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INTRODUCTION

Although Streptococcus lactis long has been recognized

primarily as being saccharolytic beciuse its most readily
apparent action in milk is the production of lactic acid from
the lactose present, there are numerous reports in the litera-
ture regerding its wealk but definite proteolytic sctivity.
These reports have indicated thut 5. lactis is able to increase
the soluble nitrogen of milk cultures, as measured by chemical
methodss This line of investigation has not revezles informe-
tion regarding the manner in which the wvarious amino aclds are
released from the milk proteins.

The advent of the microbiological method for cuantitntive
determination of amino acids has provided a tool by which the
distribution of these aclds in many bilologlic:l products may be
determined. It was felt that the microbiological method could
be applled to the problem of determining the distribution of
amino aclds in some of the soluble nitrogen fractions of milk
cultures of 8. lactls. This informetion would be a contribu-
tion to the understanding of proteolytic properties of . lactis
and alsc would help clarify the role played by thls orgsnism
in the proteolytic processes associated with the ripening of
cheese.

By determining the amino acid activity fpr ten different

acids on both tungstic and lectic acild filtrutes prepared from



15~-day cultures of £. lactis and br subsenuently determining

leueine and phenylalanine ncehivities of filtr-.tes prepared
after different periods of incubation, it was hoped consider-

able aiddltlonel information regarding the proteolytic activity

of T lactis would be obtained,



REVIEY OF LIYERATURE

Von F'reudenreich (1897) domonstrates that oval coccus
forms lsolatecd from Emmenthaler cheese were cipable of ine-
crenging the soluble nitrogen of sterile milk to which chalk
had been added to neutralize the lactic ncid formed by the
orgsnism. In wore recent times similar experiments have been
repeatec by numerous workers using S. lactls, which probably
is tre same organism with which von Freudenreich was working.
The results of these studies have been reviewed by Hammer and
Babel (1943)s It has been found that proteolysis by . lactis
occurs in both sterlile milk and sterile milk to which calcium
carbonate has been added, The change 1s not extensive enough
to alter the appearance of milk but may be detecter chemically,
even in freshly coagulated milk. Proteolysis has been deter-
mined by various methods ineluding the determination of in-
creases In Sorensen formol tltration values, Kjeldahl nitrogen
values of various soluble fractions, and the Van 8lyke amino
niltrogen valuecs, There appears to be considerable variastion
in the proteolytic power of different strains of £. lactis,.
This may or may not be correlated with the rate of acld
production of the different strains.

Nuring a study of the protein metabolism of several
species of lactic zcid bacterin, Braz and Allen (1939) found

that after several weeks Ilncubation, a culture of 5. lactis,
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ag well ag some of the Lastobnclllus speciles, brought about a

detectable increase in the protein content of milk cultures
contrining no added esleium carbnnate, ‘thelr results indiceted
tnat this increrse occurred at the expense oi the proteose-
peptone fraction and that changes in the asmino acid fraction
usiually were small, In the presence ol calcium carbonate,

S« lactis brought about a considerable decrense in the protein
and an ineresse in the proteose-peptone fraction. Provision of
an addltional quantity of emlno acids in the form of added
veast extract usuelly resulted in a stimulstion of the anabolic
process, s0 that either smaller quantities of amino acids were
produced or negatlve valuea were obtained after growth of the
cultures.

Anderegg and Hammer (1929), in a study of a large number
of #. lactls streins, found sn increase in soluble nltrogen in
gome cases und a decrease in others., Addition of peptone
tended to retard proteolysis or to increase negative wvalues,
while addition of caslecium carbonate resulted in more extensive
proteolysis,

7o the best of this writer!'s knowledge there are no reporis
In tre literature st the present time dealing with the distri-
bution of amlino acids in the various soluble nitrogen fractions
resnlting from the proteclytic action of S. lactis in milk

culturcs,.

It would oppear from the foregoing citations that the



nitrogen metabolism of &. lactis involves a simultuneous
gynthesis and degradation of proteins and their plit products,
There seems to be a rathar delicerte balance between these two
processcs which is easily upset by inereasing the longevity

of the cells or by supplying them with the basic units for
protein synthesis.

Niven (1944) studied the nutrition of a number of strains
of 3. lactis in a chemicslly defined medium and found the amino
acid requirements to be complex., A minimum of 14 amino acids
was required to initiate prompt growth. The organisms had an
absolute roculrement for vallne, leucine, isoleucine, methionine
and arginine bt wns able to prow without tryptoph=n. Glut:mine
and asparagine were necesssary for the inltistion of growth.

Dunn and hils associates (1945) described a method for
the microbriologleal determlnation of tryptophen in unhydrolyzed
protein-free flltrstes of blood serum :nd plasma, The plasma
or serum was deproteinized with btungstic ncid snd the result=-
ing filtretes adjusted to pH 7.0. Assays on such flltrates were
reported as "apparent free" tryptophan.

In 2 recent series of papers (Hier and Bergeim, 1945, 1946;
Solomon et al, 1947; Voodson et nl, 1948), "apparent free"
values for a number of amino acids have been repbrteﬁ on
deprotelnized plesma nnd cerebrospinal fluld and on unhydro-
lyzed urine, In reporting “apparent free" amino acidvalues

these workers have either overlooked the possible amino acid



activity or such amlno ocid residues in poeptide forms or
considered the activity of such formms present in their fil-
tretes to be nesliglible.

Amino acld residues in some peptide combinitions hsve been
Tound 0 possess amino ascid activity. Simmonds, Taetum and
Troton (19471, 1947b) working with xz-ray induced mutant strains

of Tscherichia coli which reouired phenylalsnine, tyrosine

or leucine; respectively, found that varvious simple peptide
derivatives of these samino acids served as growth factors for
the respective mutant forms. Krehl and Fruton (1948) have
found that various peptide forms of L-leucine have growth

promoting properties for Lactobaclllus arabinosus and Ztrepto-

~coccus faec:lls., They have shown thet such activity depends

on the posltion of the leucine residue in the peptide with
respect to the other amino acld residues, the nmiture of the
other amlno acids and the time of incubation. L-leucyl-L-
tyrosine gave up to 106 percent of the growth promoting
activity for 5. faecallis of that expected if 211 the leucine in
the compound were avellable for growth. This compound had up
to 102 percent leucine activity for L. arabinosus. Glyeyl-L-
leucine had up to 103 percent leucine activity for L. arablnosus
and 72 percent for . faecelis.

From these reports it m:y be concluded thyt the results
of microbloloylicel assasys for amino aclds on unhydrolyzed

biologlcal materials which are apt to contain the smaller
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fractions of protein degradation can not accurntely be reportec
s "apparent free" amino acid.

At the time t e present study wes undertaken there were
numerous microbiole;iesl methods avallahle for assay of indi-
vidual amino acids. These involved the use of = variety of
agsay orgenisms, hasal medis and detzils of procedure. The
literature on this subject is too extenaive to justify review
here. The uniform method reportei by Slokes and his ascoclates
(tokes et al, 1945; Gunness et al, 1946) made possible the
agsay of hlstidine, arginine, lysine, leucine, isoleucine,
valine, methionine, threonine, tryptophan, phenylalanine and
tyrosine with 2 single basal medium and two assay organisms,

Streptococcus faecnrlls and Lactobacillus delbrueckil LDS.%

The method wes reported to be applicable to assay of natural
products 23 well as purified proteins., It was found to be
stable to non-specific stlmulatory or inhibitory substances
which might be introduce’ wlth ascmples., Hecoveries of known
amounts of amino acid added to proteins prior to hydrolysis
were cvantitative within i 2 percent, Microblological values
obtained for purified and impure proteins were found to be

in reasonably good agreement with those obtained by chemical

methods,.

% Lactobncillus casel, according to Rogosa (1946).
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tiethods

Isolntion and identification of &, lactis cultures

Ten samples of sour cream were obtuined from shipmente
received in the Butter Leborastory of the Department of Dailry
Industry of Iowa State College. Each sample represented cream
from a different producer. Appropriste dilutiong of the
samples were plated In tomato jJuice-peptonized milk ager and
incubated at 21°C. for 48 hours, Typlcel colonies were picked
from each of the platings snd transferred to litmus milk. After
24 hours incubstion at 3000., two cultures which reveale” typical
litmus milk recctions for Z. lsctis were selected from each
serles of isolations and carrie:i through two more transfers
in litmus milk., At this time duplicate litmuz milk cultures
were prepared in screw-capped test tubes, incubate® 24 hours,
then frozen and held for future use at -10°C.

Microscopic examination of methylene blue stalinsg of all
the litmus milk cuvltures from which the frozen cultures were
prevared revesled elongated cocel occurring in pairs and short
chains. All nroduced acld, coapgulation and recduction in
1itmus milk within 24 hours when lncubated at 30°C. When trans-

ferred to litmus milk held at 10°C. ezch culbture produced acid
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or acld, congulatlion and redvction within 15 days. No chango
was observed for 72 hours after the cultures were transferred
to litmus wmilk held at 4500. ¥rom these tests it was concluded
thet 0ll of tre cultures used were strains of L. lsctis accord-

ing to Sherman'e classification (1937).

Preparntion gg skimmllk cultures

Ywo hundred ml, portions of fresh skimmilk were dlspense:
into pint screw-cspned bobttlese ‘These then were'weigheﬁ on a
torsion balance to the nearest one-tenth gram and the weight
recorded on o tag fastened around the ncek of esch bottle.
2terilization was accomplished by heating to 100°%¢. in flowing
steam for 40 minutes on three succeusive days. ‘Ihe bottles
of milic were allowe! tuv stand at room temper.ture between heat-
Ing perlods. After the last heat treatment the bottles were
allowes to cocol to room temperature and then were pleced in e
21°c. incubator over night before inoculation.

The frozen cultures which were to ®e user as inoculum
were allowed to thaw at room tempersture, & loopful of esch
wasg transferres to a tube of litmus milk and incubated for
24 hours at 21°0. Thney then were carried through three more
transfers to insure maximum activity,

Tunliente 200 ml. gquantities of askimmilk each were
Inoculnted with four drops of a 24 hour litmus millt culture

of esch of the struins of S« lactls to be studlec. <These
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large cultures were lncubate -long with Aduplicate sterile

controls at 21°C. for the desired length of time,

?reparation gg culture filtrates

A1l cultures snd sterile controls weve made up to their
orlginzl weisht by addition of dilstilled water. Iach culture
was agitated thoroughly by shaking and then mixing in a lVaring
Llendor. Ieplicalte Z6-g. somples of each cnlture and the
controls (equlvalent to 25 ml. of skimmilk of sp. gr. 1.033)
were welpghed into 150 ml. beakers.

Tun-atic ocid filtrates. Samples of each of the cultures

and of the sterile controls weré dilute.’ with 20 ml., of dig-
ﬁilled water and adjuste? to pH 1l.5~1l.6 b:r addition of =a
measure ! guantity (wsuelly 11 ml.) of 0.6 H2504. The mixbture
wag agitated thoroushly during asddition of the scid. After
cuantitstlve transfer to a 125 ml. bottle the mixture was
brought to 68,7 ml. with water and 6.5 ml. of 10 percent
sodium tungstate was added. The bottle was stoppered nnd shaken
for three minutes. 7The materiai insoluble in tungzstic acid
then was rcemoved by filtration through dry flutes YWhatman 2
filter paper. ‘he first portion of the filtrate ccllected

was reb rmed to the filter for a sccond filtration. All the
filtretes prepared in this manner had a pii of £.40-2.50. This
1s well below the limit of pH 2.85 found by Merrill (19e4)

to be the polnt at which complete precipitation of blood



“ll-

proteins occurs with tungstic acid.

This method 1s essentially the same as thnt usecd by Hier
(1945) in preparation of protein-free plasma filtrates for
m crobiclopicnl assay of omino aclids. A prd iminary investi-
gation indicated that if the pH of the milk cultures or sterile
controls vere adjustec to 1,5-1.6 and an amount of sodium
tungsteste solution sadded to give s cmlculated finsl concentru-
tion of 0.7 percent tunstic acid, the resulting filtrates gave
a minimum bluret resction. These filtrates also were less
toxlc to the assay orgsanisms than those obtained with concen=-
trations of 0.8 and 1.0 percent tungstic acid.

Lactlie scid filtrstes, 'The second 26 . sample of ench

culture was diluted to 75 ml., with water, heated in a boiling
water bath with constent stirring for flve minutes and cooled
in rumning tap water., The coagulated proteln was removed by
filtration as describe:d for the tunzstic ncid filtrates.
Since the pi of nall the cultures after dllution was 4.z,

the sterlle control samples were dlluted to 60 ml., adjusted
to pll 4.,z with n measured cuantity of 10 percent lactlic acld
and then made to 75 ml, From this point the sterile control

samples were hondled in the same manner as the culture samplese.

Preparation of unhydrolyzed filtrstes for assay

Eech milliliter of the above filtrates was equivalent to
0.%3 ml. of the original skimmilk culture or control., 4 50

ml. quantity of each filtrate was ardjuster to pH 6.8 with



0.1 HaOH and made up to the desired dilution. ‘the culture
flltrates were diluted to 250 ml. while the sterile control
filtrates wore made Lo 100 ml.,3; thus the final dilutions

were 1:15 and 136, respectively.

Preparatlion of hydrolyzed flltrntes

Additional tungstic acid snd lacbtic scid filtrates of
the cultures 2nd sterile control were prepared by the proced-
ures alrendy descrlbed. Fifty ml. of each of these was made
2N with Holi0, by adding 6.4 ml., of 50 percent H2504 and
bringing the volume to 60 ml. with water. <The acidified
filtrates were placed in 150 ml. beakers covered wlth larger
beakers. IiHydrolysis was accompllshed by autocluving at

15 pounds pressure for flve hours.

Removal of excess suliate from hydrolysates. While still

hot, the hydrolysates were trusnsferred to 125-ml. centrifuge
tubes and treeted with 18 g. of Ba(OH)2-8H20 in 2% ml, of
boiling water. After thorough mixing, the precipitated
BaSo, was removed by centrifugation. The supernatant was
decanted from the centrifuge tubes and passei through Jena
sintered glass crucibles to remove any precipitate which was
not thrown down in the centrifuge tubes. The BalS0, precipi-
tates were triturated with 50 ml. of boiling water, recentri-
fuged und the washiln;s decanted., Wasghing of the precipltates
was repented a accond time and the washin;;s combined wilth the

first supernatants. The hydrolyzed crlture filtrates were
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acdljusted to pH 6.8 nnd brought to 250 ml., the final dilution
being 1:15.‘

The hydrolyzed sterlle control filtrites were adjusted
to pH 3.5 and concentratesd to 60 ml. under vacuum. <The con-
contrated hydrolysates then were adjusted to pH 6.8 and diluted
to 100 ml,; thus the final dllution was 1l:6.

All filtrstes, including the tungstic acid, lactic acid,
tungstlc ncid hydrolyzed and lactic acid hydrolyzed, prepared
from both the skimmilk cultures and the sterile controls were
stored under toluene in screw-cappes bottles in the refrigera-
tor. Iurther dilutions of the filtrntes were made when

requires at the time the assays were run,

Amino acld assay of filtrotes

Assays for valine, leucine, isoleucine, threonine, arginine,
methionine, histidine, tryptophan, tryosine, and phenylalanine
were carried out on the g. lactls skimmilik culture filtrstes
and the sterlle controls by means of the microbiologicel
method described by Stokes and his sssocistes (Stokes et al.,
1945; Gunness. et al., 1946).

Cultures of the assay orgeanisms, Lactobaclllus delbrueckil

LD5 #9895 and Streptococeus faeculig #9790, employed in this

procedure were obtained from the Americen Type Culture Collec~

tion.

The bagal medium used for the assay was modified in thet
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bydroxyproline was omitted due fto its unaveilability at the tiwve
this work was in progress. ‘his omission was not considered
Jetrimental to the accuracy o. the aséays, since it hts been
shown by Uunn and co-workers (1947) that hydroxyproline is not
renulires by or stimulatory for either of the orgunisms used in
this proce iure.

The stundard curves nnd assays were incubsted 65 hours at
‘3700. Aftier the tubes were removed from the incubator, growth
of the =sosay organisms was arreste’d by steaming for 15 minutes
at 170°G, Uhen the cultures hid been cooled to room tempera-
ture, the lactlc =zcid producecd by the assay organisms from
the glucose in the medium in response to greded increments of
amino acid was determine? by titration wlth standard alkali.

An electrometbric titration apparatus similar to that
degcribed by Kockland and “unn (1947) was used. It consisted
off a Mo el No, 7663-A1 Leeds and Northrup potentiometer with
glass eleetrodes, which were fixed in plece in a 75 mm. Pyrex
funnels. The stem of the funnel h:d been removed and the
funnel fuse~ to the barrel of a hesvy Pyrex stopcock. The
stopcock was connecte to a water asplrator to facilitate rapid
discharge of titruted samples. A small cspillary tube was
conducted into the tiltreation receptstle resching the spex of
funnel and 2lmost toiching the stopcock plug. Nltrogen gas

was bubbled into the assay culture to affect adenuate stirring

during, titration. The standard alkall was directed into the
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titretion funnel from » =5 ml. buretie.

The contents of esch assay tube was emptled into the
titration funnel and the tube rinsed with three 5 ml, portions
of distilles water. The rinsings were emptled into the fumnel

and the aoclution titrated to an endpoint of pH 7.0.

Procecure for biuret test

A stnble biuret reagent was prepared according to Hawk and
Bergeim (1939) by adding one perqent copper sulfate solution,
dAropwilse, with constant stirring, to a 40 percent =zodium hydrox-
lde so'ution until the mixture assuned s deep blue color. 'the
biuret test was carrled out on all the unhydrolyzed filtrates
before ﬁhey were rdlluted for assay. Four drops of the reagent
were added dlrectly to one ml. portions of the filtraites.
After agitation of the mlxture for five minutes the development
of a purplish-violet color wss considered to indieste the
presence of protein, whereas, a decided pink color indicrted
the presence of proteose or peptone., Very light pink reactions

were bdloved to be due to the presence of peptides.
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Results

Amino sclid activity of unhydrolyzed tungstic and lactic acid

filtrated of 15-day skimmilk culture of S. lactis

Amino acld eassays of wvaline, leucine, 1soleucine,
threonine, arginine, methionine, histidine, tryptophan, tyrosine,
and phenylalanine activity were made on u hydrolyzed tungstic
acid end lactic acld filtrates of skimmilk cultures of five

strains of . lactis and a sterile skimmilk control, all of

which hed boon incubates st 21° ¢ for 15 dryse. The results of
these assnys, expressed as gammas of amino acid per milliliter
of origlnal culture, are shown in table 1. The aasey values in-
dicated are averages of closely agreeing fipurcs ohtnined at
from three to five contiguous assay levels.

"he walues indicated for hoth the tungstic -nd lactic acid
filtretes of the sterile control probably are not entirely
~accurate. Preliminary trials, in which such filtrates were
adde® to a complete bnsal medium, revealed th:t the filtrates
could not be diluted less then 1:6 without mumrkedly inhibiting
the acid productlion of the assay organisms. Tor this renson,
the sterile control flltrates as used In the assnys could
not be more concentreted than s 1:6 dilution, Since the amino
acid activitles of the liltreotes were so low, nearly all of the

titration values obtained at the various levels fell between
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Table 1

Anino acid assays of tungstic and lactic ac
skimmilk cultures of five st

Amino aecld Sterlle control Culture 1 ¢ Q;lm;:wwmg" 2 gd Cnlture 3
Tangs Lp Tungstie TLactic Tungsti act Tungetic I
Valine 7.5 8.7 113.4 123.3 130.7 147.3 99.9 11
Leucine 4.9 8.9 122.0 149.6 147.3 172.2 111.0 18
Isoleucine €5.3 5.3 65.1 98.1 80.7 120.9 7.7 10
Threon ine 3.0 6 4 74.4 78.2 71.4 77.9 60.8 €
Arginine 6.8 11.8 76.7 105.5 80.1 108.2 58.8 €
Meth ionine 3.5 4.8 32.7 377 29.7 37.2 24.0 b
Higidine 1.6 3.7 29.6 42.3 38.1 49.8 25.7 4
Tryptophan 2.5 3.7 14.0 20.0 14,5 17.7 12.0
Tyrosine <3.7 3.7 79.1 122.6 30.0 115.1 54.5 ¢
Phenylalanine 2.8 5.1 93.0 174.6 101.4 172.7 82.8 1

* Expressed as ¥ /ml. of original culture.

% Th ege are maximum ratios since the lactic acid filtrate values of the control were |
low to measure and the yalues used in calculation of the ratios undoubtedly are too
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Table 1

: and lactic acld filtrates prepared from l5-day
ires of five strains of S. lactis

1d _eauivalents of filtrates Ratio of av.
- Cnlture 3 ¢ LCulture 4 ¢ Culture S5 ¢ = _Av. increase = __incresse
D gL B ANZ8TI 1 1 LUNES L i INZRT A B

99.9 110.1 103.4 117.3 95.4 109.2 101.0 112.7 1

¢ 1.12
111.0 139.4 110.0 138.8 110.7 135.6 115.3 138.2 1 ¢ 1.20
7767 106.1 69.5 105.0 46.4 81.5 >62.6 97.0 1 : 1.55%»
60.8 67.5 60.8 68.1 50.9 56.4 60.7 83.2 1 ! 1.04
58.8 96.2 55.2 81.9 65.0 98.0 60.4 86.2 1 ! 1.43
24.0 33.5 24.3 32.7 18.3 28.1 22.3 29.0 1 : 1.30
25.7 40.2 25.8 36.0 28.4 40.8 27.9 38.1 l : 1.37
12.0 15.2 11.1 = 14.6 12.5 15.8 10.3 13.0 1 : 1.26
54,5 98.7 49.4 100.8 44.0 80.0 >57.7 99.7 1 I R A
82.8 162.9 79.2 173.7 75.0 136.8 83.5 1568.0 1 ¢ 1.89

control were too
btedly are too high.
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the blank value and the second increment of amino acid of the
various stundard curves. As & general raole, assay results

calculsted from titration velues {2lling in this portion of =
atenderd curve are not as dependsble as thnse ecalculated from

values falling nearer the center of a standard curve.

Assays on tungstic acid fillirstes

The assay values presented in table 1 for »l1ll ten of the
amino acids on each of the flve cultures revenl increases over
those obtained on the sterile control. In comparing the aver-
age incre2ses of the assay values of the cultures over the
values for the control, the incresses in leucine and valine were
highest, followed by that for phenylalanine, ‘“he average in-
crenses for 1lsoleucine, threonine, arginine, and tyrosine were
aoproximately equal in mesgnitude. Yhe inerezses in histidine,
methionline and tryptophan were low, with tryptophan showing the low-
est absojute increase.

Comparlson between tungstic and lactic acid filtrates,

411 of the assey values determined on lactic acid filtrntes were
higher than the corresponding values on the tungstic acild
filtrates (teble 1), Comparison of the averspe inecre:ses of
assay values of the lactic acld filtrates ol tho cualtires over
the corresponding control velues reveals considerable devistion
from the same comparison made on the tungstic necid filtrste

valunes, The aversge Incrense was greatest with phenylalanine,
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followed by those for leucine, valine, tyrosine, isoleucine,
urginine, threonine, histidine, methionine and tryptophan
in order of decraasing magnitude,

The ratios of the average increases of the tungstic acid
and laectlic acld filtrates indieate that the lactic acld fil-
trates had 39.3 percent more phenylalanine sctivity than the
tungstic acld filltrates. The tyrosine activity of the lactic
acld filtrsates was approximately 70 percent grester, while
that for threonine was only 4.2 percent greater. The ratios for
the othe» acids fell between these limits,

“incoe the assays of the lactic scid Llltrates were higher
than the agsays of the tungstic ncid filltrotes in all instances,
it is doubtful if the assay values on these unhydrolyzed filtrates
indicnte free amino acid. WYhen a cualitative bluret test wasg
applied to the filtrates, the tun.:stic acid filtrate of the
sterlle control was negative, whereas the lactic acid Tiltrste
gave a bright pink color, indlecsting the presence of proteose
or peptone. A li,nt pink color was obtained on the tungstic
acld filtraetes of all the cultures, snd the lactic scid fil-
trotes of all the cultures geve a bright pvink color.

Apparently there is a certain degree of variabllity in
the abllity of the different strains of 5. lactis to convert
milk protein snd protein intermediates into theilr component
free smino acids or fractions thereof which possess amino acid
activity., Both the tu gstic and lactic acild filtrates of

cultures lc and 2c¢ gove highor amino acid assay values, in
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most cnses, than tnowe of 3¢, 4c¢, or He.

Lewcine and phenylalanine activity of unhydrolyzed and

hyirolyzed tungatic and lactlic ncld filtrates of 8. lactis

skimmilk culturcs after different periods of incubation

Assays for leucine and phenylalanine activity were made
on both unhydrolyzed and hydrolyzed tungstic and lactic acid
filtrstes prepared from skimmilk1 cultures of two strains of
Se lactls which had been Incubates for 1, 3, 7 and 14 days
at 21°¢. Y. lactls strains 2c¢ and 4c® were chosen for this
experiient because of the =zpparent difference in their
proteoolytic activity as Judged by the assav values obtained
on the unhydrolyzed filtrstes prepared from 15-day cultures,

Assays lor leucine and phenylalenine were made becsuse
it was bLellever that they wo:ld provide the most information
regarding the extent to which &. lactis liberates amino scids
an’ protein degradation products contrining rcsidues of such
anino acids {rom milk proteins, It has been shown thst S.
lactis definitely reocuires leucine in its metabolism, whereas,
phenylalanine has only a stimulatory elfect on its growth

(Niven, 1944). In the previous experiment, the rstio of the

1 Skimmilk used for these cultures was not from the same lotb

used In the previous experiment.

A

Cultur-s of these strains were duplicates of the strains used
previously 2nd had been preservec in a frozen condition.
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avernpe lncreage in the phenylalanine agsays of the unhydroiyzed
lactic acid filbtrates over thest for the corresponding tungstic
acid filtrates secmer to be excee“ingly high. Because of the
rather marked upward drift in the phenylalanine vilues obteined
in the assays ol the lactic acid filtrntes as the levels of ad:ed
d1lluted filteate increases from 0.5 to 3.0 ml., it was sus-
pectet thut the lactic ncid filtrates contnine? factors stimi-

latory for Lactobacillua delbrueckii LDS which were not present

in the bazal medlum. It was brlieved thot iLhe present experiment
mignt furnish additionel informatlon concerning this sifiuvation.

Leucline 2sgays. The wvalues for the leuacine activity of

unhiydrolyzed and hydrolyzed tungsbic snd lacbtic acid Tiltrates
prepares from skimmilk culturce of strain 2c¢ and 4c after
various periods of incubntion are shown in table 2 an? are
plotted in figures 1 and 2. ‘'Yhere was a very sharp increase in
the leucine activity of the unhydrolyzed tungstic and lactic
acid flltrates of the cultures of strain 2c¢ during the first

3 doys of incubatlon when compared to the low actlivity of the
same filtrotes prepsred from the uninoculates control. The
rate of incrense wss somewhat more rapid with the lactic acid
filtrate, Indicating that protein degradation products possess-
ing leueclne activity snd insoluble in tungstic wcid were being
formed., The rate of increase in leucine activity for both
Iiltrates fell off conslde ably after the third day. Irom the

third to the fourteenth day the totul leucine activities of the



Table 2

Leucine sctivity of unhydrolyze: and hydrolyzed tungstic
and lactic =scid flltretes of skimmlllk cultur~s of two
streins of &. lactils alter different periods of

Thcubation
Perilod Leucine eouivalent asg~/ml. of culkture
of Tungstic aeld riltrates Lactic acid filltrates

incuba~ Unhydrolyzed THydrolyzed  Unhydrolyzes Tydrolyzed
tion

(davs)

Strain 2¢

0 3.0 15,8 7.1 154,85
i 48,0 66,0 57,0 189.9
3 £9.0 109,0 119.0 265,56
7 102.5 146 .4 137 ,.7 2B2,5
14 1355.0 159,0 - 177.0 29845
- Strain 4c
0 3.0 15.8 7.1 154.5
1 3060 ) 53,0 3843 156.0
3 57.0 72,5 Tl.3 192.0
7 T6.2 126,.,0 105.5 212.6
14 91,5 111.0 120.0 202.5
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twe filtrotes incressed gre:iuslly at practiceolly the snme rote.
The brenlkt in both curves which occurre’” on the third day of
incubastion probsuly corr-asponds to the end of the maximum
stationary growth phase of the &. lactis cells, afte- which
time the cells were dying at a rather rspld rate.

The high leucine activity of the hydrolyzel lactic acid
f1ltrnte of the sterile control as comnare: to the relatively
low activity of the unhydrolyzed Tiltrate indic:bee thut
sicimuili sterilized by hesting contains sn intermediate frac-
tion which could be polypeptide, peptone or proteose or s mix-
ture ol <11 three. Trom the inecrezse in the asssy velue during
the first three dovys incubetion 1t would =zppear that some of
the milk proteln wasg hydrolyzed by the . lactis cells, The
resgon for the apparent decresse 1n assay value on the seventh
day 1s not readily apyarent, uwnless 1t was due to an increase
in the acld~ and heat-coaguable protein in the form of . lactis
cells. Thils is cuite unlikely, as the maximum nmumber of S.
lactls cells sho:ld have been resches at a point somewhere
betwoeen t':e first and third aay of ineubation. <The overall
increase in leucine in the flltrstes prepared on the third
and fourteenth days indicates that the milk proteins still were
belng attackec by the proteolytic enzymes of L. lactig, even
though the number of viable cells undoubtedly had decreqsed
considerably during that time.

The data on the leuclne assays on the hydrolyzed tu.gstlc

acld flltrates merely substantiates the previous contentlon,
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namely, that the tungstic ncid pr cipitation method employed
wlll not remove all of the amino acid in pevtide form from
milk cultures in which partial protein hvdrolysis has taken
place,.

Aspray velues on the unhydrolyzed tunystiec and lactic
acid filtrates prepared from cultures of strain 4¢ shown in
table 2 and figure 2, when comparecd with the seme values for
strain 2¢, indiceted that strein 4c was somewhat less active
in liberating leucine or hydrolytic products possessing
leuclne activity. On t-e seventh dny the rates of increanse
in leucine activity of the tungstic snd lactic scid filtrutes
becunme parallel, The hydrolyze~ lactiec acid filtrates from
cultures of this strain reveale: 1little or no ineresse in
leucine activity during the first 24 hours incubetion, but
an appreclable increase did occur between Lhe first and seventh
day., This lag is further evidence that strain 4c¢ was compara-
tivelyv slow in its proteolytlc a~ctivities. It 1s possible
thet the decresase from the seventh to the fourteenth day
with thls strein corresponds to the decresse between the
third and seventh duys with strain 2¢c. The overall increase
from the first to the fourteenth day indiec2t es a definite,
though wesk, proteolytic action by this strain,.

Phenylalanine asaays. The wvalues presented in tadble 3

ond plottesd in figures 3 and 4 for the phenylalanine assays

on the wvarious filtrates reveal that the uninoculsted sterile
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Table 3
Phenylalonine activity of unhydrolyzed and hydrolyzed

tungatle and lactice acid filtrotes of skimmilk cultures
of two strains of . lactis after dAifrerent perlods

of Incubation
Periog Phenylalanine eculivalent asg7wml. of culture
of TOangstlic rclid filtrates Lactic fcid filtrates

incuba- Onhydrolyzed liydrolyzed Unhydrolyzec iydrolyzed
tion

(deys)
Strain 2¢
0 0.9 3.2 e 3.2
1 25,5 32.6 59.3 57,0
3 54.0 5643 111.8 75,0
7 7045 36,5 145.2 148.2
14 80.1 76,9 174.0 187.5
Strain 4c
0 0.9 3,2 34 B
1 24,0 28,5 42,5 50,7
3 45,5 46,5 77,7 64.5
7 52.2 3040 101.7 120.8

1‘1 5’7.6 56“7 121.5 14400
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skirmllk containec very 1little free or combined active phenyl-
nlanine. 1he trends of the phenylalanine activities of the
iltrates prenared from cultures of both strain 2c¢ and 4c¢ at
the different incubabtion periocds are nearly identical. UThe
lover values obtaines with strain 4c¢ agrin inlicete its

lesser proteolytic activity. Comparison of the unhydrolyzed
tungstic and lactic scid filtrates revesls that the latter

had an avers;.c of more than twice the phenylalenine activity
of the former throughout the l4-day incubation period. +‘his
would indlcate thet the lactie scid [iltrates contain some
intermediate fraction or fractions which have phenylalanine ac-
tivity. 'Yhisg is further demonstrated by a comparison of the
unhydrolyzed and hydrolyzed lactic acid filtrates. The
unhydrolyzed filtrate activliby approached that of the hydrolyzed
filtr te throughout the entire incubation period and even
surpasses 1t at the third day. The rather erratic variation
in the assays of the hydrolyzed btungstic and lactic acid fil-
trete undoubtedly may be best explaine? on the basls of varia-
tion in the phenylalanine content of the protein degrudation
fragments produced after varions periods of incubation. Lthe
marked depression of the hydrolyzed tungstic acid filtrate
activity on the seventh dry may be an 1 dication that the

3. lactig cells had converted some of the free phenylalanine
into products hoving little or no phenylalanine activity for

the assay organism, This occurred at a time when the sctivities
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of the other {iltr:tes were incressing due to the aprarent

high activity of some of the combined forms h ving phenylalanine

acbivity.

Additionnl evidence 1s presented in table 4 which indicates

vl milk culbures of Se lactis contuin a substance stimule-

tory for L. delbrueckii LD5 which is not acid- or heat-

coaguable but is apparently inactivated by acld hydrolysis and
may be precipitated with tungstic neld., ''he data presented
are the actunl assay v2lues obtaine: at the wvarious assay
levels and include the values for all filtrates prepared after
the 3, 7 and 14-day incubation perilods on both strains Z2c¢ and
4c. ''he assay velues for the unhydrolyzed and hydrolyzed
tungstic acid filtrates show 1little, 1f any, drift with added
increments of filtrate. The assay values for the hydrolyzed
lactic acid filtrates show a slipgnt tendency to decrease with
lncressing amovats of Liltente. The unhydrolyzed lactic scid
filtrate volues reveal a marke: upward drift with each incre-
ment of added filtrete from the 0.5 ml. to the 3.0 ml. levels,
This apparent stimulatory effect was never noted in the leucine

agsays of any of the flltrstes.
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shenylalanine massay velues at varlous levels of
added filtretes

Phenylalanine equivalent asz7/ml. of diluted iltrate

"iltrnte Tungstic rcla filtrete Laetic acld filtrate
1l Unhydrolyzed liydrolyzed Unhydrolyzed Hydrolyzed

d-day culturoe of strain Ze

0e5 "« 3.0 5.8 9.2
1.0 346 569 6.5 10.8
1.5 Deb Be 6.8 9.6
2.0 De6 3. 7" 9.8
5.0 5-6 5.7 808 9-4
T-day culture of strain Pc
0.5 5.0 4.0 8.0 10.6
1.0 4.8 4.2 8.6 10.2
1.5 4.7 5.0 Ded 9.8
2.0 4,6 5.0 9.8 9,9
S0 4.7 5.2 11.0 9.6

l4~day culture of strain Ze¢

1.0 5.0 5.0 Y.9 12.6
1.5 5.2 5.2 11.1 12,9
2.0 B5e5 5.3 11.8 ~ 1Z.6
2¢5 5.5 5.4 12,7 12,4
\5.0 5.5 5.4 12.6 11.8

3-day culture of sirain 4c

0.5 2.8 3,0 4,4 4,2
1.0 2.9 301 4.8 4,4
1.8 2e9 Del 4,9 4,4
2.0 2.9 3.1 5.1 4.4
D560 2.8 2.1 549 4.0
7-day cvulture of straln 4c
0.5 3.6 4,0 6.0 B8
1.0 3.6 \).6 6.1 801
1.5 3.6 4.0 6.4 8.1
2.0 . Be4 4,2 6.8 8.1
3.0 363 4.4 7.8 7.9

(con'd next page)



Table 4 (con'd)

rhenylaloanine equivalent agpr/ml. of cilutes filtrate

Iiltrate turestic acld filtrate Lzctic ncid filtrate
ml. Unhydrolyzed Hydrolyzed Unhydrolyzed llydrolyzed

l4-dny culture of atrain 4c

1.0 8.0 5.0 2.9 12.6
1.5 Dol 5.2 11l.1 12.9
2.0 5.5 5.3 11.08 1k

Zeb Bak Hed 12.%7 1.4
360 DeB 5.4 12.6 11.8
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DLSCUSSLION

The evidence presented seems to Indileate that unhydrolyzed
filtr=tes prepsred frowm . lactls cultures containe? intermed-
iate prodnets of protein degradation which possegsed amino acid
activity. Tor this reason the assay values on such filtrates
cannot be assumed to represent only the free amino acid content
of such filtrates., Since the lactic ncid filltrntes gave higher
values than the tun-stie acid filtrrtes for all smino acids for
which tests were made, 1t must be concludes that the increase
was due to in‘ermediate fractions which were precipiteble with
tunggtic acid but which were able to stimulate the growth of
the test organisms. The tungstic acid filtretes undoubtedly
contnined 2 much smaller amount of compounds containing amino
acid residues wnich gave amino acid activity. Also the
biuret test on these filtrates indiceted that compounds con-
taining bound amino acids were present., Despite this limita-
tion the amino acid activity values unquestionsably are indica-
tive of the degrce to which free amino acids snd the lower
fractions conbtaining these amino acids were liberate’ from

milk proteins by the proteolytic action of . lactis.

-

The results of the assays for the ten emino acids on the
unhydrolyzed tungstle acid filtrutes of the 15-dwy cultures of

the five strains of §. lactis as compared to the assays on the



storile control lend themseclves to some prather interesting
Interpretotlon whoen tempered by the limitotion recopgnized
ntove. It was found thet the five strains tested were atle
to libercte from milk proteins apprecichle amounts of all
ten amino aclds in a form actlive in the agsav procedure, l.e.,
28 the free acid or an active combined form. It is intercsting
to note that there 1ls a rsther close rel-tlonship between the
incrense in the indivldurl amino ncid velues as the result
of the growth of £. lactis orgsnisme and the rel=tive amount
of emch amino acid present in milk proteins. The assny v lues
for both milk and casein, as reported by Stokes et al (1948),
indicate the following decreasing cuantit-tive order of occurrence:
leucine, wvalino, phenylalonine, isoleucine, tyrosine, threonine,
arginine, histidine, methionine and tryptophan. The cuantita-
tlve order of incresse of values for these amino aclilds in the
culture filtrotes occurres in exactly the same ovder except
that the value for tyrosine fell between arginine and histidine,
This seems to indlcemte that the proteolrtic enzymes of . lactis
liberate amino acids and thieir simpler compounds from milk
proteins In emounts which are cinsistent with the occurrence
of such amino scids in the nroteins,

The assays on the lactic acid filtrates were included in
thig study in order to determine whether the presence of a
greater amount of the intermedintes of protein degradation 1n
comparlison to bthe smount prezent in the tungstic acld filtrates

would have any effect on the determination. This experiment



wns started before the reports indicating the amino acid acti-
vity of peptides of leucine, tyrosine and phenylslaine (Simmonds
et al, 1947a, 1947b; Krehl and TFroton, 1948) come to the
writerts attention. The marked increase in the amino acid
activity of the lactic ncid filtrates over thot of the tungstic
ecid filtrstes which occurred with all the assays except those
for threonine 1s believed to be an expression of the amino

acld actlvlity of peptides. The apparent luck of difference
hetween the threonine activities of the flltrutes may indicate
that the bound forms of threonine have little or no threonine
nctivity or that threonine was not present in bound form in

the proteln degradation producte remnining in the {iltrate.

The incresse in the leucine and phenylalanine asgay wvalues
of the hydrolyzed lactlc acld filtrates prepared from culturecs
of strains Zc and 4c¢c after various perlod of incubation indi-
-cate that intermediates containing these smino ancids were being
spllt from the milk protein. The oversll increase in these
velues from the first to the fourteenth day of incubstion in-
fdicates that there must have been a decrease in totnl protein
of the culbtures, Thls 1s in direct opposition to the results
of Braz and Allen (1939) which indieated u measurable increase
in the totsl protein nitrogen of 3. lactls milk cultures after
aix weeks incubation. If the total protein values of the
present cultures were going to reveal any increases due to

the synthesls of cell protein, it seems as though they would
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have done so during the logarithmic and maXximum statiomry
growth phasgecss Yhe protein content probably would not in-
erease during incubatlon extended beyond 14 days, as the number
of wviable cells would be decrezsing. mring this period. Con-
trerily, the cells would be autelyzing, thereby incressing

the totnl eoluble nitrogen and releasing more proteolytic
enzymes.

The rather large amount of leucine present in the soluble
portion of the sterile control milk, as indlcated by the assay
value of the hydrolyzed lactic acid filtrate, indicates that
sterilized milk contains some of the protein intermedintes, It
is quite likely that these intermediates constiiute the proteose-
peptone fraction which Rowland (1937) reported to be present'in
milk. He found that this fraction was insoluble in 8-10 percent
trichloroacetic rcid und asmounted to 4 percent of the total
nitrogen of normal milk,

The very low phenylalanine content of the soluble portion
of the sterile control milk as indicated by the asssya of the
lactic acid filtrete reveals that the proteose-peptone and
other non-protein nitrogen constituents contain little
phenylalanine.

The lack of incresse in the leucine content of the hydrolwed
lactic neid filtrate of the culturgs of strain 4c during the

first 24 hours incubation is considered to be evidence of low

proteclytic activity. TMuring thias lag before the orgsnism had



made any appreciesble atteck on the wilk proteins, the leucine
activity of the unhydrolyzed tungstic acid filtrate was in-
creaning at a raplid rate. This may be considered as indlcating
that strains of S. lactls having low proteolytic activity
derlve emino aclds for metabollsm during their early phases of
growth from the non-protein nitrogen fractions of milk. This
wae probebly btrue for the active strain as well, bul growth
and metabollism Were so much more rapid that any lag in proteolysis
would be negligible.

The marked upward drift observed in all phenylalanline asssys
of the unhydrolyzecd lactlec acid filtrstes undoubtedly is due
to some substance present in these flltrates which has s non-
apecific stimulatory effect on the growth of the assay orgsn-

ism, L. delbrueckil LD5. There is no evidence in the present

work which would reveal the nature of this substance other
than that 1t 1s not acid- or hest-coagusble but 1s precipitated
by tungetic acld und 1s destroved bv acld hydrolysis, It is
quite probeble thnt the phenylalanine activity of the unhydroly-
zed lactic filtrates Was'hign due to the presence of active
phenylalenine peptides. This fact alone would not account for
the stimulatory drift in assay valunes with inereasing amounts
of added flltrate.

All of the data in the present worlk sppear to be dlirectly

appllesile to further explanation of the role of S. lactis
in the ripening of Cheddar cheese. It 1s cuite probable that
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en actlve £. lactis cheese sterter when added to cheese millk
will incresse the soluble nitrogen of the milk only slightly
during the tlne allowed for proper acid development. Kuch of
the =oluble fractlion produces’ at Hthis time would be lost in
the wtey. Slnce a rather large nroportion of the 5. lactis
orgonlams sre trapped in the curd and remin viable In the
cheese in large numbers for seversl denys and may be present
in decressing numbers up to three to four months, 1t seems cuite
plaugible that thesc organisms would bring about some lncrease
in the =0luble nitrogen., ¥rom the present work 1t would appear
that this chanyie would include some breskdown of the cheece
protein to the varlous intermedlate and smaller fractions and
small quantities of most of the amino acids present in milk
protein. It is brlieved that even though the £. lectis cells
in the cheese die off during the early stages of ripening
thelr proteolytic enzymes may continue their action after desth
and autolysis of the cells., The lactobacilli whilich are import-
ant in the later stnpes of cheese ripening sre known to have
some complex amino ascld requirements. The amino aclds ana
smaller fractions of protein degrodation provided by the
early action of the proteolytic enzymes of S. lactis on the
cheese protein apcarently provide the necessary stimulus for
development of the lactobacilli,

The stimulatory effect of the lactic acid filtrertes of
£. lactis milk cultures on the growth of L. delbrueckii LD5S




~4 0~

which was noted in the phenylalanine assnys may pley 5 role in

the stimulation of the growth of lactobnellli during cheese

ripening. This ey be st least a partisl explanatlion of the

effcet wnileh tfansen (1941) observed when he demonstrated that
extrncta o

I
v

L. lactis have a stimulatory effect upon the growth

of L. casei, a8 the asgsay organlam employed for phenylalsnine

has been shown to be a strain of L. casel (ilogoss, 1946).
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SULBARY

Microbiological assays for valine, leucine, isoleucine,
threonine, arginine, methianine, histidine, tryptophan,
tyrosine snd phenylalanine were performed on tungstic and
lactic acid filtrates prepared from skimmilk cultures of five
strains of S. lactis and a sterile control, all of which were
incubsted for 15 dsys at 21°C. The amino acid values for
both flltrates of all strains revesled mavked increases over
the vealues for the filtrates from the uninoeunlated controls.
The velues for the lactic acld filtrutes were considerably
higher than those for the tu gsitlc acid filtrntes., This
difference was believed to be due to the presence of a higher
proportion of lower fractions of protein degradation products
which possessed amino nacld activity for the assay organisms em-
ployed. Evidence 1s presented which suggests that all of this
lower fraction heving possible amino acid activity is not
pr-cipltable with tungstic ascid. It was concluded, therefore,
that the assay values of the tu-'gstic acid filtrntes represent
the free aminoc acld content of such filtrates nlus the activity
of some bou-d forms of amino acld.

The emino acid activity of the tungstic acid filtrates
varied with the different amino acids, e2nd 1t was noted that
the proteolytic enzymes of S. lsctls llberate free amino scids

and small degra‘ation fractions possessing amino acid activity
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in the order of magnitude in which the amino acids occur in
milk proteins,

Assays for leucine and phenylalanine activity were made
on both unhydrolyzeﬁ and hydrolyzed tungstic and lactic acid
filtretes prepared from cultures of two struins of S. lactis
which hnd been incubated for 1, 3, 7 and 14 days at 21°C. The
results of the assays on the unhydrolyzed filtretes indicated
that active strains of £. lactis are able to affect a marked
increase in the free amino acids and peptides possessing amino
gseld activity during the first 24 hours of incubation. The
rate of increase declined sfter the third day of incubation
and there was a slower but constant increase through the
fourteenth day. This indicated that proteolytic enzymes of
S. lactlg continue thelr action after the culture hns passed
the maximum stationary growth phase and the number of vlable
cells is decreasing.

The simultaneous although not parallel increase in the
assay values of the hydrolyzed lactic 1cid filltrates indicated
that the total concentration of protein degradation products
increase® during the 14 day incubation perlod.

Lridence 1is presented which indicates the presence of
a protein-intermediate fraction in sterilized milk. This
fraction probsbly i1s the proteose-peptone fraction which has
been detected chemically by previous workers. The present

results indiecate that it has a rather high leucine content



but contains very little phenylalanine.
Milk cultures of 5. lactls contain a factor which is

stimalatory to the growth of L. delbrueckil LD5, but is not

conpulated by elther acid or heat, is insoluble in tungstic
acid snid 1s destroyed by acid hydrolysis,
Implicationé concerning the role of the proteolytic

activity of S. lactls in the Cheddar cheese ripening process

have been discussed,
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CONGLUSIONS

l. The mleroblologicnl assay procedures employed demon-
strated that appreciable quantities of each of the ten amino
aclds studied and their compounds, probably small peptides,
which were active in the assay procedure were freed from milk

proteins by the growth of five astrains of Streptococcus lactis

in milk cultures,

2, The quantities of these compounds liberated and
detected are approximately proportional to the quantities of
the 1ndividual amino acids found in milk proteins.

3. The increase of these foyms of amino acid is most
rapid during the period of rnpld growth of the organism and
continues at a slower rate to at least the fourteenth day of

incubatioh.

4. HMilk cultures of Streptococcus lactls contaln a factor

which stimulates the growth of Lactobacillus delbrueckli LDS5,

It is not coagulated by either acid or heat, is insoluble in

tungstic acid znd is destroyed by acid hydrolysis.
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