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An investigation has been made of the catalytic properties in relation to the hydrol- 
ysis of p-NPA of six polypeptides of regular structure: H-[Glu-TyrJn-OH (i), 
H-[Gluz-Tyr]n-OH (2), H-[Glu-Tyrs]n-OH (3), H-[Glus-Tyr]n-OH (4), H-[Glus-Tyr]n-OH 

(5), and H-[Glu-Tyrs]n-OH (6). It has been shown that polypeptides (I), (III), and 

(IV) catalyze the hydrolysis of p-krpA (p-nitrophenyl acetate). An enzyme-like type 
of catalysis has been found. Some catalytic characteristics have been calculated 
and the dependence of the rate of hydrolysis on the pH of the medium, the tempera- 
ture, and the concentration of p-NPA have been discussed. The structures of the 
catalytically active and catalytically inactive polypeptides have been studied by 
the circular dichroism method. It has been shown that under conditions in which 
the catalytic properties of polypeptides are shown to the maximum degree there is 
a structure of the random coil type. The catalytic activity falls or disappears com- 
pletely when ordered fragments of the u-helix and ~-structure types appear in the 
structure. It has been found that polypeptide (I) possesses the maximum catalytic 
activity. It exceeds the activity of a copolymer of the same amino acids by an or- 
der of magnitude. 

The hypothesis exists that the catalytic properties of enzymes may be partially retained 
even with some simplification of their structure. In other words, the possibility exists of 
the chemical synthesis of such a polypeptide as, in view of its primary structure and under 
certain conditions, will be capable of bringing about interaction of certain functional groups 
as a kind of "active center," similar in its main outlines to the active center of the enzyme 
being modeled. 

We may note that, in spite of numerous investigations in this field, it is still not 
clear whether this idea can be realized at all in the practical sense [1-7]. Nevertheless, 
interest in synthetic oligopeptides and polypeptides with catalytic activity is high, since 
these compounds may open up new possibilities in a number of chemical technologies. 

Recently, the greatest attention has been attracted by the idea of modeling the esterase 
properties of serine and acid proteases. This is connected with the fact that, in the first 
place, enzymes of this class have been studied in very great detail in relation both to their 
tertiary structure and to the mechanism of thelrcatalytic action [8, 9]. In the second place, 
by their nature they are less specific and therefore may permit great structural deformation. 

Since in the serine proteases the catalytic process is ensured by the cooperative in- 
teraction of a histidine, a serine, and a glutamic or aspartic acid residue, these are the 
amino acids that we used for the synthesis of copolymers and regular polypeptides in the hope 
that among them there might be found a polypeptide in which a successful structural combina- 
tion of these amino acids permitting the manifestation of catalytic properties could arise. 
In actual fact, some of them have exhibited esterase activity in relation to the hydrolysis 
of p-nitrophenyl acetate (p-NPS) [10-15] orthe correspondingester of alanine [7]. However, 
the catalytic effect was low and even when histidine residues were present it was determined 
rather by the presence of the imidazole groups than by their cooperative interaction with 
the OH and COOH groups of the serine and dicarboxylic acid (glutamic or aspartic acid) res- 
idues [16]. 
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It has become obvious that the structure of a polypeptide chain based only on the amino 
acid residues participating in the active centers of esterases is inadequate. Consequently, 
in choosing the corresponding primary structure it is necessary also to take into account 
the tertiary structure that arises spontaneously under the appropriate conditions and in 
which it is possible to realize the corresponding interaction of amino acid residues. And 
since both serine proteases [17] and acid proteases such as pepsin have a globular structure 
[18], it was to be assumed that in a synthetic polypeptide, as well, a catalytic effect could 
be ensured only by some globular structure or one close to it. Unfortunately, it has not 
previously been possible to solvethis problem since the laws underlying helix-coil transi- 
tions and depending on the primary structures of polypeptides have not yet been elucidated. 

In these circumstances, it is necessary to make use of purely empirical approaches. In 
the present work we have started from the fact that poly-L-glutamic acid and poly-L-tyrosine 
are, depending on the conditions, capable of possessing either an a-helical structure, a B- 
structure, or a structure of the random coil type [19-21]. With some assumptions, the lat- 
ter may be considered as an unstable globular structure which can be rearranged under the 
action of the corresponding substrate. 

Our aim was to create regular polypeptides with esterase activity in relation to the 
hydrolysis of p-NPA and we therefore had to use primarily the functional groups that are 
present in the active center of such natural esterases as trypsin, chymotrypsin, elastase, 
etc. 

Although in these enzymes the catalytic process takes place as the result of a coopera- 
tive interaction of glutamic acid, serine, and histidine residues, we used only the-COOH 
group of glutamic acid and the OH group of tyrosine although the latter is only partially 
equivalent to the OH group of a serine residue. The choice of these two amino acid residues 
was also facilitated by the fact that some catalytic activity of copolymers of these amino 
acids in =elation to the hydrolysis of p-NPA was already known [i0, ii]. Since it was impos- 
sible previously to determine what ratio of the glutamic acid and tyrosine residues in the 
polypeptide was capable of ensuring a structure of the random coil type with a probable cat- 
alytic activity, it was necessary to perform the synthesis of a numher of polypeptides with 
different ratios of the tyrosine and glutamic acid residues in the monomeric unit (Table i) 
[22]. 

The catalytic activities of these polymers with respect to the hydrolysis of p-NPA were 
measured at pH 5-7.5 with temperatures of 25-60°C. Catalytic activity was found in compounds 
i, 3, and 5. The dependence of the catalytic activity on the pH is shown in Fig. i. It fol- 
lows from the results given that with a rise in the pH of the medium from 5.6 to 7.5 the 
catalytic activity of the polypeptides also increases, reaching its maximum in the pH range 
from 6.9 to 7.2. On considering the curves obtained, attention is attracted by two facts: 
in the first place, the bell-shaped "enzyme-like" nature of the curves and, in the second 
place, the appearance of an additional weak maximum of activity in the pH range from 6.0 to 
6.2. It is interesting that this maximum corresponds to the maximum activity of copolymers 
of these two amino acids obtained at ratios of tyrosine and glutamic acid of I:i and 1:5, 
respectively [i0]. It is possible that the weak maximum is a consequence of the interaction 
of the functional groups with no appreciable contribution of structural factors, while the 
second activity maximum appears as the result of the production of some fairly stable struc- 
ture that can ensure a better interaction of the polypeptide with the substrate. 

It must be mentioned that the enzyme-like behavior of these polypeptides appears both 
in an investigation of the dependence of the catalytic activity on the temperature (Fig. 2) 
and in the comparatively close values of K m for the polypeptides and for esterase enzymes 
such as chymotrypsin (Table 2). 

The hydrolytic activities of the polypeptides investigated depended on the pH and the 
temperature and it could therefore be assumed that it was connected with some conformational 
rearrangements or other. It was interesting to detect that structure at which the maximum 
catalytic effect was observed. To evaluate the structural features of these polypeptides we 
made use of the method of circular dichroism (CD), which permits the identification of the 
main types of structures: ~-helix, B-structure, and unordered structure, also known as the 
random coil. 

The four polypeptides (see Table i, compounds 2-5) were investigated in aqueous solu- 
tions both under the optimum conditions for the manifestation of the greatest catalytic activ- 
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TABLE i. Regular Polypeptldes Investigated for the Presence 
of Catalytic Activity in Relation to the Hydrolysis of p-NPA 

Mean ID.egree 
Polypepfide moleeu- ~of poly- 

tar I meriza- 
[22] weight, I tion, "~ 

May 

. i Mean }Con- 
~.uatalyt- I molec-. lc ac- ular een- 
fivity" Iweight tra~.. _ 
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*A plus sign means that there was catalytic activity and a 
minus sign that there was none. 
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Fig. i. Dependence of the hydrolysis of p-NPA by polypeptides on the pH; i) H-[Glu- 
Tyr]n-OH; 2) H-[Glus-Tyr]n-OH; 3) H-[Glu-Tyrs]n-OH (concentration of the polypep- 
tides C = 0.2 mg/ml; concentration of p-NPA, C = 3 mg/ml, reaction temperatures 
45°C); 4) copolymer of tyrosine and glutamic acid (i:i) [i0]; 5) copolymer of tyro- 
sine and glutamic acid (1:5) [i0]. (Concentration of copolymer 1 mg/ml; concentra- 
tion of p-NPA 2 mg/ml; temperature 40°C). 

Fig. 2. Dependence of the rate of hydrolysis of p-NPA catalyzed by polypeptideson 
the temperature at the optimum pH values: I) H-[GIu-Tyr]n-OH (pH 7.17); 2) H-[Glus- 
Tyr]n-OH (pH 7.07); 3) H-[Glu-Tyrs]-OH (pH 7.17). 

ity in relationto the hydrolysis of p-NPA and under nonoptimum-conditions (acid pH values). 

The interpretation of the CD spectra of the polypeptides containing tyrosine residues 
presents some difficulty, since they are complicated by the additional bands due to the in- 
fluence of the lateral tyrosine chromophores [23]. In view of this, the spectra of the model 
structures poly-L-lysine and poly-L-glutamic acid, which are usually used for the analysis 
of the CD spectra, proved unsuitable in our case. Nevertheless, we attempted to characterize 
the structures of the polypeptides under investigation, even if only qualitatively, on the 
basis of literature information [20, 21, 23]. In addition to this, we also attempted to take 
into account the fact that the predominance of a particular amino acid residue should have 
an influence on the type of structure formed. Thus, e-helical sections may appear in the 
secondary structures of compounds 4 and 5 (Table I) at acid pH values because at pH 4.4 poly- 
L-glutamic acid passes from the state of a random coil into that of an s-helix [19]. Similar 
considerations can be taken into account when tyrosine residues predominate in a polypeptide, 
since at low alkaline pH values poly-L-tyrosine has either the 8-structure or an unordered 
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structure, depending on the method of preparing the polypeptide solution [20]. It may be as- 
sumed that these structural forms will be retained both under normal conditions and at acid 
pH values. The structural features of a polypeptide in which the ratio of tyrosine and glu- 
tamine residues is i:i (compound I, Table I) will be considered in a special communication. 

Thus, the structures of compounds 4 and 5 must be considered as the most sensitive to a 
change in the pH conditions in the range studied, since the lateral carboxy groups of the 
glutamic acid residues that are present in predominating amount in these polypeptides are 
ionized completely or partially precisely in the range of pH values studied. 

Analysis of the CD curves and values of [8] (Table 3) shows that under the optimum con- 
ditions of hydrolysis when the polypeptides H-[Glu~-Tyr]n-OH and H-[Glus-Tyr]n-OH exhibit 
their maximum catalytic activity, they actually have an unordered structure (Figs. 3 and 4), 
as is shown by the negative band in the 197-nm region. The [8],97 value of the former is 
almost twice that of the latter, apparently because of the relatively high tyrosine content 
in the polypeptide molecule. 

On passing to the region of the acid pH values, ~-helical sections arise in the struc- 
tures of these polypeptldes (Figs. 3 and 4), since the broad negative band in the CD spectra 
with maxima at 208 and 222 nm that is characteristic of poly-L-glutamic acid is observed in 
the CD spectra of both components. Some difference in the shapes of the bands and [8] values 
can probably be explained by different quantitative amounts of s-helical residues, and also 
by the quality of the secondary structure formed. It is just at this moment when the poly- 
peptide molecule acquires some additional structural organization that its catalytic proper- 
ties disappear. The fact that with the presence of an unordered structure in the polypeptides 
H-[Glus-Tyr]n-OH and H-[Glus-Tyr]n-OH , existing under conditions when the catalytic proper- 
ties with respect to the hydrolysis of p-NPA exist to the maximum extent, the former cataly- 
zes it and the latter does not, may indicate that the presence of an unordered structure 
is insufficient for the realization of catalytic properties in a polypeptide and that in this 
case the actual primary structure is of equal value, which must simultaneously ensure the 
necessary number of functional groups present in the "catalytic center" and their appropriate 
arrangement in space. 

The CD spectra of compounds 3 and 6 (Table i) differ by the position of the negative 
bands and the value of [8] and, consequently, their secondary structures are different. Thls 
observation is important in itself, since H-[Glu-Tyr~]n-OH has catalytic activity while H- 
[Glu-Tyr2]n-OH has not. Furthermore, the polypeptides react differently from the structural 
point of view to a change in conditions. For example, the secondary structure of the latter 
is less sensitive to a change in the pH of the medium and of the temperature (Fig. 5) and is 
less mobile than the secondary structure of the first polypeptide (Fig. 6). However, it is 
difficult to make a concrete statement as to what types of secondary structures are present 
in the two polypeptides. It can only be assumed that it may be an unordered structure with 
elements of ~-structure. 

We have been unable to perform a more detailed 
CD spectra of model structures of poly-L-tyrosine. 
cerning the tertiary structure of our polypeptides, 
may represent a structure to some extent resembling 
ihle and capable of rearranging under the structure 
a polypeptide-substrate complex. 

analysis, since we did not possess the 
Unfortunately, we also have no ideas con- 
slnce the very term "unordered structure" 
the globular structure but fairly flex- 
of the substrate with the formation of 

A somewhat indirect idea of the relative changes in it can nevertheless be obtained from 
measurements of the CD spectra taken in the region of the absorption of the phenol chromo- 
phore at 240-300 nm under conditions ensuring the appearance of the maximum catalytic activ- 
ity and under conditions not ensuring this. Thus, attention is attracted by the fairly con- 
siderable change in the CD spectra with a change in the conditions which, even in itself, may 
show some conformational rearrangement in the structure of the polypeptides. It is particular- 
ly appreciable for the polypeptides H-[Glus-Tyr]n-OH and H-[Glu-Tyr3]n-OH at the moment of 
passage from conditions not the optimum for hydrolysis to the optimum conditions (Figs. 7 
and 8). At the same time, in the polypeptides H-[Glu-Tyr2]n-OH and H-[Glus-Tyr]n-OH these 
changes are only slight (Figs. 9 and i0). One more feature of the CD spectra has been found 
which is characteristic of the polypeptides not possessing catalytic properties: they have a 
negative band with two maxima at 276 and 284 nm. However, we have been unable to explain this 
fact on the basis of the results of the investigations performed. We have also been unable 
to estimate the percentages of a-helical and ~-structural sections in the polypeptide chains, 
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Fig. 3. CD spectra of H-[Glu,-Tyr]n-OH in aqueous solution: i) pH 7.0, t = 45°; 2) 
pH 7.0, t = 20°; 3) pH 4.8, t = 45°; 4) pH 4.8, t = 20 ° . 

Fig. 4. CD spectra of H-[Glus'Tyr]n-OH in aqueous solution; I) pH 7.15, t = 20°; 2) 
pH 7.15, t ffi 45°; 3) pH 5.20, t ffi 20°; 4) pH 5.20, t ffi 45 ° , 
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Fig. 5. CD spectra of H-[GIu-Tyr2]-OH in aqueous solution: i) pH 7.20, t = 20°; 2) 
pH 7.20, t = 45°; 3) pH 5.80, t = 0°; 4) pH 5.80, t = 45 °. 

Fig. 6. CD spectra of H-[Glu-Tyrs]n-OH in aqueous solution: i) pH 7.0, t = 20°; 2) 
pH 6.2, t = 20o; 3) pH 6.2, t = 45 ° . 
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Fig. 9. CD spectra of H-[Glu,Tyr=]n-OH in aqueous solution: i) pH 7.2, 
2) pH 7.2, t = 45°C; 3) pH 5.8, t = 45°C; 4) pH 5.8, t = 20°C. 

Fig. i0. CD spectra of H-[Glu3-Tyr]n-OH in aqueous solution: 
2) pH 4.8, t = 20°C. 

t = 20°C; 

i) pH 7.0, t = 20°C; 

since the reference spectra obtained with the aid of poly-L-lysine proved to be inadequate 
because of the high tyrosine content in the polypeptides. 

Thus, regular polypeptides containing tyrosine and glutamic acid residues can catalyze 
the hydrolysis of the ester bond in p-NPA while with the appearance of additional elements 
of structuration in the polypeptide chain the catalytic properties decrease or disappear com- 
pletely. 

E~ERIMENTAL 

Measurement of the Hydrolyti c Activity of the Polypeptides. Carefully, with stirring, 
3 ml of 0.1 N HCI was added to a solution of 25 mg of a polypeptide in 2 ml of 0.2 N NaOH. 
Then, using a pH-meter, the solution was back-titrated with 0.1 N HCI to pH 7. The solution 
was transferred to a 25-mi measuring flask and was made up to the mark with water (concen- 
tration 1 mg/ml). Solutions of p-NPA as substrate were obtained by dissolving 500 and 750 mg 
of p-NPA in absolute dioxane. The volume of each solution was made up to 50 ml with dioxane 
(concentrations i0 and 15 mg/ml). The thermostated cell of a Hitachi EPS-3T spectrophotometer 
(optical path length 1 cm) was charged with 0.6 ml of the polypeptide solution and 1.8 ml of 
1/15 M phosphate buffer with a predetermined pH, and the cell was heated to the appropriate 
temperature. An identical cell but without the polypeptide was prepared in parallel. To each 
cell was added 0.6 ml of a solution of the substrate in dioxane that had been freshly pre- 
pared and heated to the appropriate temperature and then the cell contents were mixed for a 
few seconds and the optical density D was measured at a wavelength of 400 nm. 
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To measure the rate of hydrolysis of p-NPA we used the rectilinear section of the curve 
of the dependence of D for the p-nitrophenol (p-NP) liberated in the hydrolysis on the time 
t from the beginning of the reaction. The tangent of the angle of slope of this section was 
taken as the initial rate of hydrolysis of the substrate, this being a measure of the cat- 
alytic activity of the polypeptide. The rate of catalytic hydrolysis of the substrate by the 
polypeptides was determined from the formula 

Vob s = Vmeas -- Vcontr~ 

where Vmeas and Vcont r are the rates of hydrolysis of p-NPA in the presence and in the ab- 

sence of the polypeptide, respectively. Then 

Win 
ADt AD, 

K, Vo. = = K, 

1 K- Vob  , 

where K is a factor for calculating the initial rate of the reaction V, which is derived from 
the relation 

K=a d/L 

where E is the molar extinction coefficient of p-NPA under the given conditions (pH and 
temperature); a, rate of movement of the paper strip of the recorder of the instrument, I mm/ 
min; and d, change in optical density corresponding to i mm on the paper strip of the record- 
er. 

Since the instrument is a double-beam instrument, we obtain the difference between ADI/ 
Atl and ADa/Ata as AD/&t or tan ~, and 

Vobs = AD AD ad 
-~T "K = At : 

Determination of V and K m. Since these magnitudes cannot be determined from graphs of 
the dependence of V on C for p-NPA, because the latter is not rectilinear (Fig. ii), we used 
the Lineweaver-Burk method for transforming them into linear functions (Fig. 12). The effec- 
tive rate constant of the reaction K" was determined from the formula 

where K= = V/C, the rate constant of the splitting off of p-nitrophenol, min-1; C being the 
molar concentration of the monomeric unit of the polypeptide in the reaction mixture, M. 

Measurement of the Circular Dichroism Spectr a. The CD spectra of the polypeptides were 
taken on a Jobin-Yvon Mark III dichrograph (France). The molar ellipticity was evaluated from 
the relation 

lo] = 3300. ~_~.D 

where AD is the recorded dichroic optical density; C, molar concentration of the polypeptide 
solution, M; and Z, the length of the sample-containing cell. 

Quartz cells with optical path lengths of 0.01, 0.05, and 0.i cm were used in the 190- 
250,nm region, and 0.i-, 0.5-, and l-cm cells in the 250-320-nm region. The mean molecular 
weights of one residue, the working concentrations of the polypeptides, and the conditions 
for performing the measurements (pH and temperature) are given in Table 2. 

H-[Glu-Tyr2]n-OH does not possess catalytic activity. The CD spectrum taken at 20°C and 
pH 7.2-7.4 has a negative band in the 190-210-nm region with a maximum at 197 ([e]x97 - 0.8- 
10 -4 ) and a positive band in the 220-240-nm region with a maximum at 230 nm ([el=no ~ 0.24- 
i0"~). A rise in the temperature to 45°C led to a slight uniform increase in the intensity of 
the whole negative band from 190 to 210 nm while the positive band with a maximum at 230 nm 
remained unchanged. 
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Fig. 12. Dependence of the rate of hydrolysis of p-NPA on the 
concentration of p-NPA (curves in the form of Lineweaver-Burk 
diagrams): i) H-[Glu-Tyra]-OH; 2) H-[Tyr-Glus]n-OH; 3) H-[Tyr- 
G1 u ] n-O H. 

A change in the pH of the medium from 7.2 to 5.8 was accompanied by appreciable decreas- 
es in the ellipticities of the negative and positive bands with a shift in the maximum of the 
latter from 230 to 232 nm (Fig. 5). The formof the spectrum under the optimum conditions of 
hydrolysis is characteristic for a coil containing 8-structure, as may be indicated by a 
shoulder with an inflection in the 207-219-nm region. 

H-[Glu-Tyr,]n-OH possesses catalytic properties. The CD spectrum taken at 20°C and pH 7 
has a strong negative band at 207-225 nm with a maximum at 215 nm ([0],zs ~ --3.3"10 -4) and a 
positive band in the 220-240-nm region with a maximum at 230 nm ([O]2se ~ 0.26"10 -4) (Fig. 6). 
With a change in the pH of the medium to 6.2, the negative band became broader and a shoulder 
appeared at 225-227 nm. The positive band decreased and its maximum shifted to 238 nm. A rise 
in the temperature to 45°C led to a uniform decrease in the amplitudes of the negative and 
positive band with no other appreciable change in the spectrum. 

The form of the spectrum under the most favorable conditions for hydrolysis is charac- 
teristic for a structure of the random coil type in which elements of 8-structure are pres- 
ent. A proof of its existence may be provided by the following discussion: the CD spectrum 
of poly-L-tyrosine in the 8- form has a positive band in the 200-nm region just like the un- 
ordered structure, but the value of [8123e for the 8- form is negative ([812ae ~ --2.0"10 -4 ) 
while that for the "coil" is positive ([812so ~ 1.6"10-4). In the spectrum of H-[GIu-Tyr2]- 
OH, [812~o is an order of magnitude smaller than the values given in the literature [20]. 
Consequently, one may assume the presence in these polypeptides not of e-helical but of 
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pleated struc=ures. This negative band in poly-L-tyrosine appears only when it is present 
in the a-helical state but if any other amino acid residue is added to the polypeptide se- 
quence this band will be observed in the B-form and other structural forms. 

H-[Glus-Tyr]-OH catalyzes the reaction. The spectrum taken at 20°C and pH 7.12 (Fig. 4) 
shows a negative band at 190-210 nm with a maximum at 197 nm ([8],97 ~ 2.08"10 -4 ) and a posi- 
tive band at 218 nm ([0]2,, ~ 0.16"10-4). With a rise in the temperature to 45QC, a uniform 
decrease in the negative band was observed. A change in the pH of the medium from 7.12 to 5.2 
was accompanied by the appearance of a broad negative band with maxima at 222 nm ([812=2 ~ 
0.5-10 -4) and 208 nm ([8]=oe ~--0.8"i0-4), which shows the appearance of a-helical sections 
in the secondary structure. 

H-[Glus-Tyr]n-OH does not catalyze the reaction. The CD spectrum taken at 20°C and pH 
7.0 shows a negative band in the 190-210-nmregion with a maximum at 197 nm and [8],97 ~ 0.94. 
10 -4 and a positive band in the 215-240-nm region with a maximum at 230 nm and [@]zso ~ 0.18, 
10 -4 due to the presence of tyrosine residues in the polypeptide chain. A rise in temperature 
to 45°C involved a decrease in the value of [O] with no change in the form of the spectrum. 
A change in the pH of the medium to 4.8 led to the appearance of a negative band with a max- 
imum at 203 nm and [8]2o3 ~ --0.2"10 -4, which may indicate the appearance of a-helical sec- 
tions in the secondary structure of the polypeptide (Fig. 3). 

SUMMARY 

i. The catalytic properties of polypeptldes of regular structure containing glutamic 
acid and tyrosine residues with respect to the hydrolysis of p-NPA have been investigated as 
functions of the pH, the temperature, and the concentration of the substrate. 

• 2. It has been shown that the polypeptides H-[GIu-Tyr]_-OH, H-[Glu-Tyrs]n-OH , and H- 
[Glub-Tyr]n-OH havean enzyme-llke type of catalysis of the hydrolysis of p-NPA~ 

3. The structural features of the polypeptides have been investigated by the circular 
dichroism method and it has been shown that at the optimum values of the pH and the tempera- 
ture when the polypeptlde possesses its maximum activity a structure of the random coil type 
exists in it. On the appearance of elements of orderedness (a-hellcal and 8-structural sec- 
tions) in the structure of the polypeptides, their catalytic activity falls or disappears 
completely. 

4. It has been shown that the maximum catalytic activity is exhibited by the polypep- 
tide H- [Glu-Tyr ]n-OH. 
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