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I. INTRODUCTION
A. Delineation of Sublect

£n acylase 1s an enzyme which cestalyzee the hydrolysis

of acylamino scidg; thet is, speeds up the followilng reaction:
R~ CO-NH-CHR-COOH +Hp0 —5 R'-COCH +NH3-CHR-C00~
Thie theslis describes sn investigation of the propertlee and

poseible physliological importance of an acylase or acylases

from the scld producing bacterium, Lactobzcillus arasbinosus.

B. Objectives

2

Itschnerl, Drechsler®, Fox and ¥arner> have shown that

1K. F. Itschner. Bacterial utilization and sequence

determinetion of peptides. Unpublished Ph.D. Thesis. Anmeeg,
Iowa, Iowa State College Librasry. 1951

2E. R. Drechsler. Utilization of certsin benzoylamino
acids by several species of bscteria. Unpublished M.S.
Thesis. Ames, Jowa, Iowa State College Library. 1952.

3S. W. Fox and C. W. Warner state, on the basis of un-
published exneriments, thst benzoyl-Df-methionine is nertially
utilizable for the methlionine requirements of L. arabinosus.
tmes, Iowa (Private comrunicstion) 1953.



Lactobacillug arsbinosus hse rether marked preferencees in ite

nutritioneil utilizetion of benzoylamino acids in lieu of the
corregponding emino 2cids. Thus, L. arsbinosus can nutri-
tionelly utilize benzoyl-l-leucine snd, to some extent,
benzoyl-Rl-methionine and benzoyl-DL-cystine. FKowever, seven
other benzoylamino acides elicit no growth responree when
present in the growth medium. This metabolic epecificity on
the vert of growing L. srsbinosus wae thoucht poseibly to be

a reflection of the svecificity of acylssee produced by the
orgenism. An objective of the work decscribed here has been
to investigate this posslbility; such an objective constitutes
an investigation of the correlation between cellular behaviour
and enzyme ccnstitution in a specific instance.

4 further gosl has ceen to satisfy curiosity concerning
enzyme specificity. It has been desired to add to similar
work with other organisme and thue increace our knowledge of
specles specificity and similarities at the molecular level.
In perticuler, 1t has been sought to expand knowledce of the
eimllzrities and dissimilaritles of acylase systems from
different sources.

Proteins function in nature as enzymecs, hormones, and
poegibly as hereditary sgents. Ae such, they are indisren-
sable directors of life processes. Yet, how proteins are

syntheslzed remains one of the main, lergely unsolved,
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mysteries of blochemisgtry. Certain properties of proteases,
guch as, some degree of speciflicity and the ability of pro-
tecases to cetelyze several types of reactions, makes resson-
able the working hypothesis that proteases are involved in
protein eynthesls.

It is believed »roper to include amon: the proteases,
the acylase system described in this thesis, end certain
experiments will be described that have as their objective
the obteining of indirect evidence as to whether or not the

acylese system of Lactobacillus arabinosus takes part in

protein synthesis. The approach was to determine if there
exlisted a coinciding pattern of inhibition of both acylase
hydrolysis and szrowth of L. arabinosus by certain compounds.
If there existed a coinclding psttern of inhikition, in both
instances, it was belleved this would constitute evidence,
but not proof, that the acylase system was indispensable for
the zrowth and oresumably nrotein synthesies of the organism.
Finelly it is approvoriate to remark that thie thesis is
but a small contribution to the large but etill guite in-
comnlete picture of the chemical basls of 1ife. The beauty
and faccination of thie plcture, in itself, makes its reve-
lation by the dili:zence of scientists worthwhile. However,
of greater lmportance are the possible useful applications

that mey arise from biochemical information. Thus, a more



intimate knowled-e of the variation among species of chemical
gpecificity could lesd to the rational development of eselec-
tive blocides and blo-regulstors. A more complete knowledge
of the resctione lezding to cell growth end reproduction may

eventuelly lezd to the control of cancer and aging.
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II. HISTORICAL

A, Terminology

1. Acylese

£n acylase may be defined as an enzyme which cstalyzes
the nydrolysis of acylamino acids with the liberation of the

terminal amino acids according to the following reaction:
R!-~CO-NE-CHR-COOH+ HoO <9 R '~COOH -+ NH3- CHR-C00~

the term acylase shall not apply, however, to enzymes which
cetelyze the above reaction where R!'-CO- is only NH2-CHR"-,
that is, where the only substrates attacked are dipeptides.
The group R'-C0-, according to the author'se definition, may
include, for example, unsubstituted, or halogen substituted
aromatic or allphatic acyl groupe; in addition, the R'-CO~-
may be a substituted amino acid residue, for instance,
benzoylglycyl. The above definition of scylase differs
gsomewhat from previous definitions. Mori ststes that the
name, acylase, 1s generally applicable for the enzyme

class, which, in general splits the substituted acid
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1l
amides . Krebs, Sykes, and Bartley state that the acylases
are enzymee which hydrolyze substituted amides eccerdinz to

the ecuation:

RCO-NE-R! IE_O? RCOOH~~NHR!
and they add¢ the qualification that scylases are related to
prentldases, differing from them in that the acyl residues of
the substrate do not contain &n amino groupz. It should be
noted thet the definition of acylase which we propose differs
from previous definitions inasmuch asg, according to our
definition, an acylase must hydrolyze amides with the libera-
tion of a free amino scid, whereas in previous definlitlione,

the liberated emide comvonent need not be an amino =cid.
However, our definition does not exclude from the acylases,
those amide hydrolyzing enzymee, which liberate both emino
aclds asnd eleo substituted amino acide as the amide comvonents.
In acddition, our definition of acylase extends to enzymes
hydrolyzing the terminal peptide bond of such substrates as
acyldipeptides; the older definition limited the acylase
reaction to the splitting off of radicals such a&s acetyl,

chloroacetyl, and benzoyl.

g, Mori, J. Biochemistry (Japan), 29, 225 (1939).

2H. A. Krebs, ¥. 0. Sykes, &nd W. C. Bartley, Blochemical
J., 41, 622-30 (1947).
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The main justification for the proposed modified defl-
nition of acylase is that thie definition more accurately
describes reactione previously deccribed as acylase-cetalyzed.
In sdcition, the definition ~roposed does not exclude from
discussion under thie single term of such similer enzyme sub-
strates as the chloroacetylamino scide and the acylglycylamino
scids, whereas, the older cdefinition would do so. 4 new term
mi~ht be coined for the phenomenon under consideration, but
such a term might add to complications and confuslion as

compered to the slicht redefining of a term slready in use.

2. Histozyme

This term was first used by Schmiedeberg to describe
the enzyme from hog end dog orgsne which hydrolyzed benzoyl-
glycine (or hippuric acid)l. Schmiedeberg believed, without
satisfactory experimental proof, thet this enzyme played a
ms jor role in the metabolic processees of tisesue, and he,
therefore, named it hiestozyme, i.e., tissue-enzyme. Since

later work demonstrated that & varliety of acylsmino acids

were hydrolyzed by preparstions which att:zcked hippuric scid,

1o. schmiedeverg, Naunyn-Schuledeberg's Arch. Exp.
Pathol. u Pharmekol., 1B, 379-392 (1881).




the term was extended in practice to enzymes scting on acyl-

amino aclds 1n generall'z.

3. Hippuricase

This term was proposed by Clementl (1923) and has the

szme meaning as histozyme3.

L. Carboxypeptidase

A carboxypeptidase is an enzyme which hydrolyzes &acyl-
dipeptides with the freeing of the terminel amino acid; the
presence of a free terminal carboxyl group is required in
substrates susceptible to a carboxypeptidase. Typlcal sub-
strates include carbobenzoxy- or benzoyldipeptides and tri-
and higher-peptides. 1In addition to acyldlipeptides, a
carboxypentidase may hydrolyze simple acylamino acids such

as the acetyl- or chloroacetylamino acids. A carboxyveptidase

1r. S0, J. Biochemistry (Japan), 12, 107-131 (1930).

2F. Leuthardt. Hippuricaece (Histozyme). In J. B.
Sumner and K. Myrbdck (Editors). The enzymes. Vol. I,
part 2. p. 951-955. New York, New York, Academic Press
Inc., Publighers. 1951.

( ?A. Clementi, Atti accad. naz. Lincei (5) 32 II, 172
1923).
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is & particuler ty:e of ecyleree. The definition presented

is eimil:-r to that proposed by Neurath and Schwertl.

5. iminoacylase

Smorodinzew introduced the term aminoacylase to describe

an enzyme hydrolyzing scylamino acidsz.

B. Limitatione of Enzyme Studiles

A few comments will be made on the limltetions of many
ccylese studies., The reader may wish to keeo thesge in mind
as he rezds the next section on the acylssee of various
specles. Many of these studliee involved solvent drying of
cellular material or extraction with orgsznic esolvents at
room tempersture. Since such conditions often are deleterious
to prote1n3, it 1ec possgible that meny of the ex~eriments

re.orted, are based on preparztions possessing only a vert

1H. Neurath znd 6. ¥. Schwert, Chem. Reviews, 46, 126-
128 (1950).

( fI. A. Smorodinzew, Z. Physiol. Chem., 124, 123-139
1923).

3H. L. Fevold. Classificstion, purification snd isola-
tion of r»roteins. In D. W. Greenberg. Amino acids and
vroteins. p. 268. Svringfield, Illinois, Charles C. Thomas.
1951.
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or none of the enzyme sctivity present in the intact tissue.
In sddition, procedures for the extrasction of cellulsr mate-
riel mey fall to extract acylases present. If a variety of
conditions with regard to pH, reducing egents, and mstal
lons, are not tried, enzyme activity may be missed. Maeny

of the studles involved the use of crude extrescte and only
one or a few enzyme concentrations. Limiting the enzyme
concentrations used, places a quantitative limitstion on the
conclucions one can draw as regarce absolute activity and
relative rates of scylase activity.

Purified enzyme rreparations often proved to be gquite
impure, eesveclally in the earlier work. Commercial enzyme
preparations were often used with no mention of the method
of preparation or exsct source. Vhere only one or & few
subetrates were used with enzymesg from different sourcés, it
is usually not feasible to comrare the specificities of the
enzymes, although such compsrisons have been attempted.

Each enzyme should be tested with a serles of substrates

in order to gain knowledge of ites relative substrate pref-
erences. York carried out by a single investigator, rather
than seversl, 1s = more dependable basie for the celculstion
of relative rates.

In the following review of acylases, discussion is

largely l1imited to the enzymetic hydrolysie of acylamino
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acids containing one or two peptide bonde. The enzymetic
hydrolysis of acyldireptides may not alwsys be due to acylase
action, unleses 1t has been shown thst the split occurred only

et the amino groun of the terminael emino scid.

C. Acylases Found in Animals =nd Plants

In the following peges a summeary will be glven of the
=cylages found in various plants and animal species. An
attempt has been made to review all of the literature that
could be found, except thzt rsther brief mention will be
made of certaln acyleses which are well described in review
articles.

Mention will be made of experiments desling with intact
organisms which mey possibly be indicetive of the presence
of acylaceg. No attempt has been msde to cover all the
litersture desling with experiments of this type. It should
be emphaslzed that one cannot conclude, unarbiguously, from
the behaviour of the living cell (for instance, as in the
nutritional utilizstion of acyl amino acide by bacteria)
that acylases are or sre not present. One of the purpocses
of the experiments described 1n this thesis has been to see
if there 1s a parallel between the behaviour of visble Lacto-

bacillus srablnosus cells and the acylases derived from these

cells.
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In the following pagee, each of the main headings will
embrace the acylases of one or a number of pryla. Under each
of these main headings, such as "Invertebrates," the descrip-
tion of the acylases of a particular species will be headed
by either the ecientific or common name of the specles, 1if

availablel.

1. Acylases of invertebrates

a. Cribrins artemisia. £n 87% glycerol extract of the
mesenteric filament of thls sea anemone hydrolyzed chloro-
acetyl-J~leucine most rapldly at pH 8.152.

b. A carniverous species of 2latynelminthes (flattened

worms). A glycerin extract of an unstated specles of the
class, turbellsria, ettocked benzoyldiglycineB.

c. A_blood-consuming Platyhelminthes. A glycerin

extrszct of & species of the clase, Tremstoda (flukee), had

no apprecliable ectivity on a solution of benzoyldiglycineB.

1Use wss made of the following book for blologileal
claessification: P. D. Strausbaugh and B. R. Welimer, General
blology. 3rd ed. New York, John Wiley & Sons, Inc. 1952.

28. Tekemurs, Science Revorts Tohoku Imp. Univ., 4th
ser. 12, 531-49 (1938). Chem. Abst., 32, 6273 (1938).

3Summary on basls of - E. P22a51t-De Cooman and G. van
Grambergen, Verhandl. Kon. Vliaamechs Acad. Wetensch., Letteren,
schoone. Kuneten Belgle, Klasese Wetensch, &, 6, 7-77 (1952);
end also - Chem. Abst., 38, 5231 (194%Y.
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d. Monlezies benedeni. No zctivity on hil nurylelycine

weg noted with a glycerin extrasct of this arseitic "lsty-

h=1m1nthesl.

e. Maje rouinedo. The intestinsl julce o7 this

crustscean hydrolyzed chloroecetyltyrosinez.

f. The fresr-water fle: (Dachnie). This 1lsnkton

crustecean was dried witrh organic solvents, ground, and
extracted with glyc-rol. At pH 7.2 the glycerol extract
attacked chloroacatyl-hrtyrosine3.

g. Tridacna elongigg. Chloroscetyltyroeine is hydéro-
lyzed et "E é.4 by the intestinal Juice from this glent clam
whiclh 1eg very common on the corel reefe at the RKed Sees town,
Chardaqueu.

h. kEellx cpomatia. £n scylese of the seetronod, Helix

vomestia, wilch hydrolyze chlorozcetyl-L-tyroeglne wes

obteined by glycerol extrsction of the intestinsl glands.

lSummary on beels of - E. Pennolt-De Coomen &nd G. van
Grambergen, Verhandl. Kon. Vlasmsche Acad. Wetenech., Letteren,
schoone. Kunstsn Belgie, Klaeee “etenech, &4, 6, 7-77 (1942);
and also - Chex, Abet., 38, 5231 (19557,

5. J. Maneour-Bek, Proc. :icad. Sci. Amsterdem 33, 858-
70 (1930).

3A. D. Heeler, Blol. Bull., 72, 290-298 (1937).
L

J. J. Mensour-Bek, Fermentforschung, 12, 221-231 (1948).

5B. Rosen, Z. Yergleich Physiol., 24, 606 (1937).
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2. Acylasers of vartebrztes

e. Pacific Coast Kinz Szlmon. Fruton end Bergmsnn

found no enzyme sctivity sgsinst cerbobenzoxy-L-glutemyl-[-
tyrocsine due to a crystalline, protein-hydrolyzing enzyme
from the stomach of this salmonl. This finding is in con-
trast to the observation thst carbobenzoxy-j-zlutemyl-L-
tyrosine is hydrolyzed by enzymee from the stomachs of
seversl gpecies of mammalsz.
b. Onhioceohglus tadisna. The ability of = glycerol
extract from the liver of this fresh wster flsh to hydrolyze
benzoylglycine &nd ecetylglycine wae inveetigated by Utjino
and Nishiwak13. The exveriments were carried out at pH
intervals of 1.0 from pH 4 to pK 10. Slight hydrclysis of
both substrztes with the meXimum at about pH 9 wae observed.
On the basis of the titretion figures given, it 1s doubtful

that extracts of the pancreass and intestinal mucoss of this

fish hydrolyze benzoylglycine.

5. s. Fruton ana M. Bergmenn, J. Biol. Chem., 136,
559-560 (1940).

2E. L. Smith. Proteolytic enzymes. In J. B. Sumner
end K. Myrback. The enzymes. Vol. I, Part 2. p. 844,
New York, New York, Academic Press Inc. 1951.

3L. UtJino and I. Nishiwaki, Acta Schol. Med. Univ.
Kioto, 29, 1-8 (1951).
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c. Ngle nala (cobrs), Vivera russellil, and B. fas-
clatus. Venom from each of these snakee has weak acylase
activity on chloroacetyl-}-leucinel.

d. Echis carinata. The acylazse activity on chlorozcetyl-
L~leucine of the venom from this esnske is about four times as
rapld as the acylacse activity of the three ~receding speciesl.

e. The chicken. Chicken-liver glycerol extrect hydro-

lyzed vhenylacetylglycine (9%), phenylproplonylglycine (6%),
and -ossibly benzoylglycine (3%)2; no hydrolysis of cinnamoyl-
glycine, furoylglycine, furruracrylglycineB. or dibenzoylorni-
thineu wes detected. Extracte of chicken kidney falled to

b or furoylglycine3 and hydérolysis

hydrolyze dibenzoylornithine
of furfuracrylglycine was questionableB. Dibenzoylornithine
wee not hydrolyzed by glycerol extrzcts of chlcken pancress,
intestinal mucosa, and spleen.

f. The pigeon. According to the Termlnology of

Krebs, Sykee, and Bartley, the enzyme hydrolyzing scetyl-

1B. N. Ghoely, P. K. Dutt, and D. K. Chowdhury, J. Ind.
Chem. Soc., 16, 75-80 (1939).

2y, Mori, J. Bilochem. (Japan), 29, 225-240 (1939).

38. Utzino, S. Teunoo, and T. Mori, Ibid., 26, 449-53
(1937).

4M. Kaizyu, Tohoku J, Exptl. Med. 36, 255-57 (1939).
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sulnhamezathine 1s an acylaeel. The definition presented on
page 5 is not in accord with this. It is not kno~n whether
or not the oigeon-liver enzyme which hydrolyzes acetylsulpha-
mezathine will slso hydrolyze acylemino acids.

g. The dog. 4 varlety of orgsns and secretions of
thie mammal yield acylase preperations splitting acyl deriv-
atives of glycline, g -sminobutyric acid, leucine, tyrosine,
and phenylslsnine. Preparstions from the kidney are ususlly
most active. A guzlitetive summery of acylsse activity found
in various hog orgens and secretions is presented in Tables
1-4, Moet of these experiments were carried out using uncon-
centrated glycerol or aqueous extrzcts and, therefore, the
condltions probebly usually permltted the detection of a
limited range of activity.

The data of Table 2 indicate that only one of the two
opticel forme of benzoyl- -aminobutyric acid 1s croken down
by dog acylase preparations. This is in harmony wilth the
behaviour of msmmelian »roteases which usually bresk down
only subetratees containing amino acld residues of the }j con-
figuretion. It is of interest to note that the two/AS -amino
compounds tested, DL~benzoyl-A -benzoylaminobutyric acid,

and benzoyl-# -alanine were not hydrolyzed.

1H, 4. Krebs, W. 0. Sykee, and ¥. C. Bartley, Biochem.
J. 41, 622-30 (1947).
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Table 1

Hydrolysle or Glycine Derivatives by scylsse(s)
from Dog Orzans and Secretions™

Eource of enzyme Substrates
prenaration Acetyl- rormyl-  oenzoyl- A -Bromolso-
glycine glycine glyclne carronyl-
giycine l
Kidney +2 + 2 .+§§?ié%i%h'
Liver +2 +2 .rii?i%}i9
Pancreatic Jjulce
Pancreas +2 F2 02,17, 919
Intestinal mucosa +2 t2 013 +12
"Erepein” from 0l5
intestinsl mucoca
Intestinal juilce +2 013,29 010
fkeletal muscle +2 +2 +2,11,19,20 ?
Bone
Heart 22 02 22,19
Lung 2,16 ;2 1k ?2’.,.11# o019
Spleen 22 02,?19
Testicle t+2 +2 22,19
Blood o8

*The symbols used and their meaning are &s follows: T ,

hydrolysis observed; O, no hydrolysie obs:zrved,
elight as to be questionatle.

which zre found on page 21.

?, hydrolysis so

Superecripts ref-r to references






Substrates

Bromolso- Bromoliso- tenzoyl- EBenzoyl- Glyco- Teuro- Fur- ruryl- Fuaryla
zpronyl- capronyl- diglycine RL-leucyl cholic choliec furoyl- rropionyl- glyc
giycilne diglycine glycine acid acld glycine glycine
A9 old 41k ol7 ol? 21!
19 ol4 11 ol? ol? ol
21l
+4 +5
+19 oll 017
+12 013
% 019 + 11
Olh
019
ol9
219 ol7?
219
.t. ?
yele so

‘rences






Substrates

Bromoiso~ Eenzoyl- Benzoyl- Glyco- Tzuro- Fur- Furyl- Furylscryl-
capronyl- diglycine QL-leucyl cholic cholic furoyl- propionyl- glycine
diglycine glycine ecid acld glycine glyclne
419 ol 41k 017 ol7? 217
219 ol* 411 ol? ol7 ol7
211
+4 +5
+19 oll 0l7
ot3
ol0 ol0
ol9 +11
Oll&
ot9
ol9
219 ol?

219







Table 2

Hydrolysis of Aminobutyric Aold and Alanine Derixatives by fcylase(s)
from Dog Organs and Secretions

fource of Substrate
Enzyme
preparation (+ ) Benzoyl- (-~) Benzoyl-  Bz-aminoiso- Bz- & ~-Benzoyl-
A -amino- A -amino- butyric acid alsnine -amino-
butyric acid butyric acid butyrio acid '
'.l
[
Kidney +11,14 oll, 14 oll,14 oll,14 oll '
Liver +11,14 ol1,14 oll, 14 oll, 14 oll
Skeletal L1 oll oll oll oll
muscle
Bone 1k 014 014 0114'

*The gpymbols used and their meaning are as follows: 4 , hydrolysle observed;
0, no hydrolysis observed; 7, hydrolysis so slight as to be questionable. ‘uper-
scripts refer to references which are found on page 2l.



Table 3

»
Hydrolysls of Leucine Derivetives by Acylase(e) from Dog Organs and Secretions

S2ource of Substrate

rgnzigzion Chloroacetyl- rcetyl- Formyl- Benzoyl-
prep ) DL-leucine DL-leucine DL-leucine L-leucine

L - k——1 =

Kidney + 2 + 2 +11
Liver +2 _rz oll
Pancreas +2 .;2

Intestinal + 8,10,13 010

Juice

Muscle +2 .*2 _rll
Heart +2 +2
Lung +2 +2

Spleen +2 +2

Testicle +2 +2

Intestinal +2 + 2

mucoss

»
The symbole used and thelr meaning zre as follows: + , hydrolysis observed;
0, no hydrolysis observed; ?, hydrolysis so sllight as to be questloneble. Super-
scripts refer to references which are found on page 21.

—6‘[-



- 20 -

Table 4

Hydrolyels of ihenylalanine and Tyrosine rerivatives
by kLcylsse(s) from Dog Crgans and Secretions®

— Substrete

fource of Chloro- Chloro- fcetyl-

enzyme acetyl-L- acetyl- Ll~rhenyl-
preraration tyrosine DL-vhenyl- alanine

+lanine

Kidney + 2
Liver 02
rancrees +1 +2
rancreatic

Julce
Intestinsl +13 +2

mucossa
Intestinsl O]'O’:I'3

Juice
Muscle 22
Heert 02
Lung 02
Sn~leen o2
Testicle 02
Leucocytes ?3

The cyntols used e&nd their meaning sre =& follows: -+

hydrolysis observed; O, no hydrolysils otes=rved; 2, hyorolysis s@
elight as to be questiunable. Surerscripts refer to references
which sre found on page 21.






Substrate

fcetyl- Formyl- Benzoyl- Benzoyl- Dibenzoyl
~rhenyl- DL-rhenyl- LL-rhenyl- glycyl- Tyrosine
alanine alenine glznine &Li~rhenyl-
slenine
+ 2 f2 +2
+2 +2 +2
+2

+2 +2 +2

o2 2 2

7 0 + _4__20

0? 02 +°

02 02 02

02 ?2 +2
A ST
ylysis so

‘erences






10.
11.
12.

13.
14,

15.
16.

i7.
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References for Tables 1-4

Vescio, Boll. Soc. Ital. Biol. Sver., 18, 287-8 (1943).

Kimure, J. Biochem. (Japan), 10, 207-223 (1929).
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Utzino, J. Biochem. (Japan), 9, 465-481 (1928).
Kawa, J. Biochem. (Japsan), 16, 277-297 (1929).

Baccarl, and M. Pontecorvo, Boll. Soc. Ital. Eiol.
Sner., 16, 329-331 (1941).

Kawahersds, Tohoku J. Exptl. Med., 47, 92-96 (194L),
Atstrscted from Chem. Lbst. 43, 9089 (1949).

Matsuo, J. Biochem. (Japan), 33, 147-154 (1941).

Clementi, Attl Della Accademia Nszionele del Lincel,
(V) 32, 1ii, 172—1?5 (19235

Matsuo, J. Biochem. (Japan), 33, 59-72 (1941).
4. Smorodinzew, Z. Phyelol. Chem. 124, 123-139 (1923).

. Clementi, £tti Dells R. Accademiz dei Lincel, Eoma (5)

29, i1, 327 (19200.
Meteuo, J. Biochem. (Japan), 33, 97-109 (1941).

4. Smorodinzew, J. Rueg. Fhys. Che:. Soc., 51, 156~
82 (1919). Thanke ere due to Mr. Sol Shulmen who
kindly furnished an Englieh summary of this Russisan
article.

Cohnhsim, Z. Physiol. Chem., 52, 526 (1907).

- Utzino, 8. Tsunoo, &nd T. ¥ori, J. Elochem. (Javan)

26, 449-453 (1937).

Ibid., 439-47.
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18. O. S?hgiegeberg, Lrch, Exp. Path. Pharm., 14, 379-392
1881).

19. M. Yosloke, Enzymologla, 10, 154-160 (1941).

20. S. Temura, scta Schol. Med. Imp. Kioto, 6, 467-470 (1924).

Some evldence concsrning the effect of substrate struc-
ture on rate of hydrolysis by acylese vrepsretions from dog

kldney is glven in Table 5.

Table 5

% Hydrolysisl of Acylamino Aciéds by Dog Kildney Acylase
Prepsretion in 20 Hours at pH 7.2

Subetrate % Eyérolyeis of [ form
Acetylglycine 106
hcetyl-DL-leucine 88
teetyl-DL-vhenylalanine 84
Formylglycine 90
Formyl-DL-leucine 104
Formyl-DL-phenylslanine 56 in 192 hours
Benzoylglycine 23
Benzoyl-PL-vhenylslanine 44

1%. Ximura, J. Biochem. (Jspan), 10, 207-223 (1929).
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Smoroéinzew! found that benzoylglycine was hydrolyzed
23%, while in similer exrveriments, () benzoyl-d -amino-
butyric scid was hydrolyzed 13.5% and benzoyl-J-leucine,
17%.

On the baslis of Table 5 and the observations of Smoro-
dinzew, the order of decreaging susceptibllity to dog kidney
acylase is - benzoyl-DL-ohenylalenine YV benzoylglycine 7
benzoyl-L~-leucine = (-4 )-benzoyl- &-aminobutyric acid 7
formyl-RL-phenylalanine; the other substrates of Table 5
are hydrolyzed more rapidly.

It is seen that the formyl derivative of phenylalanine
is less susceptible to acylase action than the benzoyl
derivative, and the benzoyl derivative less gusceptible than
the acetyl derivative of phenylalanine. BHowever, the ben-
zoyl derivative of glycine 1s less susceptible to dog kidney
acylase action than the formyl or acetyl derivatives. Hence,
for the acyl derivetives of glycine and phenylalanine, one
doee not observe parallel effects on rate as the nature of
the acyl group is varied, at least for the csses cited.

Of the three formyl derivatives, the derivative of
rhenylalanine 1s acted unon less rapidly then are the leucine

and glycine derlivatives. BHowever, the rstes of dog kidney

( ?I. A. Smorodinzew, Z. Physiol. Chem. 124, 123-139
19 23 [y
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acylase action are more nesrly equsl for the benzoyl deriv-
atives of glycine and vhenylalsnine than for their formyl
derivetives. The data of Teble 5 do not point to the
anproximate indevendence of the acyl group end the amino
acld residue of acylamino acides in influencing substrate
susceptibility to the action of dog kidney acylase complex;
such an independence has been suggested to hold for bovine
pancrestic carboxypeptidasel.

Table 6 presents data from a paper by Kimura? on the
acylase activity of prepsrations from organs of the dog.
None of the orgens listed i1s known to excrete nroteases into
the gastro-intestinal tract. The relative rates of hydroly-
81s of the substrates listed in Teble 6 by preparations from
all the tissues listed, except kidney, conform at lesst in
an spproximate manner to the following order of decreasing
susceptlbility to dog &acylase complex:- acetyl-DL-leucine )
formyl-Dl;-leucine ) acetylglycine. The substrates acetyl-
Qli-vhenylalanine, formylglycine, formyl-RL-phenylslanine,
benzoyl-L-leucine, and benzoyl-DL-phenylalanine are all
generally less susceptible to acylase action than the three

substrates Just named; but the extent of hydrolysis 1s too

1g, L. Smith. Proteolytic enzymes. In J. B. Sumner
and K. Myrbdck. The enzymes. Vol. I, part 2. p. 806.
New York, N. Y., Lcademic Prese Inc. 1951.

H. Kimura, J. Biochem. (Japan), 10, 207-223 (1929).



% Hydrolyelsl of Acyl Amino fclde by Prepargtions
from Non-Protease-Secreting Dog Organs

——— P

Table 6

Source of Hours

Subetrate

enzyme incu- tcetyl- Acetyl- Acetyl-

prepera-~ bation

Formyl- Formyl- Formyl-

Benzoyl- Benzoyl-

tion glycine leucine phenyls. glycine leucine nhenyla. glycine nhenyla.

Kidney 20 106 Ly b2 90 52 23 22
192 28

Liver 264 12 8 12 0
288 4o 0 12 4

Skeletal 68 28

muscle 288 16 48 L 16 28 0

Heart 288 L 24 0 0 8 0 L

Lung 68 12
288 12 Ly 0 I 20 0 L L

Spleen 68 28
288 12

Testlcle 288 12 32 0] 8 8 L 4 8

> e

14, Kimura, J. Blochem. (Jepen), 10, 207-223 (1929).

“pH of buffer 7.2.

Incubetion ot 1370.

-gz-
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emall to establieh relative order of breskdown. The pos-
gible contradiction to the generzlizstion thset the acylace
comnlexes of liver, skeletsl muscle, heart, lung, evleen,
and the testicle possees similar vreferences for the sub-
stretee studlied is the observation thet bvoth scetylelycine
end formylglycine asre hydrolyzed 16% in 288 hours by skele-
tal muscle acylase, whereas, the %'s observed are 12 and 4%,
respectively, for e preparction from epleen. However, this
deviation 1s not very strong evidence againet the genersll-
zztion etated in view of the rosslble lnaccuracy of the
formol titration used and the nossibility of microbial con-
tamination during the 288 hour incubation. ?P-rhavs, the
strongest argument against the generslizestion stated is that
relstive rates on only a few substrates were obtzined since
the enzyme concentretion was not vzrled so as to obtain
ey recleble hydrolysis of the less susceptlble subrtrztes.
Smorodinzew' presente evidence (Table 7), thet the
relative order of bregkdown of three benzoylamino acicde by
kidney, liver, and ckeletcl muscle is -benzoylglycine ——
(+)-venzoyl- d-eminobutyric acid = benzoyl-L-leucine. In
addition, the relstive rates of both kidney &and skeletal

mugcle acylase compvlexes are slmost the seame for these

11. 4. Smorodinzew, 7. Physlol. Chem., 124, 123-139
(1923).
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Teble 7

+cylace Activity of Dog Tissues As Determineé by Smorodinzewl

Source of % Hydrolyeie of
enzyme
prepsration Benzoyl- (+)-Benzoyl- Benzoyl-
glycine A =-amino- &-leucine

butyric acld

Kidney 23 13.5 17

Liver 2.2 1.3 0

Skeletel 43 17.3 15
mugcle

11, - Smorodinzew, Z. Physiol. Chem,, 124, 123-139
(1923)

three substretes named. This 18 limited evidence that the
specificities of both tissue-acylases are similsar and,
furthermore, since the specificity of the skeletal muscle
scylasse com lex msy be similer to the acylgges of the §
other tissues of Teble 6, thet the acylase complexes of dog
kidney, liver, skeletal muescle, hesrt, lung, epleen, and
teeticle have in common esimilar reletive rates of substrzte
hydrolysie. The proof of such & generalizetion, of course,
could be comnlete only when the acylese complex of each of
the~e tyves of tiscue has been tested on sll posesible sub-
strztes cné relative rates obtsined. ~Since this reculrement

hes been fulfilled to a moderste extent only, limited
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evidence 1s on hend to suvport the generallzation stzted.
However, 1f one asccepts such a generalization, then one can
formulate the order of decressing susceptibility to hydroly-
8ls by dog-tissue acylase complex of ten com—~ounde; this can
be done by combination of the concluslions reeched in the pre-
ceding discussion on the basis of the information of Tables
5, 6, end 7. On this basis the relative order of suscenti-
bility to dog tissue scylase complex is - acetyl-pl-leucine ¥
formyl-Dl,~leucine >’ acetylglycine > formylglycine (?) 57
acetyl-DL-phenylalsnine ) benzoyl-Qi-phenylelanine ) benzoyl-
glycine 7 (+ )-benzoyl-g, -aminobutyric acid z benzoyl-L-
leucine ? formyl-Pl-phenylalenine. There 1is just a moderate
amount of evidence for the generalization Just stated.

Table 8 presents data from work by Kimura on the acylases
of dog intestinal mucosa and pancress.

According to Kawa, in the presence of calcium ion, the
pancreatic Jjulce of the dog hydrolyzes benzoylglycyl-Dl-
phenylalanine and benzoyl-JlL-leucylglycine each at about the
same ratel.

Table 9 presents the data of Matsuo? on the acylase
actlvity of dog intestinal Juice and dog intestinal mucosa
brel.

lr, Rawa, J. Blochem. (Japan), 16, 277-297 (1929).
2M. Matsuo, J. Biochem. (Japan), 33, 59-72 (1941).
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Table 8

Hydrolysie of Substratesl by 2Acylase Preparstions from
Dog Pancreas snd Log Intestinsl Mucosa

Hours % Hydrolyeis by
Substrate incu-
betion Preparction Preparation of
of reancrzgs intestinal mucosa
Acetylglycine 20 12
288 Ly

fcetyl-DL- 20 Lly 14

leucine _ 288 LYy
tcetyl-RL- 20 12

phenylalanine 288 12
Formylglycine 20 4

288 20 12

Formyl-Dj- 20 27 6

leucine 288 =6
Formyl-Rl- 20 35 0

vhenylalanine 288
Benzoyl- 288 8 8

glycine
Benzoyl-RL- 288 8 8

phenylal:znine

*

pH of buffer 7.2. Incubation at 37°.
1R, Kimura, J. Blochem. (Japan), 10, 207-223 (1929).
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Table 9

of Dog Intestipal Juice

and Dog Intestinsl ¥ucosa

¥ Eydrolysis

Substrate
Intestinal Intestinel
Juice mucoes brel

Chloroacetyl-L-~

phenylalenine L.4 17.5
Chlorocacetyl-|;~

leucine 19.7
Benzoyldiglycine b .4 o
Phthelyldiglycine 1.9
Rli-bromoleocanronyl-

diglycine 5.4
QL-bromolsocapronyl-

glycine 4.8
Benzoylglycine L4

1y, Matsuvo, J. Biochem. (Japan), 33, 59-72 and 97-

109 (1941).

*Added enzyme preperation to vH 7.8 buffer. Seventy-
two hour incubation at 37°. % hydrolysis vrobatly must be
over 7% to be significant hydrolysis.
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Relative rates of substrate hydrolysis by the intestinsal
mucosa acylase system are somewhat different from those of
the tissues lieted in Table é. The most striking difference
is the relatively rapld hydrolysis of formyl-DL~phenylalanine
as compered to the relative rate wlth ascylases of the seven
tissues listed in Table 6. The data on acylase asctivity of
intestinal Juice (Table 9) is of limited value because most
of the substrates were not significantly hydrolyzed at the
one enzyme concentration used. Chloroacetyl-lL~-leucine was
hydrolyzed, but no significant hydrolysis of chloroscetyl-
L-phenylalanine or the glycine derivatives waeg noted. The
pH optimum of chloroacetyl-[-~leucine hydrolysis 1s 7.0-8.01.

The decreasing order of substrate susceptibility to
dog pancreatlc acylase comolex is acetyl-pL-leucine > formyl-
Bli-phenylalanine —>formyl-Dl-leucine —>acetyl-pl-phenylela-
nine— acetylglycine —formylglycine —>benzoylglycine =
benzoyl-DL-phenylalanine (eee Table 8). This relative
crder of susceptidility ie not, however, in general agreement
with that for the acylases of the non protescse secreting
tissues. The ready hydrolyzablility of acetyl-DL-leucine as

compared to acetyl-DL-phenylalanine by dog pancrezss acylase

complex 1s in contrast to what would be expecteé of bovine

1y, Matsuo, J. Biochem., (Japan), 33, 147-154 (1941).
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pancreatic carboxyne-tidase. The latter enzyme attacks
moet ravidly subestrates poesecsing a terminal phenylalsnine
or tyroslnel. However, acetyl-RLi-leucine has not been
tested with enzyme preparations from bovine pancreas. The
observation by Kawa® that the rstes of hydrolysis of ben-
zoylglycyl-Di~phenylalanine and benzoyl-Dl-leuvcylglycline
ere about equel is possibly additional evidence for a dif-
ference in specificity of bovine and dog pancrestic acylases.
The point of attack on the zcyldipeptides would hzve to be
estabvlished, however, to be sure both activitlies are of the
acylase type.

It seems appropriate to mentlon that the work reviewed
here on dog acylases has a number of defects. For several
ressons 1t 1is difficult to obtain reletive rates of hydéroly-
sls from the data recorded. One rezson is the failure to
vary enzyme concentrations so as always to obtein eignifi-
cently positive values of % hydrolysis which are significantly
less than complete hydrolysis. Another defect, related to
the non-varying enzyme concentration, is the prolonging of
enzyme-substrate incubations for long periods, thus increas-
ing the possibility of enzyme inactivetion and microbial
growth.

lE. L. Smith. Proteolytic enzymes. In J. B. Sumner and
K. Myrblck. The enzymes. Vol. I. Part 2, p. 806. New York,
New York, Academic Press Inc. 1951.

27, Kawa, J. Biochem, (Japan), 16, 277-297 (1929).
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In spite of the defects cited, an attempt hae been
made to arrive at some tentative conclusions concerning the
effect of structure on relative rates. While such conclu-
gions are not definitely established, they will serve to
suggest generalizatione which serve as the basis for further
investigation. One such generalization reached here concern-
ing dog acylases, 1s that the acylases from seven non protease
secreting tissuee (Table 6) have similar relative rates on
the leucine, glycine, phenylalanine, ande -aminobutyric
acid derivatives studlied. Also, the poseibility was ralsed
that dog pancreas acyleses poeses a specificity differing
from that of bovine pancreatic acylase(s).

h. The cat. No acylase activity toward furylacryl-
glycine wag detected in kidney, liilver, spleen, pancress, or
intestine. Furylpropionylglycine and furfuroylglycine were
not split by acylase preparations of the kidney and iivert.

Yosioke obeerved hydrolysis of benzoylgiycine and ben-
zoyldiglycine by macerations of cat kidney at pH 7.32. He
observed slight hydrolysis of benzoylglycine but none of
benzoyldiglycine by testicle macerations. Mazcerations of
cat liver, pancreas, muscle, heart, lung, and spleen failed

to hydrolyze benzoylglycine or benzoyldiglycine.

1s. Utzino, S. Tsunoo, ana T. Mori, J. Biochem. (Japen),
26, 44953 (1937).

2M. Yosioka, Enzymologla, 10, 154-60 (1941).
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i. The guinea pig. Clementl

reported hydrolysis of

benzoylglycine by gulnea pig kidney and guinea pig liver

ecylasge preparationsl. Glycerol extracts of fresh guinea

rig liver falled to hydrolyze carbobenzoxyglycyl-D-leucine

Yosioks presents the data (Teble 10) on the hydrolysis of

benzoylglycine and benzoyldizlycine by gulnea plig meceratlons

Table 10

Hydrolysisl of Benzoylglycine

and Bgnzoyldiglycine

by Guine: Pig Macerates

Organ ML .l normal NaOH
Bz.gly. Bz.gly.gly
Liver 12 .10
Pancrees .09 .09
Kuscle .02 .02
Heart 0 0
Lung .05 .05
Spleen 0 0
Testicle <17 0
Kidney .93 1.90
1

M. Yosloka, Enzymologla, 10,
*At pH 7.3. Substrate-enzyme

154-60 (1941).

incubstion 120 hours.

1. Clementl, Attl delle Accademla Nazionale del

Lincei, (V) 32, i1, 172-176 (1923).
A. Schmitz and R. Merten, Z. Physiol. Chem., 278,

2

43-53 (1943).
M. Yosioka, Enzymologls, 10,

154-160 (1941).
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It i1s seen (Table 10) thst benzoylglycine and benzoyldigly-
cine are both markedly attacked by guinea plg kidney enzymes.
Ravin end Seligmen follow the hydrolysis of cerbonaphthoxy-

1 in order to detect

phenylalanine using a colorimetric method
csrboxypeptidase activity. They found carboxyreptidase
activity 1in gulnes plg duodenal fluid and they found pro-
carboxyreptidase activity in the pesncreas. No carboxypep-
tidese or procarboxyrneptidase activity was found in the
homogenates of guinea pig liver, kidney, spleen, duodenun,
Jejunum, stomach, colon, brain, heart, lung, adrenal, thyroid,
ovary, testes, and epididymis.

J. ZThe mouse. Yosiokz incubated ten glycine and phenyl-
alenine compounds with mouse liver mscerstions, and determin:=d
extents of hydrolyeiaz. £11 compounds except for chloroacetyl-
L—-/g -phenylalanine and bromoisocaoronyldiglycine were used
from pH 5 or 6 to pH 9.0. The anclyticel values for the
enzyme-substrate incubations at pH 7.5 are given in Table 11.
Of the above compounde, significent hydrolyele of benzoylgly-
cine, benzoyldiglycine, and chloroacetyl-gr/9-phenylalanine

was observed; also, hydrolysls of & -bromolsocapronyl-Di-

-phenylalanine was observed after prolonged hydrolysis.

8. A. Revin, and A. M. Seligmen, J. Blol. Chem., 190,
391-402 (1951). o

M, Yoeioka, Enzymologla, 10, 154-60 (1941).



Acylsase Activityl

Table 11

. *
of Mouse Liver Macerations at pE 7.5

Hydrolysis as

Substrate
ML .1 N NeOH mg amino-N
Benzoylglycine 1.40
Benzoyl-DL-phenylaienine 0
Benzoyldiglycine 1.45
Phthalyldiglycine .01
Benzoyl-DL-leucylglycine -.01
Chloroacetyl-L~ -
phenyl:zlanine 645
Chloroacetyl-DL~ 8-
phenylalanine .017
d-Bromoisocapronylglycine .039
A~Bromoisocepronyl-DL- ¥~
phenylalenine 0
(.156 in
120 hours)
d-Bromoisocapronyldiglycine 465

1y, Yosioka, Enzymologila, 10,

154-60 (1941).

*
Substrate-enzyme incubations for 24 hours unless

otherwige stated.
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Yosioka found that the above mentioned hydrolysis of benzoyl-
glycine znd benzoyldiglycine wze at 2 pH optimum of about
7.0. He was able to separste benzoylglycine activity from
benzoyldiglycine activity by charcosl adsorption at pH 5.81.
Yosioka aleo found thzt a series of arsenic comrounds pos-
sessed both activzting end inhibitory propertiee on benzoyl-
glycine hydrolysls by mouse kidney acylase; both in vitro
and in vivo experiments were carried out?.

Rudolph Abderhalden found that mouse ascites tumor
cells rapldly hydrolyzed chloroscetyl-l~tyrosine and chloro-
acetyl-lL-leucine, while the tumor liquid attacked chloroace-
tyl-DL-leucine slightly but not chloroscetyl-l-tyrosine.
MnSOy, MgSOy, CoClz, and ZnCl2 did not effect the rate of
hydrolysis. Fruton, Irving, and Bergmann found that cysteine
activates hydrolysis of carbobenzoxy-}~glutamyl-l-tyrosine
by extracte of mouse carcinoms snd sarcomab. & gimilar
activation of carbobenzoxy-DR-glutamyl-l-tyrosine hydroiysis
by carcinoma extract was observed., Experiments were carried

out at pH 4.5-5.2.

1. Yoeioka, Enzymologia, 10, 154-60 (1941).

2M Yosioka, Folia Pharmacologice Japonica, 31, 289-
305 (1941): abstractec from Chem. Abst. 35, 5919 (1941).

3g, Abderbalden, Fermentforschung, 17, 330-336 (1944).

uJ S. Fruton, G. W. Irving, M. Bergmann, J. Biol. Chem.

132, 465-6 (1940).
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The abllity to hydrolyze chloroascetyl-j-tyrosine by
mouse vencrecg follows the granule content of the pancreas,
which 1s caused to vary by vilocarpine administration to
fasting white micel.

k. The rat. Clementl detected acylese actlivity toward
hippuric acid in the kidney of the white ratz. Yos ioka
found thet macerztions of liver and kidney hydrolyzed hi:-
ruric scld and hipourylglycine at pd 7.3, but that these
sukstretes were not hydrolyzed by macerations of pancrsas,
auscle, heert, lung, svpleen, and tsstic1e3. Carconspthoxy-
phenylalsnine 1s hydrolyzed by rat duodenal fluid asnd a
proenzyme for this sukbtetrete 1e found in rat pancress tissueh
Neither the proenzyme nor enzyme ror carbvonapthoxyrhenyl-
slanire was found in homogenates of 1liver, kidney, pancreas,
spleen, duodenum, Jejunum, etomach, colon, btrain, heart,

lung, edrenal, thyrold, ovary, testee, or epididymie. Jen

and Lewls found that dibenzcylceystine 1s not zvallsbvle for

1o, B. v Weel &nd C. Engel, 2. Verzleich., Phyriol. 26,
67-73 (1938).

ZA. Clementl, Atti Accad. Naz. Lincei, Mem., Clssse Sci.
Fis. Mat. e Nat., (V) 32, 11, 172-4 (1923).

3M. Yoeloka, Enzymologla, 10, 154-160 (1941).

uH. f. Revin end A. M. Seligman, J. Biol. Chem., 190,
391-402 (1951).

.
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the dietary cystine requirements of young white ratsl; they
belleved this observestion supportes the contention that no
hydrolysis of the comnound occurs in the rat.

1. The rabbit. Jaersveld snd Stokvis reported in

1879 that when hipnuric acld was given to rstbits by sub-
cutaneous or venous injections, or by stomach adminietrestion,
that benzolc acid arpeared in the urine2. However, in 1883
ven de Velde and Stokvis revorted thst when hippuric acid

1s administered to ravbit by ths Jugular vein or subcutane-
ously, then no benzolc acid is found in the urine provided
that the urine is collected by a catheter into 10% rC1A.

Van de Velde and Stokvis believed these experiments showed
that hippuric acid cen be ra-idly srlit ocutside the orgsniem
in enimel fluids and they concluded that there hed notyet
been a satisfectory demonstration of the abllity of the
living organism to split hirpuric acid into glycine and
benzolc acid. Later workers usually ueed an antiseptic, such
as toluene, to prevant microbial action, which was probably

involved here.

1p. ¢. Jen and H. B. Lewis, Proc. Soc. Exp. Biol. and
Med. 39, 301-304 (1338).

ZG. J. Jaarsveld and B. J. Stokvis, Arch. Exp. Path.
Pharm. 10, 288-296 (1879).

3V. van de Velde and B. J. Stokvis, Arch. Exvn. Path.
Pharm. 17, 189-217 (1883).
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A quslitative summ:ry of research on rebbit acylases
from non protesse secreting tiscues and fror plasma 1s given
in Teble 12.

ts seen in Table 12, dlvergent results were obtained
by different investigators with benzoyldiglycine and rabbit
liver. Utzino falled to detect hydrolysis of benzoyldigly-
cine using a glycerol press Julce of ra-cit liverl. Eowever,
Sugaware finds that this compound 1ic hydrolyzed by rabbit
liver cathepsinz. That the divergence in results mzy lie
in enzyme inactivation or in incomplete extresction is sug-
gested by the work of Bondl and Frenkl who studied the
hydrolysie of sodium laurylglycinate3. These investligators
found that sodium laurylglycinate ie hydrolyzed by intact
snd grzted rabbit liver; however, when an enzyme preparztion
weg made by rubbing liver with water, glycerin, and sea
geand, and using the supernatant, no hydrolyeis of sodium
laurylglycinate was noted. In addition, Sugewara found an
appsrent activation of venzoyldiglycine hydrolysis by
cysteine when the enzyme preparstion wes a glycerin-water
macerstion of rabblt liver. This appsrent activetion msy

have been, 1in reality, an increase in enzyme stability,

1g, Utzino, J. Biochem. (Japan), 9, 465-481 (1928).
2p. Sugswars, Tohoku J. Ixpt. Med. 48, 223-230 (1945).

3S. Bondi end T. Frankl, Biochem. Z. 17, 555-561 (1909).



Table 12

ieylese ifetivity of the Non-'rotease-‘ecreting Tiesueeg ané _lacwie of Rabbit*

.- e - o i s

Source of acylase nrenaretion

Substrate Kidney Liver Skeletsl C:srei- Heart Lunéuﬁ;;in unleen Tes- Plaema Elood
muscle noma ticle
Benzoyl- 7,015 017 @7, +15 017, o517 ol3 1917
glycine 212 7 912415 15
15 211
Benzoyldi- ? +
glycine ol5 ' ol5.1 ol5 ol5 ol5  ol5
diglycine ‘ 0 0
Chloroacetyl- +3
L~alanine
Lauryl- +4 o7 o o
glycine
Acetyl- +17 17 +17 +17 417 417
glycine
teetyl-QL- 7 #1747 +#7 17 +17
leucine

*The symbols used and thelr meaning sre ae follows: + , hydrolyele observed;
0, no hydrolysis observed; *?, hydrolysis sgo slight as to be queetionable. Super-

scripts refer to references which are found on vage 45,



Table 12 (Continued)

Source of acylase preparction

Substrate
Kidney Liver fkeletal Cerci-~ Heart Lung Braln 8pleen Tes- “lasma Blood

muscle noma ticle
Acetyl-Dl- A7 417 017 ol7 ol7 ol?7
phenyl-
alanine
Formyl- 17 17 17 17 7 17
glycine + + + + + +
Formyl-DL- 17 17 17 17 ,17 17
leucine + + + o +
Formyl-DL 17 17 17 17 ol7 017
phenyl- + + 0 0 0
alanine
Lauryl- + o¥ olb ot
#laninate
Furfuroyl- o’ o7
glycine
Furyl- +7 +7
proplonyl-

glycine



Table 12 (Continued)

Source of ccylase preparation

3]
ubstrate Kidney Lilver 8keletal Carci- Heart Lung Brsin Spleen Teg- Plaema Blood

muscle noma ticle

Oxymethyl-
furfuroyl- o? 0?
glycine

Phenyl- 412 412
Toglonyl-
glycine

Phenyl-
furfuroyl- 013 013
glycine

Phenyl-

hippuric 213 ol3
acld
Carboben- o4 ol oll o1k

zoxyglycyi-
D-leucine

Carbobenzoxy- 16

L-glutamyl-].-
tyroeine



Table 12 (Continued)

Source of acylase preparstion

g -
ubstrate Kidney Liver Skeletal Cerci- Heart Lung Brealn Snleen Tes- Plasma Blood
muscle nona ticle
Carbo- *}6

benzoxy-D-
glutamyl-
L-tyroesine

Phenylea, # - 12
dlbromo- 0
propionyl-

glycine

Cinnamoyl- 0l2 olz2
glycine

N- pyridin-
2-carboxyl - 12 qlz2
glyclne

Phenyl- 4 - 0l2 ol2
bromo-2 -

oxypropionyl-

glycine




o\ \n £ W N and

13.
14,

1s.
16.
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Referencee to Table 12

(Acylsse Activity of Rabbit Tissues and Julces)

tn

. Utzino, J. Biochem. (Javan), 9, 465-481 (1948).
. Sugawara, Tohoku J. Exctl. Med., 48, 171-6 (1944).

o » BN -

. Hanson, Fermentforschung, 14, 189-201 (1934).

S. Bondi and T. Frankl, Biochem. Z., 17, 555-561 (1909).
F. Itzioka, J. Biochem., (Jepan), 24, 139-151 (1936).

Melpener and Shepard, "Untersuchungen uber das Enstehen
der Hippuric Lcid in thierischen Orgeznism." EHannover,
1866. Cited by H. Yelsgke, Z. fur Blologile, 12, 241-
265 (1876).

S. Utzino, S. Taunoo, znd T. Korl, J. Biochem. (Japen),
26, 449-53 (1937).

F. Itzioks, J. Biochem. (Japan), 24, 267-277 (1936).
Ibid., 139-151 (1936).
F. Itzioka, J. Biochem. (Japan), 26, 75-80 (1937).

T. Sugawara, Tohoku J. Exptl. Med., 48, 223-230 (1945).

S. Utzino, S. Teunoo, and T. Mori, J. Biochem. (Jepan),
2§a 439‘47 (1937).

Ibid., 477-486 (1937).

A. ?chﬁigz and R. Merten, Z, Physiol. Chem., 278, 43-56
1943).

M. Yosioka, Enzymologia, 10, 154-160 (1941).

J. 8. Fruton, G. ¥W. Irving, and M. Bergmann, J. Biol,
Chem., 138, 465-466 (1940).
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gince the enzyme-gubstrate incub:tion was carried out for a
long time. Sugswars made the additionszl interesting obser-
vztlon that injection of chloroform into rabbits decreassed
the ability of liver enzyme vreparatione to hydrolyze ben-
zoyldigiycine but did not decrease the ebility to hydroly:ze
gelstin,

The observatlon thet cerbobenzoxy-j~-glutamyl-L~tyroeine
is hydrolyzed by rabbit carcinoms (Table 12), 1s of compara-
tive intercet, since this type of zetivity ig found in some
memizallan tissuee and digestive Juices.

The data of Kimural, which are presented in Table 13,
give some informstion on the relstive rstee of substrate
hydrolysie by the acylases of non-protesse-secreting tissues
from the rabbit.

The data on kidney scylase preparstion from rabiit
(Table 13), do not yleld much informstion on relstive rates
since most subetratee are completely hydrolyzed; but it is
seen that benzoylglycine is hydrolyzed at & slower rate than
the other eubstrates. Of the tissue acylsses where comparieon
is possible, acetyl-QlL-leucine wae the most rapldly hydrolyzed
of the substrates listed (Table 13). Formyl-DL-leucine and

formylglycine are the next most susceptible to acylase action,

1H. Kimura, J. Blochem. (Japan), 10, 207-223 (1929).



Table 13

Hydrolysis of Acylemino Acidel by Preperations from Non-Protease-Secreting
Tissues of Rabbit As % Hydrolysis®

Source of Houres Substrate
acylase incu-
prevaration bation Acetyl- Acetyl-RL- Acetyl-DL~- Formyl- Formyl-DL- Formyl-Dl~ Benzoyl-

’ glycine leucine phenylala. glycine 1leucine phenylala. glycine

Kidney 20 100 55 56 81 53 52
140 21
Liver 20 70 58 16 34 47 7 0
Skeletal 140 7 10 12
muscle 212 38 0 0 0
Heart 140 16 43 0 13 38 0 0
Lung 140 34 L8 19 25
212 0 0 0
Testicle 140 32 hs 0 15 31 0 0

14, Kimura, J. Biochem. (Jspan), 10, 207-223 (1929).
*A buffer of pH 7.2 was used. Incubation at 37°.

-1‘17-.
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but the relative ratee vary with the tissue. Formylglycine
1s the fourth in rate of hydrolysis and acetyl-DL-phenyl-

elanine, formyl-Dl-phenylalsnine, and benzoylglycine, which
are not hydrolyzed except by kidney and liver rrepar:ztions,

seem to follow. Thus, there seem to be significant differences

in the relative rates of substrate hydrolysis by the rabvbit
acylase comnlexes of the different non-proteasce-secreting
tissuees of Table 13. However, the differences are not very
greet. It may be thet similar differencee exist in the acyl-
ases of the dog, but that the dete (Table 6) were not ade-
quate to demonstr:zte this.

Some information on the hydrolysis of acylglycines 1is
given by the data of Utzino, Taunoo, and ¥orit (Teble 14).

Of intereet is the observation thzt phenylrroolonylglycine
is more rezdily hydrolyzed (Table 14) by acylase preperations
of kidney and liver than i1g benzoylglycine.

Table 15 indicates, qualitatively, the effect of acylase
preparations from pancreas, pancreatic Jjulce, and intestinal
mucosa of rabblte on the substrates lnvestigsted to date.

Informetion from a paper by Kimurs on hydrolysis of some
glycine, leucine, and phenylalznine derivatives by rabbit
pancreas and intestinesl mucoes preperations is ziven in

Table 16,

1g, Utzino, S. Tsunoo, ané T. Mori, J. Biochem, 26,
439-47 (1937).
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Table 14

Hydrolysis of Glycine Compounds by Kidney &nd fiver Leylases
According to Utzino, Tsunoo, and Mori

Bydrolysis as ml .10 N NeOH

Substrate

Kidney Liver
Benzoylglyclne .1 .1
Phenyloroplonylglycine .3 .3
Phenyl- «, B -dibromopropionyl- 364 .0L6
glycine
Cinnamoylglycine 0 .010
N-(Pyridincerboxyl)-glycine .3 .1
Phenyl~-c} ~-bromo-2 -oxypropionyl- . 274 .003
glycine

1. Utzino, S. Tsunoo, end T. Mori, J. Biochem., 26,
439-47 (1937).

£lso, data of Itzioka are presented in Table 17 concerning
acylase activity of rebi.it pancreas maceration Jjulce.

The observation that rabbit pancreas acylase preparation
hydrolyzed acetylglycine more readily then acetyl-QDi-~phenyl-
alenine (Table 16) is contrary to what one would expect of

bovine pancreztic carboxypeptidasel, although the former

lE. L. Smith, Proteolytic enzymes. In J. B. Sumner
and K., Myrbdck. The enzymes. Vol. I. Part 2, p. 806.
New York, New York, Academic Press Inc. 1951.
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Table 15

tcylese Actlivity of Pancreas, Pancreatic Juilce,
and Intestinel Mucoea of Rabbit*

Substrate Fencreas Tancreetlic Inteetinal
Julce kucosa

Benzoylglycine 09'15 08 05
Benzoyldiglycine 09,15 08 05
Phtheloyldiglycine ?8
Benzoyl-Ql-leucylglycine -+9 08
Chloroacetylglyeylglycine 29 08 +7
d-Bromoisocapronylglycylglycine 49 08
a-gl-bromolieocapronylglycine 09 05
Lcetylglycine +5 -+5
Formylglycine +5 +5
Acetyl-Dl-lceucine +° +5
Formyl-DL-leucine +5 +7
Chloroacetyl-L-tyrosine +7
Chloroecetyl-j-phenylalanine +8 47010 +
Acetyl-Di-phenylalanine 05 05
Formyl-2i-~vhenylalanine 0> 05

'The syrbole used and their meaning are as follows: + ,
hydrolysls observed; 0, no hydrolysis observed; ?, hydrolysis so
slight as to be questionsble. Superscripts refer to references
which sre found on page 51.
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References to Table 15

(Acylase Activity of Rabbit Tiscues and Juices)
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Ibid., 139-151 (1936).
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T. Sugawara, Tohoku J. Exotl. Med., 48, 223-230 (1945).
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J. S. Fruton, G. W. Irving, and M. Bergmenn, J., Biol.
Chem., 138, 465-466 (1940).
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substrate has not been tested. However, the observetion that
chloroacetyl-L-phenylalenine is hydrolyzed more readily than gly-
cine compounde such as chloroacetyldiglycine (Table 17), 1ie in
accord with the behaviour of bovine pancreatic carboxypeptidasel.
The data on the acylase activity of intestine (Table 16),
seems to be similar to that for the acylase preparations from

the non nrotesse secreting tissues of rabbit (Table 13).

Table 16

% Hydrolyeisl in 140 Hours of Acylamino Acids by Acylase
Systems of Rebbit Pancress and Intestinal Mucosa®

Source of Acylase Preparetion

Substrate Pancreas Intestinzl Mucoss
Acetylglycine 18 €0
Acetyl-Dl~leucine 13 52
Acetyl-DL-

phsnylalanine 0 0
Formylglycine 10 15
Formyl-DL-leucine 6 38
Formyl-DL-

phenylalanine (¢ 0
Benzoylglycine 0 0

1H Kimura, J. Biochem. (Japan), 10, 207-223 (1929).
A buffer of pH 7.2 was used. Incubation at 37°.

1z, L. smith. Proteolytic enzymes. In J. B. Sumner and
K. Byrbdck. The enzymes. Vol. I. Part 2, p. 806. Kew
York, New York, Academic Press, Inc. 1951.



- 53 -

Teble 17

Lcylacse Activityl of Rabbit Pancrees Maceratlon Julce

ML pH Hours Hydrolysis Relative

Substrate enzyme diges~ g& amino-N enzyme
aol. tion in 1 ml1 dilution

Eenzoylglycine' 2 7.5 72 .01** .20

Benzoyldielycine" 2 7.5 72 L02** .25

Benzoyl-Dl~leucyl- 4 7.5 72 .100 .25
glycine

d -Bromolsocapronyl- 3 7.5 72 0 14
glycine

d-Bromoisocapronyl- 3 7.0 24 .057 b
diglycine

Chlorocacetyl-J~ 3 7.5 5 611 14
phenylalanine

Chloroacetyl-]~ 4 7.5 24 145 .14
tyrosine

Chloroacetyl=- 6 7.5 72 .083 <14
diglycine

17, Itzloke, J. Biochem. (Japan), 24, 139-151 (1936).

*pctiveted with "Kinase® solution.

**M1 .10 normel NaOH to titrste 4 ml digest solution.
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Related to the preceding data &re the conclusione of
Meisener a2nd Shepard, who stated in 1866, on the bzsie of in-
direct evidence, thst hippuric acid is decomnosed to benzoic
ecld and glycine in the stomach and intestine of the rabbitl.
They believed thzt these comvronents were reunited in the kidney,
accounting for the anpearance of hlppuric acid in the urine.

m. The sheep. Krebs, Sykes, end Bartley found thet
acetvl-sulvhamezathine is hydrolyzed by sheep kidney suspen-
sion, kldney cortex, lung, liver, brain, nencreas, spleen,
mucosa of JeJjunum, and blood2. These workers also found
that acetylsulrvhanilemide, ecetylsulrhemezathine, scetylsul-
fapyridine, sascetylsulfathizzole, a2cetylsulrhadliazine, and
acetyl-4:6-dimethyloxysulphadiszine were hydrolyzed by cheep
¥idney. fe gtated before, the definition of scylese as de-
fined by the writer (psge 5), does not encompaes the enzyme
activity toward these substrotes. It is not known if the
substretss discussed herein are attacked ty acylacsee as
defined on page 5.

n. The ecow. Fruton and Bergmann3 found thet ammonium

sulfate fractionatlion of =n aqueoues extrsct of beef spleen

1gee refsrence € on page Sl.

?%. A. Krebs, %. O. Sykes, and W. C. Bartley, Biochem,
.‘I;.: &.:.':.i 622'630 (1947)-

3J. S. Fruton and M. Bergmann, J. Biol. Chem., 130,
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led to a preparation which hydrolyzed cerbobenzoxy-j
glutamyl-L~tyroeine, znd cerbobenzoxy-}-glutamyl-[-chenyl-
elznine with s certain szmount of activation by cysteine at
40°, 1In addition, carbobenzoxyglycyl-L-tyrosine, cerboven~
zoxy-L~clutemyl-l-glutamic acid, cartobenzoxy-L-glutamyl-
glycine, carbobenzoxy-L-leucylglycine, cerbobenzoxyglycyl-
glycine, and carbobenzoxy-L-isoglutemine are appreclzbly
hydrolyzed only in the presence of cysteine. However, no
activation by cysteine of carbobenzoxy-l-glutamyl-L-
tyrosine hydrolysis by bpeef spleen nreparetion was observed
st 25°; the elight activation st 37° mey have been due to
leseening of enzyme 1nact1vation1 or due to & second enzyme,
The date obtalned by Fruton and Bergmann at 37° at one
enzyme conecentration is present:d in Table 18.

The enzyme of beef s-leen which hydrolyzes carboben-
zoxy-L-glutamyl-L~tyroeine and carbobenzoxy-L-glutamyl-l-
phenylslanine, and which is not cysteine-activated, hss
been named csasthensin I1 and later cathenesin Az. Bergmznn

has glso descrihe? it ac a nepsinase of culeen because the

two substrates just mentioned are hydrolyzed eack by porcine

15, s. Fruton, G. ¥W. Irving, and M. Bergmenn, J. Biol.
Chem., 138, 249-262 (1941).

®4, H. Tallen, M. E. Jones, and J. S§. Fruton, J. Biol.
Chem., 194, 793-805 (1941). E—
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Table 18

heylace Activityl of Beef Srleen ?reparation’

pH Eours % Hydrolyele with
SUbBtrate 1ncu..,
bation No Cyste’.ne
activator

Carbobenzoxy-l-glutamyl-

L-tyrosine 5.5 2 53 61
Carbobenzoxy-j-zlutamyl-

L-phenylalanine 5.0 L 15 67
Carbobenzoxy-L—glutamyl—

D~nheny1alanine 5.0 12 1 3
Carbobenzoxy-L-glutamyl—

L—glutamic acid L.7 2 0 55
Carbobenzoxyglycyl-L~

tyrosine L.y 2 5 33
Chloroacetyl-L-tyrosine 7.8 24 0 2
Carbobenzoxyglycyl-L—

proline L4 12 2 7
Carbobenzoxy-L-leucyl-

glycine ~ 4.8 4 2 51
Carbobenzoxyglycyl-

glycine L.7 4 0 35
Carbobenzoxyglycyl-

sarcosine 4.5 12 3 7
Carbobenzoxy-L—

isoglutamifie 5.2 21 7 53

1;. s. Fruton and M.

19-27 (1939).
* Incubation st 37°.

Bergmsnn, J. Biol. Chem., 130,
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repeln and cathepsin A at the same rate ratiosl

; however,
the sctivity ratios for the two enzymes were each determined
at a different pH. Beef spleen cathepsin A 1g known to
differ from porcine pepsin in that cathepsin A hae a pH
optimum for carbobenzoxy-lL-glutamyl-[-tyrosine at 5.8
(rather than at pH 4) and has a higher specific activity
than crystslline porcine pepsinl.

The cysteine-activated beef spleen enzyme which hydrolyzes
carbobenzoxyglycyl-l~phenylalanine hae been named beef epleen
carboxypeptidasez, although the former name was cathepsin Iv3.
Cystelne-beef spleen preparction decomposes carbobenzoxygly-
cyl-L-glutamic acld to carbobenzoxyglycine and [-glutamic
acidu. No direct evidence was presented that beef srleen
carboxyveptidase requires a terminal carboxyl group in sub-
strates hydrolyzed, but this enzyme was described as a car-
boxypepticase because a preparation from swine kidney which

readlly hydrolyzes carbobenzoxyglycyl-l-phenylalenine does
not hydrolyze carbobenzoxyglycyl-Lpphenylalaninamide3.

1y, Bergmann, Adv. Enzymol., 2, 49-68 (1942).

2g, H. Tallen, M. E. Jones, and J. S. Fruton, J.
Chem., 194, 793-805 (1941).

35, s. Fruton, G. ¥W. Irving, eand M. Bergmann,
Chem., 141, 763-74 (1941).

4J. S. Fruton, G. W. Irving, and M. Bergmann,
Chem., 138, 249-262 (1941).
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Lialysis caused parallel inactivation of cerbobenzoxyglycyl-
L-phenylelanine and carbobenzoxyglyeyl-L-tyrosine activity,
and 1t 1¢ selleved the same enzyme hydrolyzes each substratel.
Inactivation and activation behaviour of beef cspleen prepara-
tione indicate that beef svleen carbox:peotidesse sleo
hydrolyzee carbobe..zoxy-L-glutamyl-j-tyroeine, although the
mzin activity toward this compound in beef splesn rrev:ra-
tions before heating 1s du= to cethenein Al.

Bergmenn tentatively suggestes thst both pancrestic and
genleen carboxyoveptlidases attack acyldipentides in which the
terminal amino acid muet be phenylaslenine or tyroeine for
action®. Their clasceification seems to imrly & similarity
in specificity for the two enzymes. In view of the repid
rate at which carbobenzoxyglycylglyeine, carbobenzoxy-lL~
leucylglycine, and carbobenzoxy-L-glutamylglycine were
broken dorn by & cysteine-actlvated component of beef spleen
(Table 18), and in view of the slow rete of breakdown of the
first substrate (as compared to carbobenzoxyglycyl-L-phenyl-

elenine hydrolysis) by bovine pancreatic carboxyoeptidaseB,

1J. 5. Fruton, G. ¥. Irving, and M. Bergmann, J. BElol.
Chem., 141, 763-74 (1941).

2M. Bergmann, Adv. Enzymol., 2, 49-68 (1942).

3. L. Smith, Proteolytic enzymes. In J. B. Sumner
and K. Myrtdck. The enzymes. Vol. I, Part 2, v. 806.
New York, New York, icademic Press Inc. 1951.
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1t would seem well to regsrd such & view with extreme
caution.

Be-f kidney preparations contain a2bout twice ss much
activity per mg of nitrogen toward carbobenzoxy:zlycyl-l-~
leucins in the cvresence of cysteine as do beef spleen prern-
arationsl. This cathersin IV, or beef kidney carboxypenti-

1’2’3

dage, activity may also be reswnonsible for pert of the

hydrolysis of cerbobenzoxy-L-gilutamyl-L-tyrosine since this
enzyms sctivity is partly cysteine activatedl.

Beef kidney contalns a cathepsin I, or bsef kidney
czthe eln A&, which hydrclyzes cerbobenzoxy-L-gluismyl-}-
tyrosine and carbobenzoxy-L-glutamyl-L-nhenylalanine in the

Z'B’h. Bergmann ststeg thst beef kidney

absence of cysteine
cathepsin £ (then cathepein I) hee a specificity csimilar to
that of beef epleen cathenelin, because bot:r enzymes have
the same rete rstlos toward the two substrates just men-
tioneal’™®. The cethensin A activity of beef kidney -rep-

arations per mg. of nitrogen is about half of the activity

1J. S. Fruton, G. W. Irving, and M. Bergmann, J. Blol.
Chem., 141, 762-74 (1941).

2J. S. Fruton and M. Bergmann, J. Biol. Chem., 130,
19-27 (1939).

3H. H. Tallen, M. E. Jones, end J. S. Fruton, J. Biol.
Chem., 194, 793-805 (1952).

4M. Bergmann, £4v, Enzymol., 2, 49-68 (1942).
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of beef snleen preparationsl. Glycerol extrzcts of beef

kidney have scylase activity towsrd benzoylglycine2'3’u,

furfuroylglycines, furylpropionylglycine5, furylacrylgly-
c1ne5, phenyl-c , B -dibromOprOpionylglycinez, chenylprop-
ionylglycinez, N-(nyridincarboxyl) glycine, snd furfuroyl-

Qgralanine6; no sctivity le observed towerd phenylhi-puric

6 2

ecid”, , phenylfurruroylglycine3, oxy-

methylfurfuroylglycines, and furfuroylisoserineé. Schaffner

cinnamoylzlycine

end Truelle find that c:rbobenzoxy-f-glutamyl-L-tyrceine is
split by a bovine liver prepsration with an optimum at pH
5.6?. This enzyme prepars:ion also srlits gelatin, but
gelatin hydrolysis 1s inhibited by K/1000 indoacetic acid
while carbobenzoxy-L-glutamyl-L-tyrosine splitting ics un-

influenced. Jacoby isolated benzole ecid from & four day

lJ. S. Fruton, G. W. Irving, and M. Bergmenn, J. Biol.
Chem,, 141, 762-7& (1941).

28. Utzino, S. Tsunoo, snd T. Mori, J. Blochem. (Jspan),
26, 439-47 (1937).

31. A. Smorodinzew, J. Russ. Phys. Chem. Soc., 81, 156-
82 (1919). Thenks are due to Mr. Sol Shulman who kindly
furniehed an Englliesh summery of this Ruesian srticle.

4
(1923).

58. Utzino, S. Tsunoo, and T. kori, J. Biochem. (Japzn),
26, 449-53 (1937).

6Ib1d., L477-482 (1937).

?s. Schaffner, and M. Truelle, Biochem. Z., 315, 391-
404 (1943).

I. A. Smorodinzew, Z. Prysiol. Chem., 124, 123-134
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digest, under toluene, of bovine liver Jjulce and hi ~uric
ecidl. sbderhalden and Schwab? give the deta in Teble 19
on the enzyme vehaviour of liver prees Juice (which 1is

bovine sg far es the writer could tell from the article).

Table 19

+*
Enzyme Activityl of Liver Press Juice (Bovine?)

Subsgtrate pH % Hydrolysis
Chloroacetyl-L~alsanine 7.8 89
Chloroacetyl-L-tyrosine 8.4 20
Chloroacetyl-o-nitroaniline 7.0 40

(in two hours)

_ lE. ibderhslden, and E. Schwab, Fermentforschung, 14,
43-e3 (1933).

*Fifteen hour incubation unless otherwise stated.

Glyc:zrol extrects of bovine liver fall to hycéroly:ze,

gsignificantly, phenylpronionylglycine3, rhenyl-4,8 -

3

dicromoprorionylglycine~, cinnamylglycine3, N-(pyridincar-

1M. Jecoby, Z. Physlol. Chem., 30, 168 (1900).

2%, Abderhalden, and E. Schweb, Fermentforechung, 14,
43-53 (1933).

3s. Utzino, S. Tsunoo, and T. Mori, J. Bilochem. (Japen),
26, 439-447 (1937).
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1l 1l
boxyl)giyeine , prenyl--bromo- B-oxycro lonyliglycine ,

2 3

, ph-nylfuri.roylglycine”, nh=nyl-

3

DL-furfuroylieos-rine

2
Piovrurlc ccid , furylecrylglycineB, furfurcylzlycine

furylnromionylglycineB. Sowever, g-furfuroyl-li-zlenine

te slightly hydrolyzed in 24 hours by & glyc-rol extrszct of
bovin: liver?.

tenzoyldizlycine and »hthaloyldiglycine are not hyoro-
lyzed by glycerin extrzcts of beef muscleh.

nzyms ‘reverations from bovin< inteetine heve oteen
found inective againet N—(nyridinCErboxyl)—slycinel, ben-
zoyldiglycines, ﬁ-naphthalinsulfoglycylglycineS, nath-
thalinsulfoglycyl—Lfleucineé, B -nsohthelinsulfoglycyl-Di-
ohenylalenine®, B -nephtheline lfo-DL-leucyl-f-leucineb,
,G-nenhthalinsulfoglycylglycines, end & -nevnhthelinsulio-

QL-leucylglycineé. fbderhalden &nd von fhrenwalf7g1ve

18. Utzino, S. Tsunoo, &nd T. Mori, J. Blochem. (Japsan),
26, 439-447 (1937).

2Ivic., B77-482 (1937).

1bia., s43-52 (1937).

be Utzino, J. Blochem. (Jspen), 9, 465-81 (1928).
5T, Imel, ;. Phyeiol. Chem., 136, 205-213 (1924).

5aM. Metsumoto, Acta Schol. Med. Univ. Imo. Kioto, 10,
229-233 (1328).

6s. Gtenl, Acts Schol. ked. Univ. Imn. Kioto, 17, 163-
196 (1934).

7E. AbGerhalden end E. von ihrenwzll, Fermentforechung,
12, 223 (1930).




- 63 -

deta in Tsebls 20 on hydérclysies of scylsmino scide by two
dirferent "erepein” golutlions, which ere presumsbly ourifiec

prev:rations from bovine inteetinsgl mucosz. The veristion

Table 20

Bydrolysis of Acylemino Acide by Two_ "Erepcsin”
Preparsations (in 24 Fcurs)

Z Hydrolyeic by ".repein® Folution

Substrate
I 1I
Chloroscetyl-L-elsnine 70 17
Chloroscetyl-Dl-leucine 52 42
Chloroacetyl-L-tyrosine 0 0

lE. #bderhelden and E. ven threnwell, Fermentforechung,
12, 223 (1930).

in the szctivity retios of the two erevein prepsr:tlons
toverd chloroecetyl-L-clanine and chloroscetyl-pl~leucine
m:y lndiccte th:t more than one enzyme 1s recponsible for
the hydrolysie of the two sucetretes.

A proteinase of bovine gastric Jjulce, bovine vepein,
hydrolyzed carvobenzoxy-j~glutamyl-[-tyrosine, cazrbobenzoxy-
L-glutamyl-~vhenylalenine, and csrbobenzoxyglycyl-}

tyrosine at pH b.ll. Evidence 1s &t hand to indlicate

1g, L. Em}th, Proteolytic enzymes. In J. B. Sumner
and K. Myrbdck. The enzymes. Vol. 1, Part 2. p. 840-845,
New York, New York, Acsdemic Press Inc., 1951.
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bovine pepsin haeg a specificity very similar to those of
swine, sheep, and chicken pepsins.

A bovine pancrestic carboxyvertidese, which wae first
erystallized by Anson, hydrolyzes =zcyldipeptides, escylamino
acids, end free or acylated tri- znd oligopeptides, with
liberation of the carboxyl-terminal amino acidl'z. This
cryetelline enzyme will be referred to as Anson's carboxy-
petidese. 4inson's carboxypeptidase occurs in the pan-
creas &8 & pro-enzyme which i1s secreted in the pancreatic
Juice, &nd 1is converted to the enzyme by try-ein. Tyoical
substrates for this carboxyneptidase can be represented by
the following formula, with the arrow indiceting the bond

broken:

R—CO-NH-EH—CO-NH—EH—COOH

Compounds containing two peptide bonds are more susceptible
to inson's carboxyveptidase than compounds containing only

one ~eptide bond. The nature of the terminal amino scid

15, Neurath end G. ¥. Schwert, Chem. Rev., 46, 69-
153 (1950).

%g. L. Smith. Proteolytic enzymes. In J. B. Sumner
and K. Myrbdck. The enzymes. Vol. 1, Pert 2. 1. 802-810.
New York, New York, Academic Prees Inc., 1951.
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side chein, R'', has a grezter effect on rate of substrate
hydrolysis then the nature of the second =mino acid side
chain, R'. Acyldiveptides containing & terminsl phenylals-
nine, tyrosine, tryptophan, or leucine, are more rapidly
eplit than other substrates. Seversl chloroacetylamlino acids
are snlit at a rether slower rate than the corresponding
carbobenzoxyglycylemino acids, but limited dsta indicate
thet the acetylamino acids are very slowly hydrolyzed. The
rates of hydrolysis of substrates by Aneson's cerboxyrevtidsase
ere given in Tseble 21, revroduced from the excellent review
by Neurath and Schwertl.

Proteolytic coefficlentes for seversl acyldipeptides

contalning serine, as determined by Harrie and Fruton?

, were
found to be as follows: carbobenzoxyglycyl-L-serine, .002;
carbobenzoxy-f-elanyl-L-serine, .018; carbobenzoxy-f~-s:ryl-
L-alanine, .042; carbobenzoxy-L~-seryl-[~serine, .003. The
authors ccncluded that the introduction of & terminsl scerine
for the terminsl glycine in carbobenzoxyglycylglycine does
not change the order of magnitude of the rate constent.

Proteolytic coefflclents for the hydrolysis of a number

of chloroscetyl-, trichlorocacetyl-, =nd hivrurylsmino acids

1H. Neurath and G. W. Schwert, Chem. Rev., 46, 89-153
(1950).

2J. I. Farris and J. S, Fruton, J. Biol. Chem., 191,
143-151 (1951).
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1 and these are reproduced in Table

were wresented by Ronwin
2la. In the same paper was a brief presentztion of the
"dlpositive-bond theory® which is a =roposed mechsnism of
enzyme-sutstrate interaction; this theory was sald to explsaln
the fsellure of N-p-toluenesulfonyl-DlL-phenylalznine and N-
chlorcacetyl-RL-asnartic scid to be hydrolyzed by Anson's
carbvoxypeptidase.

In a recent paper by Steinbergz, it 1s suggested thsat
the previously reported release of glanine from ovalbumin
by Anson's carboxypeptidese 1s dependent on the presence of
& diisopropylfluorovhos~hate sensitive contaminant.

The hydrolysie of cerbobenzoxyglycyl-l~vrhenylalenine
by Anson's carboxypeptidase 1s strongly inhibited by certsain
carboxylic acidsB. The strongest inhibitor is 2 -chenyl-
proplonic acid which possesses a side chein identicel with
thet found in the terminal phenylalenine group of substrates
most sensitive to Anson's carboxypeotidase action. Certain
D-smino acids inhibit the action of Aneon's carboxypeptidase,

but to a lesser extent then do the corresponding carboxyllc

acids. Inhibitory power of R-smino ascids paresllels the

1%. Ronwin, J. sm. Chem. Soc., 75, 4026-4030 (1953).

2D. Steinberg, J. Am. Chem. Soc., 75, 4875-4876 (1953).

3H. Neurath and G. ¥. Schwert, Chem. Rev., 46, 89-153
(1950).
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Teble 2la

Substrates for Anson's Carbcxypeptidasel

I II III
-CO—NE—IH—CB—HH— E-CO0
'

K1t

*
Rate
I 11 III c25°
0.05
1 Carbobenzoxy Zlycyl phenylalenine 12.0-14.0
2 Carbobenzoxy glyeyl tyrosine 6.2
3 Carbobenzoxy glyeyl tryptophan h.7
4 Carbobenzoxy giycyl leucine 2.6
5 Carbobenzoxy glyeyl methionine 1.2
6 Carbobenzoxy glyeyl isoleucine 0.54
7 Carbobenzoxy glycyl alsnine 0.04
8 Carbobenzoxy glyeyl aminoisobutyric 0.013
| acld
9 Carbobenzoxy glycyl glycine 0.001
10 Carbobenzoxy glyeyl thiszolidine-
4-cerboxylic
zclad 'f'

15, Neurath and G. %. Schwert, Chem. Rev., 46, 89-153
(1950).
*.259 "

Co 05 denotes the proteolytic coefficient, " calculated
from measirements at 25°C ana 0.05 M initisl substrate con-
centrstion, within the pH range of pH 7.3 to pH 7.7. VWhere
the experimental data did not warrant the calculation of
proteolytic coefficients, rates are merely denoted by
+ (moderate or fast) or 1-(slow).




- £8 <

Table 2la(Continued)

Fate”
I II III c25°
0.05
11 Benzoyl glyceyl rhenylalanine
12 Benzoyl glycyl phenylglycine 1.0
13 Benzoyl glyecyl lysine -+
14 Benzenesulfonyl glycyl phenylelanine +-
15 Carbobenzoxy alanyl phenylelenine 11.3
16 Carbobenzoxy alanyl tyrosine 6.4
17 Carbobenzoxy methionyl tyrosine 7.8
18 Carbobenzoxy tryptophyl tyrosine +
19 Carbobenzoxy tryptoohyl tryptophan 2.3
20 Czarbobenzoxy tryotoohyl slanine 0.12
21 Cszrbobenzoxy tryptophyl glycine 0.007
22 Carbobenzoxy tryptophyl proline 0.002
23 Carbobenzoxy glutamyl vhenylalanine 0.8
24 Carbobenzoxy glutamyl tyrosine 0.5
25 Lcetyl dehydro- phenylelanine 0.003
phenyl-
alanyl
26 Acetyl dehydro- leucine 0.002
phenyl-

2lanyl
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Tsble 21a(Continued)

Rete"
11 III c25°
0.05

27 Cerbobenzoxy vhenylalsnine 0.0013
28 Carbobenzoxy try~tophan 0.009
29 Cerbobenzoxy  tyrosine 0.001
30 Benzoyl phenylalanine B
31 Chloroascetyl phenylalanine +
32 Chlorocacetyl tyrosine 1.65
33 Chloroacetyl  tryptophan -+
34 Formyl phenylalsnine ‘_jt':_
35 Acetyl phenylalznine I
36 Acetyl tryptophsn 0.045
37 Phenylpyruvyl phenylaslanine B
38 Phenylpyruvyl 1leucine t




Teble 21b

Anson's Carboxypeptidase Action on Chlorosacetyl, Triohloroacet;yli
and Hippuryl Derivatives of Amino Aclde As Determined by Ronwin

Proteolytic coefficlent, Cg?gj M

Amino acid
N-Chloroacetyl N-Trichloroacetyl Bippuryl
derivatives derivatives derivetlives
Phenylalanine 2.22 17.0
Tyrosine 2.00 0.023 9.96
Leucine 0.348 0.016 11.0
Norvaline 174
Isoleucine . 087 0.014 8.86
Methlonline .065 2.32
Valine .030 no act. 1.21
Alanine .006 no act,
Agpartic acid no act.

'0&-

1E. Ronwin, J. Am. Chem. Boc., 75, 4026-4030 (1953).




- 71 -

susceptipvllity to hydrolysis of the corresvonding acyl-L-
emino acids containing &t least two peptide bonds. Data
on the inhibltion of cartobenzoxysglyecyl-L-~henylalanine
hydrolyslie by crystslline Aneon's carboxypeptldace cre
given in Table 22.

Smith and his co-werkers have revnorted that the action
of Anson's carboxypenrtidase is inhibited by certszin "metal
polgoners”", namely, cyznide, cysteine, phosphste, pyrophos-
phate, oxalate, and citratel. Largely on the besis of these
findings and the observation that magnesium was present in
the ash of Anson's carboxypeptidass, 1t was postulated that
proteln-bound maegneeium pleyed an important psa:rt in the
cat:1lysls due to Anson's carboxypeptidasel. However, Neurath
and co-worker82'3 have rcported that the initial rate of
carbobenzoxyglycyl-L~ "henylalanine and carbobenzoxyglycyl-
L-leucine hydrolysls is uninfluenced by the substances
s21d by Smith to te inhibitory. The apperent inhibition
by "metal polsons® wae ascribsé to an increase in enzyme

alffinity for reszction 'oroducts2 due to the added compounds.

1E. L. Smith. Proteolytic enzymes. In J. B. Sumner
and X. Myrback. The enzymes. Vol. 1, Part 2. p. 802-810.
New York, New York, Academic Press Inc., 1951.

2H. Neurath and G. Y. Schwert, Chem. Rev., 46, 69-
153 (1950).

3H. Neurath and O. De Maria, J. Biol. Chem., 186,
653-665 (1950).
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Table 22

Inhibitionl of the KHydrolysis of Carbobenzoxyglycyl-}r}
phenylelzanine by Crystalline Anson's Carboxypeptidace

Inhibitor % KI
I
1073¥

A -Phenylprovionic acid 0.062
Y-Prenylbutyric acid 1.13
Prenylacetic scid 0.39
p-Nitrophenylacetic 2.5
D-Phenylalenine 6.0 2.0
g-Histidine 2.1 20.0
D-Alanine 1.6
ngsoleucine 1.6
g—Lysine 1.1

1H. Neursth snd G. ¥. Schwert, Chem. Rev., 46, 89-
153 (1950).

*C 18 the proteolytic coefficient in the absence of
inhibltor at an initlal carbobenzoxyglycyl-l,-phenylalanine
concentration of ,0125; Cq4 ic the proteclytic coefficient
in the presence of 0,01 M D-amino aclid. X1 is the diesoci-~
ation constant of the enzyme-inhibltor complex.




-73 -

For further dlecussicn and references on Anson's bovine
pancrestic carboxypeptidase, see the reviews by Neurath
and Schwertl, and by Emil Smith2. The dlscuselon just
pree<=nted 1s based on these reviews.

Are acylases othsr than £Anson's carboxypentidase
present in bovine pancress? A carboxyventidase, which was
nzmed protaminase, hes been discovered in hog pancreas3:b.
srotaminase acts on clupein and salmine with liberation of
arginine, and thils activity has been separated from activity
toward chloroacetyl-j-tyrosine. Fowever, cluvein was not
significantly hydrolyzed by sn extract of cow pancreasB'u
thet 41d hydrolyze chloroacetyl-L-tyrosine. On first thought,
these experiments possibly indicate a difference in the
acylase complements of bovine and porcine pasncreases. How-
ever, the apperent species difference may have arisen due
to denaturation or extraction differences or due to the

different amounte of proteinsees present. A conflicting

1. Neurath and G. ¥. Schwert, Chem. Rev., 46, 69-
153 (1950).

2g, L. Smith. Proteolytlc enzymes. JIn J. B. Sumner
and K. Myro#ck. The enzymes. Vol. 1, Part 2. p. 802-810,.
New York, New York, Academic Press Inc., 1951.

35. ¥aldschmidt-Leitz, F. Ziegler, A. Schiffner, end
L. veil, Z. Physiol. Chem., 197, 219-236 (1931).

uE. Waldschmidt-Leitz, a2nd E. Kofranvi, Z. Physlol.
Chem., 222, 148-150 (1933).
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report 1s that of Smith, who states that six-timee crys-
tellized inson's cerboxyveptidesee hydrolyzed salminel; he
raisee the cuestion of the poscible identity of protaminsce
with carboxypevntidsse.

Emil and Rudolf Abdernslden claimed to have sepersted
carboxypeptidase activity, ac revnresented by £ -nsnhthalin-
gulfoglycyl-L~leucine hydrolysis, from actlivity toward
chloroacetyl-DL-leucine (deserived as acylase activity) by
removing the former sctivity through formaslin treatment2.
However, the claim that two enzymes were responsible for
the activity observed, was later withdrawnl. Utzino,
Tsunoo, and Mori noted no hydrolysis by glycerol extracts
of bovine pancreas of furfuroylglycine, furylproplonyl-
glycine, furylacrylglycineu. Jurfuroyl-Rl~slanine, Turfur-
oyl-Dl~1isossrine, and phenylhinpuric acld5. The Abderhaldens
describe the action on haloacylamino acids and acylated

peptides of & partislly purified -reparstion from bovine

1E. L. Smith. Proteolytic enzymes. In J. B. Sumner
ané¢ K. Myrback. The enzymes. Vol. 1, Part 2. v. 827.
New York, New York, Academic Press Inc., 1951.

ZE. Abderhalden and R. Abderhalden, Fermentforschung,
;g, 48.61 (1938).

3E., Abderhslden and R. Abderhslden, Fermentforschung,
17, 217-223 (1943).

ks, vtzino, S. Tsunoo, and T. Mori, J. Blochem. (Jzpan),
26, b49-453 (1937). I

Stpia., 477-482 (1937).
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pancreaal. They tested the chloroacetyl, tromoscetyl, and
lodoacetyl derivatives of tyroeine, leucine, alsnine, and
glyelne; but the leucine and tyroeine derivatives were com-
vletely or almost completely hydrolyzed under the conditions
of the experiment. The degree of hydrolysis of the zlanine

and glycine derivatives are given in Teble 23.

Table 23

Eydrolysls of Acyl Glycines and Acyl Alanines by Pfrtially
Purified Bovine Pzncreatic Carboxypeptidase

Compound % Hydrolysis
Chloroacetyljgg-alanine 25
Bromoacetyl-gg-alanine 20
Iodoecetyl-DL-alenine 17.5
Chlorogcetylglycine 15
Bromozcetylglycine 10
Iodoacetylglycine 0

1g, sbderhslden and R. Abderhalden, Fermentforschung,

o. The hog. The esrliest report on acylases was in
1881 by Schmiedeberg. He reported that benzoylglycine was

lE. Abderhalden and R. Abderhalden, Fermentforschung,
16, 48-61 (1938).
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hydrolyzed by an aqueous extract of slcohol-dried and de-
fatted hog kidney and other dog and hog tissuesl. Schmiede-
berg carried out his one day enzyme-substraste incubstlons
in the absence of edced antiseptice. He belleved the ob-
served hydrolysis wzs due to &an unorganized ferment, and
not due to the vrecsence of putrefactive fermentatlion since
no turbidity due to bacteriesl development aprezred in clear
histozyme-benzoylglycine solutions after a one day incubstion.
Leter work on eacylases wag carried out in the presence of
antiseptics such as toluene.

Minkowskl fazlled to observe hydrolysis of hippuric
acid by & one year o0ld hlstozyme prepsration obtained from
Schmiedebergz. Minkowski concluded that Schmiedeberg's
observations were not false because of putrefaction. He
proceeded to observe that fresh hog kidney brei would split
hippuric 2cid in the presence of 0.2% quinine, 0.5% thymol,
and 1.0% phenol. He also succeeded in obteining an active

acylase preparstion using Schmiedeberg's procedure. However,

Mutchd was unable to obtain a preparation from hog kidney

10. Schmiedeberg, Arch. Exp. Path, Phsrmsk., 14, 379-

392 (1881).

( ?o. Minkowski, Arch. Exp. Path, Phermak., 17, 445-461
1883 .

3N. Mutch, J. Phyelol., 44, 176-190 (1912).




-77 -

by the method of Schmiedeberg, when the preczutinn was
teken of eéd-ing an entiseptic. Mutch concluded thet prob-
ably Schmiedeberg!s observationg were due largely to beac-
terial asction. Mutch did obtaln an active prepsration from
pig kidney by using the solid remaining after alcchol fol-
lowed by ether treatment of plg kidney brei. This prepara-
tion hydrolyzed both benzoylglycine, and, to & somewhat
lesser extent, the dextro-rotary isomer of benzoylalenine.
Benzozte inhibited a 1little, and 0.5% formalin inhibited
completely the zction of his acylase preparation. NMutch
also determined that the equilibrium of hippuric acid
hydrolysis was 97 moles of hippuric acid hydrolyzed to 3
moles unhydrolyzed.

More recent werk, especially that by Greenstein and
co-workers, hase demonstrated that a lsrge number of acyl-
eamino aclde are hydrolyzed by protein fractions from hog
kidney. Birnbaum, Levintow, Kingsley, and Greenstein have
prepared a frection of hog liver homogenate by acetone and
ammonium sulfaete fractionation which they deslgnate as
acylase Il. Fu and Birnbaum report that acylase I hydro-

lyzes the N-chloroacetyl, straight-chain, sliphstic smino

ls. M. Birnbaum, L. Levintow, R. Kin%sley, and J.
1

Greenstein, J. Biol. Chem., 194, 455-470 (1952).
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eclds at rates whose logarithms are proportional to the in-
ductive constant of the smino nitrogen up to 5 amino acid
cartons; an increase in size of the amino aclid nortion of
the chloroscetylsted amino acids beyond this, or branching,
diminishes the ratel. Fonce and Lee find the rste of
hydrolyslis of the monohalogen acetylelenines decreases
cueslitatively in the order of decrezging electronegstivity
of the halogen atomz. Other acylal:znines were used and the
results seem to indicate thet both electronic and stearic
factors influence the rate of hydrolysis of acylamino ascids
by acylase I. The decreasing rates of hydrolyeie of some
ecylalsnines by acylzee I are trifluorocacetyl —>fluoroscetyl >
chloroacetyl —proplonyl —acetyl >bromoacetyl > formyl —
iodoacetyl —>benzoyl. The retegs of hydrolysis of many
acylamino acids by acylese I ere given in Table 24,

&n interesting observation 1s thet acylase I hydrolyzed
certalin substrates conteining an sromatic ring at sbout the

same rate as the corresronding substrates containing a

saturzted aliphatic ring3. This ie in contrest to the

ls. J. Fu and S. M. Birnbeum, J. Am. Chem. Soc., 75,
918-920 (1953).

2y. S. Fones and M. Lee, J. Blol. Chem., 201, 847~
856 (1953).

3s. M. Birnbaum, L. Levintow, R. B. Kingsley, and
J. P. CGreenstein, J. Blol. Chem., 194, 455-470 (1952).
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Tzble 24

Hydrolysls of N-icylated Amino icide by Lcylase I
from Hog ¥idneyl,2,3

Ratio of rates,

Rscemic #*
compound Rate with  Acylase I
acylece I homogenate

Fluoroacetylalsnine 14,700
Chloroscetylalenine 11,600 34
Proplonylelanine 3,100
Acetylalanine 2,950
Bromoacetylalanine 2,500
Iodoacetylalanine 185
Dichloroacetylslsnine 180
Trichloroacetylalanine 0
Trifluorocacetylalanine 18,000
Methylmercaptoscetylalanine 950
Formylalanine 300

1y, S. Fones and M. Lee, J. Biol. Chem., 201, 847-856
(1953).

23. M. Birnbeum, L. Levintow M. Kingsley, snd J. P.

Greenstein, J. Biol, Chem., 194, 455-470 (1952).

3k. R. Rso, S. M. Birnbaum, R. B. Kingsley, and J. P.
Greenstein, J. Biol. Chem., 198, 507-524 (1952§

*In terms of micromoles of substrate hydrolyzed at 38° per
hour per mg of nrotein N. All digests conducted in ohosphste
buffer at pH 7.0 and final concentration of about 0,03 M,
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Table 24 (Continued)

Ratio of rateg,

Racemlc "
compound Rzte with  Acylase I
acylase I  homogenste
Eydroxyacetylalanine 30
p-Toluenesulfonylelanine 0
Methanesulfonylalanine 0
Benzoylalanine 25
n-Fluorobenzoylalanine 24
p-Nitrobenzoylslanine 21
p-Chlorobenzoylalanine 4
p-Bromobenzoylalsesnine 3
p-Iodobenzoylalanine 3
p-Tolylalenine 2
p-Aniecoylalanine 0
m~Anisoylalanine 0
m-Nitrobenzoylalsnine 5
2,4=-Dichlorobenzoylalanine 0
Chloroacetylaminobutyric acid 33,600 34
Acetylvaline 1,660
Chloroacetylvaline 4,970 35
Chloroacetylncrvsline 40, 500 33

Acetylleucine 5,400
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Table 24 (Continued)

Ratio of rates,

Racemic
compound Rete with  Acylsse I
scylase I  homogenate

Chloroscetylleucine 16, 500 27
Acetylnorleucine 14,400
Crloroscetylnorleucine 30,400 36
Acetylisoleucine 376
Acetylslloisoleucine 250
Chloroacetyleminoheptylic acid 28, 200
Crloroacetylserine 11,600
Chloroacetylthreonine 720 19
Chloroacetylallothreonine 2, 580
Dichloroacetyldiaminopropicnic acid Lss
Dichloroacetylornithine 304
Dichloroacetyllysine 140
N-Acetyl-S-benzylcysteine 100
Acetylmethionine 24,200
Chloronacetylmeszionine 100,000 34
Acetylethionine 15,400
Acetylaspartic acid 5
Chloroacetylaspartic acid 4 0.1
Acetylglutamic =scid 3,080

Chloroacetylglutamic acid 12,700 27
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Teble 24 (Continued)

Retlo of retes,

Racemic :
compound Rete with icylase I
acylese I  homogenate

Chloroscetylasparagine 129 16
Carbobenzoxyglutamlic acid 28
Lcetylphenylalanine 138
Chloroascetylohenylalanine 460 15
Crloroacetyltyrosine 330 3
Acetyltryptorhan 5
Chloroscetyltryptophan 12 4
Acetylproline 0.7
Chlorozcetyl -roline 6
Chloroacetylaminocaprylic acid 7,700
Chloroacetylphenylserine 00
Chlorocacetylaminocyclohexyl-ropionic acid 350
Chloroszcetylaminocyclohexylbutyric acid 132
Chloroacetyleminocyclohexylacetic acid L, 600
Chloroscetylaminophenylacetic acid 4,500
Chloroacetylglycine 2,640 48
Acetylhistidine 150
Acetylarginine 410
Chlorozcetylisoleucine 1,010 28

Chloroscetylalloisoleucine 950 33
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behaviour of Anson's cerboxypeptidase which bresks down
substrates containing aromztic rings at a much faster rate
than the corresronding sliphatic compounds. Thue, kidney
acylese I hydrolyzes chloroacetylphenylalenine at close to
the same rate as chloroszcetylaminocyclohexylpropionic acid
(Table 24). On the other hand, the rates of hydrolysie of
these substrates by Anson's carboxyreptidase were, chioro-
acetylphenylalanine 2750, and chloroscetylcyciohexylproplonic
acid 167,

In general, the acyl-D-amino aclds are very slowly
hydrolyzed by acylase I as compar=d to the corresponding
ecyl-l~amino acidez. However, the ratio of the rates of
hydrolysie of the trifluoroacetyl-Q and [-alanines ig 1:90,
which is in decided contrast to the 1:20,000 found for the
corresnonding chlorcacetyl derivatives.

Table 24 includes certesin ratios of the rate on & sub-
strate by acylase I to the rate by the crude hog kidney
homogenate. Most of these rstios are about 30, and except
for a few compounds which will be discussed shortly, 1t ie

believed that scylase I action is due to a single enzyme

lS. M. Birnbaum, L. Levintow, R. B. Kingsley, asnd J. P.

Greenstein, J, Biol. Chem., 194, 456-470 (1952).

%4. S. Fones and M. Lee, J. Biol. Chem., 201, 847-
856 (1953).
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componentl. Certzin observations of possible relation to

the mech:nism of hor kidney zcylese action will be mentloned.
Mazza and Fannain obs~rved apnroximately ecual hydrolyels

of =scetylglycine and benzoylglycine and their methyl esters
by a pnig kidney zlycerol extract, and concluded thst the
aminoacylacse of hog kidney differed from carboxycentidasez.
Utzino, Tsunoo, Fulita and Mori renort that phenylhip uric
aclid is not split by hog kidney scylase and conclude thst &
pecvtide bond hydrogen 1s necessary for acylase action>.
Ferrous sulfate at .09 molarity end potassium cyanide
inhizit hydrolysis of benzoylglycineb. However, 1t wes
reported that N-chloroacetyl-Rl-a2lenine amide and K-chloro-
acetyl-Dlj-leucine smide are resicstant to hog kidney acylecse
ection indlcating that a free carboxyl group le necessary

5

for zcylase action”.

1K. R. Reo, S. M. Birnbaum, R. B. Kingsley, and J. P.
Greenstein, J. Biol. Chem., 198, 507-523 (1952).

2p. P. Mazza and L. Pznnain, Attl Dells Reale Accademis
Nazionele dei Lincei, 6th Series, Rendiconti, Classe 4i
Scienze risiche, Metamsliche e Naturali, 19, 97-102 (1934).

35. Utzino, S. Teunoo, end T. Mori, J. Blochem. (Japan),
26, 449-L53 (1937).

b, Mori, J. Biochem. (Japan), 29, 225-240 (1939).

58. J. Fu and S. M. Birnbaum, J. Am. Chem., Soc., 75,
918-920 (1953).




- 85 -

The ability of hog kidney acylase to hydrolyze asym-
metrically acylated racemic emino aclds has becn used as the
basis for the resolution of racemic amino acids by Green-
stein end other workersl,2»3,%, Racemates split by hog
kidney acylase in resolution procedures, and not mentioned
previously, are the YV -lactone of chloroscetyl-DL-homoserine,
N-acetyl—S-benzyl-gg-homocyste1ne5,51 , V -diaminobutyric
acids, Dl~N-chloroacetyl-A-smino- ¢ -hydroxy-n-caproic acid,
DL~-N-chloroacetyl- o(-amino~ g -hydroxy-n-valeric acid’ and

chloroacetyl-gérlsovaline8. tleo, Utzlno and Yoneya studied

lFor & liet of 11 references see - £. M. Birnbsum, L.
Levintow, R. B. Kingeley, and J. P. Greenstein, J. Biol.
Chem., 194, 455-470 (1952). -

23, M. Birnbaum and J. P. Greenetein, Arch. Blochemn.
Biophy., 39, 108-118 (1952).

3A. Melister, L. Levintow, R. B. Kingeley, &nd J. P,
Greenstein, J. Biol. Chem., 192, 535- %1 (1951).

%s. Utzino and S. Nishio, Acts Schol. Med. Univ. Kioto,
29, 134-137 (1951).

5S. M. Birnbsum and J. P. Greenstein, Arch. Blochem.
Bionhy., 42, 212-218 (1953).

6s., J. Fu, K. R. Reo, S. M. Birnbeum, and J. P. Green-
stein, J. Biol. Chem., 199, 207-215 (1952).

L. Berlinguet and R. Gaudry, J. Blol. Chem., 198, 765-
769 (1952).

8c. 6. Baker, S. J. Fu, S. M. Birnbaum, H. A. Sober,
and J. P. Greenstein, J. Am. Chem. Soc., 7&, 4701-4702 (1952).
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the actlon of kidney hog enzyme on some acyllyeines and
acylemino-n-ceproic ecide 2néd founé thst only « -chloro-
¢cetyl- € -benzeyl-Dl-lyesine wae split so as to be recolv-
eblel.

£kljukl was able to separcte and dietinguicsh three
typves of acylase activity in hog kidneyz. Cne type of
ectivity, which wee naemed glycinehistozyme, hydrolyzed ben-
zoylglycine, chlorozcetylglycine, and chloroacetylasparagine,
but not benzoylasperegine, or benzoyltyrosine. :2kijuki'e
giycinehistozyme may be closely similer to the acylase I
é}eparationB of Birnbeuir, Levintow, Kingeley, and Green-
stein.

& second enzyme ovreparastion from hog kidney, which was
designsted by AkiJuki as aspareginhistozyme, hydrolyzed
benzoylesparagine, chloroacetylglycine, and chloroscetyl-
tyrosine, but not benzoylglycine or benzoyltyrosineu.
Somewhat similar results were obs=rved by Nawa5. Of interest

in this connection, are the variztions in concentration of

1s. Utzino end T. Yoneya, Cher. Ber., 85, 860-862
(1952).

2H. skijuki, J. Blochem. (Javan), 25, 43-59 (1937).

3s. M. Birnbaum, L. Levintow, R. B. Kingsley, and J. P.
Creensteln, J. Blol. Chem., 194, 455-470 (1952).

“H. Axizuki, J. Blocher. (Jspan), 25, 43-59 (1937).

k. Nawa, J. Biochem. (Janan), 28, 237-249 (1938).

r =)
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activity for the verlious cubstrates in preparing sascylase I
from hoz kidney homogenste (Table 24). The majority of the
ectlvitlies, including thest towaerd chloroacetylglycine,
undergo en increase in specific activity of 27 to 35. EHow-
ever, the activities toward the chloroacetyl derivatives of
ggnaragine, phenylalenine, andé threonine undergo & concen-
tretion of 16, 15, and 19, respectively (see Teble 24).
¥hile the difference in activity ratios for these two
groups of cnmpounde wae not ascribed to the presence of
two different enzymes, by Rao, Birnbaum, Kingsley, and

Greensteinl

, the combined observatlions of Akl Jukl and Nawa,
and the data of Rao et al., would seem to be at least falr
evidence for the exlstence of an acylasperagine-hydrolyzing
enzyme, as distinguished from an acylglycine hydrolyzing
enzyme. It seeme likely that neither Akijuki nor Rao et al.
were able to obtailn prepsrstions contsining only the
acylase active toward acylasparagines; conclusive evidence
for such an enzyme must awalt a more complete separation

of sctivities. It should be mentioned that Fones snd Lee?

raise the possibility of the enzyre inhomogeneity of

lK. R. Raso, S. M. Birnbaum, R. B. Kingsley, and J. P.

Greenstein, J. Blol. Chem., 198, 507-524 (1952).

2W. 5. Fones and M. Lee, J. Blol. Chem., 201, 847-
856 (1953).
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acylase I beczuse of some lack of parsllel in the effect
on rates of hydrolysis by ecyl substituents for the acyl-
alanines snd acylphenylalanines.

The third ecylase frection reported by Akizuki wes
sctive toward benzoyltyrosine and chloroacetyltyroslne,
but not toward benzoylglycine, benzoylasparegine, chloro-
acetylglyéine, or chloroacetylaSparaginel. Tris fraction
waeg called tyrosinehistozyme. Reo, Birnbaum, Kingsley,
end Oreenstein? note that the activity toward chloroacetyl
derivetives of tryptovhan and tyrosine ies only three to
four times ae greet for acylese I as in the homogenate
(Table 24), while the concentretion i1s in the range 15 to
35 for the other chloroscetylamino scids listed by them,
with the exception of chloroacetylaspartic acid. These
workere ralse the possibllity thzt chloroacetyltyrosine
and chloroscetyltryptophan asre hydrolyzed by an acylase
distinet from an enzyme hydrolyzing the other substrztes
of scylase I, with the exception of the acylasvartic aclids.

Their data seem to be a partlial confirmstlon of Akijui's

1, akizuki, J. Biochem. (Japan), 25, 43-59 (1937).

’X. R. Rao, S. M. Birnbsum, R. B. Kingsley, and J. P.
Greenstein, J. Biol. Chem., 198, 507-524 (1952).
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earlier statement that there exists a distinct tyrosine-
hletozyme 1ln hog kidney. Nawa, slso, describees & tyroein-
benzoacylaael.

hAlong with acylase I, a second fraction was 1solated
from hog kidney and deslignated acylase IIZ. The activity
per mg. of N toward acylaspartic acids in acylase II
represented a several fold concentration of activity over
that present in the homogenste, wherzas activity towsrd
other acylamino aclds was diminished. In contrast, &acylase
I possessed little activity toward acylaspartic scids
(Table 24). The hydrolysis rates on several compounds by
acylase II, which was slso called aspartic scid acylase,
is given in Table 25.

Certzin of the earliler workers give data on the rela-
tlve ratee of hydrolysis of benzoylglycline and acetylglycine
or chloroescetylglycine by porcine kidne:. acylase nrepsrstions,
which differs from thet prescsnted by Fodor, Price, and
Creenstein. Thus, Mazzs snd Psnnalin find that acetylglycine
ic hydrolyzed 18.8% in one hour, end benzoylglycine, 12.3%

in one hour by & glycerin extract of plg kidney at the same

K. Nawa, J. Blochem., 28, 237-249 (1938).

2s, M, Birnbaum, L. Levintow, R. B. Kingsley, and J. P.
Greenstein, J. Biol. Chem., 194, 455-470 (1952).
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Table 25
Lcylacse II1 Activlty*

Rate of hydrclysis with

Compound
Homogenate Aspartic scid

acylase
Acetyl-DL-aspartic acid 11 27
Chloroacetyl-Dl-aspartic acid 32 142
Chloroacetyl-Rl-glutamic acid 480 6
icetyl-DL-methionine 615 9
Chloroszcetyl-DlL-alenine L&o 5
Chloroacetyl-lli-leucine 630 7
Chloroacetyl-Dj-eerine L55 3

1s. M. Birnbaum, L. Levintow, R. B. Kingsley, snd
J. P. Greenstein, J. Blol. Chem., 194, 455-470 (1952).

*The valueg are mezsured in terms of micromoles of
substrate rydrolyzed at 38° per mg. of N,
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enzyme concentretionl. Morl reportcs that hi~ uric scid 1is
hydrolyzed 16%, snd chloroazcetyleglycine, 10% by hog kidney
autolyeatez. Lccording to Nawe, hippuric acid 1is hydro-
lyzed 26%, snd scetylglycine, 63%, by & tre:ted glycerol
extract of hog kidney, which he czlled glycinebenzoszcylase.
In contrast, Fodor, Price, and Greenstein re ort rstes of
0.6 for benzoylglycine, S0 for acetylelycine, ané 133 for
chloroacetylglycine3. Nawa celle a fraction from hog kidney,
glycinephenacetoscylase, since it is quite sctive on phenyl-
acetylglycine as comvared to benzoylglycine; another frac-
tion hydrolyzees be-zoylclycine but phenylacetylglycine to
only & small extentu. Mori states that hesting the macersa-
tion Julce of hog kidney at 70°, largely destroys acylace
activity towerd furylecrylgiycine, while the hippuric scid

splitting enzyme 1ie resietgntl.

Aleo, Baccarl and Ponte-
corvo renort that the acylase activity of hog kidney toward

benzoylglycine is only partially extrzctable by 50-100%

lF P. Mazza and L. Psnnaln, Attl della Reale iccedemis
Nazionele dei Lincei, 6th Series, Rendiconti, Clegsse ai
Sclenze Fisiche, Matemstiche e Naturall, 19, 97-102 (1934).

2y, Mori, J. Biochem., 29, 225-240 (1939).

3p. J. Fodor, V. E. Price, and J. P, Greenstein, J.
Biol. Chem., 182, 467-470 (1950).

“K. Naws, J. Blochem. (Japan), 28, 237-249 (1938).
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glyceroll. From the preceding observations, it seems
likely that scylglycinee ere hydrolyzed by more then one
acylese of hog kidney, or thst decided experimentel
defects exlisted in some of the work reported. It is quite
poseible that the esrlier workers were using poor sasnzlyticel
methode and often conditions conducive to microbizl spoil-
age of enzyme-substrate cdilgests; however, 1t seems unlikely
thet these flewe would lead to three reporte differing
from that of Fodor and sll. One of the glycinescylases is
orobebly the main acylacse component of scylase I. An
acylase having pronounced activity towerd benzoylglycine,
mey be largely absent from the hog kidney homogenate pre-
rared by CGreenstein et g;;? due to incomplete extraction
from the kidney ticssue or becsuss of densturation. It
seems likely that this second glyclneascylase and possibly
other glycineacylases exist in hog kidney.

Tamure detected no hydrolysls of the RL and meso forms
of dibenzoyldiaminosuccinlic acid by a glycerol extract of

hog kidn:y which hydrolyzed hippuric acldB. Other work on

lV. Baccari and M. Pontecorvo, 5olletino dells Socleta
Italizno di Biolo%ia Sperimentale, 18, 329-331 (1901).
Chem. Abst., B0, 6511 (19%6). The writer derended largely

on Chem. Abst. to review this Itallan article.

2P. J. Fodor, V. E. Price, and J. P. Greenstein, J.
Biol. Chem., 182, 467-470 (1950).

37, Tamura, J. Blochem., 37, 335-349 (1938).
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the hydrolysis of acylamino acide by hog kidney preperetions
include thet by Schmorodinzewl’z; Utzino, Tsunoo, &nd Eor13;
Clementib; Matsuis; Kawaé; and Tamura7.

In & study of the enzyre components of hog liver, Fodor
and Greenstein, were able to sevezrate sctivities towsrd
chloroacetyl-f~alanine end glycyl~;-alaninea. However, in
1952, Reo, Birnbaum, Kingeley, ancé Greenstein suzgested
that glycyl-[~alenine and other glycylazmino sclde are
hydrolyzed, not only by dipeptidacses, but slso by the

ecylase hydrolyzing chloroecetyl-Lralanine9. Attempts to

, }I. A. Smorodinzew, Z. Physiol. Chem., 124, 123-139
1923).

2I. A. Smorodinzew, J. Ruse. Phys. Chem. Soc., 51, 156-
182 (1919). Thanke &are due to Sol Shulman for an English
sunmery of this Ruseian erticle.

3s. Utzino, S. Tsunoo, and T. Morl, J. Biochem. (Japan),
26, 4h9-53 =nd 477-482 (1937). =

4A. Clementl, Atti della Accesdemis Nazionzle deil
Lincei, (5), 32, 11, 172-174 (1923).

5K. Matsui, J. Biochew. (Jaran), 33, 183-199 (1941).

6T. Kawa, Acta Schol. Med. Univ. Imo. Kioto, 11, 121-
(1924).

7S. Tamura, Acts Schol. Med. Univ. Imp. Kiloto, 6, 467-
b70 (1924).

8p, 4. Fodor and J. P. Greenstein, J. Biol. Chem., 181,
549-558 (1949).

%K. R. Reo, S. M. Birnbsum, R. B. Kinzsley, and J. F.
Greenstein, J. Blol. Chem., 198, 507-524 (1952).
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seperate the activity of acylese I toward chloroscetyl-
end glycylemino scide were unsuccessful. Co (II) has e
veriasble effect on the hydrolysis of chloroacetyl- znd
glycylemino acide vy ac:lase I, but the extent of activa-
tion or inhibition was about the same for the corresponding
glyeyl- and chloroscetylesmino scids. However, the zction
of acylzse II i1s not effected by Co (II). Lcylase I hydro-
lyzed the chloroscetylamino acids 3 to 3V times as repldly
as the corresvonding glycylamino scids, as & rule. This
behaviour on the part of hog kidney acylsee differs e great
édeal, guantit:tively, from the behaviour of Anson's cer-
boxypeptidase, which hydrolyzes diveptidee at a much slower
rate than the correcponding acyldipeptidesl.

Swine kldney contains a carboxypeptidase, which 1s
cysteine-activated, and which hydrolyzes czrbobenzoxyglycyl-
Lrphenylaleninez’B’u. The pH optimuz for the hydrolysis of

this sutstrate is 5.42. Thie enzyme wag first named

1g. L. Smith, Proteolytic enzymes. In J. E. Sucner
and K. ¥yrback. The enzymes. Vol. I, Part 2. »n. 807.
New York, New York, Academic Preses Inc. 1951.

2H. Pergmann and J. S. Fruton, J. Biol. Chem., 145,
247-252 (1942).

35, s. Fruton, G. ¥. Irving, and K. Bergmenn, J. Biol.
Chem., 141, 763-774 (1941).

hA. A. Plentl andéd I. H, Pege, J. Biol. Chem., 159,
363-378 (1944). - T
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cethensin Ivl, but more recently Tellan, Jonss, and Fruton,
heve sucgested the neme swine kidney carboxyoeptidaeez.
Swine kidney cerboxypeptidace it sald to hydrolyze csrbo-
venzoxyglyeyl-f-tyrosine about 1.4 times as rapldly ss
carbobenzoxyglycyl-grvhenylalanine3. However, the enzyme
prevaratione used have not been described as homogeneous.
Dlslysis lergely lnactivat-s activity toward the two sub-
strat:g mentionedh. £s mentioned before, simller enzymes
ere in bovine kidney and bovine spleen preparstions, but
at only a specific sctivity of 1/5 and 1/11, reswnectively,
of the activity in hog kidneys. klgo, about 3/4 of the
hydrolysis of csrbobenzoxy-L-glutamyl-L~tyrosine by hog
kidney preperstion is cysteine—activated5. Interection of
oxygen and cysteine forme an inhibitor of carbobenzoxy-

glycyl-L~phenylalanine hydrolysisé.

1y, Bergmann, Adv. Enzymol., 2, 49-68 (1942).

2H. H. Tallan, M. E. Jones, and J. 8. Fruton, J. Blol.

Chem., 194, 793-805 (1952).

3¥. Bergmenn and J. £. Fruton, J. Biol. Chem., 145,
2k7-252 (1942).

44. A. Plentl and I. E. Page, J. Eiol. Chem., 155,
363-378 (1944).

5J. S. Fruten, G. ¥, Irving, and M. Bergmenn, J. Biol.
Chem., 141, 763-774 (1941).

6G. ¥. Irving, J. S. Fruton, and M. Bergmenn, J. Blol.
Chem,, 144, 161-68 (1942).
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£leo preegent in evine kidney vrep:sratione 1ls an enzyme
éecscribec by E%rgmannl a8 a repsincese, or c:thepsin I, &nd
wvhich 1e no» named swine klénsy cethe-ein AZ. Swine ¥idney
czthevein £ hkydrolyzee carbobenzoxy-L-giutamyl-L-tyrosine
&no c:rvobenzoxy-L-glutemyl-le-rhenylsl:nine at & rzte
ratio of 2 to 13'4. Thie enzyme ects in the gbsence of
cysteine end ie insctivetzd at 50°. Beef ¥idney and beef
grleen contein eimil:cr enzymesB. Cerocbenzoxy-L-glutemic
ecid scte as an lnhibitor of crsrbobenzoxy-L-glutamyl-k-
tyrosine hycroclyeis by swine kidney preparetionsS.

Fodor, ®“rice, ené CGreensteiln -rcsented the dsta (Tzble
26) conecerning the nucber of tonde erlit in scyldéirevptides
bty & hog kidney acueous extract6. It is seen in Teble 26
thet substrates conteining a terminel JR-:mino acid ere not

eplit by the hog kicéney preperztion. FRexlacement withr a

1y, Bergmann, L3v. Znzymol., 2, 49-68 (1942).

K. R. Tallegn, M. E. Joneeg, end J. €. Fruton, J. klol
3J. S. Fruton, G. ¥, Irving, snd M. Bergmann, J. Biol.

Chem., 141, 763-774 (1941).

bP. C. Zesmecnik and M. L. ftephenson, J. BEiol. Chem.,
169, 349-357 (1947).

5I. D. Frantz and M. L. Stepehnson, J. Biol. Chem.,
146, 459 (1947).

6P. J. Fodor, V. &, Price, end J. P. Greenstein, J,
Biol. Chem., 180, 193-208 (1949).
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Teble 26

Bonde Split in Acyldipertides by Hog Kidney Acueous Extrectl

Bonds Bonds

[
Subetrate evailable hydroly: ed

Chlorocacetylglycyl-L~alanine
Chloroacetylglycyl-g-alanine
Chloroacetylglycyl-gé-phenylalanine
Chloroacetyl-gé—phenylalanylglycine
Chloroacetylsargosyl-géralenine
Chloroacetyl-géralanylglyclne
Chloroacetylglycylglycine
Chloroacetylglycyl-Q&-leucine

Chloroacetyl~DL-leucylglycine

D N O FEE DN
© N H KH N O N N O ON

Chloroacetyl-N-methyl-DL-alanine

1o, J. Fodor, V. E. Price, and J. . Greenstein, J.
Biol. Chem., 180, 193-208 (1949).

methyl group of the hydrogen of the second neptide bond from
the carboxyl end of =scyl dipertides prevents enzymatic
hydrolysis.

The rates of breekdown of chloroscetyl-L-zlanine and
chloroscetylglycyl-L-alenine by hog kidney aqueous extract

was 1161 and 25, respectively, as micromoles per hour per
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rng of enzyme nitrogenl. The point of attack on the acyldi-
peptidees ie not knownz.

Fodor and Gresnestein succeeded in frectionating the
ectivities of hoz “1idney towesrd chloroescetyl-Rh-2lenine
end chloroacetyl-ﬁﬁ-alanylglycine2. The ~H optimum for
chloroscetyl~RL-alanylglycine and chloroacetylglycyl-DL-
elanine breakdown was found to be 8.0, In the introduction
of the paper under diecussion, the suthors stated that a
question under consideration 1s whether the acylaiino =zcids
and acyldipeoctides are hydrolyzed by the same enzyme or
different enzymeez. But they stated no definite ~-nclusion
on this point, &s a result of their experimente. It would
have been deslracle to determine the activities of their
enzyme fractions on chloroacetylalanine, and chloroacetyl-
glycylalenine, as well as chloroacetyl-Pl-alanylglycine,
since the rate of substrste breakdown by an enzyme could be
decislvely effected by the nsture of the terminal amino
acid.

Otenl observed hydrolysis by swine kidney glycerin
extracts of 2 -naphthalinsulfoglycylglycine to £ -naphthalin-

lP. J. Fodor, V. E. Price, and J. P. Greenstein, J.
Biol, Chem., 180, 193-208 (1949).

2“. J. Fodor, and J. P. Greenstein, J. Biol. Chem., 181,
s49-558 (1949). _ = ==
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sulfoglycine and glycinel. £lso eplit were p-toluolsulfo-
glycylglycine, @ -naphthelinsulfoglycyl-L-leucine, f-neph-
thalinsulfoglycyl-DL-nhenylalenine, but not & -naphthslin-
sulfoglycine, o-toluolsulfoglycine, B-nsphthalineulfo-IL-
leucylelycine, or /A -navhthalinsulfo-DL-leucyl-j-leucine.

He was able to separate the enzymes scting on benzoylglycine
and /9-naphthalinsulfoglycylglycine by adsorption on kiesel-
guhr at pH 3.3. By adsorptive techniques, Kazama was able

to separate enzymatic sctivitlies toward p-ns.phthalinsulfo-
diglycine, benzoyldiglycine, and benzoylglycine or a glycerol
extresct of hog kidney breiz. leyeda zlso separated benzoyl-
glycine actlvity from benzoyldiglycine activity; he observed
thet the benzoyldiglycine hydrolyzing enzyme wss not a
dipeptidaseb.

Addltional evidence 1s in the literature on the pr-=sence
in hog kidney of separete enzymees, one group of enzymee
having its primary action on acyleted emino acids heving one
CO-NE bond, and other enzymes having their primary action on

acyldiveptides. Fodor, Price, and Grecnstein observe that

s. otani, acta Schol. Med. Univ. Imo. Kloto, 17, 163-
196 (1934).

21, Kazama, Acta Schol. Med. Univ. Imp. Kloto, 23,
154-159 (1939).

3H. Msyeda, Acta Schol. Med. Univ. Imp. Kioto, 18,
199-204 (1936).
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the rates of hydrolysis by hog kidney extrzct on chloro-
acetylglycine and chloroszcetylglycylglycine are 133 and 6,
reEpectivelyl. Matsul observed that chloroacetylglycine is
hydrolyzed 71%, =nd ckloroscetylglycylglycine is hydrolyzed
91% by the gloovulin fraction from a glycerin extrzct of hog
xidney, under the same conditionaz. In contrast, a heat-d
sucrose solution extract broke down chloroscetylglycine 86%,
end chloroacetylglycylglycine 18%; and for an autolysate of
hog kidney the figures were 100% and 0%, respectively?. The
sucrose extract falled to hydrolyze hipourylglycine, hip-
puryleeperegine, or hippuryltyrosine, but éid hydroly:ze
chloroacstylesparagine and chloroacetyltyrosinez; similar
results were obtained by Mor13. Utzino and Nskayame observed
that on heating hoz kidney maceration juice at 70° for 15
minutes, benzoyldiglycineacylase activity dissnreared while
aporeciable benzoylglycineacylase activity remainedu.
Further observations on hydrolysis of acyldipeptides by

hog kidn-y enzymes will be menticned. Yosioka observed

lp. J. Fodor, V. E. Price, and J. P. Greenstein, J.
Biol. Chem., 178, 503-509 (1949).

%, Matsui, J. Biochem. (Javan), 33, 183-199 (1941).
3

“S. Utzino and M. Nekayema, Enzymologia, 8, 280-288
(1928).

H. Mori, J. Biochem. (Japan), 29, 225-240 (1939).
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aporeciable enzyme activity on benzoyldiglycine and benzoyl-
glycine by macerations of hoz kidney st pH 7.31. Bondi and
Elssler 1solated lauric =cld and glycine from a 7 day dig-st
under toluene of laurylalanylglycine with hog kidney breiz.
Niehihira celled a purified oreparation, "dip=otildopeptidase®,
because 1t split out terminal dipertides from bznzoyltrigly-
cine, tetraglycine, benzoyltetrsglycine, and benzoyldiglycyl-
aSparaginej. Dipeptlidopeptidase did not attack benzoyldi-
glycine or benzoylglycine. In fact, the »riter has not

found a mention in the literasture of an acyldipeptide con-
taining two CO-NH bonds being enzymatically hydrolyzed with
the primary attack being on the CO-NH bond second from the
carboxyl end. However, the point of enzymatic attack on
acyldipeptides has often not been aetermined.

A qualitative‘eummary of scylace activity in preparsa-
tions from certein swine components, other than kidney, 1is
given in Table 27.

Kimura found that the pH optimum for hog liver acylase
action on zcetylglycine, acetyl-Dl-~leucine, and acetyl-DL-

phenylslanine was about 7.2“. Acetylglycine and acetyl-DL-

1M. Yosioka, Enzymologla, 10, 154-160 (1941).

2s. Bondli end F. Eiesler, Blochem. Z., 23, 510-513
(1910).

3M. Nishihira, Enzymologla, 9, 356-363 (1941).

by, Kimure, J. Blochem, (Japzn), 10, 225-250 (1929).
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Table 27

*
Acylese Activity in Some Porcine Commonents

Source of enzyme preparation

Substrate Liver Snleen Skeletal Intes- Leuco-
muecle tinal cytes
mucosa
Benzoylglycine Ob',?l ’fz 02
+2,6

Acetylglycine +1,4
Formylglycine _}1
Chloroacetylglycine +4
Phenylacetylglycine -f6
Phenylpropionylglycine +2 02 02
Phenylfurfuroylglycine 03
Phenyl-ot, 8 -~ditromo- 02 02

propionylglycine
N-(pyridylcarboxyl)- ?2 72

glycine
Phenyl- ci-bromo-# - +2 02

oxyoroplonylglycine
Cinnamoylglycine +2 22 02
Furfuroylglycine +7 +7 | o7
Furylpropionylglyeine +7 +7 o?

*Phe symbols used and their mesning are a2s follows:
+, hydrolysis observed; O, no hydrolysis observed; ?,
hydrolysis so slight as to be guestioneble. Sunerscripts
refer to references which are found on page 1085.
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Teble 27 (Continued)

Source of enzyme prepsrstion

Subetrate Liver Spleen Skeletel Intee- lLeuco=-
muecle tinsl cytes
mucosa
Furylacrylglycine +7 +7 07
Phenylrinruric scid 03 03
Furfuroylisoserine 03
Benzoylalanine 46 +§
Furfuroyl-Rlk-alanine +3
fcetyl-Pl-leucine 41
Formyl-DL~-leucine +1
Benzoyl-L-leucine _+16
Furfuroylisoserine 03
Benzoylasparagine o# o
Acetylasparagine +4
Chloroscetylasvaragine 4
Benzoylaspartic zcid Oh o#
Benzoylglutamic scid 06 0b
Ornithuric scid 06 06

tcetyl-Rl-phenylalanine 4+
Formyl-DL-phenylalznine ol
Benzoyl-DL-phenylalenine 416

Monobenzoyltyrosine ,P16,06 0b
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Table 27 (Continued)

Source of enzyme preperation

Substrete Liver Srleen Skeletzl Intes- Leuco-
muscle tinal cytes
mucosa
6 6
Dibenzoyltyrosine 0 +
Chloroacetyl-L-tyrosine Ou,ﬂ'o + 14 __t___5
Benzoylglycylglycine Alo ;12 10 41
Phtheloyldiglyeine ’glgl 0l3
0
Carboethoxyglycyl-Dl~ _+10
leucine
Chloroacetylalanine 414
Chloroacetylleucine +14,15
Crloroascetyl-L~ ?15
phenylalanine
Acetyl-Dl-phenylalanyl- 48
DL-alanine
Benz:oylglyecylesvaragine o*
Benzoylglycyltyrosine Ou




11.
12.

13.
14,

15.
16.
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leucine were broken down at about equal rates while acetyl-
DL-phenylalenine was Just slightly hydrolyzed at the one
enzyme concentretion used. The corresmonding formyl deriva-
tivee and benzoylglycine end benzoyl-Bl-vhenylalenine were
less readlly hydrolyzed.

Utzino and Sakal descrived the action of two puri-
fied fractions from swine liver, "cathepsin®, and fereptace",
on benzoyldiglycinel. "Cathepsin” broke down benzoyldigly-
cine to benzoylslycine with a greater rate at pH 4.5 than
7.2. "Erepsin" hydrolyzed benzoyldiglycine and benzoylgly-
cine at pH 7.2 in the zbsence of cysteine, but did not attack
benzoyldiglycine apprecizbly at pH 4.5 in the preeence of
cysteine. "Cathepsin" did not hydrolyze benzoylglycine
aprreclably at pH 4.5. £ similar report was given earlier
by “eldschmidt-Leltz, Schaffrier, and Bek, who stated that
benzoyldiglycine is hydrolyzed with H,S activation at a2 pH
optimum of about 4-4.5 by a glycerol extract of dried hog
liverz. Also hydrolyzed by the hcg liver preperstion were
chloroacetyl-f-tyrosine, carbethoxyglyeyl-DL-leucine, &nd

phthzlylglycylglycine; the hydrolysis of these compounds

lS. Utzino and F. Sakai, J. Biochem. (Japsn), 33, 457-

465 (1941).

%E. Weldschmidt-Leitz, A. Schirf  J. J. Bek, end E.
Blum, Z. Physiol. Chem., 188, 1747 (1930).
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was described as belng due to a carboxyvevtidase. EHydrolysis
of these three compounds was activated by an enzyme prepara-
tion from svleen. It is conceivable thet the liver enzyme
mentioned here, which hydrolyzed benzoyldiglycine with HZS
activation at a somewhat acid pE optimuml, 1s similar to the
carboxypeptidases of hog kidney, bovine kidney, and bovine
spleen, which attacks carbobenzoxyglycyl-[~phenylalenine and
carbobenzoxyglycyl-L-tyrosine with cystelne sctivation at
a similar pR o~timum.

Some fractlionstion of ecylace activity from hog intes-

tinal mucosa was achlieved by Balls and Kohler as Table 28

shows.
Table 28
Fractionation1 of Glycerol Extract
of Hog Intestinal Mucosa
Hydrolysis® as n/10
B C D

Chloroacetylalznine 7.8 .11 .67 . 64
Chloroacetylleucine 7.8 .40 .86 .32
Chloroacetyltyrosine 7.4 .07 .05 -—

1A, K. Balle and F. Kohler, Ber. Deut. Chem. Ges., &4
383-387 (1931).

'At same enzyme concentration. 20 hour incubation.

1k, waldschmidt-Leitz, A. Schaffner, J. J. Bek, and E.
Blum, Z. Phyeiol. Chem., 188, 17-47 (1930).
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Fractions B and C hydrolyze chloroacetylleucine more rapidly
than chloroacetylalasnine, wheress, the converse 1is true for
sclution D. As seems to be generally true for prepesrations
from mammzlian tissues, other than the pancress (after acti-
vation), chlorozcetyltyrosine 1e not sporsciably broken down
(Table 28).

Present in hog gastric mucosa 1s & »nroenzyme, pepsinogen,
which 1s activated by zcild to pepsinl. Pepsin it one of the
proteineses of gastrlic Julce gnd acts optimally on »roteins
at a pH of about 2. Crystalline pepsin, in sddition to being
an endoprotease, is an acylase as shown by its ability to
snllit off the terminal amino acid of certain peptides or
peptide derivatives conteining tyrosine and phenylslsanine,
linked to other or the same amino acide. Thue carbobenzoxy-
L-tyroeine 1s hydrolyzed to carbobenzoxy-L-glutamic acid
and tyrosinez. The rate of hydrolysis by pepsin 1is grestest
for those synthetic substrates in which two esromatic amino
acids (phenylalanine or tyrosine) are linked to each other;

the two amino acids can be different or the samej. It hes

1E. L. smith. Proteolytic enzymee. In J. B. Sumner
and Kerl Myrvack, eds. The enzymes. Vol. 1, Part 2. vp.
840-845. New York, New York, Academic Press Inc. 1951.

23. 5. Fruton and ¥. Bergmenn, J. Blol. Chem., 127,

3L. E. Baker, J. Biol. Chem., 193, 809-819 (1951).




- 109 -

previoucly been steted that the pH optimum for the hydroly-
sis of ce-tain substretes including carcobenzoxy-L-glutamyl-

2 has shown

L-tyrosine 1s about bl, but more recently Baker
that the pH optimum depends on conditions for this comoound;
the optimum is about pH 2 at low substrzte and enzyne con-
centratione. Dats from a review on proteolytic enzymes by

Emil Smithl end from several originel articles in the
literature are presented in Table 29 to indicate the sub-
strate preferences of porcine pepsin.

Ag 1ls seen on examining Table 29, avpsrently a free
carboxyl group, such s in a glutamyl residue or carboxyl-
terminal amino acid, vromotes hydrolysis by porcine pepein.
Baker2 observed no hydrolysis of carbobenzoxy-L-ohenylalanyl-
L-nhenylelanzmide (Table 29) after nrolonged hydrolysis.
However, thils compound is cguite insoluble, and Baker states,
".....concluelve proof for the necessity of a carboxyl group
in thisg class of substrate must awslt the availability of a
more soluble substrate in which the carboxyl group is blocked."

It would seem best to say that pepein is not a csrboxypep-

tid:zse since a carboxyl-terminal amino acid is not an absolute

1E, L. smith. Proteolytic enzymes. In J. B. Sumner
and Kerl Myrback, eds. The enzymes. Vol. 1, Part 2, p. 840-
845, New York, New York, Academic Press Inc. 1951.

2L, E. Baker, J. Biol. Chem., 193, 809-819 (1951).




Table 29

Substrate Preferencee of Cryetslline Forcine Pepsin

Houre Sub- mg Pro- Lit. %
Substrate pH 1incu- strate tein N Ref. Hydrol-
bation M per ml yeis
N-tcetyl-L-tyroeyl-L-tyrosine 2.0 L .001 0.12 1 34
Acetyl-grphenylalanyl-gfphenylalanine 2.0 3.25 .0005 0.05 1l 68
N- carbobanzoxy~L-tyroayl-L~phenyl- 2.0 5 .0005 0.10 1 29
slunine
J
N~Acetyl-D-tyrosyl-L-tyrosine 2.0 48 . 004 0.12 1 0 -
= = H
Acetyl-grphenylalanyl-grtyroe1ne 2.0 48 .00k 0.1>2 1 0 ©
'
Acetyl-D-phenylalanyl- L-dilodo- 2.0 48 .0005 0.12 1 0
tyroFine
N-Acetyldehydrotyrosyl-L-tyrosine 2.0 24 . 004 0.12 1 0
Acetyldehydronhenylelanyl-L-tyrorine 2.0 2i} . 004 0.12 1 0
N-Carbobenzoxy-0O-acetyl-L-tyroeyl-L- 2,0 24 .002 0.12 1 0
phenylelenine
Carbobenzoxy~L~nhenylalenyl- L-nhanyl- 2.0 144 .002 0.1 1 0

slanine amTﬁe



Tsble 29 (Continued)
Fnurs Sub- mng Pro- Lit. 4
Substrate pH incu- etrate tein N Ref. Hydrol-
bation M rer ml yels
Carbobenzoxy-L-glutamyl-L~-tyroeine 2.0 72 .002 0.06 1 16
Carbobenzoxy-j~glutamyl-L-tyrosline L,o 24 .05 1.4 2 53
Carbobenzoxy-jglutamyl-L-phenyl- L,o 2& .05 1.4 2 28
alanine
Carbobenzoxy-L~gluteminyl-L-phenyl- 4,0 2k .05 1.4 2 17
elanine
Cerbobenzoxyglycyl-L~tyroeine h.O 24 .05 1.4 2 10
Cerbobenzoxy-L~-alutamyl-L~tyroeyl- 4,0 24 .05 1.4 2 39
glycine
Carlobenzoxyglycyl-L-glutamyl-L~- L.o 24 .05 1.4 2 < 48
tyroeine
Glycyl-L-glutamyl-L-tyroeine k.o 24 .05 1.4 2 32
L-Glutemyl-L-tyrosine L.o 24 .05 1.4 2 1

- 11T -




Teble 29 (Continued)

- - . Mgt At o ettt e

Houpa fub mg Pro- Lit. %
Bubstrate rH incu- strote telin N Fef'. Hydrol-

brtion M rer ml yele
Carbobenzoxytyrosylcysteine” L,O0 48 .02 1.46%" 3 39
Certobenzoxytyrosyleystine” L,0o 48 .02 1.46%" 3 7
Carbobenzoxycysteyltyrosine® 4,0 48 02 1.46%% 3 53
Carbobenzoxycyetyltyrosine® 4,0 48 .02 1.46%% 3 21 \
Carbobenzoxy-s-benzyloysteyltyrosine* 4,0 48 .02 1.46%* 3 26 -
Tyrosyleysteine® 4,0 48 .01 1.46"* 3 22 T
Tyrosyleystine' L,0 48 .01 1.46%*% 3 25
Cysteyltyrosine” 4.0 48 .01 1.46%" 3 91
Cystyltyroeine™ 4,0 48 .01 1.46%" 3 5

*Compounds are the }y forms,

**The enzyme concentretion was described as being 1% pepsin; this was converted
to protein nitrogen by using the nitroegen content of pepein, 14.6%, ae given by
J. K. Northrop, M. Kunitz, and R. M. Herriott. Crystalline enzymee. 2nd ed., rev,
n. 74. N. Y., Columbia Univerelty Press. 1948.



Table 29 (Continued)
Hours Sub- mg Pro- Lit. %
Substrate pH  1incu- strate tein N kef., Hydrol-
bation M ner ml ysls
Carbobenzoxy-f-glutamyl-L-tyrosineamide 4.0 68 .05 1.4 L 25
Carbobenzoxy-L-gluteminyl-L~tyrosine- 4.0 68 .05 1.4 L 5
enlde
Chloroscetyl-L-tyroeine L.o 24 .05 1.4 4 0
Carbobenzoxy-L-glutemyl-L~dilodo-~ L.,o “k .05 1.6 L 0
tyrosine
Carbobenzoxy-L-glutamyl-L~glutamic Lh,o 96 .05 1.6 4L 5
acld
Carbobenzoxy-L-glutamylglycine k.o 96 .05 1.6 L 5
Carbobenzoxy-L-tyrosyl-L-tyrosine h.o 96 .05 1.6 L 29
Cerbobenzoxyglyoyl-L-tyrosine L.,0o 96 .05 1.6 L 43
Cerbobenzoxy-L-methlonyl-L-tyrosine h,o 2L .05 1.2 5 35
4.0 24 .05 l.z 5 25

L-methlonyl-L-tyroeine

- €11 -
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requlrement for & substrete break-down, but that cepsin 1e
orobably similar to carboxypeptideese since pe»nsin hydrolysis
is facillitated by a cartoxyl grou rather nesr to the bond
broken.

For s discussion of the kinetics of pevsin-cstelyzed
hydrolyele of carbobenzoxy-L-glutamyl-L-tyrosine and 1te
ethyl ester see the paper by Casey and Laidlerl.

Enzymes from the gestric julce of cows. sheev, and
cricken vossese subetrate specificitiee very similsesr to
thoese of porcine pepsin for & group of substrates (those

of reference 2 of Table 29) end hence are described as

ig, J. Casey and K. J. Lzidler, J. Am. Chem. Soc., 72,
2159-2164 (1950).
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pessinsl. Porcine pepsin differs immunologically from
chicken »epsin but not from bovine pepsinz.

In 1886 Nenchi rerorted the hydrolysis of hippuric
acid by minced pancreas (probably swine pancreas) in the
presence of a 0.5% phenol solutlonB. Also e commsrcial
enzyme oreparetion from the pancreze of an unstested species,
Grubler "trypsin'", eplit hippuric acidB. In 1903, Emil
Fieher end Peter Bergell described certszin enzymatic nrop-
erties of another commercisl pancrestic enzyme nrepseration,
vencrestin, from the firm of Rhenania-ﬁachenu. Pancrecztin
acted on peptone from silk fibroin, causing the crystelli-
zatlon from solution within 15 minut-=s of tyrosine; no gly-
cine or alenine were detectsble after incubation for a day.
Also hydrolyzed were A -naphthelinsulfoglycyl-L-tyrosine,
cerbethoxyglycyl-Di-leucine, and carbethoxyglycyltyrocine;
tyroeine and leucine, respectively, were isolsted from

enzymatic digests of ths first two compounds mentioned.

Not hydrolyzed were F -naphthslinsulfoglycyl-RL-leucine,

e, L. Smith, Proteolytic enzymes. In J. B. Sumner
and K. Myrbdck, ed. The enzymes. Vol. I, Part 2. p. 844,
New York, New York, Acad=mic Press Inc. 1951.

ZR. M. Herrlott, C. R. Bartz, and J. H. Northror, J.

Gen. Phyeiol. 20, 797 (1937).
M. Nenchi, Arch. Exp. Path., 20, 367-384 (1886).

bEmil Fisher and Peter Bergell, Ber. Deut. Chem. Ges.
36, 2592-2608 (1903).
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/3—naphthal1nsulfo-£ralanylglycine, and glycyl-L-alenine;
aleo no hydrolysie of hippuric acid was d-tected. Probably
pH control waes poor in these experiments of Fisher snd
Bergell. In 1910, Bondl and Eissler reported slight hydrol-
ysle of butyrylalznylglycine and no hydrolysis of lauryl-
slanylglycine by Kohlbaum “trypsln“l.

It w+s due to the work and thought of Yaldschmidt-
Leitz and his collaborators during the 1920's thct the term
ané concept of cartoxypolyvenrtid:se (later carbtoxypeptidase)
aross. In 1925, Weldechridt-Leltz and Hzrteneck removed by
adsorption a leucylglycine hydrolyzing activity from the
glycerin extract of hog pancreasz. The remegining material
hydrolyzed gelsatin and was called "trypsin®. #Tryopein®
lster proved to be enzymatically impure. In 1928, Waldechmidt-
Leitz, Schaffner, Schlatter, and Klein re-orted that "trypsin®
hydrolyzed@ A-naphthalinsulfonylglycyltyrosine and certain
trl snd higher pentidee containing tyrosine in the terminal
position, but not glycyltyrosine3. They concluded that a

free amino group is not necesrcary for the sction of "trypsin”,

that attack took place on the csrtoxyl group, and that

1s. Bondl and F. Fie:ler, Blochem. Z., 23, 510-513 (1910).
2

" Eé Wald?chml?t~Leitz end £A. Harteneck, Z. Physiol. Chem,,
147, 286-308 (1925).

3E. Waldschmidt-Leitz, A. Scheffner, H. Schlatter, and
W. Klein, Ber. Deut. Chem., Ges., 61, 299-306 (1928).




"trypein® attacks peptides with tyrosine at the carboxyl
end. Waldschmidt-lLeitz and Klein observed that acyletion
of certeain dipeptides renders them susceoptible to "tryosin®
hydrolysisl. They report the hydrolysis by "trypsin-
kinase" of carbethoxyglycyl-leucine, acetylglycylglycine,

scetylrhenylalanylalanine, benzoyldiglycine, ané phthalyl-

diglycine, but detected no hydrolysis of benzoylpenteglycine,

or of glycylleucinamide. The "kinase" was from porcine in-
testinal mucosa and served as an activator. A further step
in the develooment of the theory of protesse specificlty
was the conclusion by Waldschmidt-Leltz and Klein thet a
free carboxyl group is needed for the esttack of "trypsin”z.
Obs=rvations concerning the action of "trypsin® are revro-
duced in Table 30.

In 1929, Veldscrmidt-Leitz and Purr introduce the
term, carboxy-polypeptidase, to describe the polypeptide
splitting component of pancreae-"trypsin”B. The term was
used to distinguieh this pancreass pentidase from the amino-

polyceptldase of the intestine. The carboxy-polypeptidase

1t. waldscrmidt-Leitz eand W. Klein, Ber. Deut. Chem.
Ges., 61, 640-645 (1928).

2E. Yaldschmidt-Leitz and %. Klein, Ber. Deut. Chem.
Ces,, 61, 2092-2096 (1928).

3E. Weldschmidt-Leitz and A. Purr, Ber. Deut. Chem.
Ges., 62, 2217-2226 (1929).
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Table 30

Enzymatic Behaviour toward Amino Acid Derivstives by
Preparetion from Hogz Pancreas as Recor{ed by
Weldschmidt-Leitz and Klein in 1928-+.

4 Hydrolysis by

Substrate "Trypsin® "Tryvelin-

Kinase*®
Benzoyl-DL-zlanyl-decarboxyleucine 0 0
DL-bromoisocanronyldiglycine 0 0
DL-bromoisocacronylglycyl-L-tyrosine 65 75
Chloroacetyl-DL-ohenylalznine 31 Ls
Chloroascetyl-L-tyrosine 18 38
Cerbethoxyglyeyl-L-tyroesine 32 66
Benzoylglycyl-L-tyrosine 77 88
P -Naphthallinsulfonyl-L-tyrosine 0 0
L-nhenylalenyl-L-arginine 25 69

1E. waldechmidt-Leitz and ¥. Klein, Ber. Deut. Chem.

Ges., 61, 2092-2096 (1928).
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descriped in thles paper had teen gepereted from the gelestin
splitting component of the so-called "trypsin®"., Additional
properties, other thaen the peptidase proverties of the old
"trypsin" which had been mentioned, are th:¢t carboxy-noly-
peptidese enlit chloroacetylleucine and clupein but not
leucylglycylglyecine. The pH optimum for chloroacetyltyro-
sine enlitting was found to be oH 7.4,

About this time, Kawa falled to detect hydrolysis of
benzoylglycylglycine by a commercial preparation, Grubler
*trypsin, " which did hydrolyze benzoyl-ggrleucylglycinel.

Some edcitional observations on the enzymatic behaviour
of swine pancreas nreparations (speciecs not always clearly
stated) zre given in Teble 31.

Sailto snd Saito?

reported that 10”2 molar cyanide
inhibits the hydrolysis of chloroacetyltyrosine by a car-
boxyveptidase preperstion. They aleo studied the effect of
various metal salts on the enzyme action and their findings
include the obeervatlion of some activation by CoSQy, N1SQy,
FeSOy, and seversl iron complex salte.

Can the acylsce activity of hog pancrezs be explained

in terms of a carboxypeptidase identical in specificity with

that of the carboxypeptldase from cow pancrezs which has

1T. Kewa, J. Biochem, (Japan), 10, 277- (1929).

2p. Saito and K. Salto, J. Blochem. (Japan), 40, 261-
263 end 265-271 (1953).
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Teble 31

Some Observations on Acylase Activity
of Porcine Pancreas Preparations

Refer- tetion™
Substrste ence of enzyme
preparation

@-Naphthalinsulfoglycylglycine 1l 0
£-Naphthalinsulfoglycyl-[;-leucine 1 +
B -=Nephthallinsulfoglycyl-DL-

rhenylalanine 1l +-
£ -Naphthalinsuifo-DL-ieucylglycine 1 0
@ -Naphthal insulfo-DL-leucyl-L~leucine 1 0
Chloroacetyl-m-aminobenzolc acid 2 +
Chlorozcetyl-o-aminobenzoic scid 2 0
Chloroacetyl-p-aminobenzoic acid 2 o]
Chloroscetyl-L~alanine 3 0
dL~leucylglycyl-f-tyrosine 3 0
Furfuroylglycine L +
Furylproplionylglycine b -+
Furylacrylglycine b 0
Chloroacetyl-J~tryptophan 5 +

*The symbols used and their meaning sre =zs follows: 4 ,
hydrolysis observed; O, no hydrolysis observed; ?, hydrolysis
so slight as to be quegtionable. Superscripts refer to
referencee which are found on page 123.
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Table 31 (Continued)

“ubstrate

Refer-
ence

Action®
of enzyme
preperation

Leucylglycyl-L-tyrosine
L-Alenylglycyl-L-tyrosine
Leucylglycylleucine
Pyruvoyl-DL-phenylalanine
Carbobenzoxy-Li-tyrosyl-L-tyrosine
Carbobeﬂioxyglntaminyl-g-tyroslne
L-Glutaminyl-L-tyrosine

A -Furfuroyl-Df-alanine
Furfuroylisoserine

Phenylhipouric acid

Hiponuric acid

Phenylrropionylglycine
Phenyl-ct, £ -dibromopropionylglycine
Cinnamoylglycine
N-(Pyridylcarboxyl)-glycine
Phenyl-Jd/-bromo- A -oxypropionylglycine
Chloroscetyl-[~prolyl-L-nhenylalenine

2L~ A -Bromoproplonyl--prolyl-l~-
phenylalenine

Rk~ o -Bromolsocapronyl-L-prolyl-l~
alsnine

O O O 0 N0 N0 0 @ 00N NN 0N W

(=
o

(]
o

10

S O

T o+ t+ + +
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Table 31 (Continued)

Refer- Action*
Substrate ence of enzyme
preparetion

Phthalylglycylglycine 11 +
Rk~ d-Bromolsocapronylglycine 12 +
DL-d-Bromoisocapronyl-DL-leucine 12 +
RL~ c{-Bromoisocapronyl-DL-tyrosine 12 +
fg-Naphthal1nsu1foglycy1-L—tyrosine 12 +
Carbobenzoxyglycylglycine 13 +
Glycylglutamic acid anhydride 14 +
Chloroacetyl-o-aminobenzoic acid 15 +
Chloroacetyl-p-aminobenzoic scid 15 +
Chloroscetyl-m-aminobenz~ic acid 15 +
o -Bromoisocapronyl-o-aminobenzoic

acid 14 +
ci-Bromolsocavronyl-p-aminobenzoic

acid 15 +
cA~-Bromoisocapronyl-m-aminobenzolic

ecid 15 +
d=-Nephthalinsulfoglycylglycine 16 0
Chloroscetylglycylglycine 16 0
Benzoylglycine 16 ?
Benzoyldiglycine 16 +




11.

12.

13.

14,
15.
16.

=

£l
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References to Table 31

. Otani, Acta Schol. Med. Univ. Imp. Kioto, 17, 163-

196 (193%).

. Waldschmidt-Leitz and A. K. Balls, Ber. Deut. Chem.

Qﬁ%;, é&g: h5‘b8 (1931).

. Abderhalden and E. Schwab, Fermentforschung, 12, 559-

571 (1931).

. Utzino, S. ‘I‘sunooS and T. Mori, J. Biochem. (Jepezn),

Eé. u49'453 (1937

Abderhalden and E. Schwab, Fermentforschung, 12, 432-
461 (1931). ’ S

. Bergmenn and H. Schleich, Z. Physiol. Chem., 207, 235-

240 (1932).

. Bergmenn, L. Zervag, L. Salzmann, aznd H. Schlelch, Z.
=] ] ? i

Physiol. Chem., 224, 17-26 (1934).

. Utzino, S. Tsunoo, and T. Mori, J. Biochem. (Jaran),

26, W47-482 (1937).

Ibid., 439-447 (1937).

E.

=]

?bder?alden and R. Merkel, Fermentforschung, 15, 1-23
1938).

. Abderhslden and G. Effkemann, Fermentforschung, 14,

27-42 (1933).

~vderhaslden and H. Hanson, Fermentforschung, 16, 37-
47 (1938).

Abderhalden, R. Abderhalden, H. %eidle, E. Baertich,
end . Morneweg, Fermentforschung, 16, 118-120 (1938).

Itibakaea, J. Blochem. (Japan), 32, 355-369 (1940).

Utsunomiys, J.

Biochem. (Jspan), 35, 103-118 (1942).

Kazama, Acta Schol. Med. Univ. Imp. Kioto, 23, 169-
175 (19397.




- 124 -

been crystallized by inson (see pages 64-70)? Emil Smith
states that since 1t has been demonstrsted that Anson's car-
boxypeptidase has a wide range of specificity, there ies 1little
basls for assuming the existence of more than one pencrectic
carboxypeptidasel. Meny of the observations nreviously men-
tioned supvnort such & contention. However, certein date in
the literature seem tc the writer to ralse the possitility
that other carboxypeptideses are present in hog pencreas.
Some of this evidence will now be consldered. Also, msterial
on other types of acyleses will be considered.

| "ertinent tc the cuestion under discuselion are the
proteolytlc coefficients for the hydrolysis of chloroacetyl-
L~-tyrosine and carbobenzoxyglycylglycine by Anson's carboxy-
pertidese; these are--chloroacetyl-L-tyrosine, 1.652, end for
carbobenzoxyglycylglycine, 0.002&3—-that is, the rate ratios
are about 690 to one, resvectively. Benzoylglycylglycine and
phthaloylglycylglycine, compounds often used wit! porcine

pencreas preparstions, would be exrmected to be attacked by

lEmil L. Smith. Proteolytic enzymee. In J. S. Sumner

end Kerl Myrback, eds. The enzymes. Vol. 1. p. 805. New
York, New York, Academic “rees Inc. 1951.

2H. Neurath and G. ¥. Schwert, Chem. Rev. 46, 129 (1950).

3E. L. Smith. Proteolytic enzymes. In J. €. Sumner and
Karl Myrback, ede. The enzymes. Vol. 1, Psrt 2, p. 806.
New York, New York, Academic Press Inc. 1951.
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Enson'e carboxypertidase at a rate eimilar to thst for
carbobenzoxyglycylglycinel. In the diescuseion thst follows,
mention will be macde of date thet seem to indicste thazt hog
pancressg prepar:tione sttack benzoylglyeylglycline and similar
compounds at & relatively more rapld rate than would be
expected for Ansonts carboxypeptidacse.

Date from a paper by Abderhelden snd Efrkemannz are

presented in Table 32.

Table 32

Enzyme Activityl of Preparation from Hog Pancress
( *Trypsin-kinase")

Substrate Amino Nitrogen Liberated
Chloroacetyl-L~tyrosine 1.15
Chloroacetyl-DL-leucine 4o
Phthalylglycylglycine . 54

lE. sbderhslden and G. Effkemann, Fermentforschung, 14
27-42 (1933).

lsee the preceding two references (page 124) for die-
cuscions on the relstion between substraete structure and
break-down by Anson's carboxypeptidase.

2E. Abderhalden and G. Effkemann, Fermentforschung, 14,
27-42 (1933).
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The rate of breakdown by the hog vancrezs vreparation
of phtheloylglycylglycine (Table 32) is much more rapid, as
compared to the rate on chloroacetyl-~tyrosine and chloro-
acetyl-Dl-leucine, than would be expected for Anson's car-
boxypeptidase; but, unfortunately, the proteclytic coeffi-
clents sre not eveilable for all of these especific comro'nds.
Also, there is a possibllity th:¢t the “kinase" from intes-
tinel mucosa, which wees used as an sctivator in Abderhslden
and Effkemann's exneriment, mey heve been responsible for the
breakdown of phthalyldiglycine. Very similar d:ta were
presented by Waldschmidt-Leitz snd Purrt.

Other observations of the hydrolysis of acylglycines by
hog vpancreas preparations have been recorded. As pointed
out before, acylglycines would be exnected to be very slowly
hydrolyzed by Anson'e cerboxypeptidase. It has been men-
tioned (page 10) that Waldschmidt-Leitz and Klein observed
the hydrolyesis of scetylglycylglycine, benzoyldiglycine, and
phthaloyldiglycine, by "trypsin-kinece®. Alco, Kawa (page
119) observed the hydrolysie of benzoyl-DL-leucylglycine by
a commerclal pancreatic prepszration. Yosioka observed

breakdown of benzoylglycylglycine at pH 7.3 by a2 maceration

1E. Waldschmidt-Leitz and A. Purr, Ber. Deut. Chem. Ces.,
62B, 2211-2226 (1930).
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of swine kidney in & 120 hour digestionl. Kawgharsde also
observed benzoyldiglycine hydrolysisz. In &n experiment by
Kazama, benzoyldiglycine, and to a slight extent benzoylglycine,
were hydrolyzed by glycerol extrsct of hog vancreas, but no
snlitting of chloroacetyldiglycine or [ -naphthalinsulfoglycyl-
glycine occurreds. Sugewers recoréed that on heatlng a swine
pancreas maceration at 75° for 30 minutes, activity toward
chloroacetylglycylglycine, ohthaloyldiglycine, and benzoyl-
diglycine is destroyed, but thest activity toward chlorocacetyl-
&~-leucine and chloroscetyl-L-phenylelenine still remaineu.
Fovever, activity toward the latter two substrates was higher
in both the unheated and hested solutions.

Kazema cleims to have distingulshed by acetone fractiona-
tion of hog kidney glycerin extract, enzyme activity toward
chloroscetyl-L-phenylalanine, £ -naphthalinsulfoglycyl-l~
leucine, and benzoylglycyl-grleucines. The sctivity toward

these compounds of three fractions from hog pancreas 1is

1M. Yoeloks, Enzymologla, 10, 154-160 (1941).
2M. Kawaharada, Tohoku J. Exptl. Med., 47, 85-91 (1944),

3T. Kazema, Acta Schol. Med. Univ. Imp. Kioto., 23,
169-175 (1939).

4
T. Sugawara, Tohoku J. Exotl. Med., 48, 185-189 (1944).

57. Kazams, Acta Schol. Med. Univ. Imo. Kioto., 23,
160-168 (1939). == 2
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oresented in Table 33. The datz (Table 33) seem to the writer
to be fair but not conclusive evicence thet seperste enzymes

hydrolyze each of the three substrates listed.

Table 33

Enzyme Activity at pHE 7.65 of Three Fractions from
Hog Pancreas According to Kazama

Hydrolysis by fraction
Substrate £ Hy 2! I Y

3 5
Chloroscetyl-[-phenylalsnine 83 31 0
Benzoylglycyl-L-leucine 68 53 30
B -Neohthelinsulfoglycyl-J~leucine 100 13 0

17, Kazema, Acts Schol. Med. Univ. Imp. Kioto., 23,
160-168 (1939).

Metsul studlied the enzyme prope-ties of several dif-
ferent preparations from hog pancreass, and concluded that
severate enzymeg caused the hydrolysis of chloroacetylgly-
cylglycine and benzoylglycylglycinel. He belleved that the
pancreas enzyme which hydrolyzed benzoylglycylglycine, also
hydrolyzed benzoylglycyltyrosine, and tenzoylglycylasparagine.

He telieved this wac so since hippuryltyrosine was sgo rapidly

1k. Matsul, J. Biochem. (Japan), 33, 183-199 (1941).
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hydrolyzed snd since the activities on hippuryl derivatives
of tyrosine, asparagine, and glycine appecsred together.
Table 34 pres:nts some data from the paper by Matsuil.

By examining Table 34, it can be seen that fraction 1
from hog pancress hydrolyzed benzoylglycylglycine, but
chloroecetylglycylglycine to only & slight extent. Fraction
5 hydrolyzed chloroacetylglycylglycine, but not benzoylgly-
cylglycine. Mstsul seemed to have had good evidence for sup-
posing that separzte enzymes hydrolyzed these two substrates.
Only in frection 3 of Table 34 1s there chloroacetylglycine-
ecylase activity, and, therefore, the deta of Meatsul probebly
indicate the presence of an enzyme which sttaecks chloroacetyl-
glycine, but which has no apprecisble activity toward chloro-
acetylglycylglycine or benzoylglycine; if thie enzyme acts
on benzoylglycylgl-cine, it is at least the second enzyme
which does so, since zctivity toward this substrate by frzc-
tion 3 1s less than toward chlorocacetylglycine.

The second enzyme fraction of Table 34 hydrolyzes ben-
zoylglycylglycine 21%, and chloroacetyltyrosine 63%. There-
fore, it appears th=t either an enzyme or enzymes differing
from Anson's carboxypeptldace are present, or thst an acylase

corresnonding to Anson's carboxypentidas- and also another

K. Matsul, J. Blocher. (Japan), 33, 183-199 (1941).



Table 34

Enzymatic Activity of Some Preparations from Hog Pencress According to Matsull

% Hydrolysis by fractions from hog pancrecs

1.Auto- 2.4uto- 3.Heated 4, 'urified MgSOy
Substrate lysate lysate sucrose sutolysate extract
with Hy8 extract

Acetylglycine 0 0
Acetylasparagine 0 0
Acetyltyrosine 13 3
Chloroacetylglyocine 0 0 92 0 0
Chloroscetylasparagine 0 0 0
Chloroacetyltyrosine 90 63 0
Benzoylglycylglycine 85 21 63 0 0
Benzoylglycylasparagine 98 90 0
Benzoylglyoyltyroeine 90 71 Ly
Chloroacetylglycylglycine 5 0 24
Chloroacetylglycylasparagine 56
Hippuric sacid 0 0
Glycylglycine 64 1 0
Glycylaspsaragine 61 L
Glycyltyroeine 58 6

1, Matsui, J. Biochem. (Japsn), 33, 183-199 (1941).

- 0LT -



- 131 -

acylase (or acylases) are present in the enzyme preverations
from hog pancress.

Matsul states that the hippurylamino acids which he
studied are rapidly hydrolyzed to 100% (bssec on one bond),
and that the percentage does not rise after thisl. Dipeo-
tidases were present but not benzoylgiycineacylase activity.
Therefore, he concludes that hydrolysis occurs between the
hipouryl residue and the end amino acid.

According to several investigators, there is a car-
boxypeptidase in vig pancrezs, proteminase, which srlits off
basic amino acids from the protamines. In 1925 Waldechmidt-
leitz and Harteneck reported that clupeinsulfate and histone-
sulfzte are hydrolyzed by "trypsin® from hog pancreas<.
Waldschmidt-Leitz, Ziegler, Schdffner, and Well recorded in
1931 thet a glycerol extract of hog pancreas attacks clupein
and salmine with the liberation of free arginine; they named
the responsible enzyme protaminase3*h. No significant amount

of protaminase activity was detected in a prepzration from

1X. Matsui, J. Blochem. (Japan), 33, 183-199 (1941).

%E, Waldschmidt-Leitz and A. Herteneck, Z. Physicl.
Chem., 149, 203-220 (1925).

3k. Yaldschmidt-Leitz, F. Ziegler, A. Schiffner, and
L. ¥ell, Z. Physiol. Chem., 197, 219-236 (1931).

k4160 see E. Waldschmidt-Leitz and E. Kofranvi, Z.
Physiol. Chem., 225, 148-150 (1933).
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cow pancreas. Esterified clupein and salmine were not sig-
nificantly attacked by protaminase, indiceting thet protaminase
was & carboxypeptidase. Chloroacetyltyrosine activity was
separated from enzyme activity toward clupein sulfate. The

pH optimum for clupein sulfate hydrolysis was 8.0. “elil also
states thet protaminase, freed of czrboxypeptidace activity
toward crloroacetyltyrosine, hydrolyzed psrtially hydrolyzed
clupein sulfete, but does not attack the methyl ester of
clupeinl. Waldechmidt-Leltz and Kofranyl described the use

of rrotaminase and other enzymes to determine partially the
structure of clupelnz. Lebreton and Mocoroa reported the
hydrolyeis of scombrine at pE 7.4 by pancrestic juice; "kinase"
increesed the hydrolysis rate3. Portis and Altman found that
a crude nrotaminase preparstion hydrolyzed salmine with
liberation of about one-half of the erginine bound in the
molecu1e4. Arginase and urease were used to determine sve-

cifically libereted erginine. Trypsin and chymotrypsin

hydrolyzed salmine without liberation of arginine.

1p. Weil, J. Biol. Chem., 105, 291-299 (1934).

2E. Weldschmidt-Leitz and E. Kofranyl, Z. °hysiol. Chem.,
236, 181-191 (1935).

3M. E. Lebreton and F. Mocoroa, Compt. Rend., 92, 1492-
1494 (1931).

bR. A. Portis and K. I. Altman, J, Biol. Chem., 169,
203-209 (1947).
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Emil Smith reported that snson's carboxypeptidese hydro-
lyzes salmine and stated that this observetions raises the
cguestion of the possible identity of protaminase with car-
boxypeptidasel. A possible answer to the question may be
found in the work of Calvery on the proteolysis of crystal-
line egg albuminZ. Following exhaustive pensin hydrolysis
of the egg albumin, a proteminase preparstion freed of n~ro-
teinase and chloroacetyltyrosine activity hydrolyzed the
treated egg albumin with the liberation of an additional 6%
of the total azmino nitrogen; this corresnonded to the zmino
nitrogen of the basic amino ecide in egg albumin. Anson's
cervoxypeptidase hydrolysis following the pepsin hydrolysis
would liberste an additional 30% of the total amino nitrogen.
However, the same end point wer reached (in relation to
amino nitrogen freed) by Anson'‘s carboxypeptidase hydrolysis
whether it followed pepein, or pepsin plus protaminsse ex-
haustive hydrolyslsz. Pocglibly both Aneon's cerboxypertidass
and protaminase eplit off terminsl basic amino acids from
pevtides, but only Anson's cerboxypeptidace may be cavable

of hydrolyzing off other terminal zmino acids from peptides

as well.

1g, L. Smith. Proteolytic enzymes. In J. B. Sumner
end K. Hyrbdck, eds. The enzymes. Vol. 1, Psrt 2. p. 828.
New York, New York, Acazdemic *ress Inc. 1951.

24, 0. Calvery, J. Blol. Chem., 102, 73-89 (1932).
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£n unusuel obeervation was made by Schmitz enc Ferten
who re.ortec hydrolysis of cerbobenzoxyglycyi-[-leucline by
an extresct of hog nancreesl. The pH optimum wae 7.8. Tre
hydrolysis was activeted by Co(II), but not by Mg(II). ien-
genese, zinc, and ferroue lone inhibitec treckdown. Glycyl-
D-leucine and Q-leucylglycine were split by the hog ¥icdney
extract used. €Schmitz and ¥Yerten thoucht voscible conclusions,
as & result of their experiments, w:sre that D-rertlidaseswvere
present in the extract or thet Eergmenn's nolysffinity theory
wae wrong.

The studiee of Kimure? mey indicate the nresence in hog
vancreztic tissue of scylases egimilar to thoese found in other
memmalian tissues, and which differ from £neon's carbox;ver-
tidacsz. The formol titrsticn veluee for enzyme-sucetrate
incubations at pH 7.2 ere presented in Table 35.

It 1e seen (Table 35) thet acetylleucine is more rapidly
broken down than acetylglycine or acetylphenylelenine by the
hog pancrezs cvreparsztion in the 20 hour neriod. Thle would
not be exnected of Anson's cerboxype-tidase. The lncrecse

in rete on acetyl-DL-~henylalsnine in the 20-44 hour veriod

(Table 35) ie, at first sopeersnce, anomelous. The increase

1. Schmitz and R. Merten, 7. Phyeiol. Chem., 278, %3-
56 (1943).




- 135 -

Table 35

Eydrolysis at oK 7.2 of icylemino tcife by Glycerol
Extract of Hog Pencress

Hydrolysils as ccm .10 KOF in

Subetrate 20 hours %5 hours
Acetylglycine .30 .80
Acetyl-DL-leucine .50 .55
Acetyl-Dl.-phenylalanine .10 2.5
Formylglycine 0 .15
Formyl-DiL-leucine .20 )
Formyl-Di.-nhenylalanine .55 .55
Benzoylglyecine ——- .05

1H. Kimura, J. Blochem. (Jzpen), 10, 225-250 (1929).

in rate may have been due to microbilal contaminstion or con-
version of & proenzyme to an enzyme; quite poselbly an enzyme
similer to Anson's carboxyre tidase was formed. Of the formyl
de-ivatives (Table 35), formylnhenylalsnine is more rapidly
hydrolyzed end it seems difficult to interpret this.
Accordine to Abderhslden and Schwabl, separste enzymes

hydrolyze chloroscetyl-[-tyrosine and chloroacetyl-l~alenlne;

1E. Abderhslden and E. Schwat, Fermentforschung, 12,
559-571 (1931).
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but the evidence presented does not seem sstisfactory to
the writer. ©Silver nitrate is reported to inhibit chloro-
acetyl-L-tyrosine splitting by "tryrsin-kinase", but to a
slieht extent ohthaloyldiglycine s»litting, and chloroscetyl-
Dl~leucine snlitting comoletelyl. Aleo, DL-leucylglycine
inhibited the action of "try:=sin® on chloroacetyl-L-tyrosinel.
“Trypein" from hog pancrecs wss reported to hydrolyze the
DL~ &t-bromoisocepronyl derivatives of glycine, QL-leucine,
end L-tyrosine while an impure cerboxypeptidase preperation
from co~ pancreas failed to do 802,
Certein of the more interesting pointe concerning the
acylases of hog pancreas will be recepltulaeted. “ulte vrob-
ably hog pancreas contains the proenzyme of & carboxypentidece
which 1g similar in svpecificity to the bovine enzyme, Anson's
cerboxyvertidere, which preferentislly splites off terminal
phenylalanine, tyroeine, tryrtophan, and leucine, from zc;lated
dipeptides, polypeptides, and from hsloacylated eminc acids.
Evidence exists for a second carboxypeptldase, protaminacse,
which eplits off basic amino scids from the orotemines and

protamine derived nentides. It is rather likely thest a

gensrate acylzse existe which hydrolyzee acylzted dipeotides

1E. ibcerhalden and G. Effkemann, Fermentforschung, 14,
27-42 (1933).

25, pbderhslden and H. Hanson, Fermentforschung, 16, 37-
47 (1938).
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containing terminal glycine, for instance, benzoyldiglycine
and pohthaloyldiglycine. The activity on these compounds
could be due to the firet enzyme mentioned in thie paragraph;
but esince whether or not activity on these terminal-clycine
comnrounds ils observed, varles with the method of enzyme
preparetion and investigetor, it 1e probeble that & seresrate
enzyme, differing from Anson's cerboxynentiduee, 1ls res on-
slple for the hydrolysis of benzoyldigzlycine and rhthzloyl-
diglycine. In adcition, & cseparate enzyme may exlict which
attacks chloroscetylalycylglycine.

As hsd been vointed out, Oteni believees thet threc cep-
arzte enzymes are 'resent in hog vancress which atteck
chloroacetyl-[~-~henylalanine, benzoylglycyl-L-leucine, &nd
navhthelinsulfogclyc;l-f~leucine, reevectively. Probably
the flrst activity 1s due to an enzyme like Anson's carboxy-
pevtidase. The acylamino acid nortions of nanhthalinsulfogly-
cyl-L~leucine and chloroscetylglycylglycine are rather similer
in certeln resvects; 1t might be worthy of investigation to
see 1f the same enzyme attzcks these two subetrztss.

Some investigators observed hydrolysis of benzoylglycine
by hog pancreass materlial and some did not. It is -ossible,
if pancreass acylases are similasr to those of other memmelien
tiesues, thset this substrate is attacked by an enzyme dif-

fering from those previously mentioned in the summsry.
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Acetyl snd formyl derivatives of leucine, glycine, and
phenylalanine sre attacked by hoz pancrees acylases which
nrobably include acylases differing from Anson's carboxy-
vetldace, but of unknown relastion to the other acylases
of swine pencreae which are discussed here,

Evidence has been presented th:zt azcyleses differing
from Anson's carboxypeptidace are present in hog pancress.
Probably the -roenzyme of hog pancreas, corresvonding to the
proenzyme of Anson's csrboxypeptidacse, becomees functional
only after secretion when it serves &g & digestlive enzyme.
In view of the wide occurrence in mammelien tissues of
ccyleses, 1t would not be surprising th:t hog vnancreas would
contain eimiler enzymes, which functicn as tiessue enzymes,
and not only as digestive enzymes as does Anson's carboxy-
pentidase.

p. The horse. Acylase activity has been detected in
horse kidney toward benzoylglycinellz'B, ( 4+ )venzoyl- d-

aminobutyric scid, benzoyl-p-leucine, glycocholic acid, and

1v. Baccari and M. Pontecorvo, Bollettino della Socleta
Italisno 41 Biologis Snerimentale, 18, 329-331 (1941)°

( fI. &£. Smorodinzew, Z. Physiol. Chem., 124, 123-131
1923). == 0

I. &. Smorodinzew, J. Russ. ~hys. Chem. Soc., 51,
156-182 (1919). Thanke are due to Mr. Sol Shulman who kindly
furnished an English summary of this Russian article.
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tesurocholic acid, but activity has been found lacking toward
(-)-benzoyl-d-smino-n-hutyric scid, benzcyl- B-alanine,
benzoyl-DL~ 3 -aminobutyric acléd, benzoyl-o-aminoieobutyric
acidl’z. Abderhalden and Schwab> gave adc¢itional infor-

metion (Teble 36) on acylese activity of extracts from horse

tissues.
Teble 36
Acylase Activityl of Preparstione from
Horse Tissues at pH 8.0
Source of q
Enzyme Hours Substrate
‘reveration Chloroacetyl- Chloroscetyl-  Szrcosyl-
W-elanine k-tyrosine k-tyrosine
Kidney 2 28 5 30
13 57
Suprarenal 10 14 10
capsule
Lung 15 33 0 42

1E, Abderhslden and E. Schwab, Fermentforschung, 14,
43-53 (1933).

11, . Sfmorodinzew, Z. Physiol. Chem., 124, 123-131
(1923).

21, ». Smorodinzew, J. Rues. Phye. Chem. Soc., 51, 156-
182 (1919). Thanks sre due to Mr. Sol Shulman who kindly
furnished an English summary of this Russilan article.

3H. Hanson, Fermentforschung, 14, 189-201 (1934).
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The dried plasma of the horse hydrolyzed chloroacetyl-
L-elanine, but hed no appreciabtle activity on chloroacetyl-
L—tyrosinel. The leucocytes of the horse have guestionable
ectivity toward chloroacetyl-Lrtyros1n92. The high activity
toward chloroacetyl-[~alanine of theee preparatione from the
horse mey indlcate the presence of an enzyme like thst found
in acylase 1 of hog kidney.

G. Man. According to the work of Emil and Rudolph
Abderhalden3'4 human tissues usually contaln acylases, but
activity toward chloroacetyl-[~leucine is more general than
chloroacetyl-[~tyrosine activity. Some data on the acylase
activity of human'organs, from two papers, 1is presented in
Table 37; th?’studies included an investigetion of the effect
of age on agylase activity.

The efifect of human gland extracts on chloroacetyl-j~
leucine andﬂ -naphthal insulfoglycyl-~leucine was also com-
pared. These data are presented in Table 38.

Using glycerol extracts of human intestine and pancreas,

Blum and Yarmoshkevich have found that much acylase activity

1H. Haneon, Fermentforschung, 14, 189-201 (1934).

2R. Willstdtter, E. Bamann, end M. Rohdewald, Z. Physiol.

Chem., 153, 267-280 (1929).

3E. Abderhalden and R. Abderhalden, Fermentforechung,
17, 217-223 (1943).

“R. Abderhalden, Z. Alterforech., &4, 124-137 (1943).
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Table 37

Acylase Lctivity of Tiesues and Fluide of Homo Sapiensl'z

% Splitting by single preperation
or as range by seversel

Source of enzyme preparations for subgtrate
nreparation
Chloroacetyl- Chloroacetyl-l~
L-leucine phenylslanine
Kidney of fetus 70-90
Kidney of adult 90-100 85-30
Kidney of aged 75-100
Liver of fetus 35-52
Liver of adult 85-100 L2-52
Liver of aged 32-37
Lung of fetus 25 22
Lung of adult 35 15
Lung of zged 32 10
Brain of fetue 17 16
Brein of adult 50 20
Brain of aged 52 25

Skeletsl muscle of
fetus 50 0

Skeletsl muscle of
adult 55 0

lE. Abderhalden and R. Abderhalden, Fermentforschung, 17,
217-223 (1943).

2R, Abderhalden, Z. flterforsch,, 4, 124-137 (1943).
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Table 37 (Continued)

Source of enzyme

% Splitting by single preparation
or &g renge by seversl
prepzerations for substrate

vreparation Chloroacetyl- Chloroscetyl-p~
&~leucine phenylaleanine

Skeletal muscle of

aged 55 0
Heart muscle of

fetus 30 8
Heart muscle of

adult 38 5
Heart muscle of

aged 38 0
Testicle of

adult 68 0
Testicle of

aged 70 0
Uterus 5 0
Thyroid gland 100 0
Spleen 90 L2
Thymus 4s -
Placenta 10 12
Cerebrospinal fluld 0 0
"Ovarizlcystenflus-

sigkeit® 0 0
Serum 0 0
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Tevle 38

Acylase Activity on Chloroacetyl-L-Leucine and
G~-Naphthalinsulfoglycyl-§-Leucine by
Extracts of Humen Tissues

Source of % Hydrolysis of

. enzimii Chlorozcetyl- @-Naphthalinsulfo-

~reparsilon L-leucine glycyl-L-leucine
Thyroid gland 100 0
Skeletal muscle 55 25
Kidney 88 8
Pancreas 100 35

1E. Abderhalden and R. Abderhalden, Fermentforschung,
17, 217-223 (1943).

towsrd chloroscetyl-L-tyrosine arpears by the 5th or 6th
month of embryonic developmentl. Rudolf Abderhalden de-
tectec no hydrolyeis of chloroacetyl-L-tyrosine or AZ-navh-
thelinsulfoglycyl-L-leucine by cerebrislepinal fluid®.
Where carbonaphthoxyvhenylalanine was the test substrate,
procerboxypeptidase was found in the pancreas of, and car-

boxyreptidase in the duodenel fluid of man; no csrboxypep-

tidese or procerboxypeptidasge activity wes present in the

lE. Blum and A. I. Yarmoshkevich, Bull. Biol. Med.

Exptl. U.R.S.S., 1, 113-114 (1936).
2g. Abderhalden, Fermentforschung, 17, 173-177 (1943).
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homogenates of the liver, kidney, spleen, duodenum, JejJunum,
stomach, colon, braln, heart, lung, adrensl gland, thyroid
glend, ovary, testes, enididymis, serum, or urinel. Heya-
kawa estudlied the acylase activity of human gsasetric mucosa
of patients affllicted with cancer or ulcers of this tissue;
he found significant sctivity toward chloroascetyl-[-leucine,
chloroacetyl-L~nhenylalanine, and chloroescstyldizlycine in
the st:zted order of magnitudez. No esignificant activity by
the gastric mucosa was detected towsrd benzoyldiglycine or
benzoylglycine. Acyl:zse zctivity wae higher in the gastric
mucosa of ulcer pstients than in thet of cancer patiente.
Extrecte of human breast carcinoma breakdown carbobenzoxy-
&-glutamyl-L-tyrosine and carbobenzoxy-R-glutamyl-lL-tyro-
sine in the presence of cystelne at about pH 53. The same
investigators found that human bone sarcoms extract hydrolyzed
carbobenzoxy-L-glutamyl-L-tyrosine, but not carbobenzoxy-D-
glutamyl-L~tyrosine.
Secretin, which is a hormone having a molecular weight

of 3000, was sald to stimulate the secretion of carboxypep-

4. A. Ravin and 2. M. Seligmsn, J. Blol. Chem., 190,
391-402 (1951).

2y, Hayekawa, Tohoku J. Exptl. Med., 53, 243-249 (1951).

35. s. Fruton, G. ¥W. Irving, and M. Bergmann, J. Biol.
Chem., 132, 465-466 (1940).
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tidase (chloroacetyl-L-tyrosine s»litting) and trypsin by

the humen pancreasl-

3. 4cylases of algae

a. CSpirogyra. Hippuric acld does not serve ag &

nutrient for Spirogyrs cells nor is it markedly inhibitoryz.

L, LAcyleses of bacteris (Phylum schizomycoonhyta)

Van Tieghem stated in 1864, that it 1e a known fact thsat
hipouric scid found in the urine of herblvacloue animals 1is
broken down by fermentation to benzole acidB. He further
states, thaet 1in hls experiments carried out with emmonium
hippurate in & nutrient solution, the s-1itting of hippuric
acld to benzoic acid and glycine was always accomoanied by
the presence of "la torulacee de uree®. Van Tleghem be-
lieved thet this splitting proceeded parsllel with the life
and development of an orgsnized vegetable ferment. In 1876,

Hovve-Seyler mentions the splitting of hipouric acid to

1a. Agren, J. Physlol., 9%, 553-559 (1939).
27, Bokorny, Arch. Ges. Physiol. 172, 466-496 (1918).
3van Tieghsm, Compt. Rend. 58, 210-214 (1864).
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glycine and benzolc acid, and the splitting of taurocholic
ecid to taurine and cholic acid1 in the presence of deead
lower orgesnisme. No experimentel detalle were given.
Severel other papers possibly related to the acylaeses
of bzecteria will be briefly mentioned. According to Cer-
bone and Rusconi, benzoylglycine 1is hydrolyzed to verying
degrees by cultures of certsin micrococcl, bacilli, and
bacteriumz. Stapr describes the utilizetion of hippuric
ecid a8 & nutrient for the nitrogen asnd csrbon source of
seven bac11113. Bacterium ervthrogenes and Septosgporium

bifurcum Fre. used hippuric acid for growt b.

&. Some specles of water vibrio. Autolysates from 6

of 10 sgpecics of water vibrlo hydrolyzed hippuric ecid5. No
activity toward benzoylglycine wes detected in the remaining
L4 gpecies. Activity disappeared when the cultures vere
grown for three days instead of one day. The enzyme-sub-

strete exneriments were csrrisd out at pE 7.0-7.6.

1F. Hoppe-Seyler, Pflugers Arch. 12, 1-17 (1876).

2p. Carbone and 4. Rusconi, Bollettino della Socleta
Medico-Chirureica di Pavise, V, 15, 382-379 (1910).

3c. Stapp, Centralb. Bakt. ParazsltemX., II Abt., 51,

45, Blerems, Centralb. Bakt. Parseitenk., II ibt., 23,
109-110 (1909).

5K. Oshima, Jepan J. Med. Sci. II, Biochem., 5, 101-122
(1944). -
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b. Staphylococcus aureus. Imaizuml studied the scy-

laces of an extract of sutolyzed Staphylococcus aureusl.

Some of his results are nresented 1n Teble 39. The ob-
served activities (Table 39) seemed to group themeelves
into three groups based on their behaviour when hested at
different temperaturesl. These groups were: stable at
70° but inactiveted at 80°, benzoylglycine; some lose of
activity at 60° and great or comnlete loes of activity at
70°, benzoyldiglycine, acetylglycine, and Dl-bromoisocapronyl-
glycine; only vartisl losc of activity at 80° but comvlete
loss at 100°, chlorcacetyl-L-vhenylalanine.

Kemeda and Toyoura re—ort the ylelds of benzolc acid
from the incubation of one grem portions of hisvuric acid,
benzoyl-DL-d -aminobutyric acid, and benzoyl-RL-vhenylala-

nine in the presence of Staphylococcus asureus (Terashima);

these ylelds were, resg+wectively, ss mg of benzoic acid: 525,
51 and 02. It was reported that centrifugates from bacterial
digests hydrolyzed chloroacetylagnarsgine and benzoylaspars-
gine to a moderate extent, but the hydrolysis wee ascribed

to eamidace =z=ction eince neo benz 1ic ecid wes 1eolsted from

1y, Imaizume, J. Biochem. (Japen), 27, 193-211 (1238).

2Y. Kamede znc¢ E. Toyours, J. Pherm. Soc. Japen, 72,
L~0-l402.
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Table 39

Lcylase Lctivity of Extract of_ sutolyzed
Staphylococcus zureus

cem 0.1
Substrate pH n NaOH rh
after optimum
24 hours
Benzoylglycine 7.5 1.15 7.0-8.0
Benzoyldiglycine 8.0 1.42
Phthaloylglycine 7.0 0
Phtheloyldiglycine 8.0 0
kcetylglycine 8.0 0.96 7.0-8.0
Acetyldiglycine 8.0 0
Formylglycine 7.5 0
Formyl-L-tyrosine 7.5 0
Lecetyl-L~-glutamic acld 7.5 0
Eenzoyl-L-glutemlic zcid 7.0 0
Chloroscetyl-L~phenylelenine 7.0 1.25
Chloroescetyl-L~tyrosine 7.0 0.3 7.0
LL- 4-Bromoigocepronylelycine 7.0 0.65 7.0
DL~ 4-Bromonroplonylglycine 7.0 0.42

1y, Imaizume, J. Bilochem. (Jepan), 27, 199-211 (1938).
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the digest of the benzoyl compoundl. Pulverized cells of

Staphylococcue aureus failled to break down ditenzoylornithine

or tenzoyldiglycine while they dié oreak down benzoylglycinez.
Enzyme prepsrztions from the dried cells or the culture
filtraete of Stavhylococcus aureus falled to sttack clloro-
acetyl-[-—~henylalenine or benzoyldizlycinej.

The effect of some scylamino acids as inhibltors of

the growth of Stsphylococcus (Tersshime strain) has been

described“'5. The most effective sntibzcterial agente are
lauryl-QRl-phenylalsnine, and o-lesurylaminobenzoic acid, fol-
lowed by leuryl-DL-valine, lauryl-DL-<-amnino-n-butyric
ecid, lauryl-ggralanineu's. Leurination of the amino acide
wes more effective in nroducing sntibecteriel compounds

than wzs caprinyletion. It seems poesible that antibacterial

ls. Utzino and M. Imaizumi, Z. Phyelol. Chem., 253, 51-
64 (1938).

25. Tomote and H. Saltoo, Tohoku J. Exotl. Med., 39,
211-214 (1940).

3M. Imaizumi, J. Eiochem. (Japen), 27, 45-64 (1938).

bY. Kameda and E. Toyoura, J. Pharm. Soc. Jspan, 67,
3 (1947).

5Y. Kameda, =. Toyoura, £. Ohshinme, ¥. Tsujil, and C.
Iriye, J. Pherm. Soc. Japen, 68, 143-144 (1948). Both
reference 2 and 3 are renorted on the basis of Chem. Lbst.,
b4, 1564-1565 (1950). = T
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action was grester for those commounds most resicstant to
acylase action.

c. Stasvhylococcus pyrogenes citreus Nr. 1. A glycerol

extract of this organism hydrolyzed benzoylglycine cver the

»E renge 5.0 to 8.0 with an optimum of about pH ?.61.

G. A strein of Staphylococcus from bubo. The ylelds
of benzoic acid after exposing one grem quantitiee of sub-
ctrates to this microorgsnisem were as follows, where the
yields are in mg of benzolc acid: hirpuric scid, 266;
benzoyl-RL~ A-aminobutyric acid, 45; benzoyl-DL-vhenylala-
nine, 02.

e. Soil bacteris KT 1, KT 3, KT 4, KT 9, KT 13, KT 17,

KT 2, KT 6, =nd KT 7. These bzcteria which were isol:zted

from soll, possessed the abllity to metzbolize hi puric sacid
and/or ﬁhenylacetylglycine3. Some were found to treak down
hipouric acid rermittins the isolation of benzolie acidn.

KT I metabolized hivnuric ascid, benzoyl-pL-leucine, [DL-A-

lr. 4ve, Tohoku J. Exztl. Med., 49, 27-32 (1947).

%Y. Kameds 2nd E. Toyoura, J. Pharm. Soc. Jspan, 72,
40°~=-402 (1952).

3Y. Kameda and E. Toyoura J. Pharm. Soc. Jepen, 67,

172- (1947). Chem. gbst., 44, 1585 (1950).
b1p1g., 213.
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benzamldobutyric acid, benzoyl-DL-valine, and benzoyl-DL-
alanine, and &lso metatolized were the corresponding nonyl
or hendecyl derivativesl. Kameda and Toyoura revorted
ylelds (Table 40) of benznic acid on allowing three scyl-
emino sclds to be exvrosed to the non-pathogenic bacterils,

KT I and KT 3 in the ctresence of toluene.

Table 40

Yielde of Benzolic Acid per One Gram of Substrate on

Exposure to Microorganisms in the Presence of Toluenel

mg Benzolic acid from

Micro-

organism Hipnuric Benzoyl-RDL-a - Benzoyl-DL-
acld eminobutyric scid nhenylalanine
KT I R14 133 121
KT 3 k15 103 110

lY. Kameda and E. Toyoura, J. Pharm. Soc. Japan, 72,
L4oo-402 (1952).

f. Streptococcus faecalls, Leuconostoc mesenteroides,

Leuconostoc citrovorum, Lactobsecillus arabinosus, Lacto-

bacillues brevis, Lactobacillus casel, snd Lactobacillus

pentoacetacus. A systematic study of the nutritional

ly. Xameda and E. Toyours, J. Pharm. Soc. Japsan, 67,
1,2 (1947).
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utilization of benzoylemino scide by 4 acid-producing
orgenisms for their amino acid requirements has been carried
out by Itschner’ and Drechsler?. A summary of their wvork
is given in Table 41 which is reproduc=d from a thesie by

2

Urechnsler®.

As shown in Teble 40, Lactobacillug arsbinosus, ATCC

8014, uees benzoyl-PL-leucine for ite leucine requirements
and aleo to a clight extent, dlbenzoyl-[-cystine for 1its
cystine requirements; the other seven benzcylamino scids
tested were not utilized. According to Fox and ?arnerB,

under certain conditions, L. arabinosus requires methlonine,

and then benzoyl-DlL~methionine partiaslly meets 1ltes methionine
requirements. Hegsted has determined the availability to

L. grabinosus of certain acylamino acids and acyldineptides

in vlace of the corresponding amino acidb. These results

sre presented in Table 42,

1K. F. Itschner, Bacterial utilization and sequence
determination of peptides. Unpublished Ph.D. thesis. Arnes,
Iowa. Iowa State College Library. 1951.

2E. R. Drechsler, Utilizetion of certain benzoylamino
aclds by several specles of bacteria. Unpublished M.S.
thesis. Ames, Iowa. Iowa State College Library. 1952.

35. w. Fox and C. v. Warner, Aimeg, Iows. (Private
communication.) (1953).

“D. M. Hegsted, J. Biol. Chem., 157, 141-146 (1945).

R ————



Table 41

Utilization of Benzoylamino Aclds by Four Species of Becterial
Action by
Compound L. arab. L. brevis Strep. faec. Leuc. mesen.
ATCC No. 8014 ATCC No. 8287 ATCC No. 8043 ATCC No. 8042
Benzoyl-DL-alanine - ——— nu® -—
A-Benzoyl-[-arginine NU U NU NU
Benzoyl-[-aspartic aclad -—— NU -——— NU '
[
Dibenzoyl-L~cystine s# 8 -—— u 3
!
Benzoyl-L~glutamic acid NU NU NU NU
Benzoylglycine - U -——- U
< -Benzoyl-L~histidine —— NU NU NU
1

E. R. Drechsler, Utillzation of certain benzoylamino aclds by several epecles
of bacteria. Unpublished M.S. thesie. Amee, Iowa. Iowe State College Libresry, 1952

- "Blank epaces indlcete parent amino ecid 1s non-essential.
&Indicates "not utilized. "
** Indicates "utilized."

#Indicates "slight" or questionable utilization.



Table 41 (Continued)

Actlon by

Compound L. arab, L. brevis Strep. faec. Leuc. mesen.

ATCC No. 8014 ATCC No. 8287 ATCC No. 8043 ATCC No. 8042
Benzoyl-DLi-leucine U NU NU NU
A -Benzoyl-[~lysine -—— NU NU NU
Benzoyl-Rli~1soleucine NU NU NU NU
Benzoyl-DL~-methionine —— NU U NU
Benzoyl-pL-phenylalanine NU NU —-——— NU
Benzoyl-L~proline —— NU ——— NU
N-Benzoyl-DL-serine —-——— NU —-— NU
N-Benzoyl-DlL-threonine NU NU NU NU
Benzoyl-DL-tryptophan NU NU NU NU
N~Benzoyl-L-tyrosine ——— NU ———— NU
Benzoyl-DL-valine NU NU NU NU

- o e em.

“ﬁst"
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Teble 42

% Nutritional Utilizsation of imino Acid Derivatives
by Lactobacillus arebinosusl

Compound % Utilization besed on
emino acid content

Acetyl-DL-leucine 30-60
Acetyl-DL-1isoleucline
Lcetyl-[~vallne
Benzoyl-L-valine
Benzoyl-L-valyl-L-valine
Benzoyl-L~valyl-D-valine
Benzoyl-R-valyl-D-veline

O O O o o o o

Benzoyl-pB-valyl-j~valine

1p. M. Hegsted, J. Biol. Chem., 157, 141-146 (1945).

Also Krehl and Fruton observed a 6% utilization of
ascetyl-L-leucine by L. arsbinosus, ATCC 8014, while carbo-
benzoxyglycyl-L-leucine wae utilized 68% in 72 hours on the
basis of 1tc [~leucine conteﬁtl. Acetyldehydroleucine wsas

not evailsble at alll. Splee and Chambers stated that L.

arasbinosus 17-5 made use of formyl-L-methionine to the

l¥. A. Krehl and J. D. Fruton, J. Biol. Chem., 173,
479-485 (1948). | I
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extent of about 5% while the D-icomer was utilized .6%1.
Utilization data of Eadee 1s given in Table 43, Eades
considered it likely thct the chloroacetyl and acetylemino
acids were hydrolyzed by the orgesnism prior to utllization
of the amino acidsz.

In the work Just mentioned, four derivzstlives of leucine
have been reported as being utilized by Lactobscillus zrabil-
nosus, namely, the benzoyl, acetyl, chloro:zcetyl, and carbo-
benzoxyglycyl derivatives, Some utilization of formylmethlo-
nine, benzoylmethionine, sand benzoylcystine hes been rervorted.
In contrast, other emino ecid deriveatives tested are not
utilized.

Malin, Camien, and Dunn (Table 44) published informztion
on the nutritional svailability of benzoylgiycine, benzoyl-
glycylglycine, and carvobenzoxyglycyl-l~tyroslne for the
glycine requirements of several acid producing orgsnisms.

The benzoylglycyl- and benzenesulfonylglycyl- derivatives
of glycine displayed 1little or no availability for the

glycine requirements of the organiems listed in Table 44,

lJ. R. S§1ee and D. C. Chamber, J. Biol. Chem., 183,
709-712 (1950).

2C. H. Eades, J. Blol. Chem., 187, 147-152 (1950).
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Table 43

Nutritionsl Utllization by Acid-Producing Bacteria
of Amino &cid Derivativesd

% Utilization on the basis of
amino acid content by

Derivative L. arabinosus L. casel Leuconcstoc
ATCC 8014 LTCC 75489 mesenteroldes
ATCC 8042
Acetyl-pL-leucine 50 0 0
Chloroacetyl-DL~leucline 50 0 0
Acetyl-Di-phenylalenine 0 0 0
Chlorcacetyl-Dl-
nhenylalanine 0 0 0
Acetyldehydroleucine 0 0 0
Acetyldehydro-
phenylalanine 0 0 0
Acetyl-Dl~tryptophan 0 50 0
Chloroacetyl-Di~
tryptophan 0 50 0
Acetyldehydrotryptophan 0 0 0
Acetyl-Dl~valine 0 0 0
tcetyldehydrovaline 0 0 0

1c. H. Eades, J. Biol. Chem., 187, 147-152 (1950).
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Teble 44

£veilabllity to Some Acid-Producing Becterie for the glycine
Requirements of Several Amino Acid Derivatives

% Utilization of

Orgeanism Benzoyl-  Benzoyl- Carbobenzoxygly-

glycine diglycine cyl-L~tyrosine

Strectococcus fsecalis
R, ATCC 8043 80 0 -

Lactobacillus brevis,
~ £TCC 8287 9k 5

Leuconostoc citrovorunm,
ZTCC 8081 4o - 5

Leuconostoc mesenter-
oldes P P 60 105 5 -

Lectobacillus pento-
aceticus ATCC 367 141 5 5

1R. B. Malin, M. N. Camien, and M. S. Dunn, irch. Biochem.,

Bioohys., 32, 106-112 (1951)

Spilees and Chambers reported that formyl-l-methionine

1s more stimulatory to the growth of Streptococcus faecalis

than is g-methioninel. Formyl-[;-valine 1s 2-5% available

for the valine requiremente of Streptococcus faecalis 97902.

15. R. Spies and D. C. Chembers, J. Biol. Chem., 183,
709-712 (1950).

27. L. Stoies, K. Gunness, I. M. Durjer, and M. C.
Caswell, J, Biol. Chem., 160, 35-49 (1945).
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In addition, the compounds listed in Table 45 have been
found unavailable for the amino acid requlrements of

Streptococcus feecalis ATCC # 9790. As can be seen in

Table 41, only benzoyl-RL-methionine, of the 11 benzoyl-

emino acids tested by Itschner and Drechsler, was utilized

Table 45

Certain Compounds Not Avelilable for the Amino Acid
Requirements of Strevtococcus Faecalis, ATCC 97901,2

Substrate Reference Number

Benzoyl-RL-lysine

'E -Benzoylaminocaproic acid

¢ -Benzoylamino- d-bromocaproic acid
N-Benzoyl-DiL-threonine
N-Benzoyl-O-methyl-pL-threonine
Benzoyl-dL~ tryptophan
Carbobenzoxyglycyl-L~leucine

Acetyl-L;-leucine

NN H

Acetyldehydroleucine

15, L. Stokes, M. Gunnegeg, I. M. Durjer, and M. C.
Caewell, J. Biol. Chem., 160, 35-49 (1945).

2y, A. Krehl snd J. D. Fruton, J. Biol. Chem., 173,
479-485 (1948).
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by Streptococcus faecalis, ATCC 8043, However, Malin,

Camien, and Dunn (Tsble 44) tested benzoylglycine znd found
it was availzble for the glycine requirements of the same

gtrein of Streptococcus faecslis. Also, carbobenzoxyglycyl-

L-leucine and acetyl-]-leucines sre not savallable to Strep.
faecells, ATCC 9790 (Table 45).

Lactobacillug brevis, ATCC 8287, does utilize benzoyl-
glycine (Tebles 41 and 44), o -benzoyl-L-arginine (Table 41),
and, to e slight extent, dibenzoylcystine, but not 14 other
benzoylamino acids (Table 41).

Berger, Johnson, and Peterson carried out enzyme exneri-

ments using preparstions from Leuconostoc megenteroides,

strain Pd-60, and presented the data of Teble 46,1

Leuconostoc mesenteroides multiplies on dibenzoyl-L-
2

cystine snd benzoylglycine”™ when the corresponding amino
acid (which is essential) is omitted from its growth medium,
but 15 other benzoylamino aclds are not nutritionally
avallable (Table 41). Benzoyldiglycine is not avsilsble

for the glycine requirementéBOf Leuconostoc mesenteroides

1J. Berger, M. J. Jokneon, and ¥W. H. Peterson, J.
Biol. Chem., 124, 395-408 (1938).

2y, Nurmikko snd L. I. Virtanen, Acta Chemice Scandi-
navica, 5, 97-101 (1951). Also see Tables 41 angd 44.

3v. Nurmikko and A. I. Virtenen, Acte Chemica Scandi-
navica, 5, 97-101 (1951). 4lso see Table 44,
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Table 46

Lcylese System of Leuconostoc mesenteroidesl

Substrate pH & Hydrolysie
Chloroacetyl-L-tyrosine 6.6 1
Benzoylglycine 6.27 81
Benzoyldiglycine 6.22 33
Benzoyltriglycine 6.32 14
Chloroscetylglycine 6.09 40
Chloroacetyldiglycine 6.51 14

17, Berger, M. J. Johnson, and ¥W. H. Peterson, J.
Biol. Chem., 124, 395-408 (1938).

and several acyl derivatives of leucine, phenylalanine, snd
veline are not nutritionelly avsilable in lieu of the cor-
responding amino acid (Table 43).

Lactobacillus caseil, ATCC 7469, can make use of acetyl-

Rl-tryptophen and chloroacetyl-DlL-tryptophan for its trypto-
phan requirements; but several acyl derivatives of leucine,
phenylalenine, and valine are not nutritionally availabdle
in lieu of the corresponding smino acid (Table 43).

The striking asvect of the obeervetiones described in
this sectlion is the fairly sharp nutritional oreferences of

the scld-producing bacteria for acylamino scids. For each
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bacterium, only a few benzoylemino acids are availlable,
while the majority zre not. FHowever, benzoylglycine seems
to be generally nutritionally availlable to the acid-pro-
ducing bacteri:z.

g. Escherichia coli. According to ¥smeda and Toyoura,

benzcic scid cannot be isolated when hippuric acid or benzoyl-
Bh-~henylzlanine are incubated in the presence of E. gg;;l.
Fruton and co-workers reported on utilizstion of amino acid
derivatives by a serles of E. Coll mutants which recuired a
specific amino acid for growth. The compounds tested
included in thelr structure the amino acid which 1is essentiel
to the straln of E. coli thst wes used. It was found thet
acetyl-[~-leucine and carbobenzoxyglycyl-L-leucine are, at
moet, a few per cent avallable for the leucine reculrements
of a leucineless mutant?s3. Carbobenzoxyglycyl-f~vhenyl-
alanine and carbobenzoxyglycyl-L~-tyrosine were used to a
slight extent for the phenylslanine anc¢ tyrosine requlrements

of two Escherichis coli mutantsu’S.

1Y, Kameda and E. Toyoura, J. Pharm. Soc. Jepen, 72,
400-402 (1952). The sbove gummery is bssed on an English
summary.

23, Simmonds, E. L. Tatum, and J. Fruton, J. Blol.
Chem., 170, 483 (1947).

3s. Simmonde, J. I. harrls, snd J. S. Fruton, J. Biol.
Chem., 188, 251-262 (1950).

4J. S. Fruton and S. Simmonde, Cold Soring Herbor
Symoosia Guantitative Biology, 1%, 55-6% 11950§.

53. S. Fruton, J. Blol. Chem., 169, 91-101 (1947).
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Acetyl-L-proline was not nutritionally aveileble, and
carvobenzoxy-L-orolyl-Li~proline, cearbobenzoxyglycyl-L-
proline, and acetyl-L-vrhenylalenyl-lL-proline were less than
1% available for the proline requirements of a proline
reculring strain of E. gglll.

Tomota and Saitoo detected no significant hydrolysis
of benzoylglycine, benzoyldiglycine or dibenzoylornithine
by dried and pulverized bacillus coll communis®. Imaizumi
revorted the following titration dates, as ccm 0.1 n NaOH,
for the substrates listed: chloroacetyl-L-phenylalsnine,
.35; scetylglycine, 1.08; and formylglycine, .1153 where an
extract of autolyzed bacteria was used. The organism was
described as Bac. coll. Not hydrolyzed were benzoylglycine,
benzoyldiglycine, phthaloylglycine, phthaloyldiglycine,
acetyldiglycine, formyl-l~tyrosine, acetyl-L-glutamic acid,
benzoyl-L-glutamic acid, chloroacetyl-L-tyrosine, JL-bromo-
ieocanronylglycine, and EL-bromOnropionylglycine3. The pH
optimum for acetyl- and formyl-glycine eplitting was at pH
7.0-8.0.

13, Simmonds and J. S. Fruton, J. Biol. Chem., 174,
705-715 (1948).

23, Tomota and H. Seitoo, Tohoku J. Exntl. Med., 39,
211-214 (1940).

u. Imaizumi, J. Biochem. (Jzpan), 27, 199-211 (1938).
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h. Proteus OX 19. Benzoylglycine and benzoyl-DRi-

phenylalanine were not broken down by exposure to this

Proteusl.

1. Bacillus typhi, 3Bacillus dysentherise, Bacillus

enterditis Gartnerl, Bescillucs peretyphl 2 snd B, end

“Searcina®. Imsizuml studled the acylase activity of extracts

of non-gelatin-liquifylng bacteria of the speciles listed in
the headingz. Chloroacetyl-l~phenylslanine was broken down
by all of these extrzcts, except for that from Zacillus
paratyohi B. Benzoyldlglyecine wae not attccked et all.

Tomota and Saitoo detected no hydrolysis of benzoyl-
giycine or benzoyldiglycine by extracts of Sglmonells
enteritlidis Gartneri, Nr 171.

J. Baclllus prodigiosus, Bacillus proteus, Bacillus

subtillie, Baclllues pyocesneus. Table 47 presents inform:ction
from a paper by Imeizumi3 on the specificity of acylase
preparcstions from the above bacilli.

Somewhat &t variance with the preceding data of

Imeizumi 1s the revort by Tomota and Saltoo who found no

lY. Kamede end E. Toyoure, J. Pharm. Soc. Javan, 72,
400-402 (1952). The above summary ie on basie of an English
summary of this otherwise Jananese article.

2M, Imaizumi, J. Biochem. (Jepen), 27, 65-79 (1938).
3Ivta., 199-211.



Table 47
Action of Acylase Preparestions from Bacillil

Hydrolysis at 24 hours as cem 0.1 n NaOH
by preparation from

Subetrate
Bacillus Baclillus Bacillus Bacillus
prodiglosus proteus subtilis pyocaneus
Benzoylglyocine .0.67 0 0 s
Benzoyldiglycine 0.98 0 0
Phthaloylglycine 0 0 0
Phthaloyldiglyecine 0 0 0 !
Acetylglycine 0 0.65 0 =
\n
Acetyldiglycine 0 0 0 '
Formylglycine 0 0 0
Formyl-L~tyrosine 0 0 0
Acetyl-L-glutamic acid 0 0 0
Benzoyl-[~-glutamic acid 0 0 0
Chloroacetyl-L-~phenylalanine 0.46 1.05 1.20 .38
Chloroacetyl-l-tyrosine 0 0.55 0
-bromoigocanronylglycine 0 0 0
bromopropnionylglycine 0 0 0

lM. Imaizumi, J. Blochem. (Japan), 27, 45-64 and 199-211 (1938).
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activity on benzoylglycine by & susvension of dried and

rulverized Bacillus rnrodigiosus, znd of other bacterial.

Some of their dsta is given in Table 48.

Table 48

Acylase Activity on Benzoylglycine, Benzcyldiglycine,_ and
Dibenzoylornithine by Several Svecles of Bacteria

Enzyme activity as ml .1 n NeOH

Eecterial speciles Benzoylglycine Benzoyl- Dibenzoyl-
diglycine ornithine

Baclllus subtilis 1.81 0 -.13

Bacillus proteus .16 0 0

Bscillus vrodiglosus -.0b 0 -.23

Bacillus pyocaneus .06 0 -.10
1

S. Tomota and B. Saltoo, Tohoku J. Exptl. Med., 39,
211-214 (1940).

Chloroacetylasparagine and benzoyl-L-aspar:gine were

broken down by extracts of Bscillus proteus, Bscillus sub-

tilis, Bacillue prodigiosus, Bacillus pyocyaneus, but since

no benzole acid wse 1lsol:ted from the digests with benzoyl-

lS. Tomota and H. Segitoo, Tohoku J. Exrtl. Med., 39,
211-214 ( 1940).
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L-asparsgline, it was thought probsble that only amidace

actlion was 1nvolvedl.

k., Mycobtacterium nhlei. Teble 49 1lists the quantities

of aclds 1solated from digests of Mycobscterium vhlei with

acylamino ceids.

Table 49

Eydrolysie of Acylamino Acide in $the Presence
of Mycobscterium phlei

Mg of acid liberated from 1/200
Substrate mole of N-acyleted amino acids
on exrosing them to M. phlei

Hippuric acid 236
Benzoyl-DL~  -aminobutyric acid 145
Benzoyl-Ql-phenylalanine 5
Dibenzoyl-f~cystine 21
(from 1/400 mol)
Phenylacetylglycige 129
Leurylglycine 952
Lauryl-Dl-phenylalanine 295

ly. Kamede and E. Toyoura, J. Pharm. Soc. Japesn, 72, 402-
Lo3 (1952).

1s, Utzino and M. Imaizumi, Z. Physiol. Chem., 253, 51-64
(1938).
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The ready hydrolysis of lauryl-DL-vhenylelsnine ae compsred

to the slight hydrolysies of benzoyl-RL-vhenylslanine (Table
49) is rather striking.

5. Acylases of true fungi (thlum eumzcophgta)

Kossowicz described the utilization of hippuric acid

1,2,3,4

as a nitrogen source by & number of molds Blereme

found thet a mold similar to Cordicyrs militaris Linne used
hipouric acid in growthb.

a. Saccharomyces cerevisiae. Euler and Jose heson

reported that an enzyme preparation from yesst failed to
split benzoyldiglycine5. By adding acetone to yeaet auto-
lysate at -15 to -20°, a preclipitate was obtzined which
falled to decompose benzoyldiglycine or ﬁ?~naphthalinsulfo-
glycyltyrosine at pH 7.06. Grascmann and Dyckerhoff re-orted
that benzoylglyclne, carbethoxyglycyl-DL-leucine, acetyl-

phenylalsnylalanine, and f -naphthalinsulfoglycyl-L-tyrosin=

1. Kossowlez, Z. Garungephysiol., I, 60-62, 121-123,
end 314-315 (1912).

2p. Kossowicz, 7. Garungephysiol., II, 81-83 (1913).

34. Koseowlcz, Biochem, Zeit., 67, 391-399 (1914).

uS. Bierems, Centr. Beskteriol. Parssatenk., 2nd part,

23, 109-110 (1909)

5H. von Euler and K. Josephson, Ber. Deut. Chem. Gee.,
60, 1341-1349 (1927).

6W. Crassmann and H. Dyckerhoff, Z. Physiol. Chem., 175,
18-37 (1928). -
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were not hydrolyzeé by a dipentidase ~revaration from
yeaetl. £lso, & "protelnase" ~rerarstion friled to esvlit
benzoyldiglycine or KQ-nanhthalinsulfoqucyltyrosinel.
“owever, Waldschmidt-Leltz dic¢ obtein z nrenaration from
yeast which wae active agsinst zcetyl-DL-nhenylelenyl-DL-
alaninez. Utzino found thaet nhtheloylzlycylglycine 1is
gnlit by yeast vpress juice3

b. tenicillium notstum 176. Itec studied the

epvecificity of the acylasce complex in a Hzo-glycerin

extract from the myceilum mzceration of Penicillium

notstum 1764. The titration vzlues for e 24 hour incu-
bation at pH 6.0 and pF 7.5 are presented in Table 50.

The pH optimum for benzoylglycine hydrolysie was found to

be about pH 7. No significant hydrolysle of benzoyldiglycine
was detected over the pH range 4.0 to 9.0“.

c. Aspergillus niger. H. Otzni discovered that an

extract of ground ispergillus niger would breek down 5B -

naphthalinsuifoglyeylglycine with the formation of

ly. Grasemann and H. Dyckerhoff, Ber. Deut. Chem. Ges.,

25, Weldschmidt-Leitz, %. Grassmann, and L. Schaffner,
Ber. Deut. Chem. Ges., 60, 359-364 (1927).

3s. Utzino, J. Blochem. (Janan), 9, 453-463 (192°).

uY. Ito, J. Biochem. (Jevan), 37, 237-247 (1950).
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Table 50

Specificityl of an Acylace System of
Penicillium notatum 176

Kydrolyeis in 24 hours as
as ml .10 n NaOE et

Subgtrate
pH 6.0 pH 7.5
Benzoylglycine .25 .37
Benzoyl-RL-methlionine 0 0
Benzoyl-DL-phenylalanine 0 0
Benzoyldiglycine .07 .09
Acetylgl,cine .28 .17
Acetylglutamic acid . 50 .17
Acetyl-Dli-methionine 0 0
Chloroacetylleucine .95 0.62
Chloroacetylphenylalsnine .22 0.71

ly. Ito, J. Biochem. (Japan), 37, 237-247 (1950).

@-nachthalinsulfoglycinel. The pH optimum was 7.1-7.3.
Thg action of the enzyme wae inhibited by DL-phenylalenine,
L-leucine, and glycine; the compounds are lieted in the

ordsr of decressing inhibitory power.

1H. Otani, Acta Schol. Med. Univ. Imp. Kioto, 17, 269-
287 (1935).




@ ~-iispkthelineulfoglyecine wes only e£iightly inhibitory.
Of theee compounds, only /S -naphtkslineulfoglycine inhibited
the hydrolysie of é;-naphthalinsulfoglycylglycine by &
preparation from hog liver. 42leo the mold encyme was chown
to differ from the hog liver enzyme by Gifferences in
bshaviour towsré heat end pH.

An enzyme preparation from Lspvergillus niger attacked

p-toluolsulfoglycylglycine and benzolsulfoglycylglycine, but
notfa -naphthalinsulfoglycinel. In exveriments carried out

in a pH 7.1 buffer, and using a similecr enzyme preraration,

hydrolysis of benzoylglycline benzoyldiglycine, and benzoyl-

Rl~leucylglycine, but not benzoylglycyl-Rl~phenylalznine or

venzoyl-Ql-phenylzlanine was observed?. Other workers

have reported the hydrolysls by Asperglilus niger enzymes
b,5,6

of hippuric ac1d3’ , renzoyl alanine7, acetylglycine7

14, Otani, pcte Schol. Med. Univ. Imp. Kioto., 17,
269-287 (1935).

2

Ibid., 330-333.

35. %. Dox end R. E. Neldig, Z. Physiol. Chem., 85,
68-71 (1913).

4

A. ¥, Dox, J. Bilol. Chem., 6, 461-467 (1909).

5J. Nikitinsky, Jahrbucher fur Wissenschaftliche
Botanik, 40, 1-93 (1904).

6K. Shibate, Beit. Chem. “hysiol. Pathologile, 5, 384~
394 (1904).

7a. v. Dox end W. E. Ruth, Biochem. Bull., 3, 23-25 (1913).
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and furruroylglycinel. Benzoylalsnine and acetylglycine were
hydrolyzed 23% end 87%, respectively, under the same con-
ditions?. The anclytical values for the hydrolysies in 24
hours of benzoylglycine, benzoyldiglycine, and benzoyl-DL-
leucylglycine as mg amino nitrogen were .058, .070, &nd
U435, respectivelyé.

d. éﬁzgzgillus oryzae. 4 commercizl enzyme mixture
obtzined from thie mold is celled Tzkadisstase. Tekadi-

actase and other prepsrations from Agnergillus oryzse have

been reported to hydrolyze benzoylglycineu'5’6, phenyl-

acetylglycine7, benzoyl-_g_]._;—alanine8 and glycocholic acidg.

1
L. ¥. Dox and R. E. Neidig, Biochem. Bull., 2, 407-
409 (1913).

2A. W. Dox and ¥, E. Ruth, Biochem., Eull., 3, 23-25
(1913).

3H. Otani, Acte Schol. Med. Univ. Imp. Kloto, 17, 330-
333 (1935).

4 A. ¥. Dox and R. E. Neldig, Z. Physiol. Chem., 85,
68-71 (1913).

SC. Neuberg snd K. Linhardt, Biochem. Z., 147, 372-
376 (1924). -

6A. W. Blagoweschenskl and K. i. Nikolszeff, Blochem.

2., 276, 368-375 (1935).

( aﬁc. Neuberg and J. Noguchi, Biochem. ., 147, 370-377
1924). -

8¢. Hoopert, Biochem, Z., 149, 510-512 (1924).

9W. Grassmann ané K. Pedo Basu, Z. Physiol. Chem., 198,
247-250 (1931).
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The venzoylglyclne activity of Takadiastase is not readily
goluble in water and the efficiency of various extrsctive
geolutions has been studiedl. Phosphete buffer of phk 8.0
wae the best extractive agent of thoee studied.

£llis znd *alker studied the effect of mono substituticn
on the rete of nydrolysie of hi puric =zcid by Takadiastasez.
The substituting groups were chloro, bromo, iodo, nitro, sanc
methyl., It was found thet meta substitution, ex»ecially
by nitro or bromo groups, accelerasted hydrolysis znd thet
ortho substitution inhibiteé hydrolysis. Para substituticn
hac neglisble effect. Ortho-lodohi  uric =cid inhibited
ecylace action, and £llie and “alker telleved thet thise
indiceted that the ortho group was inkibiting the brezk-~
down of the enzyme-gubstrate complex.

e. Penicillium NRRL 1978 EZ ané Pencillium 176 Ysbuta.

Ksmeda and Toyours obtained the ylelds of enzoic acid given
in Table 51 on ‘ncubating thr-e benzoylamino acids in the

precsence of these two specles of Penicilllium.

- f. Asperglllus clavetus, Asperglillus fumigatus, Peni-

cilliium expvensum, cenicillium rocueforti, Penlecilliunm

lO. A. Blagoweschenskl and K. A. Nekolaeff, Bioche:m.
Z., 276, 368-375 (1935).

2S. Ell1e end B. S. Walker, J. Biol. Chem., 142, 291-
297 (1942).



- 17h -

Teble 51

Emount of Benzoic Acid Liberated by Exvoeing One Crz=m
Portlone of Benzoylemino £cids to 2enicillium
NRRL 1978 B, and Penicillium 176 Ysbutal

Yield of benzoic acid ae mg from

Microorgenism Hirpuric Benzoyl-Ji~d-zmino Benzoyl-DL-
acid butyric acid vhenylelznine

Penicillium NRRL

1976 By 83 4 79
Penicillium 176
Yesbuta Lsgs 134 123

ly. Ksmeds and E. Toyoura, J. Pharm. Soc. Jevan, 72,
L4oo-402 (1952).

cemenpertl, Penicillium chrysogenum, Penicillium breviccule,

Penicillium gilzucum, Citromyces glsbter, Rhizopus tonkinensis,

Mucor circinellordes, Cladosporium herbarum, Fusarium oxy-

gvorium, Monascus purvureug, Butrytirc strophanoderis. a

gsummary of some work on the acylacse activity of mold prepara-
tions is glven in Table 52.

Dox and Ruth compared the brezkdown of benzoylslanine
and acetylglycine by the press Juice from a number of moldsl

(Table 52). Vith one exceotion, acetylglycine was broken

15. ¥. Dox and W. E. Ruth, Biochem. Bull., 3, 23-25
(1913). I



Table 52

Acylese Activity of Mold Enzyme Preparatione*

Acylase activity on

Microorganiem Hippuric Acetyl- Benzoyl- Furfuroyl-
acid glycine alanine glycine

Agpergillus clavatus +1 43 43 44
Aspergillus fumligatus _+1,5 +3 _*3 +4
Penicillium expansum 41 +} +} 44
Penicillium roaueforti 41 +3 +3 +4
Penicillium camemberti 41,2 44
Penicillium chrysogenum +2

Penicillium brevicaule _Fz

Cledosporium herbarum 03 ‘+3

Fussrium oxysporium 3 43 19

#*The symbolse used and their meaning are as follows: -, hydrolysis observed;
0, no hydrolysis observed; ?, hydrolysis so slight as to be questionable. Super-
soripts refer to references which are found on page 176.

- 6it -
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References to Table 52

1. A. %. Dox and R. E. Neidig, Z. Phyeiol. Chem., 85, 68-
71 (1913).

2. A. ¥. Dox, J. Biol. Chem., 6, 461-467 (1909).

3. A. ¥, Dox and ¥, E. Ruth, Biochem. Bull., 3, 23-25
(1913).

L., A. Y. Dox tsnd R. E. Neidig, Blochem. Bull., 2, 407-
Lo9 (1913).

down 1% to 6 timee as ranidly by the mold extracts listed
in Taeble 52 under reference 3. The excerntlon wss for the

extract of Cladosporium herbsrum which hydrolyzed benzoyl-

alanine but not acetylglycine (Table 52).

Cuantitative informstion on the breskdown of severzl
acylamino aclds by mold extracts is presented in Table 53.
It 1s interesting to note in Table 53 that the two substrates
containing terminal phenylalénine, benzcylglycyl-Dl-phenyl-
alanine, and benzoyl-Ql~phenylelanine, were reegistant to
ell of the mold extracts listed. Aleo, benzoyl-Di-leucyl-
glycine was slwaye more rapidly hycrolyzed than wae henzoyl-
glycylglycine by the mold extrscts listed in Table 53.

g. Citromyces glaber, and Cltromycee pfefferianus.

Hi purlic acid sunported limited growth of these molds

by partially replacing NH4N03 a8 & nitrogen<sourcel.

1r. &. McDermott, Mycol. Centralbl., 3, 159-16" (1913).




Table 53

Mold Enzyme Actlion on Amino Acld Derivetives zs Determined by 5ten11

Amino nitrogen released by 24 hour enzyme action on

Mioroorgeniem Benzoyl- Benzoyl- Benzoyl- Benzoyl- Benzoyl-
DL~phen- glycine diglycine glycyl-  QpL-leucyl-
ylalanine DL~ henyl- glycine

alanine
Mucor circinellordes 0 « 337 .005 0 481
Rhizopus tonkinengis (0] . 319 .058 0 . 522
Citromyces glaber 0 . 232 .029 0 .215
Penicillium glaucum 0 .087 .0L6 0 . 261
Cladosporium herbarum 0 . 824 .203 0 406
Botrytis strephenoderis 0 .075 .019 0 . 597
Monsscus purpureus 0 0 .01z 0 435
(in 96 hrs.
.058)

1

H. 5tan1, Acta fchol.

Med.

— o

Univ. Imp. Kioto, 17, 330-332 (1935).

- Ut -
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h. Asnergillus perzsiticus. in agueous extract of a

mat of Asvergllius perssiticus hydrolyzes chloroscetyl-i-

tyrogine with pH optimum of 7.1 in phosphete bufferl.

1. Mortierells renisvora PRL 26, Gliocladium roseum

PRL 79, Gliocladium roseum PRL 86, Trichoderma viride °RL

92, Fusarium sp. PRL 232, Chsetomium sp. PRL 319, flternarla

tenuis PRL 369, and Streptomyces sp. P"RL 576. McConnell,
2

Spencer, and Trew® revported on the hycrolysis of some
carbobenzoxy-cﬂlh-glutamylamino acids by the culture medium
from the above molds. Some results from their paper 1is
presented in Table 54. They also determined the activstion
energiee for the enzymatic hydrolysie of cerbobenzoxy- -

L-glutamyl-L-glutamic acid and carbobenzoxy- d-L-glutamyl-
Rli-slenine.

6. Acylacee of vascular vlants (Phylum tracheophyta)

a. Qsats snd barley. ¥ater cultures of oats and barley

mske limited use of hippuric acid ze a nitrogen source’,

IM. J. Johnson, Z. Physiol. Chem., 224, 163-175 (1934).

2W. B. McConnell, E. V. Svencer, and J. £. Trew, Can.
J. Chem., 31, 697-70k (1953).

M. 4. Thompeon, Chem. Zentrsl., 1901, II, 556 (1901).




Table Sk

Peptidase Activityl in Extracellular Fungel Proteases

Percent hydrolysis

»*
Substrate Approx. Enzyme

pH PR PRL PRL PRL °RL .RL PRL PRL
26 79 86 92 316 319 369 376

A~L-Glutamyl-L.~

glutamic acid 3.5 0 0 0 0 0 0 0 0
N-cbzo- d-}~CGlutamyl-

L-glutamic acid 5.5 9.6 76 97 Ls 3.0 40 51 1.0
N-cbzo- g~ -Glutamyl-

DL-alenine 7.5 16 23 %0 9.6 18 0 0 7.6
N-cbzo- q-[-Glutamyl-

glycine 1L0 33 18 2.1 10 28 28 24 10

1l

W. B. McConnell, E. V. Spencer, and J. A. Trew, Cen. J. Chem., 31, 697-
704 (1953).

*The enzyme preparatione used were lyophillized culture filtrates. A more
complete name of the mold corresponding to each number 1s glven in the heading
of thie section.
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b. Carica pspays. The specificlty of a wrotease

fraction, vapain peptidscee I, which is derived from the
latex of thils tree, has been investigated by Bergmenn,
Zervag, and Frutonl. Papain peptidase I has both endopep-
tidese action 2nd acylase activity. Some of the comnounds

hydrolyzed and the bonde gplit are shown below:

Benzoylglycinelamide
Carbobenzoxyzlyeyl |glycine
Carbobenzoxyglycyllglycylglycine
Carbobenzoxyglyeyl|glycylglycylglycine
Carbobenzoxy-L-glutamyl-d-{-glycine
Carbobenzoxy-g—glutamylglycylIglycine

2nd 1st
Benzoylglycyl|carbobenzoxy-;-lysyllglycine

Carbobenzoxy-;;leucylglycyl’glyclne

It was concluded from the sbove informstion that pepsin
pevtidase I gplitting wae directed towerd the acylamino
group of acylated peotides; of leucine, glutamic ecid,

lysine, or glycine carbonyl, the glycine carbonyl group

was oreferentially sclit off.

1y, Bergmann, L. Zervas, and J. S. Fruton, J. Biol.
Chem., 115, 593-611 (1936).
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¢c. Tomato plant. Wood and Fontalne described the

preparation of some helozensted phsnoxyacetyl derivetives
of L, DL, and D-zmino acidsl. These compounds were tested
for thelr ability to produce formetive changee in tomato
vlants. £ll1 of the acylated - and DRL-amino acliée -roduced
formztive chasnges in tomato plants, whereas, the three
2,4-dichlorophenoxyacetyl-R-amino acids -roduced no forme-
time chenges in plente slthough they did »roduce nertheno-
cerpic fruilt and caused frult to set. It has been assumed
that the free helogensted phenoxyacetic acids ers resrvon-
sible for nlant growth regulation by derivatives of these
compounds. Wood and Fontesine suggested that the tomzto
plant was unable to enlit the amide linkage of 2,4-di-
chlororhenoxyacetyl-D~amino acids. The compounds which

wvere tested were as follows:

N-(2,N-DichlorOphenoxyacetyl)-gralanine
N-(2,4-Dichlor0phenoxyacetyl)-géralanine
N-(2,4-Dichlorophenoxyacetyl)-L-asnartic acid
N-(2,h-DichlorOphenoxyacetyl)-g-asnartic ecid
N-(2,h-DichlorOphenoxyacetyl)-gg-asnartic scid

N-(2,4-D1chlor0phenoxyacetyl)-&rglutamlc acld

1J. . vood and T. D. Fontaine, J. Org. Chem., 17,
891-896 (1952).
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N-(2,4-Dichlorophenoxyzcetyl)-DL-glutamic acid
N-{2,4-Dichlorophenoxyacetyl )-glycine

N-(2,4-Dichloronhenoxyacetyl)-DL-histidine, methyl
ester, HCl

N-(2,4-Dichlororhenoxyacetyl)-DL-isoleucine
N-(2,4-Dichlorovhenoxyacetyl)-L-leucine
N-(Z,h-!1chlorophenoxyacety1)—ggrleucine
N-(2,4-Dichlorophenoxyacetyl)-L-methionine
N-(2,h-Dichlorowhenoxyacetyl)-g-methionine
N-(2,4-Dichloronhenoxyscetyl)-DL-methionine
N-(2,4-Dichlorophenoxyacetyl)-gfphenylalanine
N-(2,4-Dichlorophenoxyacety1)7grphenylalanine
N-(2,N-chhlorophenoxyacetyl)-gg-ohenylalanine
N-(2,h-Dichloroohenoxyacetyl)-groroline
N-(2,b-Dichlorophenoxyacetyl)-gg-proline
N-(2,4-Dichlorophenoxyscetyl)-LL-serine
N-(2,4-D1chlorophenoxyacety1)-Eérthreonine
N-(2,4-Dichlorophenoxyacetyl)-DL-tryptophan
N-( 2,4-Dichlorophenoxyacetyl)-valine
N,N'-bis-(2,4-Dichlorophenoxyacetyl)-L-1ysine
N,N'-bis-(2,b-Dichlorophenoxyacetyl)fgg-lyeine

N,0-bis-(2,4-Dichlorophenoxyacetyl)-DL-tyrosine methyl
ester -

N-(4~Chlorophenoxyacetyl)-glycine
N-(2,4,5-Trichloronhenoxyacetyl)-glycine
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N-(2,4, 5-Trichlorophenoxyacetyl)-DL-valine
N,N'-bis-(2,4-Dichlorophenoxyacetyl)-L-cyrtine

It ies nossible that the physiologlicel effecte observed
with the above acylated L amlino acids are due to releszse
of hzlogesnated rhenoxyacetic zclds by acylases present 1in

the tomato nlant.
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III. EXPERIMENTLL =ROCEDURES

A, Preparation of Compounds

1. Compounds nreviouely reported but synthesized by new
or modified ~rocedures

a. Covper l-aminocyclobutzne carboxylete. Five greams

(.0257 mole) of 5 eyclobutane snirohydantoin (paze 193) were
refluxed for 53 hours in a solution of 5 1/2 gm. {(ce. .135
mole) NeOH snd 75 ml Hp0. At the end of this time, some
emmonis was stlll being given off. Demr’yanov and Tel’nov

in carrying out & eimilar vrepsration, reworted thaet armonie
evolution had ceas=d at the end of 14 hoursl. The reasction
mixture wes neutrallzed snd evaporsted in vacuo on & water
bath. The evanorstion wse comnleted by blowing a stream

of 2ir on the mixture while heating on a weter bath. The
s0lld remeining after everoretion was extracted wlth hot
ethanol an< the ethanol extract diescsrded. The residue

was extracted with two 75 ml nortions of hot water. To

the comtined agueous extracts were =zdded, during heeting

of the solution, 4 grems of cu-ric acetste dihydrate.

1N Y. Demsyenov and 8. M. Tel’nov, Bull. Aced. Sci.

U.R.S8.8., Classe Sci. Math. Nat., Ser. Chem., 232 529~
538 (1937). The tranesliastion of t-1- Russlan article was
generously cerried out by Dr. Kenneth Shaw.
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After standing for 4 dsys, the purple covoer selt which
formed in the acove solution wss r=covered by decsnting

off th: mother licuor ancd an e:rily sus-ended lizht tlue
solld. The covpper sslt wee used without drying and
welching in the orepsration of l-sminocyclobutsne cerboxylic
acid.

The zbove procecure is & sim lification of that
reported by Dem’yanov =nd Tel’novl. Lem?yanov anc Tel’nov
used cupric oxide (rather thsn curric scetste) and this
neceseltated & tedlous extraction with hot w:zter and a
subeecuent evzporation of the acueous extr:-ct which con-
talned the coprer-l-aminocyclobutane czrboxyl:te free of
curric oxide. The use of cuprlc acetate in the nreparstion
re~orted here avoided the stevns Jjust mentioned.

b. l-Aminocyclobutane cerboxylic scid. The covver
l-eminocyclobutans carboxylste, the rrepsration of which
wss Just described, wae suspended in 150 ml of hot water,
the soluti-n was slightly =cidéified with 1 ml of concen-
trated acetic zcid, and the covper salt wsc decomvosed with
HZS. Most of the cornoer sulfide wss filtered ofr, the

greenleh solution wae treated with activested charcoal, and

1y, v. Dem’yencv and S. M. Tel’nov, Bull. Acad. Sci.
U.R.S5.5., Classe Sci. Mstr. Nst., Ser. Chem., 1937, 529-
538 (1937). The transiatlon of thls Russlan article was
generously cearrlied out by Dr. Kenneth Shaw.
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refiltered, and the solution evanorated to & low volume
end refiltered. The flltr:ste weg evanorated to incipient
crystallization (voclume about 10 ml), 5 mi of ethanol wase
cdded, the mixture wze cooled in an ice beth, and .9 om
of s0lld was filtered off. The filtrate on further
evsooration yielded another .45 em of solid. Each of the
evove sollds wars warshed with a little ethesnol following
the filtration. Total yield was 31% of theory bzsed on
5-cyclobutene svirohydentoin.
Anelysis: Celec. for 05H9N02:
N, 12.16%

Found: N, 12.32%

The procedure described is essentislly that of Dem? yznov
end Tel’novl, but the method of n»nrenarinz the coprer salt
of l-eminocyclobutane cerboxylic acid was scmewhat modified
as indicated on page 184.

c. Benzoyl-l-leucine. To 6.57 gm. (.050 mole) of

Mann, methlionine-free, [-leucine was added 50 ml. of one
normal NeOH. The resulting solution was cooled to below
5° and mechznically stirred while, simultaneously, 22.5 ml

(.055) mole) of 2 normal NeOH and 4.77 ml. (7.39 gm. or

lN Y. Dem’yanov and S. M. Tel’nov, Bull. Acad. Seci.
U.R.8.8. Classe Sci. Math. Nst., Ser. Chem,, 232 529-538
Il9ﬁ75 The translation of thié Russien article was
generously carried out by Dr. Kenneth Shaw.
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.0525 moles) of benzoyl chloride were added over a n=riod
of 90 minutes. The cooling bath was removed and the mixture
mechanically stirred for &n edditicnel 45 minutes. The
mlxture was then acidified to Conzo Red naver with 4.5 ml
of concentrated HCl and the mixture was sllowed to stend
in the refrigerator. Aftsr standing two days the vrecipi-
tate vee stil e semisolid.

Severel ettempte were made to cause the above meterisal
to crystallize without success. The unsuccessful nrocedures

included the following:

1. The mother liquor was removed and the olly residue
was stirred under Skelly D.

2. The above mixture of product in Skelly D wes
frozen with & dry ice-scetone bath.

3. The mixture from 2 {above) was evavorated and dried
in vacuo.

L, The product w:s then dissolved in methanol &nd
this solution was slowly evanorzt=d in a stream
of air.

5. A emall portion of the product from 4 (above)
wae heated in vacuo up to 95° bath temverature in
an attemot to distil off contaminating benzoic

acid, the reeulting solid wae frozen in a dry ice-
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acetone bath, and then an unsuccessful attempt
wae made to crystellize the eolid from 50% ethsanol.
6. The bulk of the material from 4 (sbove) wae extreact-

ed with hot carbon tetrachloride.

The preparation wss concluded by the following overec-
tions which finelly led to a go0lid product. The tulk of
the preparcztion wee dissolved in acetone and filt-red free
of eolid. The acetone solution wes eveporated in vscuo
and the residue wae heated in vscuo at a beth temperature
of 97° causing some crystzle to form on the side-esrm of
the Claisen hesc. The residue was lsrgely dlssolved in
about 20 ml. of dry ether, & moderzte amount of & white
g0lld wee filtered off and dlscarded, and the ether golu-~
tion was treated with a2 1iutle Norit and cazlcium sulfete,
and filtered sgain. The ether solution was wermed and
Skelly A wes added to the solution until it became turbid;
the mixture was placed in the refrigerstor. A process of
freezling the mixture in a dry ice-acetone mixture and
allowing to thaw while screztching the sides of the flask
with a glass stirring rod was reneated twice, anéd the mix-
ture was olaced in the refrigerstor; on exemining the mix-
ture sbout 30 minutes later, clusters of crystzls seemed
to be forming. After two days the £0l1d product was washed

tvice by grinding up with 40 ml. portions of Skelly A and
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removing the wash solvent by filtration. The greyish
product was dried over celcium chloride in vszcuo. The
welght of thles material was 6.0 gm znd it m-1lted at 58-
63°. Fisher ocvtzined a compound by erystallization from
the same solvent mixture which he described as containing

1 mole of ether for every 2 moles of benzoyl-)-leucine and
which had en indistinct melting noint at 60"1. The dried
material obtained here fsiled to show clearly defined
crystslline properties, but mascroscoplc crystals were
clearly visible at the initiation of crystalliization. The
bulk of the =ther addition compound wes cryetallized from
bolling water in two portions. The meltin: pointe of the
twvo frzcticns wsre, reevectively, 104.5-105.5, and 104-
105.5°, and the weighte of the fractions were 0.15 gm, and
2.4 gm, Combined yield was 21% of theory. Fisher renorted
s melting ooint of 105-1079 for benzoyl-~leucine prevsred
by resclution of benzoyl-gL-leuclnez.

d. L-leucine methyl ester. The following vprocedure

is an eppllcztion of the general method of Hillmann3 for

lE. Fischer, Untersuchungen uber aminoessuren, polypep-
tide, &nd proteine, p. 123. Berlin, Verlag von Julius
pringer, 1906.

2Ibid,, 126.

3¢. Hillmann, Z. Naturforsch., 1, 682-683 (1946).
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the nreparation of ecmino acid esters from smino acid ester
hydrochlorides.

Gaseous ammonia wes bubbled into CHCl3 at room
temperature to give & solution whieh wse 1.417 normal in
NEB according to titrztion with HC1l to = methyl red end-
point. Leucine methyl ester hydrochloride (4.9 gm., 0.25
mole) was suspended in 10 ml of dried CHCl3 and the mixture
wes cooled. The NHB-CHC13 gsolution wae cooled in an ice
beth. During & period of five minutes, 17.9 ml. (.025 mole
of NH3) of the CHC15-NH5 solution was added to the susmension
of the ester hydrochloride. The flask containing the re-
action mixture wss shaken end cooled in an ice bath during
this eddition. As the NHB-CHCI3 solution wee belng sdded,
an ovalescence apveared 1n the reactlion mixture. Following
the addition of the NH3-CH013 solution, the reaction mix-
ture was shaken in the 1lce bath for an additionesl 15
minutes, and then allowed to stand in the ice bath for 25
minutes. Some activeted charcoal (Norite) end CaSOy was
added, and the reaction mixture was flltered through a
fluted fllter raper, removing all but a little charcoal.
The filtrate wss eva:orated in vescuo at 0°, to an oily
residue. The olly resldue was dissolved in ether and used
directly in the rrepesration of csrbobenzoxyglycyl-l~

leucine.
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2. New compounds

a. N-nhenylacetyl-l-sminocyclobutane carvoxylic zcid.

Seven ml. of 2 N NeOH, .230 gm. (.002 mole) of l-amino-
cyclobutane carboxylic acid, and .523 ml. of phenylacetyl-
chloride (.004 mole) were shaken un until moet of the tur-
bidity disanpesred. The white solid obtained on scidifica~
tion with hydrochlorlic scid was extrccted with toluene
and cryetsllized from 50% ethanol. Yielde of 47 ml. and
194 mz. or ylelés of 10 #nd 42, respectively, were obtsined
in two runs. The melting voint was 194-194,.5° and this
remeined constant on repeated recrystsllization.
Anel. Calc'd for 013H1503N: N, 6.025%;
Neut, eguiv., 233,
Found: N (micro-Kjeldahl) 5.97, 6.13%;
Neut. equiv., 233.

b. N-Benzoyl-l-aminocyclobutene carboxylic acid. To

0.2302 gm. (.002 mole) of l-eminocyclobutane carboxylic
acid in 8 ml. of 1 normal NsOH was added .29 ml. (.00Z5
mole) of benzoylchloride. The mixture wss sheken until
most of the odor of benzoylchloride had dissrpezsred and
then acildified with hydrochloric acid. The mixture wss
rut in the refricerator overnight, cooled in an ice bath,

and then the mother liguor wes drawn off. After drying
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in vacuo the preciritate wee extracted with hot carbon
tetrachloride. This substsnce w:8 crystzllized from 50%
ethanol giving 69 mg. of white crystals melting at 201.5-
202.5°. A second crystallization from 50% ethanol gave
48 mg. (11% of theory) of crystale melting at 202.5°.

Anel. Calc'd for 012H1303N: N, 6.41;
Neut, eguiv., 219
Found: N (micro-Kjeldshl) 6.34, 6.31, 6.46;

Neut. ecuiv., 210, 224,

3. EKnown compounds syntheslzed as described in the
literature

The compounds listec in Table 55 were synthesized as
described in the literature without more than minor modifi-

cations of vnrocedure.

B. Compoundes Received acs Giftse or Purchased
from Commercial Sources

The comvounds listed in Teble 56 were synthesized or

isolated by others.
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Known Compounds Synthesized as Described in the Literature

Compound Reference
Diethyl cyclobutane-l,l- A. W. Dox and L. Yoder, J. Am. Chem, Soc., 43,
dicarboxylate 677-684 (1921).,

Cyclobutane-~1l,l1-dicsrbonamide Ibigd.

Cyclobutane-1l,l~dicarbon- C. K. Ingold, &. €ako, snd J. T. Thorpe, J. Chem.
bromamide Soc.. 121, 1177-1198 (1922). —

5-Cyclobutene spriohydantoin Ibid.

- €61 -

Cerbobenzoxyglycine H. E. Carter, R. L. Frank, &nd H. V. Johnson. In
L. I. Smith, ed. Organic synthesee. Vol. 23,
Carbobenzoxyglycylchloride® New York, John "iley & Sons, Inc. 1943,
K. Bergmann and L. Zerves, Ber. Deut. Chem. Ces.,
65, 1192-1201 (1932).

Carbobenzoxyglycyl-L-leuclne M. A, Stehmann, J. £. Fruton, and M. Hergmann,
J. Blol. Chem., 164, 753-760 (1946).

8Unlese thorough cooling with an 1ce bath waes cerried out during this prepara-
tion, little yleld wee obtalned. The petroleum ether used in washling should be
chilled before use., In distilling off ether, an 1lce bhath waes ueed ae & heating
bath.
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Compound Reference
L-Leucine methyl ester C. S. Smith and #. E. Brown, J. sm. Chem. Soc., 63,
hydrochloride? 2605 (1941), and M. Fling, Preosration of amino

acide and derlvetives. Unpublished FFh.D. Thesis.
Ames, Iowe. Iowa State Collepge Library. 1946.

Trimethylene bromide 8. 0. Kamm send C. S. Marvel. In Organlc syntheses,
Col. vol. I. 2nd ed. N. Y., John “iley & Sons,
Inc. 1941,

Chloroacetyl-Dj-leucine® E. Fieher and 0. Yarburg, Ann., Chem., Justus

Lieblgs, 340, 157 (1905).

bPhe method of Smith and Brown for the n~reparation of the L-1somer wae used.
The thesie by Fling describes the [~1somer. Menn, methionine free L~leucine was
uged 1in this vrereration, but difficulty in obtaining a pure product wsee exreri-
enced unless the commercial leucine wes first recrystsllized from 60 (vol) 10
ethanol.

®In a oreperstion involving a .5 mole of Dl-leuclne, 1.0 N NaOB and chloro-
acetylchloride were added simultaneously over a perlod of 90 minutes to a
solution of sodium QPL-leucinste. During the crystsllization from water of the
product obtained by acidification of the reaction mixture, ouriflcation was
8lded by mechsnical eeparstion of yellow material which secarated, for the moset
part, before lighter crystalline met<rlal. Final crystalllzctlon was from
acetone,

- 46T -
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Compounds Syntheslzed or Igolated by Others

Substance

Source and/or Descriction

Benzoyl-Qpl,~alanlne
Benzoyl-L-glutamic acid
Benzoyl-Rli-methlonine
Benzoyl-DL-vhenylalanine
N-Benzoyl-Dl~-threonine
Benzoyl-DL-valine
d-Benzoyl-L-arginine
Benzoyl-L—~aspartic acid
A-Benzoyl-L-histidine
Benzoyl-Ql~leucine

)

These compounds were available from previous
work in this lsboratory. For literature
references, orlgin, nd descriptiones, see -

E. R. Drechsler. Utilization of
certeln benzoylamino aclde by
several sneclee of bacteria.
Unnublished Ph.D. thesgis. p.
12-16. Ames, Iowa, Iowa State
College Librery, 1952.

L

This compound was obtained due to the courtesy
of NDr, Milton ¥Winitz. For preparetion see
Milton ¥%inltz, The Contribution of Subetrate
Structure to Enzymatic Pertide Pond Synthesie.
Unpublished Ph.,D. Thesise. p. 43-45. imesg,
Iowva, JToa Stete Collepe Librsry, 1952.

- G6T -
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Substance Source and/or Descrintion

Benzoyl-Rl,~-leucinamide Prepared by Dr. Harry “ax. For description, see
Harry Yeax. Enzymatic Peptide Bond Synthesis and
1te Inhibition. Unvublished Ph.D. Thesis. Ames,
Iowa, Iows State College Librzry. 1949.

d~leucine This compound was prepared by Dr. Marguerite
Fling. For descrintion of preparation see
Marguerite Fling. Preparation of amino acids
and derivatives and thelr effect on the growth
of Lactobsclillus srablinogsus. Unpublished pPh.D.
Thesls. p. 15-17. Amee,'ibwa. Iowa Stete
College Library, 1946.

- 96T -

D-valine This compound wes aleo prepcred by Dr. Marguerite
Fline. For de:cription of preparation see the
above thesles by Fling, p. 24-27.

R~vhenylalanine Thie compound wses pnrenesred by Mr. John Mosser.
For description of rrencration see John D,
Moeser. Resolution of DL-rhenylalsnine by the
quarternary base of methyl cinchonine, Un-
published M.S. Thesls. Ames, Iowa, Iows Stcte
College Library. The ssmnle of P-vhenylalenine
wae described as followe on the lebel:

[d]goo = 32.2 .70, M.P. 262-264° C.
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Subetance Source and/or Description

Potasslum salt of Penicillin Commercisl Solvents lot number 50061401-P,
G (crystelline) potency 1595 units per mg.

Aureomycin hydrochloride Thie wee received as a gift from Dr. D. Catron.
This samnle was Commercial Solvents aureomycin

hydrochloride from lot number 691 MH 176.

- 46T -

Baclitrscin Commercisl Solvents lot number B 5 0221-A.

Potency 55 units/mg.
This was received as a gift from Mr. J. F.

Griffith.

Gremicidin This was Sharp and Dohme gramicidin. It was
recelved from Dr. 8. W. Fox
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C. General Bacteriological Procedure

1. Bscterlszsl cultures

The bacteris used were originaslly obtained from the
tmericen Type Culture Collection (ATCC). Troee used in

this work were Streptococcus faecslls R, ATCC No. 8043;

Lactobaclllus brevis, ATCC No. 8287; and Leuconostoc

mesentercides, P-60, ATCC No. 8042. Aleo used was & cul-

ture received in this laboratery with the designation,
Lactobseillus arabinosus 17-5, ATCC No. 8014 &nd which hsas

been maintained in this laboratory for over § years. There
is no reason to btelleve thz=t thisg culture differs from the
original strain, but 1t 1is possible that alteration could
have occurred.

Bacterial cultures were maintained in the refrigerator

in agar stabs mede up as followsl:

Glucose 10 gm.
Bacto yeast extract 10 gm.
Peptone 8 gm.

1M. J. Horn, D. B. Jones, and A. E. Blum. U. S.
Dent. Agr. Misc. Pub., 696 (1350).
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Ager 15 gm.

H;0 1,000 mi.
About once a month transfers were made with & loop into two
tubes of ager which were incubated one or more daye at 370
in en air incubetor; after incubation, the two cultures
were transferred to the refrigerator to rerlace the previous

cultures. One culture was uged for generzl inoculstion

purroses and the other waes used for the next month's transfer.

2. ZPreparation of inocula

Unless otherwise stated, cells for 1noculstion were
prepared by lnoculating 10 ml. of peptone medium from agar
slants meintained in the refrigerastor and incubeting for 24
hours at 370. Then the cells were centrifuged down gnd the
supernetant decanted, the cells were resuepended in 10 ml.
of .9% saline solution, recentrifuged, and the wash saline
was dlscarded. ¥inally the cells were resuspended in 10 ml.
of .9% saline solution and this susrensiocn wae used as the
inoculum. The inoculum was generally used within a day of
preparatlion and was kept in the refrigerstor when not in
use. The mediuml for the growth of the inoculum celle had

the following com:osition:

1. J. Horn, D. B. Jones, and A. E. Blum, U. S. Dept.
Agr. Misc. Pub., 696 (1950).
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Glucose 10 gm.
Peptone 8 gm.
Yeuct extract 1 gnm.
Sodium acetate 1l gm.
Selt Solution & fee rege 5 ml.
<02 for
Selt Solution B compoci- 5 ml.
tion
Distilied water 1,000 ml.

3. Medila

The research rervorted in this theslies invoived asscys
for 9 amino acids. The medla to asszy the majority of
thesge aminc scids weres modifications of the synthetic medium
described by Horn, Jones, and Blurl. Kodificztions included
the omission of the amino acid being assayed and certain
other modifications first used by Dr. Thomas Hurst. Comx-
position of the complete medium upon which other medla used
in this work were based was ac described in Table 57.

grleucine, g;histidine, g-arginine, L-threonine, &nd

L-veline were assayed by use of Streptococcue faecelis and

a medium of the composition given on pages 201-203 excert

lM. J. Horn, D. B. Jones, and A. E. Blum, U. S. Dept.
Agr. Misc. Pub., 696 (1950).
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Taeble 57

Composition of Comnlete Synthetic Medium® (double strength)

Component Concentra-~ Comment
tion/liter
Glucose L0 gm.
Sodium acetate 15 gm.
DL-Alenine 400 mg.
L-irginine hydrochloride L0O0 mg.
DL-Aspartic acid 800 mg.
L-Cyetine L00 mg.
L-Glutamic acid 419 mg.
Glycine LOO mg.
L-Hlstidine-HC1-Hz0 400 mg.
DL-Isoleucine 400 mg.
DL-Leucine 400 mg.
DL-Lysine+KECl or 2 HC1" 300 mg.
DL-Methionine k0O mg.
DL-Norleucine 400 mg.

8y, J. Horn, D. B. Jones, and 4. ©, Elum, U, £. Dept.
Lgr, Misc. Pub., 696 (1950).

*
Dorothy De Fontaine (’rivate Communication, Iowa
State College, 1953) recommende Menn L-lysine dihydrochloride
over the Mann monohydrochloride in chenylelanine assays.
Use of a sample of the monohydrochloride may have been
responsible for some high blanke observed in phenylalanine
assays.
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Table 57 (Continued)

Comnonent Concentra- Comment
tion/liter

DL->henylalanine 400 mg.

L-Proline 400 mg.

DL-Serine 400 me.

DL-Threonine 400 mz.

DL-Tryptophan 800 mg.

L-Tyrosine 400 mg.

DL-Valine 400 mg.

K HPOQy, 1 gm. Added es 10 ml.
acueous solution

KHoPOL 1 em. (S21t solution A)

MnSanhHZO 20 mg.

MgS0oy - 7H,0 400 ng. Added &8 10 ml.
aqueous solution

NaCl 20 mg. (Salt solution B)

Fe504~7H20 20 mg.

£denine 10 mg. 10 ml. of
idded as solution.

Guanine 10 mg. Hydrochloric scid
and heat may be

Ursecil 10 me. necsgsery to dis-

solve these com-
pounds.
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Table 57 (Continued)

Component Concentra- Comment
tion/liter
4
Thismin hydrochloride 2 mg.

Pyridoxemine hydrochloride
or vnyridoxine

hydrochloride 40 mg.

Calcium vantothenate 40 mg.

Riboflavin 40 mg.
Added &s a solu~

Nicotinic acid .80 mg. tion in 10 ml. of
50% ethanol

p~-Aminobenzoic acid 40 me.
Biotin .01 mg.
Folic ecid .002 mg.
Distilled water 800 ml. A

Directions: Dissolve cystine snd tyrosine in a little
dilute HC1l before edding to the main solution. Before
adding the vitamin solution, dissolve the other ingredients.
£djust pH with NeOH to 6.8. Dilute to 1,000 ml. and store

under toluene in the refrigerator.

84 modificetion of the medium given in Horn, Jones,
and Blum., U. S. Dept. Agr. Misc. Pub., 696, 1950. These
modificsztions were sugeested by Dr. Thomae Hurst.
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that the aminc acld being sesayed wee omitted; pyridoxamine
hydrocrloride was the form of vitamin Bé used. However,
in some of the exneriments revorted herein, L-leucine was

asgayed for by use of Lactobaclillus arebinosus and the

complete medium of pages 201-202 less leucine; »yridoxine
hyérochloride was the form of vitamin Bg used in this
instance. [L-~rhenylelanine anslysis was carried out with

Lactobacillug arsbinosus and the complete medium (pages

201-203) containing pyridoxemine hydrochloride less phenyl-
alenine, but with the sugar content modified to 10 gm. of

arabinose and 70 gm. of glucosge per liter. Lueconostoc

mesenteroides was the ascay organlsm for L-aspartic scid;

the comvlete medium containing pyridoxamine hydrochloride
(pages 201-203) was modified for this assey with regard to
the glutamlc acid, phosthate, and sodium acetste concen-
trations so that 1t conteined 209 mg. of L~-glutamic scid,
b em. of KoHPOy, 4 gm. of KHoPOy, and 40 gm. of sodium
ccetate per liter. The medium for [~clutemic acld assay
was also a modification of the complete medium contsining
nyridoxamine hydrochloride (page 201-203), but with mejor
modifications of contalning Jjust 200 mg. of Rl-arpertic
acid, 200 mg. of L-esneragine, 50 mg. of [~glutemlne, and

40 zm., of sodium acetate ner liter; Lactobacillug arabino-

sus wes the assay organlsm for L-glutamlic aclid.
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Lactobzcillus brevis was used to assay [-methionine.

The medlum used included an H,0,-trested pevtone solution
which was kindly doneted by Dorothy De Font:zine and which

was made as followe:

reparation of H202—Treatea Peptone

Fifty grams of Difco Bacto Pentone wae discolved
in 250 ml. of water and 250 mi. of 1 N HCl was
added. Five ml. of 30% H,0, were added to the
golution and the mixture wae allowed to stand
overnight 2t room temperature. The solution was
then steamed 45 minutes in the autoclave and
autoclaved 15 minutes at 15 n.s.1. The solution
was stirred whiles frot, cooled, and neutrslized
with NaOH. The solution was steamed one hour and

diluted to one liter.

The medium used for methionine znalysie is a modification
of thset used by Kulken, Lymsn, and Halel, for the assay of
tryptophan and has been devised and used in this laboratory
by De Fontailne, Yerner, and Kurst. It wes made zs follows:

The followlng were added together and dissolved.

1X. A. Kulken, C. M. Lyman, and F. Hale, J. Biol. Chem.,
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200 ml. of Hy0 -treated peotone

200 mg. of [-cystlne and 200 mg. of L-tyrosine
dissolved in HC1

200 mg. of DRL~tryotophen
20 gm., of succinic acid
40 gm. of glucose
6 gm. of sodium acetate
The selte, purines, and vitaming listed for the
comprlete medium (pagee 201-203) with pyridoxine
hydrochloride

The pH of the above solution was adjusted to 6.8 with NaOH
and the volume was mede to one liter.

The concentretions of the above medlia were all twice
that for the fully diluted medium. In the work recorted
in this thegis the double strength medlis deccribed were
diluted with ecual volumes of solutions or water before

the assays or growing of cells were carried out.

4, General assay procedures

The principle of microbioclogical asssy 1s to compare
the growth response of a microorganiem in the presence of
an unknown amount of mete ‘iel with the growth responss in

the presence of graded known amounts of the materlsl being
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analyzed for. Except for a few exneriments, in the work
cescribed here, the growth response was determined by
titrating with dllute NaOH the scid liberated during
growth.

The solutions to ce assayed were 2.5 ml, portions con-
tained in 18 x 150 mm. Pyrex culture tubss or tect tubes.
To each of these solutions wae adred 2.50 mi. portions of
a medium lacking the amino scid being assayed. The medium
weeg also added to 2.50 ml. rortions of solutions containing
known amounts of the amino acid being as<ayed and to
controle., Unlese otherwisc stated, the known azraded docses
of amino aclide were contained in eolutions of the same
buffer composition s the unknorns. However, in the enzyme
experimsnts covering a pH range from pH 4.5-7.5 most of
the known amino acid solutions were in bufferes of pH 6.0,
but in addition, cultures were zrown at one concentretion
of emino scid with buffers of pH 4.5 and 7.5.

The tubee for the stecndard curve contained each ur
some of the followlng amounts of L~zmino aclds as micromoles
per tube: .381, .305, .229, .191, .1526, .1143, .0764, .0572,
.0381, .0191, and O.

After the addition of medium to the solutions to be
enelyzed, the racks of tubes were covered with cloths and

autnclaved for 15 minutes at 15 pounds per ecuare inch,
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the tubes were sllowed to cool, and each tube (except for

& palr of controls) inoc /lated with one dron» (about .05
ml.) of = saline suspension of the assay orgsnism. The
tubes were then incubated for 72 hours at 3?° in an 2ir
incubetor. The extent of growth was determined by adding

5 drope of .5% phenolphthalein 50% ethenol solution to each
tube and titrztine to an end point with dilute Ne¢OH., If
the number of tubes waes too great for titrstion within s few
hours of the termination of incubetion, the remsining tubes
were kept at 2-3°. The amounts of amino acids in the
unknowns were determined from the titration vslues and a
rlot of ml. of base versus amount of amino zcid (stenderd
curve). Duplicates or triplicates were ususlly run.

In the vreparation of the known emino acid sclutions,
the [-lsucine, L-veline, [-rhenylelanine, end L-methlonine
were U.S.P. reference standarde except that methionine-
free Mann L-leucine recrystzllized from 50% ethesnol was
uged 1n the enzyme experiments involving sll but Enzyme
Preparstion II and the Mann L-leuclne was used in the

utilization experiments.
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D. Enzyme Studiles

1. Enzyme preparstions

a. In solutionn with acetszte, phosphste, and metsl

gsalts. The synthetic medium used 1in gzrowing L. arsbinosus
weg msée by mixing 1.5 liters of double strength leucineless
synthetic meéium contsining pyridoxine hydrochloride and
1.5 liters of dlestilled water containing 30 mg. of [~
leucin=. The rerulting solution was then autoclaved for
20 minutee at 15 v.s.i. This medium was inoculated with
30 ml. of saline eusnenslon of L. arsbinosus »repared from
& 24 hour, 30 ml. peptone culture. The peptone had been
inoculeted directly from an ager stzb culture. The 3
liter culture was incubated 24 hours at 37° and then
removed to & cold room msintained at 2-3°.

The culture was allowed to stand in the cold room 1
hour, andé the cells were then removed from the medium by
centrifuging with an air-driven Sharples super centrifuge
at 45,000 revolutions per minute. The centrifugation proper
took 15 minutes. The cells collected in the centrifuge
cylinder were suspended in 300 ml. of buffer-metal ion

golution of the Iollowing composition:
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Buffer-metal Ion Solution

About 800 ml. Hx0

0.50 gm. K, HPO) (.00287 mole)

0.50 gm. KH,PQOy (.00367 mole)

0.010 gm. MnSOy-4H0 (.000044 mole)

0.20 gm. MgSOy-7H,0 (.000812 mole)

0.01 gm., NeCl plue csalt from pH adjustment
(.00017 mole or more)

0.01 gm, FeSOy-7E20 (.00035 mole)

7.5 gn. sodium acetate (.0916 mole)

Solution wes adjusted to pH 6.0 with EC1l (and NaOK).

Distilled wster was added to give 1 liter of
solution. Resdeterminstion of pH after

standing gave 6.29.

The cells were centrifuged for 3C minutes from the
suspending solution in an International Centrifuge. The
supernatent liquid was decanted and the cells washed again
ueing 30 ml. of buffer-metal ion solution. The weeghed celle
were then resguepended in buffer-metal lon solutlon and
made to & volume of 22.5 ml. with the same solution. Fol-
lowing the growth of celle, preparztion of this cell sus-

pension was carried out in s room maintained et 2-3°,
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The test tube containing the cell suspensilon was
placed in an ice bsth and trensnorted to the Bacteriology
Department. Here 21 ml, of the cell suspension was treeted
in th: chamber of the Msgnetostriction Oecillator, Model
S-1021, with sonic vibrations for 30 minutes at ca. 9
kilocycles per minute. The chamber of the instrument wzs
cooled with water near 0° during the treztment. The voltege
was set at 95. Following treatment, the mixture waeg trans-
ferred to a centrifuge tube in an ice beth, and transvorted
oveck to the cold room for centrifugsation.

The treated cells were centrifuged et the full speed
of the International centrifuge for 35 minutes to give a
cream~colored residue and a blackieh, rather opsque,
supernetant. The supernatant was plpetted off, zndé re-
centrifuged for 65 minutees to glve a translucent super-
natant and a blackish residue. The supernstant was
pipetted off and its volume found to be 15.8 ml. One-hslf
ml. of thleg supernatent wss withdrawn for a plaste count,
and then 5.1 ml. of the buffer-metal ion solution were added
to the remaining supernatant, giving an enzyme prepsasration

such that 100 ml. of the L. srsbinosus culture were

17he Hesd of the Bacteriology Department at Iowa Stete
College, Dr. C. Werkman, kindly gave permiesion to use
this instrument.
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recuired to produce 1 ml. of the enzyme »reparstion. This
enzyme concentrztion will be referred to es & relative
cecncentrztion of 100 X. Buffer-metal ion solution was
added to portione of thig 100 X solution to give enzyme
golutlone of 20 X, 10 X, &nd 2 X. These golutions were
kept in the re:rigerstor (about 6°) excent during use.

£ Kjeldshl nitrogen determinstion indicated thzat the
cell suspension conteined 4,14 mg. N per ml., The 100 X
enzyme eolution contained .408 mg. N/ml. Therefore, the
sonic treztment released sbout (.408/4.14) x 100%, or sbout
13%, of the cellulsr nitrogen into soluble form. 4 plete
count of the 100 X enzyme solution showed no viable cells
in 1 ml. of a 105 dilution, whereas, & plate count of 109
dilution of the cell susvension, from which the enzyme
prepsrztion waes prepared, gave 7.6 x 102 cells p=r ml.
These data lead to the estimate that there were more than
7.6 x 106 &5 meny viasble cells per ml. in the cell sus-
pension a8 there were in the 100 X enzyme preparetion.

The enzyme prepsration Jjust described will be referred
to as Enzyme Prepzration I. The buffer-mstal ion solution
hee the same composition in concentretions of salts ag does
the synthetic medium used in the growth of L. srabinosus.
It wes btelleved that such a eolution would maeke more likely
the detection of acylzse activity, since utili-ration of

benzoyl-f~leucine occurred under similer conditions.



- 213 -

b. Enzyme preparstion II (lyophilized). The inoculum

vas prepared as follows: Materlal from an L. arsbinosus
agar stab culture was stresked out on &n zgsr plate znd

the plete allowed to incubate at 37° for 3 daye. Smaell,
oval or round, smooth white coloniee were obs=rved. One

of these coloniees wae inoculet-d into pertone troth and this
culture incubated for 24 hours. This peptone culture served
as the inoculur for a fresh agar stsb culture. A4 transfer
was made from this etab culture into 10 ml. of peontone
medium which was incubzsted at 37° for 24 hours. Three ml.
vortions of this latter culture were transferred into each
of two 150 ml. vortions of pepton:s medium. These 150 ml.
cultures were in turn incubated for 24 hours at 37°. The
cells from these cultures were washed with .9% NaCl solu-
tion and resuspenied in 2, 150 ml. portions of .9% sterile
NaCl solution. Theee cell suspensions served as the inoc-
ulae of the lsrge vortions of synthetic medium.

The esynthetic medium used for the growth of Lactobacil-

lus egrebinosus cells in cuentity had the same comnosition

as Enzyme Preparsation I. However, the comvonents other
then glucose and vitamine for 3 ten-liter portions of
fully diluted medium were autoclavzd in 3 8.95 liter
portions contzined in 12 liter round flasks, after pH

ad justment, for 25 minutes at 15 p.s.il. Twenty-three
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minutes were required to bring the steam pressure un to

15 1b. and 25 minutes were recuired to bring the pressure
down to atmospherlc preseure following sutoclaving. Tkree
one liter rortions of glucoee solutions, each cont:ining
200 gm. of glucose, were 2lso sutoclzved for 25 minutes at
15 p.s.i. These solutions were allowed to stand in en
incubztor st 37° for one dey and then three 50 ml. nortions
of Seiltz-filtered (bacterie removed) vitzmin eolution snd
liter portions of glucose solution were added to the flask
containing the other components of the medium giving 3,

10 liter portions of synthetic medium. The 3 flaske con-
talning this medium were sllowed to st:nd in the incub-tor
an edditional 24 hours before inoculsation.

Three, 100 ml. suspenslons of L. arsbinosus cells
were used to inoculzte the above 10 liter portions of
synthetic medium. The resulting cultures were incubsted
at 37° for 24 hours. At the end of the 24 hour incubation,
the celle were removed from the medium by centrifugation
in en ailr-driven Schar-les super centrifuge (Type T-304-24
BRY) at ca. 45,000 revolutions per minute. Thie cen rifu-
gation reqgired 30 minutes. The centrifugation and sub-
seguent operctions, unlesc otherwiece ststed, were cerried
out in & room maintained at 2-3°. The cells collected on

the centrifuge cylinder were suspended in 3.00 liters of
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acetate buffer. This buffer had an lonic strength of .10
and & pH of ca. 5.5. It was mece by diluting .10 mole of
sodium écetate and ,0159 mole of szcetic z2cid to 1.00 liter.
The cells were centrifuged from the acetate bufier with an
Internstional centrifuge at full speed for 15 minutes. Two
of the 250 ml. centrifuge tubes containing the cell suepen-
elon were broken during the centrifugestion, but most of the
cellular meterial waes recovered. Following decentzation of
the supernetant acetete buffer from the cells, the cells
were resuspended in scetaste buffer and the volume wss mede
uo to 300 ml. This suspension, subsequently, will be
referred to as the "cell susvenslion.® Two hundred &nd
seventy-six ml. of this cell suspension were then centri-
fuged ae in the prior centrifugetion (but the centrifuge
tubes did not bresk). The cells on being centrifuged down
formed 4-6 layers alternating between a lower thin brown
or brownich black layer and an upper thicker grayish white
layer. The supernstants were decznted from each of the

two 250 ml. centrifuge bottles used, leaving a cell paste
at the bottom of the tubes. The tubes containing the cells
were placed in an ice bath and transported from the cold
room to the Bacterlologcy Department for sonlc treatment.
The cells were suspended with acetate buffer in the treatment

chamber of the Raytheon megnetostriction oscillator (Sonic
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Generator) and made to a volume of ca. 30 ml. with acetste
buffer. The cells were treated for 3 hours at a rheostst
setting of 90 which gave a voltsge reasding of 140 volte.

The treatment chamber waes cooled during thie time with water
at 7-3°.

Following the sonic trestment, the suspension was
weshed into a container kept in an ice veth and the sus-
vension waes transported back to the cold room. EKere the
volume of the treated cells wag made to 92 ml. with scetzte
burfer. Eighty-six ml. of this suspension of "treated
cells" were centrifuged for 15 minutes at ce. 13,000 r.p.m.
by use of a Cervall centrifuge. The supernatant resulting
was decaented to give a "cellular residue." The supernatant
was agaln centrifuged and the supernstant pipetted to give off
& smell black residue and made to 80 ml. with acetate buffer.
This solution will be referred to as the "crude enzyme
solution. *

Seventy-five ml. of the crude enzyme solution were
placed in a 250 ml. three necked flask and the mixture was
cooled with the aid of an ice bath and slow stirring to 1 .
Then 38.8 ml. of 45.4 wt. % ethanol-acetic scid buffer were
added; the added solution had the same composition in sodium
acetate and acetic acid as did the squeous acetste buffer

( page 215). The ethsnol-acetate solution was introduced
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below the surface of the crude enzyme solution through a
capillary over a period of one hour with continuous mechani-
cal stirring. The soclution temperzture ranged from 40,
when some hesting occurred during the stert of ethanol
addltion, to -7° at the termination of the sdcition; ssalt
and 1ice were added to the cooling bath during the adcition
in order to lower the temperature. The ethanol concentra-
;1on of the enzyme solution was ca. 14.6 wt. % (by celcule-
tion) at this point.

The ethanol concentration of the enzyme solution was
further incressed by the addition of 250 ml. of 92.5 wt. %
ethanol-scetate over a period of ca. 2 hours with continuous
stirring; the ethsnol-szcetate was .100 molar in sodium
acetete and .0159 molar in acetic acld. The temperzture
was lowered from -5 to -13° during this addition. £n
opacue mixture resulted. The final ethanol concentration
was ce. 65 wt. %.

The ethznol-enzyme mixture was centrifuged in two
batches at ca. 13,000 r.p.m. for 5 minutes using a Cervell
centrifuge (model 85). Four of the eight holes in the head
of the centrifuge were filled with dry ice Jjust prior to
centrifugation and the other four holes used for the 50 ml.

tubes containing the enzyme-slcohol mixture. The tem-er:ture

of the mixture was ca. -13° Just prior to centrifugation,
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and 2o at the terminetion of this operstion. The super-
natant ethanol was decantzd from the vreciritetes thus
collected. The solid otteined by alcohol precipitztion
was transferred with the 2i1d of stirring and 25 ml. of
cold water to a lyovhllizastion flask. Ths meterisl was
allowed to stand, with occaslonal stirring, in order to
promote diseolution of the so0lid phase. Most of the solid
finally diesolved, glving & gray opaque solution. This
agueous solution was frozen in & shell on the sides of the
flacgk with a sthsnol-acetnne-dry ice bath and allowed to
be lyophilized in a room at ordinary tem-eratures for 7
hours. The flask containing the produce as a light gray
shell, was removed from the anparatue, and wae slanped

and shook, causing the enzyme preparation to drop into e
tared wel:zhing bottle. This meterial was a2 fine, 1light
grey powder weighing 745 mg. Nitrogen content was 11.8%
according to micro-Kjeldahl determinstions. Thie material
w11l be referred to as Enzyme Preparation II.

Vieble cell counts were mede of the fractions obtained
in the preceding experiment by meking dilutions in physio-
logical saline and plating out on ager olstes. The fol-
lowing viable cell counts were obtained where the values
are cells per ml. corrected to the dilution of the culture

from which the fraction was obtained: cell susnension,
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4.3 x 108; treates celle, 3.4 x 108; celluler residue,
3.1 x 108; supernatant, 3.7 x 102.

¢. FEnzyme Preperstion III A and III B (lvophilized).

Two lyovhilized enzyme frzctions were obtained from L.
arebinosus in 2 menner very similar to that used in the
obtaining of Enzyme Preparastion II. FKowever, sonic trest-
ment of the cells waeg for only 30 minutes. The cells were
gro~n in 12 liters of synthetic medium. Enzyme Prerarstion
III 2 wae gotten by lyophilizing the precipitete formed
on adding ethanol to & concentration of about 33 wt. %;
thie frection weighed 75.3 mg. Enzyme Preparation III B
was & lyophilized vreparation which wss the meterisl ore-
cipitating between 33 and 65 wt. % ethanol concentration;
thies frzction welghed 37.2 mg. Eefore centrifuging the

sbove fractions, the tempersture was -15°.

2. Enzyme-substrate incubatlons

Stock substrate solutions were ,0003048 molar in the
L-corponent. In making them up, NaOH ecuivalent to the
substraete was added. A few drope of toluene were added to
the solutions and they were stored in a refrigerator when

not in use.
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In order to study the effect of pE on escylase activ-
ity, buffer solutions were made up in a manner similar to
that described by Michaelisl. To a solution .100 moler
both in sodlium veronal and esodium acetste was adced ca. 0.10
normel HC1l until the desired pH, as read on a Beckmann,
Industrial Model M, pH meter, was resched. The solution
wae mede to one liter with water for every 333.3 ml. of
the sodlum veronal-sodium acetszte solution. The result
wee & solution which had an ionic strength of .0667 regerd-
less of the pH. Buffers varying from pH 4.5 to pH 7.5 were
mede up to study the effect of pH on enzyme activity. The
buffer solutions were stored at room temperature {(with a
few drops of toluene) because cryetallization would gradu-
¢lly occur in the more =scicé buffers A1f stored in the cold.
The buffer solutions would frequently become moldy a few
weeks after being made un and were then discarded.

L8 pointed out before, Enzyme Prevsrstion I was a
solutlion of enzyme in a buffer metal lon solution of the
composltion given on page 210. Enzyme Preparastion II 4 and
II B were tected for activity by dissoclving in a veronal-
acetate buffer of pH 6.0 made like the buffers Just described,

but having an ionic strength of .04,

1L. Michaelie, Blochem. Z. 23%, 139 (1931).
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The solutions for the enzyme-substrate incubations
were ueuelly mece up in 16 x 150 mm. Pyrex t-st tubes or
culture tubes esome time before the incubation was to be
carried out. At the same time, controcls and tubes by
enzyme action were prepared. After comnonents, other than
enzyme solution had been added to the tubes, & drop of
toluene wes sdded to each tube. The tutes were stoppered
and stored at 2-3° until & short time before use. Then
the tubes, which were held in ¢ wire rack, were plcsced in
an eir incubstor maintained at 37° and aellowed to nrewsrm
for st lezast one~hslf hour before enzyme addition.

Excent as will te mentioned, solutions of Enzyme
Prepveretion II were prepared by weizhing out the s=0lid and
dissolving it in cold water. Enzyme eclutions were kept in
the refrigerator (about 6°) excent when in use. Solutions
of Enzyme Preparation II and III, unlees otherwise stated,
were made up Just »rior to use. Just before enzyme adcditlions,
gsubetrete~-buffer golutions were removed from the lncubator,
and the corks removed. The enzyme eclution was adced. The
finsl volume of solution in esch tube following enzyme
addition was 2.5. In the pH studlies with Enzyme Preparzation
II this volume was made up as follows:

1.25 ml. .0003048 Molar Substrete
veronal-acetsate

0.75 ml. of buffer solution having
ionic strength .0667
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0.50 ml.
2.50 ml.

of enzyme in water
Resulting solutions hed an ilonic strength of .02.

In exneriments involving Enzyme Prevarstion III A and
III B enzyme substrate incubetions were started by adding
1.25 ml. of the enzyme sgolution to 1.25 ml. portions of
substrzte. In exneriments to test the acylase activity of
Enzyme Preparstion IIIA and IIIB, 1.25 ml. portions of
enzyme 1n veronal-acetate buffer of ionic strength .04
were sdded to 1.25 ml. portiones of subetrete solution.

A g=ries of compounds were tested for the ability to
inhibit the hydrolyeis of benzoyl-[-leucine and carbobenzoxy-
glycyl-L-leucine by Enzyme Prevarstion II. In these exveri-
ments, the enzyme was dissolved in the veronal-zcetate
buffer of ionic strength .0667 and pH 6.0 which had been
cooled in the refrigerator. To a mixture of .50 ml.
inhibitor solution and 1.25 ml. substrate solution was
added .75 ml. portions of enzyme-buffer solution. The
solutions of penicillin, aureomycin, end bacltracin were
made up Just & few minutes before the enzyme-substrete
incubations. QD-leucine and D-phenylalanine were weighed
out and added to each test tube as a solid because they were
not soluble enough to give .5 moler solutions. It was also

necesgary to autocleve these two compounds with the substrate
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soluticns (1.25 ml.) plus .50 ml. H20 to effect comnlete
solution.

After enzyme sddition the tubes were restoprered and
nleced back in the 37° incubator. The tubes were incubated,
the rack of tubes removed from the incubator, the corks
removed, and the tubes autocleved 2 minutes at 15 p.s.l.
in order to stop enzyme action. However, in exreriments
with Enzyme Preperation I, medium was first added and then
the tubes autoclaved for 15 minutes at 15 r.s.i. Unless
otherwise stated, 4 hours elspe2d between the addition of
enzyme solutlions, and the start of sutocleaving. Tubes
for controls ané the stsndarde were trected in & like
manner, excent for the addition of enzyme solutions.

In thes pH versus enzyme-activity exneriments, the
pH'e of tubes revliceting the enzyme-subetrate solutions
were determined at O time, thet is Just after adding enzyme
solution, and after 4 hour's incubation. The pH used in
grzphing pH versus ¥ hydrolysis was the average of these
two readings. In the pH versus enzyme-activity exveriments,
a Beckmann, Industrial Model M, pH meter was used in making
the readings and the pH meter wes standardized agalnst a.pH
7.0 buffer. In other than the pH versus % hyérolysis ex-
perimentes, one pH reading was made of a replicate tube

within about one ho:r after the addition of enzyme.
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3. &4sssys for liberated amino acids

a. Ceneral. The ext-nt of enzymetic hydrolysles w:s
determined by ascay for liberated amino acld as described
under “General Assay Procedures" on pages 206-209.

b. Effect of substratesg, substrate producte, buffers,

enzyme voreperstions and potentisl inhibitors on saccurzscy of

assaye. In order for the assaye to be accurate, substances
other than the amino ecid being assesyed for must not inter-
fere with the assay or the effect of these substanc:zs on
the assay must be correcteé for. In eech d=terminstion
enzyme blanks and substrstes blanke were run; where enzyre
or substrate were equivalent to more than 0 micromoles of
the zmino acid being asssyed for, the corresconding cor-
rection wae made in the data for enzymaetic hydrolysls of
substrate.

The possiblility existed that the buffers used in the
enzyme experimente would effect the amino scid asseys. In
all cas=eg, the crasded doses of zmino aclds were 1in buffers
corresponding to those used in the enzyme-substrate exneri-
ments, except thet in the pH versus % hydrolysis exvperiments,
a com~lete standard curve was run only in the pH 6.0
veronal-ascetate buffer. A4n assay was run at one amino acid

level in pH 4.5 and 7.5 veronal-acetste buffers. Aleo,
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tubes containing no amino acid and contasining oH 4.5, 6.0,
and 7.5 veronsl-acetate buffers were asssyed in these
experimentg. If the buffers had an appreciable effect on
the assgay tltration velues, then a correction wae made,
but usually no corrsction was mede.

Mixtures corresoonding to 10% and 40% hydrolyeis of
the substrates studied were sssayed to determine if the
products of enzymetic hydrolysie or the substrates would
effect the assay for amino acid. The tubes corresvonding
to 10% hydrolysis of substrete contained 2.5 ml. of pH 6.0
veronal-acetate buffer of lonic strenzth .02 which contained
.343 micromole of substrate plus ,0381 micromole of emino
acid prlus .0381 micromole of benzolc acid or cerbobenzoxy-
glycine. The tubes corresponding to 40% hydrolysis of sub-
strate contained .2285 micromole of substrate vlus .1522
micromole of amino acid end .1522 micromole of benzoic
ecid or czrbobenzoxyglycine.

The compoundes tested for acylase inhiblitory activity
were tected to see Af they aff-cted the assay for leucine.
This was done by adding these commounds in the emounts used
in the enzyme experiments to a solution containing 20-40
micrograms of L-leucine and veronal-escetate buffer to glve
2.5 ml. of pE 6.0, ionic strength .02 veronal-acetzte

burffer, These solutions were assayed for leucine and
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where the titration values differed from that for 30
microsrams of L-leucine in the veronal-acetzte buffer,
the difference was avnlied ag a correction in the calcu-
lation of the % of enzymstic hydrolysis.
E. Utilization Experiments

Carbobenzoxyglyeyl-L-leucine and several benzoylamino
acids were tested for thelr gbility to meet the amino scid
regiirements of certein acid-producing bacilli. These
exneriments were on the whole repetition of exneriments
carried out by other investigetors. Hovever, utillization
expe -‘lmente with benzoyl-L-lsucine hsd not been rerorted
although exneriments with benzoyl-Dl-leucine have been
reported.

In general, utilization ex-eriments were carrled out
by the methods revorted in the section on "Cenersl Assay
Methods" on pages 206-208. The test compounds were con-
tained in water (before the sddition of medium). Incubation
wes for 72 hours at 37°. Reeulte are reported as % utili-
zatlon; & utilization is equal to amino acid found in the

ascey divided by amino acld content of the substrate all
times 100,
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F. Crowth Inhibition Experiments

Exveriments were cerrieé out to messure the effect of

1soceproate on the growth of Lactobzcillus arsbinogus in

synthetic medlum containing either leucine or benzoyl-[~
leucine. Controls were run in which no isocaproic acid

was sdded. In preparing tubes for the experiment, 2.5 ml.
portione of leucineless medium contzining pyridoxamine were
sdded to 16 x 150 mm Pyrex culture tubes which had been
calibrated for megsurement of optical density. In addition,
1.25 ml. cortions of either [~leucine or benzoyl-L-leucine
solution were added where the stated nortlone each contained
0.381 micromole of the compound in solution. The tubes were
plugged with cotton and autoclaved fcr 15 minutes at 15
v.8.1. Meanwhile, a 0.04 molsr eolution of sodium cznroate
had been filtered into 2 sterile test tube using a bacterial
filter. To the tubes containing medium plus either L-leuclne
or benzoyl-L-leucine were sdded asevtically 1.25 ml. nor-
tions of elther sterile water or the sodium csproate solu-
tion which had been filtered free of bacteria. The tubes
were then each inoculated with 0.10 ml. portions of a

saline suspension of Lactobacillus arabinosus which was

nrepared from a 14 hour peptone culture. The cultures in

eynthetic medium were incubated for 13 hours at 37°.
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Percent tranemittsnce wze mezsured using a Coleman
Universal Spectronhotometer at 610 millimicrons wave length.

In the exreriment cescribed, triplicate tubes were run.
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IV. EXPERIMENT:L RESULTS

A, Utilizatlion Experiments

Experimentel results on the utilizetion of benzoyl-[-

leucine and carbobenzoxyglycyl-L-leucine by Lectobacilluse

arabinosus and Streptococcus fzecalls 8043 during a 72

hour period are presented in Tables 58-61.

Tsble 58

Utilization of Benzoyl-L-leucine by Lactobag}llus
grcsbinosug for Ite Leucine Requirements

tmount Bz-[-leucine as Kl. .100 N o
micromoles per tube NaQH to titrcte Utilization
.381 6.38,6.37 97
-305 5.9%,5.97 98
.228 5.30,5.40 99
.152 T 85
114 L,04,4,.03 97
.076 3.48,3.69 107
.038 2.56,2.62 92
0 1.51,1.51

Averaég 96%

*22 hour incubstion at 37°.

**2 utilization equals (L~leucine found in assey k-
leucine content of benzoyl-l-leucine) x 100.
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Table 59

Utilization of Carbobenzoxyglycyl-[~-leucine by Lactobacillus
erabinosus for Ite Leuclne Regulrements

Amount Cbzo-gly-leu &s Mi. .100 N

micromoles per tube NaOH to titrate Utilization
.381 6.42,6.34 96
.305 6£.00,5.94 97
.228 5.56,5.41 102
.152 4,35,4,.30 90
J114 4.08,4,06 100
.076 3.51,3.57 103
.038 2.60,2.67 110
0 1.51,1.51 —_—

Average 100%

*22 hour incubation st 37°.

**4 Utilization equals (1l-leucine found in assay/L-
leucine content of carbobenzoxyglycyl-J-leucine) x 100.
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Teble 60

Utillzation of Benzoyl-L-leucine by Streptococcus
faecelis 8043 for its Leucine Requirements

tmount Benzoyl-[-leucline MiL. .053 N % -

as micromolees per tube NaOH to titrate Utilization

.762 1.58,1.49 0

.381 1.60,0.62 0

.305 1.62,1.62 0

.228 1.65,1.66 0

.152 1.56,1.55 0

.076 1.58,1.59 0

0 1,€60,1.58 -
Pverage 0%

*22 hour incubation at 37°.

**% utilization equals {L-leucine foun¢ in assay/L-
leucine content of benzoyl-J-leucine) x 100.
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Table €1

Utilizstion of Carbobenzoxyglycyl-[-leucine by
Streptococcus feecalis 8043 for its
Leucine Requirements

Amount Cbzo-gly-leu =8 Ml. 100 N % .
micromoles per tube NeOH to titrate Utilizztion
.762 1.96,1.95 2.5
. 381 1.95,(over),1.58 2.0
. 305 1.74,1.69 2.0
.228 1.73,1.77 3
.152 1.70,1.69 3
.076 1.74,1.66 6
0 1.60,1.58 -
Average 3%

*22 hour incubation at 37°.

**% Utilization equals ([~leucine found in assey/L-
leucine content of carbobenzoxyglycyl-L-leucine) x 100.
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B. Effect of Enzyme Subctretes and “ubstrate roducts
on Amino Acid Lssays
Table 62

Recovery of Amino Aclce with Synthetic Mixtures «
Corresponding to 10% and/or 40% Hydrolyeis of Substrate

Mixtures Recovery as % of .381
corresnonding Assay micromoles where sadded
to hydrolysels Crganism solution corresponds to
of substrate % hydrolyseie of

10% 40%
Benzoyl-L-leucine Strep. faecslis 10,9.5 Lo,46
Cerbobenzoxygly-

cyl-L-leucine Strep. fsecalis 12.6,11.4 38%, L4
Benzoyl-DL-

chenyl&Tanine L. arasbinosus 11.2,10.9 31,36
Benzoyl-DL-

methionine L. brevis 11,11% 40,39
Benzoyl-DL-valine Strep. faecalis 10%,11% Ly Liy
Benzoyl-L-glu-

tamic acid L. arabinosus 8.3,12.5
Benzoyl-L-as-

nertlic acld Leuc. meegent. 12.0,10.2
A -Benzoyl-L-

histidine Strep. faecelis about 17
ckBenzoyl-L-

arginine Strep. faecelis 9.6,10.7

M
Benzoyl-Ri-
threonine Strep. faecalis 9.5,9.9

*Solution corresponding to 10% hydrolyesis contained .34>
micromole substrate, .0381 micromole L-amino acid plus .0381
micromole oenzoic scid or cerbobenzoxyglycine. The solutions
corresponding to 40% hydrolysis of substrate contalned .2285
micromole of substrate, .1522 micromole of amino acid and .1522
micromole of benzoic acid or carbobenzoxyglycine. These com-
pounds were added with veronsl-acetate buffer. After the ad-
dition of medium, total volume of eolution in each tube was
5 ml.
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C. Hydrolysis of Varlous Acylamino £Acids by Enzyme
’reparcstions from Lactobecillue erasbinosus

1. Acylase activity of Enzyme ‘revarstion I

Table 63

Acylace Activity of Enzyme Prepsration I

Hydrolysle of

Mg. enzyme N Benzoyl-L-leucine Carbobenzoxyglycyl-
per ml. L-leucine
pH % hydrolysis pH % hydrolysis
.041 D3 97,90 6.34 97,97
.0204 6.33 20, 63 6.32 oL, 84
. 0041 6.31 29,28 6.38 35,35

*»

% Hydrolysle of .0001524 molar substrete in %4 hours
at 379. The enzyme-substrate solution had one-helf the
molar concentrstion of sgalts as did the buffer metal ion
solution described on pege 210.
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2. The acylase activity of Enzyme Preparation II

a. Acylase sctivity on varlous acylamino acids over

a pH rsnge.

Table &4

Hydrolysls of Benzoyl-L-leucine by Enzyme Prepar:tion 4

pH of enzyme-subetrate solution

et after 4 hr. # Enzymatic

zero time incubation hydrolysis
4.50 b.h9 3.4,2.0
5.02 5.00 20, 28
5.57 . 5.52 62, 543
6.09 6.03 €7, 54
6.40 6.42 g4, 50
L 6.92 36,39
7.38 7.48 304,30

*For conditions see Figure 1.



Figure 1. Hydrolysis of benzoyl-L-leucine by
Enzyme Preparation II, Conditions: .0001524 molar
substrate, enzyme concentration 9.24 micrograme/ml.,

4 hr., enzyme-substrate incubations at 3?0, and veronal-

acetate buffers of ionic strength .02.
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Table 65

Hydrolysis of Carbobenzoxyglycyl-lL-leucine
by Enzyme Preparstion II"

pH of enzyme-substrate solution

at zero time after 4 hr. & Enzymstic
incubstion hydrolyeis

4.50 k4,50 2.4,2.0
5.00 5.00 2h.6,28.2
5.50 5.52 50,46
6.02 6.07 k5,45
6.38 6.40 39,38
6.87 6.92 16.6,25.4
7.42 7.42 8.6,10.6

" For conditions eee Figure 2.



Figure 2. Hydrolysle of carbobenzoxyglycyl-L-leucine
ty Enzyme °repsration II. Conditions: .0001524 molar
substrate, enzyme concentrstion 3.85 micrograme/ml.,

4 hr. enzyme-substrate incubations et 37°, and veronel-
acetate buffers of lonic strength .02. 1In an ex»eri-
rment run simultaneously and with the sarme enzyme

solution, benzoyl-]L-leucine was hydrolyzed 28%.
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Table 66

Hydrolysis of Benzoyl-DL-methionine by Enzyme
Prevaration II at 30.8 Micrograms
of Enzyme ner M1,

rH of enzyme-substrate solution

at zero time after 4 hr. % Enzymatic
incubation hydrclysis
4,50 4,52 1.1,1.0
5.02 4,96 1.1,1.0
5.53 5.58 2.9,3.1
6.08 6.18 7.5,8.1
6.39 6.40 10,8.5
6.90 6.90 8.3,9.2
7.40 7.39 k.7,4.8

*For conditions see Flgure 3.



Figure 3. Hydrolysis of benzoyl-DL~methionine by
Enzyme Prenarstion II. Conditions: .0001524 molsr in
L-substrste, enzyme concentration 30.8 microgrsams/ml.,
4 hr. enzyme-substrzte incubatione at 37°, and veronal-
scetate buffers of ionic strength .02. Hydrolysis of
benzoyl-§-leucine in & simultaneous experiment at 9.24

microgrems enzyme per ml. was 38%.
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Table 67

Hydrolysls of Benzoyl-Dl-methionine by Enzyme
“revaration II et 185 Micgograme
of Enzyme per Ml.

vH of enzyme-substrate solution

at zero time after 4 hr. % Enzymatic
incubation hydrolysis

L.62 L. 58 .7,1,.7
5.12 5.07 b,3%,4
5.62 5.65 9.2,9.1,9.2
6.13 6.09 20,19,19
6.51 6.47 39,31,31
6.82 6.73 bs, 49,44
6.98 6.95 38,45%,46
7.48 7.47 28%,26%,28%

*For conditions see Figure 4.



Figure 4., Hycérolysis of benzoyl-DL-methionine by
Enzyme Preparation II. Conditions: .0001524 moler in
L-substrate, enzyme concentrztion 185 microgrsme/ml.,

4 hr. enzyme-substrate incubations et 379, and veronal-
ecetate buffers of lonlc strength .02. The enzyme
solution was ke~t in en ice btath during the esddition
of enzyme to the substrate. Hycérolysis of benzoyl-l~
leucine 1in a simultaneous exneriment at 9.24 microszrams

enzyme per ml. was 51%.
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Table 68

Hydrolysis of Benzoyl-DL-valine by Enzyme Preparstion II
at 185 Micrograms of Enzyme per M1.*

pH of enzy

me-gsubstrate solution

et zero time efter 4 hr. % Enzymetic
incubation hydrolysis

4,52 k., L6 0,0
5.01 5.00 0,0
5.51 5.52 1.8,0
6.00 6.00 1.1,10.6
6.30 6.32 11.8,14.8
6.88 6.82 20.8,22.8
7.40 7.32 19.4,11.8

*®
For cond‘tions see Figure 5.



Filgure 5. Hydrolysis of benzoyl-Rl-valine by
Enzyme Prepvarstion II. Conditione: .0001524 molar
in L-substrate, enzyme concentrsztion 185 microgrsms/ml.,
4 hr. enzyme-substrste incubations at 37°, and veronal-
acetate buffers of lonic strength .02. Hydrolysis of
benzoyl-L-leucine in e simultaneous experiment et 9.24

micrograms enzyme per ml. was 35%.
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Table 69

Hydrolysis of Benzoyl-Dl~valine by Enzymg Prevaration II
at Micrograms Enzyme per Ml.

pH of enzyme-gubstrate solution
% Enzymatic

at zero time after 4 hr. hydrolyeis
incubztion

4,54 4.58 0,0,0
5.08 5.08 2.5,2.5,2.0
5.51 5.55 b,5,2,6.5
6.03 6.05 8,10.5,15.5
6.37 6.38 23, 23, 24%
6.68 6.72 36%,33,34
6.89 6.85 Lo, b42,41%
7.39 7.40 Lg, 41

*For conditions see Figure 6.



Figure 6. Hydrolysis of Benzoyl-DL-vsline by Enzyme
Prencration II. Conditions: substrate .0001524 molsr
in L-form, enzyme concentration 464 micrograms/ml., 4
hr. enzyme-substrste incubations at 37°, and veronal-
acetate buffers of lonic strength .02. Hydrolysie of
bengoyl-hpleucine in & simultaneous exneriment with

9.24 micrograms of enzyme per ml. wzs 49%.
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Table 70

Hydrolyels of Benzoyl-Dl-vhenylalanine by
Enzyme Preperation II*

pH of enzyme-substrate eolution

% Enzymatic
at zero time after 4 hr. hydrolysis
incubstion
4,51 L,.53 «2,.3
5.02 5.00 .8,.6
5.58 5.53 1.7,1.7
6.12 6.06 3.0,3.3
6.40 6.40 6.6,5.3
6.92 6.90 6.6,3.9
7.42 7.42 2.7,1.6

*
For conditions see Figure 7.



Figure 7. Hydrolysls of benzoyl-QDL-phenylelanine
by Enzyme Preparation II. Conditions: substrate
.0001524 molar in L-form, enzyme concentration 92.4
micrograms/ml., 4 hr. enzyme-substrate incubations at
37°, and veronal-acetate buffers of ionic strength
.02. EHydrolysis of benzoyl-lL~leucine in e simultaneous

experiment at 9.24 micrograme enzyme per ml. was 56%.
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~ Table 71

Hydrolysis of Benzoyl—&rglutamic 4cid by Engzyme
Preparation Ir*

rH of enzyme-substrate solution

% Enzymstic
&t zero time after 4 hr. hydrolysie
incubsation
4.65 4,68 2,1%,1%
5.16 5.15 0,0,0
5.70 5.66 0,0,12%
6.21 6.22 0,0,6.5
6.50 6.50 1,1%,-
6.93 6.96 0,-,-
7.43 7.42 0,8,19

*

The -'s indicate that the titration values for these
tubes were about equsl to the titration values for the uninoc-
ulated tubes. Conditions: .0001524 molar substrate, enzyme
concentration 7h2°micrograms/ml., 4 hr. enzyme-substrate
incubstions at 37 , and veronal-acetate buffere of ionic
strength .02. Ten ver cent hydrolycis corresronded to .3
ml. increase in .10 normal base recuired to titrste cultures.
Hydrolysis of benzoyl-L-leucine in simultaneous exoeriment
at 9.24 micrograms enzyme per ml. was 39%.
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Table 72

HEydrolysils of Benzoyl-Lraspart%c Acid by Enzyme
Preparztion 11

pH of enzyme-substrate solution

% Enzymatic

at zero time after 4 hr. hydrclysis
incubation
L, 652 4,59 0,0
5.08 5.0k 0,0
5.57 5.58 1.4,1.0
6.12 6.11 0,0
6.40 6.42 0,0
6.90 6.97 0,0
7.40 7.46 0,0

*Gonditions: .0001524 moler substrate, enzyme concen-
tration 185 micrograms/ml., 4 hr. enzyme-substrate incuba-
tions at 37°, and veronal-acetate buffers of ionic strength
.02. Three percent hydrolyels corresponded to .3 Ml.in-
crease in .050 normal base required to titrate ascey
cultures. Hydrolysls of benzoyl-L-leucine in a simultaneous
experiment st 18.5 microgrems of enzyme per ml. vwas 100%.
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Table 73

Hydrolysis of -Benzoyl-L~arginine by Enzyme Preparation I

H of enzyme-substrat lut
pH o yme-subetrate solution % Enzymstic

at zero time after 4 hr. hyarolysis
incubation

L, 58 4,60 0,0
5.07 5.08 0,0
5.62 5.70 0.5,0.6
6.21 6.20 0.6,0.2
6.42 6.55 0,0
6.94 6.97 0,0
7.48 7.50 0,0
*Conditions .0001524 molar sucstrate, enzyme concen-

tration 185 micrograms/ml., 4 hr. enzyme-substrate incuta-
tiong et 37°, &nd veronsl-acetate buffers of ionic strength
.02. Two per cent hydrolysie corresvonded to .3 ml. in-
crease in .052 normel base required to titrate assay
cultures. Hydrolysis of ben;oyl-L-leucine in a simultaneous
experiment at 18.5 micrograms of enzyme per ml. was 95%.
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Table 74

Hydrolysls of 4-Benzoyl-lL-histidine by Enzyme Freparation 11

PH of enzyme-substrate golution

% Enzymatic

at zero time after 4 hr. hydrolysis
incubation

4,59 4,59 0,0

5.05 5.08 0,9

5.65 5.62 0,-

6.19 6.19 0.3,1.5
6.41 6.42 1.0,-

6.96 6.98 1.0,-

7.36 7.42 0.5,0

*

The -'g indicste values thet were discarded because
the titrstion value wss about equal to the uninoculated
control. Conditions: .0001524 moler substrste, enzyme
concentration 185 microgr:ms/ml., 4 hr. enzyme-sutstrste
incubations at 379, 2nd veronal-acetate buffers of lonic
strength .02, Two ver cent hydrolysis corresnonéed to .3
ml. incresse in .050 normsl base required to titrate
agsay culturee. Hydrolysis of benzoyl-l-leucine 1in a
gimultaneous experiment at 18.5 micrograms of enzyme per
nl, was 92%.
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Table 75

Hydrolysis of N-Benzoyl-DL-threonlne vy Enzyme Prep:rztlon 1"

cH of enzyme-cubstrate golution

% Enzymetic

at zero time after 4 hr. hydrolysis
incubation
4,57 4,49 0,0
5.02 4,98 0,0
5.50 5.49 0,0
6.02 5.95 0,0
6.30 6.30 0,0
6.92 6.80 0,0
7.40 7.35 0,0

*Conditions: .000152% molar substrate (of L-form),
enzyme concentration 185 micrograms/ml., 4 hr. enzyme-
gsubetrate incubstions at 379, znd veronal-acetate buffers
of ionic strength .02, Hydrolysis of 3.7% corresponded to
increzse of .3 ml. in .050 normal base reguired to titreste
assay cultures. Hydrolysis of benzoyl-lL-leucine in a simul-
tg;eous exveriment at 9.24 microgrems of enzyme per ml. was
38%.
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Table 76

Hydrolysie of Eenzoyl-QL-leuclinamide and
Chloroacetyl-DL-leucine by Enzyme
‘reparstion II in & Simultaneous

Experiment*
Substrate Mg. enzyme % Enzymatic
per ml. hydrolyels
Chloroacetyl-DL-leucine 9. 24 59,73,55
Chlorozcetyl-DL-leucine L4.62 24,32,31
Benzoyl-RL-leucinamide 9.24 1.1,0
Benzoyl-L-leucine 9,24 Lg, 42,58

*Conditions: .0001524 molar substrzte (of L-form),
pH ebout 6.0, 4 hr. enzvme-substrate incubatione at 379,
and veronel-acetate buffer wes of ionic strength .02.
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b. Relative ylelds from hydrolysis of various acylamino

acids by Enzyme Preparation II and pH optima. The data of
the preceding section seem to indicate that cerbobenzoxy-

glycyl-f-leucine, benzcyl-L-leuclne, tenzoyl-Dl-methionine,
benzoyl-Dl-valine, and benzoyl-DL~phenylalznine are hydro-
lyzed by an enzyme preparation from Lactobacillug arablnosus.
In order to express simply, and in an approximate manner,

the ability of this acylase preparation to hydrolyze the
substrates studled, the data of section a. are used to

calculate relative yields where

Relative Yield

{Weight of enzyme to hydrolyze Bz-leu) x

Welight of enzyme to hydrolyze substrate)

%é Hydrolysis of substrate) x 100.
Hydrolysis of Bz-leu at pH 6.0)

No slgnificant hydrolysis of benzoyl-[~glutamic acld,

benzoyl-L-~aspartic acid, -benzoyl-{~arginine, ~-benzoyl-
L-histidine, or benzoyl-Rl-threonine was noted. Calculated
relative ylelds of hydrolyses are presented in Table 77.

In addition, an experiment was carried out in which
the extent of hydrolysis of several substrates at one

enzyme concentration, when the enzyme additions were within



Teble 77

Calculated Relative Yield for Fydrolyele by iectocscillus
arzbinosus Acylase Fr-prsretion (Egzyme “re~zration
II) ané »E Ontim:

Relstive yield rer

Substrate K unit weignt of Enzyme
optimum acylase gt pH concentre tion
ze mg./ml.

5.0 6.0 7.0

Benzoyl-L~

leuvcine 5.85 29 100 20 9.24
Eenzcyl-Dl-leu- Less

cinemide thsn 3 9.24
Carbobenzoxy-

glycyl-L~

leucine 5.65 91 163 71 3.85
Chleoroacetyl-

Ll-leucine 135 9.24
Benzoyl-Df~

methionine 6.75 0.34 1.8 4.1 185
Benzoyl-DlL~

nhenylslanine 6.6 0.12 0.52 0.82 92.4
Benzoyl-DL-~

valine 7.1 0.07 0.45 1.9 Ley

*In veronal-gscetate buffer of ionic strength .02.
Subetretes were .000152 moler in L-comronent. EZnzyme-
substrate incubstions were for 4 hours st 37°. Relative
rates :re calculated from det- of section a. and
exnreeslion on nege 262.
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Teble 77 (Continued)

Relative vield per
Substrate vE unit weilght of Enzyme
optimum acylase at pE concentrztion
es ng./ml.

5.9 6.0 7.0

Benzoyl-L- Lees than

glutemic =zcid 0.32%* 742
Benzoyl-}- Legs than

aspartic acid 0.30 185
A-Benzoyl-L- Less than

erginine 0.21%* 185
-#~-Benzoyl-L~ Less than

histidine 9.22** 185
N-Benzoyl-RL- Less than

threonine O.&9*§ 185

*%
That 1s lecs than relstive rat:se corresronding to
an incresse over blanks of 0.30 ml. of base usz=d in
titretion of ases:sy cultures.
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a few minutes, was determined. The results are presented
in Table 78. It can be seen that the relative yield of

breskdown per unit weight of enzyme 1s apparently higher
at lower enzyme concentrations for the substrates benzoyl-
RL-methionine, benzoyl-QRL-valine and benzoyl-Rl-phenylala-

nine. However, this increcse in relative yleld mey not be

Table 78

Hydrolyeis of Substrztes at One Enzyge Concentration
in a Single Experiment

Measured
Substrate pH # Hydrolysis
Benzoyl-éfleucine 5.81 43,60,73,56
Chloroacetyl-gg-leucine 5.73 53,46,42,46
Benzoyl-gg-methionine 5.80 5.7,5.7,5.2,5.2
Benzoyl-gg-valine 5.73 1.0,1.3,2.9,0
Benzoyl—ggfphenylalanine 5.82 .8,1.0,1.0

*The enzyme concentration wae ll.1 micrograms of
Enzyme Preparstion II per ml. of enzyme-substrate solution.
The buffer was of veronal-acetate of lonlic strength .02,
substrate concentration was .000152 molar in the [~form,
the enzyme-substrete incubetion was for 4 hours at 37°.
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much grezter than the increase in the usual relative veri-
ation in asgssy results st the lower levels of releaced

emino acid.

3. The acylece gctivity of Enzyme Prepcrztion III £ and
I1I B

a. Hydrolyeis of benzoyl-L-leucine end carbobenzoxy-

glycyl-L~leucins.

Table 79

Acylaege Activity of Enzyme Preperation III A and III B"

% Hydrolysis

Frsction Mg/ml of
enzyme Benzoyl-L~leucine Czrbobenzoxyglycyl-

L~-leucine
A . 0094 20,18 35,38
B .0232 42,34 88,72
B . 00464 8,9 19,19

*In veronal-acetate buffer of pH ca. 6.0 and of lonic
strength .04, Four hour incubstion at 37°.



b. Recovery of acylace gctivity in preparetion of

zlcohol precipitated and lyophilized prepsrztions. Teble 80

presents datz on the hydrolysis of benzoyl-L-leuclne by 3
enzyme frzctions. The enzyme concentrztione in the enzyme-
subrtrate colution wsze deriv:d from the cells grown in 5 mil.
of synthetic medium. As can be seen from Tsble 80, recov:ry
of cctivity toward benzoyl-i~leucine eapmerently exceeded

100%. Thie msy hsve been due to proenzyme activstion.

Table §0

Recovery of Enzyme Activity*

Enzyme solution % hydrolysies of benzoyl-}-
leucine
Unfractionated solution 67,58

Enzyme Preparetion III &
(.047 mg. enzyme/ml.) 91,64

Enzyme Preparation III B
(.0232 mg. enzyme/ml.) 35,34

*The buffer compositions of the three -reparations
were made to correspond in terms of vz=ronal and acetate.
Substgate wes .0001524 molar. Incubation was for 4 hours
at 377.
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4, Lcylase activity of cell suspensions

The 2bility of a cell suspension to hydrolyze benzoyl-
L-leucine ie deccribed in Table 81.

Table 81

Comparison of Acylecse Activity of Cell Sugnension
and Almost Cell-Free Prevaration

Fraction mL of medium to  Maximum % Hydrclyeie of
prepaere enzyme vieble cells benzoyl-
oregent in 1 ml per ml. leucine

of enzyme-sgub-
strate solution

Cell suepension 10 4.3 x 109 66,66
Cell suspension 5 2.15 x 107 26, 26
Lyovhilized enzyme

preparstion

(enzyme vrepara-

tion II) 0.25

(7.2 mg/ml.) 92 2,49

*The lyorhllizecd enzyme nreper:tion and the cell sus-
pension from which it was derived are described on pages
213-219. The results of the viasble cell counts from which
the above cell concentrations are calculeted are civen on
pages 218-219.

**Conditions: 0.000152 molar benzoyl-l~leucine, in
scetate buffer of ilonic strength .05 &nd pH 5.4, 4-1/3 hour
incubation at 37°.
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D. The Effect of Verious Compounds on Hydrolysis by Acylase

The £bility of various compounds to inhibit the bhydroly-
els of benzoyl-L-leucine and cervobenzoxyglycyl-L-leucine
by Enzyme Preparation II was investigeted. The r=sults are
presented in Tezble 82 snd are expressed as % inhibition.
Of the compounds tested, only isocarrolc acid and R-ph=nyl-
alanine ceused significant inhibition of the hydrolyeics of
benzoyl-L-leucine and carbobenzoxyglycyl-L-leucine by an

enzyme preparstion from Lactobacillus arsbinosues (Enzyme

Prepesration II).

E. The Effect of Isocaproate on the Growth
of Lactobacillus arsbinosus

As geen in Table 84, isocaproate inhibited the growth
of L. arsbinosus when the laucine was supplied as benzoyl-
L-leucine; no inhibitlion wae observed when [-leucine as

such wgs supplied.
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Table 82

Effect of Added Comvpounds on Hydrolysis of*Benzoyl-g-
leucine by Enzyme Preparation II

Compound Concentrstion pH % Inhibition
Isocaproic acid .010 moler 6.28 91,93
Isocaproic acid .001 moler 6.12 78,87
Isocaproic acid .0001 molar 6.12 56,53
D-Leucine 0.1 molar 6.10 0,0
R-Valine 0.1 molar 6.18 0,0
D-Phenylslenine 0.1 molar 6.00 75,78
l-tminocyclobutane

carboxylic acid .01 molar 6.01 1,3
5-Cyclobutane spiro-

hydantoin .01 molar 6.07 0,0
Penicillin G notassium

galt 1 mcg./ml. 5.82 23,16
Eacitracin 200 meg./ml. 6.01 0,0
Aureomycin hydrochloride 50 mecg./ml. 6.02 5,20

*Substrate .000152 moler and in veronal-acetate buffer
of lonic strength .02. Enzyme-substrate incubations were
for 4 houre at 37°. The hydrolysis of the controls (no
added compound) was from 55 to 86% and the control for iso-
caproic acld and D-phenylalenine was hydrolyzed 55%.

**Per cent inhibition ie equal to ¥ decrease from control
in hydrolysis of substrate divided by % hydrolysis of control
all times 100. Assay titration values were corrected by
amount of base equivalent to deviation from known-smount-of-
leucine control caused by added compound. The O's indicate
that enzymetic hydrolysie in the presence of the added com-
pound was ecual to or greeter than enzymatic hydrolysie in
the absence of the compound.
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Table 83

Effect of Added Compounds on Hydrolysis of Carbobenzoxy-
glycyl-L-leucine by Enzyme Preparstion II

Compound Concentration pE ¥% Inhibition™”
Isocaprolc acid .010 molar 6.29 97,94
Isocaproic acid .001 molar 6.07 89,92
Isocaproic acid .0001 molar 6.33 70,65
D-Leucine 0.1 molar 6.12 0,0
R2-Valine 0.1 molar 6.08 0,0
D-Phenylalenine 0.1 molar 6.12 97,90
l-Aminocyclobutane

carboxylic scid .01 molar 6.16 28,0
5-Cyclobutene spiro-

hydsntoin .01 molar 6.32 0,0
Penlcillin G potassium

salt 1 meg./ml. 5.82 23,16
Bacitrscin 200 meg./ml. 6.01 0,0
Aureomycln hydrocnloride 50 meg./ml. 6.02 5,20

*Substrate was .000152 molsr and in veronal-acetate
buffer of ionic strength .02. Enzyine-substrate incubstions
were for 4 hours at 37°. The hydrclysic of the controls
(no added compound) wae from 50 to 73% and the control for
lsocaprolc ecid and D-phenylalanine wes hydrolyzed 61%.

**Per cent inhibition is ecual to % decrease from control
in hydrolysis of substrate divided by % hydrolysis of control
ell times 100. Asssy titration values were corrected by
amount of base equivalent to deviation from known-amount-of-
leucine control caused by added compound. The O's 1lndlcate
that enzymetic hydrolysis in the presence of the added com-
pound wae ecgual to or greater than enzymztic hydrolysis in
the absence of the comovound.



- 272 -

Table 84

Result of Isocaproaste 4ddition on Growth of Lactobacillus
erebinosus in Presence of L-leucine or Benzoyl-L-leucine

Leucine source Concentrztion %
added to of Trensmittance
leucineless medium isocaproate after 1;-14
hours™*

.381 micromole

benzoyl-j~leucine none 25,30,34
.381 micromole

benzoyl-L-leucine 0.01 molar 63, 58,65
.381 micromole-[-leucine none 22,23,24
.381 micromole L-leucine 0.01 moler 22,24,23

*Total volume in ezch tube was 5.0 ml. and incubztion
was at 37°.

**The tubes were removed after 13 hours incubation and
about 50 minutes were required to complete the readings.
The values (% transmittance) in the first column were taken
before those in the second column and those in the second
column, before those in the third column.
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V. DISCUSSION

A. Charecteristice of the Acylase System of Lactobaclllue
arabinosus end Comparison with Other Acylsses

l. Substrate preferences of the acylase system of Lacto-

baclillus agabinosus

Of nine benzoylamino aclides tested, only benzoyl-L-
leucine was rapidly hydrolyzed by an enzyme preparztion

from Lactobeclllue arsbinosue (page 263). Hydrolyzed at a

decldedly slover rate were benzoyl-DL-methlonine, benzoyl-
DL-phenylalanine, and benzoyl-RL-valline. 1In sddltion carbo-
benzoxyglycyl-f~leucine and chloroacetyl-[-leucine were
hydrolyzed at somewhat fester rates thsn was benzoyl-[~
leucine. Thus, the dats avallsble seem to point to the
presence in L. arabinbsus of a rather specific acylase
system which attecks moet rapidly substrates which contailn
& termlnal [~leucine residue, with the release of free
leucine. The tentative name, Lactobacillus arabinosus,
Acylase, 1ls suggested for thls enzyme system. “hile the
present data seem to point to a strong preference by

Lactobacillus arabinosus Acylase for leucine terminal sub-

strotes, the validity of this generslization for substrates

containing two or more CC-NH bonds 1s not well established,
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since, of such substratee, only carbobenzoxyglycyl-[~
leucine hac been tested.

Lactobacillus arabinosus Acylase 1e not greatly enhanced

in 1te activity by the presence of a second CO-NH bond in

its molecule, since the hydrolysies of carbobenzoxyglycyl-L-
leucine is only ebout twice as rapid as is the hydrolysis

of benzoyl-J~leucine. The substitutlon of a chloroacetyl for
a benzoyl grouv in benzoyl-L-leucine, results in only &

emall increase in the reletive rate of hydrolysis by Lacto-

bacillus arsabinosus Acylase.

2. Comparison of the substrate preferences of Lsctobacillus
T arablnosus acylase wi € acylaces Irom OLher sourcec

Certain of the descriptions of ascylases given in the
Eistorical of this thesls will now be summerized 1in & com-

parison of the substrate preferences of Lactobacillus

arabinosug Acylase with the preferences of certain scylases

from other sources.

Anson's carboxypeptidase, which is from bovine pancreas
(pages 64-72), repidly hydrolyzes acyldipeptides containing
& terminal phenylaelanine, tyrosine, tryptophan, leucine,
and methionine; the proteolytic coefficients for the carbo-

benzoxyglycylamino acids containing these amino acide range
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from 14 to 1.2 (pege 174). Substrate oreferences of

Lactobacillus srabinosug Acylace (page 263) are decidedly

gharper ~ith regard to the influence of the terminal =zcid.
Hydrolyslis by Anson's carboxypeptidase 1g more decidedly
facilitzted by the vresence of a seccnd CO-NK bond in &

substrate than 1ls true for Lactobacillus zrsbinosus Acylase;

the vroteolytic coefficients for the hydrolysis of carvo-
benzoxyszlyecyl-Li-tyrosine and chloroacetyl-l-tyrosine by
Anson's carboxyveptidase are 6.2 and 1.65, respectively,

+ut the relative retes by Lactobaciilus ar:sbinosus Acylacse

on carbobenzoxyglycyl-f~leucine and chlorozcetyl-DL-leucine
are 163 and 120, resnectively, at pH 6.0. The electro-
negativity of the zeyl grour in acylamino aclids seems to
affect only slizhtly the rate of hydrolyeis by Lactobacillus
arabinosus. Thus, the rates of breskdown of benzoyl-L-
leucine and chloroacetyl-pl-leucine are 100 and 135 at rH
6.0. In contrast, Fones and Lee report that the relctive
rates on the chloroascetyl- and acetyl- derivativee of DL~
nhenylslanine are 3,151 and 15 in veronal buffer for Anson's
carboxypeptidasel.

The present knowledge concerning the acylace comrlement

present in Lactobzscillus arabinosug presents a rather simple

W. S. Fonce and M. Lee, J. Biol. Chem., 201, 847-856
(1953).
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vlcture, —ith the centrzl object being the rather sharp

pr=ference of Lactobscillus grsbinosus icylsse for sub-

strates conteining cerboxy-terminsl leucine. 1In sherp
contrast is the pvicture for the acylase complement of hog
kidney. The complexity of thles picture and the limited
gvecificity will be painted by summarizing the discussion
(pages 76-101) concerning the acylases of hog kidney. The
various acylases diccovered in hog kidney will now ve listed
and deecribed and comparisons msade:

1. The mein comronent of icylase I which hydrolyzes a
variety of acyl aliphatic emino acids at a rapid rate. The
rate of substrate hydrolysis by thie enzyme incresses ur to
5 amlno acid carbons for the N-chloroacetyl, stralght-chain,
alivhatic smino acidg; the increase in slze of the amino acid
vortion of the chloroscetyleted smino acidés beyond 5 carbons,
or branching, diminishes the rate. Chloroacetylemino scids
are hydrolyzed several times as rapldly as are acetyl deriva-
tives. The rztes on chloroacetyl-ggialanine and benzoyl-
RL-elanine were found to be 11,609 znd 25, res ‘ectively
(pages 79 and 80) in contrast with =zlmost equal rates on
the chloroscetyl and benzoyl derivatives of leucine by L.

arabinosus Acylase. The main component of scylase I poe-

gesses much less specific substrate preferences with regard

to the terminal amino acid then does Lactobacillus
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arabinosus Acylase. However, the action of the rain enzyme

acylase of acylasse I 1is more selectively influenced by the
nzture of the acyl group in acylamino aclds serving as sub-
stretes thsn is true for Lactobacillus arebinosus acylase.
Limited evidence indicates the primasry sction of acylase I
is on substrates containing 1 CO-NH bond, but on the other
hand, the presence or absence of the second CO-NH group
does not have a striking effect on the rate of hyirolysis

by Lactobscillus arabinosus Acylase.

2. An enzyme acting more rapidly than benzoyldiglycine
than does the enzyme described under 1. Possibly other
enzymes acting on ascylglycine are present in hog kidney.

3. An enzyme hydrolyzing ecyltyrosines. Possibly
this enzyme or other separste enzymes hydrolyze acyltry-to-
vhang. Evidence i1s very scanty thst acyltry»tophans ere
hydrolyzed by an enzyme differing from the main comvonent
of acylase I.

L, An enzyme hydrolyzing acylasparsgines. Possibly
thie enzyme or other enzymes hydrolyze scylphenylalanines
andéd threonines.

5. An asnartic acid acylase.

6. An enzyme¢ hyérolyzing some acyldipeptides including
chloroacetyl-pl~alenylglycine. Thie enzyme differs from the
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main component of acylase I and has & pE optimum of 8.0
for the subetrate mentloned.

7. A carboxypentidase which acts on carbobenzoxyglycyl-
L-tyrosine and carbobenzoxyglycyl-L-vhenylalanine with cysteine
activation. The pH optimum for the hydrolysls of the latter
compound 1is about 5.3.

8. An enzyme hydrolyzing carbobenzoxy-i-glutamyl-L-~
tyrosine and carbobenzoxy-L~glutamyl-L~phenylalanine without
cyeteine activation.

9 and 10. Separste enzymes which hydrolyze benzoyldi-
glycine snd which have acylase action on./?—nAphthalineulfo—
glycine exist. These activities differ from thst for
benzoylglycine. Whether or not the firet two activities are
identical with scme of the »receding enzymes is not known.

Some evidence exists for the widespread occurrence in
mammalian tissues of acylases similar to some of those found
in hog kidney and bovine pancreas. There 1s a little evi-
dence that some differences exist in the substrate oreferences
of the acylassg from different mammelian specles. For a
detalled presentation of evidence on this subjJect see the
Historical (pages 16-145).

Posglbly related to the svecificity of conetituent

acylasees are the utilization by acid-producinc bacteria of

certain acylamino acids for their amino acid requirements.
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Benzoylglycine 1s utilized by Lactobacillus trevis 8287,

Leuconostoc mesentercides 8042, Streptococcus faecalis 8043,

Leuconostoc mesenteroides P 60, Leuconostoc citrovorum 8081,

and Lactobacillus pentoacetious 367. An enzyme vrevsration

from Leuconogtoc mesent=roides hydrolyzes benzoylglycine &t

about twice the rate as chloroacetylglycine. ¥ith the
exception of the general hydrolysis of acylated glycine, 1t
seems rather llkely that marked specles differences and
marked sneciflcities exist in the substrate specificity of
the ecylases in & group of acid-producing bacterla. This
1s supported by the observation thzt each acid-producing
bacterium investigated can mske detectable nutritionsal
utilization of Just one or & few ascylemino aclide of o
goodly number tested. Aleo, the acylamino acid utilized
varlies with the bacterial c»ecies. The evidence is limited,
however, in that only a few acylated dipeptices were ured.
Also, direct enzymatic evidence 1is usually lacking.

The svecific utilization pattern of acylamino acids
other than acylglycines will now be summarized. Strepto-

coccus faecalis makes use of benzoyl-Dl-methionine, formyl-

w-methionine, and, to a slight extent, formyl-[~valine;
the exceriments involved acyl derivztives of 11 amino acids.

Leuconostoc mesenteroldes utilized only dibenzoyl-L~

cystine of the acyl derivatives of 16 amino acids.

’
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Lectobacillus brevie 8287 utilizes @ -benzoyl-L-arginine and

to ¢ £light extent dibenzoyl-[-cyetine of 16 benzoylamino
aclde tested. Acetyl-DL-tryptophsn snd chloroscetyl-ll-

tryptophan are avaeilable to Lactobscillus cszsei 7469 for

1ts tryntophen requirements; but seversl zcyl derivatives
of leucire, vhenylelznine, end valine are not nutritionally
avellable in lieu of the corresvonding amino acid. A&s

repvorted in this thesls, the acylase system of Lactobaclllus

arebinosus seems to have its zreztest preference for sub-

gtratee vossessing a2 termlnal [-leucine residue. For a
detalled discuesion of pest work releting to the acylases
of the acid-producing bacteria see pages 152-162.

The work summarized in the Historical of this thesis
(pages 6-183 suvports the contention thet enzymes of the
acylase type are wldely and generally distributed throughout
the plant end animel kingGoms. Evidence is fairly limited
concerning the substrate —~references of these acylases.
However, based on wresgent knowledge, the acylases of
certain acid-producing bacteria are rather unigue in the
sharp substrate preferences disnleyed and in the decided
specificity differences among the acylases of different

species.
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3. Comparison of acylase inhibition patterns

The data on page 276 indicste thst the breekdown by
Lactobacillus sarabinosus acylase of benzoyl-[-leucine and
carbobenzoxyglycyl-f,-leucine 1s inhibited &t high concen-
trations of D-phenylalanine and at low concentrations of
isocaproate. DR-Leucine and D-vallne failed to significantly
inhibit acylase action at molar concentrations 657 times
that of the substrates. l-Aminocyclobutane carboxylic
acid, 5-cyclobutane spirohydantoln, penicillin G, bacitracin,
and aureomycin did not inhibit acylese action. The strong
inhibition of Anson's carboxypeotidase action by A-rhenyl-
proplonic zcid parallels the inhibition by isoca rolc aclid

of Lactobacillue arstinosus acylase. This is so slince both

inhititors possess structures corresvonding in part to the
structures of substrates quite sysceptible to hydrolysis by
the respective enzymee. The inhibltion by D-amino acilds,
however, oresents no parallel in one regsrd. Both Lacto-

baclllus arabinosus acylase and Anson's carboxyrevrtldase

are inhibited by R-phenylslenine. Thic inhibition does

not present a perallel in the case of Lactobacillus arsblno-

gus acylase between the structure of inhlbiting R-amino
acid and structure of terminsl L-amlino acid in susceptible

substrates--in terms of inhibiting power and suscertibility
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to hydrolysis, respectively. If such a parsllel existed,
then hydrolysis of benzoyl-L-leucine by Lactobacillus

arabinosue scylase would be more strongly inhiblted by

D-leucline than by D-phenylalsnine and such is not the
case. Alco, the inhibition of Anson's carboxypentidaese by
D-phenylalanine is decidedly more rronounced than is the
inhibition of Lactobacillus sr:binosus acylese (see pages
72 snd 276).

The hydrolysis of £ -naphthalinsulfoglycylglycine by
an enzyme preparstion from Asvergillus niger (page 170)
was inhibited by DL-vhenylalsnine, L-leucine, and glycine.
It would be of interest to know wvhich of the phenylalanine

lsomers was responsible for the observed inhibition.

4. pH and_acylase activity

As indiczted on page 263, the »H optima for the
hydrolysle of benzoyl-J~leucine and carbobenzoxyglycyl-L~-
leucine by Lactobacililue srabinosue acylase are 5.85 and
5.65, respectively; while the pH optima for the hydrolysis
of benzoyl-Dl-methionine, benzoyl-QL-veline, and benzoyl-
Dl-vhenylalenine lie in the range 6.6 to 7.1. The optional

pH for the action of Anson's carboxypeptidase 1s about
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pH ?.31. The breakdown of carbobenzoxyglycyl-D-leucine
by & hog pancreas extract occurred more rapidly st pH
6.0 (page 134). The maximum rate of hydrolysis of carbo-
benzoxyglycyl-L-phenylalenine by a cysteine-activated
enzyme from swine kidney is 5.4 (psge 95). The pH optimum
for the hydrolysis of chloroacetyl-Di-slanylglyclne and
chloroacetylglycyl-Dl~alanine by a swine kidney vreparztion
was found to be pH 8.0 (vage 38). Hog liver nrepsrations
were found to hycrolyze substrztes at the indicated pH
optimum: benzoyldiglycine, 4-4.5 (page 106); acetylglycine,
acetyl-DlL-leucine, and acetyl-Di-phenylalanine, 7.2 (page
106). Carbobenzoxy-L-glutamyl-L-phenylalsnine was optimally
hydrolyzed by porcine wevpsin at vH 2 to 4.0 depending on
substrate and enzyme concentretion (page 108-109).
Staphylococcus aureus extracts hydrolyzed several acyl-
emino scide at optima ranging between 7.0 and 8.0 (page 148).
Hydrolysis of some acylglycines by extracts of Bacillus

pyrogenes citreus Nr. 1, and Bacillus coli communis occurred

between pH 7 and 8.0 (vpages 150 end 163). A pE optimum of
7.1 was founé for the hydrolysis of f-naphthalinsulfogly-

cylglycine by an extract of Aspergillus niger (page 169-170),

and for the hydrolysis of chloroscetyl-l~tyrosine by an

extract of Perssiticus aspergillues (psge 178).
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Thus the present evidence indicatee that, with the
exception of the mammslian pepeine, acylases usually ect

optimaelly at pH's in the rasnge 4.0-8.0.

5. Enzymee present in the acylace system of Lactobscillus
arabinosus

Several experimentszl observations meke 1t seem probzble
that one enzyme hydrolyzes benzoyl-L-leucine and carbo-
benzoxyglyecyl-L~leucine. One such observetion 1is the
approximste constancy of the activity ratio's on the two
substrates for four different enzyme preparations of dif-
fering activity. Another observetlion supporting the con-
tention is the similsr pattern for the inhibition of
hyérolysis of the two substrates. Thus isocaproic acid and
D-phenylalenine both inhibited the hydrolysis of the two
substrates. It seems improbable thzt the observations
would be es they are if benzoyl-J~-leucine and carbobenzoxy-
glycyl--leucine were each hydrolyzed by a separzte enzyme

from Lactobacillus srabinosus.

No good evidence has been presented concerning whether
or not additional enzymes arc resrzonsible for the observed
hydrolysie of benzoyl-QL-methionine, benzoyl-QlL-valine,
and benzoyl-Dl-nhenylalanine. The pH optima for the
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hydrolysie of these substrztes differ from those for the
hydrolysis of benzoyl-[-leucine and carbobenzoxyglycyl-L-
leucine but this does not demonstrazte that more than one
enzyme 1s acting on the group of substrstes in view of the

varying oH optima for the hydrolysic of pepsin subestrates.

B. Rzlationcships between Behaviour of ALcylases
end Celluler Behsviour

1. The relation between Lactobacillus arcbinosus acylace

hydrolysls and utilization of acylamino scids by
Lactobacillues arabinosus

An objective of thie dissertation has teen to see if
there existed a parallel between utilization of acylemino

acids by Lsctobacillue arabinosus and the relative rates of

enzymatic hydrolysie of zcylamino acide by enzyme »repsra-
tions derived from the organism. The benzoyl-, chloroacetyl-,
and carvobenzoxyglycyl- derivstives of leucine were both ap-
preglably utillized end enzymatically hydrolyzed. Benzoyl-
IL-methionine was hydrolyzed =zt a moderate rate by Lacto-
bacillus erabinosus acylece and this compound was also to
some extent svaillable for the methionine requirements of

Lactobacillus arebinosus. -Benzoyl-L-srginine, A-benzoyl-

L-histidine, benzoyl-l~glutamic aclid, and N-benzoyl-DRL-
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threonine were not nutritionally utilized nor were they

hydrolyzed by Lactobacillus arasbinosug acylase. Benzoyl-

DL-phenylalanine and benzoyl-PL-valine were hydrolyzed at

a8 low relative r:te by Lactobacillus sarabincsus acylase,

but these compounds were not detectably utilized by L.

arsbinosus. Thus, there is a close parallel between

nutritional utilization of the acylamino zcics and their
breakdown by enzyme preparations derived from the cell with
the roseible exception of benzoyl-QL-vhenylalanin: and
benzoyl-Di~valine. However, the relative rate of hydroly-
gls of benzoyl-RL-phenylelanine and benzoyl-DL-valine are
so low as to not be in decided quantitative disagreement

2, snd

with the utilization experimente. Eadesl, Itschner
Drecheler> have suggested that the utillization of sacyl-
amino acids involveg the nrior hydrolysis by the orgsnism

of these compounds. The evicence presented in thie thesils

supports such & suggestion, at leset for Lactobaclllus

arabinoeusb.

1c. H. Eades, J. Biol. Chem., 187, 147-152 (1950).

2. F. Itschner. Bacterial utilization and sequence
determination of peptides. Unpublished Ph.D. Thesis. Ames,
Iowa, Iowa State College Library. 1951.

3E. R. Drechsler. Utilizestion of certain benzoylamino
aclids by several species of bacteria. Unpublished M.S.
Thesls. Ames, Iowa, Iowa State College Library. 1952.

hFor a brlef discussion of the validity of enzyme studies
in ex~leining the behaviour of living cells, see - F. Schlenk.
Bacterial enzymee and the theory of sction. In C. H. Verk-
man and P. W. Willeon, ..ds. Bacterial nhyslolegy. ©v. 270-271.
New York, New York, Academic Fress Inc. 1951.
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Evidence has been presented that some of the enzyme
preparstlione desceribed in this thesig were contamineted
with viable cells. In the msking of comparisons between

cell-free enzyme behaviour and the behaviour of Lactobacillus

arabinosus cells, the objection might be railsed that re-

sultcs observed with the enzyme prepar: tions could be due

to conteminating celle. However, the contamination with
celle was slight compered with the number of cells from
which the preparations wz=re derived. Also, the ability of
suspended Lactobacillusg arabinosus cells to hydroly:ze
tenzoyl-L~leucine was relstively moderate (Tzble 81, -age
268). It can be seen from the inform:tion of Table 81 thet
the cells which cocntaminste the lyophilized enzyme nrepare-
tion (Enzyme Preparation II) could be responsible for only
an insignificant part of the hydrolysis of benzoyl-]~
leucine by this preperation. It seems probable, therefore,
that the observed results of the enzyme experiments are

due essentially to cell-free enzyme msterial.

2. Cell environment &snd sc:lase activity

In essence the work reported in this thesis has involved

the extraction of enzymes from Lactobacillus arabinosus cells

and the study of the action of the enzyme solution on
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golutions of certain comvounds in an ettzmpt to analyze and
exnlain certain metabolic behaviour of the cell. Fowever,
it is well to keep in mind that the cell environment may
differ frcm that of the enzyme studlies. /cylace molecules
of the celle z2rowing in az medium are at leacst partislly
confined to little "islands® in the nutrient sea snd are
not uniformly dis-ersed throuchout the whole body of licuid
ag in the enzyme studlies. Furtherfore, the posslbility
exlists that escylase molecules mey be locelized, verlane in
¢n orderly fasrion, in sub-cellular rarticles. These pos-
8ibilities are ralged because other enzymes have been shown

to be so locelized. Thus enzymes carrylng out rezctions of

the citric acid cyecle znd fetty acid oxidation hzve been shown

to be localized in the mitrochrondis of liver cellslsZ. It
has been suggested that the four heme proteins of the cyto-
chrome system ere fixed in space so that the hemes are
juxtanosedl. Enzymes mey be held in an insoluble state

by 1lipld materiel; this 1s suggested, for instance, by the

1A. L. Lehninger. The organized resviratory activity
of 1solzted ret-liver mitochondria. In J. T. Edsall, ed.
Enzymes and enzyme systems. p. 1l-1#. Cembridge, Masca-
chusettes, Harverd University Prescs. 1951.

2p. E. Green. The cyclovhorase system. In J. T.
Edsegll, ed. Enzymes and enzyme systems. . 15-46,
Cambridge, Massschusetts, Harvard University Press. 1951.
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obserVationl th:t treztment with butznol of hog kidney
particulate fraction solubilizes &n zminopeptidase. A4leo,

Lactobacillue arabinosus :cyl=se msy be excreted into the

medium during the utilization exreriments.

The oH of th= cellular environment 1s not identical
with thet of the external medlum accordlng to Hitchellz.

In the s .ecific phase of metabolism under conslders-
tion in this thesis, viz., the metabollsm of acylamino acids,
one finds thet there is a close psrallel between cellular
behaviour and enzyme behaviour. %“hnile it seems rezsoncble
to deduce that, therefore, the scylase action ex-lains
the cell behaviour, these observstions do not, unfortunately,
make clezr to the author many deductions concerning the cell
environment and the physical stste of the enzyme in the cell.
In the utilizetion ex - eriments, acylase action probably
takes nlzce between pHE 4.5 and 8.0 Judging from the pH
versus $ hydrolysis curvee (pasges 235-255); but this may
not correspond to intracellular vH since the experiments

re orted here hzve not excluded the excretion of acylases

1p. 8. Robinson, S. M. Birnbaum, and J. P. Greenstein,
J. Biol. Chem., 202, 1-26 (1953).

2p. Mitchell. Physical factors affecting growth and
death. In C. H. Werkmsn snd *. ¥. “ilson, eds. Bacterial
physlology. p. 140-141. New York, New York, Academic OPress,
Inc., 1951.
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into the medium; nor has localization of the sacylases on
the external-cell surface teen excluded.

The observed close perellel between the utilizsastion
experiments and the enzyme rstudies, besides being due to
the rarticipation of acylases in metsbollsm, msy ariee from
several circumstances. Firct, the conditione of the enzyme
exneriments may avproximste the environment of the acylacses
(within or without the cell) during the utilization ex-
periments. Or, seconaly, the enzyme environment during
the utilization experimente may differ with regerd to
solutes or =-hysiczl condition of the acylases; but this may
not resvlt in enzyme behaviour éiffering grezstly from that
obcerved in the expsriments with essentlally cell-free
enzymes., Thie discussion of intracelluler environment and
ecylace activity does not lead to many conclusions end 1is

intended primerily to —oint to the cuestions left unanswered.

3. Fole of Lactobaciilus arabilnosug acylsse in cellular
metabolism

What is the role, if any of acylases in the metzbolic

machinery of Lactobaclillus arabinosus? The -ossibilities

that they serve in the hydrolyeis and/or synthesis of
protein and/or peptides will be considered. The author is

not aware of other possible roles.
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8. 4Lg digestive enzyme., The observation that the

acylage system of Lactobacillug arabinosus is capable of

splitting carbobenzoxyglycyl-L-leucine makes 1t seem prob-
able that it functions to enlit at least some proteins and
pentldes containing carboxy-terminal leucine which Lacto-
bacillus arsbinosus encounters under netural conditions.
It is difficult to say, on the baesis of present evidence,
whether or not the svecificity displsyed by the acylace
system towsrd the benzoylsmino scids cerrles over to most
substrates containing two or more neptide bonds; but such
a circumstance, i.e. where caerboxy-terminal leucine is most
reacily split out, would not be surprising. If such were
th- case, the specificity of the acylase system would be

of disadvantage to Lactobacillus arabinosusg in the crocess

of meking available a variety of fre- amino acids for
assimilation

b. In crotein synthecis. One of the centrsl unsolved

nysteries of blochemiegtry is the manner in which orotein

is synthesized. For a number of reasons which will be dis-
cusgsed, a not unreasoneble working hyrotheesls is thsat
proteases, for instance, ccylasecs, ~srticipste in protein
synthegis. An attem~t has been made in the work revorted

in this thesls to test this hypothesis by means of inhibitor

experiments. Before discussing the inhibitor exveriments,
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mention will be msde of observations relatinz to protein
synthesls, end then poeeible pathwesys of vrotein synthesls
will be discussed.

Any theory of vrotein synthesis muet explain the
presence in proteins of rather definite sequences of amino
acid residues linked together by CO-NH bonde. Evidence
that proteine contain a definite amino acid sequence is
contained in the reports of Sanger, Thompson, and Tuppyl'z
on the comnlete amino scid sequence in the insulin mole-
cule. However, McFadden and Smith recorted that several
prepsrations of Y-globuline contained a nurber of N-
terminal amino acids in other than molar prOportionBB;
these and other observations may indicate the frequent
occurrence in nature of mixtures of closely related protein
moleculesu.

The equilibrium degrees of hydrolysis of 0.1 molar
alanylglycine and benzoylglycine are 99.99 and 99.95%,

respectively, according to Borsook and Dubnoffs. These

lp. Sanger and H. Tuppy, Blochem. J., 49, 463-481 snd
482-430 (1951).

2p, Sanger and E. 0. P. Thomvson, Biochem. J., 53, 353-
366 and 366-374 (1953).

3M. L. McFadden and E. L. Smith, J. sm. Chem. Soc., 75,
2784-2785 (1953).

“s. W. Fox made similsr stzstements in the following
srticle: S. W. Fox, The American Naturalist, 87, 253-256 (1953).

5H. Boreook and J. W. Dubnoff, J. Biol. Chem., 132,
307-324 (1940).
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authors roint out that this is evidence that in vivo CO-NH
bond synthesgls cannot be sgim-ly the reverse of hydrolysis;
synthesls must be coupled with an energy yielding reaction.
Thie conclusion 1s supported by several in vivo observetions.
Neglein reported that the untake of L-histidine by rat
sarcoma slices 1s sppreciable in the presence of glucose,
but that no uptake occurs in the absence of glucose and
oxygenl. Glucose doubles the ur~tske of L-histidine under
aerobic conditlons. ©Siekevitz and Zamecnilk stated that the
uptake of labeled zlanine by rat 1liv=r microsomes is
incressed 2 to 3 times by the zerobic oxidation of 4-
ketoglutarste or cuccinate in the presence of magnesium,
inorgsnic vhosvchate, and adenylic acid?. Glucose and
smmonium sulfate were observed to stimulete the uptake of
methionine by Escherichia c¢oll; this uptake wac inhibited
by 2,4-d1n1trophenol3. Glucose kept down the pleesma amino
aclid level of hepastectomized dogeu. Shimura observed the

stimulation of protein formrtion in the exciseé silk gland

1E. Negelein, Biochem. Z., 323, 214~234 (1952).

2Siekevitz end Zamecnik, Fed. Proc. 10, 246 (1951).

SMelchior, Klioze, and Klotz, J. Biochem., 189, 411~
k20 (1951).

BE. V. Flock, M. A. Block, F. C. Mann, J. H. Grindlay,
and J. L. Bollman, J. Biol. Chem., 198, 427-437 (1952).
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of the silk worm by a variety of substances; these substances
included o -ketoglutaric acid; pyruvic acid; the vitszmins
Bl’ B2, end 36; agcorbic acld; pentothenic ecid; and
adenoeine triphosphatel. The incorvoration of threonine-
1,2-C1% ana veline-2-C1¥ into rat liver particles were
stimulated 5-fold by the combination of adenosine triphos-~
phate, magnesium chloride, citrate, snd an amino acid mix-
ture according to the report of Kit and Greenbergz. Fotch-
kiss reported during a symposium that there is an inverse
relstionship in the uptake by respiring staphylococeci of
phosphate and amino acids during glucose oxldation3.
Pantothenlic acld, pyridoxine, and pteroylglutamic acid have
been observed to favor antibody formation in ratsb.

Not only 1is protein synthesis probably linked to energy
yielding reactions, but it often involves a state of dynamic

equilibrium involving repid synthesis and breakdown of

1. Shimure, F. Kolde, H. Itabashi, ané H. Fukai,
Symposia on Enzyme Chem. (Japan) Z, 51-3 (1952). Kensuke
Shimura kindly sent an English translation of the Japanece
text.

23, Kit and D. M. Greenberg, J. Biol. Chem., 194, 377-
381 (1952).

3R. D. Hotchkiss. Discussion. In W. D. McElroy and
B. Glass, eds. Phosphorus metabolism. Vol. 1. B. 639-640.
Baltimore, Maryland, The John Hopkine Press. 1951.

uA. E. Axelrod, Metabolism, II, 1-8 (1953).
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protein; the net rate of synthesis 1 the difference between
the two processes. Evidence for the rapid turnover of pro-
tein includes thst of Pletro and Rittenberg on the rate of
protein synthesis in humansl. Simpson suggested that the
incorporztion and release of amino aclds from ~rotein might
be interrelated; he beses this suggestion on the observations
that enzeroblosls, presence of cysnide, and presence of
dinitrophenol (conditions which block off the energy supoly)
inhibit the release of lsbeled methionine and leucine

from the proteins of rst liver slicesz.

One might wonder i7 .:..iidesc are intermedisters 1in
rrotein synthesis. The presence of peptides in viable cells
has been demonstrsted in several instances. For instance,
Salander and Patton have described a "liver peptide® from
chick liver which is increased in concentr:tion by feeding
of vitamin 3123. This peptide sppezred to yield aspartic
aclid, glutamic acid, glycine, cysteine and vhosphorus on

hydrolyels. Peptides are present in human plasxna4 and in

14. S. Pletro and D. Rittenberg, J. Biol. Chem., 201,
457-473 (1953).

M. V. Simoeon, J. Blol. Chem., 201, 143-154 (1953).

3R. C. Salender and A. R. Patton, J. Nutrition, 47,
L69-476 (1952).

by, Schmid, J. Am. Chem. Soc., 75, 60-68 (1953).
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the Juice of corn leavesl. & large pentide has been found
in the livere of the cow, gulnea pig, hog, horse, lamb, and
ratz. £dditional peptides are present in the liver of the
guinea plg. The tripeptide, glutathlone, is & common con-
gtituent of tilseue’. Stelnberg ana Afineen observed non-
uniform labeling of ovelbumin by esyartic acid, glutemic
scld, and elanine in synthesis by hen oviducte in giggg&.
They believed that their findings pointed to & stepwice
synthetic process probably involving the formatlion of psp-
tides as intermedisztes.

Incorporation of labeled smino acides hss been observed
to be most repid for the microsomal frzction of the cell5.
However, the presence of mitrochondria and the csubstrates
end cofactores of oxidative phoevhorylation are recuired for

incorporatlon5.

lDorothy De Fontaine. Guantitative chemicsl distribu-
tion of amino nitrogen from leaves of two strains of corn.
Unpublished M.S. Thesls. Amees, Iowa, Iowa State College
Library. 1952.

2H. Borsook, C. L. Deasy, A. J. Haagen-Smit, G. Keighley,
and P. H. Lowry, J. Biol. Chem., 179, 705-719 (1949).

3F. G. Hopkins, Blochem. J., 15, 286-305 (1921), and
R. A. Gortner, Outlinss of biochemietry. =». 499. Nev York,
New York, John Wiley and Sone, Inc., 1949,

4D. Steinberg and C. B. Anfinsen, J. Blol. Chem., 199,
25-42 (1952).

56. H. Hogevoom, W. C. Schneider, snd Mary J. Striebich,
Cancer Research, 13, 617-632 (1953).




- 297 -

Ribonucleic acid of living cells has been observed to
be closely assoclated with the protein synthesizing locil
and in fact 50% of cell pentose nucleic scid has been found
to be assoclsated with 2 microsomal fractionz. Poeglibly
related to the pathway of nucleic acid formation (anéd pro-
tein synthesis?) 1s the observation that adenine-4,6-14C 1sg
moet rapldly incorporated into the pentose nuclelc scid of
mouse liver nuclesr fraction and th:t the least rapld
incorvoration is in thes microsomsal fraction3. Hypotheses
involving the particivnation of nucleic acid in protein
synthesls will be discussed later.

A number of biochemical syntheses of simple molecules
containing the CO-NH bon. have been investigsted. Vhether
or not these syntheses involve mechanisms used by nature 1in
the syntheseis of the more complex protein moleculece has not
been estzablished, but the investigstion of such possiblilitiles
gs=ems worthwhile. Perhaps, the most protein-like of the
simple molccules under discussion, i:s glutathionine, Y-
glutamyleysteinylglycine. Tris tripeptide 1s syntheslzed

by pigeon liver extracts from the constituent amino acids

1s. E. Mirsky, Sclentific American, 188, 47-57 (1953).

2g. H. Hogeboom, W. C. Schneider, and Mary J. Striebich,
Cancer Research, 13, 617-632 (1953).

3E. L. Bennett, J. Biockem., 11, 487-496 (1953).
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in the vrecence of magnesium and potessium lons, and adeno-
gine triphosphatel-z. A co-fsctor, such ae coenzyme 4, 1s
not recuired. The syntheele takes place in two steps; the
first eten is the formation of Y-lL-glutamyl-L-cysteine from
L-glutamic zcid and L-cystelne; and the s=scond ster involves
the condencation of L-glutamyl-L-cystelne and glycine.
Enzymes hydrolyzing glutathionine are not required for 1ts
seynthesis. Glutathione serves ae a vrosthetic group3 of
glyceraldehyde~-3-vhosphate dehydrogenaaez.

Further evidence th:st pertides may be formed ss inter-
mediates in protein synthesis is afforded by experiments
in which peptides a. pear to accumulate when penicillin 1is

added to bacterial cultures. Hotchkiss found thet when a

strain of Staphylococcus aureus was incubated with a solution

containing glucose, amino acids, snd venicillin, peptides
would accumulate in the solution, »ut no cellular protein
was formed; in the absence of penicillin, amino scids would
be incorvorated into cellular protein in amounte about equiv-
alent to that incorporated into peptides in the rresence of

penicillinu.

15, E. Snoke, S. Ysneri, and K. Bloch, J. Blol. Chem.,
201, 573-586 (1953).

2J. E. Snoke, J. Am. Chem. Soc., 75, 4872-4873 (1953).

31I. Xrimeky and E. Racker, J. Biol. Chem., 198, 721-
729 (1952).

¥R. D. Hotchkles, J. Exp. Med., 91, 351-364 (1950).
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Gale and co-workers reported thet Staphylococcus
aureus in glucose solution linked together seversl amino
aclds, including cysteine, with glutamic :scid wilth the
accumulztion of the resultant peptides in the external
mediuml’z. The presence of these amino aciés inhibited the
trensfer of glutamic acld ageinst a concentration gradient
into the cells. Glutsamic acid t-ansfer wvas aleo inhibited
by penicillin. However, valine, leucine, and ieoleucine
acceler:ted the accumulation of free glutemic acid in the
bacterial cell. Compounds heving in common & uridine-5-
pyrophosphate-amino sugar group were reported to accumu-
late in Staphylococcus aurcus H celle when penicillin wes
added to a growing culture3:* 5, 1In addition, two of the
three compounds isoisted contained amino acid residues.
The significance of these observstions is not clear.

Simmonds snd Fruton mede observztions rether similzr

to those of Hotchkiss. They recorted thst a grem negetive

lE. F. Gale, Amee, Iows. Lecture. May 22, 1951.

°E. F. Gale and M. B. Van Helteren, Blochem. J., 50,
34-43 (1951).

35, T. Perk, J. Biol. Chem., 194, 877-884 (1952).
4Ipia., 885-895.

5Ibia., 897-90k.
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bzcillue would grow in the presence of salts vlus either
glycine and leucine, or ereucylglycinel. The org:s:niesm

was elichtly inhibited in the presence of 500 units/ml. of
rencillin and L-leucylglycine; but 5 units of pencillin
ceused pronounced inhibltion when glycine and leucine but

no L-leucylglycine wer: rrecent. They offered the hypothesis
thet assimil:-tlon of glycine by the organisr involved its
prior incorporation into £ peptide and thst the bscterio-
stetic effect of pencillin wacs due to inhibition of peptide
synthesis.

Interesting recorts have zappe: red within the lasgt few
Years on the biological synthesis of CO-NH bonds in com-
pounds differing eomewhst from the peptides resulting from
the hydrolysis of proteins. One such report is that by
Maags, who reported that vantothenate le synthesized from
@ -alenine and pantoste by an extract of Escherichis coli
cells in the presence of adenosine triphoephate zs an
energy source and Mg** or Mn* and KT or NH;' as activatorsz.
Coenzyme A dependence was excluded. EHipouric scid was
gsyntheslzed from benzoic acid plue glycine by extracts of

an acetone powder of rat liver in the oresence of adenogine

1ls. Simmonde and J. S. Fruton, Science, 111, 329-331
(1950).

2w, K. Maass, J. Blol. Chem., 198, 23-32 (1952).
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triphosphate; coenzyme A wes required and cystelne, Mg

and K were also presentl. Benzoylohoephate could not
substitude for the presence of benzolc acid plus adenosine
triphoephate. Schachter and Teggert have demonstrated the
enzymetic formation of hiprurate from S-benzoyl coenzyme A
and glycine in the presence of & fraction from hog kidneyz.
Kielley and Schneider revorted that mitrochrondrla possess=d
practically all of the pers aminohippurlic acid synthesizing
apility in rat liver homogenates3. Pera-aminobenzoic acid
was observed to conjugate with &-benzoyl-[~ornithine due

to the cstelysis of washed chicken kidnesy residues in the
oresence of :denosine triphosphste, magnesium sulfzte, snd

cytochrome 04. In the presence of rather high concentrations

of cyanide, dried cell preparations of Clostridium kluyveri

and acetylphosphate caused a relatively non-specific scetyla-

tion of amino acids and proteins5.

1H. Chantrenne, J. Biol. Chem., 189, 227-233 (1951).

2p. Schachter snd J. V. Taggart, J. Blol. Chem., 203,
925-934 (1953). ]

3R. K. Kielley snd W. C. Schneider, J. Biol. Chem.,
185, 869-880 (1950).

4R. W. McGilvery, and P. P. Cohen, J. EBEiol. Chem.,
183, 179-189 (1950).

5E. R. Stsdtmen, J. Katz, and H. A. Barker, J. Blol.
Chem., 195, 779-785 (1952).
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Lipmann discussed the acetylation of sulfonamide by
pigeon liver extract in the precence of adenosine triphos-
phate and similar reactlonsl. He suggested that & phos-hate
bond transfer is operstive in the process of incorporestion
of amino scids into protein.

We have discussed some observations vossibly pertinent
to protein synthesie. What then are some hypotheses con-
cerning the mode of protein synthesis which are reconcilable
with observation? Several workers belleve thet vrotein
synthesis involves the participation of nucleic sacid and a
temnlste mechanism which accounts for the specific pattern
of protein. Haurowltz suggested thst the temrlate conferring
specificlty in crotein synthesis 1c an extended vrotein
layer and that the physicel vrocess leading to a specific
sequence of amino acids is analogous to crystallization2'3
Peptide bond formation is said to be effected by non-
sprecific enzymes and nucleic scid 1s saild to function to
maintain the proctein templste layer in an extended layer.

The enzymes involved may be of the cathepsin or papzin

1F. Lipmenn, Federation Proc., 8, 597-602 (1949).

2F. Haurowitz, Blol. Reviews, 27, 247-280 (1953).

3F. Haurowitz. Chemistry and biology of proteins.
r. 325-355. New York, Academic Press Inc. 1950.
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type, but are sald not to confer specificity since, according
to Haurowitz, proteolytic enzymes isolated from orgsne are
non~specific. Similsr proposals were made by Caldwell and
Hinshelwood?l.

Dounce suggested a temnlate hypothesls involving the
reaction of amino acids with diphosphonuclelc aclds znd &
subsecuent peeling off involving the change of phospho-
amide linkages to carboxylemide 11nkages2. £n argument
egsinst these template hypothesie 1s besed on the observa-
tion, aslready mentioned, thet ‘eptides accumulate in the
presence of penicillin, which would seem to indicate a step-
wise mechanlism of protein synthesis; whereas, & template
hypothesis more suggestive of a mechanism in which any one
degree of peptide bond formation woulcd not be differentiated
from another by an inhibitor. It 18 possible, of course,
that the peotide formation obeserved involved a process not
connected with protein synthesis. Also, it 1s difficult to
recsnclile unecual labeling of ovalbumin with the formation
of a protein on a single template; however, exchange reactlons

following protein formation could account for the unecual

1p. . Calawell znd C. Hinshelwood, J. Chem. Soc.,
3156-3159 (1950).

2). L. Dounce, Enzymologla, 15, 251-258 (1952).




- 304 -

labeling observed. The poesible role of nuclelc acid as
the hereditary transmittor of speciflc patterns of life 1s,
however, an argument for 1ts participation in the form:ztlon
of vrotein which is so imrortant in biological specificityl.
A second poscsible hypothesis concerning the mode of
protein synthesies is that proteases are to a large extent
resvonsible for protein synthesls. An ergument for such
a hypothesis 1g stated by Fruton:
Perhaps the strongest reason for ascuming,
as & working hypothesls, the view th:t proteolytic
enzymes nley sn imrortant role in protein synthe-
s8ls 1s the fact that they are the only known bio-
catelysts which by virtue of their csharp s—ecificity
could direct, precisely esnd reproducibly, the couple
seguence of successive pentide synthesis recuired
for the formation of a proteinZ.
However, the evidence for & sherc specificity on the: part
of proteases 1s far from incontrovertible, The description
of precent knowledge on acylase gpecificity in the Eistori- .
cel of trhle theels would seem to indicate thst both
svecific and rether uns ‘ecific acylase sre present in nature.
However, Janssen, Winitz, snd Fox have offered evidence that

different vroducte may be formed by different rrotesces in

the cynthesles of acylamino acid anilides and acyldipeptide

1s. L. Dounce, Enzymologila, 15, 251-258 (1952).

2J. S. Fruton, In D. E. Green. Currente in blochemical
research. p. 133. New York, New York, Interscience
Publirrarg, Inc. 1946.
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anilides starting with the same reactantsl. It hes been

2 that while the substrate grecificity

suggested by S. W. Fox
of the protease involved in a eingle ste» of protein
synthesis may be limited, the cumulstive effect of a serles
of protesse medizteé reactions might give a product with
& limited number of smino acid sequences. As has been
mentioned, Haurowitz, in contrast to Fruton's statement,
does not believe that proteases vossecs sufficlent srecifl-
city to account for the srecificlity of ~rotein synthesisB’u.
While there is disasgreement as to the abtility of pro -
teases to impart the scecificity of protein structure, the
fact that they sare the only well known group of enzymes
involved in reactions of the peptide bond which poseess
at least some specificity of sction, would make their
investigsation in connection with protein csynthesie of
poseible value.

As pointed out, protein synthesis 1s more thsn a simple

reversal of peptide bond hydrolysis. W¥hile proteasec have

1F. Jenssen, M. ¥initz, and S. Fox, J. 4&m. Chsz. Soc.,
75, 704-707 (1953).

2S. W. Fox, Ames, Iowa. Comment on protease cpecificity.
Private communication. 1953.

3F. Haurowitz, Biol. Reviews, 27, 247-280 (1953).

4F. Haurowitz. Chemistry snd biology of proteins. p.
326-355. New York, Academic Press Inc. 1950.



- 306-

been primarily studied as hydrolytic enzymes, they seem
to possegs a versgatllity of reaction which increases the
poseibillty thet they can catalyze reactlons involved in
protein synthesis. This versatility of reaction is disnlayed
in varlous exchange reactions, other than hydrolyeis, on
the carbonyl grouv of peptide or similar bonds. For in-
stance, protesses catazlyze trancveptidetion reactionel as
in the replacement of the glycinamide molety of benzoyl-
L-tyrosylglycinamide by isotoplc glycinamide in the
rresence of chymotrypsinz. Or transamidation can occur
as in the renlacement of the -NH, grour of glycyl-}-
vhenylelaninamide by the -NHOE grour of hydroxyamine in
the presence of cathevsin C2. Certain transpeptidation
reactions may lead to the formation of high molecular

welght peptides from pertides of lower moleculsasr weight

according to Virtanen3tn’5. Protease directed exchange

1c. s, Hanee, G. E. Connell, and G. K. Dixon. Trans-
peptidetion and transamidstion reactions. In ¥W. D,
McElroy and B. Glass, eds. Phoephorus m«tabolism. Vol.
II. p. 95-108. Baltimore, John Hopkine Press. 1952.

2R. B. Johnston, M. J. Mycek, and J. S. Frutonm, J.
Biol. Chem., 187, 205-211 (1950).

3A. I. Virtanen, H. K. Kerkkonen, T. Lacsksonen, &nd
M. Hakala, Acta Chem. Scand., 3, 520-524 (1949).

4A. I. Virtenen, Ann, Acaed. Scient. Fennlcae, Ser. A.

II, 39, 3~25 (1950).

5A. I. Virtsnen, H. Kernkxonen, M. Hskala, and T.
Lagkconen, Naturwissenschaften, 6, 139-14C (1959).
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reactlione include the renlscement of an alkoxy group with
an amino acid ester; for instance, chymotrypsin catslyzes
the formation of dipeptides and tripevptides from methionine
isopropyl eeterl. A discusslon of transvevtidation and
how transpeptidetion and glutathione form:tion could ac-
count for roteln syntheels 1is vrresented in a thecsis by
Winitz2. A detalled consideration of transpeptidations
involving Y-glutamyl pentldee and ¢ -emino-acyl peptides
ie presented in & paper by Fanes, Hird and Isherwoodj.

The versstility of reaction disvlayed ty —roteases

could concelvsbly function in vrotein synthesis by:

l. a reshuffling of amino acild sequences, or trans-
neptidation, without net synthesics of peptide

bonds.

1Brermer, Miller, and Pfister, Helv. Chimica Acta 33,
568-591 (1950).

2Milton Winitz. The contribution of substrate struc-
ture to enz maetic veptide bond synthesis. Unpublished
Ph.D, Thesis. p. 7-42. :imes, Iowa, Iowa State College
Library, 1951.

3¢. s. Hasneg, F. J. R. Hird, and F. A. Isherwood,
Biochem. J. 51, 25-35 (1952).



- 308 -

2. coupling of larger peprtides, at which stzge pec-
tide bond formstion may not involve a large
negative free energyl'2’3.

3. or by a selective hydrolysls of peptides formed
from non-svecific rezctione, leaving oniy o few

pe ‘tidee avsilsble for furth:=r convereion to

protein.

In addition, the perticipation of proteases 1in protein
gynthesls might involve transfer reactlons involving high
energy tonds. BSuch bondes might be involved in high snergy
phoerhete groune or in CC-S bonds such as thosge th:t cccur
in coenzyme A. Such reactions would reconcile »rotezse-
mediztec ~rotein synthesis with the recuirement for an
energy input. Such a hyrotheslis seems poseible because of
the versatility of rroteases in catelyzing exchange re:cc-
tione and beceuse of the intrinsic ability of smino acids
to undergo non-enzymetic reactione of the type concelvetly

involved. An exzmple of such non-enzymetic reactions was

1
4. I. Virtenen, H. Y. Kerkkonen, T. Laskeonen, and M.
Hakals, Acta Chem. Scand., 3, 520-524 (1949).

2A. I. Virtanen, Ann. fcad. Scient. Fennicae, Ser. A.

II, 39, 3-25 (1950).

3. I. Virtanen, H. Kerkkonen, M. Hakala, and T.
Lasksonen, Naturwissenschaften, 6, 139-140 (1950).
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that obeerved by Koshland where zcetylphosphate was
observed to react with some amino acids at pH 7.3 and
3901. Also, Chantrenne found that dibenzoylphosphate
reacted with glycine at pH 7.4 and 37°2.

& nossible mechanism or peptide bond synthesie might

be z8 follows:

(1) R-COOE + acyl-S-Co 4 Protease ; R-C0-8-Co & +acyl-OK

(2) R-C0-S-Co A-+R' -NH, Protease Il p_co yi Rt +HS-Co 4

=~

>4

where the carboxyl and amino recctants are amino aclds
and/or veptides and Co A stands Tor coenzyme A exclusive

of the esulfhydryl group. Similar reactiones involving

hich energy phosvhstes bonde such as acylphosvnhste groups
might be involved. Living orgeniems, as haes been pointed
out, rossess severzi prerequlsites for carrying out oro-
tein synthesis via protease directed reactions involving
energy transfer reactions; these include esvallable energy
in the form of high energy phosphate bonds, as in adenosine

trivhosphate, and high energy CO-S bonds, as in zcetyl

1p. £. Koshland, Jr., J. 4m. Chem. Soc., 73, 4103-
4108 (1951).

g, Chantrenne, Compt. Rend. Trav. Lsb. Carlsberg, Ser,
Chim., 26, 297-314 (19587,
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coenzyme 4i; proteasses possesgsing the sbility to carry
out a varlety of exchange resctions and rossegsing certsin
amount of s»eciflicity with regeérd to amino acid residues
in substrates; and finally, amino sclde having the intrin-
gilc ability to undergo reectione of the tyve possibly
involved. %hether nesture actually cerries out vrotein
synthesis vy use of proteases depends on the specific
neture of svnecificity possessed by her enzyme complement.
Interesting reviewes on vroteln synthesis heve been
nresented BorsooklsZ2,
Now to be diecusecd are exwerimsnts undertsken to
galn indirect evldence as to whether or not the scylase
syeten described in this thesis wes involved in protein
syntkesis. Fox, Fling, =snd Bollenksck have reported thzt

R-leucline 1inhiblted the growth of Lactobacillus arsblnosus

in & medium containing no pentide nor proteinB. Xokteayashi,

Fling, &nd Fox suggested that D-amino acids hinder bacterial

1H. Borsook, -hysiol. Rev., 30, 206-219 (1950).

2H. Borsook. The bilosynthesls of nroteins and ventidee,
including isotopic tracer studies. In L. Zechmeister, ed.
Progress in the chemistry of orgsnic natural ~roducte.
Vol. IX. =. 292-353. Vien, Austris, Springer Verlag.
1952.

35. ¥, Fox, M. Fling, end G. N. Bollenback, J. Bilol.
Chem., 155, 465-468 (1944).
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growth by interf:ring with -roteolytic enzymes in protein
eynthesis®. The obeervation th:t D-zmino zcide inhibited
hydrolysis of substrates by inson's carboxypeptidase made

it reem vosegible that the scylase system of Lactopacillus

arebinosus would zlso be inhibited by p-amino ecide. It

wes believed if a perallel pvattern of inhibition of both
cell growth and inhibition of hydrolyels by the acylase

system of L. arabinosus was observed, thet this would con-

getitute evidence, but not proof, that the acylase system
was essential to the life of the organism and probably
took psart in protein synthesis.

As has been mentioned, exverimentcs were carried out
to test the effect of pP-leucine, D-valine, D-rvhenylalenine,
penicillin, bacitracin, aureomycin, isoceproic acid, 1-
aminocyclobutane carboxylic acid, end S5-cyclobutzne sniro-
hydantoin on the rate of hydrolysis of benzoyl-L-leucine,
and carbobenzoxyglycyl-l-leucine by Lactobscillue srabino-
sus acylase. 0Of the compounds tested, only isocanrolc
acld and to some extent D-phenylalanine caused inhibltion
of substrate hydrolysis. No significant inhibition of

hydrolysis was caused by .10 molar D-leucine which was

lY. Kobayashi, M. Fling, and S. VW, Fox, J. Blol. Chem.,
174, 391-398 (1948).
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657 times the molzr concentration of the substrstec and st

& concentretion which caus=d decided inhibition of Lacto~

baclillus arabinogus growth, according to Fllngl.

One can conclude from the gbove results that inhibi-

tion of the growth of Lactobacillus arsbinosus by D-leucine,

D-valine, penicillin, bacitracin, and sureomycin does not
involve inhibitlon of the acylase in L. arsbinosus which
hydrolyzes benzoyl-L-leucine and carbobenzoxyglycyl-}-
leucine. The lack of acylase lnhibition by Q-leucine 4id
not disprove thazt inhibition of bacterial gro~th by D~
leucine involves inhibition of some protesse gince a
protesse other than the acylase studied might be inhibited.
The observation that isocaproic acid inhibited Lacto-

bacillus arabinosus acylase action suggested a further

experiment. The ability of isocarroaste to inhibit the
growth of L. arsbinosue in synthetic medium containing
L-leucine was determined and no inhibition was observed.
In relation to acylase particination in vorotein synthesis,
this regult could be internoretated in at least three ways,

viz.: <the 1lsocarroate wes reaching the Lactobacillus

aresbinosus acylase, but no inhibition of growth was observed

IH. Fling. Preparstion of amino aclids and derivatives
and thelr effect on the growth of Lactobacillus arabinosus.
Unpublished Ph.D. Thesis. v. 60. Ames, Iowa, Iowa State
College Library. 1946.
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since the acylase was not essentisl for th:= orotein
gynthesis of the organism; th: isocaproate as not resching
the acylace in effective guantitiec because of its being
rapldly cstabollzed or because of 1te failure to penetrate
the cell znd at the same time the acylase is essential to
the protein synthesis of the organism; or, finally, the
isocaproate may have failed to reach the acylase and the
acylase is not essential for the ~rotein synthesie of

Lactobaclllus arabinosusl.

The ex eriment deccribed zbove wze enlarged to d:termine

if the isocarroste ~as resching the Lactobascillus erzbinosus

acylase which hydrolyzes benzoyl-L-leucine; ths objective
of thie enlargement was to further 1imit the conclusions
which might be drawn from the previously mentioned exveri-
ment. The extension made was to determine if isocarrozte

would inhibit the growth of L. asrabincsus in synthetic

medium when leucine was furnished as benzoyl-L-leucine,
The observecd resulte were that 0.0l molar isocaproate

decidedly inhibited the zrowth of Lactobacillus sasrabinosus

when no leucine but only benzoyl-L-leucine was present to

meet the leucine needs of the bacterium.

lThe author aopreciztes the helpful comments of Dr.
Fritz Schlenk on these inhibition exverimente. Iowa Stste
Coliege. 1953.
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The preceding results would be explsined by the fol-
lowing statements. The inhibition of Lactobacillue arabino-
sus growth by isocaproate when benzoyl-L-leucine was the
leucine source was due to inhibition of the acylace active
on this latter compound and therefore the isocaproate was
reachling the acylase; that some other reaction was not
being inhibited was made likely by the failure to observe
inhibition when leucine was added as free leucine. Since

isocaproate was reaching the Lactobacillus arsbinosus scylase

and no 1lnhibltion of growth was observed when free leucine
wae present, 1t seeme rather likely thst the Lactobacillus

arabinosus acylase which acts on benzoyl-L-leucine and

carbobenzoxyglycyl-k—leucine does not particiveste in syn-
thesis of proteln from free smino aclds.
There are at lecst two poseible arguments, however,

ageinst the conclueion that an L. arabinosus acylase does not

particinste in protein synthesis. It is concelivsble that
the acylase functions both ss a synthesizing and hydrolyzing
enzyme and thet only & emall quantity of the acylase is
needed for the synthetic fuhction. The scylase might carry
out 1ts synthesizlng function at a locus which the isocapro-
ate cannot reach, whereas, the remeinder of the scylase

can be resched end inhibited by the isocaproate. A further

possibility is that isocaproate reached 211 of the acylsse
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but that the acylase particivaetes in & reptide-bond-ferming re-
action which waes not sufficlently rate limitings to slow down
g~c+th when the resction was inhibited by iesocaprozte. FEowever,
thie latter pvoseibility dces not szem likely becsuse of the con-
slderable amount of energy needed for peotide bond formztion.

In spite of the opreceding argumsnte 1t 1s believed that
the experiments described mske 1t rather cdoubtful that the
carboxypeptidase described in this thesis participates =zt

any staegce in the synthesis of vrotein from free emino ecids.

C. Comment on Experimental Methods Used in Enzyaxs Studles

The use of microbiologiczl assay for the detectlion of amino
aclde libersted during enzymatic hydrolysies of acylemino ccids
possessees certaln advantages snd dlsadventages. An advantege was
the ebllity of the method to detect liberated emino aclds at
concentrations used in growth of the bact:riun, that is at phys-
lological concentrations. Thus microbiological aesay detected
amino acide corresponding to 2 to 10% hydrolysie of .000152
molsr substrates. The sensitive ninhydrine colorimetric method

1

as described by Troll ané Cannan™ will only detect concentra-

tions about ten timee this level. The specificity or the method

14. Troll and R. K. Cannan, J. Biol. Chem., 200, 803-
811 (1953).
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enabled leucine to be determined in thes vresence of other
emino acidée which were vressnt in mol:r concentrations
several hundred folé the concentrstion of leucine and/or
subetrate.

A dissdvantzge of the anelyticel method used in these
enzyms gtudiee include its limitetion to substretee whkich
do not eporecicily influence the ascay. Thus 1t was not
se=n how the msthod could be & plied to following the
hydrolysie of benzoylglycine by acylase. Txneriments to
d>tect the hycdrolyels of benz yl-Di-slanin: were not setis-
factcry. Another dravwbeck to the method was the work
involved 1n »repering meterials and in carrying out aseays
for &« vzriety of aminoc z#cice. Legc gpecific metrods, 1if
apnlicablie, often involve less lsbor. In addition,
microbiological asssy has the customery veristion in
regulte of the order of 10% and other methods are usually
more ‘recise.

It robably would have been more desirsble to dissolve
the so0lild enzyme 'repsrstions in saline or other sz2lt colu-
tions rather then in éistilled ~ater a8 was usuzlly done
in these studlies; the scylase reper:ztions seeme¢ to e
rather unstable when dissolved in water and keot at ca.

6°. Housver, incomclete observatione sugzest that the
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ecylace activity may underzo sctivation in acet:te buffer
of ionic strength 0.1 end pH 5.5.

The uce of veronal-scetate buffere of constant ionic
strength vermitt-d the study of the affect of the single
varigsble, pH, on the rates of substrate hydrolysie due to

Lactobecillus srabinosus acylase. However, veroncl 1is

relatively incoluble, znd the use of & more soluble buffer
combination would nermit the uegs of higher buffer concen-
tretions and the etorage of the buffer colutione in the

cold so as to minimize snollege.
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VI. SUMMARY AND CONCLUSIONS

1. The ability of a crude lyophilized enzyme prepara-

tion from Lactobacillus arabinosus to hydrolyze 9 benzoyl-

amino acide and carbobenzoxyglycyl-L-leucine over the pH
range 4.5 to 7.5 was measured by asecaying microblologically
for the liberated amino acids. The breakdown of chloro-
acetyl-DL-leucine at pH 6.0 was also determined.

2. In an experiment carried out at one enzyme con-
centration at & pH of 6.0 with substrates .152 millemolar in
the L-components, the observed extents of hydrolysis (or
L~forms) were as follows: benzoyl-[-leucine, 58%; chloro-
acetyl-DL-leucine, Lo%; benzoyl-DPl~methionine, 5.5%; benzoyl-
DL-veline, 1.3%; and benzoyl-DL-phenylalanine, 1%. Under
the oreceding conditions, carbobenzoxyglycyl-l-leucine 18
somewhat (about 60%) more susceptible to hydrolysis than is
benzoyl-L-leucine. The pH optime for the benzoylemlno acids
Just mentioned and for carbobenzoxyglycyl-L-leucine, ranged
from 5.65 to 7.1.

3. No significant hydrolysis wzas observed of benzoyl-}~
glutamic acid, benzoyl-lL-aspartic acid, -benzoyl-[~hlsti-
dine, -benzoyl-f;~arginine, or N-benzoyl-pL-threonine when
the conditions were such that hydrolysis over a relative rate
of 0.49 would be detected and when the rate on benzoyl-J-

leucine was set equal to 100.
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L4, Eenzoyl-L-leucine wae almost completely utilizable

for the leucine reculrements of Lectobecillusg arabinosus.

C: rbobenzoxyglycyl-L-leucine wae 100% utilizable in terms
of its leucine content and this extent of utllizetion was
some~hat more than previously reported for the 72 hour
growth ~eriod used.

5. The activity retios on benzoyl-L-leucine and carbo-
benzoxyelycyl-L-leucine for thres different enzyme nrepars-

tiones from Lactobacillus arzbinosgus which -ossessed con-

giderably different zactivity per unit of protein were ebout
the same.

6. Benzoyl-DL-leucinamide wae not detectably hydrolyzed
by an enzyme preperstion from L. arzbinosus under conditionse
which caused 46% hydrolysis of benzoyl-JL-leucine.

7. The hyérolysis of benzoyl-lL-leucine and carbo-
benzoxyglycyl-L-leucine by the sbove mentioned enzyme
prenzration was inhibited by .0001 molar isocanroic czcid
and .1l molar D-chenyleslanine. No significant inhibltion
vas noted with .1 molar pR-leucine, C.1 molar R-valine, .01
molar l-aminocyclobutasne carboxylic acid, .01 molar 5-cyclo-
butane spirohydantoln, 1 meg./ml. of penicillin G, 200
meg./ml. of baclitracin, or 50 mecg./ml. of aureomycin.

8. Isocaprozte inhibited the growth of Lactobacillus

arzbinosug in synthetic medium containing benzryl-L-leuclne
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as the leucine source; no inhibition wae noted when [~
leucine was the sole leucine source.

9. The prepvaration of the new compounds, N-vhenylacetyl-
l-sminocyclobutane carbox;lic escid, and N-benzoyl-l-emino-
cyclobutzne cerboxylic acié is described.

10. lodifiec -rocedurss sre describé&é for the :repara-
tion of the ~reviously described compounds, benzoyl-L-
leucine and conper l-aminocyclobutane carboxylate.‘

11. There was a cloege ~crsllel bstween the rztes of
acylass action end the, for the most ~ert, nreviously
renorted nutritional utilizationes of sac;lamino ecids by

Lactobacillue arabinosus. It ieg bellieved that these

observations constitute good evidence thet the utilization
phenom-ne are due to the action of an &acylase or acylases

rroduced by Lectobacillus aresbinosus.

12. In view of the observa‘ions given under 5 (vage
319), and considering the rather snecific common inhiti-
tion pattern for enzyme activity on benzoyl-L-leucine and
carvobenzoxyzlyeyl-L-leucine (stztement 7, page 319), it
seems likely thst only one enzyme from L. arsbinosus 1is
resronsible for the observed hydrolyels of benzoyl-L-leucine

and cerbobenzoxyglycyl-L-leucine.
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13. In view of the statements of 6 (page 319) ané 12
(page 320), it seems likely that the enzyme which hydrolyzes
benzoyl-L-leucine and carbobenzoxyglycyl-L-leucine ie a
carboxypeptidase.

14, Since no inhibltion of acylase action by D-leucine
was observed, the previously reported inhibition of Lacto-

bacillus arabinosus growth by this compound was probably

not due to inhibition of the L. arsbinosus acylase (or
carboxypeptidase) active on benzoyl-J-leucine and carbo-
benzoxyglycyl-L-leucine.

15. It 1s velleved that the observations concerning the
effect of isocaproate on acylase action and growth of
Lactobacillue arsbinosue (statements 7 &nd 8, vage 319)
make it appear rather unlikely that the carboxypeptidase

described in this thesis participates in protein synthesis.
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