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HISTORICAL INTRODUCTION

ymes which are capable of catalysing the hydrolysis
of proteins, proteocses, peptones, and polypeptides are called pro=
teases., FProteases are further classified into proteinases and pep-
tidases. The proteinases are considered to be capable of splitting
proteins as well as the protecses and peptones, whereas the peptidases
are assuned to cause the hydrolysis of peptides with the formation of
amino acids, Thus, according to Gressmann and Schneider (1936), pep-
tidases are classified into dipeptidases, aminopolypeptidases and
carboxypolypeptidases, Dipeptidases hydrolyze dipeptides of amino
acids, Aminopolypeptidases hydrclysze polypeptides adjacent to the
points where the free amine groups are found., If the amino group is
blocked or is found on a dwamino scld residue, then there is no en~

gymatic action. peptidases will attack polypeptides having

a free carboxyl group near the peptide linkage being attacked., A
blocked amino group will not interfere with the activity of thise
enzyme, but & blocked carboxyl group here, will prevent this enzyne
from acting on its subsirate,

Proteclytic activities of plant and animal tissues and secretions
have been known for at least 150 years, since Spallansani in 1783 first
observed the digestion of meat in vitro by gastrio juice. (Northrop,
et. al., 1948},



The proteciytic activities of many different types of bacteria
have been Lhe subject of study for a long period of time. According
to Porter (1946), the first controlled experiments on the proteolytic
activities ‘af basteria were performed in 1886, 3Since that time & very
extensive literature has been published relative t¢ this phase of bac~
terial physiology. However, much of the early work in this field was
of an indecisive and conflicting nature. Hecently, with the introduction
of chemically defined substrates more accurate and decisive information
concerning the proteolytic ensymes of bacteria has been obtained,

A perusal of the literature indicates that most of the definitive
studlies on bacterial proteases have been made during the last twenty
years., Buchanan and Fulmer (1930) have presented an extensive review

of much of the important early work accomplishe

d in this field prior to
1930. The review of the literature presented here therefors, will be
eonfined to the work published since that time.

Gorini (1930), reported his findings on the milk clotting power
of W prodigiosus. He stated that & rennin-like enzyme was
produced by this bacterium, The production of this ensyme took place
in various types of media in the absence of casein and lactoss., The
bacterial remnin was capsble of acting on heated and/or autoclaved milk,
and tm:atx.m be de&tmyﬁd by m%.zngﬁto 100 ¢ for 15 minutes., Wilson (1930)
studied the elaboration of bacterial protease in media of varicus composi~
tion. She found that the carbon source had no effect on the appearance
of a protease and that the ensymes may be elaborated as readily in the
presence of inorganic nitrogen sources as with organic nitrogencus
compounds. It was concluded that protease production was not dependesnt



upon the ingredients of the nutrient medium except as these stimulate or
inhibit growth of the cells. Haines (1931; 1932; 1933), working with
ssveral organisms showed that caleium and megnesiws affected the activity
of gelatinase production. He moted thal thelr effect was not due to
activaticn after the ensyme was formed. Gorbach (1930), studied the

proteases of Bacillus pyocya
of the organism in various media. The proteclytic activity of cell-fres

sus which were produced during the growth

filtrutes was determined using various substrates such as gelatin, Witte-
peptone, silk peptone and albumin peptone. The peptides used were leu-
eylglycine, snd leucylglycylglycine, It was found that the preparation
obtained was a complex mixture of snsymes acting on the different sub-
strates having variocus pH optima, Virtanen and Tarnanen (1932), studied
the heat resistance of a {iltrable proteinuse produced by & strain of

B. fluorescens lijuefaciens (Pseudomonas fluorescens). They found that
the proteinsses obtained when the organism was grown in broth or milk
retained about 72 per cent of their activity when heated for ten minutes
at 90 C. The proteinases were inactivated when they were heated at 115 €
for ten minutes., Tarr (1934), studied the proteclytic activity of spore
suspensions of Hagillus pubbilis and %@Mﬂ& uegentericus. OSuspensions
of spores of these organisms were heated for thirty minutes at B0 U.

“The heated b&atqrm ‘endosporea hydrolyszed casein, gelatin, egg-albumin,
blocd-albumin, %iﬁtu‘s pepi@me, ami in the case of the spores of facilius
subtilis, edestin., The hydrolysis was carried out at pH 7.3 for two days
at 37 C. Weil and Kocholaty (1937) studied the cell-free filtrate from
cultures of Clostridium histolyticum. The proteinase of this anaercbe,
showed maximum activity at pH 7.0 and was activated by sullhydryl compounds,
but not by enterokinase, The activation by sulfhydryl compounds could



be increased by the presence of ferrcus, Banganol

cobalt icns. ALl of these lons emcept cobalt pro

duced activation at
vary low concentrations., Meximum activation however, was obteined under
anasrobic eonditicns. It was found Lhat lodoacstie scld did act inhiblb
the proteinase sctivity., OGresssann (1938), studied the effects of nore
mal horse serum on proteinsses of several clostridia. He reported that
inhibition of the proteinase of Clostridium botulimum

However, normal horse serum apparently did not inhibit the nydrolytic

activity of the proleinuse from cullures of Ulostridius welghii. The

This worker described thres distinct pmmm, two of which he cone
sidared to be extrascellular and the third he considered Lo be lntre-
cellular, The extracellinlar engymes were found to be inhibited by
cysteine and ferrous ions. However, the intracellular ensywe differed
from the others in being sble to hydrolyse clupein but not gelatin and

was activated by sulfhydryl compounds, This report contradicted

Koeholaty, Weil, and Smith (1?3855 wiho peported that the proteinase
of glostridium histolyticus is libsrated into the culture mediuws by
seeretion from the M,ving cell, mmm also that the enzyme
is' mtiwtﬁ by eysteine and ferrous :&.am under all awﬂitim.
Kesholaty, Smith, and Weil (1938), investigsied the peptidases of
Clostridium histolyticum, They amam engymatically active celi-
fres solutions by disrupting the bacterial cells with the supersonic




oscillater, The cell-{ree solutions which they obtained contained a
dipeptidase with an optimum asctivity of pH 7.6 and a polypeptidase
which acted optimally at pH 8.7. It was found that the polypepiidase was
agtivated by magnesium ions but that this ion had no effect on the acti-
vity of the dipeptidase. Kocholaty and Weil (1938), found alsoc that by
changing the pH of the culture mediws in which Clostridiwm histolyticum
was growing, the pH optimum of the secrsted proteinase could also be
changed., Ly repeated culturing of the organism on media containing
either casein or gelatin, a pmwi;’maa was produced whlch would only
attack casein or gelatin,

Berger, Johnson, and Peterson (1938a), studied extensively the
peptidases of Leuconostog mesentervides. They oblalned an enaymatically
sctive extract by a cambination of mesthods for disrupting the bacterial

cells, The cells of Leuconostoc mese
and thawed in the refrigerator for six days. Following this they were

tercides were aliernately f{rosen

&
o

ground with sand and then allowed to aubtolyse under toluene at room
temperature, abt pH 6.8~7.0, In such a cell free autolysate, peplidases
cepable of hydrolysing both optical components of the racemic peptides,
leucylglyeine, lﬁua;r}.&iglyﬁm, alanylglycine and alanyldiglyeine were
found, In further studies Berger, Johnson, and Peterson (1938b), ro-
ported on the peptidases of some common bacteria. The pa;%.idaaea
cbtained from twelve different orgaaim :apmamting asrobic, anaerobic,
facultative, protsolytie and non~proteclytic becteria were studied.

The cell-free bacterial extracis were prepared sccording to the method

which had been described in their previcus paper. They found that in



most instances the optimum value for peptide hydrolysis was betwesn phH
8~9. There were however, two organisus namely, Lactobacillus pentosus
and Propionibascterium pentosaceum which nmwim acidopeptidases.,

These ensymes split their substrates at optimus pH values of 5.5 to 6.0.
Generally, it was found that more peplidases could be extracted from the ‘
cells of non-proteclytic organisms than from the medium in whieh the
cells were grown.

Johnson (1938), presented a review of the infermation concerning
proteinases and peptidases of microorganisms. le stated that almost
any known type of peptidase system has been found among the bacteria,
and also that & number of previocusly unknown types of peptidases have
alsc been observed and reported on. The bacterial decomposition of
gelatin was studied by Conscle and Rshn (1938). They found that the
decomposition was partly due to an extracellular ensyme and that there
wag no definite relationship between the number of cells presemt and
the amount of decomposed gelatin, The addition of glucose at the
beginning of the experiments prevented almost entirely the formation
of proteclytic ensymes. These workers however, found that if glucose
was added to a culture which was seven days old, the enzyme formation
was not prevented although acid formed from the added glucose was found
to retard the rate of ensyme action,

berg and Keyer (1939), studied the nature and properties of
the various proteclytic enzymes produced by Clostridiwa botulinum and
their relationship to toxin production. They found that a proteinase
acting optimally at pH 7 on gelatin and cusein was secreted into the
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a large number of strains of molds in the genera aspergillue
Penicillium and baeteria in the genera. Pssudomonas, Clostridium,
and Bacillus. These authors state that wmolds and bacteria which

are capable of producing proteclytic engymes ususlly give very active
solutions of proteases when bran cultures of molds are extracted with
water or dilute ssline, or when liquid cultures of bacteria are tested
directly. These workers also state that properly prepared dried pre-
parations of these ensymatically active sclutions give solid concenirates
which are more active against casein than is U.S.P. pancreatin,

Elliott (1945), detected & proteclytic enzyme in the cell-frse
filtrate of broth cultures of certain group 4 streptococci which
attacked the type-specific M antigens of the organimms. This enzyme
was most active ét 37 C and no M substance could be produged fraa
enzyme-producing cultures which had been grown at this temperature.

In addition to attacking the streptoccccal H substance, the proteinsse
attacked human and rabbit fibrin, casein, milk, gelatin, and benszcyl—l-
arginineamide. It did not attack l-leucylglyeylglyeine. The enzyme
resembled papain and some of the cathepsins since it was activated by
potassium cyanide cysteins, glmthimg, and thioglygollic acid, but
was not activated by ascorbie acid. The ensyme was inactivated by iodo-
acetic acid and alsc by normal rabbit snd mouse sera., Houlet and leller
tubereulosis produced
peptidases whieh could hydrolyze gl@'aylwlnwrsmi s glycyi»lmlamiue »
l-leueylglycine and l-leucylglycylglycine. 4All of these enzymes wers
found to be activated by very low concentrations of manganese icns.

(1945), showed that the organism yeobacterius
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than filtrates which were free of these ions. Copper ions had no
effect on these proteinases but their sctivily wue suppressed by
methylene blue and inhibited by iodine, The activation mechanism

and physico~chemical properties of a purified preparation of Slos-
tridium histolyticum were reported om by Kocholaty and Krejoi (194&).
These workers reported that a hamogenecus protein was abtaimé from
culture of the organism by a combination of precipitation and electro-
phoretic procedures in the Tiselius apparstus. It was found that the
purified ensyme preparation had a limited range of hydrolysis on
gelatin and clupein which could be increased by the addition of ferrous
ions and sulfhydryl compounds, The mechanism of activation appeared to
depend upon the formation by the iron and cysteine of an addition com
pound with the enzyme.

Bidwell (1949), studied certain properties of K-~toxin (collagenases)
of Clostridiue welchii. She found that the true collagenase, an enzyme
capable of disintegrating muscle and collagen fiber, was destroyed by
exposure o & low temperature at pH 9 to 10. It wus also found that
the collagenase was destroyed by exposures to 50 C at a more acid pH,
than that indicated above., lowever, these treatments released ancther
enzyme which attacked hide powder and asecoll. This second enzyue was
destroyed either by heating td;&} e 'fm?" Len minutes or by exposure o
& pH greater than 10.5.

Gorini and Fremageot (1949), described a probeinase from Micro-
coecus lysedeikticus which did not hydrolyse any of the protein sub-
strates used, in the absence of calcium icns. These workers alse found
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sessees bhe probeclysis produced by lactic aeid bacteria

is most active in old cultures ﬁith many dead cells., There

is no doubt that the hydrolysis of proteins, like that of

the ,sugars,»\is’aﬁa to am&msms, and does “,ﬁﬂﬁ ‘therefore

spread in the mutritive substrate until the cells have becous

weakened, or even sutolysed., It is the proteclytic enzyues

of the lactic a@:’ui bacteria which occaslion the ripening of

cheese, and bthis progess only reaches distinet development

long after the sugar in the cheese has been fermented, when

the lactic acid bacteria have ceased their activity, being

either dead or in a latent state., The fact that laetic acid

bacteris only decompose proteins to amino-acids, but do not

decompuse the latter any further makes the maluring of cheese
equal to the process of digestion and not to that of putri-
faction, which is particularly characterised by a breaking

down of amlno-acids.

Barthel (1916), in his study of the proteolytic activities of both
the lactie acid streptococel as well as Bacteriws casel epsilon, found
that they were capable of causing the hydrolysis of casein. hLowsver, it
was found that the splitiing of casein by Bagterium casei gpsilon pro-
ceeded only when the culture was incubated at 37 C. No hydrolysis of
the casein substrate could be demonstrated when the culture was held
at room temperature, Other studies on the relationship of proteclysis
by Bacterium casei epsilon and the temperature requirements were published
by Virtanen, Wichman, and Lindstrom (1927a, b). The proteclytic activity
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organisms which were capable of breaking down casein also attacked

the lactalbumin present in the milk serum, and also reported that
Lactobacillus casel was able Lo break down casein as well &s lactal-
bumin., The distribution of nitrogen compounds resulting from the
proteolytic action of certain lactic acid streptococci on milk proteins
was studied by Kelly (1931, 1932). The nitrogen changes in milk with
added calcium carbonate and the nitrogen changes in mllk to which no
caleium carbonate had been added were found to progress in a uniform
manner, but the proteolysis was found to be greater where the calcium
carbonate was present and the cultures were {requently agitated.
Gorini, Grassmann and Schleich (1932), studied a group of cheese
ripening organiasms which in addition to producing lactiec acid fram
lactose alsc produced a filterable protease. The proteclytic enzyme
obtained was a proteinase which digested gelatin at an optimum pH 7.0,
and digested the casein of milk at an optimum pH 6.0. Peptidases were
not found in the filtrate although they were present in dried prepara-
ticns of the bacterisl cells. Amundstad (1950), investigated the pro-
teoclytie activity of rennin and cell-free juice of some lsctic acid
bacteria associsted with the ripening of hard rennet curd cheeses.

The organisms used for the preparation of cell-free exitracts incliuded
Streptococcus lactis, Streptococcus gremoris, Streptocoseus diacebilactig
and Streptobacterium gﬁggg. The ensyme extract was prepared by treataent
of the dry cell mass with 87 per cent glycerol at 20 C for 3 days. The
proteclytic activity of the bacterial extracis so obtained was studied

using casein and peptone solutions as subsirates at various pH wvalues.



In general, this suthor reported that rennin showed considerable pro-
teolytic activity sgainst ecaseinate solution at pH 5.1 after 9 days
of incubation., The pH optima for the endoenaymes of the bacterial
cells ranged within the wvalues 6.0 to 7.0. It was also reported that
the proteclytic activity of the remnin, as well as the bacterial
engymes, was adversely affected when a sodium chloride concentration
of over 5 per cent was present in the reaction mixture.

Although lactic acid bacteria have been shown G0 possess pro-
teolytic ensymes, 28 is indicated by the preceeding review of the
pertinent literature; a search of the papers dealing with bacterial

zymes published since 1932 revealed only one, Amundstadt (1950),

which dealt with cell-free proteclytic endoenzymes of lactic acid
bacteria, Howsver, the work presented in this paper wus very much
limited since the extracts obtained were tested only agsinst caseln
and peptone as substretes. The cbjects of the present work thersfore
were:

1. To determine the relative proteclytic activity of wvarious
2, To find a convenient and reliable method for obtaining

crude cell-free extracts from an wtiw proteclytic

strain of Lactobacilius gased;
3. To study the proteolytic activity of the cell-fres

strains of la

extracts when these are tested against several types of

proteins, peptones, and chemically defined peptides

with respect to pi, and the influence of varicus chemicals

as activators or inhibitors.

A
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EXPERIMENTAL MSTHODS

Ao Cultures

A collection of fourteen strains of Lactobacillus gasei
(Orla-Jensen) Holland, was obtained from the Buresu of Uairy
Industry, United States Department of Agriculture, Washington, D. C.,
through the kindness of Dr. Halph P. Tittsler. These organisms were
grown in litmus milk, fresh skim milk, and for morphological studies
were cultured in trypticase-yeast extract-glucose broth., Table 1
shows the designation and history of each of the strains.

Gram-stained smears of the organisms were prepared fram
broth cultures grown at 37 € for 24 hours, Hicroscopic examination
of these preparations revealed the presence of gram—positive, non-
sporeforming rods of wariable length and width., Some of the straing
studied showed the presence of darkly staining granules.

Stock cultures of the orgenisms were maintained in litmus milk
and in agar stabs of the following composition: trypticase, 1.0 per
cent; yeast extract (.5 per.cent; glucose, 0.5 per cent; dipotassium
hydrogen phosphate, Q‘.ﬁ per cent; agar, 2.0 per aegt; final pH of
medium 7.3. 'The argmma were grown in the above medium for 48
hours and were then kept in the mfrigaratar. Transfers were made
every two months to insure eontinued viability of the strains., This
was sccomplished by trensferring from a litmus milk culture to a tube
of trypticase-yeast extract-glucose broth of the following compositions
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Table 1

Humber and hiawry nr fourtmn straine of

USDA No. éﬁ.stwy and Source of Cullures

V300 ATCC 74695 Strong, Wiscomein riboflavin assay

vio2 M’éﬂ 3343 Shermen, ummsental cheeae

V303 ATCC 393; Orla-Jensen strain 7

vall ATCC 9595 Merck LD §

v3le ARC 4943; Orla~Jensen plantarum 33; Tittsler considers
it to be gasel

V322 ‘:f’qeiarsm Lay

V331 ATCC 8041; Snell, Lactobacillus pentosus

V339 California Department of Agriculture i 13

V708 Prucha A 53 may have been Kulp 4B

V713 Rosebury 63; kulp, caries culture

V726 Pederson L 375 L. Kral, Bagterium casei

V733 Pederson L 52; Davis, Strep um casel 2-1l

V743 Pederson F 17=-5; Fred, lLactobacillu

V763
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trypticase, 1.0 per cent; yeast extracit, U.5 per cent; glucose, 1.0
per cent; dipotassium hydrogen phosphate, 0.5 per cent; final pH 7.3
These cultures were incubated at 37 C for 48 hours., &t the end of this
time, stad incculations were made into the trypticase-yeast extract-
glucose agar already described. Thess tubes were incubated suitably,
and then kept in the refrigerator at 6 to 10 C.

B, Determination of proteclytic activity of
ten strains of Lactobacillus casei

Fresh skim milk wes distributed in 250 ml quantities in 500 ml
flasks, to each of which wus added 8 gm of reagent grade powdersd calcium
carbonate. These were sterilized in the autoclave for 20 minutes at 121 G
and were then cocled inmediately in the reirigerstor., Before use, the
flasks were tested for sterility by incubation at 37 ¢ for 48 hours.

The flasks were inocculated with 5 wl of & 48 hour old skim milk
culture of each of the organisms tested. After thoroughly shaking each
flasgk in order to insure even distribution of inoculum and calcium

~carbenate, the pH was determined using the glass electrode of the beck-
man pH meter, The flasks were incubsted at 37 C for twelve weeks. Luring
the period of incubation, the flasks were shaken daily in order to insure
neutralizetion of the lactic acid formed during growth of ithe organisms.
After incubation the flasks were weighed, and sach flask was brought to
its initial weight by adding a suitable quantity of sterile distilled
water, ﬁewmmatim of the vﬁ&hle Laot oba

scillug m__, cell szm%, and
sterility tast.a were performed u&ing &mtmwmah mmmwns
agar as well as nutrient agar, These data are summarized in Tsbles 2 and 3.



Table 2

Composition of caleium carbonate-skim milk
cultures used to detemine casein hydrolysis

Flask Uiy Dept.

; Initial pH  pH after Initial  Final
Ho. Agr. ho. of culture  incubstion  weight  weight
of flask  of flask
1 vz 6.7k 6491 k6 g 3R gm
2 V303 6,74 6,91 K9 " 393
3 v 6T 693 w5t 3%
V339 6.7 6.0 W8 " 392 w
5 Vs 6.7 7.0 425 % 4l2 w
6 v 708 6.7 6.77 K10 ¥ 393 =
7 VN3 6,70 6.90 13 * 386
g8 V726 6.71 6,93 Llz " 401 m
9 vV 733 6.7h 6.80 4la @ 383 »
10 V 322 6,70 6.91 426 415
Plain milk 60 6439 389 gm 376 gn
Caleium carbonate
skim milk medium 6.7 6.73 4is ¢

398 ™




Table 3

Plate counts of calcium carbonate-skim milk
cultures of Lactobacillus casel

Flask Organism Colony count per ml Colony eount per

No, Ho, on trypticase-glicose= ml on mutrient
yeast extract agar agar

1 v 302 700 x 10° 0

2 Vv 303 35 x 106 0

3 vV 311 261 x 10° 0

b v 339 320 x 10° 0

5 V 318 500 x 106 0

6 v 708 400 x 108 0

7 V 713 10 x 108 0

8 vV 726 300 x 106 0

9 v 733 80 x 106 ©
10 V322 60 xa06 0
Skim milk o o

Galeium carbonate -
skim milk medium o 0
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¢, Determination of soluble nitrogen in cultures

The cultures were shaken thoroughly after the addition of sterile
distilled water in sufficient quantity to attain the original weight of
the flask and contents. about 20 ml of the contenis of each flask were
asepbically removed and centrifuged for 20 minutes at LOUO rpu. The
straw colored supernatant liquid was carefully poured off the residue
in the centrifuge tubes. In order te¢ remove protein fram the culiure
centrifugate, the following gﬁ%ﬁﬁﬁ of the method given by Jeibert
(1926) and Sanders (1933) was employed. &uight ml of 10 per cent tri-
chloracetic acid was added to 2 ml of culturs centrifugate. This
mixture was allowed to stand for 5 minutes at room temperaturs, and
was then centrifuged for 20 minutes at 4000 rpm in order to remove the
precipitated protein. The clear supsrnatant liquid was poured off the
residue and represented a solution of nitrogen compounds not precipitated
by trichloracetic acid., To 1 ml of the sclution obtained as given above was
added 1 ml of concentrated sulfuric acid and a small amount of copper
sulfate - potessium sulfate mixture., This wmaterial wes then digested
using a semimicro -~ Kjeldahl digestion apparatus, The ammonia liberated
wis determined by titration using 0,01270 sulfuric acid, Each ml of
this acid is equivalent to 0.1779 mg of nitrogen. Total nitrogen deter-
minations were performed on the caleiuws carbonate-skim milk and plain

milk eontrols,



D. Preparation of mass cultures of
- Lactobacillus casei 318

In‘_ardar to obtain large mbum:s Qf‘ cells for the extraction
of the endoenszymes, broth of the following composition was used:
trypticase, 1,0 per cent; ﬁs&st ext.raat, 1.0 per cemt; g}.usesé, 0.5
per eant,é ammonium sulfate, 0.5 per cent; dipotassium hydrogen phosphate,
0.5 per cent; magnesium sulfate, 0.0l per cent; manganous sulfate, 0,001
per cent; final pH 7.3.

Five hundred ml quantities of this broth were distributed in
one liter flasks. After autoclaving, the flasks were cocled rapidly
in order to reduce caramelization, and then were incubated for 48
hours at 37 C. DLach sterile flask was then inoculated with 5.ml of a 24
hour trypticase-yeast axbraet«glmém broth culture of Lactobacillus
casei 318, These inoculated flasks were incubated for 48 hours at
37 C. The organisms grew rapidly in this broth and the cells were
collected by centrifugation in a Sharples Supercentrifuge. The cells
were separated as a thick, greyish white, moist paste on the inner
walls of the bowl of the centrifuge, The resulting cell paste wus
suspended in sufficlent distilled water to yield a suspension contain-

ing approximately 1 gm wel weight of c¢ells per ml,

B. HMethods used to prepare c¢rude cell-free extracts
1. Urinding cells with sand
Five ml of suspension containing 4.5 to 5.0 gm wet weight of

cells, were mixed with 10 gm of washed and ignited quartz sand in a



percelain mortar. The c«llnm mixmre was gmm at roonm tmperature
by hand :tar’ 3»%@3. As grim:wg ;mmm;ied, W of thc amm W
ture which w}::.wtm at mw sides Qf the mortar vam mmpm w, |
that it came into contact wﬁ.th the grimiing m&ﬁﬁ of the pestle. The
(eallwmd mass had the consistency of thick plaster of paris. Tem ml

of water was added to the mortar and the ground cell mass was transferred
to a centrifuge tube. This was centrifuged at 2000 rpm for 30 minutes.
The supernatant liquid was then decanted and recentrifuged.

Fifteen ml of suspension of Lae

in a 50 ml flask. 7o this was added 10 ml of distilled wuter. The sus-

pension was placed in the freesing cempartment of the refrigerator,

Long erystals of ice were seen to form within 20 minutes, and the entire
mass was solidly fromen within one howr, 1This mass wes allowed to tLhaw
at room temperature and the process was repeated four times on each of
six successive days. The crude ensyme extracts were separated from de~
bris by centrifugation at 2000 rpm for 30 minutes.

To 10 gm weight of cell paste was added 20 gm of Fisher Co., Aluains
80/100 mesh., The alumins was mixed with the cell paste in a centrifuge
tube. The resulting damp paste was transferred to a mortar and the mix-
ture was grournd by hand for five minutes, Ten ml of distilled water were
now added and the grinding was continued for 2 mimutes., an additional
20 ml of digtilled water wus a&d«aﬁ and the suspension was transferred to
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a centrifugs tube, After centrifugation at 2000 rpm for 30 minutes,

the erude exirect wes decanted frum the sedinment,

Twenty gm of Fisher alumina 80/100 mesh were added to 10 ga wet
weight of packed cells. This mixture was ground according to the pro-
cedure ocutlined previocusly. The ground suspension was centrifuged at
2000 rpm for 30 minutes. The slightly turbid, greyish white superna-
tant liquid of pH 6.7 which was obtained was called extract 4 and was
stored in the refrigerator until used, 7To the residue remaining in the
centrifuge tubes was added 10 ml of K/15 disodium phosphate solution at
pH 9.1, The alumina-cell residue was thoroughly stirred in the phosphate
polution for five minutes. This was then centrifuged and the resulting
supernatant fluld was decanted. The extraction of the residue was re~
peated as given above, The combined phosphate sclutions were called
extract B and were stored in the refrigerator until used.

Mmafﬂmm&almmwmwﬁadmmtbgnwetweight

of p&ekeﬁ aang of Laﬁ obacillug gz 3&3. A stiff, sunewhat dry paste

was obtained which was %muﬁermd to & porcelain mortar and ground by
hand for 5 minutes., To this puste was added 5 ml of distilled water

and the grinding was continued for an additional 5 minutes. Finally,

15 ml of distilled water were added and the resulting suspensiocn was
centrifuged at 4000 rpm for 30 minutes. A slightly turbid, tan super-
‘patant liquid was obtained whieh had a pH of 7.3. The original alumina-
cell suspension had a pH of 8.2. The proteclytic activilty of the extract



obtained as glven above was delermined using cusein as substrate
buffered and unbuffered at pH 8.9. The proteclytic activity of a
commercial trypsin preparation was determined under similar condi~

tions of pH and temperaturs.

6., Extraction with 40 per cent glycercl

To 3 gm wot wedght of packed cells of Lactobacillus gased 318,
wae added 20 ml of 40 :iax- eent glycaml; Ths”eam wn;’ ihﬂrmhly
stirred in the glycerel solution for 5 minutes., AL the end of that
time, 0.5 ml of toluene was added and the mixture was allowsd to stand
at room temperature for 3& hours, The mixture was then centrifuged at
4000 rpm for 30 minutes, and the 40 per cent glycercl extract wus sepe-
rated from the packed debris and toluene.

The preparation of a glycerol extract aé degcribed above was re~
peated using 5 gm wet weight of packed cells and 35 ml of 40 per cent
glycerol solution, After centrifugation of the mixture, & very pale
yellow, slightly turbid sclution was cbiained.

Glass beads 5 mm in diameter were cleaned in aqua regia, washed
in distilled water and dried in the oven at 160 ¢ for 3 hours. Thirty
grams of these beads were placed in a six cunce screw capped prescrip-
tion bottle. Fifteen ml (containing about 4.3 gm wet weight of cells)
of a suspension of lactobagillus cagsel 318 were added followed by 5 ml
of 1M ammonia-ammonium chloride buffer pH 8.9 and 10 ml of distilled
water. The bottle was affixed to an International Shaking Kachine and
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it was shaken at the mﬁgm epesd of the machine. After two hours of
shaking 10 ml of the suspension were remcved and the mmﬁng suspan=
sion was shaken an additional two hours. Cell-free crude extracts were
prepared by centrifuging 10 ml of the shaken suspensicns at 4000 rpm
for 20 minutes. A clear, light yellow solution was obtained which was
at pH 8.2, The proteclytic activity of both the 2 hour and 4 hour
extract was tested using casein buffered at pH 8.9 and di-lencylglyecine
unbuffered at pH 6.3.

Fifteen ml (containing about 4.3 ga wet welght of cells) were
shaken with 30 ga of glass beads, 10 ml of ¥/15 phosphste buffer pH
7.0, and 5 ml of distilled water. Ancther suspension was prepared as
deseribed above except that 10 ml of ¥/15 phosphate buffer pH 6.6 was
substituted for the one &t pH 7.0. These bulfered cell suspensions
were shaken for two hours at the maximum speed of the Internstional
Shaking Machine. After cenmtrifuging, the proteclytic activity of the
extracts was tested using casein as substrate buffered at pi 7.0 and
6.6, Similar suspensions were prepared as above, but the pH was ad-
justed using 1M sodium acetate-acetic acid buffer pH 5.8 and 1M ammonia-
ammonium chloride buffer at pH 8.9. The proteolytic activities of these
extracts were determined miﬁg casein, trypticase, trytone, protecse~

peptone and tryptose,

Twenty-five gm of very fine glass pavement marking beads 60/80

mesh, were placed in a clean six cunce screw-capped prescription bottle.
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Twenty ml of lactobacillus casei 318 containing about & gm wet weight
of cells were added followed by 10 ml of M/1l5 phosphate buffer at pi
7.0, and 10 ml of distilled water. Shaking was carried out as given
above for 2 and 4 hours. The proteclytic activity of this extract
was determined using casein as substrate buffered at pH 8.9,

The disruption of bacterial cells by irradistion with ultrasonic
vibrations has been considered as a very sultable method by which the
preparation ef’ cell const.ituents could be accomplished. Thus, Chambers
and Plosdorf (1936), and Stumpf, Green, and amith (1946), used the
wtrasonic disintegration method as a means of obtaining labile bace
terial cell constituents. Attempts to produce a celli~iree active
extract from Lactobacillus gasei 318 by ultrascnic irrediation, was
earried out using & pleszcelectric high-intensity ultrasonic generator
of the type described by Campbell and Shoenleber (1949). The method
used for treatment of the cells was carried cut as described below,

Ten ml suspsnsion of the eells were mixed with 2 ml of acetate
buffer at pH 5.8 and 13 ml of distilled water, One ml of this sus-
pension was diluted with 20 ml of distilled water., The resuliing sus-
pension was placed in a large pyrex test tuba which #&a immersed in a
copper cup filled with water. The h&cmri&l suspension was exposed
to ultrasonic rudiations for poricds of 1, 2, 4y 8, wnd 15 minutes ab
400 kilocyeles. After each time interval a 4 ml sami;la was rescved

for microscople examinution and preparation of crude cell-free extracts
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by centrifugation, The extent of disruption of ﬁzgw cells was observed
by nderoscopi¢ exanination of thin smears stained by polychrome methyl-
ene blue, The proteolytic activity of the extracts was determined by
using casein as mm“ ‘buffered at pH 5.8,

(&) The pii of 20 ml of cell suspension containing 3 gm wet
welght of cells was adjusted by means of 0,1l sodium hydroxide to 7.3.
Two ml of toluene were added, and the mixture was incubated at 37 C
for two weeks., After centrifugation a light yellow turbid solutiocn
was obtained which had pH of 6,0, The proteclytic activity of this
extract was determined using caselin, gelatin and trypticase bulfered
at pH 5.8.

(b) Ten ml of cell suspension were mixed with 10 ml of 2 per
cent Tween 80%, and 5 ml of 1M sodium scetate-acetic acid buffer solution
at pH 4.5. Two ml of toluene wers added and the mixture was incubated
at 37 C for two weeks. The proteoclytic activiiy of the cell-free ex-
tract obtained after centrifugation was Lested using casein, gelatin,
and trypticase as substrates, buffered st ph 5.8,

(¢) Ten ml of bacterial suspension was mixed with 10 ml of 2 per
umonium chloride buffer at pH 8.9,

cent Tween 80 and 6 ml of 1M asmonis~a
Two ml of toluene were added and the mixture was incubated at 37 C for

%  Polyoxyethylene sorbitan monolleate, made by Atlas Powder Company,
Wilmington, Delaware.
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two weeks. The yrﬁtmmm sctivity of the cell-free extract nmw
was determined as given above except that the substrates were buffered
at Qﬁ 8.9,

A modification of the method proposed by Cowles (147) for lysing
bacterial cells was p&;’fnmd éa"ﬁ@ims, About 1 gm wet wmﬁ of
cells was suspended in sufficient distilled water to give a final volume
of 9 ml. To this suspension were added 1 ml of 1M ammonia-ammonium chlo-
ride buffer at pH 8.9 and 10 ml of 2K glyoine solution. Two ml of toe
luene were now added and the mixture allowed tou incubate at 30 C for
24 hours. A4 similar preparation of cells and glycine was prepared
except that the toluene was cmitted and the mixture was im%&tad at
6 C for 24 hours,

Ten ml of a suspension of cells was mixed with 10 ml of 1:100
solution of rennin prepared in acetate buffer at pH 5.0. 4 second
flask was prepared by mixing 10 ml of 1:100 solution of rennin at pH
5.0 with 10 ml of distilled water. 4 third flask was prepared by mix-
ing 10 ml of cell suspension with 10 ml of 0.1H acetate buffer at pi
5.0, To eaech of the above mixtures was added 1 ml of toluens, and
they were allowed to incubate &t 40 C for 48 hours. Cell-free extracts
from each of the mixtures were obtained by centrifugation, The milke
clotting power of the extracls prepared as given above was determined
according to a modification of the method proposed by kunitz (1935)
and Herriott (1938).



Ten gm of solid carben dioxide were placed in a porecelain mortar
which was immersed in a freezing mixture of sclid carbon dioxide and
alechol, The carbon dioxide was pulverized and 5 ml of a suspension
of cells (containing 1,5 gm wet weight) were added dropwise. This was
allowed to stand for 10 minutes, snd then the frogen cells were ground
by hand with the pulverizmed carbon dioxide., After grinding for 5 mi-
nutes, 20 m)l of M/15 phosphate buffer pH 7.0 wers added and the grind-
ing wes continued for an additional 5 minutes. The greyish-white powder
which resulted was placed in the wriéamtar at 6 0, and after standing
overnight a turbid, grey liq;m(ma obtained, From this solution a ea‘ll-;
free extract was obtainel by centrifugstion.

The disintegratica of bacterial celle by shaking with hard inert
particles wﬁa demonstrated by Curran and svans (1942). These workers
found that the greatest amount of disription cccurred when the cells
were shaken in the presence of very fine g’l&s& beads (sieve numbers of
60/80)., Curran and kvans further suggested that more efficient cell
disintegretion could be obtained hy modifying the construction of the
shaking apparatus. They indicated that increased amplitude of siroke,
increased speed, and refinement of receptacle design to eliminate
pockets, crevices and 0&&&9 mgalwiﬁca might aid in attaining thia
end. These features aré ineorporated in the machine described by Hickle
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(1948), and which was used in preparing most of the extracts studied.

The disintegration of the lactobacilli used in these studies
was accomplished by shaking a suspension in the presence of very fine
pavement marking beads (sieve numbers 60/80), in special vials attached
to the ends of tuned reeds. These stesl reeds are vibrated magnetically
by means of a system of electromagnets, The instrument used for this
work is shown in fig. 1. The extracts were prepared by pipetting 5 ml
of cell suspension containing 1 gm wet weight of cells into a vial
containing 8 gm of pavement marking Ws.l Distilled water was then
added to within one~half ineh of the top of the \vm. shaking was
allowed to proceed for X0 minutes at the meximum amplitude of the
vibrating reeds. When ecessary the temperature of the contents of the
vials was controlled by playing a stream of coapressed carbon dioxide
as released from a tank against them during the shaking period. Aafter
mm, the suspensions were centrifuged for 30 minutes at 4000 rpm,
and & slightly cloudy, light yellow, cell-fres extract resulted.

In order to demonstrate the progress of disintegration by the
shaking process, microscopic observations of stained smears of the cell
suspensions both before and after shaking were made, Hlectronographs
of the cell preparations, both shaken and unshaken, were alsc mads.

1 Type 5.C.D. 2522-511, made by the Minnesota Hining and
Manufacturing Co., Saint Paul, linnescta.



Fig. 1

Mickl® Tissue Disintegrator
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ml of 1N ammonia solution were then added dropwise with constant
shaking until ccuplets dissclution of the casein was effected.

To detect the presence of polypeptidases, 5 per cent freshly
prepared solutions of Bacto peptone, ft-wyt«sﬁa, trypticase’, and
tryptose were used.

For the detection of the various peptidases chemically defined
peptide substrates were used. These were the followings M/15 di-
leucylglyeylglyeine; M/15 dl-leucylglyeine; M/15 di-slanylglycine;

H/15 ehloracetyltyrosine; /30 l-leucylglyeine; M/30 glyeyl-l-leucine;
and /30 d- leucyl-l-tyrosine.

The proteolytie activity of a particular crude ensyme extract
wes determined on a mixture of exiract, substrate, buffer, and distilled
water after & a%xixaiale time of incubatlon at 40 C. The buffer sclutions
nm were the zeilmm }.éi agetic acid-scdium mat.atse, range pi 3.1 to
6.23 m;ilmin_fa, buffer m&m.@w@ range pi 6.0 to _%ﬁg
amnonium chloride, range ﬁi 8.0 to 110, -

’me !mimiysﬁ.a of t«m Mmha uged in both the test and con-

trol asmma ms followed b&* uaiag ths following modification of the

Willst#tter and Waldschmidt~Leitz titration for free carboxyl groups.
Two ml aliquots of the test mixtures after incubation at 40 ¢

for 0,1, and 24 hour. periods were pipetted into 20 ml of 90 per cent

1 Pprepared by Baltimore Hiclogical Gompany, Baltimore,
Haryland.



ethanol. One ml of 0,02 per cent thymolphthale 313

per cent ethanol was then added and the mixture was titrated with
standard alecholic solutien of potassium hydrexide until the appear-
ance of the first blue color. Fifteen ml of boiling 95 per cent
ethanol were now mm,ma ‘bhe original blue color disappeared

The addition of the standard base was continued until the blue color
reappearsd. An inerease in the titration figure after incubstion at

4O C was used as the indication of hydrolysis for & particular substrate
used, All the titrations were carried out by using a 10 ml microburete
graduated m’ﬁe@é ml units. The volumes delivered by this burette,
could be estimated to 0.0 ml.
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i1
RESULTS

A. Proteclytie activity of several strains of
Lscbobacillus casel

In the initial investigations of the proteclytie sotivity of
beoillus gasel, the ability of ten strains of this organiss to
decompose the casein in caleium carbonate-skim milk medium was studied.

Table 4 shows the results obtained when the content of the trichlorace-
tic scid scluble nitrogen e@&;mma present in the cultures was determined.
Although the results give no indication of the extent of breakdown of the
cagsein, they do show however, that all of the strains tested possessed a
proteinase capable of degrading the casein. The degres of sctivity of

the strains varied. S8ince strain 318 showed the greatest activity, it

was selected as the source from which cell-free crude extracts were to

be prepared for further study.

B, Hass culture of Lag

lus casel 318

dince, in any study of bacterial endoenzymes, large amounts of cell
substance is necessary, it was lmportant at the ocutsebl of this work o
cbtain a medium which would yleld good quantities of cells per unit volume
of medium., In sddition, since large qusntities of medium would be re—
quired it was important from the practical standpoint to use & medium
both relatively simple in composition as well ae one which was inexpen-
sive, Among the several media which were tried during a few preliminary
trials, the most satisfactory one wus the broth already described under
Experimental Methods. This broth gave excellsnt yilelds of all strains



Table 4

Nitrogen ﬂwmm of 12 m& aﬂm

Qf ten: Wm W "»p ‘

——— oo ——

U.8, Dept., ml 0.0127N sedd  mg soluble

Agr. No.  used per 0.2 ml nitrogen per

aliquet filtrate  ml filtrate

soluble nitrogen
»formed, in per cent
- of total nitrogen

v.302
v 303
v 31
V 318
V 322
v 339
v 708
v 73
v 726
v 733

gontrol

1.50
2.00
1.7

2.59

0,53
1.98
1.50
2,30
1.7
2.05

Cuk5

1.33
1.78
1.52
2,31
OusT
1.76
1.33
2,05
1.52
1.78

b0

175
2549
.8
3549

1.3
2543
175
30.9
21.0
5.9

Tebal nitrogen = 5.33 mg per ml
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of erude cell-fres extracts ﬁﬁwﬂ » te £ind the

most efficlent and i

order to gw@% ﬁ% «%»% gwg § % to %&a whe §
risl cells nd to oblain the eell conterts for the determination of the
presence of proteclytic ensymes. ?%ﬁ. i1L

waﬁ.a& enly a very ﬁgﬁ, & a&ww desintegration, The g%
activity of the cell-free extrast when tested against caseln is sikn
by the titration figures recorded in table 5. fThe increase in acidity

of the test mixtures over the control indicates that the crude exbract
possessed a proteinase capable of causing some degradation of the casein,
However, these extracts were not satisfsctory since %ﬁag of high




Table 5
Tryptic activity of extract from sand ground ceils

. Tube ml O.2N aleoholic
- Nos KOl dapd par 30 =

L ,;_;6@;3
2 6,33
ammi 6,18

Table 6

Tryptie activity of a ared by altemate
freeging and thawing

Tube ml Q.28 alecholic
Ho. KOH used per 10 ml

2 gOE}p




and unifors activity could not be obtained.

The microscople examination of the suspension cbtained after the
froesing and thawing process shiowed no change in cell morphelogy thue
indicating no disruption of the cell with a liberation of its contents,
¥hen the proteclytic activity of this extract was tested ageinst casein
as substrate, the titretion figures as shown in table 6 reveal no pro-
teolytic activity, Although Berger, ée&mm;wa Psterson (1938a), re-
ported the successful preparstion of bacterisl endoensywes by this me-
thed, it was apparently not useful for the disintegration of cells of

In view of the fact that a proteclytically sctive exbrast could
be procured by a grinding procedure, it was decided to study cther abra-
sives for the production of a sell-free exiract. Mellwain (1948),
suggested the use arpmwamaan sedium useful for aiding
;m« éisin’tamtim ef Meﬂa&. cells ﬁzm they wﬁn ammd with it.

This mﬁﬁw n;mﬁs t}fnt it wa Wm t-o ’m’nak qu ?? per-cent of
stxeptmwm m}.la by t.hia Wma, Wt mmmm mﬁmﬁm of

chacilly Mﬁwmwwmxgmm

alumina revealed anly ‘\mzs*' fm aastmyad cells, The protesolytic astivity

gram gtained m‘omtima of -

of the extracts prepared in this manner were tested against tryptlcase,
easein, and gelatin as substrstes. The titration figures shown in table 7
indicate the sbsence in the extract of s polypeptidase acting on trypticase.



oUained b5 grimiing celis xith alusine

Test Hixture

Tube il AGH weed in
Ho, Hours aeidit
[§) <y
1 2 ml trypticesed? ml extract V :
1 ml buffer pHe,9¥S nl water 2,32 2,32 2,32 0.00
2 2 ml trypticased2 ml extr.boiled
1wl buffer pHB.9#5 mli water 2,30 2,31 2.34 000
3 2&@@%%%&&;@&,?
7 ml water 250 250 2,50 U0
& 2mlt sages 2 ml extract , G e v oA s i«
1wl Mﬁw pa 6.@ #5mlwater, 0,30 030 0,30 0.00
5 zmgwm”{auwmm
1 ml buffer pH 6.0 # 5 ml water 0,29 0.28 0,28 0.00
é 3@@%Mm{&m&w£ww ~
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Tables 8 and 9 show the values oblained when the extract was tested
against casein and gelatin, The resulis indicate the absence of a
proteinase in the extract,

In order to determine whether the alumina had adsorbed any pro-
teinase which may have been liberated fruas the cells, the ground cell
mass was extracted with water (extract 4), followed by anvther extrac-
tion with M/15 disodiwm phosphate solution (extract B). Table 10 shows
the results obtained using extract A tested against gelatin, cassin,
and trypticase, MNo proteeclytic asctivity of this extract is indlcated.
However, the titration figures recorded in table 11 show that extract B
contained both a proteinase activity against casein and gelatin, as
well as a polypeptidase which was cepable of hydrolysing t?y;s%m&m
Although sctivity against all three substrates can be neoted, the greatest
activity was elicited w%;#zz casein was used as & mb@ﬁ%a.

In further attempts to lmprove the efficiency of the grinding of
the lactobacilli cells, thereby abt.&ining u’ more active extract, a ape~
cially prepared alumina (Alcoa E~20) was tried. It was thought at this
peint, that the apparent inactivity of the extracts which were Lested
might not be due to lack of ensyme content, but in reality, might be
attributed to some defeect in the substrate itself. Therefore, in order
to eliminate this objection, a pusitive ew;rc&. gonsisting of a suit-
able trypsin preparation was ineluded in the tests. The results of



Table 8

Caseclytic activity of exiract obtained
by grinding gells with alumina.

‘E*gm Test Mixture @l KOH naed Increase

1 2 ml casein ;f 2 &i extract

1 ml buffer pH 8.9 ¥ 5 ml water 2.6 2465 2,64 0,00
2 2 ml casein ¥ 2 ml extr.boiled

1 ml buffer ph 8.9 £ 5 ml water 2,60 2.60 2,60 0,00
3 2 ml casein # 1 ml buffer pH 8.9

7 ml water 2.55 2.56 2.56 Q.01
b 2 ml casein 4 2 ml extract

1 =l buffer pH 6.0 £ 5 ml water 050 0.50 050 000
5 2 ml casein # 2 ml extr. boiled

1 ml buffer p 6.0 # 5 ml wuter 047 Ouls7 0.7 000
6 2 ml easein ¥ 1 ml buffer pH 6.0

7 ml water 0.5 Calyd Oulsd U0




Table 9

Gelatinolytic activity of exiract oblained
by grinding cells with alumina.

b3

Tube Test kixture ml, BOH used Increase
0 s aeidiby
1 2 ml gelatin ¥ 2 ml extract ‘
1 wl buffer pH 8.9 # 5 ml water Relsd 2olsdy 2okls 0.0
2 2 ml gelatin £ 2 ml extr.boiled -
1 ml buffer pH 8.9 # 5 ml water 2.40 o2 2.0  0.00
3 2 ml gelatin # 1 ml buffer pH 8.9
7 ml water 2.16 2’16 2016 U0
& 2 ml gelatin ¥ 2 ml extract
5 2 ml gelatin # 2 ml extr. boiled |
i 1 ml buffer pH 6.0 # 5 ml water 0425 0.25 025 Qo0
6 2 ml gelatin # 1 ml buffer pH 6.0
7 ml water 0.22 0.23 0,22 0.00




Table 10

Proteclytic setivity of extract obtained by

extracting alumina-cell mass with waler.

Tost Hixture

Tube ml KGH used
o, Hour
; 9 I s

1 z ml t:amm f» 2 ml mmt & |
2 2 ml casein # 2 ml extr. A bolled

1 ml buffer pH 8.9 £ 5 ml water 1.93 l.92 1490
3 2 ml gelatin # 2 ml extract A

1 ml buffer pH 8.9 £ 5 nl water 1.68  1.69 1.68
b 2 ml gelatin # 2 ml extr. A boiled

1 ml buffer pH 8.9 £ 5 wl water 1.67  1.68 1.66
5 2 ml trypticase ¢ 2 ml extr. &

1 ml buffer pH 8.9 £ 5 ml water 7% 1.7 1.75
6 2 ml trypticase £ 2 ml extr.A boiled

1 ml buffer pH 8.9 £ 5 ml water 1.7  LJ75

175

(AR ¢

000

.00

.0l

.00
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Table 12

Proteclytie activity of mm from cells srm

Oub¥

with Alcoa B~20.
Tube Test Mixture
No.
1 2 ml casein £ 2 ml extract | |
1 ml buffer pH 8.9 # 5 ml water 1.85 1.85  1.85 0.0
2 2 ml casein # 2 ml extr., beiled
1 ml buffer pH 8.9 # 5 ml water 1.82  1.83 l.82 0.0
3 Z ml casein # 1 ml buffer pH 8.9 , .
7 nl water 1.8, 1.85 i‘&ﬁ 0.01
A zmmwt#zﬁw:wwm o | A
5 2 ml easein # 2 ml 1 per cemt trypsin _
1ml mmf pH 8.9 # § ml water 2.32 2.37 2.4k G2
[ 2@39&#@%%@@@1&%?&&&« ,
1 ml buffer pH 8.9 0uk7 Oy 0400
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Table 13

Proteolytic activity of glycerol extrect using
casein and dl-lemeylglycine as substrates.

Tube Test Mixture ml KGH used Increase

tio. Hours
; ) i

1 2 ml casein # 2 ml extract A

1 ul bulfer ?H &n? 7‘; 5 ml wuter }u&% 1.12 ie% %3.@9
2 gmz. umfam.mr.tmlm |
3 2 ml cesein # 1 ml buffer pH 8.9

7 ml water 1.05 1405 1.05  0.00
b 2 ml exbract £ 1 ml buffer pH 8.9

? pl wabter 6:8% &-3? Qc&? 0,00
5 2 ml ¥/15 dl-leueylglycine

2 ml extract # 6 ml water 0.63  Oubh 0.63 0.00
é 2 ml K15 dl-leuey ine

2 ml extract boiled # 6 ml water 0.60  0.62 0.60 0.00
7 2 ml M/15 di-leueylglycine |

8 ml water 0.15 0.3 C.liy  0.00
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Table b

Proteclytic asctivity of glycercl extract using several
types of peplones as substrates.

Tube Test Mixture ‘ml KGH used Increase
g@c ! iﬂ
, , N — — T 2
1 2 ml trypticase # 1 ml extract - ,_
1 ul buffer pH 5.8 £ 6 ul water 2,19 2,21 2,36 0.7
2 2 ml trypticase # 1 ml extr. bolled
1 ml buffer pH 5.8 £ 6 ml water 2.17 2.6 2416 0.00
3 2 ml tryptone £ 1 ml extract |
4 2 ml tryptone # 1 ml extr, boiled
1 ml buffer pH 5.8 £ 6 ml water 2,41 2.2 2.39 0.00
5 2 ml protecse-peptone # 1 ml extr.
6 2 ml proteose-peptone # 1 ml extr.boiled
1 ml buffer pH 5.8 # 6 ml water 1.80  1.79 1.77 0.00
7 2 ml tryptose £ 1 ml extract
1 ml buffer pH 5.8 # 6 ml water L2 175 179 0.05
8 2 ml tryptose £ 1 ml extr. boiled
1ml

buffer pH 5.8 £ 6 ml water 1.73 1.7 1.70 0.00
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Table 15

Caseclytic aotivity of extract obtained

colls with 5 mm glass beads et pil 8.9 for 2 and A hour periods.
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Test MHixture

Tube ml KUH used iﬁamsc
Ho,.
, 9 E 2 m
1 2 ml casein # 2 ml 2 hr. extract ,
1 nl buffer w 8.9 * 5 waber 3«&? 1.89 195 008
72 2 ml casein # 2 ml 2 hr, extr. bolled
1 ml buffer pH 8,9 £ § ml wster 1.87  1.86 1.85 0.0
3 2 ml 2 hr, extract ¥ 7 ml water
1 ml buffer pH 8.9 1.09 1,10 1.10 0,01
A 2 ml casein ¢ 2 ml 4 hr. extract
1 ml buffer pH 8.9 # 5 ml water 1.86  1.89 1.98 0.2
5 2 ml mmﬁzﬂam.mr.muﬁ
1 ml buffer pH 8,9 £ 5 ml water 1.82 1,83 1.83  0.01
6 2ml b re extract # 7 ml water
7 2 ml casein £ 7 ml water
1ml 0.82 O.84 0.83 0,01

buffer pH 8.9




Table 16

Proteclytic sctivity of extract cbtained by shaking cells with
5 mm glass beads at pH 8.9 for 4 hours using peptones as subsiratss.

Tube Test Mixture ml KUH used Increase

fo, Hours in
g 1 i acidity

1 2 ml trypticase £ 1 ml exiract
2 2 ml trypticase ¥ 1 ml extr. beiled

1 ml buffer pH 8.9 # 6 ml wster 1.5 1l.51 1.50  0.00
3 < ml tryptone ¢ 1 ml extract ,

1 ml buffer pH 8.9 £ 6 ml water 1.63  1.60 l.62 0.0
I 2 ml tryptone ¥ 1 ml extr. boiled

1 »ml buffer ﬁi 8.9 ,‘ 6 mi waler 1»56 1056 laf‘é Q.00
5 2 ml protecse-peptone ¥ 1 ml extr.

1 ml buffer pH 8.9 £ 6 ml water 149 147 1.50  0.00
[ 2 ml protecse-peptone # 1 ml extract

boiled # 1 ml buffer pH 8.9

é “3: water 1»&? li“g l.&ﬁ 0.0L
7 2 ml tryptose # 1 ml extract

1 ml buffer pH 8,9 # 6 ml water 1.69 1.7 1.70  0.01
8 2 ml tryptose # 1 ml extract beiled

ilml

buffer pH 8.9 # 6 ml water dois0 Lokl 1.0 Q.00
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Table 17

Dipeptidase activity of extract obtained by shaking cells
with § mm glass beads for 2 and 4 hours using M/15 dl-
leucylglycine as substrate,

Tube Test Mixture ml KUH used inerease
1 2 ml ¥/15 dl-leucy ine
2 ml 2 hr. extract 6 ml water 1.25 1.26 125 Q.00
2 2 ml H/15 dl-leueylglyeine
2 ml 2 hr, extyr, beiled { 6 ml water 1.23 1.23 1.23 0.0
3 2 ml ¥/15 di-leuey ine |
2 ml 4 hr, extract # & ml water 140 1.41 1.38 0.0
4 2 ml W15 élwlmyz,mim
5 2 ml B/15 di-leucylglycine
& nl water Dedds 9-15 Usl5 Q.01
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Table 18

Caseclytic activity of extract cbtained by shaking cells
with 5 mm gluss beads at pH 6.6 and pH 7.0

Tube Test MHixture mi KOH used

e | R S—

1 2 ml casein ¥ 2 ml extract pH 6.6

1 ml buffer pH 6.6 £ § ml water 057 0457 0.57 0.00

2 ml casein # 2 ml extr. pH 6.6 boiled h

1ml Mfw Fﬁ ‘ﬁw& )‘ 5 mr ﬂt#ﬁ : Qaﬁéﬁ Oably Debh 0.00
3 2 ml casein ¥ 7 ml water

1 ml an:r W 6;& {}cﬁl ’ Qtﬁi ‘ OeSl Q.00
b 2ml casein £ 2 ml extrect ph 7.0

1 ml buffer pi 7.0 # 5 ml water 0.7 . 072 .71 ©.00
5 xinlmmin;fﬁmlm pli 7.0 boiled

1 ml buffer pi 7.0 ,f 5 ml water 069  0.67 Ueb5  0.00
6 2 ml easein ;4 7 Bl water

1 ml buffer pH 7.0 0.69  0.69 0.69 0.00




Table 19

Caseclytie activity of extract obtained by shaking cells
with 5 mm glass beads at pH 5.8 for 2 and 4 hours.

Tube Tost Mixture
Ho.
1 2 ml casein 2 ml 2 hr, extract ‘
2 2 ml casein 2 ml 2 hr. extr. boiled |
1 ml buffer pi 5.8 5 ml water Ous7 Uo7 Uu47T  0.00
3 2 ml 2 hr. extract 7 ml water
1 2l buffer pH 5.8 0.28  0.28 Q.26 0.00
4 2 ml casein 2 ml 4 hr, extract .
1 ml buffer pH 5.8 5 nl water Q9 0.55 0.67 .18
-1 2 Bl casein 2 ml 4 hr, extr.bolled
: 1 ml buffer pH 5.8 5 ml water Ousb  Oubb 0.47 0.0L
6 mﬁ.»wn. extract 7 ml water
1 ml buffer pH 5.8 maw& 0.31 Ce31 0.00
7 2 ml casein 7 ml :vg ,, o
: 1 ml buffer pH 5.8 O3 Qehe3 Oul 000
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Table 20

Proteoclytic activity of extreact obtained by shaking cells
uith > mm glass beads at pH 5.8 for & hours using several
tma of peptones us mwzm&fw«.

Test, Hixture
9

2 ml trypticase f 1 a}. extract
1 ml butfer Pﬁ 5 8 # 6 nl waiter 255 2:% 3638 QQ?B
2 ml trypticase ¢ 1 ml extr., boiled
1 ml buffer pH 5.8 # 6 m) water 2,52 2.50 2.55 0.03
2 ml tryptone £ 1 ml extract
1 ml buffer pH 5.8 # é nl water 2.86 2,96 3.37  0.51
2 ml tryptone # 1 ml extr., boiled
1 ml buffer pH 5.8 £ 6 ml water 2.87  2.85 R.89 0,02
2 ml proteose-peptone # 1 ml extract
1 ml buffer pH 5.8 # 6 ml water 2,30 2435 2,80  0.50
2 ml pmtwawmg?bm # & nl water
Eﬂtwp%am#kmmmt
1 ml buffer pi 5.8 £ 6 ml water 2.5  2.49 2,55 0,10
2 ml tryptose £ 1 ml extr. boiled
1ml

buffer pi 5.8 # 6 ml water 2443 2obsly 2ol 0401




were substituted for the large glass beads., When cell suspensions were
shaken with these beads in the International Shaking Machine, active
extracts could not be obtained. MNicroscopic examination of these shaken
sugpensions indicsted that the small glass beads were alse ineffective
for disrupting the bacterial cells., Table 21 shows the results of ti-

trations performed using & 2 and 4 hour extract obtained by shaking bac-
terial cells in the presence of the fine glass beads. The extruct was
tested for its caseclytic activity using casein as substrate buffered at

pH 8.9, BHo increase in acidity of the test mixture was obtained.

Table 21

Caseolytic activity of extract prepared by shuking
cells ui&h small glass beads f@r 2 and &

: zsm
Tube Test Hixture ml KUH used
ﬁﬁ; s .
; 9 % 2% mgm.

1 2 ml casein ¥ 2 ml 2 hr.extract

1 ml buffer pH 8.9 £ 5 ml water 1.28 1.23  1.25 0.00
2 2 ml casein " 2 ml 2 hre.extr.boiled

1wl buffer pﬁ 3& }‘ 5 Bl wabey 1135 Led2 lv:ﬂé (S M¢ #]
3 2 ml casein # 2 ml 4 hr. extract

1 ml buffer pH 8.9 £ 5 ml water 1.29  1.28 1.28 0.00
4 2 ml casein £ 2 ml 4 hr.extr.boiled

1 ml buffer pH 8.9 £ 5 nl water 1.27  1l.27 1.27 .00
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‘Table 22

&awo&ytie activity of mmeta w&mmé by mamg

1 2 ml casein # 2 ml 15 min. extract -

1 ml buffer pH 5.8 # 5 ml water Ouisd 047 047 0.01
2 2 ml casein ¢ 2 ml 15 min., extr.boiled

1 ml buffer pH 5.8 £ 5 ml water Oule3 Oubl  Ousd 0.00
3 2 ml casein ¥ 2 ml & min., extract

1 ml buffer pH 5.8 ¥ 5 ml water Oukedy Qubb Okl 0.01
L 2 ml casein # 2 ml S min.extr.bolled

1 ml buffer pi 5.8 # 5 ml water Ools3 Ouile 0.3 0.00
5 2 ml casein ¢ 2 ml 4 min, exibract

1 ml buffer pH 5.8 ¥ 5 ml water Ouhss Ol Uulehy 0.00
6 2 ml casein # 2 ml 4 min.extr.boiled

1 ml buffer pH 5.8 # 5 ml water Ook3 O3 Oolply 001
7 2 ml casein » 2 ml 2 min, extract

1 @l buffer pH 5.8 # 5 ml water ol Oulsh  Qubsd 0.00
8 2 ml casein # 2 ml 2 min.extr.boiled

1 ml buffer pH 5.8 # 5 ml water Ools3 Qb2 Ouh2 0.00
9 2 ml casein ¢ 2 ml 1 min, extract

1 ml buffer pH 5.8 £ 5 ml water 0.l O3 Qob3 0.00

2 ml casein £ 2 ml 1 min.extr.bolled

1 ml buffer pH 5.8 £

5 ml water Ouls2 Ouy3 Qo4 .00
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The process of autolysis as a means of liberating bacterial cell
constituents was successfully used by Berger, Johnson, and Peterson (19Y38a),
This method, slthough quite conven
carry cut, was nol successful as a means of disrupting the cells of lLactko-

bacillus gasei. Cellefree extracts obtained by treating suspensioms with
0.1H sodium hydroxide and incubating suitably, did not show any activity
against casein, gelatin, or trypticase, The titration figures, for the
various test mixtures used are recopded in table 23, o increase in
acidity is noted, hence the extracts did not contain any proteinase or
polypeptidase. On the other hand, when cells were allowed to ingubate

at pH 4.5 in the presence of Tween 80, the cell-free extract obtained con-
tained a proteinase which hydrolysed casein., lHowever, these extracts did
not degrade either trypticass or gam.m, The titration figures are re~
gorded in table 24. The extracts cobtained by inecubating cells st an
alkaline pH in the presence of Tween 80 contained not enly e proteinase
active against casein but also a polypepiidase which caused the hydro-

| sebivity when gelalin wuis

hm of trypticase., There was no apparent
used as substrate, These results are given in table 25.



Table 23

Proteolytic activity of extracte cbtained by autolysing
cells at pi 7.3 for two weeka.

Test Mixture

mliwﬁnm

increase

Tube
No. Hours in
L i 2 acidity
1 2 ml ecasein 7 2 ml extract -
1 ml buffer pi 5.8 ¢ 5 ul water 0.57 056 0.58 0.01
2 2 mnl casein # 2 ml extr. bolled
1 ml buffer pH 5.8 ¢ 5 ml water 0.56 054 Q.54 Q.00
3 2 ml gelatin # 2 ml extract ;
1 ml buffer pH 5.8 ¢ 5 ml water 0.38 .38 035 - 0.00
L zﬁlgammy ﬁﬂmrq bm,}.eﬂ
5 2 ml trypticase # 2 ml extract ;
1 =l bulfer pH 5.8 3‘ 5 ml water Uole3 Ouhd (e, 0.02
6 2ml trypticase ¥ 2 ml extr, boiled
1 ml buffer pH 5.8 # 5 ml water Oubl U0 0.38 0.00




Table 24

Proteclytic activity of extracts obtained by autolysing
cells with Tween 80 at pH 4.5 for two weeks.

Tube Test Kixture ml KCH used Increase

Yo, M —
0 Y

1 2 ml casein # 2 ml extract

1 ml buffer pH 5.8 £ 5 ml water 2,08 202  2.22 O.ls
2 2 ml casein # 2 ml extr.boiled : :

1 ml buffer pH 5.8 £ 5 ml water 2.09 2.0 2,11 0.02
3 2 ml gelatin # 2 ml extract e : : ,

1 ml buffer pH 5.8 # 5 ml water 2,05  2.06 2,06 0.0
I 2 ml gelatin # 2 ml extr.boiled Y,

1 ml buffer pH 5.8 £ 5 ml water 2,00 2,01 2,02 001
5 2 ml trypticase ¥ 2 ml extract .

1 ml buffer pH 5.8 # 5 ml water 2.08 2.08 2,08 0.00
6 2 ml trypticase # 2 ml extr. boiled

1 ml buffer ?H §o$ 1{ 5 ml water 24{}6 2;% Qo% Q.00

Table 25
Proteclytic activity of extracts obtained by autolysing
cells with Tween 80 at pH 8.9 for two weeks.
Tube Test Mixture

Ho.
1 2 ml easein £ 2 ml extract ,

1 ml buffer pH 8.9 £ 5 ml water 1.89 1.91 2405 Q.16
2 2 ml casein # 2 ml extr. beiled

1 ml buffer pH 8.9 # 5 ml water 1,87 1.86 1.8 0.00
3 2 ml gelatin £ 2 ml extract

1 ml buffer pi 8.9 # 5 ml water 1.85 1.83 1.83 0,00
I 2 ml gelatin # 2 ml extr. boiled

1 =l buffer pH 8.9 ¢ 5 ml water 1.83  1.83 1.83 0,00

5 2 ml trypticase # 2 ml extract el

© 1wl buffer pH 8.9 £ 5 al water 1.87  1.88  1.92 0405

6 2 ml tryp&i@aa@ ¢ 2 ml extr. boiled
1 ml buffer pH 8.9 ¢ 5 ml water 1.8k 1.83 1.83 0.00



It was noticed by Cowles (1947}, that when glycine soclutions were
added to suspensions of bacterial cells, there cccurred an apparent lysis
of the cells. Although for most of the work reported gscherichis

stated that many other bacteria were susceptible to the lytic action. le

were the two wmim chiefly used, the author

mwm Mw& the ammwm whmmr&mmg required the
use of cell «:wéﬁiﬁmﬁs; even mxmng mm.‘

Experiments mmm with this method, using a finsl concentration
of 1M glycine and lactobaecilli suspension, were in the main not successful,.
However, it was found that an extract active against casein was obtained
when the cells were allowed Lo remain in contact with the glycine in the
presence of an alkaline buffer, The extract obtained when the lysis was
carried out at 30 C in the presence of toluene was only very slightly
more active than that obtained by lysis at 6 ¢ withowt tolusne, The ti~-
tration figures fur these determinations are recorded in table 26, wWhen
these extracts were tested against di~lemcylglycine as substrate no acti-
vity could be discerned,

Hicroscopic examinations of gream stained smears of the trested cell
suspensions showed that some of the cells had been lysed. Wz‘; most
of the cells retained their typical morpholegical characteristics and the
only change in them appeared to be that of altered reaction to the stain,



Table 26

Caseolytic activity of exiract prepared by
m:amgmmnmaméamram

67

Test Hixture

ml K'M

=

increase

~asidity

2 ml casein ¥ 2 ml 30 ¢ extract
1 ml buffer ph 8.9 ¥ § ml water

2 ml casein ¢ 2 ml 30 C extr.
boiled
lalmi‘prﬁﬁ.‘?}ﬁﬁww
2

mmm#zmléﬁuﬁmﬁ
1umrrwpaa.?¢smxmmf

3&1%&&3%&&},&{3%4
boiled '
1&1:@1‘«»93&?{5&}.%&@

zmeammﬁxnaamm
1a1wmrpus.§;&6n&m

342

P

3ok

340

3.35

3eb3

343

3eb7

3440

3&3&

38

Jeb2

3450

Jeb0

3634

0.06

0.00

005

000

0.00
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Table 27

Caseolytic activity of extract prepared by
treating cells with rennin at pH 5.0.

2&&@;&&#1&1%&%%1@%

1 ml buffer pH 5.8 £ 6 ml water 065 0,67 075 0.0
2 ml easein ¢ 1 ml rennin extr.boiled

1 ml buffer pH 5.8 # 6 ml water Oud  0ub5 0.6 0,01
2 ml casein # 1 ml rennin

1 ml buffer Pﬁ 5.8 7‘ 6 ml H&W Ol O Oolde 0404
2 ml casein ¥ 1 ml rennin beiled

1 ml buffer ?ﬁ 5.8 " 6 nl water Gu39 U39 Q39 U0
2 ml casein # 1 ml cell extract

1 ml buffer pH 5.8 £ é ml water O odsdy Oolsle  Uodids 0400
2 ml casein ¥ 1 ml ecell extr.boiled

1 =l buffer pH 5.8 # 6 ml water Qe 0.43  Oub2 0,00
1 ml renninecell mixiure ¢ 8 wl water

1 ml buffer pH 5.8 0.67 G.b5  0.67 U0
1 ml remnin # 1 ml buffer pH 5.8

8 ml water 025 Ce25 02 000
1 ml cell suspension y & ml water

1 nl buffer pH 5.8 Gu31 Ua31 030 000




Freezing bacterial cells at extremely low temperatures im order to
disrupt them has not been used very extensively in m M; Tarnanen
(1930), sttempted to obtain a proteclytic exiract by alternate freezing
in liguid air followed by rapid thawing of the frosen bacterial cell mass
at 50 €. Extracts prepared in this way showed either a very weuk protec—
lytic activity or were not sctive at all. It is known that long, sharply

pointed ice crystals are formed within the cells when they are slowly

frozen, However, when the cells are rapidly f{rosen, these crystals do
not form, and consequently the cells are not ruptured. Bacterial cells
which have besn rapidly frozen at very low temperatures should be soue-
um.t. easily disrupt cing since i:k is ;ambahlt that the indivi-
dual cells are mmim mm&y am,z.in.

, _ ) llus gasel were froszen in dry ice
and then grm w:l%h it., it was waﬁh to @%ais e%fm exbracts which
were weakly gr%wm%, Unfortunately, net all of &1@ sxtracts produced
by this method shawed activity, and tm ‘rm’ltp‘ cbtained with & given ex-
tract were not rtwmibh‘ | H

D, Aotion of extrects prepared in the
Hickle Tissue Disintegrator.

1t was found that suceessful preparations of crude cell-free extracts
could be procured from Lactobacill
cells ware shaken in the Mickle Tissue Disintegrator. %The progress of cell

a8 casei 318, when suspenslons of these
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disruption was followed by examinsition of stained films of the cell sus-
pensions before and after shaking., A typiecal example of the resulis cb-
tained is shown in thé following ph%mcwgmpm and elestranographs.
?i@m 2 is a p&:mmrogmph of a cell m&m&m ‘of Lactobaciliug |

313 Wm for treatment in the mkls mm msimsgm%w‘ The ‘u’elia

shown, have the typical morphology of ?.ia:in; species. MNo extranecus amor-
phous material can be observed. Figure 3, shows a cell suspension photo=
graphed after 20 minutes of shaking., Here, only a few cells can be seen
which are intact. Host of the cells have m‘ﬁua%mwad, and the pre-
paration sssentially consisis of a large amount of cell debris. A more
detailed view of the disintegration process was obtained by observation

of the cell suspensions with the electran miercscope, Figure 4 is an eleg~
tronograph of an unshaken cell msmm. The typical morphology and in~
ternal structure of the cells can be seen., In figure § is shown the re-
sults obtained using a shaken cell suspension, This electironograph shows
some emply cell walls with a large amount of extruded protoplasm. When
prepurations of this type wers suitably treated to remove cell debris, the
cell-free extracts obtained were usually found to be proteclytically active.

The ¢ell free extract which was cbtained by centrifugating the shaken
cell suspensions was active at pH 5.8 and pH 8.9. These resulits agreed with
those obtained when extracts cbtained by other methods were used. When c¢ell
suspensions were shaken {ar 5 minutes, it wes found by miercscopic study,
that approximately one-third of the cells were destroyed, while after shaking
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Figure 3. Cells after shaking for
20 |g the Mickle Tissue
Di.sin'tegrator« -X 970 /



Figure 4. 1ilectronograph of suepan-
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Table 28

Caseclytie activity of extracts prepared in kiekle

pﬁ 3.?«
Tube Test Mm
g@t
1 2 ml casein £ 1 ml 5 min, extr.
2 2ml casein # 1 ml 5 min, extr.boiled
1 ml buffer pH 5.8 £ 6 ml water 0.51 0.52 0.52 Q.01
3 2 ml casein # 1 ml 25 min,extract
1 ml buffer pH 5.8 £ 6 ml water 056 059 0.70 0.k
4 2 ml easein # 1 ml 25 min.ext.boiled
1 ml buffer pH 5.8 £ 6 ml water 0451 053 051 0400
5 2 ml casein £ 1 ml 5 min.extract
6 2 ml casein # 1 ml 5 min.extr.beiled
1 ml buffer pH 8.9 £ 6 ml water 1.5 1.56 154  0.00
7 2 ml easein # 1 ml 25 min, extract |
1 ml buffer pH 8.9 # 6 ml water 1,65 1.67 1.7 0.0
8 2 ml casein £ 1 ml 25 min.extr.boiled
1ml
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Caseolytic activity of untreated and glutathione
treated extract.

Tube Test Mixture

&ag o
1 untreated extract # casein 6.0
2 glutathione treated extract
untreated extract ¥ casein 8.9 .32
I glutathione treated extract |
casein ' ‘ 8.7 Q.26
glutathione ¢ caseine alone 6.1 0.00
6 glutathione # casein aslone 8.7 0.00
7 glutathione treated extract
alone 6@9 0.01

8 glutathione treated extract
alone 8.5 0.03
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in the presence of very low cancentrations of ferrous, manganous, nickle,
cuprie, and even cobalt ions. Infourmation relative to the effect of va-
ricus inorganic ions on the activity of proteinases obtained from lacto=
bacilli could not be found in the literature,

In order to test the effect of various inorganic ions om the pro-
teolytic activity of the proteinases found in erude extracts of Lastoba-
eillus casei 318, the extract s tm&oﬁ wﬁhmﬁm&@ quant itiss of each
of the following freshly preparsd salt seluticns. The sall soluticus used.

were: ferrous mm, manganous #ulfate, magnesiwm sulfate, cobaltous
When the wnwfm exiract was treated with ferrous ions and then

allowed to resct with casein, it was found that dilute cencentrations of
these ions apparently ineressed the activity of the extract. This in-
erease in activily was noted however, only when the extract was tested
at the alkaline pH runge. A decrease in sctivity was cbserved when the
ferrcus ion treated extract was tested at an acid pH value. Mangancus
ions on the obher hand seemed to increase the extract of mctivity at the
acgid pH value, while mmam;m activity at some alkaline values.
The relative increase or decrease of the caseolytic activity of the cell-
free extract after treatment with the various ions is shown in table 31.

Sodium cyanide acted as an inhibitor when \he extract - substrate
mixture was tested at pH 8.9 and 5.8. At pH 8,0 the inkibition of the
caseclytic activity by this eubstance was nct camplete, having decreased
the titration figure by 80 per cent. MNear neutrality only s relatively
small inhibition was noted,



0%
8's
6'9
0's
6°8

] 0 0 0 o 00*0
00T - 00T~ w - o ¥ 08 - 060
o - 09~ 6T - oz - oz # gz*o
g - o= 0 0 06 # 00"t
00T - 0 gz # sb - ¢z # oo
e :

30 wwmm mmm wsm .mi wmm pesn Hoy Tw

10820 Jo L9TATIO® 0TAT008E0 JO UOTTATHUT UO USTIRATIOV
SATIETES &Y} WO m a;mm; ewu Jo sousntyuy

1€ s1any



0 0 0 0 0 00*o oYy

00T - 00T - 00T = oot - oot - 81°0 0°¢
0 o 0 4] 0 00°0 6°S
o 0 o 0 o 000 oL

120 0°s

ZE°0 0°é

: ks S . oot ma o pigel
gﬁﬁaﬁﬁ 0 gsﬁg ﬁ@w u& gﬁé aed pesn HOY T®

suoyg
a§§ snotaea Aq qouage ealj~TIes Jo
Lqvarqoe opafrouriwred Jo UOTITATUUT 0 WOTARATIOR sapjUTey

ZE oTavy

‘2 eTqey uy woys 83 senyea Hd snotd

~wA 4% ‘SUOY PoqEOXIUM U Jo LITATI08 PATYETRI syl °90e3ye fuw eAwy qoU

PTP Jo eqomIXe oy Jo LrATI0¥ oY PEITQTUUT J8YjTe EUOY Jenj0 el JO TIV

GPTUBAD WNTPOE JO SUOTANTO o SPUE O UOTIRAISSGO GWES SUL *GOWITXS. O3

Jo fyratdow eyy eewedouy Arjustedde suoy qTeqod Jo sSuoqnIoe aMTIP eUY

puney swm 47 ‘eseTeyuireasy ‘urieied qsurele UOTLOW B9T UT 0vIIXE Y3

Jo favavaoe euy uy sBueyo yowm joe3ye jou pIp ArTedeued fewy qwyy ‘peen

8J09PATIOW OTUSRIOUT SNOTITA OUL YITA Pejonpuoo @uswidedxs ey3 Uy peou

een 4T ‘equaqeqne sw upieTsd qeurvie Lirarqow syqee] peqaype A(Twsoued
quetrjwexy smotasad Aue qnOULTA PRYSeq USUA J0RIIXe BRJI-TY8O Syl



When eell-free extracts were Lested against various peptunes, it was
found that a relatively gm activity against these substrates was slicited.
Most of the extracts tested consistently caused the hydrolysis of trypticase
and tryptone, while the action against ‘mwmm was found to be extremely
variable, Tryptose and probecse-peptome were not attacked. It was found
that the pH of the reaeting scluticn mmy influenced the extent of hydro-
lysis of the mmr‘ peptone substrate used. The tilration figuwres illus-

trating the results which were obtained in these experiments are recorded in
table 33. It can be seen that there apparently were for the polypeptidases
present in the crude extract, two pH velues st which maximum sebivity could
be obtained, For the substrate trypticase the greatest setivity was obbtained
at pH 5.8, with a second value cbtained at the alkaline value of pi 8.0,

Table 33

Proteolytic activity of extract using several peptones as
substrates at different pH values.

pH of

nixture
9.5 0.02 0.21 0400
8.9 0,05 0.80 0.00
8.0 0.93 0.50 0.00
7.2 0.30 0.00 0400
6.6 0ol 0433 0.1l
5.8 1.00 0.70 0.22
5.0 0.52 0.56 0.06
b 0.21 0.26 0.00

&0 0.03 0.0 0.00



82

Tryptose. on the other hand
ever, the extent of me of this substrate appeared
these optimum pi values than was cbserved for trypticase. While the ex-

to be less at

tract showed setivity when it was tested againet peptone, it wes much
less extensive, and was found te occur best at pi 5.8. In the experiment

performed by Tarnsnen (1930), it was found that the cell-free m;—m split
Witte's peptone st an optimum velue of pi 5.8, The sctivity of the extract
fell rather rapidly above pH 6.6. This author did not test his extract
above pH 7.7+

Tarnanen (1930}, working with glycerine extracts of Bugterium gagei
spsilon, found that not enly did it sttack Witte's peptone, but could alse
cause the hydrolysis of leucylglycine as well as glycylalaning
vity of the extract sgainst other peptides was not investigated.
extracts cbtained in the work reported here could hydrolyse various peptones,
which are i1l defined mixtures of peptides with other nitrogen gontaining
compounds, it was thought that the content of peptidases in the exbract
could be more clearly elucidated if the extract was tested sgainst several

y defined peptides,

For the detection of aminopolypeptidase, dl~leusylglyeylglycine was
used as substrate. It was found that the extract acted on this substance
only ot pif 8.0, At this pi value the averege extent of hydrolysis, as

caloulated from the increase of w:%.di%y of the test mixture after 24 hours,
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was found to be 29.1 per cent. o hydrolyeis of this tripeptide could be
detected at other more scid pH levels.
In order to detect the presence in the exiract of carboxypept.

the extract was tested against ehloracetylityrosine. This substrate was

used since carboxypep

318 was allowed to act on nm»mwyltmm , Do activity was detected.
The presence #tmmmwmmmmwmmmw
t«mm to &u, ‘since m mfarma m* um m%my hés been zw in the
literature.

In addition to hydrolysing the tripeptide the extract obtained in
these experinents acted on chemisally defined dipeptides,

When the extract was allowed to act on dl-alanylglycine snd d-leueyle
l-tyrosine, it was found that maximum activity occcurred between pH 5.0 and
pH 5.6, However, at these optimum pH values, only 20 per cent of the dl-
alanylglyeine was found to be hydrolysed. Timre was & gradual decrease in
the extent of hydrolysis of this substrate when it was tested at pH values

on either side of the optimum, On the other hand, d-leucyl-l=tyrosine was
hydrolysed only at the pH range 5.0 to 5.6, The grestest amount of hydro-
lysis of this mmmmwxmxmwwmmmwmu original
concentration, The results of these determimations are recorded in table
3he

The results of the determinations using l~leucylglyeine and glyeyl-l~
leucine are shown in table 35. when the extract was tested against glyoyl-l-



. Table 3b

Determination of extract activity using dl-alsnylglycine
and d-leucyl-l-tyrosine as subsirates.

Per cent hydrolysis of mmiés&’

9.1
8.3
72
6.8
6.l
5.6
5.0
bed

8.0
T.2
6.8
6.l
5.6
5.0
bad

s BB B osr o [
wggwaaw‘j




Table 35

Determination of extract activity using g
and l-leucylglycine

Lrayi~i=leucine

Per cent hydrolysis of dipeptides

A

8.9 o 849
8.0 5 8.0
Ted 7 7.8
6.9 10 7.6
6.1 23 Te2 5

13
3
P
)

o

.

5
(SRS

5.6 33 5.6
5.0 100 b8
hed

v K




leucine, the optimum range for hydrolysis was again found to be pil 5.0
to 5.6, In this case, it wes observed that all of the substrate was
hydrolysed at the lower value, while ab the upper limit cne third of the
original amount of substrate was hydrolysed. When the extract was tested
using 1-leucylglycine the greatest activity was found to cecur at pi 7.2
to 7.8, At pH 5.6 only 12 per cent of the original cencentration of sub-
strate was found to be hydrolysed.
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The true laetic acid bacteris are markedly active as fermenters of
ydrates. Ample evidence exists that they may be actively proteclytic
when suitable experimental conditions are chosen for the liberation and

action of such ensymes. In addition to the empirical cbservations made
by von Freudenreich (1895), other mere sxact data support this visw. Thus,
Orla-Jensen (1919), recorded the fact that many of the rod-shaped lactic
acid bacteria were capable of increasing the soluble nitrogen content of
eultures as much as 36 per cemt., Also, Peterson, anﬁ, and Fred (1lyzs),
found substantial inereases in the scluble mitrogen comtent of cultures
of various lactic acid forming bacteria.

Thus, it was expected that the strains of Lactobacillus gasei which
‘were studied in this work, under proper cultural conditions would hydrolyse
casein, That this was indeed the case was shown by the findings cbtained
by the analyses of the caleium carbonate-skim milk cultures. Everyone of
the strains was found to be capable of degrading the casein present in the

original medium. This decomposition was manifested by a decided increase
of the scluble nitrogen content in the culture filtrate. Uf the orgsnisns
tmm,mw active was found wkﬁu%mﬁn 318, since it caused the
soluble nitrogen n@m t@v increase 1-?3 m”w ml of éxm.m filtrate,
The least active crgunism was found to be elrein 322, which increased the
soluble nitrogen cantemt cnly 0.0k mg per ml of filtrate.
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for obtaining probeclybically active exbracts from the lactobacillus used
in the work mmm here, mﬁ with mmm mncmt sines mwa»
tions of mxm wts.vi.&;f wm not Mﬁ. ‘zm nature ai‘ the acticn of
glyeine on bacterisl cells is unknown, and microscopic examination of
glyeine trested cells did not indieate axy extensive physical breskdown
of the cells. |
The extracte cbtained from the bacterial cells which had been treuted
with rennin were found to incresse the acldity of extract-substrate test
fact indicates that a proleinase was liberated frum rennin treated cells.
Anunstad (1950), reported alse that the proteclytie activity of glycercl
bacte iup casel using cesein as & subsirate

was ephanced when rennin was present in the teet mixture, while it ap~
peared that rennin could set in some way on the cells of lactobecillug

gagel 318 to libersie a proleinuse, it wus also found that the bacterisl
cells were not without effect on the rennin., This was illustrated by the
fact that the milk clotiing power of the rennin, which had been in contact
with the bacterial cells, was diminished by spproximately 50 per cenk, This
phenomencn may possibly bs explained by assuming that some of the rennin was
adsorbed on the surface of the basterial cells during the pericd of cantact.
Upon centrifugation of the rennin-cell mixturs to obtain & cell-fres eaxirast,

this adsorbed rennin wes removed, thus effectively lowering the concenbra-
tion of remnin which remained in the sclution, Thus, the milk clotting
er of the reanin, as measured by the method of kunits (1935), was in

reslity based on & quantitative change rather than a quulitative one.




The Mickle Tissue Disintegrator was found to be supericr to all
the other methods used for the preperation of proteclytically sctive ex-
tracts from the cells of lactobagillus casel 318, This instrument was
gimple to operate, and ylelded a high proportion of active preparstions.

When these extracts were tested against casein, it was found that

asctivity was exhibited against this substrate st both acid and alkaline
values. The caseclytic activity appeared to function at pH 5.8 to 6.0
and pH 8.0 to 8.9, It was also found that the extract was capable of

hydrolysing gelatin, Howev
vity was noted at pH 5.0 bub greater activity was found at pH 8.2 and

er, in the case of this substrate some acti~

9sls The finding that the pH of activity of the extraet changed when
different protein substrates were used agrees with the cbservations made
for proteinases obtained from other sources (Summer and Somers, 1947).

Although glutathione is an importent activator for several pro-
teolytic enzymes cbtained frem higher plants, it was not found to act in
this capacity when tested with the proteinase presemt in the crude extracts

cillus gasei 318. There appeared to be a slight depressant ace

tion of this substance on the cassclytic activity.

For the most part, the mtm ions which were tested either had

no effect on the setion of the extract or depressed the activity. Waen
casein was used as the Séhﬁmﬂéu, ferrous ions seemed to inerease the
activity of the extract at pH range of 8.0 to 8.9; but at pi 5.8 there
was inhibition, When gelatin was used as the substrate most of the ions
used acted as inhibitors of activity except ccbalt, which seemed to ine
crease the enzyme activity when it was tested at pH 8.0 to 9.0¢ 4010
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scme bacterial proteinsses may be secieted by the cell into the surround-
el 318 seems to retain most of the prételinases
within the cell wall. It is ammw considered unlikely that protein
molecules such as casein may pass freely in and out of the cell through
the cell wall, Hence the following hypothesis is presented:

they may be se firmly adsarbed to the cell surface, that they cannot be

removed unless the cell is disintegrated. It is also possible that the
hydrolytic setion of the ensymes is exerted on the molecules of substrate
tnmediately surrounding the cell, The end produsts of smeller molecular
sed by this reastien mmmw pass into the cell whers
they are further utilised. R

When m Wm wm mw, W wm MW, i’& wWag zaw
that mmmtmpﬁMma&m&WMam fm;, when
trypticase and tryptone w-u M as substrates, the mm exhibited
setivity at pH 5.0 to 5\:8 M ;ﬂ 8.0 to 8.9, Wheny ﬁ‘i the cther hand, Bacto
peptone was used as substrate, some activity was noted between pH 5.0 to 6.6.
The finding that the activity of the sxiract on peptones shows rather wide
variance may possibly be aseribed to the fact that Lhese subsbances varied
in composition, Trypticase and tryptone are derived by hydrolysis of casein,
while Bicto peptons is obtained by hydrolysis of gelatin, and it seems
feasible to conelude that since the proteinase present in the extrast is
more active against casein the polypeptidase present may be mors active
ageinst the peptones derived from it than from peptones derived from cther
proteins,




b

Although the extrect was found to contain peptidases active agsinst
several types of peptides, no This may be
explained perhaps, by the fact that the substrate used for the detectiun
4f carbexypeptidase was present it could not act on the substrate. Cur—

of this enzyme was one which does not ogcur maturslly, and conseg

boxypeptidase has not been found in becteria so far; but the musber of

species which have been investigated is, admittedly, small. However,
the extraet exhibited activity against other types of chemically defined
peptides. Thus, activity wus exhibited against dl-slanylglyeine between
pH 5.0 and 6.1, and against d-leucyl-liyrosine at pH 5.0 to 5.6. The
best activity against glycyl-l-leucine was found to occur belween pil 5.0
and 6.1, Berger, Jotngon, and mémﬁ(m%}, reported that many of

. Wﬁ obbaine:

the pepl d from various Wim of bacteria showed maximus
activity bﬁ%m ﬁ 8.0 im ’?;@. E& tﬂiﬁ ?ﬁwﬁ ‘&&Q peptidases cbiained

: = % 333 éitfm from those " m@ authors.
The seme workers Mmﬁrﬁ that they ﬂaﬁb@aim peptidases {rom *"lactobacillusg

Hence, it is not surprising that similsr results were obiained.
The observations on the preoteclytic activitles of Lagtobacillus
gaged 318 and the results obtained using cell-free extracts indicate that

these organisms conbain s rether wide spectrum of proteclytie enzymes.
Under suitable conditicns, these ensymes can be liberated from the bacterial



cells as & crude mixture. The activity of the crude cell~free extracts
on variocus substrates mmm that wam m present. proteinases,

rpeptidases, and dipeptidases. Ko carboxypeptidase activity of the
extracts can be debected.
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