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SUMMARY 

The  relat ionship be tween the presence and ac t iv i ty  o f  phenolases and the  format ion  
t,f f u l ,~ . . : :  . . . . .  ~ ..~;;,~,L<.ia, quiw~::cid metabc.!ic p roduc ts  of  the  fungi, Aspergillus 
fumigatus and Penicillium spinulosum was invest igated.  

It wa.~ found from colorimetr ic  teats with a range of  phenolic subs t ra tes  tha t  
endo-c.ellular laccast~% with the: same spccificity are responsible for the format ion  o f  
fumigat in  and spinulosin. A para-phcnolasc mechanism is proposed for the  format ion 
of t h e ~  substances.  

E_-:o-cetlular lacca~cs were found only in s trains pro  ~ "itlg fumiga t in  and these 
enzymes  are responsible for the B a v e n d a m m  reaction.  T l . .  in tens i ty  of  this react ion 
is not  quan t i t a t ive ly  related to the gross phenolase ac t iv i ty  or  to  the fo rmat ion  of  
fumigatin.  The  funct ion of the  exn-cellular  phenolases has not ye t  been established.  

]XrRODUCXiOX 

The fungi A stOergillun fumigatus and Penicillium spinulo~um produce  to luquinone  
derivat ives,  f imugat in  (1) and spinuh~in (11) respect ive ly  with re la ted s t ruc turesL 
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Fumiga t in  i~ somewhat  uns table  because its hyd roxy l  groop m a y  tau tomer i se  
wi th  the oxygen  a tom in the ~ara posit ion to  give the  0-quinon6 a. Spinulosin,  wi th  
hydro×yl  groups in the 2,5-positions canno t  undergo  t au tomer i sm and  has a stable 
s t ructure .  

in the ft,,i;~ation of  fumil~atin and spinulosin, it is prcsutr, L~l t l ,a t  a pl,enola-se 
sys tem is responsible for the  oxida t ion  o f  phenolic substances  wi thin  the  cells or in the  
subs t ra te  out.tide the  cells. I t  has been shown a t ha t  A. fumigatus, f rom which humic  
acids were obtained,  gives a positive BAVE.~DAUM reaction* whereas  P. s~inulosum 
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is negative.  Te.~ts on catechol  and guaiat:ol indicated that the phenola~se ac t iv i ty  of  
A. fumigatus  wa>; ¢~f the lacca.qe type.  thu_~ confirming the exper iments  t;f [-ll(;b'{:tlt s 
t ha t  l a c c a . ~  are mainly  respun=ible for the BAVE.~DAMM reaction. 

We compared  the l)henolase ac t iv i ty  of ~';~ri())ls , t ra ins  ~f A. fumigalus  a],.(1 P .  
spi~,ulost~m and  inv~-,tigated the relatiut~.~hi I) hetw('('n this ac t iv i ty  and the formation 
of quinonoid ruetabt)lic products .  

MATERIAL.  ~, ANII  MFrtIoI)_,4 

The  ft)llowing fungal s trains were principally u~(xi: 

A. fumigatus :  .~train AF I (Centraalbureau ~%~'hinamel,:ultures Baarn) 
s train A 46 (Ltmth)n .%rho~)i l lygiene a:ld Tropic:d Medicine) 
~train A 49 (lrnlr~-da| ..Mvcolo,,;,-:,!_ . ~,.__ l~!.~t. 14..,e.w, No. "~935-}} 

1 ~. .,~pin)do.~,m..-,it~tln PS I (FAL Brau,lm+hweig .No. IZOO/3 ) 
strain l 'S z (Botany  Dept.  L'niv. (:,,liege I)ul)lin, isolated from peat) 

Culgure media 

Malt agar  (Difco), Czapek - l ) , x  solution. Rau l in -Thom solution, modified f~r 
fumigat in  produc t ion  t. 

For  the  measuremen t  ()f phenolase ac t iv i tv  a colorimetr ic  meth(xt was employed.  
The  fungal s trains were grown in liquid surface cul ture  for fixed incubat ion periods. 
The  con ten t s  o f  the flasks were then filtered, the my<:elium washed and weighed and 
the  f i l t rate vo lume measured.  Three. weighed san-~ples of  the  myce l ium were dr ied 
overn igh t  at  xo5 ° for de te rmina t ion  of d r y  weight. ['he mycel ium wa.s homogeni ,ed  
wi th  a vo lume of  phospha te  buffer (I)H f).8) ca lcula ted to  give the  same concen t ra t ion  
equivaIent  for the  dried mvcel ium of  each ~train. The  ac t iv i ty  of  these extract~ was 
measured  by  incuba t ing  3 ml of  the  solution in a wa t e rba th  overn ight  at  27 ° with 
5 ml o f  a o.5'~/o solution o f  the  f~llo~t'ing phenolic substra tes :  Catechol p.a. Merck, 
resorcinol p.a. Merck. hydroqu inone  B.D.H. ,  ps"rogallol p.a. Merck, gtlai~tt,,i ~-,-v~t. 
synth .  Merck,/~-crest,l  crvst .  MercK. L-tyrosine .%[erck (aqueotL~ suspen~ionl. 

Since the  f i l trates ob ta ined  correspond to different  mycelial da B- weights, they  
also were. standarclised. The  d ry  weight of  the total  myce l ium harv~-~ted wag calculatvd 
and  the  f i l t rate d i lu ted  to give a volume corresponding to the same weight t)f d ry  
myce l ium per  l e o  ml of  the cul ture  solution. The  phenolas~e ac t iv i t y  e f  this ~olution 
was e s t ima ted  in the  same way as the mycelial  ext rac ts .  

T h e  eoloured produc ts  formed were e~t imated anti compared  using an "Ee l  
S p e c t r a "  co lor imeter  a t  5o0 m/z wa-.:e!e.".o~.~. 

T h e  me thods  for the  isolation of  fumigat in  and spinulosin from their  respective 
s t ra ins  have  been described a,4. The  lse!zt.ien o f  spinu'osin front a stra.in of  A. f ioni-  
galus (A 49) was also uj~dettakenL 

For  the  BAVENDAMM te~t tannic acid at  a concent ra t ion  of  o.5 g/xoo ml was 
added to the various culture media, with agar and tests carried out by placing discs 
o f  agar from grown cultures onto the tannin-containing agar in pc*,.-'i di_~hes. The 
zones of  darkening were then measttred and compared. The technique described by 
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RSSCH s w h e r e b y  a t~ : t  t u b e  con ta iming  xo m l  o f  t a n n i c  ac id  a g a r  is i n o c u l a t e d  w i t h  
the  funga l  s t ra in ,  was  a l .~  used .  Th i s  m e t h o d  h a s  t h e  a d v a n t a g e  t h a t  the  e x t e n t  o f  
d a r k e n i n g  of  t a n n i c  acid c a n  be  m o r e  r ead i l y  no ted .  

R E S  U I . T S  

]~AVI-' .N D A M  M t e s t  

In  ¢~u~ expe . r imen t s  we f o u n d  t h a t  A.  ]umigat*~s, e x c e p t  t h e  s t r a i n  A 49 which  
p r o d u c e s  sp inu los in ,  g ives  a pos i t i ve  BAVENI~A.'~M reac t i on ,  whi le  P. spinulosum is 
n e g a t i v e  (Tab le  1}. 

TADLE ! 

B A V E ~ D A M M  R E A C T I O N  OF A .  fumigaOts and P. sp,nulosum 

lieaction determined by the depth ,ff darkening i~ ~. test cube* containing Czapek-Dox agar + 
~.5~,0 tannic at-id inc~-ulatcd with the funsal strains and incubated at 27 ° for 8 days. F. fumiga, tir,; 

S, spinulosin. 

A. / u m ~ n t u s  

A I :  r A l "  ~ A 4 6  " " A " ¢ 9  " 

P.  spt~N/o*um 
F u n ~ r ~  M r a i ~  P S  J - -  r ~  a 

Hxtt:rLt of darkening • "I I + + + -- -- -- 
Metabolic product F ? F S S S 

T h e  i n t e n s i t y  of  the  r eac t i on  v a r i e s  w i t h  t h e  s t r a i n s  o f  A.  fi~m/gaLus b u t  does  
no t  a p p e a r  to  be  r e l a t e d  to  f u m i g a t i n  p r o d u c t i o n  s ince  s t r a in  A 46 w h i c h  g ive s  a 
h igh  yield o f  th is  s u h s t a n c e  t ha_~ o n l y  m o d e r a t e  a c t i v i t y .  

I t  hm,~ b " e n  s h o w n  6.°.t° t h a t  t i le  BAVENDAMM r e a c t i o n  is d u e  m a i n l y  t o  e x o -  
ce l lu lar  lacc.ase~, t h o u g h  L'¢R xL w'h¢~ r e v i e w e d  t h e  w o r k  on  the  e n z y m e s  c o n c e r n e d  in 
th is  t~s t ,  s h o w e d  t h a t  | x ~ r o x i d a . ~  m a y  also  be  r e s p o n s i b l e  for  t h e  d a r k e n i n g  o f  t a n n i c  
acid.  In o rde r  to  i n v e s t i g a t e  t h e  o c c u r r e n c e  a n d  n a t u r e  o f  the  p h e n o l a s e s  in t h e  fung i  
u n d e r  s t u d y ,  a n d  to  f ind w h a t  r e l a t i ons h i p ,  i f  a n y ,  ex i s t s  b e t w e e n  t h e  p h e n o l a s e  
a c t i v i t y ,  t h e  BAVENDAMM r e a c t i o n  a n d  the  f o r m a t i o n  o f  mete .hol lo  p r o d u c t s  w i t h  
q u i n o n o i d  s t r u c t u r e ,  c o l o r i m e t r i c  e x p e r i m e n t s  were  c a r d e d  o u t  on  a v a r i e t y  o f  p h e -  
nolic s u b ~ t r a t e s  ~ / t h  e n d o -  a n d  exo -ce l l~ l a r  e n z y m e  p r e p a r a t i o n s .  

T h e  p h e n o l a s e s  f r o m  v a r i o u s  sources  in n a t u r e  can  be  r e a d i l y  classif ied a s  
l accases  or  t y r o s i n a s e s  L2 a n d  e a c h  o f  t hese  t y p e s  h a s  a w ide  r a n g e  o f  spec i f ic i ty  ~a,~. 
On the. bas i s  o f  the  s u b s t r a t e  r a n g e  we can  show t h e  prec ise  a c t i v i t y  o f  t he se  p h e n o -  
lase.~ l° .~ (Tab le  I I ) .  
A. fumigat~:s a: ,d  P. spin,dosum, g r o w n  in l iqu id  su r f ace  cu l t u r e  fo r  x6 d a y s  a t  ~4 ° 
were  t e s t ed  co lo r ime t r i ca l Jy  for  phet~,~lase a c t i v i t y  w i t h  pheno l i c  s u b s t r a t e s .  T h e  
m_vcelial e x t r a c t s  o f  all s t r a i n s  ox id is~d  c a t e c h o l ,  h y d r o q u i n o n e  a n d  p y r o g a I l o l  b u t  
no t  p -c re~f l  o r  t y ros ine .  F r o m  t h e  k e y  g iven  in T a b l e  I I  i t  is c l ea r  therefl>re t h a t  t h e  
p h e n o l a s e s  p r e s e n t  in b o t h  A.  fumiga t t~  and P.  spinulosum are laccases, 

I t  m a y  be  n o t e d  t h a t  p -c reso l  is ox i d i s ed  b y  laccases  to  a w h i t e  p r e c i p i t a t e  t~ aa~d 
no t  to  a co lou red  q u i n o n o i d  c o m p o u n d  as w i t h  t y r o s i n a s e .  

T h e  d e v e l o p m e n t  o f  e n d o -  a n d  exo -ce l l u l a r  phenola.se  a c t i v i t y  b y  t h e s e  s t r m n s  
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was thrn examined. Small Fernbach flasks, c;~<.h containing xoo ml of rnudificd 
Raulin-Thorn wlutirml with +?v nr!r!itirw of I I (: I t ‘;; F&C, .7H,O and a trace ol 

CuSO,~5 El,0 wcrc inrwuiatcd with liquid r:!l!t:r cultures of A. /~r;ri_mtws (~1 $3 and 

A 49) and P. spi~rtfJ~.srrwr (I’S 2) , 5is flaskf of each strain. The ronditlons of inwula- 
tion and culture were maintained as uniform aj, prAl7le. Aftc:r is rlz3~3 incubation at 

24O and every $ davs subscqueotly, tt, 28 clays;, a tl;lsk of each atrain was taken and 
the phenolase activity of the filtrates and myccii;~l extracts measured. 

The endo- and eso-crtllular activities, csprcs:<cd in terms of the extinction 

values for 15 mg dry ~~~;ccIiurn wtll (.;:twhrA. hvdroquinonc and pyrogallol xe 
given in Fig. J. ‘I’hrrr was no colour reactiw .;ith )r-crcsol or t!*rwinr ;111d guaiacol 
gave sligI)t activity with the strain A ..+6 oniy. 

P. spinulorum 
e5.d 

A. iumijatus 
h49 

A. fumlptur 
AL6 
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It  can  be seen (Fig. x) t h a t  in t he  case  o f  A. fumig~ua  s t r a in  A 49 t h e r e  is no 
a c t i v i t y  in the  f i l t ra te  unt i l  a f t e r  2o d a y s  g ro w th ,  w h e n  au to ly s i s  has  begun .  T h e  
endo-ce l lu la r  phe no l a se  a c t i v i t y  r e m a i n s  r e l a t i ve ly  c o n s t a n t .  Likewise ,  w i th  P .  
sf~inulos,(m P5 2 t h e r e  is no  e v i d e n c e  o f  a c t i v i t y  in the  f i l t r a te  be fore  au to ly s i s  has  
bexe.n obse rved .  W i t h  A. fgraiga[f¢s A 46 howeve r ,  the  f i l t ra te  h a s  h igh  pheno lase  
ac t i v i t y  as soon as the  c u l t u r e  has  c o m p l e t e d  its g r o w t h  pha.~. ( ab o u t  rz  days)  a n d  
t~e.fore autoly.~is, which  occurs  a f t e r  a b o u t  2o d a y s  i ncuba t ion .  Th e  a c t i v i t y  o f  the  
myce l i a l  extract.~ of  t he  s t r a in s  shows l i t t le  va r ia t ion .  

F r o m  the  d~ ta  o b t a i n e d  in o u r  e x p e r i m e n t s  a b o u t  these  s t r a ins  (Tab le  I I I )  we 

TABLE Ill 

n A V F . . X D A ~ I : , I  R E A C T I O N .  P I I F . N O L A S F ~  A N D  M E T A E O L I C  P R O D , I t J T ~  ¢.~*+ ~ T i ~ A I N S  

o v  A. fumigatus .',uP P. spinulosum 

A .  fu,,UCatu.* P. sp t~uk~m 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

B > . V E e Z t ) A M M  r t ~ a c t i o n  ~ + + { ! - -  - -  

Phenola~ acti ':ity exo- ~ ~ - -  - -  

0acca~:} endo- ½ + + + + 
Mt~taholic [>.--(~hJct fumigatilt fumlgatin spinulc~in spinulosin spinulosin 

can conc lude  t ha t  ]acca.-~-~ o c c u r  end()- a n d  exo -ce l lu l a r ly  in s t r a ins  o f  A. f l ,migatus 
which pr ig iuce  fumiga t in ,  b u t  on ly  endo-ceUula r ly  in s t ra ins  o f  A. fumigcgus  or  P .  
spimdosum which  p r o d u c e  spinulo.dn.  T h u s  we can  con f i rm  for  these  fungi  t h a t  t he  
BAVENDA.'.tM reac t ion  gives  an  ind ica t ion  0nl:." o f  the  exo-ce l lu la r  pheno la se s  p re sen t .  

DISCUSSION 

In the  f o r m a t i o n  of  ¢-umigatin it is possible t h a t  lacca_~e or  ty~rosinase cou ld  be res- 
pons ib le  for  the  o x i d a t i o n  o f  a p o l y p h e n o l i c  precur.,~w. 

OH (11]) 0 
i 

A \ ;  011 p-Phenolase~ H,C ~ ~  H.C 

"~, " OCl4s (Laccase) 

I 
OtI 0 

( ] )  

O H  

, U C  H, , ,  

%i.~ ~ ; . .  ~ HttC--!~(. "-'.00CH. 

OH 
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,4. fumigalus  was found tt, contain only' la,.:case and it alone has fl-phenolase 
ac t iv i ty  (Table II). This suggests tha t  fumigatin (i) must  be formed direct ly  from a 
b-phenol  such as eomp,~und I I I  above. In fact,  this total'grand (~.~,4-tr ihydroxy-3- 
meth,,xy-toluene) was found to in:cur in cul ture  me, tia with fumigat in ' .  Likewise, 
1". spinulosum was found to have  l:u:case ac t iv i ty  with the same sub~trate raoge as 
A. f ,  migatus, this lead,~ tO the conclusion tha t  similar enzymog can be re.sptmsible 
for the  format ion  of  fumigat in  and spinulc~sin (1 I) a rot. from theoret ical  considerat ions 
this m qui te  possible. 

O14 () 

| 

I - I O  ', \ #V/+  O C H a  "+" 110 .. /"  C)CF[, 

O 

Since the 0-quinone {IV) also occurs, by tautt~merism, fumigatin can be formed by 
the  o-phenolase ac t iv i ty  of lacca.~es. The  frwmation of spinulosin, however,  cannot  
be due  to o-phennlase ac t iv i t y  b~ 'ause  the hydroxy l s  in the z,5-position form a s table 
s t ruc tu re  and  t au tomer i sm is not possible. 

We h~ve shown l ha t  endo-ce |ht lar  phenoht.~es oMv are associated with spimllosin 
format ion  while endo- and exo-cellular  are p r ~ , n t  when fumigatin is fl~rmed. Spinu- 
]osin is p re sumab ly  formed from the ea,h)-enzymes whose ac t iv i ty  we have measured.  
Similarly,  fumigat in  can be formed by the endo-cellular phenolases of  A . /umiga lus .  
We c a nno t  ,~av a t  pre.~,nt whether  these enzymic  oxidat ions  take  place in the cell or 
in the  cul ture  medium af te r  auttdy.~i~. Fur the r  exper iments  are in prepara t ion  t¢ 
e s t ab lkh  the locat ion of  the phenolic and quinonoid  metabol i tes  ~-ith respect  to the 
livhig fuugal cell which should clari~, this problem. 
Previous  observa t ions  s tha t  A. fumigatus,  which gave  a tx~sitive BAVE.~Ua.~t.Xt reaction.  
formed humic acids let[ to  the conclusion tha t  there  was a relat ionship between the 
t y p e  of  phenola_-~e and the  format ion  of  p a r t i c , l a r  quinonoid metatx')lites {f,3migatin). 
Our  expe r imen t s  have  shown, h,~wever, that  tI,- Eh~ ENDAM.M react ion is due  t~ ext,- 
cellular phenolases on ly  and these, are not  re la ted quan t i t a t ive ly  t o  fumigatin forma- 
t ion.  Sphlulosin, which does not  6,rm I,~imic acids, i.~ prtx:luced by the  same phem~ta::.~.~ 
as fumigat in.  Therefore  humus  fi~rmation would depend on th~ s t ruc ture  of  the pre- 
cursors r a the r  t han  on the  type  of enzyme.~ forming them. 

It  is possible tha t  the  exo-cellular  phenola.~es m a y  have a funct ion in humic acid 
format ion  by  ca ta lys ing  fur ther  l~ lymer is ing  del-,y,droger.ation react ions of  quinones,  
as is shown in the ea.~ of  lignin format ion to, but  If,ere is. at  pr ,~ent ,  no evidence of 
such a funct ion.  
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