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T H E  P R O T E O L Y T I C  SYSTEM O F  B A C I L L U S  L I C H E N I F O R M I S  

by 

M. D A M O D A R A N ,  V. S. G O V I N D A R A J A N  AND S. S. SUBRAMANIAN 
National Chemical Laboratory o] India, Poona (India) 

We have been studying the proteolytic enzymes of bacteria and considering their 
possible use in industrial processes and as analytical tools in the study of protein struc- 
ture. Microbial enzymes are specially suitable for industrial use as they can be produced 
economically on a large scale by controlled fermentation. As analytical reagents they 
are of importance because, compared to plant and animal proteases, bacterial proteases 
are extremely large in number and even with the limited information available about 
them it is clear that  they exhibit wide variations in range of activity, substrate specifi- 
city and mode of action. Thus MASCHMANN 1 claimed the preparation of three different 
proteases from aerobic and anaerobic b a c t e r i a - - a  protease from aerobic bacteria, 
acting on a variety of substrates ranging from ovalbumin to peptone and requiring no 
activators;  another from gas gangrene organisms acting on gelatin and gluten and a 
third enzyme from other anaerobic organisms requiring activation by sulphydryl 
compounds or cyanide. A specific collagenase which acts on no protein other than gelatin 
and collagen has been found in some bacteria2, 3. Evidence has been presented recently 
for the presence of two different proteases from Aspergillus oryzyae--a "viseometric 
protease" reducing the viscosity of gelatin very rapidly and believed to act preferen- 
tially on high molecular weight material and a "gravimetric protease" degrading more 
readily products of lower molecular weight 4. There is also evidence of the existence of a 
multiplicity of bacterial peptidases differing in specificity and response to activators. 
MASCHMANN 1 inferred from his experiments that  the dipeptidase of anaerobic organisms 
is no single enzyme but variously combined mixtures of enzymes or of apoenzymes with 
the same coenzyme. 

One of the most interesting discoveries in the field of enzyme action in relation to 
protein structure was the demonstration by LINDERSTROM-LANG AND OTTESEN 5 of the 
transformation of one crystalline protein to a n o t h e r - - o f  ovalbumin to plakalbumin---  
by the action of the extracellular protease from a strain of Bacillus subtilis. OTTESEN 
AND VILLEE 6 reported that  the enzyme was without di- and tripeptidase activity when 
tested on alanylglycine and alanylglycylglycine. CHRISTENSEN 7 from the same laboratory, 
however, concluded that  the above enzyme preparation probably contains peptidase. 

More recently a proteinase from B. subtilis has been obtained in pure crystalline 
form and its action on a number of different proteins studied s. TuPPY 9 reported that  a 
preparation of the crystalline enzyme obtained from the Carlsberg Laboratory acting on 
the phenylalanyl chain of oxidised insulin hydrolysed most of the peptide bonds without 
exhibiting any selectivity. 
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T h e s e  o b s e r v a t i o n s  o n  t h e  B. sublilis e n z y m e  a r e  of  s p e c i a l  i n t e r e s t  in  c o i m e c t i o n  

w i t h  t h e  p r e s e n t  w o r k  w h i c h  d e s c r i b e s  t h e  p r o t e o l y t i c  a c t i v i t y  o f  t h e  e x t r a c e l l u l a r  

e n z y m e s  o b t a i n e d  f r o m  a c l o s e l y  r e l a t e d  o r g a n i s m  B. liche~ni/ormis. O n  s c r e e n i n g  fo r  

p r o t e o l y t i c  a c t i v i t y  a b o u t  f i f t y  b a c t e r i a  f r o m  t h e  c u l t u r e  c o l l e c t i o n  in  t h e  l a b o r a t o r y  a n d  

of  n e w  i s o l a t e s ,  a b a c t e r i u m  i s o l a t e d  f r o m  d e c a y i n g  c a s s a v a  t u b e r  w a s  f o u n d  t o  be  t h e  

s o u r c e  o f  a p o w e r f u l  e x t r a c e l h f l a r  e n z y m e  w h i c h  c o u l d  be  e a s i l y  p r e p a r e d  f r o m  t h e  

c u l t u r e  f i l t r a t e  in  a c e l l - f r e e  c o n d i t i o n  a n d  o b t a i n e d  in  a s t a b l e  s o l i d  f o r m  b y  p r e c i p i t a t i o n  

w i t h  e t h a n o l  o r  a c e t o n e .  I n  c o m p a r i s o n  w i t h  t h e  p r o p e r t i e s  o f  t h e  e n z y m e  f r o m  B.  

sublilis s t u d i e d  in  t h e  C a r l s b e r g  L a b o r a t o r y ,  t h e  e n z y m e  s y s t e m  f r o m  B. lic!~e~d/ormis 

n o w  d e s c r i b e d  c o n t a i n s  a p r o t e a s e  w h i c h  a c t s  e q u a l l y  we l l  on  n a t i v e  a n d  d e n a t u r e d  

p r o t e i n s ,  i n c l u d i n g  o v a l b u m i n ;  h a s  p r o n o u n c e d  l e u c y l  a m i n o p e p t i d a s e  a c t i v i t y ;  h y d r o -  

l y s e s  d i -  a n d  t r i p e p t i d e s  a n d  a c t s  on  d i - ,  t r i -  a n d  t e t r a g l y c i n e s .  I t  h a s ,  h o w e v e r ,  n o  a c t i o n  

on  s y n t h e t i c  s u b s t r a t e s  c o n s i d e r e d  s p e c i f i c  fo r  p e p s i n ,  t r y p s i n  o r  c h y m o t r y p s i n .  

EXPE RIME NTAL 
.$lalerials 

Casein and  crys ta l l ine  edes t in  were p repared  by the  usua l  me thods .  For  d e n a t u r a t i o n  t hey  
were hea t ed  in wa te r  a t  lOO for 15 minu tes .  The  col lagen used was ossein p repared  f rom long bones  
of sheep  which were first de fa t t ed  and  deminera l ized  and  t rea ted  with t ryps in  to r emove  ex t r aneous  
proteins .  Commerc ia l  p repa ra t ions  of gelat in (Gold 1.abel) and  crysta l l ine  egg a l b u m i n  (Armour  
Laborator ies)  were used.  

Carbobenzoxy-L-g lu tamyl -L- ty ros ine ,  (~-benzoyVL arg in inamide ,  ca rbobenzoxyglycy l -L-phenyl -  
a lanine ,  ca r l )o l )enzoxyglycyl -L-phenyla lan inamide  and  L-leucinamide were syn thes i sed  according to 
procedures  descr ibed by  Ssl~Wn 1°. OL-leucylglycine, l)L-leucylglycylglycine,  DL-alanylglycylglycine,  
d ig lycine  and  t r iglycine were prepared  according to FISCHER 11. Te t rag lyc ine  was prepared  by the  
po lymer i s a t i on  of glycine e thy les te r  12. Glycyl-L-tyrosine,  l)L-ulanyl-t~L-asparagine, I)L alanyl-  
l )L-phenyla lanine  and  i>L-alanyl-DL-metfiionine were ob ta ined  f rom Nut r i t iona l  13iochenficals, New 
York. The  pu r i ty  of the  pept ides  was es tab l i shed  by  paper  c h r o m a t o g r a p h y .  

3Ieasuremenl o/enzyme activities 
l ' ro te in  hydro lys i s  was de t e rmi ned  by S<lrensen's fornlol t i t ra t ion .  The  " t e s t  m i x t u r e "  con ta ined  

lo ml of * °i, casein (I3.D.H. l ight  whi te  soluble) so lu t ion  buffered a t  pH  7.4 and  o.I ml  of e n z y m e  
concen t r a t e  (equivalent  to t ml of cu l ture  filtrate) in a total  vo lume  of i t  nil. Af ter  incuba t ion  
a t  3 7  for 3 o minu tes ,  5 ml of the  react ion m i x t u r e  was used for t i t r a t ion  and  the  resul ts  expressed  
in t e r m s  of ml o.o2 N NaOH.  Subs t r a t e  and  e n z y m e  controls  were run  s imul taneous ly .  Under  the  
above  condi t ions  of es t imat ion ,  ac t iv i ty  was found to be propor t iona l  to concen t ra t ion  of enzyme.  

Pept ide  hydro lys i s  was followed by alcoholic t i t ra t ion  by the  m e t h o d  of GRASSMaXN AND 
HEYD~: ta, u s ing  a Conw ay  mic robure t t e  and  a magne t i c  flea for st irr ing.  Amide hydro lys i s  was 
followed by e s thna t i on  of tile l iberated a n l m o n i a  by  the  microdiffusion m e t h o d  of CON\VAY 14. The  
opt ica l ly  act ive  s u b s t r a t e s  were t aken  in o.o 5 .lJ and  racemic  subs t r a t e s  in o. t 3l  final concent ra t ion ,  
t he  digest ion t e m p e r a t u r e  being 37 '- Amino-N and  carboxyl -N were de t e rmined  according to 
~rAN SLYKE 15 a n d  \ 'AN SLYKE, DILI.ON, MAC [?AI)YEN AND t{AMILTON 16 r e s p e c t i v e l y  a n d  t o t a l - N  b y  
the  mic ro -Kje ldah l  me thod .  

Paper chromatography 
Two so lven t  sys t ems ,  phenol  s a t u r a t e d  with water ,  in the  presence of o. 3 ~o a l n n l l u l i a  and  

cyan ide  and  the  alcohol phase  of freshly prepared  n -bu tano l -ace t i c  ac id-water  (4 :1 :4)  17, were 
genera l ly  used.  One-d imens iona l  c h r o m a t o g r a p h y  was carried ou t  by  the  ascending  t echn ique  with 
W h a t m a n  No. i paper  and  an irr igation t ime  of six to seven  hours .  After  the  run  the  papers  were 
air dried and  spo t s  developed by pass ing  t h rough  a o.2 ° o solut ion of n inhydr in  in acetone.  Two- 
d imens iona l  c h r o m a t o g r a p h y  was also carried ou t  on casein digests  with the  same  pair  of so lvents  
us ing  a f rame s imilar  to t h a t  of DVTTA, DFNT AND HARRIS ls. 

[on exc]lallge colztm~l analysis 
The procedure  descr ihed by  MOORE AND S'rEIN lu was followed us ing  Dowex 5o, 12 % crossl inked,  

2oo-40o mesh  resin. The  ident i ty  of the  e lut ion peaks  was d e t e r m i n e d  from thei r  posi t ions with 
reference to a r un  wi th  a m i x t u r e  of known amino  acids and  also by  desa l t ing  the  e luate  f rac t ions  
and  iden t i fy ing  the  ami no  acids by one-d imens iona l  paper  c h r o m a t o g r a p h y .  The  desa l t ing  of the  
acidic and  neu t ra l  amino  acids was carried ou t  in a m a n n e r  s imilar  to t h a t  described by STEIN 20 
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bu t  using Deacidite F F  (Permut i t  Company,  England) instead of Dowex-2. Wi th  this resin, a greater  
volume of acid was found necessary for elution of some of the adsorbed amino acids; hence twice 
the volume recommended by ~TEIN was used. 

Isolation o/the organism 
Tile bacter ium from decaying cassava was isolated in pure s tate  by repeated dilution plat ing 

and was mainta ined on nut r ient  agar. Morphological and nutr i t ional  characteristics studied, indicated 
tha t  the organism belonged to the B. subtilis group. I t  was subsequent ly  identified as 13. licheni[ormis 
(Weiglnan) Gibson by Dr. RUTI-~ E. GORDON of Rutgers  University. Compared to the s tandard  strain 
of B. subtilis (NCIM 2oo6) the organism isolated from cassava has a 3 ° % higher proteolytic activity. 

Preparation o/ protease co~,centrale 
Enzyme product ion was investigated when the organism was grown on several media: nu t r ien t  

bro th  containing t % glucose and a basal medium containing i O//o o"luc°se, 0.o 5 % magnes ium sulphate  
o.t % potass ium dihydrogen phospha te  and o.15 % calcium chloride to which 2 % (w/v) of whole 
milk powder, g roundnu t  meal (powdered oilcake), ground lentils or casein was added as supplement .  
The culture filtrate from the medium containing g roundnu t  meal gave the highest  yield of proteolytic 
activity, which was usually '-5 o,,.,o higher than  tha t  obtained in peptone broth  cultures. The results 
recorded in this paper  refer to the enzyme formed by the organism when grown on the medium 
containing salts and g roundnu t  meal. Results  obtained with the glucose-nutr ient  broth medium 
were qual i tat ively similar. 

Fermenta t ion  was carried out  at 3o"-31 :' under  submerged conditions in 500 ml conical flasks 
each containing 15o inl of the medium and agitated on a ro ta ry  shaker. Each flask was inoculated 
with 5 ml of a 24-hour-old shake culture grown on nu t r ien t  broth.  At  the end of four days of incubat ion 
when proteolytic activity was found to reach a maximuln ,  the culture fluid was centrifuged and the 
centr ifugate filtered through a Seitz filter. The filtrate was concentra ted to approximate ly  a t en th  
of the original volume by distillation in vacuo at a ba th  t empera ture  of 3 o°. I t  was repeatedly found 
tha t  by this procedure 95 %, of the total  original activity was recoverable. The concentrate  was 
dialysed against  running  deionised water  for about  15 hours  at 15 ~ to remove most  of the salts 
and protein degradat ion products.  The dialysed prepara t ion  stored under  toluene in the cold was 
found to retain its activity unimpaired  for several weeks. The enzyme could be obtained as a solid 
t)reparation by precipitat ion in the cold with two volumes of acetone or alcohol with a recovery 
of 90 95 % of the original activity. Tested on casein as subs t ra te  this prepara t ion showed on the 
average a 25 °.'o higher act ivi ty than  a commercial  t ryps in  prepara t ion  (B. D. H.). 

RESULTS AND DISCUSSION 

Proteinase activity 

(a) o p t i m u m  p H :  T h e  p H  o p t i m u m  w a s  d e t e r m i n e d  u s i n g  c i t r a t e - H C 1 ,  a c e t a t e ,  

phosphate and borate buffers to cover the pH 1.2 
range2-Io. Reaction was allowed to take place ~ I 
in 6.o N urea solution to prevent precipitation J.0 
of casein at the lower pH ranges. The results 
presented in Fig. I show a sharp optimum at ~0.~ 
pH 7.4 with rapid fall in the rate of hydrolysis 
on either side of the optimum; in this respect 
the enzyme differs from the B. subtilis enzyme s :;.~ 
which has an optimal pH at IO-II. 

(b) E~ect o~ cysteine, cyanide, iodoacetate 
and metal ions. Cysteine has no activating o.4 
or inhibiting effect on this proteinase in 
contrast to the inhibition observed on the o.2 
proteolytic acitivity of enzymes of aerobic 
organisms studied by M A S C H M A N N  21, W E I L ,  
KOCHOLATY A N D  S M I T H  22, and of the activa- 
tion observed with anaerobic organisms23,24, 2~. 
Re/erences p. zzo. 
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Fig. i. Effect of pH on proteinase activity.  
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C y a n i d e  a n d  i o d o a c e t a t e  were  also w i t h o u t  effect .  These  o b s e r v a t i o n s  wou ld  i n d i c a t e  

t h a t  t h e  e n z y m e  u n d e r  i n v e s t i g a t i o n  does  no t  c o n t a i n  a n y  ac t i v e  s u l p h y d r y l  g r o u p  26. 

In  c o n t r a s t  to  t h e  s t a b i l i s i n g  a n d  a c t i v a t i n g  in f luence  of some  b i v a l e n t  c a t i o n s  r e p o r t e d  

on ce r t a i n  p r o t e o l y t i c  e n z y m e s  24, 27,2s, m a n g a n e s e ,  coba l t ,  m e r c u r y  a n d  c o p p e r  s h o w e d  

i n h i b i t i o n  in a s c e n d i n g  order .  S imi la r  r e su l t s  have  been  r e c o r d e d  s for t h e  B.  subt i l i s  

e n z y m e ,  NaCN,  I C H 2 C O O N a  a n d  HgC12 s h o w i n g  no a p p r e c i a b l e  c h a n g e  in ac t i v i t y .  

TABLE l 

Ie~FFECT OF C Y S T E I N E ,  I O D O A C E T A T E  A N D  M E T A L  IONS ON I ' R O T E I N A S E  A C T I V I T Y  

o.I ml o[ the enzynle concentrate was incubated with the indicated substance and buffer at pH 7.4 
for 2 hours at 37 °. Activity was measured as usual with casein as substrate. 

5ubstaJ~cc 
T[tre 

MolarllV (ml t).o2 N-Sodium 
hydroxide) 

None o. 7 ° 
Cysteine o.o l o, 7 ° 
Iodoacetate o.oo 5 o.09 
h~doacetate o.o t 0.7 ° 
t 'ofassimn cyanide o. o i 0.67 
Manganese sulphate (MnSO4, 4H,2()) o.ol o.6o 
Cobalt chloride (CoC12, 0H~O) o.o2 0.60 
Mercuric sulphate (HgSO 4, 2H2()) O.Ol o.54 
Cupric chloride (CuCI 2, 21120 ) o.o* 0. 5 I 

TABLE 1 [ 

P R O T E I N  t t Y  D R O L Y S I S  

Proteins in 2 ° o (w/v) solutions at pH 7.4 incul/ated with enzvme (protein equivalent being 5 o/o 
of substrates) ; enzyme action stopped at end of digestion perio~ls by heating in boiling water bath 
for io minutes. The values are expressed as % amino-N (also as carboxyl-N for casein) in terms 

of totaI-N. 

Hydrol3sis % 
I'roh~in . . . . . .  

• dill 2 davx ~ dav~ 4 davs ~ duvs 7 d~tvs 

Casein Amino-N t4. 4 2I. 4 20. 3 31.2 35-3 43-9 
Carboxyl-N 5.02 8.2o ~ 7.35 2o.3 ° 26.35 3o.5 

Egg albumin Native 8.8 I9.8 24.5 3o.0 34.0 30.5 
Denatured ~3.4 2°.5 25.4 31. i 31.4 3 I-4 

Edestin Native t o.8 18.6 27.9 3-' .0 34.-' 35 .0 
l)enatured t9.8 27.4 34.2 35.o 35.2 35.5 

Gelatin 12.8 t4.o t 5. l r7.o t7.~ i8. l 

(c) ~ c t i o n  on prote ins .  Table  I I  g ives  t he  e x t e n t  of h y d r o l y s i s  of d i f f e r en t  p r o t e i n s  in 

t h e  course  of I - 7  d a y s  of e n z y m e  ac t ion .  H y d r o l y s i s  is far  r e a c h i n g  w i t h  m o s t  p r o t e i n s ,  

a m i n o - N  l i b e r a t e d  r e a c h i n g  w i t h  case in  64°o of t o t a l  a m i n o - N  o b t a i n e d  on c o m p l e t e  

h y d r o l y s i s  b y  acid,  47°o w i t h  egg a l b u m i n  a n d  5 8 %  w i t h  ed es t i n .  W i t h  egg a l b u m i n  a n d  

e d e s t i n  t he  n a t i v e  or c r y s t a l l i n e  p r o t e i n  was  a c t e d  on to  t h e  s a m e  e x t e n t  as t h e  d e n a t u r e d  

p r o t e i n s .  The  l i m i t e d  h y d r o l y s i s  n o t e d  w i t h  t he  d e r i v e d  p ro t e i n ,  ge la t in ,  is no t  e a s y  to  

Re[erences p. exo. 
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interpret, as the low amino-N observed might have been due either to a preponderance 
of imino-N or to limited hydrolysis caused by the presence of enzyme resistant peptide 
bonds containing imino acids 29. The hydrolysis of ossein was not studied quanti tat ively;  
its dissolution by the B. licheni/ormis enzyme took place in 7o hours in comparison to 
2o hours required by pepsin; trypsin showed no detectable action in 7 days. 

T A B L E  I I I  

S Y N T H E T I C  S U B S T R A T E S  F O R  E N D O P E P T I D A S E S  

The digestion mixture  contained 0.o 5 M subs t ra te  and o. i ml enzyme in a total  volume of 2 ml 
at pH 7.4- Cysteine and KCN were added to give final concentrat ions of o.oi M and o.o2 M re- 
spectively. Titre values are expressed in te rms of o.ol N K O H  in the case of carbobenzoxy-L-glutamyl-  

L-tyrosine and O.Ol 5 N NaOH in the case of anlide substrates .  

l"llre, ml 
Substrate 

oh  24h 48h 72h 

Carbobenzoxy-L-g lu tamyl -L- ty ros ine  i. 89 i .  89 i. 89 i. 9 ° 
Carbobenzoxy-L-g lu ta lny l -L- ty ros ine  + cys te ine  i .94 1.94 1.94 ~-95 
Carbobenzoxy-L-g lu tan ly l -L- ty ros ine  + cyan ide  1.9I 1.91 1.91 1.91 
a -benzoyl -L-arg in inarn ide  o.954 o.96o o.96o o.96o 
,1-benzoyl-L-argininamide + cys te ine  1.o5o 1.o5o 1.o5o 1.o5o 
a -benzoy l -L-a rg in inamide  + cyan ide  1.o2o 1.o2o 1.o2o ~.o2o 
C a r b o b e n z o x y g l y c y l - L - p h e n y l a l a n i n a m i d e  i .oo 5 i .oo 5 1.006 1.006 
C a r b o b e n z o x y g l y c y l - L - p h e n y l a l a n i n a m i d e  + cys te ine  1.OLO 1.OLO i . o t o  i . o t o  
Ca rbobenzoxyg lycy l -L -phe ny l a l a n ina m ide  ÷ cyan ide  i.OlO 1.OLO i.OlO i . o ( o  

The formation of free amino 
acids in appreciable quantities is 
shown in the case of casein by the 
Van Slyke carboxyl-N values, the 
ratio of free amino acids to amino-N 
increasing from 4o% in 2 4 hours 
to 7 o°o at the end of 7 days (Table 
II). Paper chromatography showed 
distinct spots for amino acids as 
early as 6 hours, particularly strongly 
at glutamic acid and leucine levels. 
Digests of all other proteins studied 
gave (Fig. 2) at the end of a digestion 
period of I2o hours distinct spots 
corresponding to the following amino 
acids: aspartic and glutamic acids, 
serine, glycine, alanine, tyrosine and 
leucines. That such chromatograms 
did not provide conclusive evidence 
of the presence of free amino acids 
became obvious when the spots 
were submitted to elution, hydrolysis 
and rechromatography according to 

m i e , • , 
....... O 

I 2 3 I 5 (; 7 8 

Fig. 2, Protein hydrolysis;  one way chromatography ,  
ascending technique;  solvent:  phenol-water  (o.3 o; 
N H  a and HCN); durat ion of run 7-8 hours;  spots  de- 
veloped with ninhydr in  (o.2 % w/v) in acetone. Chroma- 
tograms  of 12o hours  digests of proteins:  1, casein; 
"2, crystalline egg a lbumin;  3, denatured egg a lbumin;  
4, crystalline edestin; 5, reference mixture  of amino 
acids* (bot tom to top) Asp, Glu, Gly, Ala, Tyr  and 

Leu; 6, denatured  edestin; 7, ossein; 8, gelatin. 

* Abbreviat ions  for amino acids and peptides according to SANGER A N D  T U P P Y  38. 

t?e/erences p. 1io. 
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CONSDEN, GORDON AND MARTIN 30, when spots were obtained not  only for the amino 
acid originally indicated but  also for others in varying  concentrat ions suggesting the 
presence of peptides occupying the same position as the amino acid on the original 
chromatogram. Analysis on Dowex-5o columns gave more unequiw)cal proof of the 
presence of amino acids. In  Fig. 3, identification of peaks 3 to 9 and I2 to ]:4 by 
desalt ing and paper chromatography showed the presence of aspartie acid, threonine,  
serine, glutamic acid, glycine, alanine, valine, isoleucine, h'ucine and phenylalanim. 
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Fig. 3- Ion exchange column analysis of 168 hours digest of casein. The sample was treated with 
3 volumes of hot alcohol to remove undigested protein and large peptides. The column of Dowex-5o 
× 12, 1.2 × IOO cm, was operated in the sodium form employing as eluants, buffers of pH and at 

temperatures indicated. 
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respectively. Peaks I, 2, IO and I I  do not correspond to any known amino acid and are 
probably peptides. Two dimensional paper chromatography of these digests also showed 
certain spots which disappeared on acid hydrolysis of the digests and are to be at- 
tributed to peptides. Basic fractions represented by peaks 15 to 1 9 have not been de- 
finitely identified. 

T A B L E  I V  

L-LEUCI NAMIDE 

L - l e u c i n a m i d e ,  0.05 M ;  o . i  m l  e n z y m e  in a t o t a l  v o l u m e  of 2.0 ml ,  p H  7.2. E n z y m e  w a s  i n c u b a t e d  
w i t h  t h e  m e t a l  ion a c t i v a t o r s  or  i n h i b i t o r s  a t  p H  7.2 for  a p e r i o d  of  3 h o u r s  a t  37 ° be fo re  a d d i t i o n  

of  s u b s t r a t e .  

Substance added Molarilv 
H~,drolysis % 

2h  6 h 24h 

N o n e  49.o 73.o 99.o 
M a n g a n e s e  s u l p h a t e  (MnSO4, 4 H 2 0 )  o .o i  49.o 74.o 99.5 
M a g n e s i u m  c h l o r i d e  (MgC12, 6 H 2 0 )  o . o i  51.O 75.0 99.5 
Zinc  s u l p h a t e  (ZnSO4, 7 H 2 0 )  o .o i  52.o 75.o 99.5 
C y s t e i n e  o.o i 17.o t 8.o 25.o 
C y a n i d e  o.o2 i o . o  i 4 .o  25.o 

(d) Action on peptide substrates/or endopeptidases. The enzyme showed no action on 
carbobenzoxy-L-glutamyl-L-tyrosine, a-benzoyl-L-argininamide, carbobenzoxyglycyl-L- 
phenylalaninamide, the specific substrates for pepsin, trypsin and chymotrypsin 
respectively (Table nI). There was no hydrolysis of carbobenzoxy-L-glutamyl-L-tyrosine 
at pH 4.0 found to be optimum for pepsin acting on the synthetic substrate al. Addition 
of cysteine or cyanide found to activate cathepsin II  a2 and Clostridium histolyticum 
protease 25 made no difference. Thus the B. licheni/ormis enzyme appears to fall in the 
category of the proteolytic systems of nonbacterial origin described by several 
authors3a, a4, a5 which show pronounced action on proteins but do not hydrolyse the 
synthetic substrates considered to be specific for endopeptidases. 

T A B L E  V 

DIPEPTIDES 

Racemic peptides in o.I M, glycyl-L-tyrosine in o.o 5 3I final concentrations, o.i ml enzyme in total 
volume of 2.o ml, pH 7.6. 

Hydrolysis o~ 
,~ubstrate 

2 h cJ h 24h 48h 72h 12oh 

D L - L e u c y l g l y c i n e  18. 5 35. I 77.4 99 .2 99.2 - -  
G l y e y l - L - t y r o s i n e  4.4 12.5 17.5 - -  26.7 34.6 
D L - A l a n y l - D L - p h e n y l a l a n i n e  o.o o.o o.o o.o o.o - 
D L - A l a n y l - o L - a s p a r a g i n e  o.o o.o o.o o.o o.o 
DL- A l a n y l - D L - m e t h i o n i n e  o.o o.o o.o o.o o.o - -  

Peptidase activity 

(a) Optimum pH: L-Leucinamide and DL-leucylglycine were used as substrates for 
determining the optimum pH for peptidase action. Acetate, phosphate and borate 
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buffers were used to cover the pH range from 4 to IO. The results are represented in 
Fig. 4. The op t imum pH for hydrolysis of L-leucinamide was 7.z and of I)L-leucyl- 

glyeine 7.6. 
(b) Act ion  on L-leucinamide: Results in Table IV show that  there is complete 

hydrolysis of L-leucinamide in 24 hours. Act iv i ty  was not  enhanced by the known metal 
act ivators  of leucyl aminopept idasO ° obviously because the enzyme was used without  

1 . e -  
l 

0.8 

0.6 

0 .4 - -  

0 . 2 - -  

o( ! 
5 6 7 8 ,o ,oH 10 

Fig. 4- Effect of pH on peptidase activity; L- 
I,eu.NH~ of o.o 5 M and pL-Leu.Gly, o.1 34 
final concentration; o.1 ml of enzyme in total 
volume of 2.o ml: incubation time 0 hours at 37 ~ ; 
curve (a) : L-IA':U , .~ H2; curve (b) : DL-I.eu 'Gly. 

purification. However, the known inhibi- 
tors of this peptidase, cysteine and cyanide 
showed a 74°o inhibi t ion of ac t iv i ty  in 24 
hours. The picture obtained by paper chro- 
lnatographic analysis of the digest showed 
gradual  disappearance of L-leucinamide and  
appearance of leucine, only Ieucine being 
visible at the end of 24 hours. On the con- 
t rary  in the presence ofinhibi tors  there were 
prominent  spots of L-leueinamide and only 
weak spots of leucine in the same period. 

(c) Act ion  o~l carbobenzoxyglycyl-L- 

phenylalanine.  Under the experimental  
condit ions described for other peptides, 
no measurable hydrolysis of this peptide 
occurred, even at the end of 168 hours. No 
phenyla lanine  spot could be found bv 
paper chromatographic analysis of the re- 
action mixture  up to I68 hours confirming 
the absence of any  carboxypeptidase ac- 
t iv i ty  in the enzyme system. 

"1".\ 13IA~ VI 

T R I P E P T I I ) F S  

Conditions same as in Table V. Cyanide was used ill a final concentration of o.o2 3l, 

Nubstrah: 

DL-l,eucylglycylglycine 
OL-Leucylglycylglycine I cyanide 
DL- Alanylglycylglycine 
DL-Alanylglycylglycine ~ cyanide 

I lvdroh,szs  % *  

2 h t) k 2 t It 45 'h  

3 (~.o 73.7 ~o2.5 lo8.o 
3.0 i ".5 23.o 3o.o 

33.0 60.5 80.o to-. 5 
3 . 7  i 2 . o  2 0 . 0  3 2 . o  

* 1oo ?~ denotes complete hydrolysis of one peptide bond. 

(d) Act ion  on dipeptides. Results in Table V indicate that  while leucyl and glycyl 
peptides are hydrolysed, the enzyme has no action on alanyl peptides. DL-leucylglyeine 
is split rapidly and to completion unlike glycyl-L-tyrosine which is hydrolysed only to 
34.6°0 at the end of 12o hours. Fig. 5, strips I to 5, shows tile results of paper chromato-  
graphic analysis of the action of tile bacterial  enzyme on dipeptides. 

(e) Ac t ion  on trip@tides.  From Table VI and Fig. 5, strips 6 to I I ,  it will be seen 
that  both the tr ipeptides s tudied were hydrotysed by the bacterial  enzyme at a fairly 

Re/erences p. rio. 
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TABLE VII 
D I - ,  T R I -  A N D  T E T R A G L Y C I N E S  

Conditions same as in "fable V. Cobalt chloride (CoCI 2, 6H.O) used in o.oo~ .U final concentration. 

Substrate  

Diglycine 
Diglycine + Co ++ 
Chloracetyldiglycine + Co ++ 
Triglycine 
Triglycine ~- Co ++ 
Tetraglycine 
Tetraglycine + Co*~ 

Hvdroh ' s i s  % * 

2 4 h 56 h 96 h 

0 . 0  0 . 0  

14.o 35.0 42.0 
O . O  O.O O.O 

I5.o 40.0 55.0 
93.0 1 1 3 . O  I 2 0 . O  

13.O 35 .o 44.5 
82.o 137.o 16o.o 

* 1oo % denotes complete hydrolysis of one peptide bond. 

ii" , , : i .  l' 
lJ 

I 2 3 4 5 5 7 8 9 I 0  I I  

Fig. 5. Peptide hydrolysis; conditions same as in Fig. 2 except tha t  strips 9 i i ,  were run for 20 22 
hours ; identification of spots given in order from bot tom to top. I, reference mixture of Gly, Gly. Gly 
and Leu. Gly; 2, digest of Leu. Gly showing released Gly; the released f,eu under the conditions 
of separation used occupies the same position as Leu. Gly; 3, Gly. Gly digest in presence of Co~  
showing release of Gly; 4, reference mixture of Gly, Gly. Gly, Gly.Tyr  and Tyr;  T yr occupies the 
same position as Gly.Tyr ;  5, digest of Gly.Tyr  showing released Gly; 6, reference mixture of Gly, 
Gly. Gly, Ala. Gly. Gly and Leu ; 7, Ala. Gly. Gly digest showing released Gly. Gly, while Ala occupies 
the same position as substrates;  tile release of Ala confirmed by use of n-butanol-aqueous acetic 
acid solvent;  8, digestion of Ala. Gly. Gly in presence of KCN, exhibit ing marked inhibition of 
hydrolysis; 9, reference mixture of Gly, Gly. Gly and Leu. Gly. Gly; io, digest of Leu. Gly-Gly 
showing split Gly. Gly; the Leu confirmed by irrigation with n-butanol - -aqueous acetic acid solvent; 

1 1, Leu. 

r a p i d  r a t e ,  t h e  h y d r o l y s i s  b e i n g  i n h i b i t e d  b y  c y a n i d e  to  t h e  e x t e n t  of 7 o - 7 9  % in  24 h o u r s .  

}~ERGMANN AND FRUTON 36 h a v e  r e c o r d e d  a s i m i l a r  i n h i b i t i o n  w i t h  t h e  e r e p t i c  e n z y m e s  of 

t h e  i n t e s t i n a l  m u c o s a .  P a p e r  c h r o m a t o g r a p h i c  a n a l y s i s  of t h e  d i g e s t s  a lso s h o w  t h e  m o d e  

of a c t i o n  of t h e  e n z y m e  o n  t h e  t w o  t r i p e p t i d e s .  T h e  a c t i o n  s t a r t s  f r o m  t h e  a m i n o  e n d  of 

t h e  p e p t i d e s  r e l e a s i n g  l euc i ne  a n d  g l y c y l g l y c i n e  f r o m  l e u e y l d i g l y c i n e  a n d  a l a n i n e  a n d  

g l y c y l g l y c i n e  f r o m  a l a n y l d i g l y c i n e .  O n  p r o l o n g e d  i n c u b a t i o n  t h e  g l y c y l g l y c i n e  f o r m e d  

in  t h e  f i rs t  s t a g e  s h o w s  some  h y d r o l y s i s  g i v i n g  r i se  to  a w e a k  s p o t  for  g lyc ine  on  t h e  

c h r o m a t o g r a m .  
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I08  M. DAI~IODARAN, V. S. (;OVINDARAJAN, S. S. SUBRAMANI.',N VOL. 17 (I955) 

(f) Action on di-, tri- and tetraglycines. W i t h  d ig lyc ine  42% hydro lys i s  was o b t a i n e d  

in the  I)resence of Co ++ ions  whereas  no hyd ro lys i s  was d e t e c t a b l e  u p t o  72 hours  in the  

absence  of t he  m e t a l  ion. Tr i -  and  t e t r a g l y c i n e s  were  h y d r o l y s e d  to the  e x t e n t  of 55 % 

a n d  44.5 20 r e s p e c t i v e l y  at the  end  of 96 hours .  In  b o t h  cases the  e n z y m e  was s t rong ly  

a c t i v a t e d  by  Co ++ ions, hyd ro ly s i s  r i s ing  to 93°'0 and  8 2 ° ;  r e s p e c t i v e l y  in 24 hours  

(Table  VII ) .  C h r o m a t o g r a m s  (Fig. 6) s h o w  a s t e a d y  inc rease  in c o n c e n t r a t i o n  of d ig lyc ine  

a n d  g lyc ine  up  to t he  t i m e  of t he  c o m p l e t e  d i s a p p e a r a n c e  of t r i -  and  t e t r ag lyc ine s  in 

66 hours  of d iges t ion .  Th i s  fact  t aken  in c o n j u n c t i o n  w i t h  t he  g r ea t  a c t i v a t i o n  of h y d r o l y -  

sis of the  t r i -  and  t e t r a g l y c i n e s  as c o m p a r e d  to  d ig lyc ine  show c lear ly  t h a t  t he  a c t i v a t i n g  

inf luence  of Co ++ ions  is no t  conf ined  to  d i p e p t i d e  hyd ro ly s i s  as u sua l ly  assumed'~L 

O 0 il oe 
• , ' e ( ) a  

1 2 3 [ 5 6 7 '~ 9 I O I I 12 

Fig. t). Hydrolysis of tri- and tetra- 
glycines; conditions same as in Fig. 2 
except that duration of run was 2o 2" 
hours; identity of spots from bottom 
to top: ~, reference mixture of Gly, 
Gly. Gly and GIy-Gly. Gly; 2 to 6, 
digests of triglycine: 2, at o hours; 3. 
at 24 hours showing sinall release of 
Gly and trace of Gly. Gly; 4, at 24 hours 
with Co ~*, strong spots for Gly and 
Gly. Gly and weak spots for substrates 
demonstrating rapid hydrolysis; 5, at 
66 hours without Co *~, feeble spots for 
Gly and Gly. Gly showing continued 
slow hydrolysis; O, at 66 hours with 
Co ¢~ showing complete disappearance 
of substrate spot and intense spots for 
Gly and (;ly. Gly; 7, reference mixture 
of Gly, (;Iy. Gly, Gly. ( ; ly .Gly and 
Gly. Gly-(;ly.  Gly; 8 to L2, digests of 
tetraglycine: 8, at o hours; 9, at 24 
hours showing small release of Gly; io, 
at 24 hours with Co ~÷ showing rapid 

digestitmwith release of Gly. Gly and Gly. Gly.(;ly, the large release of Giy being marked; i i, at 
66 hours showing continued slow hydrolysis, the Gly spots and feeble spots for GIy.Gly and 
Gly. Gly. Gly being discernihle; L2, at 06 hours with Co ~+ showing intense spots for (;iv and 

Gly. Gly, feeble spot for (;ly. Gly. (lily and absence of spot for substrate. 
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SUMMARY 

i. A bac ter ium isolated from decaying cassava tubers  and identified as B. licheni/ormis 
(Weigman) Gibson, produces a powerful  protease in the extraceilular fluid. The proteolytic activity 
is highest when the organism is grown on a medium containing g roundnu t  meal. 

2. The culture fluid when concentrated,  dialysed and precipitated with acetone or ethanol gives 
a stable solid with an activity higher t han  tha t  of the usual commercial  trypsin.  

3. The enzyme sys tem consists of a proteinase and one or more peptidases. I t  acts on all proteins 
tried, in both native and denatured  condition, wi th  liberation of a high propor t ion  of free amino 
acids, bu t  has no action on the synthet ic  subs t ra tes  for pepsin, t ryps in  and chymotryps in .  The 
action on proteins is neither inhibited nor act ivated by  cysteine, cyanide or iodoacetate but  is slightly 
inhibited by bivalent  metals. 

4. The peptidases present  hydrolyse di-, tri- and tetrapeptides,  hydrolysis  s tar t ing from the 
amino end. According to accepted ideas leucine aminopept idase is present,  leucinamide and leucvl- 
glycine bu t  not  alanyldipeptides being hydrolysed.  This hydrolysis  is inhibited by  cysteine and 
cyanide. 

5. Tripeptides with leucine or alanine at the amino end are also acted upon;  cyanide is a s trong 
inhibitor of this hydrolysis.  

(). Di-, tri- and tetraglycines are hydrolysed,  the action on all these peptides being strongly 
accelerated by Co ++ ions. 

i. Une bact6rie isol6e de tubercules pourr i ssant  de manioc et identifi6e avec B. licheni/ormis 
(Weigman) Gibson, libbre une prot6ase puissante  dans le liquide extracellulaire. L'activitd t)rotdo - 
lytique la plus 6lev6e est obtenue quand  la bactSrie est cultiv6e sur  un milieu renfermant  de la 
f~trine d'arachide. 

2. Le milieu de culture concentr6, dialys6 et pr6cipit0 par  l 'ac6tone ou l '6thanol donne un 
prodai t  stable dont  l 'activit6 est plus 61evde que celle de la t rypsine commerciale usuelle. 

3. Le systSme enzymat ique  est consti tu6 d 'une prot6inase et d 'une ou plusieurs peptidases. 
II est actif sur  routes les prot6ines essaydes, natives ou d6naturdes, et lib~re une proport ion 51evde 
d 'amino-acides libres, mais il est sans action sur  les subs t ra t s  synth6t iques  de la pepsine, de la 
t rypsine et de la chymotrypsine .  L 'act ion sur les protdines n 'es t  ni inhib6e, ni activde par  la cyst0ine, 
le cyanare  o'a l ' iodoac6tate mais elle est 16g6rement inhib6e par  les m6taux  bivalents.  

4. Les peptidases prdsentes hydrolysent  les di-, tri-, et t6trapeptides,  l 'hydrolyse commen~ant  
"£ l 'extrSmit6 amin6e. Selon les conceptions actuelles, la pr6parat ion renferme une leucine amino- 
peptidase, puisque la leucinamide et la leucylglycocolle mais non les alanyldipeptides sour hydrolys0s. 
Cette hydrolyse est inhib6e par  la cystdine et le cyanure. 

5. Des tr ipeptides possSdant une leucine ou une alanine "g leur extrdmit6 aminde sont  dgalement 
susceptible.s; le cyanure inhibe for tement  lear hydrolyse. 

6. Les di-, tri- et t5traglycocolles sont  hydrolys6es, leur hydrolyse 5tant  for tement  activde par  
les ions Co +~. 

ZUSAMMENFASSUNG 

i. Ein aus faulender Cassava tubera  gewonnenes Bakter ium wurde als B. licheni/ormis (Weig- 
mzm) Gibson identifiziert und bildet eine gusserst  wirksame Protease, welche in die extrazellulgre 
L0sung ausgeschieden wird. Die proteolytisehe \Virksamkeit  ist am st/irksten, wenn die Bakterien 
auf einem erdnussmehlhal t igen Nghrboden  geziichtet werden. 

2. Aus der Nahrl6sung kann durch Einengung,  Dialyse und Fgllung mittels Aceton oder Ethyl-  
alkohol ein hal tbarer  Trockenri iekstand gewonnen werden, welcher wirksamer  ist, als gew6hnlich 
kXufliches Trypsin.  

3. Der Enzymkomplex  besteht  aus einer Protease und einer oder mehreren Peptidasen. Er 
erwies sich gegentiber nat iven oder denatur ier ten Eiweissk6rpern in alien un te rsuchten  Fgllen als 
wirksam und bildete einen hohen Prozentsatz  [reier Aminosguren.  Gegentiber den synthet isehen 
Subs t ra ten  des Pepsins, des Trypsins  und des Chymotryps ins  erwies er sich als unwirksaln.  Die 
\Virksamkeit  auf Proteine wird durch Cystein, Cyanid oder Jodace ta t  weder gehemmt  noch gef6rdert, 
doch bes teht  eine geringfiigige H e m m u n g  durch zweiwertige Metallionen. 

4. Die im Komplex  anwesenden Peptidasen spalten Di-, Tri-, und Tetrapeptide,  wobei die 
Hydrolyse am Aminoende einsetzt. Nach aligemein iiblichen Vorstellungen wird die Gegenwart  yon 
Leucinaminopeptidase angenommen,  da Leucinamid und Leucylglycin, nicht  aber Alanyldipeptide 
gespalten werden. Diese Spal tung wird durch Cystein und Cyanid gehemmt.  



I I 0  M. DAMODARAN, V. S. GOVINI)ARAJAN, S. S. SUBRAMANIAN VOL. 1 7  (x955) 

5- T r ipep t ide  welche Leucin  oder Alanin  am Aln inoende  en tha l t en ,  werden ebeufal ls  gespal ten .  
Cyan id  w i r k t  gegeni iber  dieser  H y d r o l y s e  s t a r k  hemmend .  

6. Di-, Tri- und Te t r ag lyc in  werden  gespa l t en ;  die S p a l t u n g  dieser  Pep t ide  wird  durch Co ~ 
Ionen  s t a r k  beschleunigt .  
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