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I n  ou r  case on ly  I mole  of c y a n i d e  seems  t o  be  b o u n d  
p e r  mole  of p r o t e i n  a n d  t h i s  m a y  a c c o u n t  for  t h e  easy  
t r a n s f o r m a t i o n  of M e H b C N  b a c k  to  hem og l ob i n ,  w h i c h  
is ca r r i ed  o u t  in  v i v o  b y  m e a n s  of t h io su l f a t e  a n d  repre -  
sen t s  t h e  f ina l  s t ep  of c y a n i d e  pso ion ing  t r e a t m e n t .  

Riassunto. ~ s t a t a  s t u d i a t a  l ' i n t e r a z i o n e  t r a  m e t e m o -  
g lob ina  e c ianuro .  I1 e i anu ro  s e m b r a  legars i  a d  u n  solo 

eme  e l ' equ i l ib r io  n o n  s e m b r a  i n f l u e n z a t o  d a  i n t e r a z i o n i  
eme-eme .  
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Microbiological  Trans format ion  o f  6 , 1 4 - e n d o - E t h e n o t e t r a h y d r o t h e b a i n e  Alkaloids 

T h e  6 , 1 4 - e n d o - e t h e n o t e t r a h y d r o t h e b a i n e  a lka lo ids  h a v e  
a t t r a c t e d  cons ide rab l e  scient i f ic  a t t e n t i o n  because  t h e y  
o f t e n  e x h i b i t  e x t r e m e l y  h i g h  ana lges ic  p o t e n c y L  T h e  
resu l t s  of e x t e n s i v e  c h e m i c a l  i n v e s t i g a t i o n s  h a v e  b e e n  
r e p o r t e d r e c e n t l y  2-s. W e  h a v e  a t t e m p t e d  t o p r e p a r e  new  
m e m b e r s  of t h i s  class b y  microb io log ica l  means .  

I n  a t y p i c a l  example ,  a cell suspens ion  of Cunning- 
hamella echinulata (NRRL-A-11498)  was  p r e p a r e d  b y  
s h a k i n g  t h e  o rgan i sm for  24 h in  a m e d i u m  c o m p o s e d  of 
1 %  glucose, 0 .1% y e a s t  ex t r ac t ,  0 .1% beef  ex t r ac t ,  0 .2% 
b a c t o p e p t o n e  a n d  0 .3% c o r n  s t eep  l iquor .  T h e  s u b s t r a t e  
(I) was  a d d e d  (100 7 / m l  f ina l  c o n c e n t r a t i o n )  a n d  t h e  
p r o d u c t s  were  i so la ted  a f t e r  6 d a y s  f e r m e n t a t i o n  b y  
ch lo ro fo rm ex t r ac t i on .  T h e  p r o d u c t s  were s e p a r a t e d  a n d  
o b t a i n e d  c rys ta l l ine  in  3-10  % overa l l  y ie ld  a f t e r  p a r t i t i o n  
c h r o m a t o g r a p h y  us ing  m e t h a n o l - s a t u r a t e d  h e x a n e  on  
ac id  w a s h e d  d i a t o m a c e o u s  ea r th .  T h e  p r o d u c t s  were  
iden t i f i ed  r ead i ly  f r o m  t h e i r  cha r ac t e r i s t i c  mic ro  N M R -  
s p e c t r a  S w h i c h  were  o b t a i n e d  w i t h  a V a r i a n  Assoc ia tes  
A-60 i n s t r u m e n t  us ing  a ' c o m p u t e r  of a v e r a g e  t r a n s i e n t s  
a t t a c h m e n t .  T h e  f o r m a t i o n  of s e c o n d a r y  a lcohol  I I I  3 is 
t h e  r e s u l t  of a c o m m o n  bio logica l  r e a c t i o n  b u t  i t  is 
i n t e r e s t i n g  to  no t e  t h a t  o n l y  1 of t h e  2 poss ib le  s tereo-  
i somers  was  f o u n d  3. T h e  second  p r o d u c t  (II)  c lear ly  
l acked  t h e  N - m e t h y l  func t ion ,  for t h e  cha r ac t e r i s t i c  t h r e e -  
p r o t o n  s ing le t  a t  2.33 ± 0.03 p p m  was  miss ing  8. No  o t h e r  

m a j o r  c h a n g e  in  t h e  s p e c t r u m  was  a p p a r e n t  a n d  t h e  
s p e c t r u m  was  in f ac t  i den t i ca l  to  t h a t  of a u t h e n t i c  I I  a. 
Th i s  i den t i f i c a t i on  was  s u p p o r t e d  b y  a l k y l a t i o n  s tud ie s  
w i t h  m e t h y l  iodide  ~. A th i rd ,  minor ,  p r o d u c t  t u r n e d  o u t  
to  be  t h e  C7 e p i m e r  of I I  a n d  m a y  h a v e  b e e n  a n  a r t i f a c t  
of t h e  i so la t ion  p r o c e d u r e  x. 

D e a l k y l a t i o n  t h r o u g h  chemica l  m e a n s  in  th i s  series 
s o m e t i m e s  leads  to  d i f f icul t ies  v i a  r e a r r a n g e m e n t s  so t he  
microb io log ica l  p rocess  m a y  be  of some  u t i l i t y  in  d i f f icul t  
cases 4. I n t e r e s t i ng ly ,  d e a l k y l a t i o n s  of t h i s  t y p e  h a v e  n o t  
b e e n  r e p o r t e d  p r e v i o u s l y  t h r o u g h  microb io log ica l  reac-  
t i ons  on  a lkaloids .  T h e s e  r eac t i ons  also f ind  a n  i n t e r e s t i n g  
para l le l  in t h e  p roposa l  t h a t  m o r p h i n e  analges ics  a re  de-  
a l k y l a t e d  a t  t he  in  v i v o  r ecep to r  s i te  w h e r e u p o n  t h e y  
e x e r t  t h e i r  cha r ac t e r i s t i c  b io logica l  effects  9,z°. F o r  these  
va r ious  r easons  t he  r eac t i on  was s t ud i ed  in  g r e a t e r  de ta i l .  
F r o m  t h e  r e su l t s  se t  o u t  in  t h e  Tab le ,  i t  c an  b e  seen t h a t  
t h e  r eac t i ons  desc r ibed  are  fa i r ly  genera l .  F u r t h e r m o r e ,  
t h e  n a t u r e  of t h e  a lky l  g r o u p  o n  n i t r o g e n  is n o t  c r i t ica l  

Microbiological transformation of 6,14-endo-ethenotetrahydrothe- 
baine alkaloids 
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Cunninghamella bertho~letiae I II, III  
c. echinulala I II, III 
C. bainieri I II, III  
Xylaria sp. I II III 
Xylaria sp, IV (R = CHs) IV {R = H) 
Xylaria sp, V IV (R = H) 
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because even  a cyc lop ropy lme thy l  group was r emoved .  I n  
no case did bo th  dea lky la t ion  and reduc t ion  t ake  place  
on the  same  subst ra te .  A m o n g  the  alkaloids studied,  I V  
(R = H)  was the  only  subs t ra te  t h a t  was una t t acked  by  
any  of t h e  organisms used and i t  is p robab ly  s ignif icant  
t h a t  i t  is the  only subs t ra te  which did no t  ca r ry  any  
a lkyl  func t ion  on the  piper idino-ni t rogen.  

Prev ious  work  on the  microbiological  t r ans fo rmat ion  
of morph ine  alkaloids has  led to  a va r i e ty  of in teres t ing 
resul ts  u - : s ,  b u t  our  f indings represent  react ions which are  
appa ren t ly  novel  in this  class. Vir tua l ly  all the  posi t ions 
invo lved  in previous  studies are blocked by  the  e theno-  
bridge in our  subs t ra tes  and the  shape of the  molecule is 
r igidly prescribed. I t  is, therefore,  not  surprising t h a t  our  
t r ans format ions  fol lowed ano ther  path.  

Zusammen/assung. In  der  vor l iegenden Arbe i t  werden  
mikrobiologische U m w a n d l u n g e n  yon  mehre ren  6,14- 
endo-~thenotetrahydrothebain Alkaloiden beschrieben.  
Mit  Hilfe  yon verschiedenen Mikroorganismen konnten  

stereospezifische R e d u k t i o n e n  und  N-Desa lky l i e rungen  
ausgefi~hrt werden.  
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T h e  V a r i a t i o n  in Act ive  T e n s i o n  w i t h  S a r c o m e r e  L e n g t h  in V e r t e b r a t e  Ske l e ta l  M u s c l e  and i ts  
R e l a t i o n  to  Fibre  Width  

According  to the  s l id ing-f i lament  mode l  of muscu la r  
con t rac t ion  ~,2, the  tension o u t p u t  is re la ted  to the  n u m b e r  
of ac t ive  sites formed,  and hence to the  area  of over lap  
be tween  the  2 sets of in te rd ig i ta t ing  f i laments  of the  
myofibr i l .  As has  recent ly  been d e m o n s t r a t e d  ~,4, the  
length- tens ion  re la t ion  exh ib i ted  by  the  ve r t eb r a t e  
skele ta l  muscle  fibre is accordan t  wi th  this idea. Contrac-  
t ion does not,  however ,  mere ly  involve  a longi tudinal  
m o v e m e n t  of t he  myof i laments .  Due  to the  fact  t h a t  the  
fibre main ta ins  a v i r tua l ly  cons t an t  vo lume  t h roughou t  
changes  in l eng th  5,6, t he  m y o f i l a m e n t  packing  densi ty ,  
i.e. t he  cen t re - to -cen t re  d is tance  be tween  the  f i laments ,  
m a y  be assumed to  v a r y  as an  inverse square  roo t  func-  
t ion  of the  sarcomere  length.  D a t a  ob ta ined  in X - r a y  
dif f ract ion s tudies  ~-° suppor t  th is  view.  On this  basis i t  
m a y  be  assumed t h a t  as t he  n u m b e r  of in te rac t ing  sites 
is increased when  the  f ibre shortens,  the  d is tance  over  
which  the  ac t ive  l inks h a v e  to  opera te  in order  to  prope l  
t h e  A and  I rods  re la t ive  to  each  ot l :er  is s teadi ly  in- 
creased. F o r  example ,  by  shor ten ing  of the  sarcomere  
spacing f rom 3.6/~ (zero overlap)  to  1.4 ~u the  cent re- to-  
cen t re  d is tance  be tween  the  A and I f i l aments  is in- 
creased by  a fac tor  of 1.6. Fo r  an  adequa t e  eva lua t ion  of 
t h e  kinet ics  of t he  s l id ing-f i lament  process, i t  is essential  
to  find ou t  whe the r  t he  va r i a t ion  in ac t ive  tens ion  w i t h  
sarcomere  spacing exclus ive ly  refers to t he  l eng th  d imen-  
sion of t he  cont rac t i le  system, i.e. the  a rea  of over lap  
be tween  the  A and I f i laments ,  or  whe ther  t h e  tens ion  
o u t p u t  is also dependen t  on the  wid th  of the  myof i l amen t  
lat t ice.  I n  the  p resen t  s t udy  we have  approached  this 
p rob lem by  def ining the  length- tens ion  curve  in isolated 
skeletal  muscle fibres t h a t  were subjec ted  to var ious  
degrees of hydra t ion .  Ev idence  will  be presented  t h a t  
changes in wid th  of the  fibre do no t  affect  the  re la t ion 
be tween  te tan ic  o u t p u t  and sarcomere  spacing to  any  
subs tan t ia l  degree.  

Methods. The recording  technique  used was s imilar  to 
t h a t  described previous ly  4,:°. The  isolated fibre (dissected 

f rom the  ven t ra l  head  of the  semitendinosus  muscle of 
Rana temporaria) was moun ted  hor izonta l ly  in a the rmo-  
s ta ted  Perspex t rough  (1-2°C) be tween  an RCA 5734 
tension t ransducer  and a l ight  isotonic lever.  The  rest ing 
length  of the  fibre and the  a m o u n t  of ac t ive  shor tening 
could be ad jus ted  by  means  of microscrews in f ront  of 
and behind the  lever. The  sarcomere  spacing in the  middle  
segment  of t he  fibre ~:as measured  a t  rest  for var ious  
degrees of s t re tch  of the  fibre in the  beginning and  a t  the  
end of the  expe r imen t  4. The  sarcomere  spacing dur ing  
ac t i v i t y  was der ived  by  c inephotographic  recording (64 
f/sec, 2.5 msec exposure  t ime) of th in  nylon  f i laments  
placed on the  fibre surface across the  fibre axis. Te tan ic  
cont rac t ions  were p roduced  a t  3 min  in te rva ls  by  passing 
a square  pulse t ra in  of 1.0-1.5 sec dura t ion  (40 c/sec, 
pulse wid th  1 msec) th rough  a pair  of p l a t i n u m  electrodes 
m o u n t e d  in the  floor of t he  Perspex  t rough.  Changes in 
fibre wid th  p roduced  by  a l ter ing the  osmot ic  s t r engh t  of 
the  Ringer ' s  solut ion were  measured  f rom the  cine f i lm 
(see above)  for a g iven  region of the  f ibre (close to  a nylon  
f i lament)  a t  3 di f ferent  sa rcomere  spacings (2.5-3.0 /,). 
The  pho tograph ic  records af ter  en l a rgemen t  were read  to  
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