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TABLE I.  Plate Coiints of an Eschericlrin coli 
Culture at Interrals during Growth, Cnf rozen and 

after 2 Cyclw of Freezing and Thawing. 
~ ~ ~ ~~~~ 

Age of Snrviving 
culture Frozen fraction after 

(hr ) 7'11frOZ<.ll twice freezings ("I( ) 

3 3 ,ot I() 
4 80 ,Of H 

2,3 0 0,o 0 0 
3 2,000 ,OUO 

183,000,000 
G00,000,000 
620,000,000 
950,000,000 
780,O 00 ,o O( 1 
G50,OO 0,o I 1 ( I 

which occur during the growth cycle are 
poorly understood it does not seem profitable 
to speculate on these changes in relation to 
the mechanism of freezing damage. 

Since it is apparenlt that the phase of 
growth may have a tremendous influence on 
the susceptibility of bacteria to freezing dam- 
age, it is important to consider this factor in 
the interpretation of freezing damage data. 

Suiizrtaary. The sensitivity of Escherichia 
C O Z ~  to freezing damage varies during the 
growth cycle with maximum susceptibility 
during the period of logarithmic growth. 
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Hydrolysis of Amino Acid Amide Derivatives of 2=Aininofluorene, 4-Amino- 
biphenyl and 4,4'-Diaininobiphenyl by Leucine Aminopeptidase." (22524) 
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I t  has been established that carcinogenic 
amines, such as 2-aminofluorene, 4-aminobi- 
phenyl and 4,4'-diaminobiphenyl (benzidine) , 
combine in vivo with tissue proteins or protein 
precursors( 1-3). Although the exact mode 
of combination with proteins is unknown, 
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Greenskin, et a L ( 4 )  have suggested that the 
binding may involve a peptide bond between 
the amino group of the amine and a carboxyl 
group of the protein or protein precursor. 
Moreover, these investigators have demon- 
strated that peptide derivatives. in which the 
carcinogenic amine is linked to the carboxyl 
group of different amino acids, are susceptible 
to hydrolysis by tissue homogenates. Although 
the enzyme or  gmup of enzymes responsible 
for the hydrolytic action has not been identi- 
fied, it is reasonable to assume on the basis of 
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TABLE I. Rates of Hydrolysis of Certain Amino 
Acid Aniides. 0.05 M substrate was incubated 
at 40°C for 4 hr in presence of 0.06 M 
Tris [ tris (hylrosymethyl) aminomethane] buffer at 
p H  8.5, 0.004 31 MnCl,, 60% methanol and 1.3 y 
protein S /ml  of aminopeptidase. The enzyme was 
activated for 30 min. under the same conditions in 
absence of subatrate( 5). A F  = 2-aminofluorene, 

B P  = 4-aminobiphenyl, Bz = benzidine. 

Substrate c, 
L-Leucinamide 11. 
L-Norvalyl-AF .14 
L-1 soleueyl- A F  .026 
L-Valyl- A F  .015 
L-Phenylalanyl-AF .01 

L-Sorvalyl-BP .135 
Glycyl- A F  .o 1 

D-I\Jorvalyl-BP 0 
L-Isoleucyl .o 1 
L-Valyl-BP .01 

D-Sorleucyl-BP 0 

L-Sorleucyl-BP .028 
L-Tryptophyl-BP .015 

L-Sorleucyl-AF* 
L- Phenylalanyl-BP * 
D-Phenylalanyl-BP" 

+ + + + + 

GlYcyl-BP" ++ 
Di-L- Alanyl-Bz" +++ 
Pi-Glycyl-Bz" 2 

" These compounds were too insoluble to permit 
determination of an approximate C1 value. Appar- 
ent extent of hydrolysis could be estimated quali- 
tatively h~ ohserving amount of amino acid de- 
tected after chromatographic analysis of the reac- 
tion mistnres. 

the known requirements for the specificity of 
leucine aminopeptidase (5 ) , that this enzyme 
could hydrolyze the carcinogenic amine-pep- 
tidie bond. ,ill tissue homogenates used by 
Greenstein, et d ( 4 )  are known to contain 
this enzyme (6) .  I t  is the purpose of this pa- 
per to present d a k  on the hydrolysis of sev- 
eral amino acid a i d e  derivatives of carcino- 
genic amines by leucine aminopeptidase. 

Methods. The leucine aminopeptidax used 
in this study was prepared from swine kidney 
essentially as previously dfescribed ( 7). The 
derivatives of the carcinogenic amines were 
prepared by Dr. J. P. Greenstein and his as- 
sociates(4). We wish to express our thanks 
to them for their courtesy and generosity in 
furnishing samples flor this study. 

Activation of the aminopepbidtase was per- 
formed essentially as described earlier( 5). 
However. the insolubility of mlost of the 
amino acid a i d e  derivatives in water p e -  
vented studying rates of hydrolysis under the 
usual conditions. Since 'the cmpounds are 

more soluble in methanol, 60% methanol was 
used for study of the enzymatic reaction. The 
effect of methanol on the rate of hydrolysis of 
amino acid armides by the aminopeptidase has 
been studied (8). 

Results. Table I shows that all of the L- 

isomers tested are hydrolyzed by the enzyme 
although the rates are glow when compared 
with the sensitive substrate, L-leucinmide. 
When possible, proteolytic coefficients (C,) 
were determined for each of thie substrates by 
the titrimetric procedure of Grassmann and 
Heyde(9) in order ~bo orbtain lait least a rough 
comparison of the suscept4bility of each amide 
to the aminopeptidase. (C, is the first order 
velocity constant k1 per mg protein N per ml 
calculated in minutes and cdecimal loga- 
hrithms) . Like the unsubstituted amides, 
those compounds with aliphatic side chiains 
are more susceptible to hydrolysis than those 
with larowtic side chains( 5) .  However, 
some reservation should be made in colnskkr- 
ing the relative rakes of hydrolysis, since the 
degree of solubility of each compound in 60% 
methanol is different and would influence the 
rate #of hydrolysis. Furthemore, methanol 
does not inhibit hydrolysis of all amides to 
the same extent (8). L-Norvalylamino- 
fluorene appears 'to !be hydrolyzed ,at a greater 
rate than the L-norleucine derivative, which 
is unexpected on the basis of previous speci- 
ficity studies( 5). However, the norvaline 
compounds are completely soluble in 60% 
mlethanol whereas the norleucine compounds 
are only partly soluble. For the enzyme 
preparation used, the C1 for L-leucinamide 
was 60 in water whfereas it was 11 in 60% 
methanol. In order to: confirm the titrimetric 
results shown in Table I, each reaction mix- 
ture was examined for free lamino acids after 
completing the experiment. Excess substrate 
was removed from 0.75 rnl of each reaction 
mixture by addition of an equal volume of 
water. The mixture was centrifuged, the su- 
pernatant solutim acidified to pH 2 and 
treated with Dmex-50-XS (20-40 mesh) ion 
exchange resin in ithe H+ cycle for adsorption 
af the free \amino (acids( 10). After washing 
the resin Ithomughly, the amino acids were 
eluted with 5N NH40H and the eluates con- 
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TABLE 11. Iiihihitioii of Leueine Aminopeptidase 
by Benzidiiie, 4-Aminobiphenyvl and 2-Aminofluo- 
rene. Each iw~ctioii iiiisture contained 0.05 11 leu- 
cinamicle, 0.06 11 Tris buffer at pH 8.5, 0.002 31 
MnCl,, 3070 nicthaiiol, 0.29 y protein K/ml of am- 
inopeptitlnse, and inhibitor a t  the conceiitratioii 
iiidica twl. The e i i z y e  was activated uiicler the 
same coiiclitioiis for  30 niiii. in absence of sub- 

stra te. 

Iiiliihitioii ( 7c) 
Iiiliibitor .001 31 .005 31 .n1 1 r  .05 11 

B enzi cline 5 8 22 30 
4Amiiiobiphenpl 20 40 23 25 
2-Aminofluoreiie 6 14 25 

centrated #to dryness in vacua over concen- 
trated sulfuric acid. The eluted amino acids 
were then chromatographed on Whatman No. 
1 filter paper in butanol-acetic acid-water 
(200-30-75) for 48 hours. The papers were 
dried and sprayed with a ninhydrin solution. 
The chromatograms showed only the amino 
acid present in the original amide derivatives. 
KO free amino acids could be detected in con- 
trol reaction mixtures incubated without 
aminopeptidase under the same conditions. 

Further confirmation for enzymatic hy- 
drolysis was obtained from the green-blue 
color which developed on addition of the re- 
action mixtures to the ion-exchange resin. 
Because of the oxidation of J h - -  to MnO? in 
the Ireaction mixture during hydrolysis, as 
well as the presence of free amine. conditions 
were flavorable for the Oxidation of the amines 
to benzidine blue and related compounds ( 1 1 ) . 
Control reaction mixtures did not give any 
color nor did those compounds containing the 
D-isomers, which were resistant to enzymatic 
hydrolysis. Qualitatively, it appeared that 
those compounds hydrolyzed most rapidly 
also produced the most color. Under proper 
conditions it might be feasible to use this re- 
action for a quantitative estimation of free 
carcinogenic amine. 

Since product inhibition of the aminopepti- 
dase by the carcinogenic amines could in- 
fluence 'the hydrolysis, each amine was tested 
for its inhibitory properties. The results are 
shown in Table 11. I t  is seen that only at  
high concentrations of amine was there any 
significant inhibition. It is probable that any 
inhilbitim caused by free amine did not sig- 
nificantly affect the observed rates of hy- 

--- 

- 
__ - _.-. - - - - - - - - . - .. __ - 

drolysis, although the inhitbition might ac- 
count for the fall in velocity constants ob- 
served in some cases. 

Discussion. The observations of Green- 
stein, et  al. (4) have demonstrated that amino 
acid amide derivatives of certain carcinogenic 
amines are hydrolyzed by the enzymes of a 
number of animal tissues. The present study 
shows that a highly purified peptidase, namely 
leucine aminopeptidlase, can catalyze the hy- 
drolysis of such compounds. -4lthough the 
present results do not exclude the possibility 
that other tissue enzymes may also catalyze 
this reaction, i t  is obviouslly unnecessary to 
assume the presence of novel enzymes to ex- 
plain the hydrolysis of the amino acid amide 
derivatives of the carcinogens. L-nfortunately, 
it is difficult to obtain a strictly quantitative 
comparison of the sensitivity of these com- 
pounds to the aminopeptidase. largely be- 
cause of their insolubility in water. The re- 
sults obtained in 60% methanol yield only 
approximations both of the absolute and rela- 
tive rates of hydrolysis. Studies, to be pub- 
lished elsewhere (8), have demonstrated that 
the inhibition of the aminopeptidase by me- 
thanol and other alcohols varies with differ- 
ent substrates, the greatest degree of inhibi- 
tion being obtained with the most sensitive 
compounds. For example, alth'ough Table I 
indicates that the L-norvalyl derivative of 
aminofluorene is hydrolyzed 14 times more 
rapidly than the glycyl analog. it is very 
likely that they differ in susceptibility by a 
factor which is at Ieast 10 times greater. 
Nevertheless, the present ,results are in gen- 
eral accord with the known specificity of the 
enzyme: derivatives of the large aliphatic 
amino acids being more sensitive than the 
aromatic ones or the small aliphatic ones, gly- 
cine and alanine. In  addition, derivatives of 
the D amino acids are completely resistant to 
the action of 'the enzyme, in agreement with 
many earlier studies (5:6). 

Summary. Amino acid amide derivatives 
of the carcinogenic amines, 2-aminofluorene, 
4-aminobiphenyl and 4,4'-diaminobiphenyl 
(benzidine) are hydrolyzed by highly purified 
leucin'e aminopeptidase of swine kidney. Be- 
cause of the poor xhbi l i ty  of these com- 
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pounds in water, the studies were performed 
in 60.76 methanol. The results are in general 
accord with the known specificity of the 
arninopeptidase. 
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Sequential Assays of 4 Amino Acids in Grains of Wheat, Rye, and 
of Their Hybrid." (22525) 

SIDNEY W. Fox+ AND DOROTHY DE FONTAINE. 
Department of Chemistry, Iowa State College, Ames. 

The chemical characterization of organisms 
in ways that may be related to their biological 
evolution may ble taken as a primary objec- 
tive of compamtive biochemistry. A review 
of peptide analysis ( 1 ) listed characterization 
of proteins for biological differentiation as a 
principal discernible goal, along with elucida- 
tion of amino acid residue sequence. Quali- 
ties of an ideal N-terminal agent were also 
prescribed. The agent with many of these 
attributes has proved to be fluorodinitroben- 
mne (FDNB), which has been successfully 
applied )to prablem of structure( 2 ) .  FDNR 
has received somewhat less use in charactm- 
izati~n(3). It has become apparent that a 
more powerful mode of characterization might 
be obtained from a method employing quanti- 
tative sequential analysis. It ,therefore proved 
to be desirable to employ phenyllisothiocya- 
nate (4) rmbtractively ( 5 ) .  Many data have 
been accumulated by this procedure. A hy- 
brid of wheat and rye(6) afforded an oppor- 
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tunity to investigate chemical characteriza- 
tion as related to biological type. For this 
purpose, subtractive quantitative sequential 
peptidie analysis was applied to seeds of 
wheat-rye hybrid (Triticale) and to its par- 
ents. 

For the grains of corn, whmt, and rye, most 
amino acids have been found not to differ 
significantly in total content or in proportion 
in N-terminal and N-penultimate positions 
(7). As wheat and rye seeds, bowever, were 
significantly different in $heir quantitative 
contents of total and N-terminal lysine, ly- 
sine was chosen for simultaneous assay in 
wheat, rye, and the hybrid. Assays of leucine 
were also performed as a basis of comparison 
inasmuch as the differences in leucine content 
appeared to be significant. It was further- 
more of interest 'to check on the C-tminality 
of lieucine. Inasmuch as 1ysozy;me is known 
to contain N-lysine( 8,s) and C-leucine( 9,10), 
and the cereals contain N-lysine(7), such 
analyses permit ccrmparison of whole cereal 
protein with lysozyme. Methimine and phe- 
nylalanine were also studid. 

Materials and methods. The parent strains 
were Triticum aestivum and Secale cereale. 
The hybrid, Triticale, was generously sup- 


