
15. 10. 1975 Speeialia 1 1 5 3  

The Tolerance  of Fungal  Cellulase and A m y l a s e  to 

C o n s i d e r i n g  t h e  i m p o r t a n c e  o f  p r o t e c t i n g  t i m b e r  f r o m  
d e c a y  t h e r e  h a v e  b e e n  s u r p r i s i n g l y  few s t u d i e s  d e v o t e d  
t o  t h e  m o d e  of  a c t i o n  of p r e s e r v a t i v e s .  S u c h  f u n d a m e n t a l  
d a t a  m u s t  c o n s i d e r  t h e  c h e m i c a l  s t r u c t u r e  of  t h e  t o x i c a n t s ,  
a s  d e s c r i b e d  b y  BAECHLER 1 a n d  DA COSTA a n d  OSBORNE 2, 
a n d  r e l a t e  t h i s  t o  t h e  m e t a b o l i c  i n t e r f e r e n c e  of  d e c a y  
m i c r o o r g a n i s m s .  

I n  r e g a r d  to  t h e  b i o l o g y  of  p r e s e r v a t i o n  t h e r e  m i g h t  be  
a t o x i c  e f f ec t  o n  t h e  f u n g a l  h y p h a e ,  spo res ,  e n z y m e s  or  
t h e  s u b s t r a t e  b e i n g  d e g r a d e d .  T h u s  for  e x a m p l e ,  CHou ,  
CHANDLER a n d  PRESTON 3 r e c o r d e d  t h e  u p t a k e  of  c o p p e r  
b y  h y p h a e  a n d  SHARP 4 m e a s u r e d  i t s  m o v e m e n t  in  d i f f e r e n t  
c o n d i t i o n s .  CHOO, PRESTON a n d  LEVI 5 n o t e d  s o m e  
h y p h a e  in  t r e a t e d  w o o d  w e r e  v a c u o l a t e d ,  c o a g u l a t e d  a n d  
d i s o r g a n i z e d ,  a n d  e v e n t u a l l y  t h e y  ly sed .  SOMERS 6 f o u n d  
c o p p e r  a c c u m u l a t e d  in  t h e  s p o r e s  of  c e r t a i n  f u n g i .  A 
p r e s e r v a t i v e  e f f ec t  h a s  b e e n  o b t a i n e d  b y  a l t e r i n g  t h e  
s u b s t r a t e  so  t h a t  n i t r o g e n o u s  n u t r i e n t s  h a v e  b e e n  r e m o v e d  
(SHARP 7) a n d  t h i a m i n e  d e g r a d e d  (BAECHLER8). C o p p e r  
m i g h t  r e n d e r  ce l lu lose  u n a v a i l a b l e  b y  f o r m i n g  a c o m p l e x  
(BELFORD a n d  PRESTON 9) a n d  s i m i l a r l y  t r i - n - b u t y l  t i n  
c o m p o u n d s  m i g h t  r e a c t  w i t h  h y d r o x y l  g r o u p s  a t  t h e  e n d  
o f  t h e  ce l lu lose  c h a i n  (~ICHARDSON10). AS r e g a r d s  a n  
e f f ec t  o n  e n z y m e s ,  CHOU, PRESTON a n d  LEVI ~ t h o u g h t  
t h a t  t h e  c o p p e r  in  c o p p e r - c h r o m e - a r s e n a t e  (CCA) 
m i x t u r e s  w a s  n o t  o n l y  tox ic ,  b u t  a lso  i n h i b i t e d  ce l lu lase ,  
a n d  o n e  a u t h o r  (LEvi)  h a s  u n p u b l i s h e d  d a t a  to  s u p p o r t  a 
p a r t i a l  i n h i b i t i o n .  I n  c o n t r a s t  BRAVERY 11 f o u n d  t r i - n -  
b u t y l  t i n  o x i d e  ( T B T O )  a t  s u b t o x i c  l eve l s  a l l o w e d  t h e  
p r o d u c t i o n  of  e x t r a c e l l u l a r  e n z y m e s  w h e n  s o m e  h y p h a e  
we re  b e i n g  d e n a t u r e d .  I n d e e d  L Y~  12 f o u n d  s e v e r a l  p r e -  
s e r v a t i v e s ,  i n c l u d i n g  p e n t a c h l o r o p h e n o l ,  in  low c o n c e n t r a -  
t i o n s  i n c r e a s e d  t h e  e n z y m i c  a c t i v i t y  of  2 t e s t  f u n g i .  
H o w e v e r ,  o x i d i z e d  p o l y p h e n o l s  h a v e  b e e n  d e m o n s t r a t e d  
to  i n h i b i t  e n z y m i c  a c t i o n  (LYR13). 

As  a c o n t r i b u t i o n  to  t h e  s t u d y  of a c t i o n  m e c h a n i s m s  
t h e  a c t i v i t y  of  2 e n z y m e s  h a s  b e e n  r e c o r d e d  in t h e  p r e s -  
ence  of  s o m e  p r e s e r v a t i v e s .  T h u s  a m y l a s e  a n d  ce l l u l a se  
f r o m  a r a n g e  of f u n g i  h a v e  b e e n  i n c u b a t e d  w i t h  s t a r c h  
a n d  a m o d i f i e d  ce l lu lose  r e s p e c t i v e l y ,  a n d  a n y  a c t i v i t y ,  

s o m e  Wood Preservat ives  

a f t e r  a p r e s e r v a t i v e  w a s  i n t r o d u c e d ,  w a s  d e t e r m i n e d  b y  
m e a s u r i n g  t h e  g l u c o s e  f o r m e d  o v e r  a s h o r t  i n c u b a t i o n  
pe r i od .  T h u s  t h e  in  v i t r o  t o l e r a n c e  of  e n z y m e s  to  p r e -  
s e r v a t i v e s  w a s  f o u n d .  

M a t e r i a l  a n d  method.  E n z y m e s  w e r e  o b t a i n e d  in  t w o  
w a y s .  F i r s t l y  b y  c u l t u r i n g  a n u m b e r  of  f u n g i  i n d i v i d u a l l y  
o n  50 m l  p o r t i o n s  of  a m i n e r a l  s a l t s  m e d i u m  u s e d  b y  
KING 14 w i t h  t h e  a l t e r a t i o n  in  a m o u n t s  of  K H 2 P O  4. 4.5 g ;  

N H 4  N O a  3 g;  a n d  M g S O , ,  2 g. T h e  s o l u t i o n s  w e r e  
a d j u s t e d  to  p H  5 w i t h  4 M N a O H  a n d  p o u r e d  i n t o  450 g 
m e d i c a l  f i a t s .  S c o t s  p i n e  ( P i n u s  sy lves tr i s  L.) s a w d u s t  of  
4 0 - 8 0  m e s h  w a s  a d d e d  in  0.5 g a m o u n t s  a n d  t h e  b o t t l e s  
p l u g g e d  w i t h  c o t t o n  w o o l  a n d  a u t o c l a v e d  a t  15 
for  15 m i n .  T h e  b o t t l e s  w e r e  i n c u b a t e d  o n  t h e i r  s ides  
for  30 d a y s  a t  2 5 ~  a n d  s h a k e n  b y  h a n d  e v e r y  7 d a y s .  
A f t e r w a r d s  t h e  s o l u t i o n s  we re  f i l t e r ed  a n d  c e n t r i f u g e d  
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Table I. Amylase activity of enzyme solutions, with and without preservatives added, measured ill mg glucose formed per 100 lul sample 

Fungus Untreated % w/v of preservative solution 

C.C.A. Na. Penta. T.B.T.O. 
0.1 1.0 0.1 1.0 0.1 1.0 

Enzyme from liquid culture 

Chaetomium globosum Kunze ex Ft. 10.1 
Flammulina velutipes (Curt. ex Fr.) Karst  13.4 
Fomes pinieola (Swartz ex Fr.) Cooke 16.5 
Fusarium sp. 19.9 
Heterobasidion annosum (Fr.) Bref. 11.6 
Lenzites trabea (Pers.) Fr. 14.5 
Penicillium sp. 26.4 
Phialophora [astigiata (Lagerberg et Melin) Conant 17.3 
Polyporus berkeleyi (Fr.) Bondarzew 20.5 
Poria vaporaria (Fr.) sensu. Bres. 12.2 

Enzyme from squeezed wood 

Botryodiplodia theobromae Pat. 47.5 
Coprinus pseudoradiatus Kuhner et Josserand 13.7 
Glioctadium roseum Bain 13.6 
Papulaspora sp. 17.5 
Sordaria ]imicola (Rob.) Ces. et de Not. 8.8 
Trichocladium asperum Harz 8.1 

10.0 10.3 i1.2 19.7 16.2 18.9 
5.8 9.6 10.1 11.9 12.0 8.6 
7.7 6.4 13.8 20.3 20.5 25.2 

17.9 10.3 16.4 25.7 14.0 18.1 
11.0 8.5 15.8 13.9 16.4 12.1 

7.1 8.2 13.2 12.0 9.5 12.1 
11.9 11.0 7.4 13.9 12.2 10.9 

4.6 10.3 17.4 13.9 16.4 6.3 
6.9 11.2 15.8 15.9 20.1 13.6 
5.8 7.8 19.2 7.7 16.1 6.3 

23.1 5.9 17.1 15.4 32.3 39.1 
6.2 5.3 8.5 12.2 19.3 23.2 

16.2 14.5 17.1 15.4 16.8 29.1 
20.0 7.2 17.1 19.9 17.4 16.6 
15.6 19.7 12.2 16.6 15.5 6.6 
21.9 14.5 21.3 18.5 18.7 27.8 
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Table II. Cellulase activity of enzyme solutions, with and without preservatives added, measured in mg glucose formed per 100 ml sample 

Fungus Untreated % w/v of preservative solution 

C.C.A. Na. Penta. T.B.T.O. 
0.1 1.0 0.1 1.0 0.1 1.0 

Enzyme from liquid culture 

Aspergillus niger von Tiegh 69.7 51.7 
Chaetomium globosum 63.4 70.9 
Coniophora puteana (Schum. ex Fr.) Karst. 62.6 54.6 
Coriolus versicolar (L. ex Fr.) Qu~l. 57.0 73.8 
Flammulina velutipes 81.4 52.7 
Fomes pinicola 35.8 48.8 
Heterobasidion annosum 82.7 52.7 
Polyporus berkeleyi 40.4 51.7 
Poria vaporaria 60.0 60.3 
Trichoderma viride Pers. ex Fr. 31.5 45.0 

Enzyme from squeezed wood 

Botryodiplodia theobromae 28.4 25.0 
Coprinus pseudoradiatus 21.6 24.4 
Gliocladium roseum 24.7 17.5 
Graphium cuneiJerum (Berk. et Br.) Mason et Ellis 22.2 15.6 
Humicola grisea Traaen 13.0 15.0 
Papulaspora sp. 15.6 11.3 
Sordaria/imieola 24.4 21.2 
Triehocladium asperum 23.8 24.5 

35.8 29.6 39.2 46.3 64.9 
58.6 41.4 59.2 58.4 78.0 
60.8 43.4 54.4 74.0 49.3 
65.1 58.0 49.3 45.2 58.8 
44.5 48.0 46.3 34.9 55.5 
67.3 36.0 36.2 70.0 34.9 
65.1 72.0 75.0 59.6 34.9 
51.0 34.0 25.7 65.7 30.4 
56.4 46.0 68.6 26.7 51.4 
48.9 45.4 61.2 72.5 42.6 

15.8 35.5 32.7 40.1 35.9 
10.2 34.8 18.5 31.8 29.5 
12.7 14.6 17.9 19.1 21.2 
12.9 15.3 11.7 24.2 25.6 
6.8 10.2 15.4 16.0 20.0 
9.3 13.4 19.7 18.6 18.1 

31.1 13.4 21.8 25.0 41.3 
21.1 24.2 5.8 26.9 31.6 

a t  4,000 r p m  for 5 min and  the  s u p e r n a t a n t  r emoved  
and  s tored at  4 ~ 

The second m e t h o d  involved inocula t ing  wi th  d i f ferent  
fungi  2 cm 8 of beech ( F a g u s  sy lva t ica  L.) per  species af ter  
t he  cubes  h a d  been  au toc laved  in 3 ml  of minera l  salts  
used in the  EGGINS and POGH is cellulose medium.  The  
cubes were incuba ted  at  25 ~ for 15 days  and  then  com- 
pressed in a vice. The squeezed exuda te  conta in ing  
enzymes  was collected 

Al iquots  of 0.09 ml  of the  enzyme conta in ing  solut ions 
were mixed  in 15 m m  d iamete r  tes t  tubes  wi th  0.01 ml  
of 0.5 M sodium azide and  e i ther  0.1 ml  of 0.2% w/v  
c a r b o x y m e t h y l  cellulose (CMC) ('Cellofas B' ,  grade B50, 
D.S. 0.78, I.C.I. Nobel  division, S tevens ton ,  Ayrshire ,  
Scotland) or t he  same a m o u n t  of 0.2% w/v  of soluble 
s ta rch ;  b o t h  subs t ra tes  being buffered to  p H  5 wi th  0.2 M 
sodium acetate .  E i t he r  0.1 ml  of wa te r  (control) or 0.1 ml  
of a 0.1% and  1.0% w/v prese rva t ive  solut ion in wa te r  
was added  to  the  u n t r e a t e d  enzymes.  The preserva t ives  
included CCA ( 'Tanal i th  CT 106' formula,  Hickson ' s  
T imber  Produc ts ,  Castleford, Yorkshire) ,  sod ium pen ta -  
ch lo rophena te  (Na penta)  and  TBTO (needed to  be 
cons t an t l y  shaken  wi th  wa te r  before use). The tubes  were 
capped  wi th  'Suba-seM'  closures (W. F r e e m a n  and  Co., 
Suba-seal  works,  Staincross,  Barnsley,  Yorkshire) and  
incuba ted  a t  40~ for 24 h. Measurements  were made  
using the  color imetr ic  m e t h o d  of WERNER, REY and  
WIELINaER ls (The Boehr inger  Corp., Ealing,  London) in 
which  a glucose specific enzyme was used and the  p ro d u c t  
assayed a t  a wave leng th  of 640 nm. No glucose was found  
ini t ia l ly in the  enzyme solut ions f rom the  liquid cul tures  
or in the  r eac tan t s  employed,  and  none was formed by  the  
chemical  b reakdown  of the  subs t ra tes  dur ing  the  incuba-  
t ion.  Some glucose was squeezed  ou t  of the  wooden  cubes  
and th is  was measured  and deduc ted  f rom the  final  
results .  The expe r imen t  was  r epea ted  and an average of 
resul ts  calcula ted af ter  t h e y  had  been conver ted  in to  mg 
glucose per  100 ml of sample.  

Resu l t s  a n d  d i scuss ion .  The amoun t s  of glucose fo rmed  
wi th  a s ta rch  subs t r a t e  are p resen ted  in Table I and  the  
amoun t s  fo rmed wi th  CMC are in Table II .  

W i t h  every  fungus, subs t r a t e  and m e t h o d  of ob ta in ing  
enzymes  there  was some enzymic  ac t iv i ty  resul t ing in 
glucose format ion,  i r respect ive  of the  presence of a 
preservat ive .  Nei ther  concen t ra t ion  of the  3 preserva t ives  
p r even t ed  the  amylase  and  cellulase f rom causing some 
degradat ion .  Fur the rmore ,  because  the  assay m e t h o d  
employs  glucose oxidase i t  can be claimed t h a t  the  
preservat ives ,  a lbei t  in low concen t ra t ions  in the  last  
s tage of assay, had  no inh lb i to ry  effect  on this  enzyme.  
I t  thus  appears  t h a t  t he  preserva t ives  do no t  act  by  
affect ing these  par t icu lar  enzymes  and m u s t  ins tead have  
a more  subt le  act ion on fungal  growth.  

Such conclusions have  to take  into account  such  
possibil i t ies t h a t  the  effect  of the  preserva t ives  on t h e  
enzymes  m i g h t  be very  slow or of a par t i a l  na ture  which  
can n o t  be de te rmined  wi th  these  techniques .  They  migh t  
even  act  select ively on enzymes  no t  t e s t ed  in th is  work,  
t h o u g h  fungal  r ep resen ta t ives  causing all the  t ypes  of 
wood ro t  known were used. The use of soluble s ta rch  and  
CMC migh t  no t  reflect  condi t ions  in woody  mater ia l s  
and  no t  p e rmi t  much  chemical  f ixat ion wi th in  the  sub- 
s t ra te .  

The lack of an enzyme inhib i t ion  by  these wood pre-  
se rva t ives  suggests  t h a t  solubil ized tox ican t s  ac t  in t he  
hyphae .  SOMERS s t h o u g h t  t h a t  copper  b i n d s  w i th  
p ro te in  in the  cell and LEVI 17 sugges ted  it affected the  
t r a n s p o r t  of nu t r i en t s  and  tox ican t s  into and out  of ceils. 
Similar ly  pen tach lo ropheno l  and TBTO are t h o u g h t  to  
inh ib i t  ox ida t ive  phosphory la t ion  (LYR and ZIEGLER 18, 
SONE and HAGIHARA19). In  regard to  insoluble or f ixed 
preserva t ives  t he  absence of any  effect  on the  enzymes  
suggests  t h e y  ac t  pr imar i ly  as a physical  barr ier  p reven t ig  
t he  enzymes  f rom reaching the  cell wall  cons t i tuent .  
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Summary. Enzymes  f rom a range of fungi  have  been 
obta ined f rom cul ture  f i l t rates and by  squeezing wooden  
cubes in which fungi  had  penetra ted.  They  were d i rec t ly  
mixed  wi th  2 concent ra t ions  of 3 wood preservat ives  and 
incubated  wi th  ei ther  s tarch or cellulose (CMC) so t h a t  

Ig N. SOME and B. HAGIHARA, J. Biochem., Tokyo 56, 151 (1964). 
20 Acknowlegment .  The au thor  is grateful  to Mr. P. F. LEwis  for 

provid ing  the l iquid  cul ture  f i l t rates.  Fu r the r  s tudies  on enzyme 
product ion in  wood is cont inuing  in the Depa r tmen t  of Botany ,  
hnper i a l  College. 

any  subsequent  fo rmat ion  of glucose would  indicate  the  
in vi tro enzymic  tolerance to the  toxicants .  W i t h  every  
fungus, substra te  and me thod  of ob ta in ing  the  enzymes 
there  was some enzymic ac t iv i ty  i r respect ive of the pres- 
ence of a preservat ive .  The  implicat ions of this  tolerance 
for wood preservat ion  are discussed. 

R. F. SHARP 20 
Department o/ Botany, 
Imperial College o/Science and Technology, 
Prince Consort Road, London, S.W.7 2BB (England), 
13 May 1975. 

S e n s i t i v i t y  to  U . V .  T r e a t m e n t  and  N u c l e a r  S i z e  of 
Humico la  s p .  

In  a previous paper  we reported the  presence of a 
mycoplasma- l ike  organism (MLO) in fungi belonging to 
tile genus Humicola Traaen  1. The MLO was successfully 
t r ansmi t t ed  wi th in  some related Humicola strains by  
infecting hea l thy  strains wi th  ul t raf i l t ra tes  of MLO 
carrying cultures 1. The morphological  feature of the  most  
interest ing strain (named 2-1) in which the  MLO infection 
has been t ransmit ted ,  has been described elsewhere 2. 
The MLO infection grea t ly  influenced its morphology  
and the  infected substrain was named Strain Z-1. This 

M y c o p l a s m a - L i k e  O r g a n i s m  I n f e c t e d  

anomalous  morphology  is ac tual ly  main ta ined  over  a 2- 
year  period of subcul tur ing on mat t  agar. 

On ma l t  agar  Strain Z-1 colonies, complete ly  lacking 
aerial  myce l ium as opposed to 2-1 colonies wi th  aerial 
mycel ium,  have  a c rus ty  aspect, and are easily dist in-  
guishable f rom any o ther  Humicola colony. 

T ime  after  t ime,  bu t  a t  ve ry  low frequency,  colony 
sectors ve ry  similar  to the  well known sal tat ions in fungi 
arose on Z-1 colonies grown on ma l t  agar (Figure 1). 
Colonies obta ined f rom sectors (R- type  colonies) have  a 
whi te  colour wi th  abundan t  aerial  mycel ium. Under  
optical  and electron microscope checks, MLO were still 
found in R- type  subcultures  a l though their  f requency 
was not iceably  lowered (unpublished data).  

According to these findings, we supposed tha t  Strain 
Z-1 and R- type  strains represent  different  types of host-  
MLO interrelationships,  the i r  expression being dependent  
on physiological  or biochemical  characters  of the micro- 
fungus, and possibly of the  MI,O to(). As a consequence,  
mutagenic  agents such as U.V. t r e a t m e n t  of Strain Z-1 
would increase the f requency of R- type  colonies. 

The present  work  deals wi th  the  U.V. t r e a t m e n t  and 
the  nuclear  sizing of parenta l  Strain 2-1, of MLO -infected 
Strain Z-l ,  and of one of R- type  substrains.  

Materials and methods. Strain 2-1 has been described 
elsewhere 2. Strain Z-1 has been obta ined  by infecting 
Strain 2-1 wi th  ul t raf i l t ra tes  of myce l ium of a MLO- 
carrying microfungus 1. The  colony morphology on mal t  
ex t rac t  agar  (BBL, Maryland) is the  following: lack of 
aerial myce l ium;  colonies rough, first  yellow" brown;  in 
old cultures the  myce l ium becomes brown;  p igment  not  
diffused into the  agar ; hyphae  hyaline,  wide, often broken 
and empty ,  always distorted.  In te rca la ry  chlamydospores  
are abundan t ly  produced,  somet imes  in chains. In  old 
cultures aleuriospores are formed, first  l ight yellow, 
later  yellow brown, 10 [zm in d iameter ,  ve ry  i rregular ly 
shaped. At  the  cytomorphologica l  level the strain differs 
from Strain 2-1 both in the  lack of regular  aleuriospores 
and typical  phialoconidia,  and the  morphology of the  
developing myce l ium (Figure 2). 

Substrains of R- type  have  been obta ined by  sub- 
cui tur ing the  spontaneous sectorial  mu ta t i on  of Strain 
Z-1. Strain R-1 is character ized as fo l lows:colonies  whi te  
wi th  aerial compac t  myce l ium;  hyphae  hyaline, narrow;  
few in tercalary  chlamydospores  are present.  Af ter  4-5 
days  aleuriospores are produced,  la ter  abundant ,  irregu- 

Fig. 1. Sector of R- type  ar iz ing on Stra in  Z-1 colony. 
Fig. 2 and 3. Morphological feature  of St ra in  Z-I and St ra in  2-]. 
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