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Air Reox idat ion  of SH Groups  of Reduced  ~t-Lactalbumin F r a g m e n t s  

As is well known,  fully reduced  prote ins  are reoxidized,  
in the  absence of dena tu r ing  agents ,  to  molecular  species 
which  have  recovered mos t  of the  original  th ree -d imen-  
sional s t ruc tu re  ~. In  some ins tances  a s imilar  recovery  of 
the  na t ive  s t ruc ture  is ob ta ined  s imply  by  mix ing  2 
f r agment s  of a p ro te in  ob ta ined  by  enzymat i c  or chemical  
cleavage of cova len t  amide  bonds  2 ~. I t  is clear t h a t  the  
two p h e n o m e n a  are d i s t inc t  in origin, bu t  t h e y  also 
p resen t  some analogies owing to  the  re fo rmat ion  in b o t h  
cases of the  non-cova len t  in te rac t ions  de t e rmin ing  the  
na t ive  s t ructures .  ]Previous s tudies  in our l abora to ry  ~ 
have  shown t h a t  fully reduced  bovine  a - lac ta lbumin  can 
be reoxidized in the  presence of Cu++ ions w i th  s ignif icant  
recovery  of the  phys ico-chemica l  proper t ies  of the  na t ive  
protein .  I t  seemed wor thwhi le  to  inves t iga te  whe the r  a 
correct  coupl ing of the  cys te inyl  residues could be 
accompl ished  even by  associat ion of 2 po lypep t ide  frag- 
ments ,  compris ing,  respect ively,  the  sequence 1-90 (Ct3 1) 
and 91-123 (CB-2), ob ta ined  by  cyanogen  b romide  a t t ack  
on the  single me th iony l  residue of ~- lac ta lbumin followed 
by  disulphide  bonds  reduc t ion  wi th  2-mercaptoe thanol .  

M a t e r i a l s  a n d  methods .  Commercia l  bovine  ~-lactal- 
b u m i n  (Pentex  Inc, Kankakee ,  111.) was puri f ied as 
elsewhere reportedL. A t t ack  by  cyanogen  b romide  on c~- 
l ac ta lbumin  was carr ied out  according to  BREW and 
I-tILL 6. The isolated p roduc t  (CB-Lac) showed amino  acid 
analysis  in good ag reemen t  w i th  the  expec ted  values.  
Reduc t ion  was effected,  e i ther  ill presence or absence of 
iodoacetic  acid, by  2 -mercap toe thano l  in 6 M guanid in ium 
chloride, p H  8.6, under  the  same condi t ions  as used by  
BREW et al. ~ for a - lac ta lbumin.  The resul t ing pept ides ,  
e i ther  c a r b o x y m e t h y l a t e d  or unpro tec ted ,  were isolated 
on Sephadex  G-100 equi l ibra ted  wi th  50% acetic acid 5, 6. 
l~eoxidat ion of reduced  c~-lactalbumin was carried out  
according to  TAMBVRRO et al.5. The reox ida t ion  of the  
equimolar  mix tu re  of unp ro t ec t ed  CB-1 and CB-2 was 
effected by  exposure  to  air of 3.2 mg of CB-a and  1.3 mg 
of CB-2 dissolved in 0.025 M Tris-C1 buffer  (5 ml) con- 
ta in ing  5 • 10 -5, or a l te rna t ive ly ,  5 • 10 -4 M CuSO 4 
The process  was fol lowed by  moni to r ing  the  d isappear-  
ance of su lphydry l  groups according to  ELL~AN'S 
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Fig. 1. Time course of reoxidation of the equimolar mixture CB-1 + 
CB-2 as monitored by ELL~IAN'S procedure s. Solvent: 0,035M Tris- 
C1 buffer, pH 8.0, containing 5 • 10-5M CuSO 4. 

p rocedures  (Figure 1). Amino  acid analysis  9 gave values 
in ag reemen t  wi th  those  calcula ted f rom the  sequences.  
Circular d ichro ism da ta  were o b t a i n e d  wt ih  a Cary Model 
60 recording spec t ropo la r imete r  equ ipped  wi th  a 6002 
dichroism accessory. 

Resu l t s  a n d  d i scuss ion .  Figure 2 conta ins  the  circular 
d ichro ism (CD) spec t ra  in the  near  UV o f  unpro tec t ed  
CB-1 plus CB-2 a t  var ious  stages of the  reoxida t ion  
process in t he  presence  of 5 • 10 -4 M CuSO 4. 
The spec t ra  of reduced-reoxid ized  ~-lactalbumin,  CB- 
Lac, S - c a r b o x y m e t h y l a t e d  CB-1 plus CB-2, are also 
shown for comparison.  I t  is ev iden t  tha t ,  under  these  
exper imen ta l  condit ions,  the  reoxida t ion  of CB-1 plus 
CB-2 does no t  correspond to a r ena tu ra t i on  in t e rms  of 
recovery  of the  original s t ruc ture  p resen t  in the  i n t ac t  
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Fig. 2. Near-UV-CD-spectra of the equimolar mixture CB-1 + CB-2 in 
0.025 M Tris-C1 buffer, pH 8.0, containing 5 • 10 4M CuSO4: ( . . . . . .  ), 
after 23 h of reoxidation; ( . . . .  ), after 26 h. (-O-O-), reduced-reoxidiz- 
ed ~-laetalbumin; (-�9169 cyanogen bromide-cleaved~-lactalbumin; 
( ), equimolar mixture ot caboxymethylated CB-1 + CB-2. 
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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 


