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Methionine is one of the few amino acids the quantitative determinat ion of which is not infrequently made 
difficult  through its loss during the isolation and hydrolysis  of pel~ides because  of its ease  of oxidation to the 
cor responding  sulfoxide o r  sulfone [1-4]. 

In our opinion, it may be be t te r  to de te rmine  the number  of methionine res idues  (or, in genera l ,  the num-  
ber  of sulfide groupings) in natural  mate r ia l s  by a method based on par t ia l  substi tution in combination with 
paper  e l ec t rophores i s ,  the pr inciple  of which has been descr ibed  in detail  previous ly  in papers  dealing with the 
de terminat ion  of the number  of f r e e  NH~,-SH, -COOH, and OH groups in polypeptides and aminocarbohydra tes  
[5-9]. 

In cont ras t  to r e s idues  of diamino or  dicarboxylic  amino acids,  methionine res idues  present  in a poly- 
peptide chain a r e  e lec t roneu t ra l ,  and t h e r e f o r e  the e lec t rophore t ic  var iant  of the method of par t ia l  substi tution 
can be used only if the sulfide grouping of methionine is alkylated with a suitable alkyl halide. It is known [10] 
that the acylat ion reac t ion  fo rms  a sulfonium sal t  der ivat ive  of the sulfide bear ing  a charge  of +1: 

CH3 ~ 2 f CH3~+ "] 
R,/S +X --R ----~[ R,/S--R2J X-, 

where  X is I, Br ,  C1. 

(~ the alkyl halides that we have tes ted ,  the most  sui table proved to be iodoacetamide {IAA), which in the 
pH range  below 4.0 r e a c t s  s t r i c t ly  speci f ica l ly  with methionine res idues  to f o rm  the S + -ca rbamoylme thy l  de- 
r iva t ive  of methione (S + -  CAM-  Met) , which has an additional posit ive charge  (+1) in a wide pH range  [11, 12]. 
Because  of the acquis i t ionof  the additional charge ,  t h e  S+-CAM derivat ive  of methionine (or a peptide contain-  
ing a methionine r e s idue  or  another  compound with a sulfide group) will migra te  to the cathode on paper e lec -  
t rophores i s  at a g rea t e r  r a t e  than the initial compound. If the peptide analyzed contains one methionine res idue  
(or o n e - S R  group), the e l ec t rophore tog ram should show one additional spot migrat ing to the cathode fas te r  than 
the initial peptide,  and if the peptide contains two methionine res idues  t he r e  should be two additional spots,  and 
so on. The number  of methionine res idues  in the peptide N = n - 1 ,  where  n is the number  of spots on the e lec-  
t r ophore tog ram including the spot of the initial peptide. The degree  of substitution is regula ted  by the t ime of 
r eac t ion  of the IAA, taken in excess ,  with the peptide. The method has been checked on a number  of model 
compounds and peptides (Fig. 1), and this  has shown its re l iabi l i ty .  The number  of methionine res idues  in pep- 
t ides can be de te rmined  with a high accuracy  using mieroamounts  (2-10 /~mole) with molecular  weights between 

100 and 3000 daltons. 

The r eac t ion  of 2-10 /~mole of a peptide with 20-30 pmole  of IAA is pe r fo rmed  in 0.5 ml of 8570 HCOOH- 
CH3COOH-H20 (28 : 20 : 52) [6] at 37°C for  3-5 h with the periodic r emova l  (every 1 h) of aliquots and thei r  de- 
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Fig. 1. Electrophoretic analysis of the products of par- 
tial substitution of model compounds: 1) methionine; 2) 
methlonine + IAA; 3) Ala-Met; 4) Ala-Met + IAA, 5) dike- 
topiperazine derivative of methionine; 6) diketopipera- 
zine derivative of methionine + IAA; 7) Met-Met; 8) Met- 
Met + IAA. Electrolyte-2 N CH3COOH, 600 V, 2 h. 

position on .F i l t rak .  FN 2 chromatographic paper. The electrophoretic analysts of the products of partial sub- 
stitution is performed either in 2 N acetic acid (600 V, 2 h) or in an electrolyte with the composition given 
above at 300 V for 2.5-3 h in instruments working on the principle of the Dttrrum moist chamber [13]. After 
drying, the substances are revealed on the electrophoretogram with the aid of a 0.5~ solution of ninhydrin in 
ethanol or by the iodine-azide reagent [14]. In the latter case, sulfur-containing compounds appear in the form 
of white spots on a brown background. 

During the determination of the number of meth[onine residues in peptides by the method of partial sub- 
stitution, we detected no cleavage of the peptide bond at the COOH group of methlonine which, as is known, 
takes place highly specifically under the action of cyanogen bromide in an acid medium on methlonine-contain- 
ing peptides [15]. 
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