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i
EIRTOHICA
ihe litersturs on the subject of baoterial protecliyveis reveals thad
two meln routeos of investlpstion heve beer pursved by the workers in
thisg field:

{1} The becterisl culture filtretes were tested for vroteolytie
sotivity by thelr soction on protoing-indirect method,

(2) 1The bmoctsris were prown direetly on the %est nroteins and
thelr proteclytic metlivity teated thersor-dirszel method,

The urependerant ancunt of svelleble debe le ¢omeernsd »ith the
indivreet mothod of detercining the aotivity of filterabls protesses,
while fow invemtigators have ezanmined the direct sflect of llving
baeterial cells on mrotein substrates,

Arong the {irst workers in the field were iruabon and vYsciedyen
(188%) who noted that bhestericl filtrates were eapable of liguaflying
fibrin and peletin. JFermi (1880) demonstrated conclusively that an
active proteolytic ensywe could be oblained irem s sterile ccli-irse
filtrate of bhe meodium in whioh & hactorium had grown,

fginoridge {19¥li) reported on the direct utilization of mure proteins
by serobio bmeberiss The proteins counsisted of eps wlvumin, alkall egy
wlbumin or horse serum in Q.l«U,8 por oent concentrationsg, which were

combined with & simple incrganiec salt base., Jess of the bueberia

teeted woere L. coll communis, e proteus, Staphdvcoogeus avrous, and

e t;'v@sus,z Ukilizetion of the protein by the orgenlsme weg indicated.

1ﬁs@tmr$ai nemenclature in this thoals Lfa written in the supe manver
ge in the originekl referencs., Transpesition of the nomexeclature into
the mudern terminology is rendered too uncertain due o the sbsaonee of
any universally necepted ayvstem of nomenelsture in the sarly yesrs of
baeteriologicnl literatura,

In thias reference and obtherg the pgeneric nsmws of sowe beoteria

are abbreviated and ere not revorded ia thelr entirety in eany pordisn of
the referencen.



by the incremse of the baeterial pomilation ag determined by plsbe
eointa. Jroteclytic getivity date was obbtained by preeipitation of une
sltered protein with dennie acid and welghing, and nlsc by (jeldahl
daberaisriions of solubldlised protein., ude observed that whon the insouls
ware soall there was some evidenoce of baeteriel sultiplicstion, shen
the inoeculs were large however, the batterial munbere diminished, This
wod gsaumed by him 60 Yo due to the presonce of Lraee enounts of NOtw
protsin nitrogengus matber in tiw zediuwm, fLlucoge concentrations {ron
Levmlol) per oent hed little iafluence on probein utilisation. e
concivded that the organisms ¢ould novw utilize the native protein ag m
Aasvtrient when it represented the sole ultrogen ssurea,

Drunsond {(1¥14; beosme inberested in an organien resernling
croteus 8p, which he isoleted from sevsge sludge. 16 ligquelied gelatin
rapldly and was espable of seeretin; the engyme gelasbtinssc when grown
in mubrient gelatin, peptone waber or poptons brogh.

In 1915 iperry and iettger condueted & shudy om btne growtn ef
baeteris on purified probeins, which was an enlergemsnt on the previous
work by Hainbridge. The purifisd proteins songisted of egy albumin,
serum sibumin, and edegtin whion were sterilised by filtrsbtion through
a serkefeld filter. J(onesntrations of U.2+0.8 per eant of the proteins
were mixed witn & sultable selt sclution snd served as the madium.
Proteolytie sotlivity wes oniefly messured in terms of inersass in the
vaeterial population., ihe aetivity was further tegted by precipiteting
the residual protein sad weighing, Chirteern organisms were Sesbed

ineluding H. entiracia, H. prodiricsus, . pullorum, and Ee protous

valgaris. they coneluded that the bmeterla were unable to decompose



nroteling, whether enimal or vepeteble in oripin, and thet proteclysis
eould acour in the presence of pepione or some other nitroegencus material.
iehl (1919 reported on the activity of eulture filtrstes of
k. pyceysneus, s prodigicsus, and I, g.btilis, on easeln and gelebin,
fhen grown on medis laeking organie nitrogen, the organisms vroducsd no
probesse in the eulture filitrates. However, when grown on yeiastin, ocsseln,
and nutrient broth, the evlture filtrates countained enzymes whieh would
digest both gelatin and cnsein. The test mothod consisted of adding
aliguotes of the cellefree Flltrates %o the test nrotein and when sultable
veriods had slapsed, the residusl protein was precipitated by acld snd
then selighed,

Levine and Carpenter (1523} studied the activity of 7 becterisal
species when grown on & medium sonsgisbing of 3.5 per cent relatin
sunplemented with O.l per cent peptone, Iroteclytic aotivity was deters
nined by formel titraticss snd vizcosity wessurements, Three types of
sotion were identified:

{1} The gelstin was not liquefied.

(2) The pelasin wees partislly ligquefisd and aecompenied by

slight ineresses in the formol titration.
(%) The relatin wess completely liquefied snd accompanied
by marked inoremse in the formol titretion.
enerally the viscosity was found to drop belore the formol titration
bapan to rise, and the abllity %o ligquefy gelatin was not alwayvs
sssecisted with abillity to decompose the gelatin,
fekeran and Lomanite (1925) mede a detailed sbudy on the proteoce

lytie mobivity of i, sereus end . flucrescens when cultured on emsein.

The medium consisted of a 1.0 per cent eesein combined with sn lunorganie
aalt solution. The espelin wes ewploved ag the scle souree of nitrogen,
or as the combined niirogen and carbon acures, Ainalyibiesl data were

ohbtained for total nitrogen by the Wjeldahl wethod, esmonie nitrogsn by



the ¥olin rethed, and amino nidropen by the van Slyke teehnis, The
dats obtained Irom these experimente showed that !, sercus could de-

comnase oageln most rapldly but that 3. fluoregcens was unable to

decompose osgein.

In 1926 Kendnll and Hlelth studlied the proteclytie sction of
b proteus filtrates on & gelatin substrete. They compared this activie
ty with that of pepein and trypsin snd {found that the bseterial enzyme
wag woat sotlve, Further when the ovgenlism wesg prown in a sedium
eonbeining utiligadle carbohydrats, the entyme although present ia the
filirste, wag found %o be 1ln sx lrnsetive state,

teerlll and Clark (1928) reporitsd on the {actors which alfeot
gelatinage production by “roteus gp. when grown under warious canditions
of ineubation, The influenes of scidlity, zeration, ihe presence of
eglelum end megnesium salds, and the composition of the mediuwm was
studied in deteil. ireteclysie was tested Ly prowing Prolous sp. on the
test medium, rewoving an aliquot and mixing with gelatic for & given
pariod, then noting the Jelling tlme of the pelatin. It was cbserved
that & peptone madium 8t pH 7«8 rezulted in optimel yelatinase producs
tien.  The produckion of pelatinsse was Tound to increase with increased
seration, and sotive proteclytic {iltrates asculd be cbisined from
gyathetie media in the prasence of caleium and megnesium salds. They
algo noted in many instances that even though a medium wae eapable of
suppartlsrg good growth of the corganiswm, yet no gelstinege asbivity eould
be detected.

in 1980 “ilson studled the influence of medium composition on

protease profuction by Baeillus subbilis and fseudomonss asruginoss.

The sotivity of the celiefree filtrates was tested on pelstin and casein,

Zhe noted that protsase producition by these bacteris wag @ process of the
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tmoillus subtilis wes also investigsted by Stockdon and Viyss (1946).

This orgenism wee found o heve a requirement for mancencus sulfate
when prown on nutrisnt broth in order to selsburate protesse.

Sead snd ilng (192%) investipgated the ability of (lostridium

sporozencs and Ul. histolytieum o degrade {ibrin end edestin in the

prezence of meak sexiraet. The proteolytie activities of the crgenisms
wore cheserved when eultured on » medium which oconsisted of 4.0 g of
protein and G.l2 g of meat sxtraot in a total veluws of 356 ml. The
enslyticel procedure comsisted of aialysaes of tyrosine, histidine, and
amsonis nitrogen sg well ss the formol titration for amine nitrogen.

These workers noted thet Cl. histolytieum exhibited & prester proteclytie

setion than (l. sporepenes, This gresbter seiivity veried with the protein
veed, They algo found that both orgeanisms were oapebls of utilizing
tvrosine te s zreater degree than histidine.

foohalaty and Well (1%352) found that altering the pi of the medium
rogulted in & change in the pif optisum of the protease seor-ted by

1 histolytieum, In s lster peper, “ail and Xoohalaebty {1957} indiceted

that the protesge of (1. histolytioum showed opbimel activity at pi! T.0.

in sddition, this activity was found %o be stimulated in the pregence of
sulfhydryl compounds in oonjunetion with the divalent ions of iron, mengane
ess, nickel, and copper at low concentretions. Further studies by
soohslety, heil, and imith (1935) proved that the asctivation behavior of
the feorrous ion end eysteine combinstion was cperative under all the
conditions examined. In snother report by tell, Fochalaty, snd “mith
(1938) the soope of the investigstion was enlerged to include (1.

sporerenes, Cl, welohli, (1, putrificum, and Cl. botulimum. ‘moe arain

it waz found thet the gombinebion of the ferrous ion and eysteine gave



maxirnm ectivation when added te the protesse Tiltrate. These rseults
were partislly confirmed by ven Heyninsen (1040} who observed that the

sxtragelinlar protease of (1, histolytioum wee setivated by eysteine.

evine and Shew (1924) studied the proteclybtic activity of ¢ une
identified therwopnilie orgeniens. The organisms were sultured on
1 per sent gslatin supplemented with C.1 per ecent peptens. The
decompogition of the gelatlis mediuz bty the thermophils was determined
by formol titreticns and viscosity messurements. Larked proteclytie
setivity wes noted for all the thermophilie organisms.

Chopre (1948) examrined the influence of earbohydrate on the produce
tion of protemsge by 2 group of thermophilic organisms ineluding

B thermophilus, k. serothermenhilus, and H. thermosncidurans. ~hen these

organisms wers grown on u 2 per cent cerbohydrats Lroth and the cellis
free filtrate tesbted for proteclytle activity on gelstin, a merked de-
crease in protenso astlvity wes nedted., The earbohydrate broth ouilture
was thepn ecentrifusmted and the beebterial cells separsted from the
filtrate, He then tested the proteslytic activity of the whole eculture,
the cells and the ¢ellefree filtrete, Harked activity was found to reside
in the whele eulture and in the eellis but not in the cell-fres filtrate.
it eoncluded that elthough the baockerdia had elaborsted mroteass in the
carbehydrate wediur, the engyme wes intirstely eombined with the celluw
lar constituents and was not relemsed to the filtrate whon the la-ter
wns tested for setbividy.

in grnother paper Chopra (1946a) compered the proteclytie sobivities

of filteates frowm ¥. therwmophilug, ©. serothermophilug, snd

£ thersoscidurans. The oulture {llirate and protein sbatrabte were

ot

combined and ineubated at 40 ¢ snd prodeclybio aetivity was debermined

by means of vigeosity messurements and van Slyke ammlyses for amine



nitrogen. e found thet the thermophlils produced aseiive protesses
which eculd be detected in the wmulture filtrates, Uptimal activity wes
nobed when growth ovourred in the range pi Y-8,

The origin of protesse derived from thermophliis wae irnvsgbtigeted
by Chopra (1946b). te fournd that Yhe engyme was eadocslluler in
eharacter and appeared in the wltures {iltrate only as & result of the
aubtclveis of the ceileg. Calelum and mepresium gslts wsre obgerved 4o
activate the protesse rather than to stimilate Lhe quantity of the
susyms produged by the thermophidla.

A recsapltulation of thes lilerature roviswed indicates that the
problenm of beeterial proteclyals hag heen exazined in two ponersl waye.
Tither the entire culture or the celli-fres filtrate hes boon exsmined
for proteclytic aotivity. Tha faet that both approaches haws been eme
ployed by the workers in the field makes 1§ gomewhat diffieult to
svalunte the results.

Aeroble, sussrobie, and therawphlilic bacteris have been oxamined
for proteclytiec sotivity., Forkers have usged sueh »Hroielins as gelabting
oamein, Tibrin, ep: elbumin, horse ssrum, serum albumin, edectlin, zeoln,
and glisdin in experiments. Soms snplytiesl procedures vhich heve been
empioyed include the djeldahl determirnmtion for totel nitreogen, ven Slyke
snalvees and {ormol titretions for amine nitrogen, residusl protein and
arwsonia aitrogen aeterminstions, and visecsliy messursoenis,

ihe evidenve from the literature landieates thet some beotorie will
degrade natlve proteins wien thege sre uwsed as the sole govree of nitroe
pen. Jther oprganisms heve beoen reported whleh will not degreads native
proteins vader the same ¢onditione. These negative resulis are now

subjeet to reevaluetion in view of the newer knowledpe of the witasin
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refuirements of beecterie. The hydrolyitic powsr of an organiem verles
with ¢the protein tested. /n orgeniss may be capable of degrading ons
meateln but not another.

In peneral most of the orpgenisms investigeted in the literature
wore capable of producing protesses in simple oulbure modie, The ene
zyme formation was fRvored by a noutrsl or sliphtly albkaline resction
of the medium. Unfertumetely mueh of the eserly work was doue when the
conoevt of pid and its aprlicsticn %o baotericlopy had nat vebd been
formilated, consequently some of the early results mey bs jJustiflably
gquastioned. FProtesss production could oceour in & syntheble medium in
the presence of csleium and magnegium ga2lts, These galts in & none
synthetie zodium apueared to activete rotease setivity. The ferrous
ion in combinstion with evateline appeared to stimulste the proteclyviie
setivity of the anserchic beoteria, The presence of dextrose In a redium
and either little or an adverse effect on oroteeclyiie sotivity., In the
cage of the thermophils &% lesat, it wes shown that the presence of
earbohydrate resulted in the formetion of suffielent protease, but that
thie protense was seourely bound by esllulsr msterlal snd not released
to the medium,

in the ecerly researches, the ineresse in the beeterial sopilation
when ryovn on & nstive protein was used as an index of protein utilize-
tion, with the lmpliestion that proteclysie hed scourrsd. The svidenoe
from the litersture indicstes that no sitriet correletion exlsts betwoen
bacteriel numbers and proteclyile sedlivity, Iin genersl thse deta sugpest
that the formmtion of protesse ls usually secompanied by tho development

of faiprly large bacterisl ropulstions,
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HATERTALS AMD ¥RUHOBS

(ulturea. 7The organisn wes a "{let sour” type of thermonhil
originglly isolsted from pess end obtained from the Zetional Ceruiers
sssceintion, bearin: the designation He (. A, 1808, 1t wes & cram-
rogitive, sperogensus rod syowing at S:e80 O, Wit not at 37 O, The
sreenism wag an oblizete therwsophil or stenothermovhil {!mseneeki and
tiolngeva 1946)., It was onosen from s group of 1l obligete thermopiils
on the basls of its sbility to deccmpose protein subsirates sz detopr-
mined by wisual exsmmination, 7The probein substretss ineluded gelatin,
folmen's aiksline chopped meet, litmue cilk, egy albemin, liver, and
bhea? blovd serumne.

Glagswars. The plseswers ineluding feux sulture bobttles, pipeties,
4 and 32 o sorew-cap botllos, volumstrie flaske, porecelsin filter
funnels (Gelas lice 02}, sintered gless filvers {(Corning . ¥} were &ll
chiewieailv clesned with ague regin. Handler filters (Nos, 8, 1L} were
washed in ecidified O.1 per cent petassium permanganste zolutlon,
feliowed by a 0,2 per eont oxslie seid golution, #£11 rlugswsre wons
finelly rinsed with dietllilcd water and sterilized whoen reguived, eliber

in the sutoelave or in the hot aiy omen in the customary essnmer,
ingubation., A de:ble -walled sir inoubstor wes used for sl sulture
work at 85 € » 0.1 €. Sotionel Surseu of Htandards tested thermumeters
were interanersed with the culture Flaska ¥o oheck Lhe semperaiure.

frovaration of Ilncoulun. The sboek sulvwures and inooula were grown

on media of the following eomposition: ftrypticase, 2,0 per eont; ynast
axtract, (.3 por seantsg ¥ell, (.5 per eent ﬁﬁgﬁﬁﬁ, Oed per cents srar,

lel por gent, (ssitons was oocessionally substituted for trypticase and



ig

smployed in the sawe consentrations, (ultures were grown on the stoek
medium srar slants and transferred dally for 3 days prior o preparsiion
of the inceulum, The prowih fror Ge-8 slants wg harvested eand suspended
in sterile diztilled wmter, The bsoterial oolisg were then pocled end
sentrifupgated at 250 r p m for 20 minutes. This washing process was
repeated 3 additional times and the {inul centrifugete taken up in
1020 ml of sterile dietilleod water, Tiis suspension eonstituted the
inoeulum wilen wag delivered in 1 ml amounts into Moux oulture Clasks or
4 on gorew-cap boltles containing the media.

Freparation of Tsst dedia Uonstituents.

Stock Cagein Jolution. Viteminefroe cesoin {Contrel Yo, 3860, 9601)

wag obteinsd from the Hutritional Liochemicals Corporation. 1t was pre-
mred in & and 10 per cent concentrstions in the ol iowing menner. +ifty
or 100 p of csseis was added to & 2 i besker containing 1000 ml of ¥/15
Sorensen's phosphate bulfer pi T.0 (ses Leiow)s The addition of the gassin
wag asconplished in s sbspwlize mmaney be aveld clumping of bhe easeln
narticles, and in addition an sire-powered stirrer sided in the solubilize
ing proesss. When the particles were thorouphly "webted", the suspension
wes transgferrad to e 2 /. (rienmeyer {lag: and the Tlaek was stoonered,

ine polution was next gently heated for & short while in the iArnold
sterilizer «ntil completely diasscived, The ocsgein solution was then ade
Jueted to pli T.0 by the addition of 40 per cent He and filtered through
filver peper, -nee arain the sceseln solubtion was returned to the Arnold
sterilizer together with a completely serembled iendler filtrabtion
epparatus and both heated for a short perlod of time until hob, the
filter epparatus was then remaved, swathed in towels to vrevent rapid ioss
of heat, end attachod te the wecuun line. The caselin solutlon wag Shen

remeved from the irneld and similarly swethed to prevent heat loss. The
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cpgein solution wes shen filtered ne rapidly as possitvles,. 1% wes found
from experience that heating prior te filtrstion oreventad eloping of
the filter and ensbled complete filiradion of the osgein. Thisg wpg ubw
dochtedly due to the feot that the viscosidy of the hot csseln wss cone
slderably lower than the eold essein soludtion thereby permdtiing repld
nagears theoush the PMilter. Sterility chacks were agcomplished by

eulduring 10 ml eligueots of the vesasin golution in thioglyeollsbe medium

Salt Mizbture. The following salts were digeclved in 00 ml o

distilled water withoud heat: Hsﬁ:}s, 26 mgy HI, 2.5 mgy Bghioge? Hgo,
100 mgy PeSU THol, B0D mzi HnSOg*4Hgd, 800 mgy CuB0g°Bipd, 245 mgr
inily, 2.8 mg. This swlt sdxture was [ilbered throurh sintered rless
filters (Corning “F) and when used in the experiments wes dispensed in
Vel wl mmounte per 100 ml of medium {(Cleverdon 1948},

Supplemental Jclutions. ftoock solutions of dextess:, veasht extract,

sxine acida, vitawing, peptides, ealelunm ohloride, mapnesium sulfate,
mirines, snd pyrimidiges were prepsred in Jdistilled water in eoncentraw-
tions such that when 1 ml of the stook solution weae sdded to 100 wl of
the wedium, the desired concentration of the substence wss obtained,
These solutions were all sterilized by flltratien throuzh sintered .lese
L lters.

uffer Jixtures. The msior portion of thae medie wes prepared using

the Sorensen ohosvhate buffer syvatem (Clsrk 1928) which consisted of the
following: (1) & a/l‘:« solution of primmry potassium phosphate which
conbeined 2,078 g of éiﬁ%gm‘;}& in 1l L of solusion. (2) & /26 solution of
sveondary sodlium shosphate whieh oconteined 5444 g of ashydrous ;:za.ziz 2 s
in 1 L of solution. For a solution at pli 7.0, four volumes of (1) were

eombined with € volumss of (2}, In & medium where s congidersble wvolume
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dgthod of the Formel Titration. The formel titration in its

modi Med form was smployed throughout the ceourse of the work snd pore
formed in the follewing merner: (1) 4 Deekman pi meter, model ig
{inkional Teshnieal Laborabtories) with extendable eleobtrodes (esdece
iglly the gleeve type calomel elwotrode) in combinabtion with a Veriten
transformer, model Vel {(United Transforver Company) set for 110 volts,
was uged throughout the course of the experiments, (£] 4 10 ml burette
salibreated in increments of 0,084 nml was employed to deliver the (0,08 &
figlvi gpolublien whieh was uwsed in the btitrations, {(8) berck neutral
formaldehyde, assaying at 38«38 per cent, wes poured into a large besker
and adhicted to pfi 7.0 with slkali by =eans of the Heckman pil meter,

uging 8o elestric stirrer. This nesutralizetion orocedure when sugmented
by vigorous stirring for 1520 minubtes resulited in & very stable formelde
hyde which meintained its neutrality for soversal hours, (&) ¥

the neutral formaldehyde was then pipoetied into & U =l besker, to whioh
w2y aleo added 15 ol of distilied weter and the contents thoroughly
mixed, The mixture wes then titrated with 0,08 ¥ HgiH te pi H.l. This
meocese wia reneatad seversl times and the resulis were averssed. The
mean obbeined was the Pormmldehyde blank wvalue which wes subbrschbed from
81l suhasquent titrasions, (&) 'ne ml of the unknown ssmple was plpetited
into a 50 ml beaker together with 14 ml of distilled weter sad thoroughw
ly mixed., Then with sither dilute acid or elkall, the mixture was
adjusted to pil 7.0, the besginning point of the titration, (8) 7o this
solution st pil 7,0, & ml of the eadjusted Tormaldehyde was sdded and
thoroughly mized until the pil meter indieator ceme to finel rest, (7)
This mixture was titrated with 0.08 ¥ ¥aF to end noint p .6 (Yelniek
and Jmer 1549), (&) The formaldehyde blank value of (4) wes subtracted

from the titration wvalue obteined in (7). This geve the formol titrabion
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of 1 ml of she sample in terms of ml of 0,05 ¥ M0H, (9) In terms of
ti4rable nitrogen, 1 =l of 0,08 § Hg0H is sguiwalent %o 0,7 mg of
nitrogen,
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FESULTE ANL nIBfUsSsIoN

The faetors influeneing the probeslyiic aetivity of the eoxperimentel
thermovhilie organism (%.0.5. 1503) whieh wore examined in the course
of this work may be convenlently divided in the followiny manver:

1 Fhysioal Faobors
Le Tempersture of Inoubsticn 45 C
te Longth of imecubation
Lo pH
By Uxypen Tenalon
¥e Types of Buffers
¥o Coneentration of Cagein
e Different iots of Casein

if Thomical factors
Aes Pasal ¥edlvm Constltuenids
1. Vextrose
2. Yalt Hixture
Sa Thismin, Hieeln, Biotin
s Caloilun apd Yagnesium Salts
(e ¥itaming
e Amine ecids, Yurines end "yrimidines
Ey idipevrtidos
¥e Peptone and Amine seld dixtures
Ge Comparisen of ifeol:, ilngymatie, and iseterisl
iipeastions

I11 Belogienl Factors
he Sature of the Jrganiem
By Tifferent Types and (encentrationes of Ineuule
Ce Halation of Becterianl Numbers te Prateclytie
Lotivivy
The data obtained in all the experiments were derived from the
formol titration which wes deseribed in the geotion on “sterials end
Hetiwig, 2t 2lil times the menner of performing the bitration was
rirorously adhered to, and ell the recorded results sre in Yerms of ml
of 0.05 % Haile
To determine the profeolytie activity of the thermophil in e

partioular medium, two flasks cvonteining the identical medium, one of
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which wes incoulsbed {the aulture; end ithe other uninvculsated {the
conirol ) were incubeted at 8. (., A% giated intervals 1 mi sliguots from
bobh the culture end the conbtrol wers subjeeted to the formal titration,
£ the formol value of the control were subtracted from the formwl wvelue
af the culture, the difference represented the proteclytic astivity of
the tharanphil on the pardtioulay medium,. Surther 1F this difference
ware divided by the days of incubation required to aaﬁiavg thig differe
ents, one would now hawve an average dully rete of change (sactivity units)
of the proteclytie aetivity for the tinme inbtervel in guestien, Almost
all of the data of the proteciytie actlivity of the orzaniem has been
recorded sz the difference bebween the oulbture and itg contrnl at the
end of e tire interval (formol titration difference).

I ggycienl Faotors

se Yewpersture of inecubation 48 C. The orgeniem wes kmown

o crow at 55 C and 88 € but not at 37 C3 it wes declded to tegt the
influenee of an intercwdiste temverature sush as 4L £ on the proteciytie
activity of the basteriunm. This was done for two reascna: (1) (nopra
(19468) although he cultured thermophilic orgenisms in broth at 0 7,
nevertheless tested the protecivtie activity of the cellefree filtrates
on protein substrates st 40 C with good results; (2) Teuber (1943)
obgerved that above 0 € ensymes in solution were ranidly insetiveted,
whieh degbruotion increased with elevation of the toemparature and was
complete at 8O C, Fresumebly i{ the test organism could be sulihured

a6t 456 ¢, lesa inectiwvatlon of the engymes would oocur than at 88 C,

Two sisdler sqts of 0.8 por cent viteaxine-fres ceeein were prepured whiich
verled as to eonstitution. Toth gels were incezlated with a evspension

of the organism containing 320,000 organisms per ml of the sedium. One



et wes inoubet-d at 45 L and the duplieste set at 54 O Formesl titras
tions were made at intervals end recorded., The dilference in setivity

betwgen the two sets was visually evident, The #5 { set ghowed the
typieal pattern of baoterial activity in the medium which wea chaerved
throughout the entire course of all the sxperimente, esnd for thig reazon
iz degeribed in detell,., The lirht swmber ecolored mediuvm ab the snd of
Z=$ days showed the typieml sloudiness snd "swirling” of beoterial
ceowhh when shaken, ag compared witi the clesr swber controls. 4After
dwd doys of inocubation, the ovliure wediva turned & complete milky white
with evidence of sedimentetion., [y .10 days of inoubstion the miihy
white golor of the mediun was complotely dissipeted lesving snly some
sedivens at the bottom of the culbture flask. Therselter the scdiment
and the culture fluid turned e dark brown eolor wmidh extended incubstion.
It was usualiy afber the disappesvance Of the milky white eocleor thag
proteclybie achivity could be detested by the formol tltration,

The 48 € set of gultnres showed none of thiz sobivity: indeed
there way no evidence of zrowth of the lnoceulum wheress in the S O
set, the count in one culture was ss high es 18,000,000 ser =l in 25
deys., “imilsrly formel titrations indieated no svidence of proteclytie
activity in the 45 C #s% but in the 20 U sas, one culture wis as high
8z C.i4 »l Formol titration differenes in 38 days.

He Langth of Incubatieon., The period of incubstion of any

series ol test modie was determinmed by indieations of proteclytic sctivie
by, Csnerally when sipnificsnt formel titration diflerences were
shhained among the eultures in any piven gories, the proteslytie
aegpurenents Jor the geriss were then terminated. The results were
svalusnted within the ssriee with respoet to the stimulation of proteow

ivtice sotivity which any partieular mediuvem possessed.
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On the obbher hoand 16 weas found thas signlficant formel stitration
differentees asony different sxperimental series cocurred et tihe end of
#if ferent Licve intervals. This wes dus Lo geveral sctors such asa
dilffarent condiil ng of serstion of Lhe sultures, dilfTerent cuuncantra-

iocg o eemsein, different media constitution, and the weriable gurvivel
camaitiocs of fresh inceuls of the orgenisme.

Tne el ieet of seration, casain concentrstions, and medliunm constitue
tion on tne length of the incubstion period will be dilscussed bLelow,

The guesebtion of survivel capascitles of the {resuhly inoosulated sypaniem
oresanted g seriecus problaxm. 1t was cunsidered of prioe irmriance o
vee nipleal nusbers of the organisgm a8 looculum %0 initiate prowbh withe
in & resgsorable perisd, since it was reslized thet the ad-itien af too
mosnive an inootulum would possibly reguld in Sne Tortuitous introduction
of the very fastors, the influenas of whlon 14 wes degired to study., Iin
sedition the abtlliity of thermophilie beoterisl pomulations (inoem.le) to
aurvive for any exbtended period st a Lempersiure of Iu €, whether
cultured unon favorable or unfevorsble medlis, is noet =7 8 wery hich
erder. Hansen {1633} cbserved that tne death rate fuor 2 faeultative
thermephil wes maximel in the 80 { respe. Iindeed twe pomistion plote
et 52,0 U and LT.0 O were shown by him S0 hawve aiready completed the
loperithmic death phase of the growih curve within 25 hours. Zimilerly
1lem (1800} noted a drop in runmbers of viable feaoultative stherronhils

from 103 o 103 per mi in 2.0 hours when meinksined st & O, CThopre
{1946m} in his siudy on thermophilie orgeaniers siuntes:

"Tepth of the eells as cCetsrwinsd by fellure b0 miltie

ply sharts quibe sarly after inceuiation, in {act

sultiplication and death ray be said Yo bezin almost

simultansouslyy it ie thersfore inmcourete o say that
in yeung eultures sutolysis does not teke pisce.”
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It is geen thareflore thet in any sarsiculisr experivental serliss
corprising & number of culture {lasks emoh containing e different
sultare medium, the effeset on the survivel on the organism wiil be
varisble depending on the medium meke-up and the innate “solieids)”
tendenoies of the organiss iseelfl. I the death rate of the inoewlum
nopuletion after soeding were exvexsive, then other faotors being equal,
& belated rrowih response withs subseguent velsted proteciviie activity
was Lo be oxpoeted. Congegquently if a suilielent ineubsbisn period were
pormi thed in whieh the complete prowth pattern were allowved to yun ite
fulli course, then sufficlient formol titretlon differences could bhe
ohiained upon whieh to form an ocinien regarding the afficaecy 2f the
medie invelved.

Thus it wes found throughoud the course of the work thet two ildentie
cal experimentel series when run st diffurent tises eculd nos be compared
in & striet manner, since maxiral aetivities did not slweys cecur in the
same degree at the same time. owever 1I one medium composition were
found %0 exoell sll cthers in its seriss st s certaln ectivity level at
a certain time, then this same medium eompoaition would exesll ell the
others in s repeat seriss &t s later date, althoupgh the activity and
tire velues might wary somewhat from the first trisl., In all the followe
ing =xperiments, incubatlon periocds wers pernitted Yo continue from f«8
we:-ks befere termineting the experimenta.

Ce pis The atarting pi of the medium which war %o be incoulse
tad with the test organism exerted a definite influence on the proteclytie
getivity of the thermophilic organism. iansen (1933) noted that & pif of
4,7 hnd & deletericus eiffeet vn the powulaetionms ¢f a facultative thermo-
phil which was pot evident in a medium meintained at neutrality with

ﬁaﬁﬁa. Chopra {1946a) studied the influence of pil on the proteclytic
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sobivity on gzeletin of thersophllic cellefreos filtradtes. o smpioyed
the Seilvaine olitrete phosphete buifer system with an ineuietion at 40 O,
Tt weg found thet the setical range ley from 7,0 te 8,38,

Yo fdlgresz for s poment it mey e noted in conbrest that the Stest
ergeniar was ingapable of proving at 40 U and else unsble %o Initisbe
srowth in 8 oltrate phosphebs bufler medivm, 16 would geenm 4wt the
elitrate phosphete wufler smy prevent the growth of s thermophille orgshe
e guoh a8 .08, 1803 and thereby prevent protesse formasion, fut
once probtease is elaboreted by & thermophilic erganlism, the proteclytie
aetivity thereof may be unhindered in the presence of eltrate vhosrhate
ruflor.

1% iz of interest to oonsider the basic differences underlying bthe
funipeentel approaches %o the entire problen of proteciyesls neavely the
direct and indireet methods of ammlyeis. Jbviously the feotors whieoh
Favor the preper funetioninrg of a proteosse svetewm onee 1% heg besn
elsborsbed by an organism and bested by the indireet method, mav setuanlly
nrove unsuiteble or inimiesl %o the dewelopment of the livingy orgenienm
ttzelif,

The influence of pi on the proteclytie aotivity wes examined. The
mediunm on which the thermophiliec orpganism was cultured was ax Toliows:
vitarin-Croe cagsin, Ge3 23 selt sixturs, Do ml; yoast entract (Iifecoj,
o031l =3 dexatrose, U.1 g3 thiamin, 1qyug; niacein, lﬂth; biotin, 4;?/&5;
Sopenpen phosphobe buffer pi H,85eT.5; aad Clerk-iubs buifer pl 7.6«8,68,
The bobel velums ens 100 ml end Yhe p of the rwdis were respectively as
Toliowe: 5,85, 6.0, 6.4, 8,82, Te0, TeB, Tef, Hads, S.65, The wvedin
were Gispenged in 10C ml seountg in rubbesregsboppered Toux botsles lmid
on end and incubsbted ot 0 (. The resilts are pregented in tedble 1,
where 1% is seen thet uptimel volnts ccour botwoen pli O.det,8 and pi 7,5«

Tells
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influvenee of pdl on the proteclytic sebivity of &
of the test orgenism

Culbure Iesignation
& o c B N ¥ & # I

TR
3

Initisl pH La 85 20 Ba4 S8R T 0 748 T8 8.55 B.865

Foraol Titretion
T4 fference after
28 éﬂ?ﬂ ineubation -8 «10 « 30 .27 #1? 224 L3B0 <0 +O8

P pon Tengiom. Ihis erganism exhiblbted aercble chere

acteristios of growth, consegquently it wes ~onsidered deglipsbie to
determine the influence of oxzyren btension on proteslytic aekividy.
Furthermore an atbempt was made to currelate oxypen tension with pi
should any sueh relstionship exist.

The oxygen tension of & medium will wary directly with the sren of
its surfaes exposed to the air, and inversel with its devith. Combined
into one expression:

1 = gurfecs ares »f cedium
depth of medium

Traue we haws 8 simple exoression desordbing the oxygen tenslion of the
medics as the ratic of the surfece sres sf the medium Lo the depth of
the wedium. Zince the volure of the wmedium wes 100 ml end was always
corngbant in all the e periments, the ﬁﬁg varied asz 8 result of the aige
and shape of the culture flasks employed.

The medium for this exneriment congisted of the following: vitenine
frer pasein, O.8 g3 selt mizxbure, U.0 mlj thiemin, 1@@/&@; nisein,

le/ug; blotin, ijug; Hiopar ¥ {Armour}, UG.01l g3 Sorensen phesphabe
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Wuffer, 1 €.0e0,03 Clarkelubs buffer, pi 5.0, The total volume wes
100 ml, The medin was made up in triplicate amounts st pil 6, 7, B, 9.
For each mi, the culiure flasks were: 4 of serewecap buttle, g%l e Ty
il Telenmeyer [lask, Rﬁaa?éx 32 oz serewwcap botitle, Kigp®iv0Q, Thus a
“otal of 12 oulture flaske, nll eontaining the same modium but varying
28 %o pil and oxygen tension sompriged the series, The results are noted
in table Z and figure 1,

It will be observed that all optime fell in the pH 6=7 ranpe,
{figure 1} regardless of the kO, value. iUy T4 renerally gave the best
setivity., Interestingly the results <o show 8 close relationship
botween pu and oxygen tension, Further it is possible to supsly too much
oxygen to the detriment of the proteslytie setion,

Un the basglils of these results it was decided to use the Sorengen
phosphate buffer at pi 7.0 in future work. The possibility of uveing the
1t Yrismesyer flesks, since these gave the besgt resulis had ko be dis-
cardad. The resson for this was the lerge amcunt of incubetor spece which
would heveo been regquired, & rublber-atoppered Four sulture bottle laid
on one end heving an PO, walue of 42 wes substituted instead and employed
in 8ll subseguent experiments.

¥Fo Typss of Duffers. In all the experimental, bufllers were

insluded feor pi sbebility in the cultures (teble 12) snd for the greater
eaga of senipulation which they efliorded in the formel titrations,
"proteclybie activity sould be observed with the buffesr lacking, Although
the Sorengen phosphate bufller was eonstantly employed in all the axperi-
=ante, 1t wse considered of worthwhile vailue %o eittenpt the use o7 other
suffers to sse 1f proteclytie sativity would be influenced. The (larke
tubs Wffer consisting of borio seld and sodium hydroxide, and the “ridesuixe
sard bulfer sysbem oconsisting of phenyl scebie, phoapherie, and berie scids

ware substituted and proteclvtie setivity oxld be noted {tadbie 2:4;
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THABLE 2

Influence of pi snd oxypen tension on the proteclytic
activity of the test organiem

Lulture Btsigpﬁtian

& B € L E F G 3 I J K L

E

Rﬁa 1.7 T4¢ 190 1.7 T4 180 1.7 T4 180 1.7 74 190
23 Gel ©Gal B4l Te? T8 Ted Bol 8l B4l 8,7 B.,7T 8.8
Formol Tit,
Piff. alver
hd dﬂiyﬂ «21 ;W + 28 « 50 0?2 » 50 24 =, 08 14 <08 «GH &OI
Incubstion

* ROp2l.7 % 4 o2 sorew-cap bottle
Eﬂgz?i 2 1 L Erlenmeyer flask

R822190 = 32 oz screwsomp bottle
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Fe Different Consentretions of Caseln., rart of the

sxporinental work enteiled the uge of & s per csnt saseln concontirs=
tion., 1t was penerslly found that with this concentration, simifi-
cant rroteolytie activities 4id not develop until 4«8 weeks hed elepsed.,
However, earlier respoises (2~3 weeks) osuld be obtained when inereased
eoneentrations of cneelin were empleoyed., 4 2.8 per cent concentration
of saseln wag found to be very satisfactory and wes employed in sube
sequent experiments. FKesults on warving cssein concentrations are
noted in table 3.

o

Gy Different Lots of lasein. Uhen the supply of one lot of

casoin code 3860 was exhausted, snother lot, code %601 hed to be used,
fhen both ecodeg were tested simulienecugly for proteclyiie sotlivity
under identieal conditions, different formel values wers obtained for
girnilar conesntrations, The resulls of this experiment are %o be found

in sable 3.,



TABLE 3
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influenes of different lots (3860 and 5801) snd concentratiocns

of eagein on the proteciyilie eokivity of the test orgeniem

::::::

Culture Designation

A B ( P

Constituents/100 ml of medium
Yitanin-freos casein

{Concentration and code as Ba.8g 2.8 1.0g 1.0g

indicated) {3B60) {9601) {3880) {9601}
Salt MNixture U.b x x x x
Dextrose O.lg x x x %
Vitaming:

Thiamin 100 mag

¥imoin 1 A

fiotin ﬁfug x x x x
Lorensen Huffer pH 7.0 x % x =
Formol titretion difference

after 16 days incubation 1.86 275 Ua 84 1.06
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11 Chemical Feetors

is Peomal JHedium Congbituentyg,.

1. Dextrose. Initially, & 0.5 per cent concentration
of dextrose war included In the medium %o serve the orpenism ag &
rendily aveilable soures of esrbon, The seldity resuliting therefrom
advergaly affseted the buflfer systen, snd a O.,1 per cent cancentration
of dextrose was scbhstituted ingtead. Uith respect to protesliyiie
ectivity, the presence of dexktrosgs wes lfound te be helpful [table 4:
By Ela

2« 3alt Hizture. The salt mixture, the corposition of

viich has beer degoribed in the seetion, taterisls mnd “ethods, wes
found to have no efivet on oroteclyeles (teble 4: B},

3. Thiamin, Yiecin, and Hictin. The test orpanism had

bron gheown te exbibit good rrowth when sultured en cesein hydrolyeste
guprlemsnted with the vitening thismin, nisein, and tiotin {Cleverdon,
“glegsr, and Toebsch 154P), Thase three vits=zins were emnloyoed throuphe
gus She course of the work., !xsmination of the date in teble 4 indicetes
#hat thiamin results in betbsr sctivity than elther nisein or blotia

{#, T, 4}« Further, when the aebivity of these vitamines ars compared
with the eontrols (4, ) it ie observed that only thiamin () signifie
rantly effecte proteclytic setivity., The combined vitemins (i) are

more affective then when uged individuslly. #hen the cowmplote bessl
combimasion of casein, sslte, dextrose, and visamine are conbined,
meximum activity la obimined (0},

Y Imleium and Magnesium fslte. iaines (1831, 1932, 1933)

indlesgted that eslelum end mepnesiun salts were ol value in the produce
tion of uvrotesges. 1t was endesvorsd to test these findings by the ine

corporation of Cald and vpSlg in 5/280 goncentrations in the engein



200 81%0 8€°0 88°0

L9*0 L¥°0 02°0  8T°0  81°0 ET'0 ToT3ennout 84Wp 7 483w

POUBABIF TP WOTINIRTY [0wl0y

x x .k s unsoms
x x x /001 wyowx
¥ x x gw/oor  upetuy
X (3g°0) = T 1 880s3xe;
b 4
* x T 3%0 eamXTy 3w
Ly =%k
*oF * * x x x x x x i e *lrng ojeydsoud URRTBIGS

£ 3¢ G680 BRAJ-UTHVLTL

UngPem T8 OOT/83U0N3 13840

PI 7 5

v k.S a 3 g ¥

nergwudtee] alng Ty

weiuediso 3se3 sug Jo Ayrapiow oysdiosjosd

Iy U0 WNIPEN el JO SPUeN)IIsUCO SRoTJuA Jo Spusnlul

P dTHVL



medius. 7o significant improvewent in the proteclytic aetivity enuld
e deteoted at pid T.0.

Ce Yitaming. APter the three vitamins thiamin, niaein, and
bietin bad been found to favor proveslyiie asctivity, it was congldered
worthwhile to examine further the role of the entire vitamin ¥ complex
in thls regard. The results of such an investipgation are sesn in
table &, 1% may be ocbserved by referring to the formel titration dlffer-
ences thet ne sombinstion of the vitemine showed any signifieant inmprove-
mont over the sctivity of the three basasl witamins of Culture 2. The
caleium panthothenste () vaiue iz slightly rreater than (A} but this
ig within the experinental error of the analytieal teoknique. It can
be geen that multiple gquantities of the vitamin sre without effeet (J).

Diffesrent combinationg of the mewmbers of the vitemin & complex
in other experiments sllelted no betier regponse. In sddition pyridoxsl,
and pyridoxemine were added %o the vitamin pgroup and thess eorbined with
moprines, pyrimidines, snd 14 ewino seids to no aveil (table €, 7). Ten
times the cugtomsry amounts of folle meld, pyridoxine, and Byp were
found to be ineffectuml as compared with the influenee of the three
beesal witemins {(table §: ¥, G,

De Amine seids, Murines, and Pyrimidines. Fourtse: andno

acides and 4 purines and pyrimidines were grouped together in the combing-
tions and concentrations indleatsd in table 8. 1%t wes thoupht that in
sueh & relstively complete medium the orpanism would have sample
epportunity to develop well. The constitution of the medium may be

noted in table 7 as well ag the regulis.



TABLY &

Influence of various members of the vitamin B complex on the
proteclytic activity of the test organism

Culture Designation

& B € D E ¥ G & 1 dJ X
ﬁanatituents/iﬂﬁ rml of medium
Vitamin-free cesein Ceb &
Dextroge Ol g x x x X X x x x x x x
salt dixture Q& ml
Sorensgen Huffer pi 7.0
Thiamin lmo/ug x
Niaein 10 /ug x x x x x x x x x 3x
Biotin 4fug
Riboflevin 1@()/\@ X x 3x x
Ca. Pantothenate 100 fag x % 3x x
Pyridoxine 100 pug x x  3x x
Inositol ).GG/ug; x x 3x x
Folie Aeld 100/;@: x x 3x x
Vitamin By, 1Gn fug x x 5x X
PaboBoAd 100 Asg x x 3x x

Formol titrsiion diflsrence
after 40 days incubation

0.26 0,186 €,33

0313 -0’03 0011 0014“. 'Oc% 0:03 Q.l5 0001

13



TARLY @

tomposition of the medium employed %o btest the influence
of wvitamine, purines, pyrimidines, and emino meids
on the uroteslyile activity of the test crganism

Constituents/100 i of medium

Hegal
Vitanin~={roo casein ek g
falt Uixture Cefi ml
bextrose Uul ¢
Toiemin 160 A€
Blotin @M\am
Hisein i fal

Sorengen Iuffer i 7,0
ROy ® 47

Vitamls Suonplements
%iboflavin

e, Pantothenate
fypidoxine
Byridezal
Pyridexamine
Inositol

Follie seid

m,; - mm E ] m»_m » ,%w *

Yitemin Bygp

gy dn

g

Qg}
B
PEREE

i ot P ot ok o oh o Je

Marines, Pyrimidines

sdenine Hulfe wm@&\wm
Guanine lydrochloride 1000 mg
Lraeil 1004 \ﬁm
ranthine w@@@\ﬁ@

Anfno Z6id upplements
imGiutanie Acid
Lw{ystine
L=Tryptorvhane
Ti=iiothionine
L=Fyrosine
iwlysine
lleAlanine
wefgpartic Acid
H-Yaline
LeiTiatidine
L=fppinine
Letroline
ii-Threonine
Plwtieuelne

RANBEAR

mAEmsamm




TABLE 7

influence of vitemins, purinss, pyrizidines, and smine seids
on the rroteciytie activity of the test organism

Er—— -, e % 5 S A Bt

Culture Pesipnmtion

A b e o
fasal x = * *
Vitamin Supplements x % #
Mmrines, %?yrimwinma x x
ﬁmi:w .&&iﬁa x

ﬁ@rmax titrntian differanea
sfter 40 days incubstion C.22 oG w(}e OF ~0 408

it iz apparent that in a U.5 per sent concentration of caseln, the
smine acids, purines and pyrimicdines wers ineffectusl. (ther esperirents
uglng 1, 2%, and & per eent of caseln in cowbinstion with the emino
acld end purine, ryriszidine supplements showed pogsible indieasions of
incressed vroteclyiie activity but the res:lts were tooc verisble teo
porzit the formine of & definite opinieon.

E. Dipeptides. Simmonds and Fruton (1946) rerorted on. a
prolinelsss mutant etrain of ¥, coll whish grew better with a proling
peaptide than with proline elons. It was thought desireble to test the
effeetas of dipeptides on the proteclybio setlivity of the thermephilile
organism. The medium wag preparsd ag indioated in table 8 end the
results show that the peptides were without influenece and actually

awppeared to inhibit aetivity,
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¥, feptone and Amine soid Hixtures, iinee the simple awmino

aeids nnd the dipepsides were tested for their influence on the proteoe
iybie activity of the thermophllic bacterium, it was thought sdvisable
to complete & study of the effect of the nltregen serise of compounds
by testing the influence «f peptones as well as complete miztures of
emine acide, This hes been done in the experiment llsbted under tabls B,
The gomposition of the pentone and the amino seld mixture supnlements
used in the experiment wers as follows:

Feptone Supplowents/100 ml of Hedie

{1} veptone (Haecto 7 pe
(2} Protedpss Peptone
¥o. 3 {(Baeto)
(3} <trypiose (Saets)
{4} Fhyteone (B.%.L4)
(&) Thiotone {H.B...)
{6) Meapeptone (Hseto)
{7} Protecse Faphone
{Baeto)

R

g
Peptone and Amino Aeid Supplements /100 ml of Hedia

{1) tasitone (Sseto) z/ug
(2) fTrypticase (U.B.i.) e
{3) Csmamino Aoids
, {Baete) T pg
{4} Ferenamine {Stvarns) PE
This experiment elso tested the influence of warlious buffer systems,
the gompogition of which were desgoribed in the section, Yaterials end
tethods under the heading, Buffer Hixtures., Culture I was inceulated
with organisme prown on tpyptioase yemet extract azar alands whereas all
the other cultures, with en inoculuwm groes on essitone yeast extrect

srar slante,
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The compogitiocn of the wedlia and Hhe results obtained ars Found in
table 9. (ulbures 5 and & wore the controls and showed 2 formol titrae
tion difference of U.ll ml and V.0l ml of U,08 ¥ Ha’¥ respeetively,.
shen contrasted with these values, Culbure ! with (.18 »l ehows that the
pepbone mixture had no value with respset to the activity. Culture J
with a wslue of 0,58 ml indiestes that the neptone-amino seid mixtures
favorably affeeted the proteslyiic eetivity of the thermophilie organism,
finme observations bearing on the factors studied 1a this exporiment have
slready been reported under special hesdings sc the results will bYe only
briaefly recapitulated. {ulbure [ with & forwol titretion diifersnce of
t1e61 ml demonstrates the influence of & different inoculunm scuree when
gonpared with econtrol (ultures & and &, Culture o proved the basael selt
mizture to be of no walue. Culbure D with the dextrose cave & slightly
improved astivity, The three basal vitaming, thiemin, niselin, end
biotin, demonstrated s considerably inoreased sotivity in Culture © with
1.8 ml es compared with Controle 4 and . Gulture ¥ with g1l the basal
congtlituents gave mexicml sebivity; .12 nd Culiure © with additional
smountes of vitaminsg proved of no value. The Jorensen citrate hHuifler,
fulture &, showed nc setividy nor did 1t even persdt prowth of the orpane
ism, wheresas the ‘ridesuxeiard buffer, {uiture L, showed some sobivity.
fulture ¥, with ne BWiffer oresent showed little or ne evidence of
mcbivity., In tables 10, 11, snd 12 are included all the date Lo accoms
neny bthis experdiment. ISimilar date for ail the other cexperimental work
have likewise been ascvnmlated but have heen omitted due bo the
voluminoug neture of the materisl. unly the fermel Sitration differsuces

heve heoen rocovded,
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TAELE 1D

Formnl bitrotion date obiained from the axparim&ntﬁgn the
influenee of the baszsl sonstiiuents, peptone,
amine seid, and buffer mixtures on the
proteclytie asctivity of the
test organism

Formol Titrations

Controls Culiures
Iaya of Viaaubukion
o I 21 “ Q 10 21
16 of 0.06 N NaoH

Culture

eglzna-

tion
A . 1,08 1.06  1.37 1.09 1.08  1.48
B 1.1 1.2 1.4 1,09 1,16  1.42
¢ 1.00  1.06  1.45 1.08 1,12 1.44
v Lol 1.0 1.36 | 1.02 1.25  1.57
T 1.68  1.08  1.24 1.07  1.58 .18
¥ 1,01 1.08  1.3¢ 1.1 2.02 s.54
¢ 1,02 1.2 1.26 0.9 1.08  1.45
. 1,08  1.06  1.28 1,08 1.2 1.46
1 1,09 1.1 3.2l 1.08 1.13  1.82
J 0.98  1.0%8  1.19  1.00 1.16 1.7
i G 58 C.81 0.61 no evidence of rrowth
L 0.81  0.73  0.84 0,80 0.87 0,90
" 0.66  G.o 0,44 0u65 D.58 0,62

*ﬂuitura eonditions or supplemsnts are those deszvridbed in
table ¥,



TABLY 1%

Foreol titreation difference snd activiiy units dats frorm the
sxporiment® on the influence of the basal constituents
peptone, amine meld, and buffer mixtures on the
proteclytic aotivity of the tesat crganism

41

Formel Titration Iifference Activity Units
Days of Insubation
- 0 10 2 10 =
W of 0.08 ¥ Feok

ulture

Desi¢na-

tion
A 5.06  ©.04 0,11 0,004 G005
i 20.02 0,08 0.01 0,004 0., 0006
- T0.08 0,08 -0.00 0,006 0. G005
n 0.01 0,15 0.z3 Ty
¥ 4l '§;#? 1 .88 o ég@@? | 05,08
0,00  0.95 .18 0.093 G102
o «0.08 0,09  0.18 T 0.009 .01
K -0.02  0.08 0,18 0008 (.008
y 0,01 0.00 0.8l 0.00 04085
J 0.0  G.13 0,52 0.013 G026
| 4 no &vi&an@a éf | ne evidence of

growth growrkh

0.01 -0.06  0.26 0,008 0,012
0.01  =0.01 ©0.18  .o.o0 0008

“tulture conditions or suppierents ar¢ thoss described
in table %Y.



TaBL: 12

pfl dete cbisined from the axp@rimﬁnt“ on the influence
of the basal constitusnts, peptons, eamine said, and

wuffer mizbures on the proveclytie setivity
of the btesdt orgenism

L R e (e

Controls Cultures

Uays of Ineubstion

& £l » , Q‘ B 21
i

fuiture

Lesipnation
& &.82 6 B0 G.75 B3
%) G BE 8.80 G.,72 £.74
:fi {‘3..72 g»?: ’3«?2 étbﬁ
B B8.78 6.8& G50 BBl
¥ £.72 .72 §.78 G470
€ 6,72 8,72 68,72 o T0
# 8,72 £, 80 §,.78 £.793
3 ST B.79 8.7 S.TS
o G749 8,79 Ga.TR £.78
K 6,60 6475 .60 670
I 6,72 8,80 % 6.7T0
& £.70 Ga 80 G.08 €470

*Gultarw condibions or suovlements are those degeribed in
table 8.
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Ge 4 Lomparison of seid, 'nzymstiec, and Escteriel Digestiong

of 2.5 per sont Camein. Conourrently with the previcus experiment, a

study was undertaken to oompare the proteclytie aedivity of the experie
mental orgzanism as orevicusly debermined, with the enzymatie and acld
digesation of easein. A sufiieclient amount of the atock casein sclubion
remgining from the previous experim-nt {teble ¥) wes now employed in
the acid-ensymetie digestion exowrlment whieh was deslipgned es deseribed

in table 13, The forwol Hitreiion dabe anre detailed in %able 14.

TABLY: 13

The comparison of the zeold hydrolysis and panoreatis
digestion of a 2.5 per cent csseln solution

iHpestion Flask lesignation

A B € 3 E

Longtituents / 100 ml of golue
tion
Yitaminefres Casein 2.6 ¢ ® x x x =
Sorensen Phogphate Hulfer il B.é
ranoreatin felution ~ 10 nld 1m0 uE 200 m@kﬁﬁﬂ mg  HOL
controls

VitamineCree casein 2.5 2

Corensen ‘hos. Iuff, pH H.4 7 o 2}

Fanereatin Scolution - 140 =8
{inasetivated)
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An anmlysis of the vitamine{res casein used in the exverimsnt is
furnished by the Jutritional iiochesicals Corporation as follows:

Total ditroren, moleture free basis ® 156
Total <olsture, naximum -2 -3
5 2.6/ emmein solution contains 2.5 ¢ cesein /100 m,
The water content wlll therefore be 2.0 x 008 ® 0,2 g H,0,
Thug 246 =~ 0,2 ® 2.3 g protein in 100 ml of 2,5 caseln #olution.
How 2.8 x 0,18 & 0,348 ¢ nitrogen present in 100 ml of 24,57
cosein solution,
This is equivelent to 0,00345 g nitrogen /ml.
The atomiec welght of nitropen 1s 14.0 g, and a 0,05 ¥ golution of
nitropen will eontain 0.7 we nitrogen/ml. In the formsl titration
nne equivelent of an emino seid will bs neutralised by ome equivalent
of alkeli,
Bines 0.7 mg nitrogen ® 1 mi of 0,00 & Hall therefere,
Theoretical total altrozen in terms of Haly =

OeUUSAE ¢ 4,588 ml of 0,05 ¥ nany
0. 0007

in other words if »ll the nitrogen contained in a 2,5 per oent
sclution of omseliln were made avellasble in the formol titrabtion, khen
4.53 ml of (.08 ¥ He'dl wonld be required in the titration. Actually
of ecaarse, the true velus will be somewhat less than this sinee some of
the nitrogen is in s form inoapsble of being btitrated in the formol
titration, levertheless this wvalue represents & maximum 1is:i% the use
of whigh snables the determinatlon of the degree of hydreolysis.

If we refer to the formal titration 4ifferences in tables 14 and
11 respootively, we moy list the resultg of the different Jipestions in
terms of D08 & NaB sg followa:

Totel nitroren content of & P.h . sapein solutien{l mlj

4,83 ml of C.OL st
seid hydrolysis of 2,: essein gsolution (1 ml)

1&05? 3‘% 5'11 # 13 ]
tgneroetic digestion of 2.0 ecagein solution (1 ml)

lwa, & (100 mg, 200 mp) Tei5 m ¥ 1 ;vf

18wt (,Eéﬁ}(} m) 152 m) [ w
seeterisl digestion of 2.7 . cesein solution (1 wl)

lieE 1,88 g3 "V W -

1lwd 2,15 m " w ]

1imi GoBY mi " voon



cappeantare dydrolysis from tats

s cAn now caloeulate the percents;e hydrolvesls from the above

dote as folliowe:

scid hvdrolyesis (l4el) % 8,850 = ?@.@a?
Theoretiesl total nmitrogen 7,98
panorestic dipestion (14-A, B} 2 1,560 w 30,3
acid hydrolyvsie Ge00
pencrestic dipestion (l4=D) 2 1,92 o 49,2
acld hydrolysis 200
becterial digestion (11-F) = 1.88 . 45,07
acid hydrolysis .90
bvasterial digestion (ll-¥) z 2418 o 50,1
acid hydrolysis S0
bacterial digestion (11-1) - 955% s 15,75
scld bydrolysis 3,

"xaminetion of the sbove deta reveals that the method of sold
hydrolysis of the casein solutlon was about 79 per cent eifeative in
randering the swveilable nitrogen titreble by she forwmol tiﬁratiGﬂ'Q The
paneraeatic digestion resulted In an approxinmate 40-50 nsor cent hydrolysis
witieh comnpares favorably with the dets from Selyun (1948). In conirast
it mey be noted that the basterial dipestion rasged from approxicately
16=50 per cent and thereby actually sxeeeding the hydrolysiz indueced by
the eompercial engyme. These hydrolvsis wsluss represent & lower range
than ls probably cousistent with the sctuel conditions. This is so

boecsuse the scid hydrolysis converted ralatively wsll the nitrozen present

2?&&3 iow recovery of the nitropen was undeubtedly dus 4o the faet
that the ceseln wes {iltered through the lamdler Filter for purposes of
storilisstion, ‘derokjeldehl determinations of sueh 'iitrotes ghowed
8 1i=30 per sent retentivity of nitrogen by the filter depeanding upon
the ooncentration of dhe eagselin i]tered.



47

in the caseln solution inte titrable nitrogen., n the other hand,
the enzymatic and bacterial digestions undoubtedly converted some
fraction of the eegein nitrogen into a form which gtill weas not wholly
titrable na for example 1 out of 2 nitrogen stoms in tryptoshane, or
2 out of § nitrogen stoms in histidine (Uelnick and Teer {(1948). Heverw
theless this treatmsnt of the date affords some mesns of anroximating
the parcentiaze of hydrolysis sooomplished by the heeterium,

The implications of the basterial digsstion values may be FPurther
exnmined. iFor emample, Culture lleF shows & easein hydrolysis equel
to avproximstely 0L per cent., This does not im-ly that 45 per cent of
the originel proteln remalined chendoally intact when subjeoted to the
sction of the proteasy systam of the test organism. The #45 per centd
hvdrolysia figure indiecates only that &b out of 106 percent avellable
nitrogen in the 2,0 per cent euseln sclution was reundered chemieslliy
susceptible to the formol titration., 2 property whieh thle nitrogen
fraeftion déid not possess prior 4o the btacterial metion, by virtue of its
beinr oound up in its oricinal complex protein ferw. rurther it is
interssting 4o observe Sthed mlthough only 50 per cent of the total
protein oltropesn in ulture lLler nad been reduced to suon sivple suvstances
se anine seids which wore capable of being titrabted in the formol tlitrae
tion, yet fully 100 per cent of the origlinal casein was now converted
into simpler nitrogenous substences. Tnis wes readily showm by the
hosvy precipitate csused by the sddition of seld to the eontrol and the
igek of any precipitade in the oullure when sublseted %o the seme
treatoent,.  JTesumably all the proteln in the euliture had been desraded
Ly beeterizl acition to dthe depree that 1t was no longer preeisitable

by acid.
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3.0 PANCREATIC  DIGESTION

2.5 BACTERIAL  DIGESTION

FORMOL TITRATION DIFFERENGE
ML OF 0.05 N NaOH

14-C

..t500mg)

of & 248 per cent
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net very sabisfactorye. 5 was vongldered degirsble to correlate wiable
and total counts with proteclytic setivity snd thereby gain & more
sonplete ploture of the provesz. Insofar as tobal eocunts wers conceraed,
these were found %o Be quite diffloult of aceomplishmeont st tires due

to the produesion of "ghost" forms of the organism which refused to take
the stain (Usughran 1947). Consequently viable cwunts wers found upon
voession to g¢xoesd totml counbe, This was undoubtedly due to the rapid
suwbolysie of the orpanism with subsequent production of these "phost®
Forms whish were missed In the miorcvscople eounbs.

The innate sensitlvity of the crpganism to an sltered envirowmsnt
rendered the esccomrlishment of securate viable counmts diftieuls,
{dentiosl inveuls were introduced intec & geries of different medie, and
iramediately theresfier slisuots wores withdrswn and plsted out, Invariabe
1y the vieble counts were rnod siways identicsl for all culture [lasks.
At times the werigtion would range from 10% o 10° por ml, Alsc in
vlating out dilutions {rom a single culture flask it wes difficult te
gt satisfactory countg representing the eultiple dilutions. indeod in
some instances it was diffiexlt to et setisfemetory duplicste nliates.
Thig type of sconsitivity or irrepnlarity is disougsed in the parer by
iansen (103%),

in view of those dliseordsnt reaults 1t ig besst So dwell in
seneralitles with respset to the viable sounte obtalned in this yroblew,
The inccula whieh were introduced inte the eulture flasgks vsually faoll
velow 10° per ml, gince it wos considered of advantsze to empley winimel
aprints of the orgenlen, hist sufficilernt to initinte rrowth in the
eulbure, There were intumsrable instances of beoterisl sultiplization

in the wedie, =maximal viable ecounts never Seing hijher than 8.0 x 16?



per ml, There was no strict sorrslation between counts snd vroteclytie
aetivity. For example, & certain bsotsrial eount wold be responsible
for s high proteoclytie setlivity, which could not be apprrosched by an-
other bseterial sount that was 2 to 3 times hipgher than the first, It
ray be seld however that good proteclytie astivity wes generslly
aceompanied by high baeterial coumte. Further, sotivity wes usaally

preceded by the development of the bmeterial pepulation,
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BUBMARY AKD COHECLUBIOES

The phiysioal, chemioal, and biologieal factors which influence
the sroteclytle sctivity of an oblipete, hWhermophlilic basterium {H.l.4.
1508) on & casein redium heve been studied. The test organiam was
found %0 be incepsble of :rowing st a tempesrature of 45 ¢ in & casaln
medium. o the othor hand 1t prew well in a similer medium at &5 ©
and exhibited proteclytie wetivity which was determined by the [ormol
titravion, The pericd of incabation was wvarishle and found €6 be
dependent upon the oxygen tension of the sedium, the econcentrstion of
the casein employed, the constitution of the medium, and the condition
ef the inesecium, ptiral osroteolytie setivity was found €o secur at
ol Gedefied and T.3«7.8.

The oxygen tens.on of the modium wae foundg to have s paris:d
influsnce oo the proteonlytic setivity ol the organigm. & formals
desoribing the oxygen terslion of the medium wey derived in which the
oxygan tension ﬂaégj waa delined ag varying directly with the surfluce
sroa of the mediwm sad inverssly as the depth of the medium. An Kiy
equal to T4 weg Ffound to supply en optimel condition of omyzen tenaslon,
Tt an E%g equal to 47 was uaed in the course of the work due %o the
lxmi%&ﬁioﬁs of ineubstor spacs. The uxyren Sonsicon was also found to
vary oritically with the pi of the amedium.

Froteolysia oceurred in the Sorensen phesohate buffer at off T.0.
This tulfer ayshem wag smploysd throughout the sourse of the sxmeriments.

The (larkeiubg buffer syvatem at pil 2,0 and the Pridesunw-iderd huffar
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ng without iafluence on the projteciytliec eotivity of the orraniam,

wizbure of 7 peptonos, each in @»Qﬂ\:m&&p emounts wers added to the
cappin medium and proved ineffeetual, tut a cowbination of 2 peptones and
2 ardno acld mixtures in the same concentration stimilated the protecly~
tie sotivity,.

The bmoterial dizestion of the Z.i pr eent ocssein nmadium wos
compered with the panersatic digestion snd the aeid hydroelysis of the
same medivm. 42 determined by the formol titration, the acid hydrolysis
was most effeetive, romulting in T8 per oent hydrolysis of the casein.
sevterial digestinn amounted to 55 per cent hydrelysie, and the pane
oreatie digestion sehleved 0 per cent hydrolysis of the protein,. n
zhe ather haand, the peanoreatic digestion was more repid than the bacterial
digestion, The vest organism altered the nature of the cesein i such
& manner that it was no longer cepable of bLeing precipitated by the
addition of aeld,

The thermophillc orgenism was found to exhibit an extromely innabe
sensitivity to en altered environment thereby casusing total and viable
eounts to be difficult of accomplishment. Uenerslly it wae found Shat
protenlytie aotlivity was sgeosiated with the developuent ol a large

baoterial pooulation.
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