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protein.  The  spectral  features, character ized by  large 
posi t ive ellipUcities, are by  no means reminiscent  of 
those of CB-Lac  or even reduced-reoxydized  a-lactalbu- 
min.  Most probably  the  coupling of the  cysteine side 
chains is not  the  correct  one bu t  proceeds r andomly  
yielding different  molecular  species. When  the  reoxidat ion  
of the  mix tu re  was carried out  at  lower concent ra t ion  of 
the  ca ta lys t  (5 x 10 -5 M CuSO4), qui te  different  CD 
spectra were obta ined (Figure 3). Al though  the  spectra 
a t  var ious  stages of the  reoxida t ion  process are  stil l  
d is t inct  f rom those of CB-Lac and even more f rom those 
of reduced-reoxidized e- lacta lbumin,  nevertheless  t hey  
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Fig. 3. Near-UV-CD-spectra of the equimolar mixture CB-1 + CB-2 in. 
0.025M Tris-C1 buffer, pH 8.0, containing 5 • 10-5M CuSO~: (---), 
after 1 h 30 min of reoxidation; ( ... . .  ), after 18 h 20 min; (-O-O-), 
after 168 h 20 rain. (-A-A-), redueed-reoxidized a-lactalbumim Other 
symbols as in Figure 2. 

show a t endency  towards  features clearly reminiscent  of 
the  prote in  conta ining the  correct  disulphide bonds. 
Apparent ly ,  judging f rom the  CD s tandpoint ,  some of 
CB-1 and CB-2 molecules in te rac t  together  by  restoring, 
th rough a correct  coupling of su lphydryl  groups, a t  least  
pa r t  of the  non-covalent  in teract ions  de termining  the  
original  s tructure.  I t  is to be noted t h a t  an equimolar  
mix tu re  of ca rboxymethy la t ed  CB-1 and CB-2 (in which 
disulphide format ion  is prevented)  give a CD spec t rum 
comparab le  to the  sum of the  curves  of the  ind iv idual  
peptides.  The  role p layed by  the  catalyst ,  Cu ++ ions, 
deserves fur ther  comment .  I t  is reasonably  ant ic ipa ted  
t h a t  the  correct  refolding of the  po lypep t ide  chain is 
in i t ia ted by  the  regenera t ion  of a par t  of original  disulphi- 
de bonds. Of course var ious  kinds of mismatched  disulphi-  
de bonds are possible:  however ,  t hey  could be corrected, 
a t  least  par t ia l ly ,  v ia  disulphide interchange.  In  the  
presence of excess copper  ion, the  ra te  of reoxida t ion  n lay  
be too high to al low preferent ia l  format ion  of the  disulphi- 
de bond(s) which ini t ia tes  the  correct  refolding. In  this  
case disulphide bonds m a y  be formed incorrectly,  thus  
producing stable molecular  species comple te ly  different  
f rom the  na t ive  protein.  A similar  influence of the  ca- 
t a lys t  concent ra t ion  has been observed in the  reoxida t ion  
of reduced Taka-amylase  A. 10 

Riassunto. Si @ studiato,  median te  dicroismo circolare, 
il processo di r iossidazione-r icombinazione di due fram- 
men t i  o t t enu t i  per  a t tacco con Br-CN e successiva 
r iduzione dell-c~-lattalbumina. Si 6 t rova to  c h e l a  concen- 
t raz ione del ca ta l izzatore  CuSO~ svolge un ruolo impor-  
t an te  nel dirigere ii r i accoppiamento  dei gruppi  SH. 
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The Crystal Structure of Murrayazoline (Mahanimbidine, Curryangin) 

In  connect ion wi th  an inves t iga t ion  on carbazoles of 
the  Rutaceae ,  there  was isolated a new alkaloid, mur raya -  
zoline, C~aH=sNO (M+ 331), mp 260-262 ~ f rom an alco- 
holic ex t rac t  of the  s tem-bark  of Murraya koenigii 
Spreng 1. The  UV-spec t rum was suggest ive of the  2-me- 
t hoxy  carbazole chromophore  [Am,x 245 n m  and 307 n m  
(log e 4.69 and 4.16)] =,3. Fu r the r  studies revealed tha t  
like the  known mahan imbine  4, murrayazol ine  was der ived 
f rom a 2-hydroxy-3-methyl  carbazole to which a mono-  
te rpene  (C10-unit) f ragment  was fused at  the  2-position 
th rough  an ether  linkage. 

This alkaloid was also obta ined  f rom the leaves and the  
s tem bark  of the  p lan t  by  two other  groups independent ly ,  
and renamed mahan imbid ine  5 and curryangin  ~, 7. On the  
basis of addi t ional  chemical  and spectral  data,  the  struc- 
ture  I (9a, 10, 11, 12, 13, 13, 13a-hexahydro-2,  9, 9, 12- 
te t ramethyl -1 ,  12-epoxy-9H-indolo [3, 2, 1-de]phenan- 
thridine) was assigned to the  compound.  I t  was felt  t ha t  
an independent  proof  of the  hexacycl ic  sys tem would be 
of value,  especial ly in v iew of the  biological  ac t iv i ty  
repor ted  for var ious carbazoles s-*~ 

Suitable,  colorless crystals  of I were obta ined  by  a slow 
evapora t ion  of an acetone solution. One .s in tens i ty  da ta  
(max imum sin 0/A = 0.5) was collected wi th  copper  
rad ia t ion  on a Syn tex  P1 d i f f rac tometer  equipped wi th  
a graphi te  monochromator ,  The  in tens i ty  da ta  was 
processed and all  subsequent  crys ta l lographic  calculat ions 
were per formed using subprograms of the  C R Y M  sys tem ,1. 
Phasing was accomplished by  a rout ine  appl ica t ion of 
symbolic  addi t ion  12. A t r ia l  s t ruc ture  was obta ined  from 
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Fig. 1. Stereoplot of the molecule. 

Molecular formula C23H~sNO(331.46) 
Crystal size 0.10 x 0.15 x 0.20 m m  
Cell d imensions  a = 11.19 (1) A 

b = 11.05 (1) A 
e = 15.65 (2) A 
/~ = 115.27 (5) X 

Space group P21/e (4 molecules/unit cell) 
Density obsd. 1.24 g]cm a 
Density ealcd. 1.258 g/cm ~ 
Scan mode 0/2 0 
Scan rate 2~ in 2 0 
Background count time 1.0 (scan time) 
Total reflections 1803 
Non-zer0 reflections 1500 

 ..3U 

Fig. 2. Bond distances (A) and angles (degrees). The uncertainties in 
the C, N, O distances are about 0.01 A. Uncertainties in the bond 
angles are about 0.5 ~ Angles not  shown on the drawing are 9B-9-9A, 
111~ 8-9-9C, 110~ 13-12-12A, 114~ 1A-12-11, 112~ 4-4A-7A, 119 ~ 
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t h e  f i r s t  E m a p  a n d  r e f i n e d  to  al l  R i n d e x  of  0.074.  H y d r o -  
g e n  p o s i t i o n s  we re  l o c a t e d  u s i n g  d i f f e r e n c e  F o u r i e r  t e c h -  
n i q u e s ,  b u t  t h e s e  p o s i t i o n s  w e r e  n o t  s u b j e c t e d  to  r e f i ne -  
m e n t .  T h e  f i n a l  c y c l e s  o f  fu l l  m a t r i x  l e a s t - s q u a r e s  r e f ine -  
m e n t  c o n t a i n e d  t h e  c o o r d i n a t e s  o f  t h e  n o n - h y d r o g e n  
a t o m s  i n  o n e  m a t r i x  a n d  t h e  sca l e  f a c t o r  a n d  a n i s o t r o p i c  
t e m p e r a t u r e  f a c t o r s  in  a s e c o n d  m a t r i x .  T h e  c a l c u l a t e d  
s h i f t s  i n  t h e  f i n a l  cyc l e  of  r e f i n e m e n t  w e r e  a l l  l ess  t h a n  
1/5 o of  t h e  s t a n d a r d  d e v i a t i o n .  A f i n a l  d i f f e r e n c e  F o u r i e r  
r e v e a l e d  n o  m i s s i n g  or  m i s p l a c e d  a t o m s .  C r y s t a l  a n d  d a t a  
c o l l e c t i o n  p a r a m e t e r s  a r e  s u m m a r i z e d  i n  t h e  T a b l e .  

T h e  r e f i n e d  c o o r d i n a t e s  we re  s t e r e o g r a p h i c a l l y  p l o t t e d  ~ 
a n d  a r e  s h o w n  in  F i g a r e  1. T h e  b a n d  d i s t a n c e s  a n d  a n g l e s  
a r e  s u m m a r i z e d  in  F i g u r e  2. F u l l  d e t a i l s  of  t h e  a n a l y s i s  
m a y  be  o b t a i n e d  f r o m  t h e  f i r s t  a u t h o r  t , .  

Riassunto. L a  s t r u t t u r a  de l  m u r r a y a z o l i n e ,  u n '  a l co lo ide  
c a r b a z o l e ,  6 s t a t s  c o n f e r m a t a  p e r  v i a  c r i s t a l l o g r a f i c a  c o n  
i r a g g i  X .  
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