and cel lulolyt ic  enzymes.  
The  results  of recent  h is tochemical  invest igat ions* appa-  
r en t ly  conf i rm this  presumpt ion .  Our own exper iments  
were,  a t  first ,  carr ied ou t  in order  to  examine  whe the r  t he  
pa thogen  is capable  of producing  in v i t ro  pec to ly t ic  and 
cel lulolyt ic  enzymes.  

Methods. The fungus was cu l tu red  on a nu t r i en t  solut ion 
of t he  fol lowing compos i t ion :  5000 rag/1 Citrus pectin,  
5000 mg/1 Maltzin,  3000 rag/1 NaNOe, 500 rag/1 MgSO 4- 
7 H,O,  500 rag/1 KC1, 10 rag/1 FeSO4.7  H20,  1000 rag/1 
Yeas t  ex t rac t  (DIFCO),  dissolved in 0 . 2 M  phospha te  
buffer,  p H  5.4. In  some exper iments  also ca rboxyme thy l -  
cellulose (CMC) and /o r  glucose were used as ca rbohydra t e  
sources. The  m e d i u m  was d i s t r ibu ted  in 300 ml  Er len-  
m e y e r  f lasks in por t ions  of 100 ml  each, s teri l ized a t  
120 °C and inocula ted  w i t h  agar  discs (9 m m  diam.) carry-  
ing the  fungus. I ncuba t ion  was per formed  a t  19-22°C as 
stil l  culture.  

Subsequent ly ,  the  cul ture  f i l t ra tes  were tes ted  for the  
presence of enzyme  ac t i v i t y  using the  fol lowing methods :  
Po lyga lac turonase  (PG) : Viscosimetr ica l ly  a t  p H  4.5 wi th  
pec t in  or sodium po lypec ta te  as a substrate .  Pec t in  me-  
thyles terase  (PME):  T i t r a t i on  w i t h  N a O H  of ca rboxy l  
groups produced f rom pect in.  Pec t in  lyase {PL): Deter -  
mina t ion  of changes  in absorp t ion  a t  230 nm or th iobar -  
b i tur ic  acid me thod  wi th  subsequent  m e a s u r e m e n t  of 
absorp t ion  a t  550 nm. Cellulase (Cx) : Viscosimetr ical ly  a t  
p H  6.0 wi th  ca rboxymethy lce l lu lose  as a substrate .  Hea t -  
i nac t iva ted  cul ture  f i l t ra tes  served as controls.  As to fur- 
the r  details, an  earl ier  publ ica t ion  * should be consulted.  

Polygalacturonase activity 

Weeks Loss of viscosity of (pH) of Dry weight 
a pectin solution (cP) culture of mycelimn 

filtrate (mg) 

0 - 5.40 - 
2 2.50 5.30 175 
4 3.45 5.65 408 
6 3.30 5.70 449 
8 3.45 5.75 443 

10 3.40 5.85 465 
12 3.45 5,90 477 

~ z  

pH 

Degradation of a CMC solution as a function of pH (Loss of viscosity 
of a 0.8% solution of CMC during 30 rain). 

b y  Cercosporella herpotr ichoides  Fron 

F o r  de te rmina t ion  of hea t  s tabi l i ty ,  t he  cul ture  f i l t ra tes  
were kep t  in t e s t  tubes  a t  d i f ferent  t empera tu res  in a wa te r  
b a t h  for 30 min,  then  rapid ly  cooled to. room t e m p e r a t u r e  
and tes ted  for enzyme  ac t iv i ty .  

Results. Already  af ter  incuba t ion  for 2 weeks, a no tab le  
po lyga lac turonase  ac t i v i t y  could be detected.  The  fact  
t h a t  i t  was greates t  in nu t r i en t  solut ions conta in ing  pect in  
as a component ,  pe rmi t s  the  conclusion t h a t  th is  pec t in-  
sp l i t t ing  enzyme  is largely  fo rmed  adap t ive ly .  The  same 
is t rue  for pec t in  me thy les te rase  and  pect in  lyase as was 
demons t r a t ed  in la te r  exper iments .  Dur ing  12 weeks  of  
incuba t ion  the  ac t i v i t y  of polygalacturonase ,  p H  va lue  
and dry  weight  of myce l i um developed as described in the  
Table.  The  da ta  in the  Table  reveal  t h a t  the  PG ac t i v i t y  
under  these  condi t ions  increases only  unt i l  the  4th week 
and does no t  change s igni f icant ly  thereaf ter .  The  same 
applies to the  dry  weight  of myce l ium.  The  p H  of t he  
buffered m e d i u m  shows only minor  changes;  later,  how- 
ever,  i t  increases sl ightly.  The  p H  o p t i m u m  for ac t i v i t y  of  
P G  is in the  range  of p H  4.0 to  5.0. This  e n z y m e  is v e r y  
sensi t ive  to  h igh  tempera tures .  Keep ing  the  cul ture  f i l t ra te  
a t  50~C for 30 inin results  in an  a lmos t  comple te  loss of  
pec to ly t ic  ac t iv i ty .  

In  the  cul ture  f i l t ra tes  a pect in  methy les te rase  can also 
be demons t ra ted ,  the  p H  o p t i m u m  of which lies around 
p H  7.5. Addi t ions  of NaC1 increase the  ac t i v i t y  wi th  an  
op t ima l  concen t ra t ion  a t  abou t  0 .085M. Keeping  the  cul- 
tu re  f i l t ra te  a t  50°C for 30 min  reduces cons iderably  the  
P M E  ac t iv i ty .  

A fu r ther  pec t in-spl i t t ing  enzyme,  pect in  tyase, is pre-  
sent  in t he  cul ture  fi l trates.  I t s  p H  o p t i m u m  was de te rmi-  
ned a t  p H  8.0. The  ac t i v i t y  of this  enzyme  is s t imula ted  by  
addi t ion  of Ca; 10-3M CaCI 2 p roved  to  be mos t  favourable .  
MgC1 z and SrC12 also had a s l ight  s t imula t ing  effect  on the  
ac t iv i ty .  On exposure  to higher  t empera tu res  t he  P L  
reacted as sens i t ive ly  as the  enzymes  ment ioned  before. 

Fur the rmore ,  a Cx ac t i v i t y  of the  cul ture  f i l t ra tes  can  
be proved.  This  a c t i v i t y  is no t  specifically dependen t  on 
the  added  ca rbohydra t e  source, b u t  develops  more  or  less 
paral le l  to  the  growth  of myce l ium.  O p t i m u m  ac t i v i t y  lies 
a t  p H  6 and thus  corresponds to the  o p t i m u m  of o ther  Cx 
cellulases of fungal  origin (Figure). 

The  hea t  sens i t iv i ty  of this  cellulase is lower than  t h a t  of 
the  pect ic  enzymes.  E v e n  a t e m p e r a t u r e  of 90 °C does no t  
comple te ly  des t roy  the  cel lulolyt ic  ac t iv i ty  dur ing 30 
min.  8 

Zusammen[assung. In  Kn l tu r f i l t r a t en  von  Cercosporella 
herpotrichoides, d e m  Er rege r  der  H a l m b r u c h k r a n k h e i t  des 
Weizens,  wurden  folgende E n z y m e  nachgewiesen:  Poly-  
galacturonase,  Pek t inmethy les te rase ,  Pek t in -Lyase  und 
Cellulase. Es wird ve rmute t ,  dass diese Enzyme ,  die in 
einigen Eigenschaf fen  kurz  charakter i s ie r t  werden,  ffir die 
Pa thogenese  yon Bedeu tung  sind. 
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