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Mass  S p e c t r o m e t r i c  D e t e r m i n a t i o n  of the  A m i n o  
Pept ides  

We have previously shown tha t  the amino acid sequence 
in peptides can be determined by analysis of the mass 
spectra of their N-acyl derivatives (see 1,2 and references 
therein). Such analysis was based on the amino acid type 
of fragmentation and it was pointed out  tha t  rapid, un- 
equivocal deciphering of the spectra required preliminary 
knowledge of the amino acid compositiort of the peptides 
and of the fragmentation behaviour of all the consti tuent 
amino acid residues. In  the light of this we undertook a 
s tudy of the mass spectrometric behaviour of methyl  
esters of cystine- and cysteine-containing N-acyl peptides. 

The mass spectrum of only 1 cystine peptide has been 
described in the literature: L:E:DERER and co-workers 3 
observed in the mass spectrum of dicarbobenzoxyglycyl- 
cystine methyl  ester, a molecular peak (m/e 650) and also 
peaks with m/e 324 and 326. According to our data, 
molecular peaks are present only in the case of dipeptides. 
Under the mass spectrometric conditions, higher molecular 
weight compounds of this series very easily undergo S-S 
bond rupture accompanied by transfer of a hydrogen 
atom from the neutral  half to the charged half of the 
split molecule: 
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Hence the mass spectra of esters of cystine-containing 
N-acylpeptides are actually those of the corresponding 
cysteine derivatives with unprotected SH groups (see 
Figure 1). 

Under the mass spectrometric conditions, the cystine 
residue in the peptides undergoes fission not only at  the 
S-S bond, bu t  also at  the C f S  and Ca-C p bonds, both 
processes being accompanied-by transfer of a hydrogen 
atom : 
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It should be stressed that  all 3 processes largely proceed 
with the positive charge localized on fragments of type (1), 
(3) and (5); concurrently, ions (3) and (5) can form from 
ion (1) by elimination of H=S or CH3SH 1 respectively. 

All 3 ion types undergo further fragmentation of the 
amino acid type 1,~ involving consecutive rupture of the 
amide bonds so that  the positive charge is localized on the 
N-protected fragment: 

R1 R2 RIO I I t I t ] 
R-CO* NH-OH-CO +NH-CH-CO + __i .._I -J  .......... NH-CH-C_~÷ OM~ 

Because of this in the mass spectra of cystine-containing 
peptides peaks (Figure 1, m/e 606, 575, 518, 490, 405, 258 

Acid Sequence  in Cys t ine -  and C y s t e i n e - C o n t a i n i n g  

and 230) due to amino acid fragmentation of Wpe (1) ions 
are usually accompanied by peaks lower by 34 and 48m.u., 
corresponding to fragments of type (3) and (5) (Figure i, 
m]e 572, 484, 470, 456, 371, 357, 343 and 224). Obviously, 
identification in the mass spectra of cystine-containing 
peptides of peaks corresponding to the amino acid frag- 
mentat ion of ions (1), (3) and (5) is a sufficient condition 
for determining the amino acid sequence of such peptides. 

In  the present s tudy we confined ourselves to only 
symmetrical cystine peptides, The mass spectra of un-  
symmetrical cystine peptides wilt evidently be the sum 
of the mass spectra of 2 different peptides. Their analysis 
in terms of the amino acid type of fragmentation, while 
difficult, is quite possible (cf. BIEMANN et al. t on the 
analysis of the mass spectra of peptide mixtures). 

Regarding the mass spectrometric behaviour of cysteine 
derivatives, the literature contains information only on 
that  of S-benzylcysteine peptides. MCLAFFERTY 5 has 
observed the presence of Z-NH-CH(C4Hg)-C-~-OO and 

@ 
Z-NH=CH(CIH~) ions in the mass spectrum of Z-Ile- 
Cys(Bzl)-Ser-OMe, but  other characteristic peaks could 
not be tound in the mass spectrum of this compound. 
BAYER et al. n studied the mass spectra of the esters of 
N-trifluoroacetyl derivatives of a number  of S-benzyl- 
cysteine peptides. These authors found the characteristic 
peaks to differ depending upon tile position of the 
S-benzylcysteine residue in the peptide chain, but  did not  
evolve a general method for determining the complete 
amino acid sequence in such peptides. 

In  the present investigation our main purpose was to 
elucidate the mass spectrometric behaviour of peptides 
such as could be expected to form in partial  protein 
hydrolysis and to develop a mass spectrometric method 
for determining their amino acid sequence. From this 
point  of view it would have been quite pointless to work 
with S-benzylcysteine derivatives, these being only inter- 
mediates in the synthesis of cystine- and cysteine- 
containing peptides. Because of the tendency of cysteine- 
containing peptides to undergo oxidative condensation, 
they are practically not employed as such without pro- 
tection of the SH groups in the structural chemistry of 
proteins. Usually the thiol groups of cysteine residues in 
proteins are blocked by alkylation or oxidation. We there- 
fore selected for study primarily cysteic acid, S-fl-amino- 
ethylcysteine and S-carboxymethylcysteine peptides, the 
most widely used and most stable of the cysteine deriva- 
tives. 

N-Acylpeptide esters with cysteic acid residues are 
highly volatile. Despite this it is difficult from their mass 
spectra to obtain information on their amino acid 
sequence. Apparently due to the thermal instabil i ty and 
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Fig. 1. Mass spectrum of (Dec-Cys-Phe-Leu-Gly-OMe)v 
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Fig. 2. Mass spectrum of Dec- 
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Leu-Gly-OMe. 
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to localization of the positive charge on the SO3CH 3 
group such peptides suffer random fission of the pept ide  
chain. In  this respect they are similar to the esters of 
N%N,GNG-triacyl derivatives of arginine peptides =. 

Methyl  esters of S-fl-aminoethylcysteine-containing 
N%N*-diacylpeptides under mass spectrometric condi- 
tions very readily el iminate the  acylaminoethyl  mercap- 
tane, t ransforming into derivatives of dehydroalanine:  

f /S_CH2CH2NHCOR. 

1.11,1/C~00 
I t 

- - -L-NH-C-CO-J + HSCH2CH2NHCOR 

Molecular peaks are therefore absent in the  mass spectra 
of S-fl-aminoethylcysteine peptides, their mass spectra 

being very similar to those of the  corresponding dehydro- 
alanine peptides (see Figure 2). Since we have al ready 
shown 1,2 in studies of serine and threonine-containing 
peptides tha t  the dehydroalanine derivatives undergo 
amino acid fragmentation,  determinat ion of the  amino 
acid sequence of S-/~-aminoethylcysteine peptides meets 
with no difficulties. 

For  the mass spectrometric determinat ion of the  amino 
acid sequence of cysteine peptides their  S-carboxymethyl  
derivatives are most  convenient. Moreover, blocking of 
the SH group by  carboxymethyla t ion  is the most fre- 
quent ly  used procedure in protein chemistry. Methyl 
esters of N-acyl-S-carboxymethylcyste ine  peptides are 
highly volati le and thermal ly  stable, owing to which their  
mass spectra generally exhibit  quite strong molecular ion 
peaks (see, for instance, the  m/e 517 peak in Figure 3). 
The most characteristic fragmentat ion pa th  for the 
molecular ion of such peptides is the amino acid type.  



15. 9. 1968 Specialia 885 

Peaks  corresponding to  the  ions resul t ing f rom such 
f r agmen ta t ion  (see peaks  a t  m/e  486, 458, 387, 330 and 302 
in F igure  3) are  usual ly  qu i te  s t rong and are  accompanied  
by  peaks  lower by  73 and 106 m.u.  (see peaks  a t  m/e  444, 
413, 4 l l ,  380, 352, 314, 281, 257, 224 and 196 in Figure  3). 
The  la t te r  are due  to  el iminat ion,  respect ively ,  of a carbo-  
m e t h o x y m e t h y l  group or of me thy l  mercap toace t a t e  
which occurs alongside the  amino  acid type  of f ragmenta-  
tion. I t  is no t ewor thy  that ,  in cont ras t  to the  cys t ine  
peptides,  those wi th  S-f l -aminoethylcysteine and S-carb- 
oxymethy lcys t e ine  residues prac t ica l ly  suffer no elimi- 
na t ion  of the  side chain as a whole (i.e. no rup tu re  of the  
Ca-C fl bond).  

Sti l l  ano the r  process is charac ter i s t ic  of S-carboxy-  
me thy lcys te ine  acy lpep t ide  esters, namely,  rup tu re  of t he  

H S-CH2CODMB 

0 CH ~1 ~n | 
n~ F-I I i ! 

T 
/S-OH 2 COOMe 

...OH [ CH R 1 R n ] 
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-C'~NH + CH-~÷~H-CH-C0+ ....... NH-Ctl-C0 .*0~e _A ._1 . ,2 

(7) 

N-Ca-bond of the  ca rboxyme thy l cys t e ine  residue. This  
react ion,  which we observed  earlier wi th  pept ides  con- 
ta in ing  a romat i c  and heterocycl ic  amino  acids x,2, is ac- 
compan ied  by  migra t ion  of a hydrogen  a t o m  leading to  
ion (7) which undergoes  fur ther  f r agmen ta t i on  by  the  
amino  acid mechanism.  Fo r  instance in F igure  3 peak  a t  
m/e  346 corresponds to the  ion of t ype  (7), while its 
subsequent  f r agmenta t ion  gives the  peaks a t  m/e  315, 
287, 216, 188 and 159. 

The  findings described here show t h a t  the  mass spectro-  
met r ic  me thod  can be successfully employed  for deter-  
min ing  the  amino  acid sequence in cys te ine-conta in ing  
pept ides  formed in the  par t ia l  hydrolys is  of proteins.  

13r~zBo/IM. l-]oKa3aHo, qTO Macc-crteKTpOMeTpHttecK~4~ MeTOA 
onpeAe.~eHH~ aMHHOKHCnO'rHO~'i noc~e~loBaTe.rtbHOCTH MOH,CeT" 
6bITE, C ycnexoM npgmeneH K nenTnAaM, CO/Ieplt¢alllHM OCTaTKH 
IIHCTI4Ha, S-fl-aMIIIt03TtLrlUHCTeHHa H G-Kapf0KCtlMeTII.rI[iH- 
CTeI4Ha. 
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E f f e c t  o f  S o d i u m  C i t r a t e  o n  t h e  T r a n s l o c a t t o n  o f  B a c t e r i a l  D N A  i n  S o l a n u m  l y c o p e r s i c u m  e s c .  

I t  has  been  shown t h a t  foreign D N A  can be  t aken  up  by  
plants  z-4. Af te r  some depolymer iza t ion ,  though  wi thou t  
modi f ica t ion  of its p r ima ry  and secondary  s t ructures ,  the  
D N A  enters  the  cell nuclei  where i t  appears  to  combine  
wi th  the  t o m a t o  D N A  and replicate.  

Since sodium c i t ra te  is known to  prec ip i ta te  or chelate  
b iva len t  cations,  and because these ions, especially Ca ++ , 
are known to be an i m p o r t a n t  fac tor  of cell pe rmeab i l i ty  s, 
p lants  were  t rea ted  wi th  sodium c i t ra te  in an a t t e m p t  to 
increase the  up take  of exogenous  DNA.  

Sodium c i t ra te  is known to  inhib i t  D N A s e  I by  i ts  act ion 
on Ng++ ions G and so m a y  also reduce  the  depolymer iza t ion  
of the  foreign D N A  t rans loca ted  in the  plants .  

P lan t s  of  Solam~m lycopersicum var .  Tuckwood  were 
used in t he  fol lowing exper iments .  Cut  shoots  (5-9 cm long) 
f rom adu l t  p lan ts  w i th  young  leaves were  placed in a 
solut ion of 0 .15M sodimn c i t ra te  ( t r i bas i c ) /o r  2 h. They  
were t ransferred to a solut ion of 3H-DNA prepared  f rom 
Escherichia col$ (200 y/ml) in di lute  saline c i t ra te  solut ion 
for 6 h pr ior  to p lacing in wate r  for 48 h. As controls,  cu t  
shoots  were placed in wate r  instead of the  c i t ra te  solut ion 
pr ior  to  s imilar  feeding per iods in the  D N A  solut ion and 
water .  

A sample  of in te rnode  (0.5 cm long) was r emoved  f rom 
each  plant ,  f ixed for  3 h in Clark f ixa t ive  and embedded  
in w a x  pr ior  to sect ioning for au torad iographic  s tudiesL 
Some sections were used d i rec t ly  whils t  o thers  were (1) ex-  
t r ac ted  wi th  di lute  acid to r emove  any  labelled low-polymer  
polynucleot ides ,  and (2) digested wi th  DNAse  I. Auto-  
radiographs  were exposed for 10 days. 

Af te r  discarding the  t e rmina l  por t ion  of the  shoot  which 
had  dipped in the  feeding solutions, the  D N A  of the  re- 

ma inde r  of t h e  mater ia l  was ex t rac ted  by  a me thod  a l ready  
described 3. This  D N A  was analyzed  by cent r i fugat ion  and  
c h r o m a t o g r a p h y  on DEAE-ceUulose  co lumns  s. 

A paral lel  s tudy  was made  concerning the  effects of  
c i t r a te  on the  synthesis  of endogenous  DNA.  Cut shoots  
were t r ea ted  as described above  excep t  t h a t  the  3H-DNA 
was replaced by  a solut ion of 3H- thymidine  wi th  a s imilar  
specific a c t i v i t y  to t h a t  of the  bacter ia l  3H-DNA. 

The bac ter ia l  D N A  uti l ized in t he  exper iments  was ex- 
t rac ted  by  the  me thod  of M~,RMUR 9 from a thymine- less  
s t ra in  of E. coli (CR 34) which had been cu l tured  on a 
m e d i u m  conta in ing  ~H-thymine.  

As shown in Table  I, shoots p re t rea ted  wi th  c i t ra te  t ake  
up 3-4 t imes  more exogenous  D N A  t h a n  t i le  cont ro l  plants .  
This  resul t  is conf i rmed by  the  au to rad iograph ic  s t u d y  
(Table I I )  where more  labelled nuclei are  found in each 
tissue f rom the  c i t ra te - t rea ted  shoots  t han  the  water -  
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