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nds of biological interest, like catecholamines, amino acids and 
more than one dissociable proton. A pentapeptide, tyrosyl-glycyi- 
I-methionine (enkephalin), a natural endogeneous ligand for the 
brain (Chang et al., 1976) has 3 dissociable protons, aq aromatic 

hydroxyl, an ammonium group at the N-terminal of tyrosine residue, and a carbo- 
xylic acid at the C-terminal of the amino acid. A great deal about the characteriza- 
tion of enkephalin and small peptides in aqueous solution has not yet been studied 
in detail. During investigations on tyrosine and its derivatives in solution (Ishimitsu 
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of ianination equilibrium of enkcphalin and tyosiae-containing peptide. 

K, =k, +k, (1) 

(2) 

(3) 

(4) 

0378-S 173~82/oooem/so71.75 332 Else&r Bicunedical F%ess 



TABLE I 

ACID DISSOCIATION CONSTANTS OF TYROSINE-CGNTAINING PEPTID~ a 

Compound Titration 

~Kcoori 

II- 

pK, PK, PKt” 

Enkephalin 
Tyr~y~-~ycyI-gIycine 
Glycyf -tyrosyl-glycine 
Glycyr-glycyl-tyrosine 
Tidal-~ycine 
Glycyl-tyrosine 

3.68 * 0.05 7.77 * 0.03 9.89 -c 0.03 
3.2 I 2 0.03 7.75 ” 0.02 9*?8~0.~ 
3.1ozt:o.o4 806”003 . 
3.18‘0.03 8:17~0.07 

9.78 -c 0.05 
9.75 9 0.09 

3.51 L-o.02 7.77 * 0.04 10.04~0.02 
3.24 r?: 0.06 8.23 2 0.04 IO*55 -c- 0.06 

a p = 0. f (NatJO,), 25°C. 
h The pK, value. which corresponds to the proton dissociation of eromatic hydtwxyl cgtwp. determinwi 
by CTS method. 

et a!., 1976, 1977, 1979a and 1979b). we found that a specific sequence of tyrosine 
residues in peptides plays an important role in the p&dependent distribution of 
various ionic forms of a pentide. We report herein the microscopic acid disswiiption 
constants (micr~~onst~ts), tautomeric constants (K,) and the reiative gentry- 
tions of various ionic forms of enkephalin and related fragment compounds. 

The micro-constants of enkephalin and tyrosine peptides, shown in 
determined according to the modified method of complementary t&stimulus col- 
orimetry (CT?3 method) (Flaschka, 1960). The acid dissociation and micro-constants 
thus deter~ned are summarized in Table 1 and Table 2. The ~elations~p betwmn 
the relative concentrations of 4 chemical species of enkephalin as a function of ppi is 
depicted in Fig. 2. 

The K,-value and Fig. 2 indicate that the concentration of phenolate-ammonium 
form relatively increases in the N-terminal tyrosine-containing peptides such as 
enkephalin, tyrosyl-gly~yI-glycine and tyrosyI-glycine in comparison to thltt of 3 

TABLE 2 

MICROSCOPIC ACID 
TYROSINE PEPTIDES 

DiSSOClATlON CONSTANTS AND TAU~M~RIC CGNSTA~~ QF 

Compound pkt Pk, 

Enkephalin 8.6 1 -” 0.02 7.99 2: 0.03 
Tyrosyi-~y~yj-~ycine 8.18 * 0.03 7.71”0.02 
Glycyl-tyrosyl-glycine 9.80*0.03 8.49k0.03 
Glycyl-glycyl-tyrosine 9.55 2 0.02 8.36”0.04 
Tyrosyi-byline 8.42 -t 0.03 8.04-‘0.01 

Glycyi- tyrosine 9.32 2 0.02 8.41 kO.02 

a KI -value was calculated from the ratio k2 /k,. 

pktz 

9.6? -c 0.04 
9.47 ” 0.03 
8.85 co.04 
8.79 * 0.04 
9.5 12 0.03 
9.52-co.04 

pk,, K~tk*~k,~~ 

10.30 2 0.04 4.2 
10.00 2 0.03 3.0 
9.98 rr: 0.04 20.4 

10.01 so.03 IS.5 
9.90 * 0.02 2.4 

10.43 * 0.04 8,1 
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conorrrtrrth of various ionic forms of enkephalin. 
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ti&es (,glycyl-tyrosyl-glycine, glycyl-glycyl-tyrosine and glycyl-tyrosine). 
altering partial drug structure, especially the sequence of tyrosine residue, 

balance between the phenolate-ammonium and phenol-amino form. The 
of this effect to the biological action of enkephalins may be worth 
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