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mmuhmm m m m m uA

The whieh are capable of catalysing tb# hydrolysis

of proteins, proteoses, peptones* and jMlypeptldes mm celled jaro** 

teases* Frole&sea are further classified  Into proteinases and pep* 

IM a it i ,  the preteiaaeee are eo*»atiiiriii to  lie capable of sp littin g  

proteins as well m  the proteoses and peptones, whereas the peptidases 

mm sssusaed to  cause the hydvc&ysis of peptides with the formation of 

matin© acids* m em iiM g  to '§m sm m m  and dshaeider (lV3b) ,  pep-*

tidaaes are m M m M iM  into dipeptldaaea* aalnepolypeptidaaea maA

Oipeptideses hydrolyse dipeptidee of snino 

m«M«. ibainopolypeptidases ^d ro ly se  pGlypuptlrte* adjacent to  the 

points where the free  amino groups mm found* i f  the main© group i s  

blocked or i s  found co a d-saino acM residue, then there is  no «** 

byastis notion* (hurta&pelypcpfcldaee* w ill attach polypeptides having 

a free eaifemgrl group near the peptide linkage being mtt*ela»<i# A 

fcleelcad and®® group w in  so t in te rfere  with the astlvlhy of th is  

eziayise, but a fcLeokad earbcoqrl §w»ji here, w in  prevent th is  ensyne 

fren netizig on I ts  substrate*

Frotedlytls a c tiv itie s  o f ‘plant and aainal tissu es  and secretions 

have been known fo r at least 150 years, fine# dpallanaani in  17tJ f i r s t  

dbseroed th e ' digestion of neat in  vitro'by gastric  jbiee* (hoythrqpj- 

*t. & .r 194a).
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the probaolytie activ ities  ©f auuagr different types of bacteria

ham  b m n  the subject of study for a long period of time. geeordlug 

to  Porter ( If46), the f i r s t  eoatrolXad eagMrlMMita on tha proteolytic 

n a tiv itie s  of b&eieria wars parfonasd in  1886« Sine® that tin e  a w ry 

extensive lite ra tu re  has been pubUabsd relative to  th is  phase of ban-*

ter la l ptaytlelegy* However, mmh of tha early work in th is  J*i«M m s 

©f as indecisive and conflicting nature* heeantly, with tha intmftMtioa 

of ehanically dafload substrates aore aeeurate and decisive iafanaatieii 

eoneaRklng the prcteolytie anisyaes of baeterla has baan obtained*

A perusal of the lite ra tu re  iadlaatee that nest ©£ %hm definitive  

studies on baeterlal proteasea have been msde during tha la s t  twenty 

years. 'Bm im m m  ami Falser (1930) have presented an extensive review 

©f nuah ©f tha iapertant early work aseoiplinhud in th is  f ie ld  p r io r  to  

1930* the review of the lite ra tu re  presented here therefore, wUX h® 

caifined to  the work p ib M ^ d  since that time*

Gerlni (1930), reported h is findings m  the milk c lo tting  power 

of Baeillns prodlslosits. Ha stated that & reimij^lJjc# eagpae was 

produced by th is  basterlna. the production of th is  nasi®® t  ©ok pl*ce 

la  various types of media la  the absence of cassia and lactone, the 

bacterial minis''we* capable ©f sating on haatad and/or autoclave a llk , 

cad eould ba destroyed by banting- to 100 G for 15 ainntes* Wilson (1930) 

studied the elaboration of bacterial pretense is  media of various ecnpesi* 

iit® . She found th a t the carbon source had no offset on the appearance 

of a protean® and th a t the enzymes may be elaborated as readily in  tha 

presence of toorpiiii© nitrogen sources as with o rg « ie  

eaapotind*. I t  was eonelnded th a t pretense p ro d u c tio n  was not dependent
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mpm th© Ingredients of the nutrient aediwa axcopt as these stiMilate ©r 

inhibit growth of the cells* Haines (if31f 1932| 1933) > working with 

several organiMS nboirtid that calcium and magnesium affect#h the activity  

©X gelatines* product ion. He anted that th e ir  effect was not due te  

activation a f te r  the entyme mm formed. Ctorbaeh ( I f30), etudied the 

proteases of Bacillus mmwmmus which ware produced during the growth 

©£ the organism in  various media, The prob«i©l|tie activity of ce ll-fre e  

f iltra tes  m s deternined using various substrates such as gela tin , Witte- 

peptone, s ilk  peptone aM albumin peptone* The pqptides used w x t leu- 

eylgijreiiie, and leucylglycylglycin©* I t  was found that the preparation 

obtained m s a complex mixture of ensymes acting on the differ*at sub

strate* having various ph optima. Virtanen and Tarnansn ( I f32), studied 

the heat resistance of a flitrab le prQ%9$Mmm produced by a strain of 

!•  fluoraacana U-,uof»clena (faeudoaona? fluoraaoeosj. Shay fouiui t i» t  

the protein© sea obtained when the organism m s grown in  broth or milk 

retained about 72 per cent of th e ir  Activity when heated for ten minutes 

a t 90 C. The proteinases were inactivated when they wept heated a t H3 t  

for ten minutes* Tarr (1934), studied the preteeiytic ac tiv ity  of spore 

suspe&stons of Bacillus su b tilis  and Buclltus m eajaM rliui. dispcasions 

of spores of these organisms heated fo r th ir ty  minutes a t 60 G. 

the-heated tectorial endosperms hydreXyasiTeaeelii, gelatin, ej£-*lbumixif 

bloedHUJMiKlat W itte’s peptone, and in  %tm m m  of the spores of 

su b tllls* edestin* The hydrolysis was carried out a t pii 7*3 for two day* 

a t 37 C. Weil a te  kochol&ty (1937) studied the cell-freo f i l t r a t e  from 

cultures of C lostrld jw  hiatolyticusu Th© proteinase of th is  anaerobe, 

showed mxMm. ac tiv ity  at pi 7.0 and m s activated by aulfnydiyl compounds, 

but not by enteroklxiaee, The activation by sulfhydsyl eoapeiinds e©uM
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M  tasfm im t by U m  pm sm m m  of im r tm s ,  nie*l*» euprtc, and

coball Ions# M il of Umae iuaa except «cb*lt pr«l!M»cl aetivmtloii a t 

v®uy i «  ocamntfmtlomi* U&sdmm  activatiun  huw m r, was obtained und** 

antm telft eoRditl«at» I t  m »  £m m 4  that m M  a M  m %  inh ib it

the proteinase activity* Gzaasttaxw (193d), studied U m  affects of nor- 

«a.| hcraa s# n »  on protsinasss of ifW fil  ciostrjUita* M® reported that 

IhhlbittQii of the proteinase of u loslrM lm  babullou t w*a obaomKL 

However* nomal horse surum. apparently 414 m b  inh ib it the 

ac tiv ity  of th# proteinase fro® cultures of bloatrldlim  mLcfali* fhe 

proteolytic m%y®ms of the M ite r  organt m  wars however* inhibited by 

ft specific sen *  prepared against d t o i t r * I w6̂ ****** - tescti—

« w  (1934) # reported on the proteinase® of O^atrMiuta hlatolytloua* 

This worker described ihra# d is tin c t proteinases, two of which km con

sidered to  be «rtrMi®IXuliir and Hi® th ird  km e a a M f» 4  to  bm itsbn*~ 

cellular* the exbracelUiM r enspwis trur# fourm to  be inhibited by 

cysteine and ferrous ions* However* the tntr&e«iiu.i&r  ec&yf&e differed 

fra s  th# others in  being *hie to  hydro!/** clupein but not gelatin  and 

m s activated by sulffeydryl expounds* This report, contradicted 

lochol&ty, »«H# and t&iih (193d) * who reported that tint proteinase 

©f C lo s tr id ia  h lrto iy t i€ îa i s  liberated  in to  the culture ty

secretion from the IM taf thll*." Rwy w jw te il alao th a t the shayne 

is  setIm bed by cysteine ms! foaerous Iona trader a i l  conditions* 

hoebolety, dialth* and toell (1934)* investigated the peptidases of 

foesbrldf*» histodyvXpias* They obtained eiugia&tia&lly eativ* diU * 

flree m M tim n  by disrupting the bac teria l c e lls  with the supersonic
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oscillator* The cell-free  solution* which they obtained contained a

dlpeptidase with an oj&iwsa activity of pti 7*6 and & polypeptidase

which acted cptiHully at pH 8*7 . It m s found tha t the frtypiptiitiiisa we*

activated fey aagnesiutt ions but that th is ion had m  effect on the acti

vity of the dipeptidase* hoeheXaby and Weil (1938)# found also that by 

changing the pi of the culture andiua in which Clostridia* histalyticutt 

me growing, the pi ©ptiswa of the secreted proteinase could also he 

©hanged. hy repeated culturing of the organic* ©a &edia containing 

either casein or gelatin* a protelnaee was produced wnieh weufa only 

attack casein or gelatin*

Berger* Johnson* m i Peterson ( I ' / jBn) ,  studied axt«4siv@ly the 

peptidases of LcuconestOQ acastttsroidss* They obtained an efugmatieally 

active extract by a cenfeinatlaoi of methods for uisrugitlitg the bacterial 

c e lls . The ee lls  of hmmmmtm asasa&sreldsa were alternately froaen 

n l  timmmi ia  the refrigerator for six  days. PolUeiing this wiey were 

ground with sand and them allowed to catalyse under toluene at room 

tcnperature* at #1 6*8-7 *0* In such a c e il free auteiysate* peptidases 

capable of ttydf^lysJjjg both optical components of the naeeaic peptides* 

leucyldiglyeine* alax^lglyeliie and alamyldlgiyciiie were 

found.- In further .studies ihixger*. Jehneon* and (1938bj* ro-

perted on the f®jftiiJas«s of sown nm m m  bacteria. The peptidases 

obtained from twelve different organisms representing aerobic* anserobic* 

fhoultatlire* proteolytic -end n«i-prot#oiytic bacteria war* studied*

The ee ll-free  baaterial extimcts were J3r#i?iir©ci neoeniliig to the nethod 

which had been i« * r ib « i in their previous paper. They found that in
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■eat instances the ©ftlaua value fcr peptide hydrolysis m.a betwean j>M 

&-9* There were however, two organises namely, Lactobeclime pentesaa 

and Propjanlbaeteriun nsntoaceaiMi whieh eonbalnsd acidepeptidases*

Hieee ensgms sp lit  their substrates a t eptitti* p i values of 5*5 to  4.0*

Generally, i t  was found tha t nor® peptidases eould be nxtimcbed irosk U m  

c e lls  of aoo^pi^eo^ftie organises then from the MtUw in  which the 

cella m m  groim»

Johnson (193$) # presented a review of the infeimetlOA eonseraing 

protelnascs and peptidases of adsiwrgaaiiiue* He stated that almoiH 

any known type of ptjAiiAS# gyst«a has been found aw*g the bacteria , 

and also tha t a nunber ©£ previously unto©!* types ©f have

also been observed end reported on. the bueterlel i«©<x»p©«ibiGii of 

gelatin m s studied by Console m d  Batua (19313) • they found tha t the 

deecnpositicn was partly due to  an extracellular ensyns and th a t there 

m s no defin ite  relationship b«bwi«t the nunber of c e lls  present and 

the amount of ii*€«»j»a#d gelatin* the addition of glucose at the 

begimtini of the experiments prevented alneet entire ly  the fomatlon 

of proteolytic « ! « • • *  These workers however* found that i f  glucose 

m s added to  a culture which m s seven days old, the m m ym  feraattsn 

was not prevented although said foxmed froa the added glucose m s found 

t© retard the ra te  of engyae action*

jUberf .sad in fw  (193?')# studied' tbs nature -end properties of 

the various proteolytic ensptes produced fey gl©atrMiiga Mid

th e ir  relaticeMhip to  .toxin produotton* They found th a t a protsinass 

acting optimally a t pH 7 on gelatin  And sassin m s secreted isfe© the
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a large onuber of s tra ins of »©M« in the genera mmmXLLua and 

EwdciXXiuai and baateria in  the genera:.. P,«eudquQPaa* Clsstridius^ 

Bacillus* These authors sta te  that aulds and bacteria which 

are capable of producing preteelytia- wugnuMi usually give very ant lire 

solutions of protMMs when bran cultures of m U s m m  extracted- with 

water or d ilu te  salinef or when liquid  mixtures of bacteria ar© tested 

ditsstly* these workers also s ta te  th a t p ro p e r ly  prepared < dried-pr»"’ 

parations of these «n*fmtijQ&12y active solutions give solid  mmmCrates 

which are ears active against casein than is  y*S*f* pmmmmtia«

d llio tt  (1945)# detested & proteolytic snayne in  the ce ll-free  

f i l t r a te  of broth cultures of certain  group a streptococci which 

attacked the type-specific M antigens of the o r g a n ic ,  th is  engyne 

® s most active a t 37 C and a© M substance could be produced iron 

enayne"*paN)dttei&g cultures which had b e *  grown at th is tcnperature*

M addition to  attacking the strepioeoecal M substance, the j>r©t«iiiisa» 

attacked hunan aid rabbit fibrin# casein, aHk# gelatin# and banftcyl-l- 

argiiiineanide. i t  did not attack 1-leueylglycylglyciiie* The ensyne 

reseeibXed papain and sews of the ea&hepalas since I t  was activated by 

pctassiua cyanide cysteine# glutathione, and thisglyedXXic acid# but 

m s net activated by ascorbic acid. Ihe ensyme esc inactivated hr- iodo- 

acetic acid sort also fey normal rabbit and nouse sera* Jtaulet and Zeller 

(1145)# shewed-that the mgmiim tuberculosis prod*M

peptidases which sould hydrolyse g2yeyl~l«"tyrosins# glycyl-X-Xeuaine# 

l-leucylglycin© and l~leucy Iglycylglycine* AH of these snsyvws were 

found to  be activated by very lot# eonosntrations of ions.
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that* filtra te s  whieh m m  im m  of these ions* Copper t o m  had no 

effeet on these proteinoses but their activity m® suppressed fay 

methylene blue sM Inhibited by iodine* Bio activation Meehanlsm 

and pfcgraioo"'e)MSdeal properties of & purified jNreparatiixi of Sloe** 
trldiuta hjstolytiouis were reposted on by Koeholaty end toe jci (1%8) •
These workers r e p o r ts  th a t a hmmgomma protein m s obtained fron 

culture of the organic* % a e ^ * te a t i«  of precipitation and eleeiro* 

phoretic procedures la the Tiselin* apparatus* It me found that the 
purified ©râ stn preparation had a Hutted rang# of hydrolysis en 

gelatin and elupein which ©«tiM be increased by the addition of ferrous 

tone and sulfhydiyl eonpounds* The neohenine of activation appeared to 

depend upon the fen*tton by the iron and cysteine of an iMMittoa eon- 

pound with the ensyae*

hidwell (1949), studied certain  propertlee of &*»tojdn (oellageaaaes) 

of Clostridium wnfehll* She found tha t the true  coULagenaae# an eagyne 

capable of d isintegrating muscle and ©©Hagen fib e r, was destroyed by 

«#©i»mir# to  a low temperature a t pH 9 to  10. • it ms also found that 
the eoilagsnase m s destroyed by exposure to  50 C a t a more acid pH, 

than th a t indicated above* IIowsver* these treatments r#l«&s«d another 

enssyme which attacked hide powder and aaoeoll* th is  second mm^aa was 

destroyed e ither by touting to  60 C for ten minutes or by exposure to  

a pi! greater than 10*5*

Gorini and ftnunegeoi 1X949} » ieterlbed  a psuteinase from hicro- 

eeeeue Jyi#delitfeiettgt whieh did not hydrolyse any of the protein sub

s tra te s  used, to the absence o f -'ealoiun lone* These workers also found
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*.........* lb* proteolysis produced by la c tic  m M  ta s te rl*

Is  most active in  oM cultures with sm«y tleeu ©oils* There 

is* mm doubt that the hydrolysi# of protein#,- like tha t of 

the .sugars, is- due to  endCMMMKpiies, and does m% therefore 

spread in the wutritim  .substrate until the ©ells have beecna 

weakened, ®r even aufcolyeedt 11 is  the proteolytic mm^wms, 

of the lactic acid bacteria which occasion the ripening of 

cheese, and tills pro#### only reaches distinct devaXopnant 

long a f te r  the sugar In the ©heeee na# been feanaanted, whan 

the la c tic  m M  bacteria M m  e m m d  their activity, being 

e ither dead or in a la ten t state* the fact that la e tis  acid 

bastaria only deecnpoee proteine to  amlao«aieida, but do not 

deccmpos# the l a t te r  & w  further mkm» the Maturing of eheeee 

equal to  the process of digestion and not to  th a t of puferi- 

faction , which i s  particularly ekmmbmiM -mi by a breaking 

down of aaln^-acMi*

S&rtJiel (19X6), In h is study of the proteolytic activ ities  of both 

the iaetie  acid iitwipteeoccji as m H  as b icteriua casei epsilon* found 

that they mere eepable of ©aitaing the hydr©lyi§ii§ of ossein• However, i t  

m s found that the cpXlttlag of oasela by jsstsrtun ee—1 esallea pro- 

eeeded only when the culture m s incubated at 37 G* ho hydrolysis of 

the eaeein substrate eould be demonstrated *&#« the culture was held 

a t rcwa temperature* Other studies on the relationship of proteolysis 

% Bacterima easel epsilon and the tenperature requireasats were published 

by Yirtanaa, tfiehuui, and Lincl3ttr©» (1927a, b). She proteolytic activity
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organisms which were capable of breaking down e»s«in also attacked 

the laet«lJb«n»iA present la  the *Uk aerum, and also reported that 

L»ctdbacllitt« eaaei m i  able to  break dona casein as m H  m  laetal~  

buuln. the distribution of nitrogen eonpouiid# resulting  f m  the

proteolytic action of certain  la c tic  usoM streptococci on sdik protein# 

aaa studied by Kelly (1931, 1932). the nitrogen ctnmgitii in aiUk with 

aided eaieiua» carbonate aM tne nitrogen ehangea in *Hk to  which no 

calcium carbonate had been added warn found to  progress in  * unifona 

manner,. tout the proteolysis m s found to  be greater where the oalciua 

carbonate was present and the culture# were frequently agitated.

Gerlnlf Qraaewum and Sehleieh (1932), studied a group ©f eheeee 

ripening organise# which la  E d itio n  to producing la c tic  acid from 

lactose also produced a f ilte ra b le  pretense. The proteolytic coupes 

obtained m i  a which digested gelatin  a t an optinm  pit 7.0,

and digested the casein ©f adlk a t an &§%'$wm pH 4 .0 . Peptidases wer# 

net found in the f i l t r a te  although they were present in dried prepara

tion* of the bacterial c e lls , inundated (1950)# investigated the pro* 

te d y tle  ac tiv ity  ©f rennin and eellstree juice of sone la c tic  aoM 

bacteria aseoelated with the ripening of hart rennet emrt eheeee# •

The -organic*# used for the preparation of eell~free extracts included 

atrcptosoccus la c tic . Streptococcus crsM«ris«

and Stf^stobactgrtm  caael. Tha easpii extract m s prepared by %rm%mm% 

of the dry c e ll  mass with 6? per cent glycerol a t 20 C fo r 3 days. The 

proteolytic ac tiv ity  of the bac teria l extract# »o ©Gained was studied 

using casein and peptone solutions a# substrate# a t various pH values.



la  general* th is  author reported tha t renols* showed considerable pro

teo ly tic  ac tiv ity  against aaMlnat# solution a t jit 3,1 a f te r  V days 

o f . incubation* The pi optima fo r t i t  «Rd©#»*piii« of the .bacterial 

ce lls  ranged within the values 4,0 to  7*0, i t  was also reported th a t 

tli« proteolytic ac tiv ity  of the rsuiia# as well as the beeterta l 

ensyaea# m s adversely affected when a sodiia* ehlosld* eoneeiibretlon 

of over 5 per cunt m s present la  the jm tt ic a  aixbw f *

Although laetls  aeM bacteria have been aiicnm to  possess pro

teo ly tic  unsptsw# as Is indicated by the proceeding review of the 

pertinent literature* a search of the papers dealing with baoterial 

sndeenaynes published since I f 32 revealed only ©a## Auindstadt (If30)# 

whieh dealt with cell-free  preteolj’ii© endoenasfnes of lactic  m M  

beeterU, However, the work presented in  th is  paper wee veiy aueh 

United elnee the extracts obtained were tested only against casein 

and peptone as substrates* Hi« ©toj«§4« of the present work therefore 

wares

1, to  detemlne the re la tiv e  proteolytic ac tiv ity  of various 

sfcfmias of caaei*

2, f© find a convenient and re liab le  method for obtaining 

crude ce ll-free  extracts fro® as actively proteolytic 

strain of l#ctgfaac^ttg SSSSiS

3, T© study the pr©fe«©lyii§ ac tiv ity  of the ce ll-free  

extracts when these are tested against several types of 

proteins# peptones# and ch«icaU y defined peptides

with respect to  pH* and the influence of various ehesieals 

as activators ©r inhibitors*



I f

I I

m  u ^ a m m  

A* Cultures

A coll.ct.ion of fourUsn stjKlaa of UctobaclU.ua oaaal 

(Orla-Jeosea) i©XXsiii#f m s obtained from the fiureau ©£ fiaixy 

M w l^ »  United State* Department ©£ AgrieuXturet kashiogt<sif fi* C*, 

through the kindness ©f fir* fialph P. tl&tsler* fhese organisms m m  

grown in litmus a ilk f fresh skim milk, and for aoiphoicgioal studies 

were cultured in trpptlease-yeast eataraet-gliieose broth* Table 1 

shows the deeigautlea end history of each ©£ the s tra in s .

Cbmm-stained smears of the organisms were prepared from 

ferobii eultures grot® a t 37 § fo r 24 hours, hleroeeople eaoMdmticn 

of these preparations revealed the presence of grsappeai&i'ire* aon~ 

sporafcraiug rods of variable length and width, boa# of the s tra in s  

studied showed the preseaee of darkly staining granules*

Stock culture e of the osgaalssui %nsra maintained in li&aas milk 

and in agar stabs of the following composition* tiyptleasSf 1*0 per- 

©naif yeast extract 0*5 psr~csatf gXneosef 0.5 per eeatf dipotassiwa 

hydrogen phosphate, 0.5 per eeab|.agM*» 2.0 per sea t; f in a l pH ©f 

asdlue 7*3. the «rg»niJiBig wer® grown la  the efeotoe' iM̂ Utas fo r 48 

hours and were then kept la  the refrigerator* toaasfers w r i  made 

every two month® to  lasure eaatiiwed v ia b ility  of the s tra in s . Hii® 

was aesflapliatied by transferring  frcsa & litmus iH k  culture to  a tube 

of tiyptlease'"’yeagt eoebraet-glueoae broth ©f the following eoupoeltiens.
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t m » x

Huntley -ad h is t©*7 of fourteen stra ins of
s&sfl

c m  Ko. History and Source of Cultures

m m A3QC 7469| Strong* Wisconsin rltafXavln asssy

7302 A?C<# 3341 Shanuui* jAuasatal ehssss

¥3®3 ATGC J f3 | fcrla-Jansan strain 7--

¥3X1 AtCC 9595i Merck ID 5

¥318 AW 4943$ trla-Jsnasn plantarua 331 fi& tsler conaidtrs 
It t e  .bs'esssi

¥322 - Fsdsrscn L 2?

¥331 ATCC a o a ;  Onsll* Jjictobacillu# pontosus

¥33? QsMi&miA mprnr^mmt of Agriculture a 13

f¥©t Fruaha A 5$ osy hav# been Aulp 4B

¥713 Rosebury 63| Snip* sarlss culture

¥?26 Pederson L 37* w  K » l, £g2S£

¥733 Paderson 1 52$ Oasis* atroBiobactariiin oasei 2-11

¥743 Pederson f  17*5$ Frad, lastotoaolUsa

¥763 Pederson L 13 $ atrsstoliMKtoriuBi easel f
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tryptlsase, 1.0 per ee&t| yeast extract* 0*5 per cent; glucose, 1*0 

per oent| iip©t*««liia hydrogen phoaph&te, 0.5 per ©eab| final fS 7*3•

Hmm cultures were at 37 0 far 46 hours* At# %km eai of th is

time, stab Inoculation® m m  mad# into ths tiy^ic*s«-*y^st extract- 

glucose agar already described* 2hese tubes m m  incubated suitably, 

and then kept in the refrigerator a t 6 to 10 U*

1* Detendnation of proteolytic activity ©f
tea  stra ins of jaetobaciXMa easel

fresh sk is aU k m s d istributed in  350 ml quantities in 500 ml 

flasks, to  each ©£ which m s  added 8 g» of reagent grads pondered calcium 

carbonate. Them m m  s te rilise d  in  the autoclave for 20 minutes a t 121 0 

and m m  then cooled immediately in  the refrigera to r. Befors use, the

flasks w®r« tested  fo r s te r i l i ty  by insuhation a t 37 0 for 48 new s.

the flasks were inoculated with 5 ml of a 46 bom* ©M skim a U k  

culture ©f each ©f ths oxganisss tested* After thoroughly ta k in g  each 

flask §a order to insure oven distribution of isoouJ» end ealeiwa 

carbarnt©, the ph m s determined using the gins® electrode of the Jtoefc* 

man pH meter* the flasks wars incubated a t 37 0 for twelve weeks* During 

the period of incubation, the flasks m m  shaken daily  in order to  insure 

neutralisatien of the la c tic  mM  formed during grewth of the orgaxuLsms* 

After insubatioii the flasks were weighed, and each flask  was brought to  

i t s  in it ia l  weight fey adding a suitable ' quantity of ster ile  d istilled  

water. Determination of the viable Lactobacillus e&sei m il  count, and 

ster ility  te s ts  m m  perfoHsiicl using brypiicase-yeaat axtrmet^glttooae' 

agar as well as nutrient agar. Ihese data are »wsiiaris«i in  lublos 2 uxttk 3*



ao

tM m  i'

CcHipOSi.'tlOQ #f aa,y^eyi§:t,a«i*MkiM at-fllc
eultttr** used to  detsmin® casein Jqptaaljrtla

Flank
So.

U.S. Dept. 
*igr. I©.

in i t ia l  jit 
©£ eultux1*

pH a fter  
incubation

'I n it ia l
veifftt

of flask

fin a l
Weight.
of flask

I 1 3 0 2 : 6.74 6.71 414 ®fi 3®2

2 f  |03 6.74 6.91 U 9 ct 313 n*

1 » JJ 13L 6.74 4.93 4t% « 396 *

4 f  I l f 6.74 6 .® 408 s' 3V2 «

5 ? 318 6.74 ,7.01 423 s 412 *

1 f  70S 6.74 i . f f 41ft s 393 m

f t  m 6.70 6.90 413 11 366 *

® f  f24 6.71 4.13 . 412 • 401 *

f f  733 6.74 4.80 412 it 383 •

10 f  321 6.70 4 .m 424 ti 415 •

yijtiti ailic 6.40 6.3f 3 # 88 I f  4

Cal*iun carbonate 
ĵ[«i a flk  &edii3ft 6.74 ■6.73 4U N i t s  «
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fable 5

P la tt eeimts of ©*le4»s *Hk
eulturec of laetofeit»eillmg m m i

    ..,  ...»'.1 -

Flask
Ho*.

Organism
Ho*

Colony count per o l ■' 
CH tSTptlBMO^lfOOOO-*
jm s t  extract agar

Colony eount per 
»1 ©a xactriicit

■agar

1 f  302 700 x 106 I)

a f  303 35 x IQ6 0

1 f  311 261 x 106 0

4 f  339 320 x 106 0

§ ? 313 500 x IQ6 0

6 f  708 400 x 1G6 0

f f  713 10 x 106 ©

g f  726 300 x 106 0

9 f  733 60 x 1£)6 0

10 ’* f  322 60 x 106 0

gjrj.it! Milk 0 0

Caloiua carbonate -

skia milk aedii» 0 0
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D* Preparation of m a s  culture* of
laetobaeiilttg oaaai 31S

Jh order to obtain- torge amounts of co lls  for the extraction 

of the sndoeaipiiiii, broth of the .folleitiag emjieiiitioa m s  useds 

txgrpt lease, 1,0 per eont| yeast extract, 1*0 per centj glucose, 0.5 

per cent j asatoniiat su lfa te , 0.5 per ceabj dlpoteesluB hydrogen phosphate, 

0.5 per cent| aag&eslus su lfa te , 0.01 per cent* maag&aous su lfa te , 0.001 

per cent| ''final pH 7*3.

Five hundred a l quantities of th is  broth were distributed  in  

one l i t e r  flasks . After ant©©laving, the flasks m m  ©colei rapidly 

in order to  reduce earaaeliaation, and then warn Incubated for 4B 

hours a t 37 0* Sack s te r i le  flask  wo-s then inoculated with 5 ml of a 24 

hour trypticas*-yea.st exbreetrglueese broth culture of tootoM clllus 

m m i. 3 i i .  these inoculated flasks were incubated for 4S hours at 

37 £• the organisms grew rapidly in th is  broth and the ce lls  were 

ed leeted  by centrifugation in  a gherples dupereeotrifug*• the ce lls  

were separated as a th ick , greyish white, moist past* on the inner 

m ils  of the bowl of the eeabrlfuge* fhe resulting ce ll paste m s  

suspended in su fficien t d is t i l le d  water to  yield a suspension eontalir- 

tog approximately 1 gja wet weight of ce lls  per ml.

1 . Methods used to  prepare crude ©nil-free safitreet*

1. grinding c e lls  with sand

Five a l  of suspension ca ita to to i 4.5 to  5.0 m  wet weight of 

c e lls , were nixed with 10 p t of msbed and ignited quarts sand to a
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jmrselAlift aoxtar* The m s ground a t room

bgr hand fo r  2--minutes* 4s grinding proceeded, any -of ■ the e*llH«ai& mtsr 

bur® whlsh acQLUaiad at tins* sides of the aort&t8 m s scrapsd away* «o 

th a t i t  ©asm into ecutaat with ih© grinliog surface of the pestle* ft© 

eall-sand m ss had th© #«i»4ai«*icy of th ick  plaster ©f purls. Ten a l  

mi » l t r  was added %o the so rte r and the ground e«H mass m s tianafaxrad 

to  a centrifuge tube. th is  m s centrifuged at 2000 rp© for JO minutes* 

The supernatant iiip M  m s tttm  decanted and recentrifuged.

Fifteen a l  of suspension of ^ c t o ^ m t a  cage! j i a  vf.ro placed 

la  a 50 A  flask* f© th is  m s added 10 a l  of d istilled  water. Si© sw§- 

pension me placed in the freesitsg ©tsmpartmont af the refrigerator*

Long crystals of i m  were m m  to forsa within 20 minutes, and the entire  

m ss mm solidly fronen within one hour* Ihla a&se m s allowed to  Umw 

a t room temperature « d  the process was repeated four times m  each of 

six  successive days. The crude ensyae emtiwsts were s#f®riibfii from de

b ris  by cent rifhgat ion a t 20G© rptti for 30 minutes*

f © W m  weight of ©@21 past® m e added 20 ©a of fisher 0©. AlumlJia 

20/100 mesh. The alumina » «  Ed»d with the e e ll paste In a acabrlfhge 

tub#, the resulting damp paste was transferred to  a mortar and the iaiae~ 

ter© was ground by hand for five minutes* T e s t  a l  of d ie t H ied  water were 

new added and the grinding was continued fo r 2 minutes. M  additional 

20 a l  of d is t i l le d  water m# added *ad the suspension m »  transferred to



m

* eentrifiige tube. After centrifugation at 2QQ0 rpa, for JO minuted*

the crude extract m s decanted fraa the sediment •

4 .  G r in ding; with a l iaminft and extracting mass* mnSiJSBSSSmsEmk^ iiiTCr.„. ...TT.iwXS»SSiMbi ffmSITiKi
with M/15 ditodiua phoephata

Twuniy gm of fish er alumina 80/100 nesib were added to  10 gu wet

weight of packed cells* This mixture we* grow l *t©c©ptiiii to the pro

cedure outlined previously. The ground suspension, wee eentrifuged a t 

200© rp i for 30 minutes. The slightly  tu rb id , greyish white sup#fm- 

taut liquid of p i 6*7 which m s obtained was mllmd extract 4 and was 

stored la  the refrigerator until used. To the residue remeiniag in  the 

centrifuge tube# ms added 10 a l of to/15 disodium phosphate solution at 

pH 9*1* The alumina-ssll w i i t e  m s thoroughly s tirred  in  the phogphats 

sdtation for five minutes. This was then esntrifogsd and the resulting 

supernatant fluid m s decanted. ihe «ct motion of the residue was re

peated as given above. The eoafcined phosphate solutions were oallsd 

nxiimet h ^nd were sto red . la  ths refrigerator u n til used.

fw  gm of Alcoa h-20 alumina were added to  shout 5  m  vet weight 

of packed ceU s of ^ a t e s a t e a ,  sasal 3i e .  * s t i f f ,  •<amfc.t dry p .* ,. 

m s obtained which was transferred to  a porcelain . mortar and ground by 

turn# fo r 5 Minutes, to  th is  paste was added 5 ml of d is t ille d  water 

and the grinding wms eonbinusd for an additional I  minutes. ritta lly ,

15 a l  of d is tille d  water were added uni the resulting suspension was 

eentrifnged at 4000 rpm for JO minutes. A slightly  turbid , tun super

natant liquid m s obtained which had a pH of 7 .J . The original alumina- 

s e l l  suspension had a pH of i*2* The proteolytic activity of the extract
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obtained as given above was determined using casein as substrate 

buffered and imteffered at pi 6*9* the protealytie activity of a 

coffiBcrciai irypiia preparation was determined under similar condi

tion® of pi end temperature*

6* gxtraetion with 4H per sent glycerol 

To 3\g* net weight e£ packet ce lls  of X^ctobscAUws SSSSi » 8 ,  

use added 20 A  of- 40 per eent giyeerel* The o«Jis w#r®; thoroughly 

s tirred  in  the glycerol solution fo r 5 -minutes* At the end of tha t 

time, 0 .5  m! of telmane m s  added and the a l l u r e  was allowed to stand 

a t room temperature for 24 hours. The M ^ur#  was then e«iitrifmg«d a t 

4000 rp t for 30 minutes, and the 40 per eant glycerol extract m s sepa- 

ratad ffo* the packed d s tr is  and toluene*

The preparation of a glycerol extract as described above was re

peated using 5 m  w«i weight of packed ce lls  and 35 fid. of 40 per cent 

glycerol solution* After centrifugation of the mixture, a very pale 

yellow, slightly turbid sdLution m s  obtained.

7. Shaking ce ll suspension with.. kXsbs b«mda
5 nm In diasieter

CEL* as beads $ sat in disaster were cleaned in aqua regia, washed 

in d is t i l le d  water and dried in  the oven at lbo 0 fo r 3 hour*, th ir ty  

g m j  of those beads were placed in  a six ounce screw capped prescript 

tien  b o ttle . Fifieun &1 icontaining about 4.3 IP wet weight of ce lls ; 

of a suspension of Lactobacillus easel 3M were added followed by 5 a l  

of Ito ansBcxila-aaBcnltai chloride buffer |A S.9  aad 10 a l  of d istilled  

water* The bo ttle  m s affixed to  an International Shaking Haehlne and
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i t  was nbateit a t th« highest speed o f the naehiae* A fte r two hours 'o f 

shaking 10 M l o f th*> suspension were rmuawd and the re s u ltin g  suspend

•io n  m s shaken an additional two hours* C e ll-fre e  crude extree te  wore 

propared by cen trifu g in g  10 ml of the shaken suspensions a t 4QQ0 rpM 

fo r  20 minutes. A clear, l ig h t  yellow  so lu tion  m s obtained which was 

mi p i S. 2* Bio p ro te o ly tic  a c t iv ity  o f both the 2- hour and 4 b©w  

extract m s tested  using casein buffered at pH i . f  and dl~lsgieylg2ysliMi 

wbbuffsrsd a t p i 6.3#

f if te en  A  (containing about 4*3 gn m i weight' of s e lls ) were 

shaken with 30 g» of glass beads, 10 ml of M/if phosphate buffer p i 

?•©# *«d 5 a l  of d is t i l le d  water* Mother suspension was prepared m  

described above except tha t -10 s i  o f h/15 phosphate b u ffe r p i 6*6 was 

substitu ted fo r tbs  one a t p i 7*0 * these buffered c e ll  suspensions 

were shaken for two hours at the maximum speod of the In te rn a tio n a l 

dhakiag Kashins* After centrifuging, the  proteolytic a c tiv ity  of the 

• t r a c t s  m s tested  using casein as substrate buffered a t pb ?*0 and 

6*4, HaiHar euspenslons m m  prepared as above, but the pii was Ad

j u s t s  using IK  soditua s e eta te«*ee tie  acid b u ffe r pH 5*8 and 2M m mm iM- 

aamonlMi eh loride b u ffe r a t pH i* f • the p ro te o ly tic  a c t iv it ie s  of these 

•s tre e ts  were dstesuined using easeln, trgrptisase, tiy te n s , pmtwmim** 

peptone and txypteee*

i* Shaking with pavement marking beads a t ah 7*0 

tw«»tjf«*£ivii @a of veiy fine glass pavesusnt marking beads 60/00 

mesh, were placed in  a clean six  ounee screw-tappe# p rescrip tio n  bottle*
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Twenty a l  of l^ctobaeilius easel 31® eotiiaiiiiiig about 6 ga wet weight 

of c e lls  were added followed by 10 ml of &/13 phosphat© buffer a t pH 

7 .0f and 10 ml of d is tille d  water. Sutkisg m s carried out as given 

above fo r 2 and 4 hours* the proteolytie ac tiv ity  of tn is  extract 

was detendaed using casein as substrrte buffered a t pH §*9*

f . dhakime c e lls  in  faiahRln&saaitr ultrasonic
mgBhP*

Hie dieyupbiciii ©f"bacteria l e#U« by irrm tiatlon with ultresanls

vibrations ha# been e«»M«r®d as a vexy suitable method by wtiieli the 
*

preparation of c e ll constituents eeuld be aeeonpllalfted* fkm 9 Qkmbmm 

and Floedorf (1936) # anst 3tunpf# Green, and dnith (1946), used ths

ultrasonic disintegration method as a seans of ubtmiMmg la b ile  bae- 

t s r ls l  c e ll  constituents* Attcnpte to  produce a ce ll-free  active 

entrant f  raa Lactose U lus ousel 316 by ultrasonic irradiation, was

carried out using a piezoelectric high-lntensi&y ultfasonio g«iemt©r 

of the type described by Oampbell and' Sboenleber (1949) • 'fhe method 

used for treatment of the c e lls  was carried out m  dcserlbed below*

Ten a l  suspension of the so ils  wer# a i» d  with 2 a l  of sestets  

buffer a t pH $ .8  and 13 s i  of d istilled  Hater# Oft© mk of th is sue* 

pension was diluted with 20 e l  of d istilled  water* The resulting sus

pension m s placed in  a large pgrrex te s t  tub© which m s innerced in  a 

copper cup f i l le d  with water. The bac teria l suspension m s exposed 

to  ultrasonle radiation* fo r juried® of 1,  4, Bt and 13 minutes at

400 kilocycles. .After-each time in terval a 4 a l  sample m s removed 

for nisroseopis « * im t io n  and preparation of crude cell-free extract*
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fcf e«nirtJtygfttion» The extent of diiff«y?tloii. of the oelle m s observed 

by microscopic examination of th in  smears stained by polychrome meth?li

ens blue* a #  pre&eeljrtle activity of the extracts was dstendned by 

using eubetxute %iift ered a t‘-pH 5*i*

10. rro

(a) Th® pti of 20 ml of c e ll  euspensieu cent*Ining 3 ga wet 

weight of c e lls  was adjusted by mean*' of 0*11 sodim hydroxide to  f  *3 *

Two a l  of toluene m m  added, and the *1j&ure m§ Incubated a t 37 0 

for two woeke» a f te r  oentrifUgatien a light yellow turbid solution

was obtained which had pi of 6*0# Sit protedjrtle activity of th is  

extract m s determined using eaeein* gelatin  end tryptlcere buffered

at p i 5*#*

(b) Ten ml of ‘,©11 suspension were wind with ly  a l  of 2 per 

cent Tween 80*, and 5 ial of 1M sodium meetate-aeetie acid buffer solution

a t p i 4 *5* A  of toluene wort added and the nJjcturii w  Incubated 

at 37 6 for two weeks* The proteolytic activity of the cell-free en

tre e !  obtained a f te r  eeairlfUgetlefi was tested using ossein, gela tin , 

and trypttease us substrates, buffered a t p i 5«g*

(c) Ton *1 of bacteria l ettspenslea was nixed with lu  ml of 2 per

cent Twsea 80 and 6 a l  of 1M ebXorMii buffer at p i S .f *

Two A  of toluene were added and the M x t* 1# mm insubated a t 37 C for

* Foljrenaretbrlene serhitan nofto&Leate, mad# by atlas Powder company, 
WilnlngteB, Delaware*
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two wm1m» The proteolytic ac tiv ity  of the call-free extract ©fetaJji^ 

was determined as given above except th a t the substrates war© buffered 

a t pH 8*9*

H* P m m m A lm  of extract using M gjyefnii 

4 aMUXlAatioft of the method proposed by QmMs { I W i )  for lysiag  

bM terlal c e lls  was -parfonacd ae'"f clim es’. About 1 ga wet weigut of 

se lls  m s suspended in eoffio'lesxt distAHiid water to give a final volume 

of 9 al* To th is  suapeasictt m m  sdded 1 a l of 1m im& mim-mm& aiw  ehi@- 

ride buffer a t pB 8*9 and l i o l S  glycine solution* Two ml of to* 

lueno ware now added and tha tttatare allowed to  incubate *b 3© © for 

24 heart* 4 similar preparation of ce lls  am glyelne m s prepared 

canept th a t the toluene m s emitted and the mixture m s incubated at 

6 C fo r 24 hours*

12* Preparation of extract ualnr regain 

Ten ml of a suspension of ce lls  m s mixed with 10 mk of ItlOG 

solution of reanto prepared to  acetate buffer a t pli 3*0 * a w c « l  

flask  m s pjmjifiwii hr fix ing  10 a l of ItlQQ eolation of veanin a t pH 

5,0 with ID a l  of dint Hied water* 4 th ird  flask  was prepared by nix

ing 10 a l of c e ll  suspension with 10 a l of 0*331 acetate buffer a t ph 

5.0. To each of the above a l lu r e s  waa added 1 a l of toluene, and 

they m m  allowed to  incubate a t 40 0 fo r 48 hours* Cell-free extracts 

frcm each of the nixture* were obtained by ewBtrifugstion* The milkf- 

dottin g  pcwer of the extracts prepared as given above was de&eisdned 

according to  a aod iftoati*  of the nethod proposed by Mtnibg (1935) 

and Harriott (1938).
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U* of tilm o t by xrAndina
ce lls  w ith aolM carbon dioxide

ten &a of solid carbon dioxide m m  placed in  a porcelain  mortar 

whisk m§ imm&rmd in *  freestag of s o lid  <muNmsi dioxide and

alooheCU the eerbon difixM « was pu lverised ami I  ml o f a suspension 

of © e lls  leontaini& g 1 .5  m  wet weight) were added drepwise. fills m s  

a llw e d  to  stand fo r  10 m inutes, Mad then the frosen © e lls  m m  ground 

fey hand w ith  the fa ilverlsed  sextan disaclds* A fte r grinctiiig for 5 mi-* 

Butts, 20 a l  of M/15 phosphate b u ff o r p  f ,0  wer« added and the griadr 

lag m s eontlxnisd f o r 'm  ad d itio n a l 5 minutes* the greyiah-whib© powder 

iMsij resu lted  wms placed in  the re fr ig e ra to r  a t 6 0 , « d  a fte r  standing 

overnight a tu rb id , sr«f' li«pici m s  obtained* F rm  tn is  so lu tion  a s a ll~  

fra «  e x tra c t m s obtain* i  by c e n trifu g a tio n .

14* PreBSratl an of e e l l^ r s a  eaCbgBoto by the m s 
of the MMMkm M»mm tiBtetofraarater

the dUeiategreticm  of beetevlA l ©ells fay shaking w ith  hard ta trb  

p artic les  m s dasKSistfiated by Curran end dvsns. (1%£) • These workers 

found th a t the greatest asKMant o f -d isrup tion  eeeurred when the e e lle  

m m  shaken in  the presenee of vetgr fin e  glass beadt I sieve numbers of 

to /® ) • CwMm exad JSvans further suggested th a t aore o ff ta le n t c iU  

d is in te g ra tio n  could be obtained by m odifying th e  eonsbrufitten o f tike 

shaking apparatus* fhay ind leeted  ■ th a t Immrnwwd amplitude of stroke, 

increased speed, m d  milMMmwt of receptacle design to  • a llK ta a te  

poekets, erevleea end other ir re g u la r it ie s  might a id  in  a tta in ing  th *»  

end* these feetiares arc laaerpevsted in the oachln* described by & ickle
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(1946)* and which was m m  in preparing m a t of the oxtraoto studied.

Tho disintegration of the lae iobacilii used in those studies 

m s accomplished by shaking a auepifisicxi la  the preeonee of veiy fins  

p&vaaent am rM m  beads ( s im  numbers 60/do), la  special v ia ls  attached 

to tb® ends of tuned roods, fiieae stool r««4s ors vibrated magnetically 

by »e*»s of a wystsn of elootroMsgnots. The lastvuaaat used for th is  

work i s  shown in f ig . I .  The extract* were prepared by pipetting 5 a l  

of e o n  suspoiisloik eeo&eining 1 g® wet weight of c e lls  in to  i  y M  

containing $ go of pavement marking beads*^ D istilled  water woo 'then 

added to  within one-half inch of the top of the v ia l. Shaking m s 

allowed to  proceed' fo r :B statutes of' the « y d « a  amplitude of the 

vibrating reeds* Mhnn neeesoaigr ths teeperature ©f the contents of tho 

vials m s eontrelXod by playing a stream of ooihon dioxide

as released from a tank against then during the shaMiig period. Aft or 

shaking, the suspensions were ceatrifiig si fo r  30 minutes a t 4000 rpia, 

and a slightly cloudy, light yellow, cell-*fre« extract resulted*

m ordor to  dononotvoto tho progress of disiixtegxetioii by tho 

shaking process, itaroseople observations of stained Metre of the ce ll  

suspensions both hof«  and •after shaking were made* Jfilsotronographs 

of tho c e ll preparations* both shaken ond unshaken, were also made.

1 %p§ S.C.i* -2$2«H»11# mde by the Kianesota hlning and
Msm£m%mij%g Uo*, Saint Paul, ItaziesoftA.
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Fig. 1 Mickl® Tissue Disintegrator
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a l  of 331 solution were then added dropwis© with constant

shaking u n til  caajOete dissolution of the oaaein m s *ff«ot*d>

to  detect ths presence of j^lypeptidaaeo, f  per cent freshly 

prepared solutions of Bacto peptone, tiyptone, t*yptio*a®^# and 

tryptos© were ueed#

For tho dofcooilon of the various peptidases ehettdsiOly defined 

pej&ld* oubotra&eo wer® used. These were the followings H/l$ d l-  

leucylglycylglycine I H/15 dl-1  im yl gly# j^e | M/i$ d l^ la .ty l m\wm,iamI 

M/15 chlor&oatyltyrosln© |  M/30 K/30 g iF ^ /^^o iao lao i

«nd H/3§ d» ■ XonoFl^MFFooiiMi*

The proteolytic activity of a a rticu la r  omd© m m ym  extn ot 

was detoiBdnod on a nlxbnro.otf extx&ot, substrate, huffor, and d is t il le d  

water a f te r  a sidtaltil*'the* bf-'ixghfeetloii a t  40 0. The duffer •elution* 

used ,m m  th^ ttAXmrimg 1 M  aeet is  eeidheedlun aceta te , range ph 3.1 to  

4 .21 Molimia1!! buffer solutions* range pH 4*i to  8*0| 1M 

aatakmiua chloride, mago pH ®.§ to  H#ft. •

Tho bptfilyiti# of the substrates used in both the te s t  and c«*- 

t r o l  eda&ures was foUowd by using the following aodiZioAtion of the 

Villsti&ter and ifiUdootanldtHUolto titration  fo r free carbonyl gjreqp**

Two a l  aliquots of the te s t  aixbure* a f te r  intubation a t 4© § 

fo r 0 ,1 ,  and 24' hour'- period* were pipetted into 20 *1 of *0 per cent

1 Prepared by Baltimore M d ^ le m l aoajwy, fhOtinor*,
HaiylMMl* -.
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titomoXm One ail mi 0*02 p*r mm% ttyeolpfethelein iMttnefcer In 90 

per cent ethsnol m s the a added end the jaJjciiir® m e t i t ra te d  with- 

standard alooholic solution of pot*ssi,na hyde^side'. u n til  the apjlear— 

mmm* ef the f i r s t  blue ee&er* f ifteen  ml of boiling 95 per cent 

ethanol w t  war aided* .and the erlfJLfeX M ni • A i r  flfRigNMei* • 

the addition of the standard has® m s continued u n til  the blue color 

feepfMMurei* An lae«eaee in the t i t r a t io n  figure a f te r  incubation a t 

40 G m s used m  the ia iie a tii i i  "of hjrircd^ralit fo r a p articu la r substrate 

uaed* AH the tl tv e tlm e  mire carried out by .using a ID ml «ic«3hurete 

graduated in  0*02 lal unite* fhe voliaes delivered Igr th is  burette* 

eeulA he eelJiM&e* to  0*01 al*
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III

ISSitfl

A* Proteolytic ac tiv ity  of several strain# ©f 
I -^ctobac * 11t|a eaasi

Xu ths in i t i a l  iixve0 ti«satlQBft of t o  p rto Q ly tl*  fiotivSiy uf

Ligtobscllltts easel, the ab ility  of tea  stra ins of th is  organism to

dedetapo**- t o  esseJik in  m M ism  @*rb«ate-»sMa milk Medina m s studied*

fable 4 shows the re su lts  obtained when the content of the trich lo racs-

t i e  m M  sdLuhls nitrogen cmpcuxidft present in  t o  cultures was detsminsd*

Although the resu lts  give no Awticatioa of the extent of breakdown yf t o

eassixt* t o y  do shew however* that a l l  of the stra ins tested possessed a

pretslsfcase caps hie of degrading t o  casein* The degree of ac tiv ity  of

t o  s tre is s  vsrled* dim e stra in  313 showed the greetest eetlvlty* i t

m s selected as the source fro® which eellHtree omd* ca&retts m m  to

he prepared for fu rther study*

I ,  Hass culture of to tofaeciliu*  easel JUS 

line**, in  any study of b es te rie l esdoensaMs* lerge mMUBts of ce ll 

•libetsnoe is  nseessaiy* i t  w«s Ittpovtsot a t t o  outset. of th is  work to

obtain a radium which would yield  good 4p*itbiiitt® of c e lls  per unit volume 

of medium* in  addition, sines lmxgs questities  of sediua wonM be re

quired i t  m s  iaportest in m  the p ractical gtiuadpoijifc to  use a mm4Xm 

feeth rdU tivsty  simple in  composition as wall as me which m s in e ^ sa -  

siva. Aaotig t o  several media which were tr ied  during a few preilaiim iy 

t r i a l s ,  the most sa tisfactory  one m s the broth already described under 

hxpertonfcal Methods* This broth gave excellent y ields of a l l  s tra ins
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Table 4

nitrogen dotcisiiu^ ot 12 week cultuzis 
of tea-atrmjpa of h& tA totoiX bm  m m %

tf.JSI* ©apt.
A§r. ■«.

a l  §.§1271 wM
itpimi jHKT 0,2  ffil :
a l^ tto t X iltn ita

iAi tiuluLlto

' ml f  iltra to i

lfcttlja^a&
- fef^sd^ ’ Id par ©not 

! of to ta l nitrogaa

f.SOt 1.10 1*33 17.5

f  303 2.00 l . f i 25.9

f  311 1*71 1.52 *»♦•

? 31a *♦59. a .m 35.7

? s a t 0.13 0.47 1*3

f  399 1 .9 t 1.76 25.5

? 70a 1.50 1.33 17.5

f  tw 2.J0 2.05 50.9

f  726 i .m 1*52 m .§

1733 2.05 l . f i 25.9

CaCX̂ -akim *¥jf3V
• • s t r id  §*43

fa ta l  nitro&aa * 5.33 «g par A
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t hU» I

trgrptte- Mtlvltgr *f ■ M&vaet £rm  saint gxfwnd. ceaJts

Tub#
1, \m*

PX 0*4i.
K€H |>j!Hwt per 10 frt

#■>

6 .3 3

•OBtiOl

©̂* JjJf 

6.18

TWO* 6

$ryg&&e M i tvi&y of e^iMtojiwpiMoci fey altoniftto
flsssSflS mxi thawing

Mtor ml 0.28 alcoholic
Jo. itipn uihkI pel* 10 sut

I '

2

MBfcrel 1*32
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ami tmifem sotiv ity  emM  not hm ©biiiJjSMiit*

The microscopic examination of the aispsnsica obtained a f te r  tb s  

freezing and thawing process sin owed no change in c e ll  morpholep tons 

ImdiMtlxig no ittswjition of the c e ll with & libera tion  of its contents*

When the proteolytic m % ifttj of th is  ©xtract was tested  against casein 

as substrate* the titration figures as shown in table 6 reveal fie# pro
teolytic activity* Although Berger, Johnson and Peterson (lyj&aj* re
ported the successful preparation of bacterial andosasgrme* by tnis me
thod, it was apparently not useful for the disintegration of ce lls  of 

lastobeclilua easel*

I* .•■.j.lr.i ,iV..

In view of the fact that a p rcteo ly tically  active tomM

fee procured by a grinding prosedure, i t  was decided to *tu$r ether shr*” 

s ite s  fo r  the product!*  of a ce ll-free  ex tract, te i lm ia  

suggested the uss of powdered alumina as & medium useful fo r aiding 

th© die integration of bacteria l c e lls  %*nen they were ground with it*  

ftiiis «uther s p o r ts  that i t  was possible to  break ov«r W per cent of 

streptococcal c e lls  by th is  procedure* 'wMmwmpim examination of
, t

gr«a stained preparations of feaetdbscillm eueei 3B§ a f te r  grinding with 

alumina revealed only vwrjr few destroyed cells* the proteolytic ac tiv ity  

of the extracte prepared in  th is  manner wr@ tested  against txyjAleese* 

easela* and gelatin  as substrates* The t i t r a t io n  figures shown in table 7 

Indicate the absence in the extract of a polypeptidase acting on tryptlease*
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ptl| 1 ©£ #Ĉ jtr t̂r
e^Aiiied bjf grind lag <t®3J,a wi$& M.ititt$ii§

M m
Mo *

Tfest Mixt*UT6 a l  MJI u®®d 

0 X 24

I m m m '
Ift

*cMil*y

2 ail tryptie*«»/2 « l  sxbm si
1 is! buffer j§lff*9#S a l  water 2.32 ' 2*32 2*32 0*00

a 2 Ml t i7 pklea®e^2 n l  «xU%tall«cl
I  iN ffer fti§*f/5 Ml *R*ier ■2 #3© 2«£l a*3l § • »

I 2 Ml trypti0*#«*4 a l  buffer pM 4#f 
7 a l  water II #J® l.f© a *3© 0«00

4 2 a l  Z a l  -> .'W"wpij( jaf/-SPPWwiwfWW’**;. wesplpe *pqp̂pW ̂ŝWSTpV-TW
I  a l  buffer pH 6 *0 S Ml water *. y*3o ,:‘ § *J § §*00

€/ 2 ml tiyptloaM  /  2 ©1 «xtr*tolled
I  Ml buffer pH 6*0 /  5 a l  wnter o * a t 0*2S 0.26 © . a

4 2 a l  ti^ptiisaee /  1 Ml'toMftMr-'jir ■• 
6*0^7 a l  water 0 *3© G.JO 0.30 © * ®
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fable® # and 9 show the values obtained when tho extract m# tested  1 

against m m in and gela tin , The resu lts  indicate the absence of a 

jMPoteiuiee in  the estreat*

4 . wit': -ito JLitu ana oxiiMwrtlfift neaei.swiS5gsag»ag|w«B^^
i f  eo iftlen

Xn ©ritr to  detesntne whether the alumina had adsorbed engr pro

teinase which jnny have been Mbmmtmi frcsa the c e lls , the ground ©mil 

m m  wee es&xeeted with water (ax&xmet A), followed % anvther extrae- 

tion  with M/lS disodiiaa phospha&e mi (extract #}• fable 10 miowe

the resu lts  obtained ueing extr§*t 4 tested  against gelatin , casein, 

and tiyptlease* I#  preteeljrtie ae tiv ity  ©1 th is  extract i s  indicated. 

However, the t i t r a t io n  l i p r t i  recorded in  tab le 11 shew th a t extract I  

contained both a proteinase ac tiv ity  i p t e i  eaeeln and f a U ti% as 

well as a polypeptidase which was 'capable of hydrolysing tiypMueana* 

Although ac tiv ity  against a l l  three substrates ©mi be noted, the greatest 

ac tiv ity  was e lic ited  when easels waa used as a substrate#

to Writer attempt® to  fjprove the efficiency of the grajiding of 
the lae to b a e illi c e lls , tee why obtaining a aora active ea&raet* a s o 

c ia lly  prepared alumina (Alcoa i£»30) was tr ie d . I t  was thought a t  th ie  

point, that the apparent laaetlvlhjr of the exfcraete wnich were tested 

might not be due t© leek of enafiae content, but in  re a lity , might be 

attribu ted  to  eone defeet la  the eubetnate. i t s e l f ,  therefore^ in  order 

to  eliminate th ie  objection, a positive eontroi consisting of a su it

able trypsin preparation was included in  the t es te# , The resu lts  of
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f t f t l n  8

G t M o l y t i a  i n t i H t y  o f n b t n i i n r t
f e j  g r i n d i n g  c i l i i  with alumina. ;-

T u b * ...Teat M ^ ^ w s A  1 ®  IM N N t •■
iimi t (|p .̂. JiliiNiiyiSiiit

' increase 
ia

0 1 24 acidity

ItJm 2 m l  casein /  2  s i  f lo c & r t t o t
1  i d  b u ftm ?  0  i * f  /  5  n l  w a t e r 2 . 6 4  2.65 2.64 0.00

a 2  n l c a a n l n  ^  2  n l  n a & r . b o & M l
1* -J^X e . r  jpH ^  ^  i$ i l  w f& t er* 2 . 6 o  2 . 6 0 2.60 0.00

3 2 i s l  e & a e i n  /  1  n l  b u f f e r  pH B . V  
7  n l  » t « r 2.55 2.56 2.56 Q.Oi

jk 2 ml casein /  2 n l  eaefcract
1 A  buffer pH 4*0 /  5 * 1  » t » 0.50 0.50 0.50 0.00

1 2 n l  e * s * i n  /  2  n l  «xtr« bound ' 
1 n l  buffer p H  6 * 0  r  5 n l  «fct«ir 0 . 4 7  0 . 4 7 0.47 0.00

4 2 ml e a s e i n  /  1 *1 buffer pH 4*0
7 *1 water 0.45 0.45 0.45 0.00
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TaU* I

GalMiiualartSft ac tiv ity  of eadtrect obtained 
bjr griaUflg c e lls  witii tlaiaim*

Mto
I©.

te s t  M ature at lull used 
Hours

5 I 24

txtsreaee
fm

a v x U l i - ; ,

1 2 ml gelatin   ̂ 2 Ml ejxtract 
1 ml buffer p i #.9 /  5 nl M i r 2.43 2.44 2*44 0 .0 0

2 2 ml gelatin /  2 n l axtr. boiled 
1 m! buffer pi $*9 /  5 eCL water 2.40 2.42 1.4© 0*00

3 2 A  gelatin  /  1  a l  buffer pH S*9 
7 ml water 2 .16 2.16 2.16 0 .0 0

4 2 ml gelatin  r  2 ml extract 
1 a l  buffer I# 6*0 /  5 n l water 0.28 0.3? 0.2? 0 .0 0

I 2 ml gelatin  ^ 2 ®1 tx t r ,  boiled 
1 Ml buffer pH 6.Q /  5 ml eater 0*25 0.21 0.25 0 .0 0

'* 2 e l  gelatin  ^ 1 Ml buffer p  6.0 
7 ml water 0.22 0.23 ©♦22 0 .0 0



4§

T a b l e  IQ

Proteol^ti® M tiv lty  u£ extinct obtained 
-exfcrfefttiaf e lu d a e -c e ll mans with water.

So«

1 2 a i  casein /  2 bX extract A 
1 a l  buffer pi S .f j* 5 ®1 water i . i j  i .m l . f l ©.©0

2 2 a l  caeeln /  2 *1 ex&r. & boiled
I a l  buffer pH 8.9 /  5 *X water 1.93 1.92 1*90 © .»

•s«< 2 a l  gelatin  /  2 a l  extract A 
1 a l  buffer pH S .f /  ^ s l  m ber i.6 a  i . i t 1.68 0.00

Hi 2 a l  gelatin  jf 2 a l ex tr. A boiled 
1 a l  buffer. pH S.9 /  5 s i  water 1.6? 1.68 1.66: 0.00

f 2 a l  txyptlc&se /  2 a l  «xtr. A
I  utl buffer pH 8.9 /  $ a l water 1,?% l.? 4 1.73 0.0L

6 2 n l tryptieaae /  2 jbI extr.A boiled 
1 a l  buffer pH 8.9 # 5 *1 water 1.?# l.?5 1.73 0.00
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WMm M

Probeclytl* a s iiir ib f  ■ of uxbract frost e d E i ground 
with Aleoa £»2Qm ;

-.Mm
He*

fea t tUgftru

S':

A  ECU uaed 
Uuure
1  .' ■3)4.

X aum ut
fa'

. aaMItw

1 2 « l e&euln f  2 ml m ^tm t 
% a l  buffer pH S .f f  5 a l  water i .e s l.iS i.§5  ■ 9*00

1 1 1& .♦minis.. /  2  A  wafer* .MUM 
1 a l  buffer p i i .9  ^ 5 a l  .wefear 1»«2 1.63 l . i i # .0©.

3 2 a l  easels r i a l  buffer p i 6 .9  
7 A  mt©r f au«3 4U* 0.01

* ' 2 a l  extru&i /  1 *1 buffer p i 8*9
f  a l  m te r 1 .6? 1 .6? 1.67 ■ QM

1 2 a l  emmJjt r  2 a l  1 per eenfc tftppttfft 
1 a l  buffer pH 1*§ f  5 a l  water l . J t 2.37 2.44 #.12

6 2 a l  1 per cent trypsin 7 a l  water 
1 i l l  buffer pH' t» f 0*49 0.47 0.49 ©.#§



Tattle 13

Proteolytic ac tiv ity  of glycerol ex tract using 
daaein and dl~liaMgrl{&rclne as substrates.

M s
Wo.

te s t  Mixture s i  %m mmd
- ..-..-.-iOU‘ S . . . . 'l a

..i 1 ' 24

1 2 a l  casein /  2 n l extract 
1 A  buffer jil S .f f  5 a l  » t t ? i .# i 1.12 1.14 § .0f

2 2 a l  casein /  2 n l  exbr* boiled 
1 ad buffer pH S .f f  5 *1 water I M i.©f i.C f -9«0Q

3 2 a l  casein /  I  a l  buffer pH f*f 
? Al » t « 1.05 1.05 1.05 0.00

4 2 a l  extract /  1 a l  buffer pH S.f 
f  A  water 0 . # 0 . # 0 . 8f 0.00

S 2 ml M/15 dl-leueylglycine 
2 A  extract r  6 ml water ©.§3 0.64 § .6J 0.00

6 2 a l  H/15 dl^leueylglyelzie
2 a l  extract boiled /  6 a l  water 0*60 0.62 §.60 © .a

f 2 a l  i/15  dl^deatjrlgljreloe 
8 a l  water ©.15 0.13 §.14 o*oo



fet&e 14

Proteolytic ac tiv ity  of glycerol extract using several 
types of paptmes as substrates.

TtlMI
«©.

7sst a l  tUH used 
Hear

leereeee
in

0 24 .__

1A 2 a l  trypiic&se j£ 1 *1 extract 
1 Ml buffer pH 5*i /  6 mi water 2*3# 2.21 0 . 1 7

2 2 a l  txyptlease ^ 1 a l  sx tr . boiled 
1 .al buffer jpii $ .8  /  6 ml water 2 , i f 2.16 2.16 0.00

1 2 a l  tryptoae ^ 1 ml ex tract 
1 a l  buffer pH 5*8 /  4 a l  water 2*46 2 #49 2 .6S 0 . 1 9

4 2 a l  tryptcne /  1 s i  extra belled
1 a l  buffer pH 5*® ĵ* 4 a l water #% k %*%X 2*42 2*3f 0.00

1 2 ml proteose-pept«ae /  1 ml extra 
1 a l  buffer pli 5*8 ^ 6 ml water 1.82 1.88 2.10 0 * 2 8

#■ 2 a l  prat ease-peptone /  X ml extra boiled 
1 ml buffer pH 5*8 /  6 ml water 1.80 1 . 7 9 1 . 7 7

7 2 a l  tryptoae /  1 n l extract 
1 A  buffer pH 5*8 /  6 a l  water 1*74 1 . 7 5 1*79 ©#©|

8 2 ml tryptose ^ 1 ml extra boiled 
1 ml buffer p i 5 .8  /  6 ml m iter 1*73 1 . 7 0 1 . 7 0 0.00
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Xabte 15

5as«o3^ti# MtlTtkgr of extract obtained fef chakiAg
ee llc  with 5 »» glass beads a t pH 8,9 for 2 and 4 hour periods.

tubm
Me.

te s t Mixture a l  JyOM used iMfSMe
in

1 1 24

1 2 A  Matin f 2 ml 2 h r. aatrmct
1 ml■buffer pH 8*9 4 $ a l  water i . i f i . i f 1M 0.08

2 2 a l  casein /  2 a l  2 hr* exir. belled
1 A  buffer pH 8.9 /  5 a l wutar i . i f 1.86 1.85 0.00

1 2 a l  2 h r. ex tn iei ^ ? a l  aa&ar
1 a l  buffer pa i . f 1 .0? 1*10 1.10 §.§1

4 2 ml casein ^ 2 i l  4 h r. extract
1 ml buffer fit 8.9 /  5 ml « t« f i«at i.a ? i.ti 0.12

1 2 ml casein ^ 2 ml 4 h r. extr. boiled 
1 a l buffer pH 8.9 ^ 5 ml water 1.82 1.63 1.83 0.01

§ 2 a l 4 h r. extract /  7 ml water 
1 a l  buffer f§§ i.f 1.17 1.18 1.18 0.01

f 2 a l  casein /  7 ml water
1 a l  buffer 0  8*9 €>.© §.«4 0.413 §.01



54

m o *  u>

Protec&ytle ac tiv ity  cf extract obtained by ehAfciag ca lls  wiilt
5 sat g lass bead* a t pH S .f for 4 hours using peptone* m  gubgiiatee.

tube
1®*

Yogi mature mX Mitt us&tl
 ̂ -nj

0 I

Mmrmm
in

.24 mMMr.

1 2 a l  tipptiease /  1 ml ex tract 
1 «1 buffer pH i . f  /  6 a l  water 1.73 1.75 1.73 0.00

2 2 a l tryptieeee /  X a l exir. hmMM
I  a l  buffer p  8.9 ^ 6 a l  water 1.11 1.51 1.50 0*00

1 2 a l tiyptoa* # I  a l  estreat
I  a l buffer p i 8*9 /  4 a l  water' 1.43 1.60 1.42 0.00

4 2 al tryptou* /  1 a l octr. belled
1 a l buffer p i 8*9  ̂ 6 a l  water 1.54 1.58 1.56 0.00

1 2 a l proteoge-'peptctie jl I  a l extr*
I  A  buffer pi 8*9  ̂ 6 a l  water 1.4V 1.47 1*50 0.00

* 2 ml proteo®e~peptcm /  1 ml extract 
boiled /  1 a l  buffer pH #.9
4 a l  water 1.47 1.48 1.48 §.01

f 2 ml tryptoae /  1 a l  extract 
1 a l buffor pH i* f ^ 6 ml water 1.4f 1*70 1.70 0.01

8 2 a l  txyptoee /  1 a l extract boiled
1 a l  buffer pH 8*9 r  6 ml water i  *m 1.4© 1.4© 0 .®



15

&!p«pt£dftM m%if i ty  of mxtvatft obtained ohaidng c«ll«  
« ith  5 an glass b«ada for 2 and 4  hour® using M/15 d l-  

Imucylglyelne ms substxm&m.

M i
1®.

f«#i Mixture «1 ItiH uaea ImmMu*
Jm

O' ' 1 . 24 u M lfe

I 2 ml M/15 dX*lmieylfi2jrcim 
2 al' 2 hr*, «*tr*ot j* 6 ml water 1.25 1.24 1.21 0.00

2 2 ml M/15 dl~letM3rlg2y*liMi
2 ml 2 Mr. extr. b©il«d /  6 ml m t» r 1.23 1.23 1.23 Q»QQ

3 2 ml li/15 dl~l«mcylg3yali»
2 ml 4 hr. nxfcfiist t  6 ml taiier 1.4© 1.41 i . j a 0.00

4 2 ml M/15 dl~l«u«^lgtyeiia»
2 ml 4 h r. extr. boiled f  6 a l  m te r 1.35 1.3? 1.33 0.00

1 2 ml M/15 dl~l«ncy Iglyeine 
S ml water 0.14 ©.15 ©.15 ©.©I
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fable 18

CftMetytl* M&ivltgr of extvavt obtained by ahAidtag ce lls  
witfa 5 as  glass beads a t pH 4*6 and pH 7.0

M m
»@.

Teat Mixteur* a l KUH used 
t o r *  

a i.M  . ...............  - .JL . 24
la

mMX%w

1 2 nl c&aein f  2 a l  extract pH 4*4 
1 nl buffer pH 4.4 /  5 n l water 0.57 0.57 0.57 0.00

2 2 a l  eaeeia /  2 a l  exfcr. pH 6*4 boiled 
1 a l  buffer pH 4*4 /  5 a l  water 0.54 0.54 0.54 0*00

$ I  a l m m lm  /  7 n l water 
1 a l  buffer pH 6.4 0.51 0.51 0.51 ■ 0.00

k Z ta g 'm m M  /  2 a l  nxtm et pH 7*0
1 a l  buffer pti 7*0 ^ 5 »1 water 0.71 0.72 0.71 0.00

1 2 nil oaanin /  2 a l eatir. pH 7.0 boiled 
1 a l  buffer-fril 7*0 /  5 n l water 0.69 0.67 0.65 0.00

§ 2 ml m m M  /  7 A ' minr 
1 ml buffer pH 7.0 0 .6? 0.69 0.69 0.00
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if

Proteolytic a c t iv i ty  of e x tra c t obtained by shaking c e lls  
with 5 aa glass beads a t pli 5 . i  fa* 4  hours using several 

types of peptones us substrates. i

Twfoe
*©.

Test I M v i a l  Mil uimmI

0 1 % ...

Increase
la

a e M i t i : .

1 2 ml tryptlease /  1 a l  extract 
X a l  buffer pH 5.8 /  6 a l  water 2.55. -.36 3 * 2 8 0.73

a 2 ml tigrjytifcaae /  1 n l  ex tr, boiled 
1 a l  buffer pH 5.8 /  6 a l  water 2.52 1.5© 2.35 §.©3

3 2 a l  tgyptone /  1 slL ex tract 
1 a l  buffer p i 5 .8  /  6 ml water 2.86 2 , 9 6 3 * 3 7 0*31

4 2 a l  tfyptone /  1 a l  ex tr. feollsd 
1 a l  buffer -pH 5.8 /  6 a l  m t& r z .m 2 .8$ 2.89 ©.©2

1 2  »1 proteoee-peptone ^ 1 a l  extract
1 a l  buffer pH 5.8 /  6 a l  water 2.J0 2.33 2.80 ©.5©

# 2 a l proteose~pept om f  6 ml water 
1 a l  buffer pH 5.8 /  1 a l  ax tr. boiled 2 . 3 3 2 . 3 7 1 .3 2 0 . 0 0

f 2 ml tiyptos® ^  1  a l  exbrntst 
1 a l  buffer p i 5.8 /  8 ml water 2.45 2.49 2.55 §.1©

i 2 a l  txypfcose /  1  a l e x tr. boiled 
I  a l  buffer pH 5.6 f  6  a l  water 2.43 2.44 2.44 §.©1



t o

were substituted fo r the large glass beads. bhea e* ll suspensions were

shaken with these beads in  the International Nuking H&ciiiaa, active 

extracts could not be obtained. Microscopic exagaination of these skmmm 

suspensions indicated th a t thm m a ll glass bends wore a lm  ineffective 

fo r disrupting tha bacteria l c e lls , Table 21 shows the w sn lts  of t i -  

tre tlcn e  performed using a 2 and 4  hour ea&raet obtained by shaking bac

te r ia l  co lls  in  the presonca of the fine glass beads. The extract was 

tested  for i t s  easeolytic a c tiv ity  using easeln as substrate buffered a t 

pH 8.9. Ho increase in  ac id ity  of the te s t  mixture ma obtained.

fable 21

Gaseolytie a c tiv ity  o f eo&fiet prepared bjr mfaaMfig 
e e lls  id th  m a ll glass beads fo r 2 and 4 

bom*.

Tube Test lttj&tire ml M I used ummmm
*»• —.-------- t e a _________ *»----------------------------------------- 2------1----- &— gsjaajL.
X 2 a l  casein /  2 ml 2 nr,ex trac t

1 ml buffer p»i 8.9  /  5 ml water 1.23 1.23 1.23 6,00

2 2 a l  casein r  2 ml 2 h r.ex tr.bo iled
1 A  buffer p i 8*9 /  § a l  water 1.25 1.21 1.26 0.00

3 2 ml casein /  2 a l  4 Ur. extract
1 n l buffer pH 8.9 /  5 n l water 1.29 1*2# 1*28 0*00

4 2 a l  casein /  2 a l  4 hr«urtr»beiled
1 a l  buffer pH 8.9 /  S »1 w^ier 1.27 I . i f  1.2? 0*00
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fable 22

Caseolytic m%iv i t f  mi extracts prepared by axpoai&$ 
s e l l  ausponsions to  ultx«--hi£ti<-fraqu8iic/ vibrations.

IWit
«@.

Tost Mixture ml ivufci used
SO'uTfS

Increase
la

T T ~ . 1 24 ••M ite

1 2 a l 
1 a l

easels /  2 a l  15 ain. extract 
buffer pH 5.S /  5 ml water 0.4b ©,4f ©.41 §.©1

2 2 a l
1 uni

casein  ̂ 2 a l  15 min* tx i r .M W  
butter pH 5»8 /  5 *1 water 0.43 0.41 Q.U 0.00

1 2 «1
1 a l

/  2 *1 0 ainT extract 
buffer pH 5.8 r  5 a l meter 0.44 QJ* 0.4$ 0.01

4 2 a l
1 ml

casein /  2 a l  b‘ min.extr.boiled
buffer pH 5.B /  5 ml water 0.43 0.44 0.41 0.00

5 2 a l  
1 a l

casein f  2 a l 4 mifl. extract 
tatter pH 5*0 /  5 ml water ©.44 §.44 0.44 0.00

1 2 n l 
1 ml

casein /  2 a l  4 aijuea&r.boiled
buffer pH 5.0 f  5 *1 water 0.43 0.43 0*44 0.01

f 2 a l 
1 ail

mmM  r  2 a l  2 sdn. extract 
buffer pH 5*S ^ 5 ml water 0.45 u M 0.45 0.00

i 2  a l  
1 al

casein f  2 a l 2 mim.extr. boiled 
buffer pH 5*0 r  5 a l  water 0.43 Q,k2 0,42

9 2 *1 
1 *1

eesela /  2 a l  1 a in . mAtm%
buffer pH 5*0 /  5 ml water 0.44 o.4j 0.43 0.00

10 2 a l  
1 n l

m m im  t  2 a l 1 a ia .e s^ r.b e lliii 
batter pH 5.0 /  5 ml water 0.42 ©.43 0.40 0.00
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 fey r t f r s M *

The proem* of antofyeis mm m mmmm ©f libera ting  bacteria l ce ll 

sso stltu sn ts  was mmommiu,ily used toy Beigcr* Mmssii* end rsberaon

to  th e ir  study of to® proteolytic enaymea of leuooooa&oc msasftteroidea. 

fbto asthod» slthssgh  <gttit# mmmtmai* to  uee not ra to ttvsly  stople to  

dHay cut* m s not sue easeful as a man* of disrupting the ce lls  o£ httoto- 

b a c illu s  easel* C ell-free extracts obtained by trea tin g  sugpeaiiicioa with 

§•11 sodium hydroxide and incubating su itab ly , aid not toon any ac tiv ity  

*6*l»st eassSii* i* to tto f ©r txypblsfts*# tbs t i tr a tio n  f ip ir •% tor the  

rtrlfltts t e s t  sijgimrais maud are recoded in  table 23. Mo increase in  

acid ity  is  noted, hence the extracts did not contain any proteinase or 

polypeptidase. On the other hand, when ce lls  were allowed to  Incubate 

a t pK 4.5 to  the presence of Tween 60, th* ce ll-free  extract obtained con

tained a protslaas* whtoh tydra&yssd casein* -howsfsr, these sx&raets iM  

nest degrade e ith er trypticase or ge la tin . The t i t ra t io n  figure® are ra~ 

ctercled to  tab le  24* The extracts obtained by tocnbuttoi c e lls  a t an 

aU altoe pll in  the prosenc© of fm m  a) contained not only & proteinase 

.sstlT# against casein but also a polypeptidase which caused the hydso* 

ly sis  of tfTptlssss* There m s no apparent ac tiv ity  when gelatin  m s 

used as substrate* Thus© resu lts  are given to  table 25*
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Proteolytic ac tiv ity  of extract® obtained by autaXyai&g
all f  •$ fo r two wtaka.

fea t Mixture n l bOi used
  mm—

1 3 a l  casein 4 2 a l  extract 
1 n l buffer pH 5*4 § a l  water- §-•11 u*56 §*f# 0.01

a 2 a l  casein ^ 2 a l  « tr *  boiled 
1 a l  buffer p i f  *# /  5 a l  water ©•14 0*S4 0.54 0.00

m3 2 n l golntin /  2 a l  extract
1 a l  buffer p i 5*S r  5 a l  water §.3« ©*3# ©.31 - 0*00

4 2 ©I gelatin  f  2 aL ex tr. boiled 
1 n l buffer pH S.S r  5 n l water ' 0.35 0.35 0.35 0.00

e 2 n l  trypticaee J 2 a l  ext m et
1 a l  buffer pH 5.8 /  5 a l  water 0.43 0*45 0*41 0*02

4 2 » l t^pfcicase r  2 Ml «xbr* boiled 
1 a l  buffer pH 5*4 /  5 a l  water ©•41 ©*40 0*3S 0.00
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Proi#0l j t i e  ac tiv ity  of extracts obtained by autolysing 
c e lls  with foeen BU a t pH 4.5 for two weeks.

M m
Ho.

foot Hlxtn*!* al KUI wood
___M m .._... .._

XnoreMO
in

# 1 . 24 . .eoMltar

1 2 ml casein /  2 ml extract 1 m  buffer pli 5 .8  / 5 ml water 2.08

• n

2.12 2.22 §.14

2 2 al casein /  2 a l  exir.boiled
X ml buffer pH 5.6 /  5 al wniar 2»©f 2.10 2 .U 0.02

s 2 ml gelatin  f  2 a l  extract
1 ml buffer pH 5.B /  5 ml water 2,§5 a.o§ 2.06 0.01

4 2 al gelatin  + 2 al extr.boiled  
1 ml buffer pH 5 .8  /  5 al water 2,§1 2.01 1,02 0.01

1 2 al trypfclease r  2 isl extvoot
1 a l  buffer p i 5 .8  ^ 5 a l  » t # r 2.08 2.0# 2.06 0.00

1 2 ml iryptlease r  2 ml ex tr. boiled 1 al buffer pH 5.8 /  5 ml water 2.04 2.06 2.04 0 ,®

fable 25

Proteolytic activity of extafeote obtained by auielysing 
cells with fooen IK) at pH 8.9 fo r tno notice*

M m
Ho*.

foot Mixture n l HM used
____ ___ fiourji __ ___

iiwrease
i»

.... o i z X 24 .

1 2 al casein /  2 ml extract 1 a l  buffor pi 8.9 5 a l  water 1*89 i.tl 2 .0> 0,14

2 2 nl casein /  2 ml ex tr. boiled 1 al buffer pli 8.9 / 5 al water i . i f 1.86 1.84 0.00

1 2 al gelatin /  2 n l  oxtvoot
1 al buffer pH 8,9  /  5 «1 wuter 1.43 1.83 1.83 © .a

4 2 ml gelatin /  2 al ex tr. boiled 
1 al buffer pH 8.9 /  5 a l  water 1.83 1.83 1.63 0.00

5 2 al tfypUc&oe /  2 al extract •
1 ml buffer pH 8.9 /  5 al water - 1.87 :. 1 .8 8 " 1.92 ©.05

§ 2 n l tryptlease f  2 al eocfcr, bulled 
I al buffer pH 8.9 / 5 al water 1.64 1.83 1.83 0.00
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it m s noticed fey towles '(lf4f||. .that when glycine solutions were 

added to  suspensions of bacterial c e lls , there occurred an apparent IpgA# 

of the c e lls . Although for w et of Mi# work reported hscherlciila co ll 

•"d Bacillus masentsricua ‘u r n  til# two organisms chiefly  used, the author 

et*ted th*t many other bacteria were susceptible to the ly tic  action* Mi 

indicated that the method might be applied waen experiments required the 

use of c e ll  constituents, even including ennyaee*

experiments performed with th is  awsthod, using a f in a l concentration 

of in  glycine and lact© bacilli suspension, «#re in the main not successful* 

However, i t  was found tha t an extract active against casein was obtained 

when the ce lls  were allowed to  remain in contact with the glycine in the 
presence of an alkaline buffer* the extract obtained when the ly s is  was 

carried out a t 30 C in  the presence of toluene was only very sligh tly  

more active than th a t obtained fay ly s is  at 6 C without toluene, the t i 

tra tio n  figures far these determinations are recorded in  table 26. when 

these cxfcveets were tested  against dl-lepcylglycin# m  substrate m  eetl** 

vity could be discerned.

Mieroecepie i aria of j/yam stained »wArs of fate treated  ce ll

suspensions shewed that some of the ca lls  had been lysed. However, most 

of the c e lls  retained th e ir  typ ical morphological characteristics and the 

only change in them appeared, to  be that of a lte red  reaction to  the stain*
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Table 26

Caaeelytlt aetivltjr of « t*r» © t prepared bp tre a tin g  
m lla  n ith  glyeine *t 30 C and 6 a fo r 24 h a ir * .

Tube
Be#

Test ftlxiure a l  &Ui ueed

o 1 i T vmST
Xncreaae

ifi
...a© 4dit*y

1 2 a l  ©asein /  2 tel 30 0 extract 
1 a l  buffer pH 8.9 /  5 a l  water 3.42 3*43 3*48 0.06

■a 2 a l  casein /  2 ml 30 0 exfcr.
boiled
X a l  buffer pH 8.9 /  $ a l  water . 3.42 3.43 3.42 0.00

1 2 a l  o&eelii yi 2 ial 6 0 ex tinct 
1 a l  buffer pH 8.9 /  5 «1 watar 3*4? 3*30 0.03

4 I  A m m M  /  2 B& $ Q «etr*
boiled
1 a l  buffer pH 8.9 /  $ a l  water ':% m 3*4©' 3.40 ■■ 0.00-

S 2 a l  eaaein X a l  2 M gi-ynira 
X a l  better pH 8.9 ^ 6 a l mtmr 3.31 >#34 3.34 0 .0 0
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Caseolytie ac iiftby  %f pftfMtftd
trea ting  e iH i  wi&Ji rwmin a t pH 5,0.

Tube
Vo* foot Mixture

ml liM mmd 
— —._JHCfl_

Increase
t o

i 24 aolAI&r

JiL 2 ml casein ^ 1 ml ram in  ex tract 
1 n l buffer pH 5*8 /  6 n l water o.4f 0.47 0.75 0.10

2 2 a i  casein /  1 n l ronnin ©xir. boiled 
X a ! buffer p i $*8 /  6 *1 water §•41 0.45 0.46 §.01

1 2 n l casein /  1 n l ronota
1 ml buffer p i 5*8 /  4 ml water 0.40 o,4a 0.44 0*04

4 2 n l casein f  1 n l  renoln boiled 
1 ml buffer pH $.8 /  6 ml water §•3? 0.3? 0.39 0*00

5 2 ml casein /  1 n l  c e ll extract 
1 ml buffer p i 5,8 ^ 6 n l  water §•44 0*44 0.44 0*00

6 2 ml casein /  I  ml c e ll extr.boiled 
1 «X buffer pK 5*8 /  6 ml water §•42 0*43 0.42 0*00

1 ml renato^ceH aXxtare /  8 n l water 
1 oil buffer pH 5,8 0.4? 0,45 0.67 0*00

8 1 n l m ania /  X n l buffer p  5.8 
8 ml w^ier 0.25 0.25 0,24 0.00

§3r 1 ml c e ll sueponaloii f  S a l  water
1 ml buffer pH 5,8 0.31 ©,31 0.30 0.00
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13* Preparation of extract by grinding with solM
carbon dioxide

Fr«seaing bacteria l c a lls  a t t t l f t a i l j  low ie®*|»raiures in order to  

disrupt t l i *  has not boon used weigr eo&toslvely in  the past# tm m m

Cl930)# attesipted to  obtain a proteolytic extract by a lternate  freezing 

in  liqu id  a i r  followed by rapid thawing of the froman bac teria l m H  m m  

a t 50 C. extracts prepared in  th is  way showed either a wery weak prcteo* 

ly tic  ac tiv ity  or were not active a t all*  I t  i s  known tha t long, sharply 

pointed iea crysta ls  are formed within the ce lls  when they are slowly 

frozen* However, when the ce lls  are rapidly f  resen* these crysta ls  do 

not for®, and consequently the ce lls  are not ruptured* f i t t te r ia l  c e lls  

wfelsfe h m  been rapidly frozen a t very low temperatures should bs mmm*» 

what easily  disrupted by grittdins eiac® i t  i j  probable th a t the Indlvfc* 

dual c e lls  are rendered extrejaely b r i t t l e .

_Mh«ii suspaaglfln* of I^ctobacillus easel were .frosea in  dxy ice 

and then gm m i with i t ,  i t  was possible to  obtain ce ll-free  extracts which 

were weakly protee&yfcie* tfefertunately, not aH  of the extracts produced 

tor th is  seethed shewed ac tiv ity . • and th© resu lts  obtained with a a i  ... : ■ - 

tr a c t were not reproducible*

1* Action of msAm&ts- prepared in  the 
Hsld® tissue tts in te g ra to r.

i* A  sfiU,a
I t  was found tha t successful preparations of crude se&lHfais ei&seet*

could toe Drosured fro® Lactobacillus * )Vii :• *

c e lls  were shaken in the liickl© tissue disintegrator* the progress of c e ll
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dlsrupbicn was followed by examination of stained film* of the m i l  sua~ 

^ i < t o s  before and -after shaking, 1 typical example of th® resu lts  ob

tained is  shown in  the fo i l  w ing photomicrographs and aleet r<wgraphs .

Figure 2 i s  a photcuiicrograph of a c e ll  suspension of iatttobaflillua easel 

316 prepared for treatm ent in  tbs Mickle Hash* M sintegrator. ft*# c e lls  

•howa, have the ty p ica l &orph#ilegy of thia- «pn«is§. Jte extraneous amor

phous m aterial can be observed. Figure 3 , shows a c e ll  suspension photo

graphed a f te r  20 alnufta* of shaking. Her** only a few c e lls  own be seen 

which are in ta c t. Most of th# c e lls  have been destroyed, a d  the prs- 

paratlea •saaistially consists of a large meunt of c e ll  debris, a more 

detailed view of the disintegration process was obtained by observation 

of th® c e ll  suspensions with the electron microscope• Figure 4 i s  an «*lee~ 

tronograph of an unshaken c e ll suspension. The typical morphology and in

te rn a l structure of the c e lls  can be seen. In figure 5 i s  shown th# re

su lts  obtaiwKE using a shaken c e ll  suspstu&Mu This slastrsaograph shews 

aoM enpty c e ll m ils  with a large asuauxb of sxbrudsd jnroboplaaflu hhsa 

preparations of th is  type were suitably treated to  remove c e ll debris, the 

c e ll-free  extracts obtained were usually found to  be pro ieoly tically  active.

Z. PrtwtatUQB rf optima t ia .  fa r ahwdag

The ce ll free extract which was obtained by centrifugating tbs shaken 

c e ll  saspsnsluas mm  active a t pH 5.6 and pH 6*9 • These results agreed with 

those obtained whan safciwsts obtained by other asttods were used. When c e ll  

suspensions m m  shaken far 5 minutes, i t  m s found by microscopic study,

that ly  ©nn-third of the c e lls  were destroyed, while a f te r  fskmMmg
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Figure 3 . Cells a fte r  shaking fo r 
20 |g  th e  Mickle Tissue

Di.sin'tegrator« - X 970 /



Figure 4. ilectronograph of suepan-
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Table M

C&eeolytls ac tiv ity  of extract* prepared in  fcLekie - 
'• Tissue Disintegrator at pH 5.8 and  ̂ •

p i t .f*

m m
i®.

Teat Mixture nl jyjit used 
—. .̂Jtfi»BL __

M m rm m
in

1  * m „.£SMtyL.

1 2 a l easels /  1 s i  5 min. exfcr.
1 A  buffer pH 5*8 ** 6 a l  water i . f a 0.53 0.43 ©.11

2 I  ml casein  ̂ 1 *1 5 ain* exbr.boiled
1 nil buffer pH 5.8 /  6 a l  water 0 .Si © .ft ©.52 o.m

3 2 Hi cassia  j* 1 a l 25 alii.aaAxaet
1 a l buffet* pH 5.8 /  6 a l water § .|4 0.59 0.70 0.14

4 f  a l casein /  1 a l 25 ain.axt.boiled
1 a l  buffer pH 5.8 /  6 a l water ©.Si 0.53 0.51 0.00

5 2 a l casein /  1 a l  5 aia«eaitraet
1 a l  buffer pH 8.9 ^ 6 ml water X .fi 1.44 1.72 0.13

4 2 a l  casein + 1 i l  5 uin.exbr.bolled
1 a l  buffer pH 8.9  ̂ 6 ml water 1*54 1.54 1*54 0.00

f 2 a l  casein /  1 a l 25 aln. esdtsaet
1 ml buffer pH 8.9 /  6 ml water X .if 1.4? 1.75 0.1©

• 1 a l  casein /  1 a l 25 ain«e9itr«beiled
1 a l  buffer pH 8 .9 /  6 a l  water 1.44 1.41 1.43 0.00
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fisM« 30

C^seolytic M t lv lt y  of uabrevUd and glm%$^Mmim
t r i t t a d  co&mt*

Ini# $m& Mixtw* Jmmfum 4a  M ld lty
Ho* A  hours ,

Pii m  KE8I’

X tmtrottbtdi «xfeM#t ** tM ftto 4.0 ©♦at

2. §l»imtlii©ait t*M ta 4
6.X ©.24

3 nfiii*wtlt®<l ©acty&etp /  fftM ia «.? ©♦32

4 gU&athione trtftta d  «x tr» e t 
ea««ln 8.7 -o .a t

1 fU & a th ie ii*  /  €as«Jj» alou# 6.X o«oo

# gluUktiiloiM  #  ©&a«iji mlcm 8.7 0 .00

f g t a t f t t M c n *
«X«nt 6.0 © •m

• glutathione trm% M
JB>|jy|i[> •!§«§ §♦§3
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in the pmmm& of w r y  1m  Q im m tm tim m of ferrous, ia&»gaaoua, a i* ia * # 

eu p rtc , and even cobalt ions* ' J a ta w fe io n  w lJ ittY #  to  tbs e ffs s t o f v*»  

ric u s  -inorganic ions on th * a c t iv ity  o f proteinase* obtained fru a  la c io -  

b a c il l i  coaid not be found in th * l i t * r a t * r * «  .

In order to  te s t  th® #ff#et of wmimm inorganic ions on the pro

teo ly tic  ac tiv ity  of th# protntraisee found in crude extracts of Lactotm- 

C.illu* cese.1 33J, the extract m s treated  with suitable tiuaubliies of each 

of the following freshly prepared sa lt solution*. the sa lt solutions used. 

weres immmm su lfa te , sulfate* smgm&ixM su lfa te , cobaltous

chlorMe and sodiun cyanide*

« h «  the ®®H*-ire# extract ms treat ad ldtb f trro i#  ions and then 

a l l  owed to react with essein, i t  was found th a t d ilu te  cow «t rations of 

them® ions apparently increased th® ac tiv ity  of ths ex tract. th is  to* 

§ m »  in ac tiv ity  m s noted hmmmr$ ©&3y whan the axtraet was tested  

a t ths alkaline pH rang*. A decrease in  ac tiv ity  wma observed when the 

ferrous ion treated  extract ms tested  at an *eM pi value, liaagunou*

Ions on th® other hand sssned to  Increase the extract of ac tiv ity  a t the 

sold pH value, while decreasing the ac tiv ity  a t suae ftikaiirm values* 

the re la tive  increase or decrease of the eased y tte  ac tiv ity  of the c e ll-  

free  co&rast a f te r  treatiaent with ths various ions i s  shown la tab le  31* 

Satina cyanide acted 'as an inh ib ito r when the extract - substrate 

mlxlmm was tested  a t  pH 8.? and $.8. At ptl 8.0 the inhib ition  of th® 

easeolytic activity by th is  subetaaee m s  not eo&plete, having decreased 

the t i t r a t io n  figure by 80 per cent, hear neu tra lity  only a re la tive ly  

small inhibition m s noted.
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6. .
Uham ee ll-fro#  soc&roets wwm testad  agniasfc various i t  va#

found th a t a re la tive ly  good ac tiv ity  against thus® ambsbimt©# w« elic ited . 

Host of th# extracts tested  consistently caused ih© hydrolysis of try  piles*## 

and tiyptone, while the action against Bacto-pspton# m s found to  hm extrouely 

variable,; Trypid#®
j ; ; , ,

th a t ths pi of th# reacting solmtlcm greatly Influenced th# extent of hydro

ly s is  of the particu lar peptone substrate used* the t i t r a t io n  figure# i l lu a -  

tffttlng the result# which were obtained in  the## experlsiea&e are F©oori*4 in

tab le  33* i t  can be aeon th a t there apparently m m  fo r th© polypeptidases 

present in the erode estroet* tee 01 values a t which mxSmm  ac tiv ity  couM 

be obtained, fo r the substrate ixyptioas© the greatest ac tiv ity  m* ebtaiesd

a t 01 5*&# with a second mime obtained a t the alkalin© value of 01 ft*0*

33

Proteolytic ac tiv ity  of extract using several peptone# a# 
substrates a t d ifferent 01 values.

pi of r.d ..ta used per 10 a l of reaction m k A vm  ...............

________________ Trypilcawi________________ Tryptone____________flH & m

9.5 0.02 ©*m 0 . 0 0

8.9 0 , 0 9 0.00 0.00

8 . 0 0.13 0.50 0 . 0 0

7.2 0.30 0 .® 0 . 0 0

6*§ ■0.41 0 , 3 3 9.11

5.® 1.00 u.70 0.22

5.0 0.52 0.56 0 . 0 ®

4*1 0.21 0.26 0.00

4*© 0.03 O . 0 5 0.00
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fryptose on it*  other hand* w i  acted on beet a t pH 5*8 and pH 8*9. Mot#r 

e rer, th® extent of hydrolysis of th is  substrate appeared to  bo leas a t 

these oj&iaan pH values than ws# observed for tryptJ***** While the «*-

tra c t showed ac tiv ity  whan i t  was tested  agaiaifb p&jjton®, i t  m s  such 

lea® exb«a«iif% and m i  found to occur heat a t pH 5.8* In the experiment js 

psrfemed by Taraansa (1939) « 1% **• found th a t th# umlX^irm w&mst s p li t  

Witte »s peptone a t an ©pthssuia value of pli 5*8* the ac tiv ity  of th# ext m et 

f e l l  ra ther rapidly above pH 6.6* I l l s  author did not te s t  h is extract 

above pH 7.7*

Tarnanea (1930) ,  working with glycerine extract® of qastsriua ousel 

epgllon. found th a t not o n ly  did i t  attack Witte*s peptone, but could also 

cause the hydrolysis «f ImMplglytttt* as well a® g3ycylal«aiae« Th® ac ti

v ity  of the ext m et against other peptides m a not investigated* Since the 

extracts obtained in  th® work reported here could hydrolyse various peptones, 

are tl? defined Mixtures of peptide® with o tliir n ltre® ^ ewibslistng 

compound®, i t  was thought th a t the content of peptidases in  the sKbtmtt 

could be Here clearly  eliittiitoted i f  the exbtmct was tested  against several 

<iiMMtiiijii..iy defined peptides*

#©r ths detection d£ dj**!micyl^lyeyl.jgiynine was

used a® substrate* I t  «a® found that ths extract acted m  th is substance 

only a t pH 8*0* At th is  pH value the average extent of hydrolysis, ae 

calculated trm  the Increase of acid ity  of the te s t  aJxtur# a f te r  2k hours,



mm found to be 29.1 jmw cant, io  hydrolysis of th is  trip ep tiae  could be 

detected at other nor* « M  pH levels*

to order to detect th# presence to th# ax&raet of earbosQrpepbidase 

the extreot m s  tested  against tlAea«M«l^lljrfeBiiie» Bits substrate m s  

used since earho^paptida^ w ill act on polypeptide# eor&aintog a free 

c a A ^ l  group, but w ill nob ac t on mmk ooapaaada i f  a free m d m  group 

to pus®**. When toe ceU -fw # extras* obtained fro* Laetobnollliie easel 

318 m s a B ^  to  act on ehlsraeefcfltyroalxiej no activity m s detected* 

the presence ef th is eaayise in other bacteria apparently has not teen de

tected  to  date, since no reference for th is  ac tiv ity  has hem found to  to# 

l&ett&sia**

In addition to  hydrolysing to# trtpep tide  the s t r e e t  obtained to 

tiieee os^rlnesffes •©bed on chemtoatly d e f in e  dipeptidee.

When the extract wm» aBwirt to  act on and <jHLeucyl«

l^yrostoe9 It m s found tJwt ttaxiaue aetiv liy  eeeurrad between |t t5 .§  and- 

pH 5.6. However, a t  toes# optimum pH values, only 20 par cent of toe 01- 

m s found to  be hydrolysed*, tlmm m s  a gradual decrease to  

to# extent of hydrolysis of to la  substrate when i t  m s tasted  a t  pli mines 

on either side of to# optimum. Cjo. to# other band* df»Xeucyl«&"4yroaiiui was 

hydrolysed only a t the pH range 5.0 to  5.6. The greatest amount of hydro

ly sis  of th is substrate m s i&lso found to be 20 per cent of toe original 

coneebt ration* Hie results cf toeee determinations are i^orctod to table 

I t*

Th® resu lts  of the detesei&f&lMie using l^toucylglyeixie and gtoeyi-l- 

Xeaslne ars shown in  table 35* Whan to# extract m s tested  against glycyl-1-
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•m u  34

D&trttrfllSnfttcC sx5bjp86*fe
and d -l« ^ l* l- iy ru 8 la «  as MibstrKtaa*

p®i» eout hydi'olyala of 4Sp#^^tos

9.1 & 3.0 0

3.3 6 7.2 0

7*2 % 4*11 ©

4*4 4 4#JL ©

-4 a  24 i . i  ao

1.4 ao 5*0 24

5*o ao 4*5 §

4 * 5  4
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MJw. 1% % v®**®,.* a****** » M ■**». fa«na

P#r ©«at h^irol^als <at dipuj&iiies

fH «taH^2^1«iie5a» in

8.9 0 §•? 13

8.0 1 §*§ H

7.5 f 7.0 31

6.9 to 1*4 31

4*31 8 7.2 l i

4*2 a

5*4 31 5*4 n

5.0 'T O 4.8 t

4.5 f
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Issieiii®^ t&i optiNUft rang® for i# g  ^y if!  fiMtil tu  i t  p i 5«§

to S»i* Si tfcl* «*«•* i t  mm <sb*m * U n i a l l  of ti»  « »

hydrolyaed a& tb». t a m  y/*hm$ while at th# wppur UUdt out th ird  of til* 

a r ig im l amuot of m batnta « i  ^ r o ly to d ,  Uh*n tta» ta& iw t mm t*®t«d

m«t«̂ g th© activity was found to  occor at pH 7«2

t#  f*#» i t  pH 5.6 o ily  22 par M»t of th« original ainM ntifttiaii of ftib*
r
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s ia is is io i and m§MiM

The true  la c tic  acid bacteria. ar® markedly active as ferment ere of 

earMqpdra&es. Ample evidence ex ists  th a t tlmy my be actively prcbecOytie 

when suitable experimental eoiidibioKie are fo r to® lifcNMratlon

action of such e»i|wes# in  addition to  the eetplrlieaJL observations made 

by von f*eudsnreieli (1895) # other more exact data support th is  view* Thus, 

Orl*»Jeiiaen (1919), r«©Miid to# fact th a t many of the la c tic

a c id  b a c te r i . ware o-O iole of •»»« «»*jil.n  ̂ -Aj  >u'v:;; eu’w w-w* ww w  ■»»̂ <ê w*‘wwasis*,wr ’* »  w iw w w  *ny '*ll)* *w*w  *pp-^rWPl"WT""" now1 w  *“w^p»ww wWBPpiriirwsiP tpw

cultures a# much as % per cedt. Also, Peterson, Prases, and fred (1928), 

found sutoiitsinlisil im r m m n  in the soluble nitrogen eontent of cultures 

of various la c tic  acid forming bacteria .

time, it ms expected that the strains of Lrtet6beoill»s easel which 

were stM ied in th is  work, under proper cu ltu ra l conditions would hydrolyse 

cassia* that this ms indeed the m m  ms shown by ths findings obtaiiisd 

by the analyses of the calcium cariK3nate~skia milk eulteres* dm rym m  of 

the s tra in s  ms found to  to# capable of depmdiitf ths m m iM  p m m at la the 
original Melina* This mi was ^un tested  by a decided ii^rsase

of to© soluble nitrogsn content la the eclture filtrate* uf the orgaaisas 

te s ted , ths- most active was famd to  be s tra in  JIB, since I t  caused the  

soluble nitrogen content to  increase 1.93 mg per ml of culture f i l t r a t e .

The least active organism m e found to  be strain 322# which increased toe 

selsM * nitrogen content only 0*0t.mg per a l  of f i l t r a t e .
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fu r obtaining p M e e iy t ie h lly  eet&re extrac ts  front the iietcfeacdJULua used

in  t ip  work presented hmmg m b  w ith in d iffe re n t success, sine© p re p a re  

b io m  o f u n ifm i a c t iv ity  were not obtained. The o a tu r* of -the action; s f

glyglag c© b a c te r ia l  e sH s  i s  un teo^fig ««t alsroseopjuss «aainsiX oii u l 

glycine %rm%9d m ils  did not indicate any extensive physical breakdown

of the c«H**

Tip ex&reete obtained tr m  the te c to r ia l c e lls  wiiich had i » «  treated  

with rennia were found to  increase ths acid ity  of extirct^eubstrate te s t  

ttixtwws two and cn&*4iaXf time# tha t found when rennin u#s<l alone • This 

fee t indicates tha t a proteinase m s liberated  from rennin treated  c a lls , 

twmstad (1950) , reported also that th# proteolytic ac tiv ity  of glycerol 

fiad̂ yaist#  prepared from s tree t obacterin* easel ta^itig caseiii as a subsbxs&e 

m s enhanced when tmmim m s prmwsb in  the te a t sdMmm* nkdX® I t  ap

peared tha t retthlxi could se t Is  pMg my on the c e lls  of JUanct o tet * 1.1 ** ** 

easel 318 to  libera te  a pri&®$mm§ i t  m s also found tha t the bsG tsrial 

c e lls  were not without effect m  the renaia. This m s m u s t  rated by the 

foot th a t the sdLlk c lo tting  power of ths rsmiia* wMsh hjuf been in  ee&tasb 

with the bacteria l co lls , m s diminished by ^pprcodaately 50 per emit, This 

My possibly be explained by assuBlng that suns of the rennla m s 

adsorbed on the surface of the ce ll#  during the pesied of eooteet*

Upon centrifugation of the reaain-eell sdxturii to  ofetein m ce ll-free  ex treet, 

th is  adsorbed mmiM was reaaoved, thus effectively lowering tee concentre** 

tlo ti of rstmla which jnnained in the sdufclsii* &»», the aU k c lo tting  

power of bias retmin, as ataiwriid by tip  aethod of Jwnitft ( i f l f ) ,  m e in  

re a lity  based on a quantitative change rather than a qualita tive  one.



fa

The £lcfc&e TUee* M&ixAmgmtm m s  found to  be superior to  a l l  

the other methods used fo r the preparation of p ro teo ljtica lly  active eae- 

t r a c ts  from the c e lls  of taetebaclLUc oasst 3Xtt* This iastim enb m s  

eieple to  operate, and yielded a high proportion of active preparation#* 

When these extracts were tested  against casein, i t  m s found th a t 

«fffc£vi&y m® exhibited against th is  a t  both eeid «oi alkaline

values* The caaeolytic ac tiv ity  appeared to  function a t ptt 5*8 to  4*0 

and pH 6.0 to  8.9* Xt m s found that the extract ws,® capable of 

fydrslywixig fela&lo. However, in the case of th is  m hA m % 9 mem ac ti

v ity  was noted a t pH 5*0 but greater ac tiv ity  was found a t ph 8*2 and 

f ,i*  the finding that the pH of activity of the extract ehenged when 

d ifferen t protein substrates m m  used agrees with the observations made 

for jmtrelJMUMNi obtained from other aourcee ( a m « r  and damere, 194?)»

Although glutathione i s  an important ac tiva to r fo r several pro

teo ly tic  m si^m s  obtained from higher p lan ts, i t  m s  act found to  act in 

th is  capacity when tested  with the proteinase present in  th© crude ex tracts 

of La<&obaoiiitts e&ssi 311* There appeared to  be a sligh t depressant ac

tio n  of th is  substance an the caseoXytle activity*

For. the most p a rt, the uei&Xlie ions %i»i©fa were tested  either Jtud 

no effect m  th® action of th# extract' or depxeeecdvth#-activity. When 

taenia w s  u«©d as th# substrate, ferrous ions s®i«#4 to increase the 

activity  of the extract a t pH rsuig® of 8.0 to  8.9$ bet a t  pH 5*8 there 

wee Jnbibiilsii* When gelatin m s weed as th® substrate most# of the ions 

used acted as inhibltere ef activity except cobalt, which seemed to  in

crease th© ©naps© ac tiv ity  when i t  was tested  a t pH 8*0 to  9*0* y|.li1<tfc



n

scxae b a c te r ia l  p ro te in s  sea saay be aecre ted  by tiw  c e l l  in to  th e  surround

ing am iiuB, 1 e* 4 y Q&f|§i 31$ ffMlg % 9 Sftgt- Off th® p»«f»»lyu* igtjMa

w ith in  th #  q m I X  w all* S t  i s  g s n s ra lly  ccftsidsx'sci u n lik e ly  th a t  p ro te in

jp.':. .., ; - C-V^Lt ji\s ai' .h* 1,-aj L <jJ_ ;.<,> = ••..;,TCnr T |i r  ! * ^ ! IF  *..■>“ ^ j i r  JJli?' ^  ^  ’SP r .w r*K pp eW r ̂ P r  mqf ^  u* ip i* sk eC ? W S S fe  S p S S V S '  ^W* W P W P IW S lf' S P S S M ®  ^ S * ® S ^ jg jp f W S

th# e tU  t#»H* Sines th® following hypothesis i s  pmmmtmli I^tob^oilliM i 

m m l 318 se im H y mem tm  sob® prot^immm whlafe# howsvsr, a tta in  aigpif Jf» 

ewxt eciMMmtmtioKui only la  ttm iNNMU*t* asigibortiood of the m l l t mmm 

th«gr aagr b® so firmly adsorbed to  tin  ©mu surface, tha t they cannot \om 

M £iy^  unless ths e#2JL I# disintegrated* I t  i s  aIs© possible that the 

hydrolytic aotlon of th# emy®#® is  swertsd on, th# ^ iw u i s s  of substrate 

iflBBSdlstsly til® 1- r Sh# Hfa! pQdUC&S Of «am) ) *rt» km%| ®y»

st*e produft®c! by th is  vs*«tl*n at*# than afei# to  puss Into th® ca ll iter*

they *r« fu rther utilised*

Mtwsa th® extract was tested agftiiufc m riotts pfg*tca»«f i t  m s  found 

th a t thers m m  two pH ranges a t which hydrolysis § isw « i*  Thus, whir* 

tryptlc&s® and trypten® wsr® *<iMai<1. n® substrates, th s  extract exhibited 

•s tM fty  a t pH 5*0 to  5«$ sad 01 $*Q to  $*f* Whan, on the cth«r haad, Mm%e 

p p t cns m s uaod as substrate, s « «  ac tiv ity  m s noted between 01 5*0 to  6*6. 

Hi® finding that th s  ac tiv ity  of th s extract on peptones whom rather wide

v  . ■ ’ * ! .■ '  .  J O i ' l  . ' i . : .  ' . j  v  .„ ' 1 .  ■ ■ . j  ■ .  ,  .. * * , * / . - ■  .  C . .  ,  '■■;■'

in  cowposltioiit Txyptlease aM tiyp tm # ar# dorirsd %  lydTOJysis of oasoia# 

ftic to  p p to i©  i s  ^ ta lm a i by l^drolysi# of g#l»tiB# and i t  sssbui 

immih ls  to  ocaielud© th a t aim# th# protoiaass pressut in  th® sx tm st i« 

mom actlvs a ^ i a s t  eassin th© p o ly p p id a ss  p r« s « t »*y b« aore activ#

against tMm pp tonss dorivsd froa i t  than &aa pjA osss 4 # riv ^  frcaa othsr 

p o t  s in s .
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Alilunigfe Hu® sxfcrast m s found to  oantatn pupiiti&iiiw «etim  against.

mwmmI types at' peptides, no

explained perhaps, by the fact tha t the substrate used ta r  the detection 

of th is  ansytt* m& mm which does nest occur mtrnmUy, sod consequently 

i t  c&rboxypeptid&s© m s fa*#si®b i t  could net act on 

boxypeptidase has not boon found in bacteria so far$ kit Urn iwmhm of 

species which have boon investigated i s ,  admittedly, muOl, However, 

the ©xti««* exhibited ac tiv ity  against other types of ©hw&cally defined 

peptides. thus, a c tiv ity  m s exhibited agaif4«t between

pH 5,0 and 6 .1 , ami against d-lettcyl^ltyrosin© a t  p i 5.0 to  5 .6 . The 

beat ac tiv ity  against g}yag^l«l«n2&liie m s found to  occur hmkmmi pH 5*0 

and 6 .1 . Berger, dohnson, and Peterson (1938b), reported that aia^y of 

the peptidases obtained from various species of bacteria showed mmsdmm 

ac tiv ity  between pH 8.0 to  9*®. In th is  respect the peptidases obtained 

from Iaetoboeillua easel 318 differed Iraa those obtained by these authors. 

Hate sains workers reported tha t they obtained peptidases from *Laotobj%£|jy3|g 

oeatosas* which exhibited sspdsm ac tiv ity  a t pH range of 5*5 to  b.Q. » »  

re su lts  G a in e d  in  the work presented her© agree with the l a t t e r  observe- 

tic iu  ^Lscidbacilius nentosus** is a peculiar s tra in  of lactobsoillug 

g |mtimm* which In tu rn  i s  very closely related to  Lactobacillus e&aei. 

Hence, i t  is  not surprising th a t sim ilar resu lts  mare obtained.

The observations on the proteolytic a c tiv itie s  of Lactobacillus 

caaei 318 and the resu lts  obtained w ing ©Crests indicate

then# organisms contain a rather wide spectrum cf proteolytic anxymss.

I M r  suitable conditions, these enzymes cun be libeiuied from the bacteria l



IS

ce lls  m  a ©nut® istjdkur®. ac tiv ity  of th® crude o#H~fr«o extracts 

in  various iMMutma that th®r« are pr#®«t pvotsimma,

polypeptiC&ses, and dlpoptidaaoa. 1© cai%>o»ype|itM&»# ac tiv ity  of th e  

sxtraots ©an b® d«b*eWriU '
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