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INTRODUCTION

The known importance of proteins and peptides in the
life processes makes the elucidstion of the structure of
these compounds a worthwhile objective. The most difficult
part of the problem is the determination of the sequence of
the amino aeid residues of which proteins and peptides
congist. This thesis is partly devoted to the search for
techniques of sufficient simplicity and sensitivity to
aid in this determination.

Results obtained in the investigation of the utilizaw
tion by Lactobacillus srabinosu
lauﬁyllauaineal indicated that it might be possible to
employ the enzyme systems of this microorganism in ylvo to

sus of the four stereoisomeric

determine amino acid residue sequence in reptides. Inves-
tigation of this possibility yielded results which, in
turn, stimalated interest in the specificities exhibited
by bacteria in their utilization of amino acid derivatives.
& part of this thesls records the study of bacterial
utilization of these derivatives.

15, W. Fox, Y. Kobayashi, S, Melvin, and F. N. Minard,
I+ Am. Chem. Soc., 70, 240k (1948),
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HISTORICAL
Determination of Amino Acid Sequence in Peptides

The extensive literature on the subject of sequence
determination in peptides has been reviewed by Foxt in
1945, Since that time some of the older methods have been
further developed and several methods which are new in

prineiple or application have been reported.,

Abderhalden and Sickel? methylated leucylproline by
means of diazomethene, forming N-dimethylleucylproline
methyl ester:. It was not necessary to hydrolyze the come
pound for identification, Zimmerman3 and Zimmerman,
MePhail and eanzanﬁliiu'usa& trimethylation by methyl

(1%5;-6» W. Fox, Advances in Protein Chemistry, 2, 155

2g, Abderhalden and H. Sickel, Z. physiol. Chem.
159, 163 (1926). ' & !
3W»n Eimm&rmann, &m PAY 8301 « m-:, m, 19 (1935)-

“w. Zimmermenn, M. K. MePhall, and A. Canzanelli,
Z. physiol. Chem., 231, 25 (1935).
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sulfate to detect glycine residues when present on the amino
end of peptides. If glycine occupled the terminal pogsition,
betaine hydrochloride could be detected after hydrolysis
by reason of its insolubility in absolute ethanol. A
method so obviously limited is, however, of slight value,
and an lmproved procedure was introduced by Bowman and
stroudl, and Bowman?, These workers found that peptides
were converted to their dimethyl derivatives by reductive
condensation with formeldehyde, palladigzed charcoal being
used as a catalyst. After acid hydrolysis the dimethyl
derivative of the amino acid which bore the terminal amino
group on the original peptide could be extracted by boiling
ethanol and identified. This method is still limited to
the determination of a single residue per molecule, however,
The reaction has been applied in a subtraective way
by Ingram3 in developing a method appliecable to ver& small
amounts of peptide. The reaction is run in a centrifuge
tube on five micromoles of peptide. The catalyst is

13k IR, E. Bowman and H. H. Stroud, J. Chem. Sog., 1950,

23. E. Bowman, e Q&%& Soc. mg 13*"‘90
3y, M. Ingram, Nature, 166, 1038 (1950).
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removed after reaction by centrifugation and excess
formaldehyde by evaporation. The treated peptide is then
hydrolyzed and the hydrolysate chromatographed on paper.
Since a dimethylated amino acid does not produce s color
with ninhydrin the terminal residue may be detected by its
absence from the chromatogram after treatment. Any free
amino groups other than the terminal one would also be
dimethylated, but the amino acid bearing such a group would
still produce a spot, though at a different position, The
method is able to detect only the terminal amino acid of a

peptide,

nates isothiocyanates
Bergmann, Kann and Miekeleyl employed phenylisocyanate

to form the phenylureido derivative of a peptide. Sub=-
sequent acid hydrolysis split the peptide bonds, forming
the rhenylureido derivative of the terminal amino acid.
This compound underwent cyclization under the conditions
of the hydrolysis, ylelding the corresponding phenylhy-
dantoln, which could be easily separated and identified.

These reactions may be represented as follows:

1y Bergmann, E. Kann, and A. Miekele , X
» y E. ’ o} ¥y Ann., %58,
56 (1927). ,



S

Riﬁceﬁaimeﬂﬂimmﬁ CEHSNCO RCHCONHCHCONHCHCOONa  HC1.

o, R | NaOH Vg ke
g‘;e
méﬁg
RCH-C=0

+  H/NCHCOOH  « HaﬁfﬁCOOﬂ
R*

m, ot 8

Using methanolic hydrochloric acid at 60-65° for one-
half hour, Abderhalden and Brockmenn! were able to split
phenylureido peptides at the peptide bond adjacent to the
phenylearbamyl group without marked hydrolysis of the other
peptide bonds, The other product of the hydrolysis was the
original peptide less its terminal residue, and this
shortened peptide could be subjected to a repetition of the
treatment with phenylisocyanate and a second hydrolysis to
determine a second residue. ?hus a stepwise degradation of
the peptlde was achieved, The authors found that the pep-
tide linkages beyond the one adjacent to the phenylecarbamyl
group were also hydrolyzed to a slight extent, however, and
this fact would prevent use of the method for determination
of large peptides,

15, Abderhalden and H. Brockmamn, Biochem. Z., 225
386, (1930). T S
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Edmanl#2 substituted phenyl isothiocysnate for phenyl
isocyanate ag the marking reagent and found that the derivae-
tives of peptides obtained by its use were cleaved swiftly
and at room temperature by dry hydrogen chloride in nitro-
methane, Cleavage took place exclusively at the peptide
bond adjacent to the phenylthiocarbamyl group., Hydrolysis
of the thiohydantoin to obtain the corresponding amino acid
followed by paper chromatography served to identify i1t.
The method in this form constitutes a practical means of
stepwize degradation and characterization of a peptide, but
reguires about ten milligrams of the peptide per residue,
Edman3 eould not obtain the phenyl thiohydantoins of cyse
tine, serine and theonine in crystalline form. He also
reports that the formation of the hydantoins is attended
by racemization.

1?» Eﬁém, mg W;; g&; #75 (19"'9>0
2p, Edman, Acta Chem. Scand., l, 283 (1950).
3p, Edman, Acts Chem. Seand., Y, 277 (1950).



Abderhalden and Plumbergl showed that 2,4-dinitrophenyl
chloride gave derivatives with amino acids which could be
readily characterized, Abderhalden and Stix2 attempted to
use this reagent to mark the terminal amino acids of pep=-
tides but were not sble to fractionate the mixtures obtained
upon hydrolysis. Barger and Tutind used 2,4, 5=trinitro-
toluene in the characterization of carnosine and Keil
employed the same reagent for anserine. Quastel and co-
workers? used 2,3 k~trinitrotoluene in partially eluci-
dating the struecture of glutathiones In the case of each
of these reagents the labilizing influence of the two nitro
groups, ortho and pars respectively to a third substituent

lﬁ Abderhalden and P, Blum%ewg » Dhysiol. Chem.,
65, 318 (1910). ' &

2
E. Abderhalden and W, Stix, Z. physiol. Chem.
M3 (1923), ’ &‘ y 329y

3@1; Barger and ¥, Tﬂtm; Biochem. gey ;&g %02 (1918>'
", Keil, Z. physiol. Chem., 187, 1 (1930).

5J. H. Quastel, C. P, Stewart, and H. E. Tunnicliffe,
Blochem. I., 17, 585 (i923).
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on the benzene ring, facilitated the removal of the sub-
stituent and condensation of the dinitrophenyl group with
the free amino group of the peptide. The bond so formed
was found to be more resistant to h&drﬂlysis than the pep~-
tide linkage, s0 that the terminal amino acid was marked
for identification. \

The action of the dinitrophenyl reagents in general
may be typified by that of 2,4-dinitrophenyl chloride:

eE—¢

N0, R '

oaﬁ.c/c 1 ﬁaﬂ?m@ﬁﬂiﬁﬁﬁﬁﬁ —

czm«:/c E~Q&Nﬂeﬁcwﬂcn€:wa Hydrolysis .
R N '
2

CH—C | g
GQH-—G/ {CHHCHGQGE + nauiﬁccoa

1t

Peptides couple with Egkudinitrofxucrabanaane in the
cold, Using this reagent and introdueing partition chromsato-
graphy as a means of separating mixtures of 2,b.dinitro-
phenyl geptﬁdesregulting from partial hydrolysis of the
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corresponding derivative of insulin, Sanger13233 obtained
evidence leading to the conclusion thet insulin is composed
of two palrs of peptide chains connected by cross-linksges,
Two of the four chains begin with the sequence glyeyl-
1soleucylevalyl-glutamyl=-glutanic acid and the other two
begin with the sequence phenylalanyl-valyleaspartyle
glutamic acid. Somewhere within each of the latter pailr
of chains is the group threonyl-prolyl-lysyl-alanine, This
work probably represents the farthest advance to date toward
the eluecidatlion of the structure of a protein, but the
procedure mist be rather tedlous and the sample required
rather large. |

In their brilliant investigation of the structure of
gramicidin 8, Consden, Gordon, Martin and synga“ introduced
the use of paper chromatography. After partial hydrolysis
of the antiblotic, four dipeptides and two tripeptides were
geparated on paper. The structure of each dipeptide was
then determined in two steps, In the first step, the

1p, Sanger, Biochem. J., 39, 507 (1945).
2F. Sanger, Nature, 162, %91 (1949).
em. Joy 45, 563 (1949).

YR. Consden, A. H, Gordon, A. J. P, Martin, and R. L. M,
Synge, Blochem. J., 41, 596 (1947).

3F,. Sanger, Bioch
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peptide was hydrolyzed completely and its amino aclds
identified by chromatography. In the second step the pep-
tide was deaminated by nitrosyl chloride, then hydrolyzed
and chromatographed. The acid which carried the free amino
group in the peptide failed to produce a color when treated
with ninhydrin, Only the terminal amino acid of the tri-
peptides could be determined by this method, but the order
of the other two acids could be arrived at from a study of
the dipeptides considered as degradation products of the
tripeptides. The results were checked by comparison with
synthetie peptidess In this mammer Gramicidin & was
demonstrated to eontain emino acid residues in the order
~valyl~ornithyl-leucyl-phenylalanyl-prolyl«, Other evi-
dence indicates that it is a cyeclic compound and contalins
the above sedquence twiaayrepgate&¢

This method was been applied to the study of the
structure of wooll and a lerge mumber of dipeptides from
wool hydrolysates have been identified. Large proteins
are probably too complex to be completely characterized
by this method, hovwever.

1y, Sanger, "Partition Chromatography". Biochemical
Society Symposia No. 34 pe 27. Cambridge, England,
Cambridge University Press, 1950,
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Levy1 reported the use of carbon disulfide in & new
method for peptide degradation, The N-dithiocarboxy derivae
tive formed by this reagent is split on treatment with
dilute mineral acid, the products being the original pep-
tide, less its terminal residue from the amino end, and
the 2-thiothiazolid-5-one corresponding to the residue
lost. This method is therefore adapted to stepwise degrae
dation, since the shortened peptide may be subjected to a
repetition of the treatment. The degradation of a peptide
by one residue is illustrated below:

Rf‘:x{cmmiﬂceaﬁ Ba(@ﬁ)g ﬂ?ﬁcaxﬂcﬂcm HCL

NHCSo R‘
Bae o

H,NCHR'COOH ¢  RCH-CwO
W

Another recently developed procedure is that reported
by Khorana.? Peptides are reacted with methyl ethyl

15, L. Levy, J. Chem. Sgc., 1950, 4Ok,
2H, G. Khorana, Chemis
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xanthate to form the N-thiocarbethoxy derivatives which can
then be split exelusively at the peptide linkage adjacent to
the thioearbethoxy group by dry hydrogen chloride in nitro-
methane., The thiazolid-2, S~dione corresponding to the
terminal amino acid is produced and may be identified, The
shortened peptide may be subjected to repeated applications
of' the same procedure to characterize it more completely.
This method also is too recent to have been thoroughly
tested,

Efforts to usze enzymes which split off terminal amino
acids for peptide sequence studies have been hampered by
the difficulty of obtaining pure enzyme yreparatianaal
The possibility of resynthesis, with formation of sequences
not originally present in ﬁh@ peptide, alse exists. How=
ever, Grassman, Dyckerhoff and Eibelerz showed that glycine
is terminal in glutathione by use of carboxypeptidase and
Waldschmidt-Leitz and coworkers3 used protaminase to

18. We F;DKQ AOVE
(1945).

2y, Grassmann, H. Dyckerhoff, and H, Eibeler, Z.
physiol. Chem., 189, 112 (1930).

3E, Waldsehmidt-Leitz, F, Ziegler, A. Schaffner, and
L. Weil, Z. physiol. Chem. m’ 219 (i93l)a

edf in Proteln Chemlstry, 2, 155
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demconstrate that both ¢lupein and salmine contain a terminal
arginine, |

Lenst attempted to determine more than one terminal
amino acid residue in insulin by mesns of carboxypeptidase.
The course of digestion waz followed by van 8lyke amino
nitrogen analysis, and samples digested for different per-
lode of time were subjected to ultrafiltrastion and the
filtrate chromatographed, When analysis showed that 2.6
amino groups had been liberated per mole of insulin these
groups were found to belong to alanine. When 3.16 groups
had been liberated there appeared on the chromatogram
faint spots representing glyeine, valine, the leucilnes,
tyrosine and the moncaminodicarboxylic aelds,

Fromageot and coworkers? found that two of the pep-
tide chalins of insulin have glyeine regidues at their
carboxyl ends and that the remaining two have terminal
alanine residues, Their work thus agrees with the report
of Lenﬁ. The method used for determining the terminal
residues consisted in reducing the free carboxyl groups
of insulin by means of lithium alumimam hydride, then

Biochim. et Wu Acta, 3, 367 (19%9).

%. Frmmagaot, H, Jnﬁisz, D+ Meyer, and I. Penasse,
Biochem. et Biophys. Acta, 6, 283 (19‘50)..
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hydrolyzing and identifying the aminocalcohol produced by
paper chromatographys The method was made guantitative by
treating the aminoalcohol with periodic acid and deter-
mining the aldehyde formed.,

Bacterial Utilization of Amino Acid Derivatives

During the past decade the nutritional requirements
of certain lactlic acid bacteria have been sufficiently well
defined in terms of known eompounds to permit the use of
these organisms in assayes for vitamins and amino aeidslﬁz.
The principle of such assays consists in comparing the
growth effect produced by the sample with that produced by
the pure substance to be determined.

With the inecreasing use of lactic acid-forming bacteria
in amino acid assays has come an interest in the sgpecificity
of the growth response of the assay organisms. Peptides
are obviously among the compounds found in biological

ls, shankmen, M. N. Camten, He Block, R. B. Merrifield,
end My S. Dunn, J. Biol. Chem., 168, 23 (1947).

2M, S. Dunn, S. Shankman, M., N, Camien, and H. Block,
. Biol. Chem., 168, 1 (1947).
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preparations which are most likely to interfere in deter-
ninations of amine acids. Reports of experiments on
utilization of peptides began to appear almost as soon as
assay methods were developed, but at first consisted chiefly
of scattered observations,

‘Kuiken and otherst reported that the é-lmcine content
of @-l@mylglyame wag used to the extent of 80 per cent,
while that of glywluéaslwcim was used from 80 per cent to
Schweigert and

100 per cent by Lactobacillus arabi
Snell? reported the testing of four peptides composed of

leucine and glycine residues for ability to replace leucine
rabiposus. All four peptides were utilized to a
considerable degree although the reported results for each

compound varied over a rather wlde range. The least availe

able was DL~leucyl-glyeylglycine, utilized 30-60 per cent,
Lewis and Oleott} found that Leglutamyl-L-glutamic

acid was only slightly available (10-24 per cent) as a

1, A. Kuiken, W, H. Norman, C. M, Lyman, F, Hale, and
L. Blotter, g Bighe. thﬁ” 151, 615 (1943).

2g, s* f:%ehwigew and E. E;‘ fnell, Nu
& Bevs., 16, 497 (1947).

37, Cs Lewis and H. S. Olcott, J. e
265 (1%5)‘ ew otty J. Biol. Chem., 197,
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replacement for free glutamic acid for L. arabinosus, while
Q«glutamylné—wtymsim wag practically unavailable. On the
other hand, the glutamic acid content of glutathione was
readily available (69-9% per cent).

Agmnl was led to investigate the utilization of amino
acids involved in peptide linkages by observation of the
differences in the conditions used by various investigators
for hydrolysis of proteins prior to amino acid assay, and
especially by the work of mgg‘? who showed that some of
these methods did not produce complete hydrolysis. Agren
first used three lactlc acid bacteria, Streptococcus
s (ATCC No. 9790), Lactobacillus delbrueekii
Lagtobacillus gasei, studying thelr growth responses to
peptides containing leucine or valine combined in various
arrangements with glyeine and alanine. The medium of
McMahan and Snell3 was used for L. casei while that of
Stokes and others™ was used for the other two micro=

16, Agren, Agta Physiol. Scand., 13, 347 (1947).
27, W. He Lugg, Biochem. J., 40, 88 (1946).

37. R. McMahan and E. E. Snell, J. . .
83 (1ohh) , s 4+ Biol. Chem., 152,

%3, L. Stokes, M, Gumness, I, M, Dwyer, and M. C.
Caswell, J. Blol. Chems, m, 55 (1945).
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organisms. The configuration of the leucine and valine
residues was not definitely stated, but in a later publica=
tienl it was implied that they were racemic.

Agren's resultes showed that the ability of a given
organism to use the valine or leucine content of the pepe
tides tested depended both on the position of the valine or
leucine in the peptide and on the nature of the other re-
sidues present. Moreover, the microorganisms differed
in their ability to use the same peptide. The presence of
alanine, and to a lesser extent glyecine, on the carboxyl
end of a peptide made utilization of the valine or leucine
content more diffieult.

The author suggested that further development of his
investigations might yield a method for the determination
of amino acid residue sequence in peptides, but he did not
enlarge upon this statement, and it iz not clear what sort
of procedure he had in mind.

Krehl and Frutmn? studied the growth response of L.
arabinosus and Ztrep. faecalis to leucine peptides conw
taining glycine and tyrosine residues, Both bacteria were

Iﬂ's Agr’ﬁﬁ, w Gz}ﬁﬁu &W*? 2,, 611 (1%)&

2. A, Krehl and J. S. Fruton, J. . Chem.
479 (1oh8) s J+ Biol. Chem., 173,
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able to use the éyleuein@ content of all the peptides,
although the percentage utilization varied with the micro-
organism and with the peptide. In the case of glyeylleucine
and of leucylglyeine, a comparison could be made of the re-
sults obtained by Krehl and Fruton and those of ﬁgren.l The
former found that 70 to 80 per cent of the L-leucine content
of these peptides was available to Strep. faecalls

Agren obtained ecomplete utilization with this organlsm.

In his seecond publication on the subject, Agrenz suggested
that the difference might be due to the use of different
media, and he accordingly altered his medium to coincide
with that of Henderson and Snell3 in order to afford a
better basis for comparison of results. He also extended
his investigations to include a total of ten lactic acid
bacteria. Four dipeptides and four tripeptides containing
leucine in various combinations with glycine and alanine
were tested,

The results confirmed those previously obtained by
the author in showing that the utilization of leucine in

1. Agren, Acta Physiol. Seand., 13, 347 (1947).
QG‘t Agren, m Qh@ﬁa 'M*’ g, 611 (19%)u

3L M. Henderson and ¥, E. Snell
o M : s Ea s 4. Biol. Chem.,
172, 15 (1948),
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leucine peptides depends on the position of the leucine and
on the nature of the surrounding residues., The results obe-
tained with the new medium did not differ from those obtained
on the old medium in the cases of L. gasei and Strep.
faecalis. In the case of L. delbrueckii
complete utilization of the leucine peptides occurred vhen
the medium was that of Henderson and Snell while the é?

ID5, however,

leucine af‘g%rlauayiglyeine was only partiaslly used and the
érlwmeine of glyeyl-DL-leucylglyeine was not used at all on
the medium of Stokes and others, Agren suggested that the
higher magnesium and manganese content of the medium of
Henderson and Snell may result in the activation of bacterial
peptidases necessary for utilization.

Fox, Kobayashl, Melvin and Minardl assayed the four
stareaiaamerie leucylleucines for growth-promoting activity
toward L. arsbinosus and obtained results which are in
agreement with those of Agren in assigning importance to
the order in which amino scids are incorporated in peptides.
All the érleueina content af‘grlauay1ﬁ£~1@ueina and QF
leueylﬁgrleueine was utilized, and D-leucyl-D-leucine gave
no growth response at all, as predicted. However, érleucylu

D~leucine, surprisingly, alsoc showed no activity. Thus

16' We Pox, Y. K@&'&b&&hii Se Mﬁlv:i.n, and F. N. Miﬂ&rd’
4. Am. Chem. Soc., 70, 2UOM (1943
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only when the residue on the carboxyl terminus of the
peptide was of the éfaanfigmratien was any part of the
peptide available,

There have been numerous instances of better growth
response by microorganism to a given amino aecid supplied
as a part of a peptide than to the free acid itself in
equimolar quantity, ‘wealleyl found that g&rﬁerylglycyin
glutamic acld had "strepogenin aectivity" of a low order
for Strep. lagctis. TLater experiments showed that glycyle
serylglutamic acid, alanylglyeylglutamic acid, and
glyeylalanylglutamic acid also possessed such aetivity.a
Riesen and othersd reported that L. lactis grew twenty
times as well vhen glutathlone rather than free cystine was

used as a source of that amino acid, JLactobacillus pentosus
also utilized glutathione better than eystine,

1p. w. Woolley, J. Biol. Chem., 166, 783 (1946).

D, W. Voolley, J. Biol. Chem., 172, 71 (1948),

3% H. Riesen, H. H. Spengler, A. R+ Robblee, L. V.
Hankes, and C. A. Elvehjen, J. Biol. Chem., 17, 731
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Simmonds and Frutonl discovered a mutant strain of
E. goli which required a source of proline in the medium
but which utilized proline peptides much better than free
proline, Strains requiring phenylalaﬁina and leucine,
hovever, did not respond better to peptides containing
these amino acids than to the acids themselves.? The same
wmrkers3’h 1solated a mieroorganism called by them Strain
8F which grew more rapidly in a medium containing leucyl-
glycine than in a medium containing a mixture of leucine
and glycine as the source of nitrogen,

Malin, Camien and Dunn? tested a number of glycine
derivatives for availabllity as sources of glycine for
five lactobacilli. Seven peptides were among the compounds
tested and the results which pertain to them are repro-
duced in Table I.

154 Simmonds and J. S. Fr#ﬁ@n . v EMe g L0
705 (19%48), y 4+ Biol. Chem., 174,

2Sw gimmanéﬁ‘&ﬂd Js S« Fruton, J. B » ko . |
635 (19%9). » 4. Blol. Chem., 180,

3s. Simmonds and J. 8. Fruton, Sclence, 109, 561 (1949),
%5, Simmonde end J. 8. Fruton, Secience, 111, 329 (1950).

R« B, Malin, M. N. Camien, and M. S. Dunn, Arch.
Blochen. Biophys., 32, 106 (1951).



Table I
Per Cent Utilization of Glycine in Peptides®

Microorganism
Peptide | »
ecalis
hrs.
Glyeylglyecine 119 100 216 132 85
Glyuylﬁgeleucina 158 98 296 233 81
Glyeyl-L-tyrosine 12k 104 514 278 148
DL-alanylglycine 56 73 171 pL " 43
DL-leucylglyeine 59 50 171 188 Ll
L-leucylglyeyl- 122 83 128 114 89
glyeine
Glutathione 6 13 10 11 5

R. B, Malin, M, N, Camien, and M. 8, Dunn, Arch.
m. Biophys. 32, 106 (1951)

This table shows that all the dipeptides and one of
the tripéptid@a exhibited greater activity for one or more
of the lactobacilli than could be accounted for on the
basis of glycine content, The variation of activity with
concentration and incubation time was studied and activity
was found to decrease as either of these two factors

increased, The concentration used in obtaining the data
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for the table asbove was that required to give half maximal
growth, in each case,

Several reports have appeared to the effect that par-
tial hydrolysates of verious proteins are more active in
promoting growth than a mixture of their constituent amino
&éiﬁs.l’g This enhanced activity may be due to better
utilization of amino aclds incorporated in peptides,

Three possible explanations of the stimulatory effect
of proline peptides have bé@n advanced by Simmonds and
Fruton‘B They may presumably be extended to cases of the
same effect when produced by other peptides, The first
explanation,and the one which has received most attention
from other workers, is that some peptides are incorporated
in the protelin molecule intaet. But in the case of the
proline peptides, all those tested were more efficlent in
promoting the growth of a prolineless E. goll mutant than
was free proline, It is hard to understand how every posi-
tion requiring a proline residue in every prataiﬁ of a

1y, Sprinece and D. W. Woolley, J. Am. Chem, Soc.y 67,
173% (1945), |

2ﬁt Klungsor, R. J. Slrny, and C. A. Elvehjem, J.
Biol. Chem., 189, 557 (1951).

35, Simmonds and J. S. Fruton, J. Biol. Chem., 18
635 (1949). v d ey 120y
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bacterial cell ecould be adequately filled by proline bound
in an unvarying sequence to other amine acids. It is even
more difficult to visualize the same positions filled in

a second experiment by proline bound in a second, differ
ent, invariant sequence. Théée objections, hawevar, do not
rule out hydrolysls of a part of the peptide supplied, the
remainder being used intaet and accounting for the stimu-
lation. ‘

The second possibility suggested was that free proline
may be converted to products not used for growth, whereas
proline peptides are not so converted, But if the peptides
are hydrolyzed before use, then thelr proline content be-
comeg free proline and should be subject to the same sort
of diversion as if 1t had been supplied in the free form
originally. Splitting of the peptide might oeccur, however,
after attachment of the proline at the site of its use or
simaltaneously to its attachment, and this is in faect the
third alternative, which Simmonds and Fruton call transe
peptidation.s It is understood, of course, that other
explanations of peptide stimulation of growth are not
excluded.
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Virtanen and ﬁurmikkml have reported an experiment
designed to elueidate the mechanism of utilization of pepe
tides by Leuc. pesenteroides. The same workers? had tested
four dipeptides involving glycine residues and found that
Leuc. mesenteroides could use the glycine content of each
almost completely. To investigate the mechanism of utiliza-~
tion, three of these peptides, géealanyiglyﬂima,»gér
leueylglycine, and glyeylglyeine were incubated with saline
suspensions of the microorganism, Samples were withdrawn
at intervals and ehram&t@graphaﬁ on paper., At first only
the spot corresponding to the intact peptide appeared,
but with longer incubation the spots characteristics of the
constituent amino acids of the peptide appeared and the
spot of the peptide grew fainter, In the case of glycyle
glycine the peptide spot disappeared completely., The cone
c¢lusion that hydrolysis had occurred in the case of each
of the three peptides was checked by rescting samples of
the incubated solutions with ninhydrin after removal of
the bacteria by centrifugation. Since the peptides and
thelr amino acids produce colors of varying intensity with

| 14, I. Virtanen and vV, Nurmikko, Acta Chem. Scand
5. 681 (1951). ' "

%y, Nurmikko and A, I, Virtanen, Acta Chem. Scand.,
5, 97 (1951). ) ’ !
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ninhydrin, breakdown of the peptides could be detected.
The results supported the conclusion that hydrolysis had
occurred in the case of each peptide,

The replacement of amino acids in the nutrition of
lactlie acid bacteria by thelr acyl derivatives has been
gtudied because of interest in the specificity of the
growth response of the argan&sma.l In addition, since it
seems unlikely that the acylamino acids are incorporated
intact in protein molecules, those which are used must be
split by enzymes., It should be possible, therefore, to
obtain information about the enzyme systems of bacteria
by studying the utilization of acylamino acids and
acylpeptides.

More than one type of enzyme may be involved in the
hydrolysis of acylated amino acids. One possibility is
' the carboxypeptidases, Bergmann and associates? showed
that the carboxypeptidase from the pancreas will attack
chloroacetyl-L-tyrosine and it has since been shown to be
active against many other acylamino acids. Another possi-
bility is hippuricase, an enzyme or mixture of enzymes

. =5, Eades, Jr., J. Biol. Chem., 187, 147 (1950).

M Bergmann, L, Zervas, and H, Sehleleh, L Wo
chen., 312, 72 (13343,
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first discovered in animal kidney by Sehmiedeberg~1
Hippuricase preparations split hippuriec acid and the Neacyl
derivatives of other amino acids and have been prepared
from ecertain bacteria, It has been suggested that in
hippuricase one mey be dealing with a mumber of closely
related enzymes which might be called “am&naaeylases“.a
Hegsted3 investigated the response of L. arabinosus
to the acetyl derivatives of L-valine, DL~leucine, and DL~
isoleucine. Of these, only aeatylﬁggflwuaimﬁ was utilized
at all, Utilization varied from 30 to 60 per cent in 4if-

ferent tests, based on the leucine content of both cecn-

figurations. Hegsted also tested the four stereoisomeric
benzoylvalylvalines and h&nzwylﬁgﬁvalinﬁ and found no
activity for any of these compounds.

E&desk tested the scetyl and chloroacetyl derivatives
of racemic leucine, phenylalanine, valine, and tryptophan

ke &,

1y, sehmiedeberg, Arch. exptl. Pathol. Pharmek
379 (1881), i '

2F, Leuthardt, Hippuricase (Histozyme). In J. B.
Sumner and K. Myrback, eds. The Enzymes. p. 951. New
York, N Y., Academic Press. 1951.

33; M. Hegsted, J. Mt Chem. m, 7""3« (19“5):;
!*Cc He Eades, Jr., J. Biol. Chem., m, 147 (1950).



for utilization by L. arabinosus
s» Acetyl-DL-leucine was active only for L.

arabinosus and acetyl-DL-tryptophan only for L. gasei. The
activities of the chlorcacetylamino acide paralleled those

megsenteroide

of the corresponding acetylamino acids exactly. The acetylw
dehydro derivatives produced no growth response in any case,
Fades' work establiches the faet that striking varia=-
tions exist in the abilities of microorganisms to use
acylamino acids., The responses obtained here seem to be
more clean~cut than those typically obtained with peptides,
complete activity or no response at all being obtained.

Ko cases of stimulation were observed,

proved to be the most fastidious of the bacteria tested,
utilizing none of the aeylaéin@ acids,

Although both Hegsted and Tades found that acaﬁyljgér
leucine could replace leucine with high efficiency in the
matrition of L. srabinosus, Krehl and Frutonl found only
six per ecent aetivity for acatylﬁérlwueinﬁg Since it hardly
seems probable that the g&gfarm would be more readily avszile
able than the L-form, the divergent results obtained must
be the result of some difference in the conditions of the
‘test. The critical factor is difficult to determine, but

IW:& A+ Krehl and J. S. Fruton, J. . ol .
479 (1048) y 4. Blol. Chem., 173,



it 1s clear that a different medium was used in each test.
No obvious deficiencies appear in the medium of Krehl and
Fruton, however., Perhaps the most likely explanation is
that some genetic difference existed in the L. arabinosus
strains used for the three experiments.

Among the glyeine derivatives tested by Malin, Camien
and Dunn! were hippurie acid and hippurylglycine. HNone of
the five lactobacilli used in this experiment were able to
utilize the latter compound with greater than five per cent
efficlieney. Hippuric acid gave growth responses ranging
from 40 per cent for Leuc. g¢itrovorum to 141 per cent for
- L. pentoaceticus. The apparent stimulation of the latter
organism resembles the effect, previously discussed, of
some peptides. An explanation involving splitting off of
the benzoyl group is implied, since the hippuryl radical

is not known to occur in biologieally important materials.
The failure of the five bacteris to utilize hippurylglycine
is surprising in view of the fact that both hippuric acid
and glyeylglycine are readily utilized by them.

1z, ﬁ. Malin, M. H. Gamian and M. 8. Dunn, Areh.
W‘ Blophys . $ 3&, 10 (1951) .
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Nurmikko and Virtanenl also reported utilization of
hippuric acid and failure to utilize hippurylglyeine by

Leuc.
strate hydrolysis of hippuriec acid by the miercorganism

mesenteroides. They were, however, unable to demon~

by the procedure whieh they used to show hydrolysis of pep-
tides,2 They suggested that the breakdown of hippuric acid
may occur inside the baeterial cell.

A few other acylamino acids have been tested. Stokes
and coworkersS reported that the benzoyl derivatives of
%-»lyﬁim, DlL-threonine, and DL-tryptophen are unavailable
to Strep. faecalis (9790), while formyl-L-valine showed only
barely detectable activity. Lewis and Olmtztl" reported
that the p-aminobenzoyl and p-nitrobenzoyl derivatives of
yglutmic acld are not utilized by L. grabinosus

ly, Wurmikko and A. I. Virtanen, Acta Chem. Scand., :
97 (1951). ’ » 2o

2p, I. Virtanen and V, Nurmikko, Acta Chem. Scand., 5,
681 (1951).

35, L. Stokes, M. Gunness, I, M, Dwyer, and M. C.
Caswell, J. Biol. Chem., 160, 35 (19%5),

%7, C. Lewis and H. S. Olcott, J. . Chem.
265 (1945) . s o Biol. Chem., 157,
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EXPFRIMENTAL
Preparation of Compounds

Banzaylfgérisalaunina and benzoyiﬁgépalloisaleucinﬁ

A procedure which is essentially that of Ingersoll and
Babeock! was used in benzoylating DL-isoleucine. Ten grams
(0,077 moles) of DL-isoleucine (Merck, Lot 41258) were
dissolved in 79 ml, of 1 N NaOH and 11 gm. (0.078 moles)
of benzoyl chloride (General Chemical) and 150 ml, 1 N NaOH
wvere added in portions with cooling and stirring during
about one hour, The solution was then acidified with HC1
until no more precipitation occurred and stored over-
night in the refrigerator. The precipitate was collected
by filtration and boiled for ten minutes with carbon tetraw
-chloride, then filtered and recrystallized from 50 per cent
aqueous ethanol., Ten grams of product which melted at 136-
137° were obtained (59 per cent yileld)., A seeond re-
erystallization did not change the melting point. Since

1 , .
A. W, Ingersoll and S. H. Babeock, Org. Syntheses,
coll, g, 328 (}.9"}3) . v 4 '



Bouveault and mequinl reported a melting point of 118° for
benxnyinggwiselaueiue it was necessary to check the identity
of the product obtained. For this purpose samples of acetyl-
gériaoleuaine and aeatylﬁggnallaisalﬁae&naa were obtained
from Dr. Jesse Greenstein of the National Cancer Institute.
A small sample of the aeetylﬁggnisaleueine was hydrolyzed
in 2 ¥ HN1 during two hours, The solution was evaporated
to dryness and the dry residue was benzoylated by a procedure
similar to that described for the Merek isoleucine, The
produet was extracted with warm carbon tetrachloride and
recrystallized from aqueous sleohol. It melted at 138~
139° and a mixed melting point taken with the product from
benzoylation of the Merek isoleucine also melted at 138~
139°, The material had a neutral equivalent of 235. (Cal-
culated for Cy3Hy 70382 neutral equivalent, 236).

A sample of aeety1ﬁ2&~allai$alaucina treated in the
same manner as the aaetylﬁgénisaleuain@ gave a product
melting at 118-119°, It was concluded that the product
obtained from Merck isoleucine was benzoyl-DL-isoleucine

17, Bouveault and R. Loequin, Compt. rend., 1k
115 (1905). ’ » Lty

23, P. Greenstein, L. Levintow, C. G. Baker, and
J. White, J. Biol. Chem., 188, 647 (1951).



and that the produnet obtained by Bouveault and Locquin was
actually benzoyl-Dl-alloisoleucine.
g%?valylg1y0y1gggrph¢nyia1aainé

(laboratory preparation) were dissolved iﬁ 50 ml. (0.05
moles) of 1 N NaOH. An additional 100 ml. of 1 N NaOH
and 10 gm. (0.05 moles) of A -bromoisovaleryl chloride
{laboratory preparation) were added in portions with
stirring and cooling during 50 mirmates. Upon acidificaw
tion of the reaction mixture a solid precipitate was formed
which was colleeted by filtration and dissolved in 1400 ml.
of boiling ethanol. Upon cooling there was formed a pre-
cipitate which was c¢ollected by filtration and which weighed
% gm, when air-dried. A sample decomposed at 2069, This |
material will bé designated as Precipitate A. It was not
subsequently usedy or further identified.

To the filtrate from Precipltate A were added 1400
ml. of water which produced a second preecipitations The
material obtained weighed 7.5 gm. and a sample decomposed
at 192°., It will be designated as Precipitate B. Pre-
cipitates A and B were believed to be the two racemates
possible for DL~ cxabramaisavaleryig1yay1§gﬁpphenylalanine
or mixtures of the two racemates in different proportions.
In the case of Precipitate B the analysis provided evidence
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that it was some form of the bromo compound. The yleld of
Precipitate B amounted to 39 per cent based on the total
glyeylphenylalanine used.

Anal, Cale'd for cléﬁélﬁhgéﬁrz Ny 7433 Neut. equiv.,
385,
Found for Precipitate B: N, 7.3%; Neut. equiv,,
385,

®petermination run by Mr. A. MacMillan,

Seven grams (0.018 moles) of S=bromoisovalerylglycyls
phenylalanine (Preecipitate B) were sealed with 60 ml. (3.0
moles) of 15 N ammonium hydroxide in a bottle and placed in
an ineubator at 37 for 15 days. The long period of amina-
tion was deemed necessary since it was known that some
o «bromoisovaleryl compounds are difficult teo aminate,l
The amination mixture was evaporated under reduced pressure
to a viscous oil. The oil was dissolved in 5 ml, of abso-
lute aleohol, 200 ml. of ether were added and the solution
stored in the refrigerator. The material reprecipitated
as an oil which gradually solidified., The solld was

1E* Abderhalden and V. Vlassopoulos, Fermentfors
10, 365 (1928-29). ‘




filtered off and extracted several times with 90 per cent
ethanol in an attempt to free it of bromide ion. Finally
the solld was dissolved in 75 ml, of water and silver oxide
added to precipitate the bromide. Excess silver was re-
moved by means of hydrogen sulfide, The solution was cone
centrated under reduced pressure until precipitation began,
then 100 ml, ethanol were added, After cooling, the pre-
cipitate was collected by filtration and dried at 1009, The
yield was 0.8 gm., (1% per cent based on the (~bromow
isovalerylglyeylphenylalanine).

Anal, Cale'd for 0163236}*?{33 Eg 13»1;
Neut. QQuing 321,
Found, N, 13.1%; Neut. equiv., 331.

8petermination run by Mr. A. MacMillan,

Benaeylﬂggulaueylg1yeylgg§¢ph@nyialanine

BL-Leucylglyeyl-DL-phenylalanine to the amount of 0.83
gm. was dissolved in 2,5 ml, of 1 N NaOH and O.4 ml. of
benzoyl chloride and 5,0 ml, of 1 N Na0H were added in
alternate portions with ¢ooling and shaking. The solution
was poured into 5 ml, of 6 N HC1l snd cooled in the re-
frigerator. The precipitate which formed was filtered off
and boiled in carbon tetrachloride for five minutes to
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remove benzoice acld, then collected by filtration and re-
erystallized from agueous ethanol. The yield was 0.4+ gn,
(36 per cent based on the tripeptide). A sample melted at
1851879, |

Anal., Cale'd for 031*329951533 Ky 9@6;
Neut. equiv., 439,

Found: N, 9#1*; Reut, @q‘liVi‘ M#

Hippurylﬁggwphanylalanina

Four gm. {(0.018 moles) of glyeyl-DL~phenylalanine
(laboratory preparation) were dissolved in 18 ml. of 1 N
HaOH and 2.6 gm. (0,018 moles) of benzoyl chloride (General
Chemical) and 36 ml. of 1 N NaOH were added in portions with
cooling and stirring. After addition wag complete the
solution was acldified with HC1 and cooled in the refrige
erator. The precipitate was flltered off and recrystal-
lized from aqueous alcohol. The vield of hippurylngép
phenylalanine was 4.9 gm. (83 per cent based on glycyl-DL~
phenylalanine), A sample melted at 175°, Curtius and
Mullert reported a melting point of 172°.

1p, Ccurtius and E. Muller, J. prakt. Chem. N. S.
70, 223 (190%4), rd v
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Many of the compounds used in the experiments to be
deseribed have already been reported in the literature.
When no major changes were introduced in the methods of
synthesis used, these compounds are listed in Table II,
together with a reference to a rapmrt of the synthesis of
each, The benzoylamino acids were identified by melting
point and the peptides by elementary analysis, supplemented
in some cases by determination of the neutral equivalent,
and by microbioclogical analysis,

The valylvalines were a gift from Dr. J. W, Hinman of
the Upjohn Laboratories; their preparation has been des
eribed,t These peptlides were received as the hydrow
ehlorides, for vhich theoretical neutral equivalents had

been faund in the Kalamazoo Laboratories,
sptides

A series of benzoylated dipeptides which were used in
gome of the experimente to be deseribed were syntheslzed by
Louis A, Carpino. The same general procedure was employed
for the synthesis of all these compounds and may be outlined

as follows.,

1Js W, Hirman, E. L, Caron, and H, N. Christensen,
,I« &n Cg £, Mbg 2_2_9 162{} (1950);
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The appropriate A=-bromoscid bromides were synthesized
by the Hell-Volhard-Zelinsky reaction., Chloroacetyl chlor-
ide was purchased from Eastman Kodak. One of the acid
bromides, or chloroacetyl chloride, was coupled with an
amino acid (racemic form) by the Schotten~-Baumann reaction
to form the K~haloacylamino acid. In every case where the
compound possessed two asymmetric carbon atoms two racenmic
forms were possible for it. These were the L-Ly D-D and
the L-D, D-L memmams.l It was sometimes possible to
separate these racemates by taking advantage of solubility
differences, and when such a a@p@a’biw was accomplished,
as indicated by a difference in physicel properties, the two
forns were arbltrarily designated as Form 4 and Form B,

The next step was the amination of the o(~halo~
acylamino acids in a large excess of 15 N ammonium hydroxide,
usually at 37° for three days, but sometimes at higher
temperature., If separated, the A and B forms were aminated.
The amination products were dipeptides which were ben-
zoylated through the use of benzoyl chloride in a second
Sechotten~Baumann reaction. The A and B designations were

garried through to the final products vhen applicable.

ln, Fischer and A. H, Koelker, Ann., 354, 39 (1907).
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Three of the benzoylated dipeptides have been prew
viously reported and these are Included in Table II.
References to ten others have not been found, however, and
these compounds are listed in Table III with analyticai
data pertalning to them,

Table IIX
Analytical Data on New Benzoyldipeptides

~ Calculated " Found

Benzoyl derivative of Per cent Neut, Per cent Neut,
nitrogen equiv, nitrogen equiv,®

DL~Leucyl-DL-leucine A 8.0k 348 7.90 352
Di-Lencyl-Dl-valine A 8,37 33 8,22 34

DL-Leucyl-DL-valine B 8.37 334 8,19 343
Di-Leucyl-Dl-alanine A  9.1% 306 9,06 309
DL-Alanyl-DL~leucine 9.1k 306 9.19 310
DL-Valylglyeine 10,06 278 10,18 278
DL-Alanyl-DL-valine 9.58 292 9.25 299
%«Valylﬂ%nalanma A 2.58 292 9,58 205
DL-Valyl-DL-valine A Be7h 320 9,12

Glycyl-DL-leucine | 9.58 292 9.3 - 292

8peterminations by Louis A. Carpino.
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Bacteriological Procedure

The organisms used were Lactobacillus arabinosus 17-5,
ATCC No. 801k, Streptococcus faecalis R, ATCC No. 8043, and

Lactobacillus brevis, ATCC No. 8287, Stock cultures were

carried on 2 per cent yeast extract agar éeapsl by monthly

transfers., Loop transfers were made from the stock cultures
to tubes containing 5 ml, of yeast extract medium? which
were incubated for 18 hours at 37°. These 18-hour cultures
 were centrifuged, the broth was decanted, and the organisms
were washed twice with physiological saline solution and
resuspended in 20 ml. salina‘aolution. One arbp of this
saline suspension was used tb inoculate each tube.

The basal medium used fbr L. arablinosus ﬁaa essentially
that of Kuiken and other&3akﬁfhe composition of the complete,
ﬂdauble~strength medium is given in Table IV. The medium
used for Strep. gggggggg'wasveasentially that of Horn, Jones,

1

J» R. MeMahan and E. E. Sﬁﬁll, Ei MQ* Qhem;, m,
83 (19h4).

2

J« R. McMahan and E. E. Snell . . U o
83 (100 3 y 4+ Biol. Chem., 152,

3k A. Kuiken, W, H. Rorman, C. M, Lynan, F. Hale, and
L. Blottery J » Chem., 151, 615 (19&3).
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le IV

Complete Medium for Lactobacillus arabinosus®

Glucose
Sodium acetate
(anhydrous)

Adenine sulfate
Guanine HC1
Uracill

Thiamin chloride

Pyridoxine HC1

Caleium panto~
thenate

Blotin

Riboflavin

Nicotinle acid

p-Aminobenzoie
acid

Folie acid

Ko HPO),

KHo POy,

Mg Sﬁha 78 2‘)

NaCl

0. &
10 nEM.
10  mgm.
10 MEMy
200 Y
200 7
200 Y
0.8 7
k00 7
800 7
1.0 7
2.0 7
1.0 gme
1.0 gnm.
40 mgm.
20 mgm,

PL~Glutamic acld.H,0
L-Histidine HC1
%Lyaina |
Di~Phenylelanine
é«—?mlﬁms
g&-s@rina
DL~Tryptophan
@-M&thmnim
&-Tmsim
DL-Leucine
%»?aline
DL~Isoleucine

é-Cys tine

Adjust to pH 6,8 and dilute with water to 1 liter,

R
400 mgm.
1"90 mgh.
800 mEgm,.
800 mgme.
1&»@0 Mg,
800 mgm.
400 mgm.
%0 HEM .
400 mgm.
800 mgu,
400 mgm.,
200 mgm.
400 11741/ 9
400 mgm.
400 mgm,
400 mgm.

8a slight m:!_fmation of the medium given in Kuiken,
et al., J« Blol. Chem., 131, 615 (194k),



Complete Medium for Streptococcus faecalis?

il

Table V

Glucose
Sodium acetate
(anhydrous)

Adenine sulfate
Guanine HC1
Uracil

Thiamin chloride
Pyradoxamine HCL

Caleium panto-
thenate

Riboflavin

Nicotinic acid

p-Aninobenzoic
acid

Biotin

Folic acid

KAHOPy,

KHoPOY,

mnseg.kﬁae

NaCl

FeS0y,« 7H40

Adjust to pH 6.8 and dilute with water to 1 liter.

L gm.
15 gl

10 nmgm,.
10 MEM
10 MM,
2.0 mgm.
0.4 mgm.
O .!'5‘ HgMm,

Q'.ll‘ mgme
0.8 mgnm.

O+ mgm.,
10 7
2,0 7

- 1.0 gm.

1.0 gm.

400 mgm.

20 mgme
20 Mg,
20 mgm,

ggyglanina
-Arginine HC1

g&rAspartia acid

L«Cystine

DL-Glutamic acid.Hp0

Glyeine

L-Histidine HC1.Hp0

g&~xsoleueine
-Leueine
ggpLysinﬁ HCl1

;ﬁrﬁ&thienine
ggfﬁerleuaina

ggyPhanylalanine

L-Proline
DL-Serine
DL~Threonine
DL-Tryptophan
grmyraaine
g&ﬁ?alinm

400 mgm.
400 mgm.
800 mgm.
100 mgMma
9"“0 nmgile
!{'00 mgma
400 mgna
’4‘00 mgnm,
%00 nEM,
300 mgm.

400 mgm.
400 mgm.

%00 mgme.
400 mgm.
400 mgm.
1?00 ngm,
300 mgm,
400 mgme.
LOO mgm.

85 modification of the medium given in Horn Jones,

and Blum, U. 8. Dept. Azr. Misc. Pub

Pub., 696, 1

(1850) .
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and Blum,1 Its composition is given in Table V. The medium
used for L. breyis was the same as that used for Sirep.
faecalis except that 30 gm. of grarabinase and 5 gm. of
glucose per liter of medium were used in place of 40 gnm,

of glucose, and the sodium acetate level was increased to
40 gm. per liter,

The ingredients of the media were made up in several
stock solutions which were combined as needed. Four solu-
tions contained, respectively, all the vitamins, all the
purines, the phosphates, and the remaining minerals, each
in hundredfold concentration, The amino acids vere made up
singly in hundredfold concentration except that in some
cases those acids considered non-essential were combined in
a2 single stock solution, of fortyfold concentration in each
acid, It was necessary to dissolve a?stina in aeid solution
and to dissolve tyrosine and tryptophan in basic solution.
The other acids were dissolved in distilled water, The
stock solutions were stored in the refrigerator.

In order to make up medium for a run, the proper stock
solutions were combined, carbohydrates and sodium acetate
were added, and the pH adjusted to 6,8 s 0.1 pH unit., Five

114‘; J. Horn, D, B. Jones, and A, E, Blum, U. S. Dept.
Agr. Mise. Pub., 696, 1 (1950). ’
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ml. of this double~strength medium was added to each tube
and the final volume made up to 10 ml, by addition of water
or of the solution to be tested, The pH was again adjusted
if the test solution was not neutral, This adjustment was
made by use of a Beckman pH meter equipped with a nine~inch
electrode, After plugging with cotton the tubes were auto-
claved at 15 pounds pressure for 15 mimates, then cooled
and inoculated with one drop of saline suspension of the
appropriste microorganism,

~ The tubes were incubated at 37°. Incubation lasted
for 70-72 hours except where noted otherwise, Crowth was
estimated by titration with 0.1 N or 0.05 N sodium hydroxide
or by reading turbidities on a Coleman Universal Spectro-
photometer at 575 millimierons,

In gqualitative tests of the ability of a compound to
replace an amino acid for one of the microorganisms, duplie
cate tubes were set up containing the basal medium with the
omission of the aecid in question. To these tubes was added
the substance to be tested., At the same time duplicate tubes
containing the medium lacking any source of the acid and
duplicate tubes containing complete medium were prepared
as controls,

In tests for inhibition, the substance tested was added
to duplicate tubes containing the complete medium. Tubes
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containing the complete medium without additions served as
controls.

- In gquantitative assays for utilization of an amino acid
derivative, the derivative was added to medium from whieh
the acid had been omitted, as in the qualitative tests. 1In
addition, graded amounts of the amino aeld were added in
duplicate to a series of tubes containing the medium come
plete except for this amino acids Trom the growth response
obtained in the latter tubes a standard curve could be conw
structed, turbidity or lactiec acid production being plotted
against concentration of the amlno acld being assayed for.
By comparing growth response in the tubes containing the
derivative with the standard curve the percentage utilizae
tion of the derivative could be ealculated. Eaeh derivative
‘was tested at several different levels.

Chromatographie Procedure

The procedure of Gage, Dougless, and Wenderl was used,
The solvent mixture consisted of the upper layer formed when

1? B. Gagey C. D, Douglass, and S, H. Wender, J.
Chen. Educ., &; "159 (1950).,



18

%00 ml, p-butanol, 100 ml. glacial acetic acid, and 500 ml.
of water were mixeds The chromatographic chamber was an
empty reagent Jar of suitable size, closed at the top only
by a watehglass., Strips of Whatman Wo. % filter paper one
inch wide and 15 inches long were ordinarily used. A pencil
line drawm across the strip one ineh from the lower éﬂﬁ
served as the starting line.

In meking a chromatographiec run, the solution to be
tested was spotted on the center of the starting line by
neans of a caplllary pipette. The diameter of the spot was
kept as near one-half centimeter as possible. When the spot
was dry, the strip was suspended in the chamber by means of
a rubber band around the neck of the jar or by fastening
the top of the strip with cellulose tape. In order to keep
the strip from twisting, a short piece of glass rod was
inserted through two parallel slits cut below the starting
line in the long dimension of the strip. The strip was
allowed to dip into the solvent mixbure approximately onee
half inch. Solutions of pure aminc acids were run as ¢onhe
trols simultaneously with the solutions tested.

When the solvent front had risen to the desired helght
in the paper, the strips were removed, the location of the
solvent front was marked, and the strips were slloved to

dry, When dry, the strips were sprayed with a 0.1 per cent
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solution of ninhydrin (Fastman Kodak) in p-butanol and then
heated in an oven at 80° for five to ten minutes. The amino
acids and peptides appeared as colored spots,.

Fach spot was encircled by pencil and the center of
density marked, The Re value for each spot was calculated
by the equation:

Re = Distance traveled by amino acid
’ " Digtance traveled by solvent front

each distance being measured from the starting line. Iden~
tification was made by comparison of Re's of unknown sub-
stances with those of known substancesz chromatographed
similtaneously sinece the Ry value of a given compovnd varied
in sueccessive runs through the influence of a number of
factors.t

Formation of butyl acetate in the solvent mixture uwpon
standing necessitated frequent preparation of fresh solvent.

2&; Consden, A, H: Gordon, A. J. P. Martin, and R. L.
M. Synge, Biochem. J., 4ly 596 (1947). |



Procedure and Results in Amino Acid Sequence Studies

A review of the literature on the subject shows that
there is no lack of chemical reagents suitable for use in
determining amino acid residue sequence in peptides. The
chief difficulty encountered in the exploitation of such re-
agents lies in the lack of techniques of sufficlent
gimpliclty and reliability for practical use.

Since peptides or proteins are difficult to prepare
and to purify, a procedure capable of use on a mieroc scale
is often essential, Methods allowing the determination of
only the terminal residue of a peptide have value for
determining the molecular weight and details of protein
structure, but the development of procedures for the deter-
mination of a mumber of residues in succession is highly
desirable if the complete structure of a peptide 1s to be
elucidated.

Preliminary experiments were performed to test the
feasibility of combining the use of certain blocking re=
agents with microbiological assays in a subtractive method
for determining the order of amino scld residues in pepe
tides. The first step in each experiment consisted of
hydrolysis of a sample of the peptide and quantitative de-
termination of its amine acid content by microbiologleal
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assay, Next, a second sample of the peptide was blocked
chemically, the treated sample was hydrolyzed and the hye
drolysate again assayed. If the blocking reaction was com-
plete, and 1f the bloeking group could not be split off in
the hydrolysis or the blocked amino acid utilized by the
bacteria, then the residue occupying the terminal position
on the original peptide should not show up in the second
assay. If a selective method of hydrolysis could be emw-
ployed in the second step so as to split off only the
blocked, terminal residue, then the method could be ex~
tended to determine several residues in successive steps.
The first blocking reagent tested was nitrosyl bromide.
One hundred milligrams of g&rleacyig1yuy1@gg~ghamylalanine
was dissolved in 20 ml, of water containing 0.35 ml. of 48
per cent hydrobromic acids The solution was cooled in an
ice bath and 1 ml. of bromine (General Chemical) was added,
then nitriec oxide passed inteo the solution for half an hour.
Excess bromine was removed by aeration for 45 mimmtes. The
solution was evaporated to dryness in a vacuum desiccator
over sodium hydroxide. A sample of the treated peptide was
hydrelyzed in 3 N hydrochloric acid in a sealed tube at 1109
for two hﬂﬁrs‘ The hydrolysate was assayed for leucine and
phenylalanine, using L. arabinosus. A sample of the
 untreated peptide was similarly hydrolyzed and assayed, and
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samples of the treated and untreated peptide, unhydrolyzed,
vere included in the determination.

The results obtained in this experiment are shown in
Table V1. Percentages for each amino acld are based on the

total L-form as 100 per cent.

Table VI

Effect of Nitrosyl Bromide Treatment on Recovery of
Amino Acids in lLeucylglyeylphenylalanine

Per cent recovery

Treatment of peptide Leucine Phenylalanine
Nitrosyl bromide for 30 min.,
unhydrolyzed 16 6
Nitrosyl bromide for 30 min.,
hydrolyzed 8 6
Untreated peptide, unhydrolyzed L7 55«70
Untreated peptide, hydrolyzed , 79 80

The results show not only a marked reduction in the
availability of the leucine residue, but also a similar and
unexpected reduction of the availability of the phenyl-
alanine after treatment. The effect on phenylalanine may
indicate attack by the reagent on the phenyl ring. Hydroly-
gils did not affect the utilization of the leucine in the
blocked peptide,
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The results for phenylalanine in the untreated,
unhydrolyzed tripeptide varied considerably for the differ-
ent levels at vhich the peptide was tested, A later deter
mination showed utilization ranging from 45 to 53 per cent
for four levels,

Since the nitrosyl bromide treatment appeared to pro-
duce side effects which would prevent its use for the
purpose intended, this line of experimentation was disconw
tinued,

The reagent of Abderhalden and ﬁlumbargI, z,kmdinitres
chlorobenzene was next employed as a blocking agent in an
experiment similar to the one juast described, The peptides
treated were g@rkauaylg1?tyiﬁg&wpheny1a1aninﬁ, ggrvalylﬁga,
leucine, and DI~leucyl-Dl~valine. Dl-leucine was also run
for purposes of comparison.

The following is typical of the procedure used, Thirty-
three mgm. of leucylglyeylphenylalanine and 168 mgm, of
sodiun bicarbonate were dissolved in 2 ml, of water. TForty
mgm. of 2,%-dinitrochlorobenzene in 5 ml. ethanol were
added and the mixture refluxed for two hours. The solvent
wag evaporated and 7 ml. of water were added to the residue

which partly dissolved, Three extractions by 15-ml. portions

1. , , ‘
F. Abderhalden and P. Blumberg, Z. physiocl. Chem., 6%
318 (1910). ’
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of ether removed all undissolved material, Aliquots of
the agueous solution were hydrolyzed in 3 N or 6 N hydro-
chloric acid for varying periods of time at 110° in sealed
tubes, The hydrolysates were assayed with L. arasbinosus.

Under the conditions of the experiment, 2,4%-dinitro-
chlorobenzene (DNCB) failed to block effectively the
utilization by L. arabinosus of the terminal residues of
treated peptides, even vhen the molar ratio of reagent to
peptide was increased beyond that specified in the procedure
above. In Table VII are recorded the results obtained when
treated peptides, hydrolyzed and unhydrolyzed, vere assayed.
All hydrolyses were done in sealed tubes at 110°, but the
duration of the hydrolysis varied, as did the normality of
the hydrochloric acid used.

Peptides treated with DNCB and hydrolyzed gave lower
recoveries of the terminal amino acids than did the hydro-
lyzed, untreated peptides (see Table VI for hydrolyzed,
untreated leueylglyeylphenylalanine)., This indicates that
some blocking was achieved. The blocking was so Incomplete,
however, that the reagent, used under these conditions, was
of no value as a means of determining sequence, and no
further experiments with 1t were attempted., Free leucine
was almost completely unavailable to L. arabinosus after
treatment with DNCB,




Table VII

Effect of Treatment with 2,4%-Dinitrochlorobenzene
on Recovery of Amino Acids of Peptides

HMolar Hydrow
ratio lysis '
Haterial tested DRCB to condi~ Per cent utilization
peptide  tions of amino acids
Leucylglyeylphenylalanine, 2/1 I N E1 Leucine, 51
treated and hydrolyzed 2 hours Phenyaaianine, 97
Leucylglyeylphenylalanine, 2/1 B Leucine, 33
treated and unhydrolyzed ?henylaianine, 48
DL-Leucine, treated and 2/1 s s s Leucine, 9
nhydrolyzed : B
Leueylglyeylphenylalanine, 10/1 6 ¥ HC1 Leucine, 66
treated and hydrolyzed | 2 hours Phenylaian;nﬁ, 198+
Leucylglyeylphenylalanine, 10/1 6 N HC1 Leucine, 63
trested and hydrolyzed 5 hours  Phenylalanine, 180%
Leucylglyeylphenylalanine, 10/1 mommewew  Leucine, 42
treated and unhydrolyzed ?hanyiaianine, 62%
Leucine, treated and 10/1 wmememwe Leucine, 6
ydrolyzed
Valylleucine, treated and 10/1 6 N K1 Leucine, 76
hydrolyzed 2 hours Valine, 39

*S Sm
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When the treated peptides were hydrolyzed, assays for
the terminal residue gave highér‘rssults than were obtalned
with samples treated but not hydrolyzed. This possibly
indicated removal of the 2,4-dinitrophenyl group, but the
effect e¢ould also be attributed to hydrolysis of that pore
tion of the peptide sample which had failed to couple with
the reagent.

g&rﬂeaeylﬁgéﬁvalina and g@rvalyiﬁgérlaueine were treated
with carbon disulfide in alkaline medium according to the
method of Levysl Twenty mgm. of each peptlide were separately
treated with 0.2 ml, of 1 ¥ potassium hydroxide and 0.1 ml,
of carbon disulfide in small test tubes. The tubes were
sheken for three hours at room temperature by fastening them
to an electric sander. At the end of the period of shaking,
the contents of each tube had developed a yellow eolor,

One drop of concentrated hydrothloriec acid was added
to each tube after cooling. The acidifieation resulted in
the formation of a gum in each case, The gums 4id not
dissolve when the contents of the tubes were diluted prior
to mierobiological assay with L. grabinosus.

The results oktained from the attempt to use carbon
disulfide as the blocking reagent in a method for studying

1&4 L. L@Wy de M* S50Cey ; 25&, Lok,
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peptide sequence appear in Table VIII. Samples of the
untreated peptides, hydrolyzed and unhydrolyzed, were
included in the assay.

Table VIII

Availability of Amino Aecids of Peptides
Treated with Carbon Disulfide

Per cent recovery

Material tested Leucine Yaline
Leucylvaline treated with €S, 11 25
Leveylvaline hydrolyzed aight 83 7N
hours in 6 § HC1 at 120°
Leueylvaline, unhydrolyzed 36 25
and nn&reateé
Valylleucine treated with €8y 11 0
Valylleueine hydrolyged aight 90 73
hours in 6 ¥ HC1l at 120°
Yalylleucine unhyﬁralyzeﬁ 55 0
and untraateé

The results indicate that both residues of both di-

| peptides were unavailable to L. arabinosus after carbon
disulfide treatment. The most striking part of the dsta,
however, concerned the inability of L. arabinosus to utilize
the valine content of racemic valylleueine even though the
leucine content of this peptide was available to the extent
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of 55 per cent, Referring to Teble VII it may be seen that
valylleueine treated with 2,k-dinitrochlorobenzene gave a
similay recoverye. This seemed at the time to be due to
coverage of the valine residue by the reagent. '

Paper chromatography was used in conjunction with the
blocking technique of Edmanl to determine the order of amino
acids in several synthetic dipeptides in a subtractive
manner, The following procedure was found to yleld satis-
factory results in most cases.

To 1.0 mgm. of the dipeptide dissolved in 1.0 ml. of
wvater was é&deﬁ 1.0 ml, of pyridine containing from 10 to
40 mgm. of phenylisothioeyanate. The solution was allowed
to stand at 37° for four hours, then evaparata& in a2 vacuum
deslieccator over sulfuric zcid, The residue was hydrolyzed
in 2,0 ml, of 6 N hydrochloric aeid for 6, 12, or 18 hours
in an autoclave at 15 1lbs. pressure. The acid was evapor
ated in a vacuum desiccator over sodium hydroxide and the
hydrolysate taken up in water at suitable dilution for
paper chromatography.

It was found desirable to alter the procedure at the
point of the phﬂnylaﬁathiaayanéta treatment in order to
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secure more complete blocking of the terminal residue.
Glyeine vas found to be especially hard to blocks The
change consisted in adding alkali during incubation of the
peptide with phenylisothioeyanate so as to keep the pH of
the solution at a value between 7 and 8, Bromthymol blue
wvas used as an indicator.

Table IX contains data obtained through use of the
above method on a number of synthetie dipeptides.

When the untreated dipeptides were hydrolyzed and the
hydrolysates chromatographed two spots always appesred in
the chromatogram except in the case of the dipeptides come
posed of two like residues, By comparison with the
chromatograms of the amino acid standards these spots could
be recognized as being characteristic of the component
amino acids of the peptidess Identification was made through
Ry valuesy but in the case of leucine and phenylalanine,
which have Ry values which differ only slightly, color was
an ald to identifleation since the phenylalanine spot is
mach more blue than that of leucine,

When the dipeptides were treated with phenylisothio=-
cyanate, then hydrolyzed and the hydrolysates chromato=
graphed, one of the two spots always disappeared, and the
remaining spot was observed to be that characteristic of
the amino aéid onn the carboxyl end of the peptide. It was
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Table IX

Data for Assigrment of Sequence in Dipeptides Subjected to
Phenylisothiocyanate and Hydrolytic Treatment

Spots on chromatograms

Treated, Untreated

Anmino

Material chromatographed hydroe hydrolyzed acid
lyzed peptide standard
peptide | |

R R &
DL~Valyl-Dl-leucine 0.61 0.643 045
DL-Leucyl-DL-valine R 0.455 0.65
DL-Leucyl~DL~phenylalanine 0,58 0,565 0.65
Glyeyl-DL-leucine 0.65 0.663 0.19
L-Prolyl-L~leucine 0.63 0.653 0.35
D-Prolyl-D-leucine 0.62 0.665 0.32
Glycyl-DL-valine 0.45 0.453 0,17
D-Valyl-L-valine 0,48 0.48
L-valyl-D-valine Ok 0,46
DL-Leucine 0.66
DL-Valine 0.48
DL-Phenylalanine 0.60
L-Froline 0.32
Glycine 0,20




B

therefore possible to determine the order of the two
residues in the peptide, except in the case of the
valylvalines, where the two spots coincided in spite of
the faet that the two resldues possesgsed different con-
figurations.

It has already been mentioned that terminal glycine
was only partially blocked in earller experiments, and a
faint spot having the Ry value of glyeine appeared on the
chromatograms of glycyl peptides in such cases.

Complete dat@rminétian of the sequence of amino acids
va}.ylglyayl%phanylalmme, involved
the use of a method for selective hydrolysis after the first
blocking reaction to split only the peptide bond nearest the
phenylthiccarbamyl group, Edmanl achieved this effect by
hydrolyzing with nitromethane saturated with dry Hl., In
these experiments dioxane was substituted for nitromethane

in a tripeptide, DL

with good results.? The sequence determination was accome
plishéd in a series of steps. |

In the first step, 5 mgm. of tripeptide were hydro- |
lyzed with 5 ml, of é N hydrochlorie acid for 16 hours in

lp, Edmen, Acta Chem. Scand., 4, 283 (1950).

2r, L. Hurst, A Quantitative Method for Determining
Sequences of Amino Acid Residues, Unpublished M.S. Thesis,
Ames, Iowa, JTowa State College Library. 1951,
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an autoclave at 15 1lbs. pressure. The acld was evaporated
partially on a steam bath and the evaporation was completed
in a vacuvum desiceators The residue was dissolved in the
appropriate amount of water and chrometographed.

In the second step, 5 mgm. of the tripeptide were dis-
solved in 5 ml. of water. To this solution were added 5 ml.
of pyridine containing 0.1 ml. phenylisothiccyanate and 0,1
mgms bromthymol blue. Sodium hydroxide, 0.1 N, was added
until a blue-green color was produced, and the pH was ree
ad justed hourly during four hours incubation at 37°, After
incubation, the solution was evaporated to dryness in a
vacuum desiccator over sulfurie acid. Hydrolysis and
chromatography vwere performed as in the first step.

Finally, another sample of 5 mgm. of the tripeptide
was treated as in the second step up to the hydrolysis.

The residue from the phenylisothioceyanate treatment in this
case was hydrolyzed by adding 5 ml. of dry dioxane sature
ated with dry HC1 and placing the mixture in a desicecator
over calcium sulfate., Hydrolysis was continmed for six
hours at room temperature and was followed by evaporation
to dryness over sodium hydroxide in a vaecuum desiccator.

To the residue were added 4 ml, of water and 5 ml. of
pyridine contalning 0,1 ml., of phenylisothiocyanate and

the determination wag completed as in the second step,
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Figure 1 illustrates the extension of the phenyliso=
thiocyanate method to the assignment of sequence in a tri-
peptide, in this case, valylglyay&phﬁmylalaniﬁa" Strips 1,
2, and 3 are chromatograms of the hydrolysates obtained
from the first, second, and third steps, respectively, of
the procedure outlined. Strips 4%, 5, and 6 are, re-
spectively, the chromatograms of standard solutions ef'g%p
valine, glycine, and ggpphenylalanina. Spots representing
all three of the amino aecids appear in the first chromato-
gram. In the second hydrolysate valine was not present in
the free form and so produced no characteristic spot on the
chromatozram. In the third chromatogram both valine and
glycine failed to appear. The gsequence of amino acids in
the tripeptide was thus shown to be valine~-glycine-phenyle

alanine,

Availability of Amino Acid Derivatives in
Bacterial Nutrition

Results obtained in.aﬁma of the experiments on amino
acid sequence in which microblologlical assays were used
stimilated interest in the avallebility of certain deriva-
tives of amino acids in bacterial mutrition., Table X shows



0.57

0.45

0.21

Figure 1, Chromatograms Illustrating Sequence Determinaw
tion in Valylglyeylphenylalanine
1. First step hydrolysate. k, DL-Valine,
2. Second step hydrolysate, 5 Glycine.
3. Third step hydrolysate, 6. DL~Phenylalanine.



sus of the amino acid content

the utilization by L. arabinosu
of three peptides. These data have already been reported

as a part of the experiments on amino acid sequence, ut

were not heretofore presented in a single table.

Table X
Peptidaa as Sources of Amino Acids
» arabinosus Nutrition
' , Per‘eant acid
Peptide assayed Assayed for used
Leuneylglycyl- Leucine 7
gérphanylal&n&né”&r Phenylalanine 55«70
~LeueyleDl~valine Leucine 35
Bir 2 Valine 75
DL-Valyl=DL~leucine Leucine 55
E&f B Valine , 0

Hone of the peptides stimilated growth beyond the
amount which could be accounted for on the basls of amino
acid content, and none were utilized fully. The case of
valylleucine whieh could be used in place of leucine but
not in place of valine has been previously referred to.

mhe use of peptides in the study of bacterial mutri-
tion is complicated by the presence of more than one

reactive group and of more than one amino acid rasi&ua,
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each residue being of possible biological importance. The
stimulatory effeets produced by certain peptides which are
not attributable to amino acid content alone have already
been discussed.

Amino acids blocked at the amino or carboxyl group lend
themselves more readily to the systematic study of the
specificities involved in the mutrition of microcorganisms
because of the removal of some of these complicating factors.
Only one residue has to be dealt with, The blocking group
need not introduce an additional asymmetric c¢arbon atom.

If the derivative is utilized by the microorganism, the
fact that one of the reactive groups is blocked makes it
possible to gain a clearer idea of the type of enzyme or
enzymes responsible,

Table XI shows the results of qualitative tests for
utilization of the benzoyl derivatives of the nine amino
inosus according to
Kuiken and coworkers.) Definite utilization of benzoyl-DL~
leucine, questionable utiligation of dibanzsylﬁéuaystine,

acids essential for growth of L, grabi

and failure of the derivatives of the seven other acids to

support growth are demonstrated.

1%, A, Xuiken, W. H, Norman, C, M, Lyman, F. Hale, and
L. Blotter, J. Biol. Chem., 151, 615 (1943),
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Table XI

Utilization of Benzoyl Amino Aeids by L. arabinosus

Amino ac:iéi abe

o Volunme
sent from Added per 10 ml. medium 0,1 N
medium ‘ NaOH
ml.
Glutamic acid 1.0 mg. *bmmyi»g»gmtamie aeld 3..&0
Nothing 1.55
Tryptophan 2.0 mg. ‘benzmylw&vhrypmpm 2,90
Threonine 2.0 mg. banmylwg&»thrmmm a...QO
Nothing 1.70
Valine 2.0 mg. benzoyl-Dl~valine 1.45
Nothing 2 1049
Leucine 2.0 mg. benzoyl~DI~leucine 13.5
Nothing = 2.0
Isoleucine 2,0 mg. benzoyl-Dl-isoleucine 3.66
Nothing 2 3.55
Iysine 2,0 mg. oL ~benzoyl-DL~lysine 3.87
Kothing 3.91
Phenylalanine 2.0 mg. h@nmylwgk-phmyla&mme 2.%
Hothing 2.26
Cystine 240 mg. N, K**ﬁibenzey'l&-cystina 7465
sodium sal ,
Nothing 3.85
None Nothing 13,80
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Since the utilization tests of the benzoylamino acids
had been run st rather high levels, the possibility existed
that failure to support growth in the case éf sevenief these
compounds was due to 1ﬂhibiticn rather than simple unavsile
ability, Accordingly, the seven benzoylamino aclds were
tested for inhibition at the same level previously used to
test for utilization, The results of this experiment are
presented in Table XII, They show no indication of inhibie
tion by any of the compounds tested except in the case of

Table XII1
Test of Benzoylamino Acids for Inhibitary Action
Against L. arabinosus

Added to 10 ml. complete medium Ml. 0,1 N NaOH
1.0 mg. benzoyl-L-glutamic acid 14,85
2.0 mg. benzoyleDL-tryptophan 13.23
2.0 mg. benzoyl-DL~-threcnine 1%.97
2.0 mg. benzoyinggrwalina 15.03
2.0 mg. benzoyl-DL-isoleucine 14,65
2.0 mg. oL ~benzoyl-DL~lysine 15.00
2.0 mg. benzoyl-DLwphenylalanine 14,56

Nothing added 15.15
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b@nwﬂw%utrypwpham 8lightly less growth occurred in
the presence of this compound than in its absence, The dife
ference was slight, and at first was thought to have arisen
from some variation accidentally introduced in setting up
the tubes, However, a check run in quadruplicate confirmed
the result obtained in the mimaa run.

It was of interest to determine to what extent benzoyl-
RL-leucine and dibenzoyl-Lwcystine were used by L. arabinos
It was found that the &—leueine of benmyl»m‘-lemim was
available to the organism almost as completely as the free
acid (Table XII). On the other hand, dibenzoyl-L-cystine
was avallable only to a slight extent. It was suspected
that the latter compound might be contsminated by the free

amino acid, but a sample of 100 mgm. gave a negative
ninhydrin reaction.

Table XIII

Percentage Utilization of Bemaylm%-lemme and Dibenzoyl=-
&-—cystim by Lac! 3

Per aenf utilization
Compound of amino acid content

Benzoyl«DL~leucine 89
DibenzoyleL-cystine 0=5




It was desired to know whether the specificity ex-
hibited by L. arabineosus in regard to utilization of
benzoyl-anino acids was shared by other lactic acld

bacteria, The benzoyl derivatives of ten of the twelve
amino acids essential to Strep. faecalls R according to
Dunn and others! were tested qualitatively for availe
ability to that microorganism. It was found that benzoyle
Dl-methionine could replace methionine for Strep. faecalis
but that banzaylﬁg&yleuaiae was completely inactive when
substituted for leueine in the medium (Table XII), Cystine
is not required for gtrep. faecalis. It was also found
that under the conditions of the experiment tyrosine was
not essential to the strain of Ztrep.

alis used, since
the organism grew very well in the absence of tyrosine.
When inhibition tests were run, none of the derivatives
showed inhibition,

The benzoyl derivatives of twelve of the amino acids
essential for L. brevis? were tested for utilization. Of
these, only two, dibenzoy11é~eystine and hippuric acid,

M. s, Dunn, 8. Shankman, M., N. Camien, and H. Block,
. Blol. Chem., 168, 1 (1947).

°4, S, Dumn Shankmen, M. N. Camien, and H. Block,
Z. Biol. Chems, 168; 1 (19¥7):
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could replace the parent compounds. These results appear
in Table XIV, Inhibitlion tests showed no inhibition by any
of the benzoylamino acids against L. brevis. The finding
that L. brevis can use hippuric acld to replace glycine is
in agreement with the results obtained by Malin, Camien and
Dunn,®

Since it had been demonstrated that L. grabinosus could
 utilize, and therefore probably could split, benzoylleucine
and none of the other benzoylamino acids tested, experi.
ments were performed with the objeet of determining whether
the presence of a leucine residue having a free carboxyl
group was necessary for the utilization of a peptide blocked
at the amino end, A number of benzoylated peptides were
tested for utilizatian gualitatively in two separate experi-
ments, In the first experiment were tested the benzoylated
peptides listed in Table XVI,

The results of the first run were in agreement with the
hypothesis that benzoylated peptides having a leucine resi-
due on the carboxyl end could be utilized by L. arabiposus
In & second experiment a number of benzoylated Feptiﬁes

containing glycine, leucine, valine and alanine were tested
for availability of the leucine and valine residues to L.

1z, B. Malin, M. N. Camien, and M. S. Dunn, Arch.
Biochem. Biophys., 32, 106 (3.955.)

»



Table XIV
Utilization of Benzoylamino Acids by Strep. faecalls

Amino acid | ' Volume

absent from Added per 10 ml, medium 0,05 N
medium » ‘ NaOH
V o
Glutamic acid 0.5 mg. benzoyl-lL-glutamic acid 1,60
Nothing - 1.63
Valine 0.5 mg. benzoyl-Dl-valine | 241
Nothing oy 3.05
Isolencine 0.5 mg. benzoyl-Dl~isoleucine h.lﬁ
I%ot‘hing 3 »
Leucine 0.5 mg. benzoyl-DL~leucine 1,80
Nothing g 1.75
Methionine 0.5 mg. benzoyl-DL-methionine 10.40
Nothing L.83
Tryptophan 0.5 mg. benzoyl=DI~tryptophan 2.33
Threonine 0.5 mg. benzoyl-DL~threonine 2.45
Nothing 2.20
Tyrosine 0.5 mge N~benzoyl-L-tyrosine 8.18
Nothing 9,68
Lysine 0.5 mg. ot ~benzoyl~DL-1ysine 2;&0
Nething . 2
Alanine 0.5 mg. benzoyl-DL~alanine 3.10
Nothing 3,13

None | Nothing 12,27
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Table XV

Utiligation of Benzoylamino Acids by L. brevis

Amino acid
absent from

hedium

Added per 10 mls medium

Volume
0.10 B
NaQOH

Glutamie aecid
Isoleucine
Leucine
Methionine
Valine
Tryptophan
Cystine
Threonine
Phenylalanine
Tyrosine
Lysine
Glyvelne

Nothing

0.5 mg.,
Nothing

; banmyl*kglutam&c acid
, benzoyleDL~isoleucine
benmyhg&»lmeim

: benmayh%mthimim
benmﬁ%valm@

- benzoyl-DL~-tryptophan
dibenzoyl~-Lecystine

» Mwoylw%thremﬂ.m

! bezmaylwg&ﬁyhmylalanim
’ Nabanzayl;&vtyrasina

y oK *benasayls;ug&-lyame

« benzoyleglyeine

mi.

«30
135

L.k
143

1.33
13
2.90
2.75

1.3
1.3

2.2
2.85

2475
Le2!

1.48
1.%0

a.oo
1.95

2.%5
2.3%

1.03
1.20

1228

21.90
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Table XVI
Utilization of the Benzoyl Derivatives of Three Pebtides
Amino acid B Volume
absent from Added per 10 ml, medium 0.1 K
medium NaOH
| mi.
Leucine 0.6 mgm, benzoylglyeyls- 11.55
leucine Ri
0.8 mgm, benzoyleDL-leucyle 1.48
glyaylw@nyhenyia anine
Nothing 1.50
Phenylalanine 0.6 mgm, benzoylglyeyl-DL- 1.55
phenylalanine :
0.8 mgm, benzoyl-DL-leucyle 1.48
glywlm%-phmylalanim
None Nothing 16,28
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gug (Table XVII). None of the compounds could re-

place valine, while only mnzaylmgg—a’lawh&«lwcim having
leucine Mz the carboxyl termims, eould replace leucine to
a ssigmif‘iemt extent for L. arabinosus. The other ben-
zoylated leucine peptides mppwtﬁé a very slight amount
of growth if any at all., In the case of bmmylwgy»
1w¢y1mggy1eu¢ma A this result dld not fit the hypothesis,

The results obtained with the two racemie valylvalines
agree with those obtained by Hag‘stséi when he tested the
four stereoisomeric benzoylvalylvalines,

The two benzoylpeptides which were utilized by L.
arabinosus were assayed for leucine activity. The re-
sults are shown in Table XVIII,

Table XVII

Availability of Leucine and Valine mmtent of Benzoylated
Peptides for L« arablnosu

Amino acid T Volume

absent from Added per 10 ml. medium 01 N

medlum S — | NaQH
El»

Leucine Nothing 2,00

| 0.6 mgm. benzoyleDL-leucyls 3.70
g&-lmeim A &. )

0.6 mgm. hmmyb@-—lmayb 1.87

%»valﬂ.m
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Table XVII (Cont'd)

Amino aecid Volunme
absent from Added per 10 ml, medium OJl N
medium NaOH
ml.
0.6 mgn, benzoyl-DL-leucyl- 1.80
%—valim B
0.6 mgm, benzoyl~DL~leucyle- 2,25
&—almine
0.6 mgn. benzoyl-DL-alanyl- 10.18
%—-Maaim
0.6 mgm, benzoyl-DL-leucyl- 2,05
glycine
Valine Nothing 1.2
0.6 mgm. benzoylglyeyl-DL-valine 1.15
0.6 mgm. benzoyleDLeleuceyl-DL 1.18
valine ; %. %
0.6 mgm. benzoyleDL-leucyle 1.32
valine B %. % ’
0.6 mgm. benzoyl-DL-valylglyeine 1.28
0.6 mgm, benzoyl-Dl-alanyl- 1.25
gg—»v*a ine
0.6 mgm. benzoyleDl-valyle 1.40
alanine A % &.
0,6 mgm, benzoyle-DL-valyle 1.35
valine A e 2&.
046 mgms benzoyl-DlL-valyl- 1.35
valine é B&. Ry
Complete medium 16.85
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Table XVIII
Utilization of Bmmylug&-almyl»%—mmim and Benzoyl-
glyeyl-DL-Leucine by L. arabinosus

Per cent txtiuzatim
Compound of leucine content

Benzoylglycyl-DL-leucine 96
Benzaylu%alanylf%nlmcim 97
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DISCUSSION

The method described herein for determination of amino
acid sequence in peptides differs from the method as
developed by Edmanl chiefly in the manner in which paper
chromatography is used to identify amino scids. In the
method of Edman the phenylthichydantoin i1s extracted and
hydrolyzed, and the amino acid in the hydrolysate identi-
fied by chromatogram. The procedure described here avoids
extractions which are tedious and demand the use of larger
samples,

The phenylisothiocyanate technique was tested on a
number of synthetic peptides with success, In addition to
the use of paper chromatography, microblological assays were
employa&a to ldentify the amino acids present in hydrolysates
of the treated and untreated peptides. The results ob-
tained by the two methods were in agreement but the fact
that the microblological method is a quantitative one made

1p. Edman, Acta Chem. Scand., X, 283 (1950).

2p, L. Hurst, A Quantitative Method for Determining
Sequences of Amino Acld Residues. Unpublished M.S. Thesis,
Ames, Iowa, Iowa State College Library. 1951.



it possible to assign sequence by that method even in cases
of only partisl blocking vathﬁ terminal amino acid residue.
Although the chromatographic technique may be roughly
quantitative 1f the operator is sufficiently skilled, the
microbiological method has the advantage on this point,

If the peptide investigated should contain one or more
residues of the E?eenfaguratian the presence of such re~
gidues would probably not be detected by use of micro-
blological assays, since the grforma of amino acids
ordinarily do not promote growth of bacteria. On the other
hand, the two optiecal forms of an amino acid may be expected
to have the same Ry value, and in that case the chromato-
graphic method would detect the presence of an amino acid
of the D~-form but not its configuration. The use of the
two methods in eonjunction shounld determine both the pre
sence and configuration of an amino scid,

If more than one residue of the same amino acid were
present in the peptide, blocking of one of these residues
would not be detected by the chromatogrephic method unless
the operator was skillful enough to employ the technique in
a seml-quantitative way.

The chromatographic procedure hag the advantage of
simplicity ralat&ée to the mierobiological method, which

requires a standerd curve for each amino acid determined,
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and possibly the use of more than one microorganism.
Chromatograms can be run in a matter of hours for small
peptides, whereas microbiological tests usnally require
three days for incubation alone,

The results obtained when the avallability of the
benzoylamino acids for L. arabinosus was tested paralleled
those obtained by other workers for the acetyl and c¢chlorow-

acetyl derivatives, wherever these derivatives had been
teﬁteﬁlﬂaﬂa, with one exception., The exception was the low
utilization of aeetyi-»&»lmeim reported by Krehl and
Fruton.

The fact that bemayb@-lmeim was the only one of
these derivatives availlable in a high degree for L.
arabinosus was striking, since benzoylvaline and benw
zoylisoleucine are quite similar in structure to bene
zoylleucine, It has been shown that valine peptides are
particularly resistant to hydrolysis by acid and alksli
and this resistance is attributed to sterie hindrance by

1p, M. Hegsted, J. Biol. Chem., 157, 741 (1945).
%‘a Hs Eadesy Jrey, Je Blol. Chem., m, 147 (1950).

3’&5; As Krehl and J. 8. Fruton T, . .
499 (1948), ‘ s J» Blol. Chem.y 173,



the methyl groupsgl It 18 also known that bengoylvaline
forms the anilide with difficulty when catalyzed by papain,
in contrast to the behavior of benzoylleucine, and this
effect is also attributed to steric hindrance.? In the
case of leucine, the methyl groups are farther away from
the of~carbon by the space of a methylene group, and the
steric effects are accordingly lessened.

These considerations may account for the fact that
benzoylvaline and benzoylisoleucine are unavallable to the
microorganism but cannot be applied to most of the come-
pounds tested. The utilization of two of three benzoylated
peptides having leucine at the carboxyl termirms and the
fallure of other benzoylated peptides to promote growth
indicates a preference for leueine at the carboxyl terw
mimag, The failure of h&ﬂ5@¥lﬁ2&rlﬁﬂ¢¥ﬁwgérlﬁuﬁin@ A to
support any considersble growth 1s not easlly explained.
The behavior of b@nzaylﬁgkmleueylﬁggrienaine A is similar
teo the nonavallability of hippurylglyeine reported by
Malin, Camien, and mnnn3, who found hippurie acid and glyeyle
glyeine utilized by their test organisms in contrast,

I‘Bﬁ L. M. Synge, Blochem. J.y 39, 351 (19&"5)'
23, W, Fox and M, Winitz, unpublished experiments.

3R. B, Malin, M, N, Camien, and M, S, Dunn, Arch,
Biochen. Biophys.) 33, 106 (1951)%
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The ntilization of the leucine of DL~valyl-DL-leucine
and the failure of L. arabinosus to use the valine of this
compound has been noted. These facts can be explained if
two assumptions can be made, The first assumption is that

the leuecine of any form of valylleucine must have the é-—
configuration if either residue of this dipeptide is to be
utilized. This assum;aﬁan is based on the discovery of a
similar requirement for availability of leucylleucines by
Fox and atnersnl The second assumpiion is that the Di~
valyl-Dl~leucine was inadvertently resolved at some time of
ite preparation or purification inte the D-D, L-L and the
g@? L-D racemates, only the latter being recovered. If
these two assumptions are granted, then the behavior of L.
arablinosus in relation to valylleucine becomes under-
standsble. In the case of the D-L isomer, the leucine 1s
available but the valine is not, being of the gutmnﬁguxm
tiens The L-D :&am&r cannot be used baaauae the configuras-

tion of the leucine residue blocks utilization of any part

of the molecule.
Fxcept for dihanmyl»&‘eysmm which was available in

ng and L. brevis, each

some degree for both LQ aragbinog

1s, W. Fox, Y, Koba sm.i ot Melvin, and F. N. Minard,
I Am. Chem. S0Cey 70,
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microorganism exhibited the ability to debenzoylate a
different benzoylamino acid, This indicates that the
regpective mzmw systems of the three bacterial strains
differ econsiderably, even in such a restricted area of
metabolism,
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CONCIUSIONS

1. Paper chrometography can be used in coajunction
with chemical bloeking to determine the terminal amino
acid residue of a peptide through a subtractive procedure.

2. The same method may be extended g0 as to determine
amino acid residue sequence in higher peptides,

3. Paper chromatography and microbiological techniques
used in conjunction on hydrolysates of treated peptides
allow the determination of configuration as well as posi-
tion of amino acid residues in peptides.

4. Marked differences exist among strains of lactie
acid baecterla with regard to ability to debenzoylate |
benzoylamino acids, | |

5« When the amino end of a peptide is blocked by
the benzoyl group, & leucine residue at the carboxyl ter-

- minus favors utilization by the strain of L. arabinosus
employved. ‘ o

| 6, The ability to debenzoylate benzoylamino acids
appears to be strictly limited for a given strain of

bacteria.



~86

SUMMARY

Preliminary experiments were performed to investigate
the posgsibility ef,cmmbining chemical blocking with micro-
biological aaaays in a method for determining terminal
amino acids in peptides,

A subtractive chromatographie procedure f@r deter-
mination of terminal amino acid residues in peptides is
presented. Regults are given for a total of nine di-
peptides and one tripeptide. By employing selective
cleavage of the treated tripeptide with dioxane~HCl the
sequence of residues could be determined.

The benzoyl derivatives of nine amino acids essential

rabinosus, of twelve amino aclds essential for
L mg_, and of ten amino acids essential for Strep.
1is were tested for utilization by these micro-

arg&ﬁiémsa It was found that, under the conditions of
the experiment, L. ax

gbinosus could utilize only benzoyle
Dl-leucine with effieianay, whereas activity so slight
‘aa'to be questionable was noted.for dibenszoyl-L-leucine
with-efficiencyy vhereas-activity so slight-as to be
guestionable was noted for éibenzcylﬁéweystine. Only

henﬁaylgg&rmathienine was available for Strep. faecalis.
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L. brevis used hippuric acid efficiently, while results for
dibanzbyiwérayatime were equivocal for this organism also.
It should be noted, however, that only one strain of each
species of bacteria was ugé&, and thé results obtained may
apply only to these strains.

Twelve benzoylated dipeptides and one benzoylated tri.
peptide containing leucine phenylalanine and valine residues
were tested for availability to L. arabinosus. Only two,
hippuvylﬁggalﬁaain@ and benzoyiﬁggraianyiégéglﬁueinﬁ were
utilized, the microorganism seeming to show a requirement
for leucine at the carboxyl end of the compound used. One
other such compound, however, benzaylﬁgéylenaylwggn
leucine A, gave little or no growth response.

Three peptides were assayed for availabllity to L.

nogus. One of thesey DL~valyl-Dl-leucine, was found

ta'suyport growth in a leucine~free medium but not in a

valine~fres medium, A possible explanation is presented.
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