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ing radiations on the constitutive amino acids of DNase I with that on amino acid 
solutions seems unwarranted since the experimental conditions are not comparable. 
The ionic yield in terms of ammonia formation is a function of amino acid concentra- 
tion, pH and radiation intensity and, in this respect, there seems no real basis for 
comparison. Furthermore, the respective state in which the amino acids are irradiated 
are obviously quite different. 

S U M M A R Y  

I. Significant changes  in the  ami no  acid composi t ion  of DNase  I were observed  af ter  exposure  
of the  e n z y m e  to i r radiat ion.  Rad ia t ion- induced  deami na t i on  appears  to be the  mos t  i m p o r t a n t  
factor  in the  p roduc t ion  of th is  change.  

2. Exposu re  to large doses of  ionizing rad ia t ion  resul ted in a s ignif icant  change  in the  ul t ra-  
violet  s p e c t r u m  of DNase  I. A l though  the  absorp t ion  a t  25 ° m / *  increased l inearly with rad ia t ion  
dose, the  e n z y m e  ac t iv i ty  decreased exponent ia l ly .  

3. These  s tudies  indicate  t h a t  large doses of ionizing rad ia t ions  sufficient to des t roy  t he  
enzymic  proper t ies  of this  protein did no t  br ing  a b o u t  an  equal ly  ex tens ive  change  in the  a m i n o  
acid composi t ion.  
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Studies by NEURATH et al.  x have shown that chymotrypsin can act on ester linkages as 
well as on amide bonds, provided that the other specificity requirements are met. 
Thus, chymotrypsin readily hydrolyzes the ester group of such compounds as benzoyl 
L-tyrosine ethyl ester, benzoyl L-phenylalanine ethyl ester, acetyl L-tyrosine ethyl 
ester, etc. It  was first found that the replacement of the "secondary peptide bond", 
such as the benzoyl amino or the acetyl amino group of the above compounds, by a 
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free amino group greatly decreases the susceptibil i ty of the resulting compound to 
chymotrypt ic  action. This and other observations were explained by  the assumption 
that  the higher susce.ptibility of compounds bearing a "secondary peptide bond"  is the 
result of the formation of two hydrogen bridges between this peptide bond and a 
complementary  peptide bond on the enzyme surface. However, it was found by 
GOLDENBER(; .\NI) (.;OI.DENBER(; 2 that  l . -phenylalanine ethvl ester was readily hydro- 
lyzed by chymotryps in  if the cleavage was carried out at pH 0.4 instead of the slightly 
alkaline medium (pH 7.8) usually employed in experiments with chymotrypsin.  In 
view of these findings, it appeared of interest to s tudy the action of chymotrypsin  on 
those derivatives of phenylalanine ethyl ester in which one hydrogen of the amino 
group was replaced by an alkyl group. 

EXPERIMENTAI. 

We prepared the following compounds:  DL-N-ethylphenylalanine ethyl ester, DI.-N- 
methylphenyla lan ine  ethyl ester, and L- and D-N-methylphenylalanine ethyl ester. 

L-N-Methylphenylalanine was prepared from D-phenylalanine according to the method of IZUMIYA 
et al. 63. [a)~i I a- 49.5 ~ (in o.t 5 N NaOH). FISCHER AXD I,IPSCmTZ s have reported [a]~ + 49.7::. 
The substance was converted to tile ethyl ester hydrochloride by the method used by FISCHER in 
the preparation of L-tyrosine ethyl ester *. The product obtained was recrystallized from alcohol- 
ether. M.p. x 33-134°C (Fischer-J ohns melting point apparatus). Found : N..5.7 ; neutral equivalent, 
248 (WillstXtter-Waldschmidt-Leitz titration), 247 (Sorensen formol titration). Calculated : N, 5,7 ; 
neutral equivalent, 244. [a]'~ ~ + 9.4 ~ (5% in water). IZUMIVA AND FRO'tON ~ have reported m.p. 
133°(; and [~1]~ + 7.8 ° (2 % in water) for this compound. 

D-N-Methylphenylalanine ethyl ester hydrochloride was prepared from l.-phenylalanine in the 
same manner as the L-isomer. M.p. 133-134 ' ' ( ' .  Found: N, .5.8; neutral equivalent, 239 (Sorensen 
formol titration). Calculated: N, 5-7: neutral equivalent, 244. [a]~ .--9.6 ~' (5 % in water). 

DL-N-Methylphenylalanine ethyl ester hydrochloride was prepared from DL-phenylalanine 
in a way similar to the L- and r)-compounds. Found: N, .5.8; neutral equivalent, 240 (Sorensen 
formol titration). Calculated: N, 5.7; neutral equivalent, 244. 

DL-N-Ethylphenylalanine ethyl ester hydrochloride was prepared from DL-~-bronm-fl-phenyl- 
propionic acid 1° by treating it with ethylamine and by esterification of the obtained product by 
FISCHER'S method. The substance was recrystallized from ethanol. Found: N, .3.3; neutral equiva- 
lent, 257 (\VillstStter-\Valdschmidt-l,eitz titration). Calculated: N, 5-4; neutral equivalent, 258. 

l)L-l'henvlalanine ethyl ester tlydrochloride was prepared from DL-phenylalanine by 
FISCHER'S method. The substance was recrystallized from ethyl acetate. ["ound:  neu t ra l  equi- 
valent, .,aS (Willstiitter-Waldschmidt-Leitz titration). Calculated: -3 o. 

L-Phenylalanine ethyl ester hydrochloride was prepared from L-phen.vlalanine in a similar 
way to the OL-compound. It was recrvstallized from alcohol-ether. Found : neutral equivalent, 228 
(Willstiitter-Waldschmidt-Leitz titration}. Calculated: 23o. 

Worth ington  crystalline, salt-free chymotrypsin  was used. As can be seen from the 
results summarized in "Fable I, at a pH range varying between 5-7 and 7.7 none of the 
N-alkyl compounds mentioned was susceptible to the action of chymotrypsin.  

I)IS('USSION 

Considering the fact that  N-benzoyl and N-acetyl derivatives of phcnylalanine ethyl  
ester, as well as phenylalanine ethyl ester itself, are readily a t tacked by ehymotrypsin,  
the resistance of N-methyl  and N-ethyl derivatives of phenyla lanine  ethyl ester to 
chymotrypt ic  act ivi ty  is somewhat surprising. This resistance could be explained by a 
diminished tendency of the a lkyl-subst i tuted amino group to form a hydrogen bond, 
by proton donation,  with an appropriate group on the enzyme surface. The following 
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consideration nlav serve as an alternative explanation of our findings. GOLDENBERG 

.x.xl) GOI.OEXI~I~R(, a found that optimal hydrolysis of phenylalanine ethyl ester occurred 
at ptl 6. 4 when the rate of cleavage was measured by titration of the liberated acid. 
However, when they investigated the action of chymotrypsin on the same compound 
bv ineasuring the. disappearance of the ester, using H~:.srRlX'S hvdroxamic acid 
method a, they found an apparent increase in the rate of the reaction and a distinct 
broadening of the pH range of enzymic activity with a shift towards the alkaline. 
region. This discrepancy can easily be understood if one realizes that H~:.s'ri¢1,~'s 
method measures, in addition to hydrolysis, the disappearance of ester caused by 
transpeptidation reactions whose pH optimum may differ from that of the hydrolysis ~. 
Since we have not found any activity of chymotrypsin with our compounds using 
I-h.:sTRIX's method, it appears that neither hydrolysis nor replacement reactions oc- 
curred. In order to explain the lack of susceptibility of the N-alkvl derivatives to 
chymotryptic activity we suggest that phenylalanine ethyl ester is not hydrolyzed 
directly" by chymotrypsin but is tirst converted, by a transpeptidation reaction, to 
phenylalanylphenylalalmw ethyl ester (or to the ester of a higher peptide). "l'his com- 
pound bearing a "secondary pet)tide bond" is then rapidly hydrolyzed by the enzyme. 
The inability of chymotrypsin to carry, out transpeptidatioi~ reactions with the N- 
alkyl-substituted esters would then account for the resistance of such compounds to 
the action of the enzyme. It may be recalled that "I'.\rI*ER '~' obtained phenylalanyl- 
phenylalanine ethyl ester on treating phenylalanine ethvl este.r with ehymotrypsin at 
pH 8.8. l-le also found that chymotry, psin did not markedly hvdrolvze, this dipeptide 
este.r at pH 7.7. If our assumption is correct, namely that this ester acts as an inter- 
mediary compound in the chymotryptic hydrolysis of phenylalanine ethyl ester, it 
would seem that the optimal pH for its cleavage must be in the slightly acid region. 

Experiments to check the validity of the above explanations are under way. 

S I ' M M . \ I C f  

] 'he  ac t ion  of c h y m o t r y p s i n  on N-me thy l  and  N-ethyl  de r iva t ives  of pheny la l an ine  etID'l es ter  a t  a 
p t t  range v a r y i n g  be tween  5.7 and 7.7 was inves t iga ted .  Ne i the r  hydro lys i s  nor r ep l acemen t  
reac t ions  could be de tec ted .  
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