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Zusammen/assung. Die A k t i v i t g t  yon  I , euc inoamino-  
pep t idase  in der  P r o s t a t a  u n d  den  Samenb l / i s chen  de r  
R a t t e n  w u r d e  m i t  h i s t o c h e m i s c h e n  u n d  q u a n t i t a t i v e n  
M e t h o d e n  n a c h  v e r s c h i e d e n e n  H o r m o n b e h a n d l u n g o n  be- 
s t i m m t .  Es  wu rd e  g e f u n d e n ,  d a s s  alle a n d r o l y t i s c h e n  13e- 
h a n d l u n g e n ,  die eine A t roph i e  in d iesen  O r g a n e n  ver-  
u r s a c h t e n ,  die e n z y m a t i s c h e  Akt iv i t / i t  e rh6h t en .  Nach  

al len t~ehand lungen ,  (lie abe r  andron] in~et isch  wi rk ten ,  war  
sic i m m e r  ernie. ' lrigt.  

V. l<. [[oPSU, P. t(1EKKINI':N, al'!d E. I.UOSTARINEN 

Department o/ .4 nato:ny, University o/ "l'urku (Finland), 
J~tly 19, 1961. 

I s o l a t i o n  a n d  P u r i f i c a t i o n  o f  t h e  P e n i c i l l i n a s e  

f r o m  M y c o b a c t e r i a  

WOODRUFF a n d  FOSTER 1 desc r ibed  in 1945 t h a t  a 
r ap id ly  g ro win g  a v i r u l e n t  s t r a i n  of  Mycobacterium tuber- 
culosis d e s t r o y s  penici l l in.  A few yea r s  la ter ,  ILAm) a n d  
BAINES ~ f o u n d  t h a t  a species  of Mycobacterium tubercu- 
losis p r o d u c e s  a n  ex t r ace l lu l a r  penie i l l inase  a f t e r  a long 
i n c u b a t i o n  period,  t{IBEIRO a descr ibed  penic i l l inase  pro-  
d uc t i on  in a s t r a i n  of BCG, a n d  SOLTYS 4 r epo r t ed  peni-  
ci l l inase as  a c o n s t i t u t i o n a l  e n z y m e  in Mycobacterium phlei 
a n d  BCG s t r a in s ,  a n d  as an  i n d u c t i v e  penic i l l inase  in 
h u m a n  a n d  b o v i n e  2~[ycobacteria tuberculosis. He  was  no t  
able to f ind  penic i l l inase  a c t i v i t y  in a v i a n  t y p e  of Myco- 
bacteria tuberculosis. I n v e s t i g a t i n g  a g r ea t  n u m b e r  of 
species  a n d  s t r a i n s  of  g e n u s  Mycobac te r i a ,  BONmKE a n d  

Myeobaeterial penicillinase activity ill various phases of isolation 

Preparation Penicillinase 
arbitrary 
units 

1. Culture fluid centrifuged until cell free 2.5 l'Al.'/ml 
2. Supernatant fluid after benzoic acid precipitation o 
3. Distilled water washing of precipitation 0 
4. M/1 Tris buffer pH 9.0 solution of butanol precipitate 150 PAU/ml 
5. Approximate traits per mg of dissolved precipitate ~2o0 PAU/mg 
6. Ethanol-phosphoric acid precipitate 500 PA U/rag 
7. Protein fraction in supernatant after precipitation 

by PAS t4oo PAl'/rag 

The arbitrary penicillmase units correspond to the amount of enzyme 
d:stroying 50% of sodium penicillin units in a batch of ~0t)0 m~its in 

water bath at q7°C, after lO rain, at a pH 7.0 =: PAIL 

I0 
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Fig. 1. Penicillinase 0.1 rag/nil of Tris buffer 231 of pH 8.7. Zeiss 
Speetrophotometer. 

DITTMAR 5 d e m o n s t r a t e d  penic i l l inase  as  endoce l lu la r  
e n z y m e  in a l m o s t  all t h e  s t r a i n s  e x a m i n e d .  T h e  concen-  
t r a t i on  of e x t r a c e l l u l a r  e n z y m e  in l iquid m e d i a  is, accord-  
ing  to  t he se  a u t h o r s ,  p ropo r t i ona l  to the  a u t o l y s i s  ra te .  
F;y use  of ' lys is  i n d u c i n g  m e d i a '  w i th  low c o n c e n t r a t i o n  of 
n i t rogen  s u b s t a n c e s ,  t h e y  were able to  d e m o n s t r a t e  t h a t  
t he  c o n c e n t r a t i o n  of e x t r a c e l h d a r  penic i l l inase  d e p e n d s  on 
t he  a u to ly s i s  rate ,  3Iycobacleria tuberculosis of the  a v i a n  
type ,  w i t h o u t  a p p a r e n t  au to lys i s ,  p roduc e d  endoce l lu la r  
penic i l l inase  a f t e r  celhval l  d i s r u p t i o n  by  u l t r a son ic  t r ea t -  
m e n t .  

ILAND a n d  BAINES ~ c la im t h a t  the  ac t ive  e n z y m e  is 
r a t h e r  uns t a b l e ,  losing i ts  a c t i v i t y  qu i c k ly  a t  r oom t e m -  
pe ra tu re .  T h e y  are  no t  able  to e x t r a c t  a n d  ob t a in  a s t ab l e  
p r e p a r a t i o n  by  the  m e t h o d s  used for i so la t ion  of peni-  
ci l t inase f rom o t h e r  sources .  B6NICKV: 6 r eached  a s imi l a r  
conc lus ion .  To nay knowledge ,  t he re  are no r epo r t s  up  till 
now c onc e rn ing  i so la t ion  of m y c o b a c t e r i a l  penici l l inase .  
In  th i s  p a p e r  we descr ibe  the  bas ic  d a t a  on t he  i so la t ion  
a n d  pur i f i ca t ion  of m y c o b a c t e r i a l  penici l l inase,  

For  th i s  purpose ,  we used Mycobacterium smegmatis 
(Borstel  s t r a i n  SN 2), wh ich  shows  a g r e a t  t e n d e n c y  to a u to -  
lysis  a n d  a t  the  s a m e  t ime  p roduces  a h igh  yiekl  of e x t r a -  
cel lular  penici l l inase .  T h e  e n z y m e  was  isola ted accord ing  
to  tile m e t h o d  of G ou( ;u  7 as  modi f ied  by  t~IteRRMANN ~, 
w ho  used  t h i s  m e t h o d  for i so la t ion  of h igh  ac t ive  t u b e r -  
cu l ins .  

3.lycobacterium smegmalis was o b t a i n e d  f rom 1.6wen- 
s t e i n - J e n n s e n  m e d i u m ,  a nd  inocu la t ed  by  an  e n r i c h m e n t  
car r ied  ou t  in I , o c k e m a n  l iquid m e d i u m .  Af te r  2l  d a y s  of 
i n c u b a t i o n  a t  r oom t e m p e r a t u r e ,  c u l t u r e s  were f i l t ra ted  
t h r o u g h  Glass  fi l ter  (Scho t t  G 5 M) a n d  5% of s o d i u m  
b e n z o a t e  d i sso lved  in the  f i l t ra te .  The  so lu t ion  was  cooled 
to 0°C, a n d  the  benzoic  acid was  p rec ip i t a t ed  wi th  3n  HCI 
up  to a pH  3, 8. The  p rec ip i t a t e  was s e p a r a t e d  by  f i l t r a t ion  
on \ V h a t m a n n  p a p e r  No. 3, a n d  w a s h e d  severa l  t i m e s  w i t h  
dist i l led w a t e r  s a t u r a t e d  wi th  benzoic  acid,  un t i l  t h e  
f i l t ra te  was  free f rom HC1. All f i l t ra tes  are  free of p ro t e in s  
a n d  c o n t a i n  ne a r l y  all  t h e  p h o s p h a t e  c o n t e n t  of  t he  
or ig ina l  l iqnid m e d i u m .  T h e  fi l ter cake  w a s  dr ied  in 
w t c u u m  over  c o n c e n t r a t e d  s u l p h u r i c  acid,  a n d  t h e n  dis-  
solved in n - b u t a n o l .  The  b u t a n o l  s u s p e n s i o n  was  fil tered, 
a nd  the  t h i n  fi l ter  cake  was  r e - s u s p e n d e d  in n - b u t a n o l  a n d  
mixe d  wi th  a n  equa l  w) lume  of dis t i l led water .  Penic i l l inase  
was  p r e se n t  in the  inso lub le  p ro te in  f rac t ion  be tween  the  
two  l iquid phases .  

Af ter  d i s ca rd ing  b u t a n o l  a n d  water ,  t he  inso luble  frac-  
t i on  was  w a s h e d  by  c e n t r i f u g i n g  wi th  dist i l led w a t e r  
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Fig. % Penicillinase 1.8 mg/g of KBr. Infrared spectrum of %4 min/500 e. 100 cm -1. Vector (Spaltprogramm): 3. Electrical Data: D 8.5; 
V 5.9. Prisma NaC1 (Ernst Leitz GmbIt, Wetzlar). 

several times. The sediment was finally dissolved in M/1 
Tris buffer of pH 9.0. Very little material  remains in- 
soluble with no activity. The solution was therefore mixed 
with ethanol until  the concentration reached 20%. At this 
point, penicillinase was precipitated by 2n phosphoric 
acid till pH  5.4. After several washings with distilled 
water,, the precipitate was dried in vacuum over phos- 
phorus pentoxyde. The preparation was brownish, hygro- 
scopic, insoluble in water, acetate, phosphate, veronal, 
and citrate buffers. Only Tris-buffer of high ionic strength 
was able to dissolve it completely. 1 mg of this substance 
is equivalent  to 500 penicillinase arbitrary units (PAU). 
Mycobacterial penicillinase is soluble in liquid medium, 
and remains active at  pH between 4.5 and 7.83. I ts  
present insolubility can only be explained by the possi- 
bili ty tha t  the molecule of penicillinase was to some extent  
denaturated by the organic solvent used for the removal 
of benzoic acid. This possibility is shown when using other 
solvents such as acetone, ethanol, benzol, benzyl alcohol, 
toluol, terc. butanol, sec. butanol etc. All those solvents 
diminish enzyme activity, and at  the same t ime lower its 
solubility in Tris-buffer. Most conservative was n-butanol. 
In view of the fact tha t  the I R  spectrum of the enzyme 
preparations indicated the presence of polysaccharides, 
further purification was necessary. To a solution of 
enzyme (in Tris buffer) 5 % sodium p-aminosalicylate was 
dissolved, and PAS precipitated by 3n HC1 till pH 5.8. 
The precipitate dissolved in methanol  contained only a 
trace of proteins without activity,  and the rest insoluble 
polysaccharides. Supernatant  solution contained protein 
with an equivalent  of 800 PAU/mg.  IR  spectrum shows 
no trace of polysaccharides. The preparation is water- 
insoluble being soluble only in M]I phosphate buffer and 
2M acetate buffer at  pH between 6,8 and 7.8. I t  is no 
longer hygroscopic and looks like whitish powder. 

Crystallisation of mycobacterial  penicillinase was done 
in the form of mixed crystals. Penicillinase was dissolved 
in phosphate buffer, in which ammonium phosphate (t) 
was dissolved to 19~/o concentration. I t  is necessary tha t  

the amount  of buffer is small. The solution was cooled to 
4°C, and mixed with 4Vol  of cold (-- 20°C) acetone. Very 
rapidly a crystalline precipitate of phosphates containing 
all the enzyme in a hybride crystalline form was formed. 
The precipitate was washed several t imes x~ith acetone 
and centrifuged. This crystalline preparation is not water- 
soluble, but  it remains soluble in all the aforementioned 
buffers. Paper electrophoresis of penicillinase in a M]15 
phosphate buffer of pH 6.0, and 0.2M veronal buffer of 
pH 8.6 shows only one individual band, which moves very 
slowly towards anode after 16 h. UV spectar shows two 
maximal  adsorption peaks at 240 and 280 ~, with a linear 
deflection after 340 V. I R  spectrum of the preparation 
shows absence of nucleic acids, lipids and polysaccharides, 
with characteristic waves of carbonyl-groups, suggesting 
a piperazine structure in the enzyme molecule. After acid 
hydrolysis this carbonyl-groups wave disappears, fortify- 
ing our convinction tha t  the sensibility of mycobacterial  
penicillinase depends upon the preservation of piperazine 
linkages ~. 

Rdsumd. La p6nicillinase des mycobacteries est pr6ci- 
pit6e par l 'acide benzoique. L'61ution d'acide se fair par 
n-butanol. L'61imination des polysaccharides 6tant donn6 
par la pr6cipitation avec PAS la substance devienne mieux 
soluble. La crystallisation de l 'enzyme est obtenue en 
forme de crysteaux hybrides avec du phosphate d 'ammo- 
niaque, L'analyse spectrophotom6trique prouve l 'absence 
d'impuret6s, l'61ectrophor6se rev61e une bande individuelle 
d 'une motilit6 ralentie. 

M. K. MUFTIC 

Tuberculose Research Institute, Borstel/Bad Oldesloe (Ger- 
many), Ju ly  26, 1961. 
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A n  A n t h o z o a n  C h i t i n  i 

From a study of the organization of the skeleton of the 
Hawaiian reef coral, Pocillopora damicornis L., evidence 
is presented here tha t  the major  consti tuent by weigth 
of the organic component of the skeleton is chitin (poly- 

acetylglucosamine). This is the first record of chitin in the 
class Anthozoa ~. 

1 Contribution No. 147 from the Hawaii Marine Laboratory. 
L. E. R. PIeKEN, The Organization o/the Cell and other Organisms 
(Clarendon Press, Oxford 1960). 


