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Substrate added Spec. act. of amino acid, Spec. act. of metabolite, Incorporation of Overall isotope 
(dpm/mM: I~) (dpm/mM: I~) 1~C (%) dilution s I~/I~ 

[2-1~C] glycine (30 ~zC, 10 mE) 499 • 106 ergosterol (as digitonide) : 0.05 2000 
260 • l0 s 
squalene (as hexahydrochlo- 0.04 2500 
ride) : 200 x 108 
saponifiable fraction : 
955 epm/mg 

DL-[3-1~C] serine (40 txC) + 936 x 10 ~ ergosterol (as digitonide) : 
260 X 10 a 0.02 4500 

L-serine (10 mE) squalene (as hexahydro- 
chloride) : 250 X 103 0.02 3700 

L1-14C] glycine (40 v.C, 10 rag) 667 • l0 s no appreciable counts in 
ergosterol or squalene; 
saponifiable fraction: 
590 cpm/mg 

benzene- was obta ined which is known 3 to be der ived f rom 
the  carbons of the  A, B, and C rings of ergosterol.  I n  one 
b iosynthet ic  exper iment  ~ using [2-14CJ glycine (spec. act., 
166 • 106 dpm/mM), ergosterol (spec. act., 129 • 10 ~ d p m /  
mM, sp. incorporat ion 3.5%) was degraded to th is  acid 
(spec. act.  268 • 102 dpm/mM) .  In  v iew of the  known effi- 
ciency of the  methy lene  carbon of glycine for me thy l  trans-  
fer in b iosynthet ic  reactions,  i t  is no t  surprising tha t  most  
of the  r ad ioac t iv i ty  of ergosterol was accounted for by  the  
' ex t ra  m e t h y l  group' .  W h a t  is s ignif icant  is t ha t  the  acid 
possessed appreciable r ad ioac t iv i ty  demons t ra t ing  there-  
by t h a t  C-2 of glycine was being used eff icient ly enough in 
isoprenoid synthesis  in spite of compet i t ion  wi th  side- 
chain methyla t ion .  [1-1~C~ glycine conferred l i t t le  react-  
i v i ty  on ergosterol a l though the  f a t ty  acid f ract ion was 
labeled near ly  as eff icient ly by  this  substrate  as by  [2-x4C] 
glycine. 

I n  subsequent  exper iments  w i th  yeas t  an  even more  
direct  l ink be tween  glycine and steroid biosynthesis  was 
found. Squalene, the  established precursor  of m a n y  steroids, 
could be isolated f rom the  metabol i tes  produced by  S. 
cerevisiae. Purif ied th rough  the  crystal l ine hexahydro-  
chloride, this metabol i te  showed substant ia l  r ad ioac t iv i ty  
(spec. act., 460 X 108 d p m / m M )  in an exper iment  w i t h  
[2-14C~ glycine. I n  contrast ,  when [1-14C] glycine was used 
ve ry  l i t t le  ac t iv i ty  was present  in the  ergosterol  or the  
squalene produced;  the  saponif iable fraction,  however,  
was appreciably  rad ioac t ive  (see Table). 

I n  another  series of exper iments  ra t  l iver  homogena te  
prepara t ions  5 were incubated  wi th  var ious  ~C-labeled 
substrates;  cholesterol  f rom these exper iments  was found 
to be radioact ive.  I n  case of glycine, the  methy lene  carbon 
was incorpora ted  near ly  10 t imes  more eff iciently than  the  
carboxy carbon;  [3-14C~ serine also was found to label  
cholesterol  eff iciently 6. 

I n  view of our observat ions  repor ted  here on fungi, yeas t  
and ra t  l iver  preparat ions,  i t  is ev iden t  t h a t  biosynthesis  
of steroids and terpenoids  f rom amino acids tha t  can pro- 
duce 'one carbon uni ts '  is a general  phenomenon.  I t  is 

therefore  i m p o r t a n t  to s tudy  the  role of amino acids f rom 
the  prote in  pa r t  of d ie t  in the  format ion  of cholesterol  in- 
dependent  of the  cont r ibut ion  f rom fats and carbohydrates .  
Current ly  cholesterol is considered to be s t rongly impli-  
cated in atherosclerosis and hear t  diseases. The  recent  re- 
por t  by  CAsPI et  al. ~ t h a t  in v ivo  incorpora t ion  of the  S- 
me thy l  carbon of meth ion ine  into cholesterol  takes  place 
in normal  and tumorous  rats  is fur ther  evidence for the  
h i ther to  unrecognized pa thways  f rom amino acids to iso- 
prenoids.  

Zusammen/assung. W~Lhrend der Biosynthese  yon Cho- 
lesterol mi t  homogenis ier ter  Ra t t en lebe r  wird E2-1~C] des 
Glycins viel  besser e ingebaut  als [1-1~C]. Saccharomyces 
cerevisiae produzier t  radioakt ives  Squalen (ausser Ergos-  
terol  mi t  Rad ioak t iv i t~ t  des RingsysLems) mi t  E2-~4C] 
Glycin und mi t  [3-t4C] Serin, aber n icht  mi t  [1-1aC; Glycin. 
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Occurrence of N-Imidazolepropionylhis tamine  in the Soft Tissues  of the Philippine 
Gastropod Drupa concatenata Lam. 

The only N-acyla ted  h is tamine  der iva t ive  so far found This  communica t ion  describes the  occurrence of large 
in the  l iv ing organism is N-ace ty lh i s tamine  which has amounts  of N- imidazolepropionylh is tamine  in me thano l  
been t raced in the  ur ine of several  mammals ,  and in some ext rac ts  o f . t h e  to ta l  soft tissues of Drupa concatenata 
tissues, including nervous  t issue 1-5. Lain.,  a gastropod of the  Phil ippines.  
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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 

] ]--CHe--~ H2 

HN N NH - CO--CH~--CH 2 [ I 

N HN 

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. 


