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a l d e h y d e  in (1) is lost.  Th i s  ma te r i a l ,  also crystal l ised to 
c o n s t a n t  m.p. ,  h a d  62% of t he  or ig ina l  ac t iv i ty ,  in good 
a g r e e m e n t  w i t h  t h e  p roposed  loss of one  of t h e  t h r e e  radio- 
ac t ive  ca rbons .  

I f  h e l m i n t h o s p o r a l  follows a s imi la r  p a t h w a y  to that  
p r o p o s e d  for  longifolene b y  HENDRICKSON t h e  ion (8) a,4 
m u s t  be  c o n v e r t e d  i n to  (9) t he  s u b s e q u e n t  s teps  being 
para l le l  to  t h o s e  for longifolene.  No d i rec t  ev idence  oI the 
poss ib i l i ty  of such  a t r a n s f o r m a t i o n  is ava i lab le ,  b u t  i t  is 
n o t e w o r t h y  t h a t  a n u m b e r  of s e squ i t e rpeno ids  are  known, 
in  w h i c h  cyc l i sa t ion  e v i d e n t l y  p roceeds  w i t h  cationic 
a t t a c k  on  t h e  i sopropy l idene  group,  which  do no t  h a v e  the 
expec t ed  d o u b l e - b o n d  e q u i v a l e n t  (der ived f rom the 
t e r t i a r y  ca t ion)  in  t he  i sopropyl  side chain .  I n  these  cases 
a n  o x y g e n  func t i on  is p resen t ,  however ,  a t  t h e  a-position. 
These  inc lude  ca ro to l  7, a co roneL  j u n e n o l  9 a n d  the  verbe- 
sinols 10. 

T r a n s f e r  b y  two  successive 1 : 2 shi f t s  or  t h r o u g h  cyclo- 
p r o p a n e  i n t e r m e d i a t e s  are  b o t h  conce ivab le  n.  T h e  Hend-  
r i c k s o n  s c h e m e  for  l o n g i f o l e n e  h a s  v e r y  r e c e n t l y r e -  
c e i v e d  s u p p o r t  12. 

Zusammen[assung. Die Biogenese  des  Pi lzstoffes  Hel- 
m i n t h o s p o r a l  wurde  u n t e r s u c h t ,  i n d e m  der  Pilz bei  An- 
wesenhe i t  yon  Mevalons/ iure ,  m i t  C 2 m i t  Kohlenstoff-14 
m a r k i e r t ,  gez f ich te t  wurde .  Es  wi rd  gezeigt ,  dass  das 
D i a l d e h y d  aus  e inem t r i cyc l i schen  Vor l~ufer  d u r c h  oxi- 
d a t i v e  S p a l t u n g  e n t s t e h t .  

s a t i on  as d iscussed  below) b y  o x i d a t i v e  c leavage  a t  t h e  
p o i n t  ind ica ted .  Cleavage  of t h i s  t y p e  h a s  a l r e ady  b e e n  
sugges t ed  in mono te rpeno idsS .  

I f  such  were  the  case t h e  u n s a t u r a t e d  a l d e h y d e  c a r b o n  
(1, as te r i sked)  shou ld  be  de r ived  f rom C, of a m e v a l o n i c  
acid u n i t  a n d  no t  f rom t he  3'  m e t hy l .  T he  s t r u c t u r e  6f t h i s  
i n t e r m e d i a t e  (2) r esembles  t h a t  of longifolene (3) t he  bio-  
genesis of w h i c h  ha s  also n o t  been  e luc ida ted .  I t  shou ld  be  
n o t e d  t h a t ,  if t h e  p roposa l  of HmqDRICKSON is cor rec t  4, 
t h e  f ina l  s tage  in longifolene genesis  (5) --~ (6) --~ (7) --~ (4) 
-->- (3) is a W a g n e r - M e e r w e i n  r e a r r a n g e m e n t  (4, see arrows).  
However ,  even  if a para l le l  t r a n s f o r m a t i o n  shou ld  occur  in  
h e l m i n t h o s p o r a l  genesis  t he  p r ed i c t i ons  w i t h  r ega rds  t he  
a l d e h y d e  labe l l ing  would  st i l l  be  va l id .  

H e l m i n t h o s p o r i u m  s a t i v u m  was  cu l t u r ed  as p rev ious ly  
descr ibed  1, D L - m e v a l o n i c  acid labe l led  w i t h  ca rbon -14  a t  
C 2 (100 ~xC) be ing  added ,  in  m e t h a n o l ,  a f t e r  3 days  g rowth .  
T h e  d i a l d e h y d e  was  i so la ted  a f t e r  7 days ,  a n d  c o n v e r t e d  
d i rec t ly  to  t he  s t ab le  m o n o c a r b o x y l i c  acid (1, c a r b o x y l  for 
u n a s t e r i s k e d  a ldehyde)  w h i c h  was  c rys ta l l i sed  to  c o n s t a n t  
a c t i v i t y  (which,  a f t e r  d i l u t i o n  w i t h  i n a c t i v e  acid,  was  
1 . 8 8 ×  10 -4 I~C m g  6) a n d  m e l t i n g  po in t .  Ozonolys is  t h e n  
gave  the  d i l ac tone  (10)2 in w h i c h  o n l y  t h e  a s t e r i sked  
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5 H. C. BE'gERMAN ct  al., Bull .  Soc. chim.  France  1961, 1812. 
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n The  au thors  would l ike to t h a n k  Mr. L. G. CRAWFORD for growing 
the  o rgan i sm and i so la t ing  the c rude  toxin.  

12 W. SANDERMANN and  K. BRUNS, T e t r a h e d r o n  Let ters ,  261 (1962). 

D i s t r i b u t i o n  of  T r i t i u m  in  WILZBACH T r e a t e d  
C h o l e s t e r o l  1 

Biological  e x p e r i m e n t s  r e q n i r i n g  c o m p a r a t i v e l y  large  
a m o u n t s  of r a d i o a c t i v e  m a t e r i a l  sugges ted  t he  p r e p a r a t i o n  
of t r i t i a t e d  choles te ro l  acco rd ing  to  WlLZBACH 2. Howeve r ,  
s ince NYSTROM a n d  SUNKO 3 h a v e  s h o w n  t h a t  choles te ro l -  
H 3 p r e p a r e d  in t h i s  m a n n e r  is c o n t a m i n a t e d  w i t h  smal l  
a m o u n t s  of cho les t ane -3 -o l -H a b y  a d d i t i o n  of t r i t i u m  to  
the  doub le  bond ,  t h e  e l i m i n a t i o n  of t h i s  i m p u r i t y  b e c a m e  
necessary .  T h i s  p rocedu re  could  be  car r ied  ou t  i ndeed  as 
i n d i c a t e d  below. 

The  a v a i l a b i l i t y  of pu re  cho le s t e ro l -H  a seemed  to make 
w o r t h w h i l e  a n  i n v e s t i g a t i o n  of t he  d i s t r i b u t i o n  of t r i t ium 
in t h i s  molecule  especia l ly  in  v iew of t he  i n t e r e s t i ng  results 

1 This work was supported by an Institutional Grant No. P-108A of 
the American Cancer Society and by a Grant No. G-7477 of the 
National Science Foundation. The authors are grateful to Dr. M. 
Girt of this Institute for the WlLZBACR treatment of cholesterol. 

n K. E. WILZBACH, J. Amer. chem. Soc. 79, 1013 (1957). 
a R. F. NYSTROM and D. E. SusKO, Atomlight (New England Nuclear 

Corp., Jan. 1959). 
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1 2 
Expefimcnt Compound 
.No. 

3 4 5 6 7 
Counts × t05 Counts × 10 u % % Loss of Position of carbo~l 
per min/mg per rain/remote radioactivity atoms from which Haislost 

0 
1 
~2 
3 
4 
5 
6 
7 
8 
9 

I0 

Cholesterol-H a 8?23 
5~, 6/~-dibromocholest ane-3 -ol- H a 5.24 
CholesteroLH 3 acetate 6.96 
Cbolesterol-Haacetate boiledwith Zn + acetic acid 6,95 
Cholesterol-Haacetate hydrolyzed with KOH 7.66 
Dehydroepiandrosterone-H a acetate 5.46 
Dehydroepiandrosterone-H a 5.80 
A ~-Cholestene-3-one-H 3 7.34 
/14.Cholestene-3-one-H a 6.62 
zJ~-Cholestene-3-one-H a 6.05 
Al4-Cholestene-3, 6-dione-H ~ 5.90 

3.18 100 - -  
2.86 90.0 10.0 6 l 
2.98 93.8 6.2 3 l 
2.97 93.6 6.4 3 l 
2.96 93.1 6.9 3 ~ 
1.80 56.7 43.3 3 t, 6 t, 17-27 TM 
1.67 52,6 47.4 3 l, 6 t, 16 ~, 17-27 is 
2.81 88.7 11.3 32 
2.54 80.0 20.0 22 ,32,42 ,6 t 
2.33 73. l 26.9 22, 3 ~, 4 ~, 6 t 
2.35 73.9 26.1 22,3 ~,42,6 l 

obta ined by  FUKUSHIMA a n d  GALLAGHER 4 in the  deu te r -  
ation of choles terol  by  p l a t i n u m  ca ta lysed  exchange.  

For  t r i t i a t ion  commerc ia l  cholesterol  (Wilson) was 
purified first  by  t r e a t m e n t  wi th  anhydrous  oxalic acid in 
e thy lace ta te  accord ing  to MIESCHER and  KAEGI 5 and  then  
by b romina t i on  as descr ibed by  FIESER6. This  mate r ia l  
and its ace ta te  was t r i t i a t ed  in 5 g ba tches  wi th  15 and  
20 c of t r i t i u m  for 15 and  10 days  respect ively .  For  s tabi l i -  
zation each sample  was boiled for 5 h wi th  20% methano l i c  
KOH and  t h e n  recrys ta t l ized  f rom methano l -e the r .  Only  
the f i rs t  f rac t ion  was  used  for fu r the r  pur i f ica t ion .  In  
agreement  wi th  NYSTROM and  SUNKO ~ it  con t a ined  only  
about  10% of t he  t o t a l  r ad ioac t iv i ty  b u t  a m o u n t e d  to  
80-90% of t he  to ta l  we igh t .  I t s  specific ac t iv i ty  was 
17.3× 106 coun t s /min /mg .  Pur i f ica t ion  of th is  mate r ia l  
was carr ied ou t  by  b r o m i n a t i o n  according to  s The e the r  
solution ob ta ined  a f t e r  deb romina t ion  of the  crys ta l l ine  
5~,6f l -dibromocholestane-3-ol-H 3 was evapo ra t ed  to a 
small vo lume and  d i rec t ly  used to r epea t  t he  b romina t ion .  
Al together  six such b romina t i ons  and  deb romina t i ons  
were necessary  to  p repa re  a choles tcrol -H a which  would  
not lose coun t  a f te r  fu r the r  b romina t ion .  A t  th is  po in t  all 
three f rac t ions  i sola ted  in recrys ta l l iza t ions  of t he  mater ia l  
derived f rom t h e  crys ta l l ine  d i b r o m o - c o m p o u n d  as well as 
two f rac t ions  f rom the  b r o m i n a t i o n  m o t h e r  l iquors  had  
essentially t he  s ame  specific ac t iv i ty  of 9.9 × 10 ~ counts ]  
min/mg. 

For  the  expe r imen t s  on the  d i s t r ibu t ion  of t r i t i um in the  
molecule th i s  pure  choles tero l -H a was d i lu ted  t en  t imes  
with cholesterol  which  had  been  puri f ied by  t r e a t m e n t  
with oxalic acid and  b r o m i n a t i o n  as ind ica ted  above.  I t s  
specific ac t iv i ty  was  now 8.2 X 105 coun t s /min]mg.  The 
following e x p e r i m e n t s  (same number s  as in Table) were 
carried out  wi th  th is  mater ia l .  (1) Boil ing wi th  20% alkali  
in m e t h a n o l  for 5 h and  recrys ta l l iza t ion  f rom me thano l -  
ether.  (2) B r o m i n a t i o n ;  t he  5=, 6f l -dibromocholestane-3-ot  
was washed  w i t h  me thano l ,  b u t  n o t  recrysta l l ized.  
(3) Ace ty la t ion  in py r id ine  wi th  acetic  a n h y d r i d e  and  
crystal l izat ion f rom methano l .  (4) This  ace t a t e  was boiled 
with zinc and  acet ic  acid for 3 h, p rec ip i t a t ed  and  washed 
with wa te r  and  crysta l l ized f rom methano l -e the r .  (5) Ace- 
tylat ion,  d ib romina t i on  and  o x y d a t i o n  w i t h  ch romic  acid 
according to SCHWENK et  al. ~ af forded the  semicarbazone  
of d e h y d r o e p i a n d r o s t e r o n e - H  a ace ta te ,  f rom which  the  
lat ter  c o m p o u n d  was ob t a ined  following the  d i rec t ions  of 
HERSI-IBER~ s. (6) D e h y d r o e p i a n d r o s t e r o n e - H  ~ was pre-  
pared f rom th is  ace ta t e  bya lka l ine  hydro lys is  and  crys ta l -  
lization f rom me thano l .  (7) A~-cholestene-3-one-H * was  
obtained accord ing  to  RUZICKA and  BOSSHARD 9. (8) This  
subs tance  was r ea r ranged  to  A4-cholestene-3-one-H • 
(FIEsER10). (9) A4-chotestene-3-one-H 3 made  by  a Meer- 

we in -Ponndor f  react ion was  puri f ied by  t r e a t m e n t  w i th  
Girard-T reagen t  and  recrys ta l l ized  f rom me thano l .  
(10) zl*-cholestene- 3, 6 -d ione-H 3 was ob ta ined  by  ox ida t ion  
wi th  sod ium d i c h r o m a t e  (FIEsERll).  All subs tances  were  
dried over  P20~ in vacuo for a t  least  24 h before count ing .  
For  each  e x p e r i m e n t  two  samples  of subs t ance  wcre 
weighed on a microba lance  and  solut ions  p r e p a r e d  in 
benzene .  At  least  two,  b u t  in several  ins tances  more  
d i f fe ren t  samples  were coun ted  in a sc in t i l la t ion  counter .  

The  Table  p resen t s  t he  resul ts  of these  expe r imen t s .  The  
f igures in co lumn  7 give the  pos i t ions  of ca rbon  a t o m s  in 
t he  molecule  of choles tc ro l -H 3 f rom which  t r i t i u m  a t o m s  
are a p p a r e n t l y  a b s t r a c t e d  in the  s tud ied  reac t ions  and  the  
subsc r ip t s  give the  p robab le  n u m b e r  of t r i t i u m a t o m s  in- 
volved.  

The to ta l  loss of r ad ioac t iv i ty  in the  p r epa ra t i on  of 
d e h y d r o e p i a n d r o s t e r o n e - H  8 and  Aa-choles tene-3,6-dione-  
H 3 ca lcula ted  f rom e x p e r i m e n t  6 and  the  m e a n  of ex-  
p e r i m e n t s  8, 9, 10 is 71.7%. F r o m  th is  m u s t  be d e d u c t e d  
16.9%, ca lcula ted  f rom e x p e r i m e n t s  1 and  4, because  the  
Ha-a toms  on ca rbon  3 a n d  6 a p p e a r  in b o t h  sets  of ex- 
pe r imen t s .  Tota l  loss of r a d i o a c t i v i t y  is therefore  54.8% 
involv ing  27 Ha-a toms  on ca rbon  a t o m s  2, 3, 4, 6, 16 and  
17 to  27. 

These resul ts  d i f fer  cons ide rab ly  f rom the  f indings of 
FUKUSHIMA and  GALLAGHER 4. They  found  t h a t  in the  
p l a t i n u m ca ta lyzed  d e u t e r a t i o n  of cholesterol  more  t h a n  
97% of the  i nco rpo ra t ed  d e u t e r i u m  was c o n c e n t r a t e d  in 
the  isopropyl  group  of t he  side chain  and  the  carbon  a t o m s  
a round  the  h y d r o x y l - c a r r y i n g  ca rbon  a t o m  3. The here  
repor ted  e x p e r i m e n t s  show a r emarkab ly  even  d i s t r ibu t ion  
of t r i t i um t h r o u g h o u t  the  molecule of choles te ro l -H a . The 
27 t r i t ium a toms  a t t a c h e d  to  ca rbon  a t o m s  2, 3, 4, 6, 16 
and  17 to  27 which  are involved  in the  reac t ions  s t u d i e d  
form 58.7 % of t he  t o t a l  h y d r o g e n  c o n t e n t  of the  molecule,  
a figure which compares  well w i th  t he  de ]acto found  54.8% 
as ca lcula ted  above  f rom the  %-loss  f igures in co lumn  6 of 
the  Table.  One t r i t i um a t o m  thus  accoun t s  for 6.44 × 103 

4 D. K. FUKUSHIMA and T. F. GALLAGItER, J .  biol. Chem. 198, 861 
(1952). 

5 K. MrESCHER and H. KAEGI, Helv. chim. Acta 24, 986 (1941). 
6 L. F. FIESER, J. Amer. chem. Soc. 75, 5421 (1953). 
? E. SCHWENK, N, T. WERTIIESSEN, and A. F. COLTON, Arch. Bio- 

chem. and Biophys. 48,322 (1954). 
s E. B. HERStI1JERG, J. org. Chem. 13, 542 (1948). 
9 L. RUZICKA and W. BOSSHARD, Helv. chim. Acta 20, 244 (1937). 

xo L. F. FIESER, Orga~tic Synthesis (John Wiley & Sons Inc., New 
York 1955), vol. 35, p. 46. 

11 L. F. FIES~R, Organic Synthesis (John "Wiley & Soris Inc., New 
York 1955), vol. 35, p. 36. 
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counts  while it  should theore t i ca l ly  cont r ibu te  6.91 × 10 a 
counts.  This  good ag reemen t  be tween  found and calcu- 
la ted  values  shows t h a t  t r i t i um is even ly  d i s t r ibu ted  
t h r o u g h o u t  t he  molecule  of choles te ro l -H a prepared  by  
X,¥ILZBACIt'S method.  

Zusarnmen/assung. Es wird gezeigt, dass Choles ter in-H 3, 
nach Behand lung  yon besonders gere in ig tem Handels -  
cholester in  mi t  T r i t i um en tsprechend  der  Vorschri f t  yon  
\VILZBACH, bet sechsmal wiederhol ter  Bromierung  nach 

FIESER fret von  Cholestanol-H~ erha l ten  wird. In  so ge- 
re in ig tem Choles ter in-H ~ ist  der schwere WasserstofI 
gleichm~ssig fiber alle wassers tof f t ragenden Kohlenstoff- 
a t ome  ver te i l t .  

E.  SCH~,VENK a n d  ERZSEBET JOACHIM 

Worcester Foundation [or Experimental Biology, Shrews- 
bury (Mass., U.S.A.), May 7, 1962. 

T h e  M u c o p e p t i d e  T u r n o v e r  in the  C e l l  W a l l s  o f  
G r o w i n g  C u l t u r e s  o f  Baci l lus  m e g a t e r i u m  K M  

A prote in  t u r n o v e r  of a p p r o x i m a t e l y  l % / h  takes  place 
in the  cells of growing bacilli  ~ while, unde r  the  same 
condit ions,  the  proteins  in cells of Gram-nega t ive  bacter ia  
remain  stabi le  and dis in tegra te  only in a m e d i u m  lacking 
n i t rogen ~. Cer ta in  changes in the  cell walls occur  in grow- 
ing cul tures  of Bacillus megaterium KM and are responsible 
for the i r  increased sens i t iv i ty  to lysozyme and the  release 
of pa r t  of the  mucopept ides  3. Inves t iga t ions  were carr ied 
ou t  in order  to ascertain whe the r  the  changes in t he  muco-  
pept id ic  moie ty  of the  cell walls cause the  release of the i r  
componen t s  into a pool. I n  measur ing  the  ve loc i ty  of tim 
turnover ,  t he  c i rcumstance  was t aken  into accoun t  t h a t  
the  cells of  Bacillus megaterium to a cer ta in  degree decarb-  
oxy la te  d iaminopimel ic  acid to lysine which is ut i l ized for 
the  prote in  synthesis  4. In  the  exper iment ,  the  cell walls of 
the  cul ture  were prelabelled wi th  ~4C diaminopimel ic  acid 
(DAP) s. The  cul ture  was grown on C agar  wi th  1% lactose, 
0.1% peptone  and 0.03 t~C 14C-DAP/ml. Lysine was added  
to the  med ium in order  to res t r ic t  the  ut i l izat ion of degra-  
da t ion  products  of D A P  for pro te in  synthesis.  The  ful ly 
grown cul ture  was washed and incuba ted  for 2 h in C 
medium,  conta in ing  0.5 % glucose. As a result ,  the  con ten t  

-of :4C D A P  and i ts  p roduc t s  in pool were reduced to  7%.  
H a v i n g  been  cent r i fuged  and  washed,  the  cells were  
cu l t i va t ed  for ano the r  6 h in fresh C m e d i u m  (400 ml  of 
medium,  con ta in ing  0.5 mg  d ry  weight  of cel ls /ml a t  32°C 
and 0.3 1/min aerat ion).  

In  in tervals  of 1 h, samples of the  suspension (10 ml) 
were collected and the  fl-galactosidase es tabl ished"  in the  
m e d i u m  and in the  cells. Ano the r  sample  of the  medium,  
conta in ing  40 mg  dry  weight ,  was used to de te rmine  the  
r ad ioac t iv i ty  of the  proteins  and mucopept ides .  Trichlor-  
acetic acid (TCA) was added  to a concent ra t ion  of 5%. 
Nucleic  acids were r emoved  Iron: the  mater ia l  by  ex- 
t r ac t ion  wi th  ho t  TCA, while the  lipids were r emoved  by  
ex t rac t ion  wi th  alcohol,  e ther  and  acetone.  The  pro te in  
and mucopep t id ic  I ract ions were  then  i so la tedL The  
samples,  conta in ing  0.2-0.4 m g  d ry  weight /ml ,  were 
counted  wi th  t h e  Fr iesecke-Hoepfner  counte r  in the  
a tmosphere  of methane .  E m p l o y i n g  the  KOCH-LEvY 
me thod  8, the  ra te  of mucopept ide  degrada t ion  was der ived 
f rom the  increase in the  percentage  of r ad ioac t iv i ty  in the  
prote in  moiety .  

In  our  case the  probabi l i ty  coeff icient  (q) for the  de- 
ca rboxyla t ion  of the  released d iaminopimel ic  acid and its 
incorpora t ion  into the  prote ins  in the form of lysine was, 
on the  average,  equal  to  0.44 (Table). As indica ted  in our  
i l lustrat ion,  a considerable  cell  wal l  t u r n o v e r  occurs in 
mul t ip ly ing  cells (Figure), equal l ing a ve loc i ty  of 4 % / h  and 
a ha l f - t ime of 17.3 h. P rov ided  t h a t  7% of t he  radio-  
a c t i v i t y  present  in the  ceil pool a t  the  beginning of  t he  

expe r imen t  are fully ut i l ized dur ing  the  growth,  the  rate 
of t u rnove r  drops to a p p r o x i m a t e l y  3%/h ,  while  the  half- 
t ime  of the  mucopept id ic  moie ty  of  the  cell wall  increases 
to 22.6 h. Since dur ing  6 h of  cu l t iva t ion  no measurable 
a m o u n t  of fl-galactosidase was released f rom the  cells, and 
consequent ly ,  the  cells did no t  die dur ing the  experiment,  

Incorporation of :4C from DAP into the cells of Bacillus megaterium 

Min Radioactivity Radioactivity q 
in the proteins in the cell waU 

30 5 263 cpm 7 565 cpm 0.4 I 
60 8 930 cpm 11268 cpm 0,44 
90 14618 cpm 15 120 cpm 0.49 

The washed culture was incubated in C/G medium (1.6 mg[ml), con- 
taining 0.03 ~xC :*C DAP[ml. The cells were fractionized by the PARK- 

HANCOCK method 7. 
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The mucopeptide turnover in a growing culture of Bacillus mega. 
terium. A: growth expressed in mg of dry weight/10 ml. B: % 14C in 
the protein fraction. C: % of turnover of the mucopeptidic component 

in the cell wall. 
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