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S u m m a r y .  T h e  c e l l - b o u n d  and  e x o c e l l u l a r  p e n i c i l l i n a s e s  of  
B.  l i c h e n i f o r m i s  7 4 9 / C  a r e  r e s i s t a n t  to t r y p s i n  and  c h y m o t r y p s i n .  The  
p r o d u c t i o n  of  p e n i c i l l i n a s e  s e n s i t i v e  to  t h e s e  p r o t e a s e s  h a s  b e e n  d e t e c t e d  
u t i l i z i n g  p r o t o p l a s t s  s t r i p p e d  of  p a r t  of  t h e i r  b o u n d  e n z y m e .  The  
p r o t e a s e s  m o s t  l i k e l y  a c t  a t  the  o u t e r  s u r f a c e  o f  the  m e m b r a n e ,  d e g r a d i n g  
the  e m e r g i n g  p o l y p e p t i d e  b e f o r e  i t  c an  a s s u m e  a r e s i s t a n t  c o n f o r m a t i o n .  
In t he  a b s e n c e  of  p r o t e a s e ,  t h e s e  p r o t o p l a s t s  i n c o r p o r a t e  n a s c e n t  
p e n i c i l l i n a s e  in  a m o u n t s  a p p r o x i m a t i n g  t h a t  p r e v i o u s l y  r e m o v e d °  

B a c i l l u s  l i c h e n i f o r m i s  7 4 9 / C  p r o d u c e s  a h y d r o p h i l i c  e x o e n z y m e  and  

m e m b r a n e  b o u n d ,  l i p o p h i l i c  f o r m s  (8). The  l a t t e r  a r e  c o n v e r t i b l e  to the  

e x o - f o r m  w i t h o u t  l o s s  of a c t i v i t y  b y  t r y p s i n  (1, Z), w h i l e  a l l  t h r e e  a r e  

e q u a l l y  r e s i s t a n t  to  d e g r a d a t i o n  b y  c h y m o t r y p s i n  (Z). P e n i c i l l i n a s e  

s e c r e t i o n  i s  r e l a t i v e l y  t i g h t l y  c o u p l e d  to i t s  s y n t h e s i s  (7), and  we  h a v e  

s u g g e s t e d  t ha t  the  n a s c e n t  p r o t e i n  i s  e x t r u d e d  in to  the  m e m b r a n e  f r o m  the  

p o l y s o m e  in  an  i n c o m p l e t e l y  f o l d e d  f o r m  (9). 

We h a v e  e x a m i n e d  p e n i c i l l i n a s e  s e c r e t i o n  b y  p r o t o p l a s t s  u n d e r  the  

h y p o t h e s i s  t h a t  i f  the  e n z y m e  b e i n g  s e c r e t e d  i s  o n l y  p a r t i a l l y  f o l d e d ,  t h e n  

i t  m a y  he  s u s c e p t i b l e  to  d e g r a d a t i o n  b y  the  two p r o t e a s e s  a s  i t  e m e r g e s .  

1 T h i s  r e s e a r c h  w a s  s u p p o r t e d  b y  P u b l i c  H e a l t h  S e r v i c e  g r a n t  
A I - 0 4 5 7 Z  f r o m  the  N a t i o n a l  I n s t i t u t e  of  A l l e r g y  and  I n f e c t i o u s  D i s e a s e s .  
G. B e t t i n g e r  i s  a p r e d o c t o r a l  t r a i n e e  u n d e r  P u b l i c  H e a l t h  S e r v i c e  t r a i n i n g  
g r a n t  G M - 5 0 7  f r o m  the  N a t i o n a l  I n s t i t u t e  of G e n e r a l  M e d i c a l  S c i e n c e s .  
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We f ind  t ha t  t h e r e  does  e x i s t  a p r o t e a s e  s e n s i t i v e  f o r m  of p e n i c i l l i n a s e ,  

a n d  a d d i t i o n a l l y ,  a r e  a b l e  to show tha t  p r o t o p l a s t s  c a n  i n c o r p o r a t e  n a s c e n t  

p e n i c i l l i n a s e  in to  a bound  f o r m .  

MATERIALS AND METHODS 

Protoplasts of B. licheniformis 749/C, penicillinase constitutive and 

induced for alpha-glucosidase (3), were prepared as previously 

reported (6). All protoplast weights are expressed as the dry weight 

equivalent of initial cells. Incubations were performed at 30 C in a 

gyratory shaker at 250 rpm, and all media, buffers and glassware pre- 

warmed to 30 C. The protoplasts were sedimented at room temperature 

for 5 rain at i2,000x g, and incubated for 30 rain at 4 mg/ml in a 

0.75 M sucrose medium (7), pH 6.5, 7.5, 8.5 or 9.5, without amino 

acids and containing 40 ~g/ml chloramphenicol (CAM). Depending on 

the pH of this medium, different amounts of penicillinase were removed 

from the protoplasts during the incubation (see Fig. IA legend). 

Protoplasts stripped in this manner were washed once with a pH 7.5 

buffer of 0.4 ___M Na-succinate, 0. 001 M MgCI2, 0.02 M KHzPO 4 and 

resuspended in 0.4 M succinate growth medium, pH 7.5 (7). The 

resuspended protoplasts always showed a 30 min lag before penicillinase 

synthesis began, therefore zero time in all experiments was chosen as 

30 m i n  after the addition of the protoplasts to the medium. 

Free and cell bound enzyme was followed as previously described 

(7). Samples were diluted 1:5 into ice cold 0.1 M KH2PO4, pH 7.0, 

containing per mh 40 ~g CAM and 50 ~g soybean trypsin inhibitor. 

Alpha-glucosidase and penicillinase were assayed as previously 

reported (3, 5). Total protein synthesis was measured by the 
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i n c o r p o r a t i o n  of a 14C-amino acid mix tu re  (1.0 ~Ci /ml  p ro top la s t  

medium)  into hot TCA prec ip i t ab le  m a t e r i a l .  

RESULTS 

When stripped protoplasts are incubated in growth medium 

containing trypsin and chymotrypsin (25 ~g each/ml), the net increase 

in penicillinase activity is strikingly reduced (Fig. IA, IB). Either 

protease alone is equally as effective in preventing the increase in 

penicillinase as when combined (unpublished results), and no significant 
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Fig.  1A. The effect  of t r y p s i n  and c h y m o t r y p s i n  (T/C) on net 
penicillinase formation at different initial levels of bound enzyme. 
Stripped protoplasts were incubated in the 0.4 M succinate growth 
medium at pI-I 7.5 (7), using T/C added at Z5 ~g each/ml as noted. 
The pH of the stripping medium and the % penicillinase removed are 
indicated. ['I I"I 50% penicillinase removed at pH 9.5, no T/C; 
(~ - - O  17% removed at pH 6.5, + T/C; • _ _ •  Z1% removed 
at pH 7.5, + T/C; ~K .~4Z% removed at pH 8.5, + T/C; 
and• _ _ . •  50% removed at pH 9.5, + T/C. 

Fig.  lB. Kinet ics  of r e c o v e r y  of net penic i l l inase  f o r m a t i o n  f r o m  
t r y p s i n  and c h y m o t r y p s i n  inhibit ion following the addi t ion of soybean 
t r y p s i n  inhibi tor  (STI). P r o t o p l a s t s ,  p r ev ious ly  s t r ipped  of 50% of 
their bound penicillinase, were incubated as in Fig. IA. • 
no T/C; • • + T/C; A A+ T/C, at lhr 
STI (Z75 ~g/ml) added. 

1 

202 



Vol. 43, No. 1, 1 9 7 1  BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS 

l o s s  of  c e l l u l a r  a l p h a - g l u c o s i d a s e  w a s  o b s e r v e d  w i t h  p r o t e a s e  i n c u b a t i o n .  

T h e  a b i l i t y  of  t he  p r o t e a s e s  to  l i m i t  p e n i c i l l i n a s e  i n c r e a s e  i s  i n v e r s e l y  

r e l a t e d  to t he  a m o u n t  of  p e n i c i l l i n a s e  r e m a i n i n g  on the  s t r i p p e d  

p r o t o p l a s t  ( F i g .  1A). I n h i b i t i o n  i s  b e t w e e n  80 - 100% on p r o t o p l a s t s  

h a v i n g  h a l f  t he  n o r m a l  l e v e l  of  b o u n d  p e n i c i l l i n a s e .  

T h e  p o s s i b i l i t y  e x i s t s  t h a t  t he  p r o t e a s e s  a r e  not  d e g r a d i n g  n a s c e n t  

p e n i c i l l i n a s e ,  b u t  r a t h e r  d a m a g i n g  the  e n z y m e  f o r m i n g  s y s t e m .  If  

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

p e r i o d  m i g h t  b e  e x p e c t e d  upon  r e m o v a l  of  t he  r e s t r i c t i o n .  W h e n  

s u f f i c i e n t  s o y b e a n  t r y p s i n  i n h i b i t o r  to  b i n d  a l l  p r o t e a s e  p r e s e n t  i s  a d d e d  

to  p r o t o p l a s t s ,  t he  n e t  p e n i c i l l i n a s e  f o r m a t i o n  of  w h i c h  i s  r e s t r i c t e d  b y  

t r y p s i n  and  c h y m o t r y p s i n  ( F i g .  1B), p e n i c i l l i n a s e  i n c r e a s e  b e g i n s  w i t h o u t  

a n o t i c e a b l e  l a g .  R e m o v a l  of  the  p r o t e a s e s  b y  w a s h i n g  the  p r o t o p l a s t s  

a n d  r e  s u s p e n d i n g  t h e m  in f r e s h  m e d i u m  a l s o  r e m o v e s  t h e  r e s t r i c t i o n  on 

t h e  p e n i c i l l i n a s e  f o r m i n g  s y s t e m  a f t e r  a 15 - 30 r a i n  l a g  ( u n p u b l i s h e d  

r e s u l t s ) ,  c h a r a c t e r i s t i c  of  p r o t o p l a s t s  t r a n s f e r r e d  to  f r e s h  g r o w t h  

m e d i u m  ( s e e  M a t e r i a l s  and  M e t h o d s ) .  

T h e  e f f e c t  of  the  p r o t e a s e s  on t o t a l  c e l l u l a r  p r o t e i n  s y n t h e s i s  and ,  

m o r e  s p e c i f i c a l l y ,  on a l p h a - g l u c o s i d a s e  f o r m a t i o n  i s  shown  in  T a b l e  I. 

T r y p s i n  and  c h y m o t r y p s i n  c a u s e  a s l i g h t  d e c r e a s e  (lZ - 15%) in  t he  r a t e s  

o f  f o r m a t i o n  of  a l p h a - g l u c o s i d a s e  and  t o t a l  p r o t e i n  w h i l e  c a u s i n g  an  85% 

d r o p  in  t h e  a p p e a r a n c e  of  n e w  p e n i c i l l i n a s e  a c t i v i t y .  The  two p r o t e a s e s  

do  no t  d e c r e a s e  the  l e v e l  of  i n t e r n a l  a l p h a - g l u c o s i d a s e  b e y o n d  t h a t  

e x p e c t e d  due  to  m i n i m a l  l y s i s  (7). 

If  t he  d i s t r i b u t i o n  o f  the  n a s c e n t  p e n i c i l l i n a s e  f o r m e d  b y  p r o t o p l a s t s  

s t r i p p e d  of  50% of  t h e i r  b o u n d  e n z y m e  is  f o l l o w e d  ( T a b l e  I I ) ,  i t  c a n  b e  

s e e n  t h a t  t h e y  a c c u m u l a t e ,  a s  b o u n d  e n z y m e ,  a p p r o x i m a t e l y  the  a m o u n t  
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Table I. Synthetic capac i ty  of s t r ipped  B. l i chen i fo rmis  749/C p r o t o p l a s t s  
during incubat ion with t r y p s i n  and c h y m o t r y p s i n  (T/C) a 

S y n t h e s i s / m g / h r  

+T/C -T/C 

penicillinase 20 units 175 units 
aIpha-glucosidase 4.6 units 5.3 units 
total cellular protein b 14,000 dpm 17,000 dpm 

a50% of the bound penicilllnase had been removed by treatment at 
pH 9.5. The protoplasts were incubated in 0.4 M_M - succinate growth 
medium (7)pH 7.5, supplemented with 2 mg/ml maltose to maintain 
alpha- gluc o s ida s e formation. 

bMeasured b.y the incorporation of 14C-amino acids into hot TCA 
pre c[pitable material. 

Table II. i nco rpo ra t i on  of nascen t  pen ic t l l inase  by s t r ipped and by 
un t r ea t ed  p ro top l a s t s  of B. l i chen i fo rmis  749/C 

Time 
(hrs) 

Str ipped p ro top la  sts Untrea ted  p ro top l a s t s  
Exp. 1 Exp, Z Exp. 3 

% original bound penicillinase 

0 50 56 I00 
1 103 75 90 
Z IZZ 90 97 
3 130 95 97 

Str ipped and un t rea ted  p ro top l a s t s  were  incubated in 0 . 4 M  succ ina te  
growth med ium.  The or ig ina l  level  of bound pen ic i l l inase  was 
a p p r o x i m a t e l y  400 u n i t s / m g ,  and both types  of p r o t o p l a s t s  f o rmed  
about 500 units during the 3 hr ,  incubation.  

of enzyme  p rev ious ly  r e m o v e d ,  a f t e r  which the re  is no net re ten t ion  of 

pen ic i l l inase .  Unt rea ted  p ro top la s t s  do not i nco rpo ra t e  any addi t ional  

pen ic i l l inase  (Table II, 7). 

DIS C USS ION 

T r y p s i n  and c h y m o t r y p s i n  p reven t  a net i n c r e a s e  in penic i l l inase  
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ac t iv i ty  under  condit ions which suppor t  nea r  n o r m a l  syn thes i s  of 

c y t o p l a s m i c  p ro te in  (Table I), and this c o n s t r a i n t  is i n v e r s e l y  re la ted  to 

the amount  of pen ic i l l inase  p r e s e n t  on the p ro top l a s t  (Fig. 1A). It is 

unl ikely  that  the p r o t e a s e s  d i r e c t l y  damage  the p e n i c i l l i n a s e - f o r m i n g  

appa ra tu s ,  s ince the re  is no evidence  that they a r e  able to pene t r a t e  the 

m e m b r a n e  of in tact  p ro top l a s t s  (Table I, 1). The re  is the poss ib i l i ty  that 

the p r o t e a s e s  ind i r ec t ly  p reven t  penic i l l inase  syn thes i s  by act ing at the 

ou te r  su r f ace  of the m e m b r a n e ,  consequen t ly  a l t e r i ng  in te rna l  r e l a t ion -  

ships,  and stopping pen ic i l l inase  syn thes i s .  However ,  the absence  of a 

r e c o v e r y  per iod  upon r e m o v a l  of the p r o t e a s e  (Fig. 1B) indica tes  that  

the pen ic i l l inase  fo rm ing  s y s t e m  is opera t iona l  dur ing  the incubat ion,  

and that the nascen t  pen ic i l l inase  is deg raded  by the p r o t e a s e s .  

We sugges t  that pen ic i l l inase  is f o r m e d  by m e m b r a n e  bound 

p o l y s o m e s  (9) and that the growing chain is ex t ruded into the m e m b r a n e  in 

an extended f o r m  as p r o p o s e d  by Redman  (4). It s e e m s  l ikely that the 

p r o t e a s e s  ac t  on the e m e r g i n g  pen ic i l l inase  be fo re  it can a s s u m e  a 

r e s i s t a n t  con fo rma t ion  (9). An ana logous  pa r t i a l l y  folded p ro te in  f o r m  

has  been impl i ca t ed  in the s e c r e t i o n  of an e x t r a c e l l u l a r  p r o t e a s e  in a 

Sa rc ina  sp. (BisseI1, M. J . ,  R. Tos i  and L. Gorini ,  J. Bac t e r io l .  1971, 

in p r e s s ) .  

It is p a r t i c u l a r l y  in t r iguing that  p ro top l a s t s  p r e v i o u s l y  s t r ipped  of 

ha l f  the i r  bound e n z y m e  could subsequent ly  r e - i n c o r p o r a t e  a p p r o x i m a t e l y  

that  amount  of pen ic i l l inase  which had been  r e m o v e d  (Table II). 

A p p a r e n t l y  p r o t o p l a s t s  can re ta in  only a fixed number  of pen ic i l l inase  

m o l e c u l e s ,  and when these  s i tes  a r e  s a tu ra t ed  no net a ccumula t i on  o c c u r s .  

This explains  why i n c o r p o r a t i o n  of pen ic i l l inase  by p ro top l a s t s  was not 

p r e v i o u s l y  o b s e r v e d  (7). 
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