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SUMMARY 

ATP and cAMP in 4 s t ra ins  of mycelial  fungi  were de te rmined  
by luc i f e r in - luc i f e r a se  system and HPLC respect ively.  Cellulase 
synthesis  was subject  to the dual  control  of ATP and cAMP. No 
mat te r  what  carbon sourse was used, cellulase synthesis  was 
repressed if in t race l lu la r  ATP concent ra t ion  was over lO-Tmg/ml. 
Exogenous cAMP could increase cellulase synthesis  under  depression 
condit ions.  

INTRODUCTION 

Cellulases in mycelial  fungi  are adapt ive  enzymes, whose 
biosynthesis  is induced by the presence of inducers  but  becomes 
repressed once a low-molecu la r -weigh t ,  easy metabolizable carbon 
source becomes avai lable  TM. In Tr ichoderma E2.31, the phenomenon 
of carbon ca tabol i t e  repression of cellulase synthesis  is well 
documentedE4"51 However,  the mechanism of carbon ca tabol i te  
control  of cel lulase format ion  is unknown.  Al though the molecular  
mechanism of carbon ca tabol i te  control  of enzyme synthesis  in 
euka ryo tes  d i f fe r s  from tha t  of prokaryotes~61,  several common 
phenomena may provide the clues to know the essence of ca tabol i t e  
control  in eukaryo tes ,  such as ATP is the end product  of 
sacchar ides  metabol i te ,  and cAMP may be involved in the depression 
of enzyme synthes is  E71. Since the change of ATP and the level of 
cAMP in the metabol ic  process of fungi  are too small to be 
determined accura te ly ,  it has become necessary to develop more 
sensi t ive techniques  for  their  measurement .  

In our present  paper ,we de termined the in t race l lu la r  ATP amount  
precisely using the luc i f e r in - luc i fe rase  system, which was believed to 
be the most specific,  sensi t ive de te rmina t ion  method, and cAMP 
by HPLC. This makes it possible to s tudy the e f fec t  of ATP and 
cAMP levels on the regula t ion  of cellulase synthesis .  
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MATERIALS AND METHODS 

Stra ins :  
Tr ichoderma reesei  Rut  C30, obta ined from American Army Na t i ck  lab. 
Tr ichoderma pseudokoningi i  $38, wild type obta ined  from soil 

in our lab c81 

Penici l l ium decumbens  JU-A10,  selected in our lab c91 
Aspergi l lus  niger  L22, selected in our lab. 

Cul ture  condit ions:  
S t ra ins  were cu l tu red  in the batches  of the medium of Mandels  sal t  
so lu t ionCl° l ,  adding 0.5% (w/v) var ious  carbon sources at  30"C 
on a g y r a t o r y  shaker  at  160rpm. 

De te rmina t ion  of ATP: 
Using the luc i f e r in - luc i f e ra se  systemC111, ATP was de termined 
by a Liquid Scin t i l la t ion  Counte r (Backman Co.), wi th  the commodi ty  
ATP (Sigma Co.) as the s tandard .  

De te rmina t ion  of cAMP: 
Using HPLC wi th  a column of Spheriosorb $5 SAX(Waters  Co.)at  the 
e lu t ion  ra te  of lml/min c12~, cAMP amount  was determined wi th  
the  commodi ty  cAMP (Sigma Co.) as the s tandard .  

F i l te r  paper  a c t i v i t y  (FPA) assay: 
According to the references  ci81. 

RESULTS AND DISCUSSION 

Change Of in t race l lu la r  ATP with var ious  concen t ra t ion  of glucose. 

Batches  of the medium with  var ious  concen t ra t ion  of glucose as 
the carbon source were inocula ted  with the four  s t rains  seed for  
abou t  14 days  respect ively.  The re la t ionships  between the 
in t r ace l lu l a r  ATP amount  and FPA synthesis  were observed (Fig.1. A 

and B). 
With  0.5 ~ (w/v) glucose as the carbon source, the 

in t raceUula r  ATP of the four  s t ra ins  were below 10 -8 mg/ml f rom 
beginning  to end. At the same period, the FPA synthesis  was 
over  the amoun t  of 1.5IU/ml except for  s t ra in  L22. 

With  2 ~ (w/v) glucose as the carbon source, the 
in t r aceUula r  ATP was higher.  Within  2 days  of inoculat ion,  the 
ATP of the fou r  s t ra ins  was over 10-Tmg/ml. At the same period, 
the FPA synthes is  was below 0.05IU/ml except for  the s t ra in  C30. 
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The FPA synthes is  s ta r ted  to increase g radua l ly  a f t e r  6 days;  
at  tha t  t ime, the in t race l lu la r  ATP decreased below the  
concen t ra t ion  of 5X10-Smg/ml.  
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Fig.lA Intracellular ATP level under Fig.lB Effect of various concentra- 

various concentration of glucose tion of glucose on FPA synthesis. 

Symbols: OS38, OC30, AA10, /kL22 (the symbols are the same as 

-- 0.5?/o Glu,- - - 2% Glu that of Fig.lA.) 

Change of in t r ace l lu l a r  ATP amount  incubated with  cellulose powder. 

Batches of the medium with 2°A (w/v) microcrys ta l l ine  
cellulose powder (70~ m part icle size) were inocula ted with the 
seed strains.  The in t race l lu la r  ATP of the s t ra ins  were re la t ive ly  
stable and below the concent ra t ion  of 5X 10-Smg/ml from beginning 
to end(Fig.2),  and  the FPA synthesis  could ca r ry  on normally.  

Above resul ts  indicate  tha t  cellulase synthesis is 
in te r re la ted  wi th  the in t race l lu la r  ATP though var ious  strains have 
d i f f e r en t  sens i t iv i ty .  No mat te r  what  carbon source is used, 
cellulase is repressed if the in t race l lu lar  ATP exceeds 10 -7 mg/ml. 
The excessive accumula t ion  of in t r a -ce l lu l a r  ATP is the essential  
reason for enzyme repression. 
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E f f e c t  of exogenous  ATP on enzyme repress ion  

W i t h  va r ious  ca rbon  sources  (0.5%) add ing  exogenous  ATP to a 
f i n a l  c o n c e n t r a t i o n  0.5 mg/ml ,  the  i n t r a c e l l u l a r  ATP inc reased  
exceeding  the  c o n c e n t r a t i o n  of 10-Vmg/ml which  caused  the  enzyme 
repress ion  h a p p e n e d  (Table . l ) .  This  i nd i ca t e s  t h a t  exogenous  ATP 
can  a f f e c t  the  a m o u n t  of i n t r a c e l l u l a r  ATP. But  exogenous  ATP can  
on ly  inc rease  the  a m o u n t  of i n t r a c e l l u l a r  ATP l imi t ed ly ,  the  h i g h e r  
i n t r a c e l l u l a r  ATP does not  exceed 10 -6 mg/ml  even if  the  
c o n c e n t r a t i o n  of  exogenous  ATP reaches  5 mg/ml .  In a d d i t i o n ,  
exogenous  ATP a lone  can  not  be used as ca rbon  source  and  a f f e c t  the  
a m o u n t  of i n t r a c e l l u l a r  ATP. This  m a y  show t h a t  i t  needs a speci f ic  
sys tem fo r  ATP t r a n s f e r i n g  f rom e x t r a c e l l u l a r  to i n t r a c e l l u l a r .  

Table 1 E f f e c t  of v a r i o u s  carbon sources  o r / and  e x t r a c e l l u l a r  ATP 
on i n t r a c e l l u l a r  ATP amount on day 4 of i n o c u l a t e d  

carbon sources C30 $38 hl0 L22 
ATP FPA ATP FPA ATP FPA ATP FPA 

Glucose 0.5 2.4 1.7 1.1 0.2 1.0 0.2 0.3 
Glycerol  0.7 2.0 0.8 0.8 0.3 0.4 0.1 0.2 
Cel lobiose  0.2 2.9 0.2 1.8 0.2 1.5 0.5 1.2 
Cel lu lose  powder 1.1 1.8 1.5 2.1 1.0 1.1 8.0 1.6 
Glucose+ATP 55 0.3 45 0.1 30 0.3 50 0.02 
Glycerol+ATP 65 0.1 48 0 . 1  40 0.05 46 0 
Ce l lobiose+ATP 45 0.4 48 0.2 25 0.4 44 0.05 
Cel lu lose  powder+ATP 48 0.3 60 0.1 35 0.2 62 0.3 
ATP . . . . . . . .  

Value: ATP, mg/ml(Xl0S); FPA, IU/ml 

E f f e c t  of exogenous  cAMP on enzyme syn thes i s  u n d e r  nonrepress ion  
cond i t ion .  

Exogenous cAMP (final concentration was 10-Stool/L) could increase 

FPA synthesis obviously with 0.5% glucose as carbon source (Fig.3). 
However, with sophorose and cellulose powder as the carbon source 

respectively, the increase of FPA synthesis was higher than that of 
incubating with glucose as carbon source(Fig.4). Since sophorose and 
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Fig.2 Change of intracellular 
ATP during the strains culti- 
vated by cellulose powder. 

Symbols: • $38,0 C30, A A10, A L22 

cellulose were believed to be the potential inducers of cellulase 
synthesistz'5], this results may indicate that although the 
regulation of enzyme synthesis £n eukaryotes is very complicated, 
the mechanism of cAMP on regulating the enzyme gene expression in 
eukaryotes is similar to a certain degree to that of prokaryotes c6"~41, 
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Pig.3 Effect  of exogenous cAMP Fig.4 Effect of cAMP on A10 FPA synthesis 
on FPA synthesis on sophorose or cellulose powder. 
Symbols: • $38, $ C30, A A10 Symbols: OGlu ,  • S o p ,  ACellulose powder 
: - - 0.5% G l u ~  adding cAMP. - - - 0.5% Glu, adding cAMP 
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Cellulase synthesis is subject to the dual control of induction 
and repression. Repression play a decisive function in regulation 
of cellulase synthesis. The intracellular ATP level may be the 
essential reason resulting in the repression of enzyme synthesis. If 
repression of enzyme is removed, the overproduction of cellulase 
can be obtained. According to our results, cellulase can be 
synthesized normally by controlling the intracellular ATP 
below the concentration of 5• 10-Smg/ml. On the other hand, the 
addition of exogenous cAMP (or similar substances) can increase 
cellulase synthesis. 
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