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Bindin~ of Cyanide to Methemo~lobin 

T h e  i n t e r a c t i o n  of m e t h e m o g l o b i n  (MeHb)  w i t h  c y a n i d e  
is of cons ide rab le  i n t e r e s t  in  t h e r a p y .  Indeed ,  t he  effect ive-  
ness  of m e t h e m o g l o b i n - p r o d u c i n g  c o m p o u n d s  in coun te r -  
a c t i n g  t he  tox ic  a c t i o n  of cyan i de  is ba sed  u p o n  cyan -  
m e t h e m o g l o b i n  (MeHbCN) f o r m a t i o n  ~. 

I n  p receed ing  p a p e r s  t h e  k ine t i c  of M e H b  a n d  M e H b C N  
f o r m a t i o n  ~,~ h a s  b e e n  s t ud i ed  in  v i t ro ,  in  o rde r  to  in-  
v e s t i g a t e  t h e  m e c h a n i s m  of t h e  r eac t i ons  w h i c h  r e p r e s e n t  
t h e  bas is  of t h e  cyan ide  po i son ing  t r e a t m e n t .  

T h e  p r e s e n t  c o m m u n i c a t i o n  r e p o r t s  t h e  d a t a  conce rn ing  
t h e  e q u i l i b r i u m  r e a c t i o n :  

M e H b  + C N -  ~ M e H b C N  (a) 

w h i c h  h a s  been  s t ud i ed  in  v i t r o  a f t e r  r e a c t i n g  a f ixed  
a m o u n t  of IvIeHb w i t h  d i f f e ren t  a m o u n t s  of cyan ide .  
H u m a n  h e m o g l o b i n  was  o b t a i n e d  f rom v e n o u s  bIood a n d  
t r a n s f o r m e d  in to  M e I t b  b y  m e a n s  of s o d i u m  n i t r i t e ,  as 
a l r e a d y  desc r ibed  2. T h e  M e H b C N  f o r m a t i o n  was  q u a n t i -  
t a r e d  s p e c t r o p h o t o m e t r i c a l l y  acco rd ing  to  t h e  p r o c e d u r e  
t h o r o u g h l y  d iscussed  in  ou r  p r e c e d i n g  p a p e r s  ~,~. 

F i g u r e  i shows  t h e  f r ac t i ona l  s a t u r a t i o n  (~ )  of  M e H b  
w i t h  cyanide ,  as  a f u n c t i o n  of cyan i de  c o n c e n t r a t i o n  (X). 
T h e  b i n d i n g  p a r a m e t e r s  were ca l cu l a t ed  f rom t h e  s t r a i g h t  
l ine  o b t a i n e d  b y  p l o t t i n g  t h e  rec iproca ls  1 / ~  ve r sus  l /X ,  
acco rd ing  to  t h e  molecu la r  i n t e r a c t i o n  t h e o r y  4. 

F i g u r e  2 shows  t h e  SCATCHARD'S p lo t  5, o b t a i n e d  b y  
p l o t t i n g  ~ / X  versus  ~ .  B o t h  w i t h  t h e  rec iprocals  a n d  
w i t h  SCATCHARD'S m e t h o d ,  t h e  s ame  n u m b e r  of b i n d i n g  
s i tes  (n = 1) a n d  t h e  s ame  assoc ia t ion  c o n s t a n t  v a l u e  
(Kas s = 1.58 × 105) h a v e  b e e n  o b t a i n e d ,  t he  l i nea r i t y  of 
t h e  p lo t s  showing  t h a t  a n  h y p e r b o l i c  e q u a t i o n  ho lds  for  
t h e  b i n d i n g  of cyan ide  to  MeHb .  

I n  t h e  p r e s e n t  e x p e r i m e n t ,  large a m o u n t s  of cyan ide  
are  necessa ry  for  s a t u r a t i n g  a sma l l  q u a n t i t y  of MeHb ,  
since t h e  mass  law regu la t e s  t h e  equ i l i b r i um  descr ibed  b y  
e q u a t i o n  (a). T h e  s ame  h y p e r b o l i c  r e l a t i on  b e t w e e n  t h e  
c o n c e n t r a t i o n s  of c y a n i d e  a n d  M e H b  is va l id  w h e n  a f ixed  
a m o u n t  of cyan ide  is r e a c t i n g  w i t h  d i f fe ren t  a m o u n t s  of 
MeHb .  Th i s  m a k e s  i t  u n d e r s t a n d a b l e  w h y  a n  excess of 
M e H b  is necessa ry  in  v ivo  for  c o u n t e r a c t i n g  a smal l  
l e t h a l  dose of cyanide .  

W e  a t t e m p t e d  to  i n t r o d u c e  t h e  d a t a  o b t a i n e d  in t h e  
p r e s e n t  e x p e r i m e n t  for  cyan i de  b i n d i n g  i n to  HILL'S 
e q u a t i o n "  : 

-~ _ K n ( X )  

I + K"(X) (b) 

w h i c h  h a s  b e e n  p roposed  for t h e  r e a c t i o n  of r educed  
h e m o g l o b i n  w i t h  oxygen .  I n  t h e  a b o v e  e q u a t i o n  ~" is t he  
f r ac t i ona l  s a t u r a t i o n ,  K is t h e  b i n d i n g  c o n s t a n t ,  (X) is t h e  
l igand  c o n c e n t r a t i o n  a n d  n is t he  s igmoid  coeff icient .  

B y  p l o t t i n g  In Y/(1 -- y )  ve r sus  ln(X), we were  able  
to  ca lcu la te  a n  n va lue  of one  for t h e  m i d d l e  p o r t i o n  of t h e  
c u r v e  so t h a t  t h e  HILL'S e q u a t i o n  yields  t h e  genera l  
h y p e r b o l i c  f u n c t i o n  w h i c h  is c h a r a c t e r i s t i c  for  t h e  c y a n i d e  
b ind ing .  A t h o r o u g h  discuss ion o n  t he  m e a n i n g  of n a n d  
K is a v a i l a b l e  e l s e w h e r O  a n d  he re  we used for M e H b -  
c y a n i d e  equ i l i b r i um t h e  t h e o r e t h i c a l  too l  wh ich  h a s  b e e n  
deve loped  for  s t u d y i n g  t h e  h e m o g t o b i n - o x i g e n  equi l ib-  
r i um.  

A n  n v a l u e  of one  i nd i ca t e s  t h e  p resence  of one  b i n d i n g  
s i te  on  t h e  p r o t e i n  molecu le  a n d  t h e  f ea tu r e s  of SCAT- 
CHARD'S p lo t  sugges t  a c o m p l e t e  ab s ence  of i n t e r a c t i o n s  
a m o n g  b i n d i n g  sites. Moreover ,  a s igmoid  coeff ic ient  of 
one  indica tes ,  for  t h e  h e m o g l o b i n  sys tem,  t h a t  no  h e m e -  
h e m e  i n t e r a c t i o n  t a k e s  p lace  d u r i n g  t h e  b ind ing .  Th i s  

m e a n s  t he  l igand  b r ings  a b o u t  t h e  mod i f i ca t i on  or  dis- 
i n t e g r a t i o n  of t h e  q u a t e r n a r y  s t r u c t u r e  of t he  p ro t e in  
molecule ,  a l lowing  i t  to  b e h a v e  as a m o n o m e r .  Such  a n  
ef fec t  ha s  been  a sce r t a i ned  w i t h  some  r e a g e n t s  a n d  ha s  
b e e n  i n t e r p r e t e d  as he ine  a n d  p r o t e i n  p u s h e d  a p a r t  b y  
t h e  l igand  L 

T h e  cyan ide  f e r r i h e m o c h r o m e  f o r m a t i o n  f rom a lka l ine  
f e r r i h e m o c h r o m e  h a s  b e e n  s t ud i ed  care fu l ly  8 w i t h  t h e  
conc lus ion  t h a t  m i x e d  h e m o c h r o m e s  a re  f o r m e d  in  com- 
p l ex  equ i l ib r i a  b e t w e e n  m o n o m e r s  a n d  d imers .  
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Fig. 1. % of cyanmethemoglobin (Y) formed at 26°C and neutral 
pH by addition of different amounts of cyanide (X) to 35 nanoMoles 
of methemoglobin. Final volume 3 ml. 
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Fig. 2. The experimental values obtained as given in Figure 1 are 
plotted according to SCATEt tARD 5 
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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 .  

L. GALZIGNA, F. GOBBATO a n d  B. SAIA 
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Padova (Italy), I September 1967. 

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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0., 
-NcHs p ' %  

COCH 3 COCtt 3 HOCtt 
CH$ 

t E nT 

0 R O., I:'HI-~:~ 

{;H30 i .CH 3 [;H30" "~ .  ~ ..;H 3 

N V 

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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