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C o n f o r m a t i o n  a n d  T o x i c i t y  o f  A m a n i t i n s *  

R e c e n t l y  i t  was  s t a t e d  t h a t  on ly  one  c o n f o r m a t i o n  of 
the  pha l l o tox in s  is respons ib le  for  t h e  tox ic  ac t ion  of 
ehese bicycl ic  pept ides .  Most  of t h e  chemica l ly  modi f ied  
analogs  were less tox ic  or  were non tox ic ,  due  t o  changes  
in c o n f o r m a t i o n  ~,~. W e  i n v e s t i g a t e d  t h e  c o n f o r m a t i o n  of 
d i f fe ren t  a m a t o x i n s  a n d  some of t h e i r  de r i va t i ve s  a b y  
m e a n s  of c i rcular  d i ch ro i sm (CD) a n d  op t ica l  r o t a t o r y  
d ispers ion  (ORD).  

Methods and materials. U V - a b s o r p t i o n  spec t ra  were 
measu red  w i t h  a s p e c t r o p h o t o m e t e r  S P  800 (Leitz, 
We~zlar), CD-spec t ra  w i t h  a D i c h r o g r a p h  I I  (Roussel-  
Jouan)  equ ipped  w i t h  a X e n o n  lamp.  CD-spec t ra  in  
d ime thy l su l fox ide  were t a k e n  in a 0.001 cm cuve t t e .  
O R D  m e a s u r e m e n t s  were pe r fo rmed  w i t h  a R E P M  12 
(Zeiss, Oberkochen) .  
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pos i t ive  ones a t  340 nm,  315 n m  a n d  285 nm,  a n e g a t i v e  
one a t  260 nm,  a n d  a n o t h e r  s t rong  pos i t ive  one a t  237 n m  
(Figure  l b ) .  I n  a lka l ine  so lu t ion  general ly ,  as c o m p a r e d  
to n e u t r a l  solut ion,  t h e  d i ch ro i sm of a m a n i t i n  is m u c h  
reduced.  

The  c o n f o r m a t i o n  of t h e  a m a t o x i n s  c a n n o t  be  g rea t ly  
changed  in organic  so lven ts  such as m e t h a n o l  or  ace ton i -  
t r i le  (Figure  2b),  because  on ly  smal l  spec t ra l  changes  
w i t h  respec t  to  aqueous  so lu t ion  were obse rved  (Figure  2 a). 
I n  d imethy l su l fox ide ,  however ,  t he  nega t i ve  Co t ton  effect  
of t he  indole  p a r t  a t  232 n m  becomes  posi t ive ,  a n d  some 
changes  are  also p roduced  b y  t h i s  so lven t  in  t he  nea r  
UV- range  (Figure  2c). The  opt ica l  d e n s i t y  of th i s  so lven t  
d id  no t  al low i n v e s t i g a t i o n  of t h e  220 n m  Co t ton  effect  of 
amide  bonds .  Th i s  dictlroic a b s o r p t i o n  band ,  however ,  
appea r s  to  be  changed  also, because  t he  e l l ip t ic i ty  a t  
225 nm,  t h e  sho r t e s t  w a v e l e n g t h  accessible,  is s t i l l  zero. 
So we assume t h a t  t he re  are also c o n f o r m a t i o n  changes  
of t he  pep t ide  b a c k b o n e  in t h i s  so lvent .  

* Part 43 of the series : Components of the green deathcap toadstool 
Amanita phalloSdes. Part 42 : F. FAHRENHOLZ, H. FAULSTICH and 
TH. WIELAND, Liebigs Annlll Chem. 743, 83 (1971). 
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#Results and discussion. I l l  w a t e r  all  b iological ly  ac t ive  
a m a t o x i n s ,  such  as e-,/3- a n d  7 -aman i t in ,  e x h i b i t e d  a lmos t  
iden t i ca l  CD-spec t ra  (Figure l a). A t  leas t  3 pos i t ive  
C o t t o n  effects, a t  305 nm,  285 n m  and  255 nln,  a n d  1 
n e g a t i v e  C o t t o n  effect  a t  a b o u t  232 n m  or ig ina te  f rom 
t h e  a r o m a t i c  p a r t  of t h e  molecule,  t h e  2-sulfoxido-6- 
h y d r o x y i n d o l e  moie ty .  A s t rong ly  n e g a t i v e  Co t ton  effect  
a t  220 n m  a n d  a n o t h e r  pos i t ive  one a t  205 n m  are a t t r i b -  
u t e d  to  amide  eh romophores .  T h a t  t h i s  is cor rec t  is 
s h o w n  b y  t h e  f ac t  t h a t  t h e r e  is no  change  in t he  wave-  
l eng ths  for  these  effects  w h e n  t h e  C D - s pec t r um  is 
m e a s u r e d  a t  p H  11 (Figure  l b ) .  All  Co t ton  effects caused  
b y  t h e  a r o m a t i c  p a r t  change  in a lka l ine  so lu t ion  due  to  
t h e  f o r m a t i o n  of t h e  p h e n o l a t e  ion, as call  also be  obse rved  
in t h e  U V - a b s o r p t i o n  s p e c t r u m  (Figure  l b ') .  A m a t o x i n s  
a t  p H  11 h a v e  5 C o t t o n  effects for t h e  a r o m a t i c  pa r t ,  3 
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Fig. 1. CD- and UV-spectra of ~- (and/3-, ~,-) amanitii1 in water at pH 
7 (a, a') and at pH 11 (b, b'). 
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In  connect ion with th is  s tudy,  i t  was in teres t ing to  
inves t iga te  whe the r  the  lack of tox ic i ty  of methyl -e -a ldo-  
aman i t in  4 and of na tu ra l ly  occuring amanul l in  5 is due to 
conformat ional  changes of these 2 compounds.  

As can be seen f rom the  CD-spec t rum oI methy l -e -  
amani t in  (1) (Figure 3a), me thy la t ion  of the  phenolic  
6 -hydroxy  group causes only a sl ight  spectral  change at  
abou t  240 rim, s imilar  to t h a t  induced by organic solvents  
(Figure 2b). This  resul t  was expected,  because the  O- 
me thy le the r  (I) exhibi ts  the  same tox ic i ty  as does a- 
amani t in .  Non tox ic  methyl-c~-aldoamanit in (II), however,  
lacks the  220 nm negat ive  Cot ton effect and shows 
higher  e l l ip t ic i ty  at  205 n m  (Figure 3b). We  conclude 
t h a t  t he  a ldehyde  group in the  y-posi t ion causes a 
conformat ional  change resul t ing in the  non tox ic i ty  of t he  
pept ide.  The s t ruc tura l  change m a y  be explained by  the  
pro ton-acceptor  proper t ies  of the  carbonyl  group, which 
perhaps  br ing about  an in t ramolecu la r  hydrogen  bond 

in compet i t ion  wi th  ano ther  one, which normal ly  s tabi-  
lizes the  toxic  conformat ion.  The  resul t ing spectral  
effect observed is s imilar  to t h a t  of e -amani t in  in dime- 
thyl-sulfoxide (Figure 2 @  As this  solvent  is also a v e r y  
good acceptor  for protons,  t i le mechan ism of the  confor- 
mat iona l  changes m a y  be s imilar  in bo th  cases. 

By  t r e a t m e n t  wi th  sodium borohydride ,  WlELAND and 
FA~IRMEIR a reduced the  carbonyl  group of the  non- toxic  
a ldehyde (II) to a p r imary  hydroxy l  group:  
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Fig. 2. CD-spectra of ~-amanitin in water (a), acetonitrile (b) and di- 
methylsulfoxide (e). 

The  resul t ing compound,  y -desmethy l -methy l -y -amani t in  
(III)  was found to be toxic,  though  less so than  I. Also, 
the  CD-spec t rum of I I I  is a lmost  ident ical  to  the  CD- 
spec t rum of tox in  I. This  means  t h a t  on reduc t ion  of the  
carbonyl  group the  toxic  conformat ion  is restored, bu t  
t h a t  the  decrease of t ox ic i ty  of I I I  is no t  ref lected by  the  
CD curve.  

Moreover,  the  CD-spec t rum of t he  non- toxic  com- 
pound  amanull in ,  in which the  hydroxy la t ed  isoleucine 
of the  tox in  (I) is subs t i tu ted  by  isoleucine, is ident ical  
wi th  t h a t  of compound  I (Figure 3 c). Therefore  we mus t  
conclude t h a t  ne i ther  the  lack of the  y-hydroxylgroup  in 
amanul l in  nor  the  lack of the  me thy l -  or  h y d r o x y m e t h y l  
group in I I I  have  any  influence on the  conformat ion  of 
these peptides.  So, o ther  factors  t h a n  conformat ion  mus t  
be responsible for" the  decrease or  the  lack of t ox ic i ty  in 
compound  I I I  and amanul l in  respect ively .  

4 TH. WIELAND and A. FAHRMEIR, Liebigs Annln Chem. 736, 95 
(1970). 

5 TH. WIELANI) and A. BuRu, Liebigs Annln Chem. 717, 215 (1968). 
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Fig. 3. CD-spectra of methyl-~-amanitin (a), methyl-aldo-~-amanitin 
(b) and amanuliln (c) in water. 
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W e  also succeeded in coo rd ina t ing  b y  ch i r -op t ica l  
m e t h o d s  t h e  ch i ra l  sul foxide cen t r e  of a m a t o x i n s  to  t he  
sulfoxides p r e p a r e d  b y  o x y d a t i o n  of pha l lo id in .  The  
O R D  curves  of t i le 2 d ias te reomer ic  pha l lo id in  s u l -  
foxides are m i r r o r  images  6 (Figure  4 a  a n d  b). This  
conf i rms  t he  obse rva t ions  of HENSON a n d  MISLOW ~, who  
found  t h a t  t he  sign of t i le  O R D  curves  of sulfoxides 
is d e t e r m i n e d  p r e d o m i n a n t l y  b y  t h e  ch i r a l i t y  a t t h e  sul- 
fur  a tom.  Only  t h e  pha l lo id in  sulfoxide,  h a v i n g  pos i t ive  
C o t t o n  effects in  t i le region of 290-360 n m  (Figure  4a)  
possess t h e  t o x i c i t y  of pha l lo id in  8. 

A m a n i n  is a n  a m a t o x i n  w i t k o u t  a phenol ic  h y d r o x y l  
g roup  a n d  therefore  possesses .the same  c h r o m o p h o r i c  
s y s t e m  as t he  sulfoxides of pha l lo id in  8. I t  has  a n  O R D  
curve  (Figure 4 c) s imi la r  to  t he  tox ic  phal lo id in-sul foxide .  
Compar i son  of a m a n i t i n  sulfoxide was ach ieved  b y  acet-  
y l a t i on  of t he  phenol ic  g roup  9 in pos i t ion  6, w h i c h  shi f t s  
t he  a b s o r p t i o n  of a m a n i t i n s  10 n m  to sho r t e r  wave leng ths ,  
so t h a t  i t  cor responds  to  those  of amanii1 a n d  pha l lo id in  
sulfoxides.  The  O R D - c u r v e  of O-ace ty l -7 -aman i t i n  
(Figure 4d) resembles  also t h a t  of t he  toxic  pha l lo id in  
sulfoxide.  F r o m  th i s  i t  m u s t  be  conc luded  t h a t  t he  
con f igu ra t ion  of t h e  sulfoxides in a m a n i n  a n d  in t he  
a m a n i t i n s  is iden t i ca l  w i t h  t h a t  in  t he  toxic  pha l lo id in  
sulfoxide.  The  abso lu te  conf igura t ion ,  however ,  of th~s 
cen t re  of ch i r a l i t y  st i l l  r em a i ns  to  be  e luc ida ted .  

Zusammen/assung. Die Cot tonef fek te  de r  A m a n i t i n e  
k o n n t e n  d e E  Indo l t e i l  bzw. den  A m i d g r u p p e n  des Mole- 
ki ihls  zugeo rdne t  werden.  Das  u n t o x i s c h e  A m a n u l l i n  
bes i t z t  die gleiche K o n f o r m a t i o n  wie die t ox i s chen  
Pept ide ,  das  u n t o x i s c h e  A l d o a m a n i t i n  dagegen  eine 
andere .  Die abso lu t e  K o n f i g u r a t i o n  der  Su l fox idgruppe  
de r  A m a t o x i n e  is t  i den t i s ch  m i t  der  des t ox i s chen  
Phal lo id insul foxids .  
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Acquis i t ion  of an E m b r y o n a l  B iochemica l  Feature 

The  end- to-s ide  p o r t a c a v a l  s h u n t  (PCS) leads to  a 
m a r k e d  a l t e r a t i on  in q u a n t i t y  a n d  compos i t ion  of the  
b lood reach ing  t he  l iver.  Consequent ly ,  s h u n t - i n d u c e d  
a l t e r a t i ons  in me tabo l i c  s t i m u l a t i o n  migh t ,  in  a genera l  
way,  exp la in  t he  va r ious  morpholog ica l  a n d  f u n c t i o n a l  
changes  of t he  l iver  1-4. To our  knowledge  t he  specific 
h y p o t h e s i s  ha s  n o t  been  t e s t ed  w h e t h e r  some of t he  
h e p a t i c  consequences  of a PCS m i g h t  be  r ega rded  as 
a regress ion of t he  h e p a t o c y t e s  to  a more  i m m a t u r e  or  
e m b r y o n a l  s ta te .  A s t u d y  of b iochemica l  fea tu res  wh ich  
differ  s ign i f i can t ly  in  fe ta l  a n d  a d u l t  an ima l s  m i g h t  
shed  l i gh t  on  t h i s  ques t ion .  

I n  t he  m a t u r e  r a t  l iver,  t he  e n z y m e  y - g l u t a m y l  t r ans -  
pep t idase  (GGTP,  7 - g l u t a m y l  t ransferase ,  EC 2.3.2.1) 
is ba re ly  m e a s u r a b l e  ~, whereas  in  t i le n e w b o r n  r a t  i t  
exh ib i t s  10 to  20 t imes  more  a c t i v i t y  6. Derepress ion  
of th i s  e n z y m e  has  also been  r epo r t ed  in t r a n s p l a n t a b l e  
chemica l ly  i nduced  r a t  h e p a t o m a s  7. H e p a t i c  G G T P  was, 
therefore ,  m e a s u r e d  in  r a t s  w i t h  a PCS a n d  in a p p r o p r i a t e  
controls .  

Tile e x p e r i m e n t a l  de ta i l s  of our  a n i m a l  model  h a v e  

in the Rat Liver after Portacaval  Shunt  

been  descr ibed  prev ious ly l ,L  A d u l t  ma le  Sprague-  
Dawley  r a t s  were e x a m i n e d  for  l iver  G G T P  a c t i v i t y  
10, 20 a n d  30 days  a f t e r  a n  end- to-s ide  p o r t a c a v a l  
shun t .  N o n - o p e r a t e d  con t ro l  an ima l s  f rom the  same  
b a t c h  were sacr i f ied s imul t aneous ly .  E n z y m e  assays  
were  car r ied  ou t  on  10% (w/v) l iver  h o m o g e n a t e s  in  
0 .9% sal ine solut ion,  us ing  7 - g l u t a m y l - p - n i t r o a n i l i d  
as s u b s t r a t e  5 
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~,-glutamyl transpeptidase activity after end to side portaeaval anastomasis (~" -4- SD) 

Experimental procedure n Liver weight Enzyme activity 
(g]100 g) (/~moles/min/g wet wt. 

Unoperated controls 6 3.66 :~: 0.33 0.006 4- 0.012 
Portacaval anastomosis 
after 10 days 7 2.38 :J: 0.41 0.060 4- 0.018 ~ 
after 20 days 5 2.16 4- 0.27 0.067 4- 0.027 ~ 
after 30 days 5 2.35 4- 0.5 0.104 4- 0.043 

a Significantly different from unoperated controls ( p <  0.001). 


