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2Vfaterials and methods. 1500 specimens of Drupa 
eoncatenata were collected near  Dumague te  City (Negros 
Oriental) .  The whole soft t issues (305 g) were r emoved  
f rom the  l iv ing animals  af ter  caut ious  rup ture  of the  
shell and i m m e d i a t e l y  ex t rac ted  wi th  5 par ts  (w/v) of 
pure  methanol .  Af ter  10 days the  superna tan t  l iquid was 
decanted  and the  t issue re -ex t rac ted  for another  2 days 
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wi th  5 par ts  of 80% methanol .  The  ext rac ts  were mixed  
and fil tered. P a r t  of t h e m  was s tudied as such, bu t  the  
greates t  part ,  corresponding to 240 g tissue, was sub- 
mi t t ed  to ch roma tog raphy  on alkal ine a lumina  columns 
which were Muted wi th  descending concent ra t ions  of 
ethanol .  Both  the  crude ex t rac t s  and the  eluates f rom the  
a lumina  columns were submi t t ed  to paper  chromato-  
graphy,  th in- layer  chromatography ,  h igh-vol tage  electro- 
phoresis and bioassay, using the  isolated guinea-pig 
i leum. 

Synthe t ic  choline chloride, murex ine  chloride hydro-  
chloride, senecioylcholine iodide, d ihydromurex ine  di- 
picrate,  urocanic acid, imidazolepropionic  acid, the  
me thy l  and e thyl  esters of these acids, h i s tamine  dihydro-  
chloride, N-ace ty lh i s tamine  and N-imidazolepropionyl-  
h i s tamine  were available for comparison.  The  last  hist-  
amine  der iva t ive  was syn the t ized  by  one of us (V.). 

Results and discussion. Fol lowing ch roma tog raphy  on 
a lumina  column, the  h i s tamine  der iva t ive  supposed to be 
N- imidazolepropionylh is tamine  emerged in the  95-90% 
e thanol  eluates. I t s  ident i f ica t ion as N-imidazolepro-  
p ionylh is tamine  was based on the  fol lowing cr i ter ia:  

a) both  the  unknown h is tamine  der iva t ive  and syn- 
the t ic  N- imidazolepropionylh is tamine  showed the  same 
colour shades wi th  the  Pau ly  reagent  (pink red) and the  
Dragendorf f  reagent  (lilac). 

b) On h igh-vol tage  paper  electrophoresis  the  unknown 
substance showed the  same mob i l i t y  towards  the  ca thode  
as synthe t ic  N- imidazo leprop ionylh i s tamine :  E~.~ = 
1.1-1.2 h is t id ine;  Es.  s = 1.7-2 hist idine.  

c) On paper  ch roma tog raphy  the  Rf  values  of the  un- 
known der iva t ive  and those of synthe t ic  N-imidazole-  
propionylh is tamine  were exac t ly  the  same in 5 solvent  
sys tems:  R f  0.26-0.28 in n . b u t a n o l : a c e t i e  a c i d : w a t e r  
(4:1:5),  R I  0.60-0.64 in n . b u t a n o l : m e t h y l a m i n e  35% 
(8:3), R I  0.51-0.54 in 1 -pen t ano l :py r id ine :wa te r  
(40 : 40:10), R f  0.43-0.46 in me thy le thy lke tone :  pyr id ine  : 
w a t e r : m e t h y l a m i n e  35% (65:15:10:0.5) and f inal ly  
Rf  0.65-0.72 in 20% KC1. Similar  results were obta ined  in 

th in- layer  ch roma tog raphy :  RI  0.07-0.1 in n . ,butanol :  
acetic a c i d : w a t e r  (4:1:5), Rf  0.64-0.70 in n . b u t a n o l :  
me thy l amine  35% (8: 3), and Rf  0.28-0.32 in n '  bu thanol  : 
e thanol  : 35 % me thy l amine  (22 : 7:1). 

d) Upon  hydrolysis  wi th  hydrochlor ic  acid (6N HC1, 
3-6 h at  100 ~ amount s  of the  unknown der iva t ive  and 
of synthe t ic  N- imidazolepropionylh is tamine  showing, on 
paper  chromatograms,  a Pau ly  react ion and a Dragen-  
dorff  react ion of the  same intensi ty ,  yielded equal  amount s  
of imidazolepropionic  acid, as es t imated  by  the  Pau ly  
reaction,  and of his tamine,  as es t imated  by  bioassay. For  
each mole of his tamine,  one mole of imidazolepropionic  
acid was l iberated.  The  spasmogenic  effect of the  hydro-  
lysate  on the  guinea-pig i leum was comple te ly  blocked by  
m e p y r a m i n e  (0.1-0.2 ~zg/ml). 

The  conten t  in N- imidazolepropionylh is tamine  of the  
crude ex t rac t  of to ta l  soft t issues was app rox ima te ly  
300 ~g per g fresh tissue. In  addi t ion  to N-imidazole-  
propionylhis tamine ,  the  ext rac ts  of Drupa concatenata 
conta ined more or less conspicuous amount s  of choline, 
imidazolepropionic  acid, me thy l  imidazolepropionate ,  
free h is tamine  and another  h i s tamine  der ivat ive ,  the  
isolat ion of which is in progress. 

Research has been commenced  to inves t iga te  whether  
imidazolepropionylh is tamine  is used by  Drupa concatenata, 
a carnivorous  gastropod,  in the  cap ture  of the  prey  6. 

Riassunto. Gli es t ra t t i  metanol ic i  dei tessut i  moll i  del 
mollusco gasteropode delle Fi l lppine Drupa cancatenata 
Lain.  contengono cospicui quan t i t e t iv l  (circa 300 ~zg per  g 
di tessuto fresco) di un nuovo  der iva to  del l ' i s tamina,  la 
N-imidazolpropioni l i s tamina.  
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Isolation of Different Thermophil ic  Enzymes from 

Several reports appeared recently from this laboratory 
about thermophilic proteolytic enzymes from Bacillus 
stearothermophilus ~-~. We have  now ex tended  our  
studies and purif ied some addi t iona l  enzymes f rom the  
same bacillus to a homogenious  or near ly  homogenious  
state, to get further information about these thermostable 
proteins by comparative studies. In this report we de- 
scribe the method that allows us to purify 7 enzymes out 
of the same bacillus extract. These enzymes enclose the 
3 aminopeptidases I, II and III that occur in B. stearo- 
thermophilus 5, two glucose-6-phosphatases,  a p-ni t rophe-  
ny lphosphatase  and a glucokinase. 

Bacillus stearothermophilus 

Cells. B. slearothermophilus cells (strain N C I B  8924), 
grown as described% were a generous gift  of the  Ciba- 
Geigy AG, Basle. 

Enzyme assays, p-Ni t ropheny lphospha tase :  The hydro-  
lyses of 0.01 M p-n i t rophenylphospha te  in O. 05 M tris-HC1, 
p H  9.0 at  room tempera ture ,  conta in ing  10 -8 M Mg 
C12 was followed at  405 nm. 

Glucose-6-phosphatases:  The assay mix tu re  contained 
2.5 • 10 -2 M glueose-6-phosphate and 10 -2 M Mg C12 in 
0.05 2!4 sodium-N-morphol ino-3-propansul fonate ,  p H  
6.9. The released inorganic phospha te  was de te rmined  by  
the  me thod  of DELSAL and MANHOURIS. 
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EXTRACT 
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[ Olucokinase ] Aminopeptidase]]f 
Phosphatases 

50-75%7NH4)2SO4 

[Amin0peptidaseI I AminopeptidaselI 1~ 
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Isolation Scheme of Glucokinase, Glucose-6-Ptlosphatase I and II, p-Nitrophenylphosphatase, Aminopeptidase 1, II and III from 
Bacillus stearothermophilus. 

Glucokinase :  The  m e t h o d  of STEIN e t  al. 7 was  used 
w i th  t h e  fol lowing c o n c e n t r a t i o n s :  0.05 M tris-HC1, 
p H  9.0; 10 -2 2VI glucose;  2 X 1 0  -a M A T P ;  3 X 1 0  -a M 
Mg CI~; 10 -a M N A D P  a n d  0.028 un i t s  of glucose-6-phos-  
p h a t e  dehyd rogenase  per  ml.  

A m i n o p e p t i d a s e  I and  I I :  A m i n o p e p t i d a s e  I a c t i v i t y  
was d e t e r m i n e d  as descr ibed  elsewhere ~. The  same  assay  
was used for t he  a m i n o p e p t i d a s e  I I .  

A m i n o p e p t i d a s e  I I I :  The  hydro lys i s  of 10 m M  gly-leu- 
t y r  in  tris buffer ,  p H  7.5, was  used as a t e s t  for th i s  
enzyme.  10 -3 M CoCI= was added.  T he  glycine re leased 
was local ized b y  t h i n  l aye r  c h r o m a t o g r a p h y  in t he  sys t em 
n - b u t a n o l :  acet ic  acid : w a t e r  = 4:1 : 1. 

Results. 500 g of cells were suspended  in 0.05 M tris-HC1 
buffer ,  p H  7.5, c o n t a i n i n g  10 -a M MgC12 a n d  10 -2 M 
f i -mercap toe thanol .  The  f ina l  v o l u m e  was 1.6 1. T he  cells 
were d i s rup t ed  in a M a n t o n  Gau l in  press  and  cen t r i fuged  
a t  25,000 g for 30 rain.  The  pel le t  was  discarded.  Solid 
(NH4) ~ SO 4 up  to 50 % s a t u r a t i o n  (313g/1) was  a d d e d  to 
t h e  s u p e r n a t a n t .  T h e  r e su l t i ng  p r ec i p i t a t e  con t a in s  t h e  
b u l k  of t he  3 phospha ta ses ,  t he  k inase  a n d  p a r t  of t h e  
a m i n o p e p t i d a s e  I I I .  A m i n o p e p t i d a s e  I, I I  and  p a r t l y  
a m i n o p e p t i d a s e  I I I  are in  t he  s u p e r n a t a n t  a n d  are 
p r e c i p i t a t e d  b y  t h e  a d d i t i o n  of (NHH4)= SO4 up to 75 % 
s a t u r a t i o n  (176 g/i). The  0-50 % (NHI) = SO 4 p rec ip i t a t e  
was  dissolved a f te r  c e n t r i f u g a t i o n  in 0.05 M tris-HC1 
buffer  c o n t a i n i n g  aga in  10 -a M MgC12 a n d  10 -= M fi-mer- 
eap toe thano l .  Th i s  so lu t ion  was app l ied  to  a 10 •  c m  
S e p h a d e x  G 150 column.  Th i s  s tep  separa tes  t h e  larger  
k inase  f rom the  3 phospha ta ses .  The  g lucokinase  was 
pur i f ied  to  a homogen ious  s t a t e  b y  ion exchange  ch roma-  
t o g r a p h y  and  p r e p a r a t i v e  gel e lec t rophores i s  s: T he  3 phos-  
p h a t a s e s  were sepa ra t ed  f rom each  o the r  b y  Q A E - S e p h a -  
dex  A 50 c h r o m a t o g r a p h y  in t h e  same buffer .  A co lumn  
of 5 • 60 cm was Muted w i t h  a l inea r  g r ad i en t  f rom 0.15 
tO 0.3 M NaC1 in a total v o l u m e  of 2 1. One  of t h e  glucose- 
6 -phospha ta ses  was f u r t h e r  pur i f ied  b y  p r e p a r a t i v e  gel 
e lec t rophores i s  9. 

The  50-75 % (NH4)2SO ~ pe l le t  was  d i sso lved  in 0.05 M 
tris-HC1, p H  7.2, and  also app l i ed  to a 10 • 90 cm Sepha-  
dex  G 150 column.  Th i s  s tep  sepa ra tes  a m i n o p e p t i d a s e  I 
f rom a m i n o p e p t i d a s e s  I I  a n d  I I I .  A m i n o p e p t i d a s e  I was  
f u r t h e r  pur i f i ed  as descr ibed  ~~ A m i n o p e p t i d a s e s  I I  a n d  
I I I  were  s e p a r a t e d  b y  DEAE-ce l lu lose  c h r o m a t o g r a p h y  
a n d  f u r t h e r  pur i f i ed  b y  ion exchange  c h r o m a t o g r a p h y ,  
gel f i l t r a t ion  a n d  p r e p a r a t i v e  gel e lectrophoresis .  

Discussion. The  p r e s en t  c o m m u n i c a t i o n  descr ibes  t he  
ear ly  s teps  of t he  pur i f i ca t ion  of 7 enzymes  f rom B. stearo- 
thermophilus. The  F igure  s u m m a r i z e s  t h e w h o l e  procedure .  
The  enzymes  enclosed in t he  boxes  h a v e  been  pur i f i ed  to  

a homogen ious  s t a t e  (Figure).  T h e  res idua l  2 enzymes  
were a l m o s t  pure.  

The  losses due  to  t h e  (NHa)~SO4 f r a c t i o n a t i o n  are  
ins igni f icant .  18 % of t he  t o t a l  a c t i v i t y  of t he  g lucokinase  
is in  t he  50-75 % (NH4)2SO4-fraction. The  co r r e spond ing  
va lue  for  a m i n o p e p t i d a s e  I I  is 15 % a n d  less t h a n  10 % 
for  a m i n o p e p t i d a s e  I a n d  t he  g lucose-6-phosphatases .  
Only  A P  I I I  is d i s t r i bu t ed  in b o t h  f ract ions .  However ,  
u n d e r  our  f e r m e n t a t i o n  cond i t ions  a t  50 ~ B. stearother- 
mophilus syn thes izes  on ly  smal l  a m o u n t s  of a m i n o p e p t i -  
dase  I I I ,  qu i t e  in  c o n t r a s t  to  37 ~ cul tures .  I t  is t he re fo re  
r easonab le  to  work  ou t  a new pu r i f i ca t i on  p rocedure  for 
th i s  enzyme,  s t a r t i n g  w i t h  cells g rown a t  37 ~ B u t  some 
p r e l i m i n a r y  i n f o r m a t i o n  can  sure ly  be  ga ined  f rom the  
enzymes  pur i f i ed  ou t  of 50 ~ ceils as descr ibed.  

The  p - n i t r o p h e n y l p h o s p h a t a s e  was pur i f i ed  to an  
a l m o s t  h o m o g e n o u s  s ta te .  Th i s  e n z y m e  hydro lyses  on ly  
p - n i t r o p h e n y l p h o s p h a t e  b u t  none  of t he  20 phys io logica l  
i m p o r t a n t  p h o s p h a t e s  we tes ted .  T h e  func t i on  of t h i s  
e n z y m e  is u n k n o w n .  H o w e v e r  i t  is also p r e s e n t  in  o the r  
mic roo rgan i sms  Xl. 

Zusammen/assung. Es wird  eine R e i n i g u n g s m e t h o d e  
beschr ieben ,  die es e r laub t ,  aus  e inem B. stearothermo- 
philus Zel laufschluss  f l int  t h e r m o p h i l e  E n z y m e  in  re iner  
F o r m  zu isolieren u n d  wei te re  zwei E n z y m e  s t a r k  anzu-  
reicheri1. 
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