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Mass Spectrometric Determination of the Amino Acid Sequence in Peptides: Desulfurization of 
Sulfur-Containing Peptides 

Earl ier  we showed t h a t  under  electron impac t  N-acyl-  
pept ide  esters conta ining methionine,  cyst ine and S-car- 
b o x y m e t h y l  or S-/%aminoethyl cysteJne residues largely 
undergo the  amino acid type  of f r agmenta t ion  and are 
therefore amenable  to the  mass spec t rometr ic  de termina-  
t ion of thei r  amino acid sequence (see 1, 2 and references 
therein).  However ,  the  mass spectra  of such pept ides  
display a large number  of addi t ional  peaks, of which the  
most  p rominen t  are those due to e l iminat ion of the  entire 
side chain of methionine,  and to t rans format ion  of cyst ine 
or cysteine to dehydroa lan ine  residues. The  general  pat-  
te rn  of the  mass spec t rum becomes more compl ica ted  
the  larger the  molecular  weight  of the  pept ide  and, 
especially, the  larger the  number  of its sulfur-containing 
amino  acid residues. Moreover,  t i le presence of cystine 
or  cysteine residues great ly  lowers the  vo la t i l i ty  of the  
compounds,  leading to considerable t he rma l  des t ruct ion 
dur ing the  mass spec t rometr ic  de terminat ion .  Final ly,  
the  presence of the  sulfur-containing amino  acids fre- 
quen t ly  leads to the  absence o f - a  number  of sequence 
in format ion  peaks, which complicates  still  more the  de- 
coding of the  mass spectrum,  l imi t ing  the  appl icabi l i ty  
of the  method.  

In  order  to overcome these difficulties, we a t t e m p t e d  
desulfur izat ion of the  sulfur-containing pept ides  by  Raney  
nickel. Inves t iga t ion  of this  react ion on a large number  
of pept ides  showed, however,  t h a t  under  the  usual  con- 
di t ions (refluxing for several  hours  in an iner t  solvent ,  as 
r ecommended  by  LEDERER et  al. 3) a large number  of 
side react ions t ake  place which of ten bars the  use of this 
me thod  in combina t ion  wi th  the  mass spectrometr ic  
de te rmina t ion  of amino  acid sequence. For  instance, 
under  t h e  above  condit ions (solvent-dioxane) tyrosine 

and t ryp tophaue  residues are of ten reduced to the  cor- 
responding hexa-  and oc tahydroder iva t ives ,  whereas  
N-acylpept ide  esters conta ining the  oc tahydro t ryp to -  
phane residues wi th  a free imino group no longer undergo 
the  amino acid type  of f ragmenta t ion  under  mass spectro- 
met r ic  conditions.  Fur thermore ,  t~aney nickel of ten 
s t rongly absorbs the  pept ides  (par t icular ly  those con- 
ta ining histidine) and somet imes  splits the  ini t ial  pep t ide  
to compounds  of lower molecular  weight.  

We have  found tha t  qui te  good results can be obta ined  
if the  desulfurizat ion is carried out  in d ime thy l fo rmamide  
solut ion a t  20 ~ for 2 days in the  presence of a tenfold 
amoun t  by  weight  of ti le catalyst .  Under  such condi t ions  
methionine,  cyst ine and cysteine (or S-subst i tu ted cys- 
teine) residues are conver ted  into ~-aminobutyr ic  acid 
and alanine residues, respect ively,  while t ryp tophane ,  
tyrosine,  histidine, pyr imidylorn i th i l le  and o ther  amino  
acid residues are unaffected,  I t  is convenien t  to use for 
the  desulfurizat ion N-acylpept ide  esters prepared  by  the  
me thod  described earlier 1, 4. The  N-acylpept ide  esters are 
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Fig. 1. Mass spectrum of Dee-Met-Phe-Gly-Cys(CH2COOMe)-OMe (1). 
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Fig. 2. Mass spectrum of Dec-AmBut-Phe-Gly-Ala-OMe (2), prepared by desulfurization of compound (1). 
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much  less absorbed by the  Raney  nickel t han  the  free 
peptides,  and t r e a t m e n t  of the  react ion mix tu re  is reduced 
to only its f i l t ra t ion and evaporat ion,  t i le p roduc t  being 
subjectable  to  mass spec t romet ry  wi thou t  purif icat ion.  
The e -aminobutyr ic  acid residue behaves  s imilar ly  to 
o ther  a l iphat ic  amino acids 1 under  electron impac t  and 
its posi t ion in ti le pept ide  chain (and consequent ly  t h a t  
of the  meth ionine  residue) can readi ly  be determined.  If  
the  pept ide  contains  an alanine residue as well as cysteine 
(cystine) the  Ni/A1 al loy used for prepar ing  the  ca ta lys t  
should be leached in DeO so t h a t  the  cysteine (cystine) 
residue is conver ted  into deuteroalanine  residue. 

Figure  1 shows as example  the  mass spec t rum of Dec- 
Met-Phe-Gly-Cys(CHeCOOMe)-OMe (1) which is ve ry  
compl ica ted  and moreover  difficult  to reproduce owing 
to the rmal  decomposi t ion  of this substance dur ing mass 
spectrometry .  On the  contrary,  the  mass spec t rum of 
Dec-AmBut -Phe-Gly-Ala -OMe (2) prepared  by  t r e a t m e n t  
compound  (1) wi th  R a n e y  ilickel as described above,  is 
s imple and qui te  readi ly  deciphered.  I t  is also no tewor thy  
tha t  the  t empera tu re  of mass spec t romet ry  of this sub- 
stance is 100~ below t h a t  required for compound  (1). 

Hence  desulfurizat ion considerably simplifies the mass 
spect rometr ic  de te rmina t ion  of t h e  amino acid sequence 
of the  sulfur-containing pept ides  and a t  the  same t ime  
extends  the  l imits  of this  method.  

BblBORbl. [IoKa3aHO, qTO ~ecynbqbypHp0BaHHe 3~Hp0B ce- 
pyco~ep~amax N-aL~NJmenTH~OB HHKeJIeM PeHe~ B ~HMeTHJI- 

qb0pMaMHae npH 20 ~ cymecTBeHH0 ynp0maew onpe~eneHHe 
aMHHOKHCYIOTHOH n0cJ]e~IOBaTeJIBH0CTtI MaCC-CrleKTp0MeTpH- 
qeCKHM MeTOROM H 0RHOBpeMeHH0 pacnlHpgeT rpaHHIIbI 3TOF0 
MeToKa. 
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Electrophoretic Behavior of Sonicated Human Serum Proteins 

Although  gaseous cav i ta t ion  has been widely  used to 
d is rupt  cells and subcellular  part icles  1, l i t t le  is known 
about  its influence on serum or p lasma proteins.  Prel imi-  
na ry  studies 2 indicate  such forces render  f ibr inogen 
molecules incapable  of forming a f ibrin clot  and solubilize 
l ipoproteins  th rough  the  up take  of addi t ional  prote in  3. 

Qual i ta t ive  or quan t i t a t i ve  details about  changes in 
serum or p lasma proteins  media ted  by  gaseous cav i ta t ion  
are still lacking. Therefore,  a t t emp t s  were made  to char-  
acterize the  phenomenon  by  inves t iga t ing  sonic effects 
on the  e lectrophoret ic  behav io r  of proteins  in normal  and 
abnormal  sera as well  as purif ied prepara t ions  of h u m a n  
serum albumin,  y-globulin and #-lipoprotein.  

Materials and methods. Sera f rom normal  subjects  and 
pat ients  wi th  var ious  diseases were t ransferred in 2.5 ml 
a l iquots  to hea t - res i s tan t  glass tubes  placed in an ice- 
water  bath.  A t i t a n i u m  probe (0.75 inches in diameter ,  
end rat io  3.6: 1) was immersed  1-2 m m  below the  surface 
of the  serum and sound frequencies of app rox ima te ly  
20 kc/sec were genera ted  wi th  an M S E  dis in tegra tor  ~ for 
10 or  20 rain. Samples  remained  several  degrees below 
room tempera tu re  during sonic oscillation. 

Serum before and af ter  exposure to u l t rasound were 
analyzed dur ing the  Micro Zone 5 e lectrophoret ic  system. 
Elec t rophore t ic  dis t r ibut ions  oil cellulose ace ta te  were  
de termined  densi tometr ica l ly  after  s taining the  strips wi th  
Ponceau S. Measurements  of the  to ta l  pro te in  were made  
in t e rms  of the  b iure t  color reaction.  

Results and discussion. A series of 12 pools, each con- 
ta in ing  3 different  sets,  were prepared  f rom 36 hea l thy  
individuals.  Each  pool  was subjected to electrophoresis  
before as well as af ter  10 and 20 mill  exposure  to ul t ra-  
sound. The  qua l i t a t ive  and quan t i t a t i ve  changes induced 
by  sonicat ion were similar  in all samples. Af te r  10 rain 
of oscillation, the  pro te in  con ten t  of t he  ~- and #-globulin 
zones increased (Figure 1). This  change, together  wi th  
a reduct ion  in a lbumin  and y-globulin fractions,  was 
more conspicuous fol lowing 20 mill  of ul t rasound.  

I n  a typica l  example,  pro te in  in the  a lbumin  zone 
declined f rom an init ial  va lue  of 4.6-3.5 g/100 ml  af ter  

the  final  period of oscil lat ion (Table). This was accom- 
panied  by  a reduc t ion  in the  y-globulin f rac t ion to abou t  
1/a its original  value.  The  prote in  d isplacement  occurr ing 
wi th  20 mill  Of oscil lat ion caused a decline in the  ra t io  
of a lbumin  to globulin f rom 2.4 to only 1.7. 

Saline solutions conta in ing purif ied h u m a n  serum 
a lbumin  * (6.25 g/100 ml) and y-globulin 6 (0.7 g/100 ml) 
as well as a mix tu re  of the  2 proteins  a t  the  s ta ted  con- 
centra t ions  were subjected to electrophoresis  before and 
af ter  sonicat ion for 10 rain. Such t r e a t m e n t  of ti le a lbumin  
solut ion caused abou t  16% of the  prote in  to migra te  less 
rapidly  anodal ly  (Figure 2). W h e n  t i le y-globulin solut ion 
was t rea ted  similarly,  more  t h a n  30% of t i le pro te in  
moved  into the  #-globulin zone (Figure 3). Oscil lat ion of 
the  y-globul in-albumin mix tu re  caused the appearance  of 
only a single new posi t ion zone, residing in the/3-globul in  
posi t ion (Figure 4). Abou t  1/3 of the  to ta l  prote in  was 
displaced into this  area, wi th  l i t t le  or  no increase in 
prote in-s ta in ing mater ia l  in the  el-posit ion.  

Sera collected f rom pat ien ts  wi th  var ious  diseases were 
examined  e lect rophoret ical ly  before and af ter  10 rain of 
sonic radiat ion.  The  var iab i l i ty  of the  responses obta ined  
is i l lustrated by  the  pa t te rns  secured wi th  specimens 
f rom 2 sub jec t s  wi th  mul t ip le  myeloma.  Sera f rom these 
pa t ien ts  bo th  showed a typ ica l  peak  of mye loma  prote in  
ill the  y-globulin area. Fol lowing 10 rain exposure to 
ul t rasound,  the  pa t t e rn  f rom i pa t i en t  indicated a marked  
d isp lacement  of prote in  into the  #- and e2-globulin zone, 
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