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Effects of Ethionine  and Paraf luorophenyla lanine  on the F o r m a t i o n  of Pept idase  A in Penicillium 
janthinelium 

A n  ex t race l lu la r  p ro t eo ly t i c  enzyme,  p roduced  b y  a 
Penici l l ium mold  a n d  capab l e  of a c t i v a t i n g  t r y p s i n o g e n  
in t he  p H  r ange  of 3-4, was  d iscovered  b y  I(UNITZ in  
19381 . S imi la r  enzym es  were s u b s e q u e n t l y  found  in t h e  
g r o w t h  m e d i a  of Aspergillus saitoi ~ a n d  Aspergillus 
oryzae 3. One such  enzyme,  pep t idase  A, was  pur i f ied  f rom 
Penici l l ium janthinellum b y  I-IOFMANN and  SHAW 4 who  
s tud ied  some of i t s  proper t ies .  Since t he  e n z y m e  was seen 
to be  p roduced  a f t e r  t h e  pos t - l oga r i t hmic  phase  of g r o w t h  
was r eached  a n d  w h e n  ex tens ive  spo ru la t ion  h a d  set  in, 
i t  was  sugges ted  t h a t  t he  e n z y m e  f o r m a t i o n  m i g h t  be  
r e l a t ed  to  spo ru l a t i on  1. I t  was, however ,  shown  b y  
THANGAMANI a n d  HOFMANN 5, us ing  t h e  inh ib i to r s  acri-  
d ine  Orange  a n d  & e t h y l  th iopur ine ,  t h a t  s po r u l a t i on  
a n d  f o r m a t i o n  of pep t idase  A were no t  d i rec t ly  re la ted,  
in  P.  janthinellum. D u r i n g  t h e  course of t he  a b o v e  work,  
i t  was  obse rved  t h a t  w a s h e d  suspens ions  of t he  m y c e l i u m  
could p roduce  cons iderab le  a m o u n t s  of pep t idase  A, even  
in t he  absence  of a n  e x t e r n a l  source of n i t rogen .  This  
sugges ted  t h e  poss ib i l i ty  t h a t  t he  e n z y m e  p r o t e i n  m i g h t  
ex is t  in  t he  m y c e l i u m  as a n  i nac t i ve  zymogen.  Zymogens  
of ex t race l lu la r  p ro teases  h a v e  been  d e m o n s t r a t e d  for 
Streptococcus haemolyticus 6 a n d  Pseudomonas myxogenes 7. 
E v i d e n c e  for t h e  ex is tence  of p r o t e i n  p recursor  of ct- 
a m y l a s e  in  Bacillus subtilis was p resen ted  b y  NOMURA 
et  al. s, 9, who  found  t h a t  w a s h e d  suspens ions  of t h e  cells 
re leased ~-amylase  in a n i t rogen- f ree  m e d i u m  a n d  t h e  
release was no t  a f fec ted  b y  inh ib i to r s  of p r o t e i n  syn thes i s  
l ike e th ion ine  a n d  p - f luoropheny la lan ine ,  even  t h o u g h  
p ro t e in  syn thes i s  as a whole  was inh ib i ted .  The  p r e s e n t  
c o m m u n i c a t i o n  descr ibes  t he  effects of e th ion ine  a n d  
p - f l u o r o p h e n y l a l a n i n e  on  t h e  f o r m a t i o n  of pep t i da se  A 
a n d  on  t o t a l  p r o t e i n  syn thes i s  in  washed  suspens ions  of 
P.  janthinellum, in  a n i t rogen- f ree  med ium.  

The  mold  was g rown for  2 days, w i th  shaking,  in  E r l en -  
m e y e r  f lasks c o n t a i n i n g  t h e  comple te  s y n t h e t i c  m e d i u m  
descr ibed  ear l ier  ~. The  m y c e l i u m  was washed  a n d  sus- 
p e n d e d  in n i t rogen- f ree  m e d i u m  (complete  m e d i u m  wi th -  
o u t  n i t r a te ) .  C14-amino acid m i x t u r e  ( ' r econs t i tu t ed  p ro t e in  
h y d r o l y s a t e ' )  was  added  to  t he  f lasks a t  a level  of 1 [zC 
pe r  40 ml  of t h e  m e d i u m .  DL-ethionine a n d  p-fluoro-DL- 
p h e n y l a l a n i n e  were  a d d e d  to  some f lasks as requi red .  
The  f lasks  were s h a k e n  for  a n o t h e r  24 h. P e p t i d a s e  A in 
t h e  cu l tu re  s u p e r n a t a n t s  was  assayed  as descr ibed  ear l ier  4. 
P r io r  to  assay,  t h e  a m i n o  acid ana logues  in t he  samples  
were r e m o v e d  b y  dia lysis  aga ins t  2 m M  c i t r a t e  buffer ,  
p H  3.8. To ta l  p r o t e i n  in  t h e  m y c e l i u m  was o b t a i n e d  as 
a t r i ch lo roace t i c  acid p rec ip i t a t e  b y  t he  m e t h o d  ot SEIKE- 
rITZ 1~ The  w a s h e d  res idue  was suspended  in h o t  2 N  
sod ium h y d r o x i d e  and  cent r i fuged .  This  was  r epea t ed  
a n d  t he  s u p e r n a t a n t s  pooled.  This  f r ac t ion  r ep r e sen t ed  
t o t a l  myce l ia l  p ro te in .  Assay  of p ro t e in  was car r ied  ou t  
b y  t he  m e t h o d  of LOWRY et  al. n .  M e a s u r e m e n t  of rad io-  
a c t i v i t y  in  t he  t o t a l  p r o t e i n  f r ac t ion  was carr ied o u t  in  a 
l iqu id  sc in t i l l a t ion  counter .  

The  F igures  1 a n d  2 show t he  effects of e th ion ine  a n d  
p - f l u o r o p h e n y l a l a n i n e  on  t he  f o r m a t i o n  of pep t i da se  A, 
we igh t  of myce l ium,  t o t a l  p r o t e i n  a n d  specific rad io-  
a c t i v i t y  of t o t a l  myce l ia l  p ro te in .  I t  is seen t h a t  b o t h  t h e  
a m i n o  acid ana logues  i n h i b i t e d  t h e  f o r m a t i o n  of pep t i da se  
A to  a g rea t  ex t en t ,  whereas  t h e y  h a d  l i t t l e  effect  on  
u p t a k e  of C~4-amino acids in to  t o t a l  cel lular  p r o t e i n  a n d  
on  myce l ia l  weight .  I f  t he  ana logues  h a d  i n h i b i t e d  t o t a l  
cel lular  p r o t e i n  syn thes i s  b u t  n o t  pep t idase  A, i t  could  
ind ica t e  t he  p resence  of a zym ogen  of t he  enzyme.  How-  
ever,  i t  is no t  poss ible  to  ru le  ou t  t he  exis tence  of a zymo-  

gen f rom the  p r e s e n t  d a t a  s ince t he  ana logues  could h a v e  
i n h i b i t e d  t h e  a c t i v a t i n g  m e c h a n i s m .  T h e  lack of effect  
on  t o t a l  cel lular  p ro t e in  syn thes i s  b y  t he  ana logues  could 
be  due  to  t he i r  i n c o r p o r a t i o n  in to  cel lular  prote ins .  B u t  
ana lyses  of myce l ia l  p r o t e i n  h y d r o l y s a t e  (af ter  pe r fo rmic  
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Fig. 1. Effect of ethionine on peptidase A formation and total  
protein synthesis. O--�9 weight of myceliuln (g); A--A, peptidase 
A activity (• 104 U/ml of culture supernatant); • 215  specific 
radioactivity of total protein ( • 10 -4 dpm/mg) ; []--•, total mycelial 
protein (rag). 
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Fig. 2. Effect of p-fluorophenylalanine on peptidase A formation 
and total protein synthesis. �9169 weight of mycelium (g); A--A, 
peptidase A activity (• 104 U/ml of culture supernatant); • 2 1 5  
specifie radioactivity of total mycelial protein (X 10 -a dpm/mg); 
E2--[], total mycelial protein (mg). 
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acid ox ida t ion  in the  case of the  ethionine experiment ,  to 
fo rm ethionine sulphone) on the  amino  acid analyser  
showed no t race of the  analogues. I t  is possible t ha t  the  
analogues were metabolysed  in o ther  ways l~. Incorpora-  
t ion of e thionine into pept idase  A, making  i t  biologically 
inact ive,  is ruled out  since the  enzyme does not  conta in  
sulphur  amino  acids ~. 

Rdsumd. La DL-6thionine et la p-f luoroph6nylalanine 
inhibent  la format ion  de la pept idase  A extracel lulaire  

chez le Penicilliurn ]anthinellum sans affecter  la synth6se 
de la prot6ine cellulaire. 

A. THANGAMANI 

Indian Institute o/ Experimental Medicine, 
Calcutta (India), 74 January 1969. 
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Identif ication of Flavin in the Purif ied Beef Brain Mitochondria l  Monoarnine Oxidase  

Several  reports  have  appeared concerning the  physico- 
chemical  propert ies  of mi tochondr ia l  monoamine  oxidase 
[EC 1.4.3.4. monoamine  : oxygen oxidoreductase  (de- 
a m i n a t i n g ) ] .  NARA, GOMES and YASUNOBU 1 first  reported 
tha t  beef l iver  mi tochondr ia l  monoamine  oxidase is 
f l a v o - e n z y m e .  IGAUE, GOMES a n d  YASUNOBU ~ fur ther  
repor ted  t h a t  the f lavin in beef l iver  mi tochondr ia l  mono- 
amine oxidase is covalent ly  a t t ached  to the enzyme and 
ca ta ly t ica l ly  involved  in the  enzyme reaction.  ERWI~r 
and HELLERMAN a also repor ted  tha t  beef k idney mito-  
chondrial  monoamine  oxidase contains  f lavin which is 
t igh t ly  associated wi th  the protein.  However ,  there  has 
been l i t t le  knowledge about  the  prosthet ic  group of 
brain mi tochondr ia l  monoamine  oxidase because of the  
diff iculty in its solubil ization and purif icat ion.  TIPTON 4 
has repor ted  the ex t rac t ion  of the  enzyme from pig bra in  
mi tochondr ia  by the  combined effects of sonicat ion and 
freezing-thawing and the  extensive purif icat ion.  TIPTON 5 
has also shown tha t  the prosthet ic  group of pig bra in  
nl i tochondria l  monoamine  oxidase is F A D  which is dis- 
sociable f rom the  protein.  

One of the  authors  showed tha t  the  enzyme can be 
ext rac ted  from beef brain mi tochondr ia  by sonication in 
the  presence of a de tergent  s. We also found tha t  the  
enzyme can be ext rac ted  by  the use of a de tergent  af ter  
the  mild hea t  t r e a t m e n t  of beef bra in  mi tochondr ia  v. 
Present  conmmnica t ion  describes pur i f icat ion of mono- 
amine  oxidase from beef brain mi tochondr ia  and the  
ident i f icat ion of the  prosthet ic  group as FAD.  

Monoamine oxidase ac t iv i ty  was measured by  the dis- 
appearance  of kynuramine  ~. Pro te in  was determined by  
the  method  of LOWRY et a l ) .  Beef brain mi tochondr ia  
were prepared according to the me thod  of BRODY and 
BAIN 10. The  mi tochondr ia l  suspension in 0 .01M potas-  
s ium phospha te  buffer, p H  7.4 (10 mg protein/ml)  was 
incubated  at  40~ wi th  cont inued st irr ing for 10 rain. 
Af te r  cooling the  suspension in an ice bath,  a 5% (w/v) 
aqueous solution of Nonion NS-210 (polyoxyethylene-  
nonyl  phenol  e ther-containing detergent ,  Nippon Oils & 
Fa t s  Co. Ltd. ,  Tokyo) was added dropwise to 1% final 
concent ra t ion  wi th  gentle st irr ing in an ice bath.  30 min  
of equi l ibra t ion wi th  st i rr ing was allowed. The suspension 
was centr i fuged at  106,000 • g for l h  and the  clear 
superna tan t  layer  was p ipe t ted  out  carefully.  To the  
superna tan t  was added sa tura ted  a m m o n i u m  sulphate  
solut ion (pH 7) to 30% saturat ion.  The  suspension was 
then  centr i fuged at  9,500 • g for 15 rain. The precipi ta te  
rose to the surface, The solution benea th  precipi ta te  was 
aspirated and discarded. The precipi ta te  was redissolved 
in 0 .01M phosphate  buffer (pH 7.4) and extens ive ly  
dialyzed against  the  same buffer. The  buffer was changed 
3 t imes  dur ing the 15 h dialysis. The  dialyzed solution 
was centrifuged, and the  superna tan t  was applied to a 

DEAE-ce l lu lose  column equi l ibrated wi th  0 .01M phos- 
pha te  buffer (pH 7.4). Stepwise elution was carried ou t  
wi th  0 .013I  and 0.1 M phospha te  buffers and then  0.1 M 
phosphate  buffer  conta ining 0.4% Nonion  NS-210. The 
monoamine  oxidase ac t iv i ty  was eluted wi th  0.1 ~I  phos-  
pha te  buffer  conta in ing the detergent .  The act ive  fract ion 
was concent ra ted  by  the  addi t ion of sa tura ted  a m m o n i u m  
sulphate  solution (pH 7) to 30% saturat ion.  The  preci- 
p i ta te  obta ined by centr i fugat ion was dissolved in 0 .01M 
phosphate  buffer (pH 7.4) and then  dialyzed against  t he  
same buffer. The dialyzed enzyme solution was subjec ted  
to calcium phospha te  geln-cel lulose powder  (gel/powder, 
1:5, w/w) column chromatography.  The column was 
equi l ibra ted wi th  0.012~I phospha te  buffer (pH 7.4). The  
elution procedure was the same as in the  DEAE-ce l lu lose  
chromatography .  The enzyme was also eluted wi th  0 . 1 M  
phospha te  buffer  conta ining 0.4% Nonion NS-210 (pH 
7.4). The enzyme solution was fa int ly  yellow. 

A typica l  example  of the pur i f ica t ion is summar ized  
in the Table. Analysis  of the purified enzyme prepara t ion  
by  disc electrophoresis  showed tha t  i t  was near ly  homo-  
geneous. However ,  the  pur i f icat ion was only 28-fold as 
shown in the Table.  This low value  of the  increase in the  
specific ac t iv i ty  may  be due to inac t iva t ion  of the  enzyme 
during the  pur i f icat ion procedure,  especially at  the  stage 
of a m m o n i u m  sulphate  fract ionat ion.  Freezing of the  
enzyme prepara t ions  after  the  ex t rac t ion  from beef bra in  
mi tochondr ia  caused rapid loss of the  enzyme act iv i ty .  

The absorpt ion spec t rum of the  purified enzyme exhib-  
i ted a m a x i m u m  at  410 nm. The  spec t rum was near ly  
ident ical  wi th  tha t  of purified ra t  l iver  mi tochondr ia l  
enzyme repor ted  by YOUDIM a n d  SOURKES 12 Fluorescence 
ac t iva t ion  spec t rum of the na t ive  enzyme measured  a t  
530 nm wi th  Aminco -Bowman  spec t rophotof luorometer  

1 S. NARA, B. GOMES and K. T. ~?ASUNOBU, Biochem. biophys. 
Res. Commun. 23, 324 (1966). 

2 I. IGAUE, I~. GOMES and K. T. YASUNOBU, Biochem. biophys. 
Res. Connlmn. 29, 562 (1967). 

2 V. G. ERWIN add L. HELLERMAN, J. biol. Chem. 242, 4230 (1967). 
4 K. 1 ~. TIPTON, European J. BiocheIn. 4, 103 (1968). 
5 I{. 12. TIPTON, Biochim. biophys. Acta 159, 451 (1968). 
6 T. NAGATSU, J. Biochem. 59, 606 (1966). 

M. I-IARADA and T. NAGATSU, J. Jap. biocheln. Soc. 39, 747 (1967). 
8 U. WI{ISSBACII, T. E. SMITH, J. W. DALY, B. WITKOP and S. UDEN- 
FRIEND, J. biol. Chem. 235, 1160 (1960). 

0 0 .  H. LO~,VRY, N. J. ROSRBROUGH, A. L. FARR and R. J. RAN- 
DALE, J. biol. Chem. 193, 265 (1951). 

10 T. M. BRODY and J. A. BAIN, J. biol. Chem. 195, 685 (1952). 
1l D. I{EILIN arid E. F. HARTREE, Proc. r. Soc. London, B 72g, 397 

(1938). 
12 M. B. H. YOUDIM and T. L. SOURKES, Canad. J. Biochem. 44, 

1397 (1966). 


