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Tils researceli wee uilzrtean 11 an =ffort to
sia.1fy the study cf score ta=zt r:zistance by
sepzreting heat rasistance from viability. The

assunpticn w=2s nede that the heat resistznce cf s,core
anzynss contrivutes to the eat resistzace of whole
scores. -“rox this 1t followed that a heat stabl

socore enzyne 2nd its nhouacleious Lheat lstile ccunter-
»art from geruinated sypcres or vegz2tative cells could
e purified end us=2l as a model systew in the study cf

spore hez2t resistance. Tor this reason, varicus ex-

trscts of Zacillus cereus were eusriinad for a satis-

Tactory enzyue systaii.

o

Glucouse dehvdrczensses vers found in exbracts of

(]

vezetative cells, spores and germinated sgores, which
had different lavels of hicat resistsnce tut acpsure

to be vary siwiler by cihsr criteria. The vecetative
cell cuzyme, which subseguently was sihown to be soore
prctein, had 2 half-1ife of 1T winutes et $9 C and
retained this level of hLecat resistance thrcuzhcut
purification. Tie anzyie frcin spores was slichtly less

heat resistant than the vegctztive cell enzyiie. The



£lucosze Genhydroszenzse “rom garuninated spores wes heat
labile, having a half-1ife of about one rminute zt EQ C.
Vaerious procedures were eploved to test the
similarity of the enzyues in an attenpt to show that
they are horolozous proteins., 4 study cf the tire
course cf tlcsynthasis of zlucouse dehydroceanase in a

growins culture of Zacillus cerasus revealed that neitler

a heat labile nor heat statls enzyre is present in the
culture during the exgcnential zgrowth phase. 4 heat
steble glucose delydrozzinase appears after the ex-
gcnential gzrowth phase hes ended, and prior to the
detection of dipicolinic acid aund cellular hcet resist-

ance. 1is enzyie is present ia kizh concentrsticn in
sveres and geraiinsetad spores, but, as stated before,
the enzyue from zertiinatzd spores is rierkedly h:zat
labile.

The gluccse dehydrogenases frow vegetative cells
and sgpcres were purified extensively and charzctsrized
according to thelr catslytic and serclogical progperties.
rurificatiocn was acconplicshed by the follovwing steps:
extrection bty mechanical disruption of vegetztive cells
or syores, hsating to ¢5 C, protamine grecipitation of
nucleic acids, awmnonium sulfate frzscticnation, and DI
cellulose coluwn chrouatozrephy. 4 purificaticn es high

gas 360 fold was obtained by thils procedure. The Iliichaelis



constants of the vesetative cell enzyme were determined
end cowpared to the ilichaelis constants of the spore
enzyme reportsed in the litsrzture. The coustents for
both enzymes wers very similar, 2urified enzynmes
from vegstetive cells and spor=ss were iajected into
rabbits to produce specific antisera. The two enzymes
were comparad by a modified iraunodiffusion teclinique
and found to te szrclcgically 1ldentical,

Cn ths tasis of the results chbteined bty sero-
losical end enzymatic coupsariscns, ths coiacidence of

tae production of tiils enzyauz with the production cf

.

spores, and the coincidence ¢f the chanze in heat
resistence of this enzyme with the chanse in heat

resistence of whole spores, it was concluded that the
glucose dehydrogenase from vegetative cells, spores &nd
zerminated spores iIs essentlally the saue enzymne with
different levels cf heet resistance. The resistant
£lucose dehydrogenase 1s easily purified, is stzable
during storege, anl is readily assayed. 4all of these
considerations favor the use c¢f this esnzyrnie systenm as

a model for studyingz spore heat resistance at the

moleculer lzvel.
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INTRCUTCTICN

facteriual zndos;cres are rrocduced, by mebars of

the genera “scilius end clostridiun, as a resistant,

zndosgores sre forusd within veégetative cells Juring the
staetionary grewth rhese of tke culture. Aftar endospore
foruaticn is complisted, the surrcunding vezetative cell
riaterial (sporancium) is usually dizested, and the spores
are released. In qualitative chemical composition, tliecse
Spores differ from vagetative cells only in th=ir content
of dipicolinic acid (pyriline 2,0 dicarboxylic acia),

Diricolinic scid hus not been found in 2xiponantially growlaz

(\’

vesetative cells. In biclogical charsctaristi ¢s, how-

ever, spores differ gressly from vesstatlive cells, being

alinost inactive metabolically, and resistant to wany of

,_4
S

(¢

the physicel and chenical egonts cepubla of xilling vege-
d

tative cells. DJuring a process calle ser.ination, the

tyrical resistant propertliss cf spcrss are lost, and

certalin lstent mectabolic erzyues once again becore active.
’ - y “0lutle rotardo

at the same time, lurge awounts of soluble uabzrial are

released from the spores, including peptides snd the cal-

cium salt of dipicclinic acid. If environmental conlitions

the zerminatsd spores grow into true vege-

o

are favorable,

tative cells which repeat the 1ife cycle by reproducing



and spcruleting exactly as thelr przdecesscrs did.

Cne of the most unigue properties of tacterial
spores 1s their extrenely Ligh resistance to heat. The
spcres ¢f some bacterial scecies ere capatle ¢of with-
stending autoclaving at 115 C for as lcng as three hours,
while, in ccntrast, the vegetatlve cells of this species,
end wost cotlier sporeforners, gre killed in a few .winutes
at 55 C tc 85 C (Curran, 1852). Although tiis is ean
extrene exa.ple, 1t is, nevertheless, true that niost
bacterial spores are much riore resistant to heet than the
vegetative cells from whicn they were foraued,

To study the effect cf any factor cn the heat re-
sistance c¢f bacterial spores, a sultatle mnicans c¢f measur-
ihg that heat resistance is needed. TUp to tie present
time, this has been done by enuneraeting the survivers cof
a given hzat treativent. Iowever, the detection of tlese
survivors depends on the proper functioning of the
multitude of reacticns involved in gerailnation, outgrowth,
end reproduction. Although these rezctions have nothing
to do with spore hzat resistance, tliey ney be affccted
by the factor under study. Trus, the study of spore
heat resistance with such a complex, varieble system can
not be expected to yileld relieble inforanation. A nore
sultable method c¢f studying hzat resistence wculd be one

which does not depend on spore viability, ox psrhaps one
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which does not even depend on whole spores. In fac

r
-

the simplsst, ncst direct method of studying heat resist-
bl

arice wculd te gt the nclzculer lzvel, providing of
y M S

ssed at tilie

(Y]

course that szore heat resistzance is expr
wo0lecular lavel,

tecause many of the essentlal ccrgonents of cells,
such as proteins and nuclecprotelns, ere extramely labile
to heat, it is reasonable to suspect that these coxpounds
are protected from heet densturation in sg.cres, and, con-
versgsely, unprotectezd in vezatstive cells and cerminated
spores. If this protectlve mechanism involves moleculer
structure, ratlier than just a change in cell environnent,
it should be possible to isclate and purify heat resist-
ant spore meteri=gl and hcmolo~cus hest sensitive vece-

tative cell cr gerulneted spcre material. Tcgether, these

s

~/

two types of cellular material would constitute a simple,
cell-free model system for stuldying spore heat resistance
witliout the vrcblems inherent in spcre viability methods.,
In fact, if the two types of materiel were ectuzlly homo-
logous and could be sufficiently purifizd, a simple
physical-chenical couparison might indicate at least one
rechanism of spore heut resistence. The most reasonable
approach to this problem would be to select, fcr exanin-

ation, cne cellular component which is heat stable in

Spores and heat labtile in vegetative cells and geruinated



spores. In addition, this compcnent should be easily
purified and must possess some mcsasurable index of
denaturation. The obvious choiczce Tfor such a cowponent
is some type of enuyue, since enzyme denaturation is
easily detacted by loss of enzyzatic activity.

The enzyme catalase, from vezetative cells and

spores of Facillus cersus, agpeared to fulfill the

requirements for such a model system, but extznsive
attenpts by 3adoff, ocls, and Ragheb (1959) to
crystallize the heat steble enzyme failed tecause of
the low cellular concentrztiocn of this enzyme, the poor
yields cobtained during purificetion, and the instsbility
of the enzyme during storage et low temnperatures. It
became apparent that, to cbtein the amcunt of pure pro-
tein needed for a physical-cheiical comparison, a new
nwodel was needed. For this rzason, the glucose dehydrc-

genase froa EBaclllus cereus was exzamined as a possible

moldel fcr the study of spore heat resistance. The
isolation, partiel purification, and partial character-
ization of this enzyme system is the topic of this

theSiSo



ISTCRICAL R=VIXN

Many heat resistant enzymes have been found in

resting spores of Bacillus cereus and 1n cell free

extracts of these spores. lLiost of these enzymes
differ greatly in their catalytic specificities and
almost as grestly in their level of Leat resistance.
Although the heat resistance of many of these enzymes
has Dbeen reported, to the author's knowledge, only
catalase hes been purified and characterized expressly
for the purpose cf formulating a wechanism of spore
heat resistance.

In connection with their studles on the germine-

tion requirements c¢f Zzcillus cersus spores, Stewart

and Helvorson (1953) described an alanine racemase
which converted L-elenine to D-elanine. The enzyme
was completely resistant to heating at 80 C for two
hours while it was in the intact spore.

Lawrence and Falvorson (1954) found a heat re-

sistant cetalase in spores of EBacillus cereus wiich

was completely resistant tc heating at 60 C. 'hen
this enzyme was extracted from the spore, its heat

resistance was somewhat diminished. In addition to
the stable catalase, a heet labile catalase was also

present in spore extracts, but the labile enzyme was



not active in intact spores.
A remarkebly heat steble adenosine ritosidase
which cleaved adenosine into adenine and ribose was

found in svores of Eacillus cereus by Lawrence (195%).

This enzyme retained S0 rer cent of its activity after
teating at 100 C for four hours. FPowell and Punter
(1958) reported the samne adenosine ribosidase to be
stable toth in intact and disintegrsted spores. These
authors also described aan adenosine deaminase in

Facillus csreug spores. The deaninase in the intsct

spores was steble to heating at 60 C for several hcurs.
“owever, In spore homogenates or germinated spores, the
enzyme was destroyed in 13 minutes at 60 C.

Sadoff, Zools and Ragheb (1959) found, in vege-

tative cells of Facillus cereus, a heat stable catalase

which had heat resistance similar to that of spore
catalase. Recent immunochemical data (unpublished)
indicate thet the heat stable vegetative catalase 1is
identical to the heat stable catelase found in sgores
by Lawrence and Talvorson (1954).

Church and Yalvorson (1958) discovered a D2il-
specific glucose dehydrogenase in extracts of Bacillus
cereus spores. This enzymne was partlally purified and
characterized by Dol, Church and Malvorson (1939) in

connection with their study of the intesrediate metebolism



of aerobic spores. The effect of hsat on this enzyne

was not reported.



LATZRIALS AND LIETHCDS

A, Crzanism and Iledium

out this study. Ztock cultures were maintalned by

allowing the organism to sporulste on nutrient agar
slants, ané refrigsrating the slants at 4 C until needed.

All vegetetive cell crcps, and most of the spore

crops, were grown at 30 C, in G medium, &s described by

stewart and Falvorson (1953). This medium contains the

following components per litsr:

0.00C01 g.

Zn304
CuS04 0.C00001 g.
CaCle 0.00001 g.
FeS04.7E50 0.000001 g.
KollPOy 1.0 g.
(NEg) o5Cy 4.0 g.
Yeast rxtract 2.0 g
¥nS04.Ho0 0.1 g.
¥gSCy 0.8 g.
Dextrose 4,0 g.

0.7 ml.

Antifoam B

Some of the spore crops wers grown at 28 C with the
s i

deutrose concentration reduced to three grams per liter.



This modificaticn prevented ur=smature lysis of the
sporulating cells by lowering their oxyzen require-
went, theredbdy increasing socre yizld.

S, Growth cof Tezetative Cell and 3pore Trops

Large aumounts of vezztativs cells and s.Crss were
neecded to obtain enousu rslucocse dehydrcganase for
purlificetion end cherecterization of the ensiyme. A1l
cf the vegetative cell crcps &and sone of the s.core
crops were produced in thrze liter fsr.cntzsrs (Ilew
runswick Scientific Compsny). The mediwa in, these
ferrenters was oxyvzznated bty forced a=retion and ne-
cimnical agitation. CZoe of the siore crops were
produced in 18 liter opyrex carboys in which the uizdium
was oxyzenatzd hy foresd a2ration tarcugh six, radlally
arrani2d sparzer tubes. Tie force of tie zir floving
thrcugh the spurgers rctated and axzivatsd the mediua,
tliereby increasiag the elficieucy of oxy:snation. The
teiperature of both the Mew Brunswick TFermenter and the

carboy was einteined ty a ther.iostetically controlled

2 .

Tie large voluwe of acdluw used in elther fermenter
required a lavee, actively srcwing inoculum. This was
sTepered in dimcled flasks, each containiag 50 zilliliters

of G mediwn. The di pled flasks are 520 milliliter

Trlenusy:r flasks with fcur deprassicns, equally spaced
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around tie lower side cf the flasx. Tuhese deoressions
cause turtulsnce when the lTlasis are suanagl, therely

K SR Iy 5 ~ - -~ L:,‘.. - IS N . - € .., -
1nerz2asin Loe CATLSlu1Chll COL ChE S Qlidllle Zerial trans

through an izcrsasin. nusber cf dinmuled Tlacks synchivcialzes

tre physiologiceal ege of the cells and iucrezses the

.

voiwne cf the inoculilt.
The following syzcific prccedure wes uced to srow
vezztative cell z2nd spore crops. 4 nutrient agar slant

.

was inoculatz=d frow a stock culture and izcubated at

were shaken for two hours. Ten willilit:z:rs of culture
fron the two fla ks were Subt 1into each cof seven more
flasks, and these “lusXks were sbhellen Tor two hours. The
entire contents oFf the zeven flasks were “razncfarred into
a lew Erunswick fericater tauk containing 2,8CC 1illi-
liters of mzdiuna. Tihe tenk contents were zziteted at

450 revolutions per ~inute, and asratad at e rate of five
liters ver winute. If the 18 litzr carboy fermenter was

of a two hour culturs from the

]

iter

(V)]

used, sbout 1.5
8w crunswick fzr-2nter were used for inoculation.

Tegetative cell crovs were harvested =t about seven
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and one qguarter hours aftsr inoculating the fermentor.
For spore crops, the culturss wars allowed to grow until
microscopic z2xaulnation of st=ined snears indic.tad a
large prcportion of free szores. The vacetative cell
and spore crcps were narvested in a Sharzlss Supsr
Centrifuze, type T-41-23 1-1-H (The Sharplses Specialty
Company). <iores ware clsaned by 2ifferentiel centri-
fusation in water cr dilute saline until practically
frze of vegetative dedbris and geruinatsd spores. Vege-
tative cells were weshed conce or tvwice in 0.1 molar,

7 7.8, tris (trishydroxynethylaninomethene) buffer.

The cells &nd spcres were cleaned in the cold in a
Servell centrifuce, model S3-1 (Ivan Sorvall, Incorpor-
at2d). Unless specifically stated otherwise, all
further mention of centrifugaticn 1muplies the use of
tials centrifuze. Ths cells and spores were stored at

-20 C.

C. Prepzration of Cell-frse Zxtrects

All cell-frze extracts were cbtained by mechanicel
disruption cf cells in a Servall Cmnimixzar (Ivan Sorvall,
Incorporated). In most cases, thres parts, by weight,
of nuwnber 110 superbrite beads (l.innesota !"ining and
l.anufacturing Company), one part, wet weight, of cell

or spore paste, and enough 0.1 molar, pd 7.6, tris

buffer to fill the 80 milliliter Cmnimixer cup were wixed
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at tcp speed for 10 to 30 miautss. The cup was cooled
in crushed ice. After braakaze, the breil was centri-
fuged at 32,7C0 tiaes gravity for 15 to 60 minutes,
and the supernatant liquid was rztained for enzyme
studies.

D. Glucocse Denhydrosenase .issay

Glucose dehydrogenase was assayed spectrophoto-
retrically at 340 millimicrons usinzg DPY and glucose
as substrates. This assay 1s btased on the difference
in light ebsorption of DFW and DPXH. Loth compounds
absorb at 220 millimicrons, but only DiNH absorbs at
340 millimicrons. Since glucose dehydrogenase catalyses
the oxidation of glucose and reduction cf DPN, the rate
of increese in absorbance at 340 milliniicrons can be
used tc sxrress enzymwe activity. One unit of glucose
dehydrogenase activity is defined as an increase of
0.C01 optical density units per one hundred seconds at
340 millimicrons.

The assay procedure was the same for alwmost all
experiments. In addition to enzyme, the assey cuvettes
contained the following reagents: 300 micromoles of
PH 7.6, tris puffer; 100 micromolzs of glucose; 2 micro-
moles of DrN; and water up to three milliliters. Endo-
genous cuvettes contained no glucose but otherwise were

the same. Cne exceprtion to this procedure was that used
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for assaying glucose deaydrogenase in the heat inactiv-
ation of vegstative cell extract. The assay cuvettes

in this experiment contained the following reazents:

50 micromoles of pH 7.3, tris buffer; 100 micromcles

of gluccse; 1 micromole of Dri; and water up to three
milliliters. All assays were done at approximately 32 C
in a Beckman spectroplotometer, model DU (Beckman
Instruments, Incorporated). The temperaturs was mein-
tained by heat from the hydrogzn laup.

E., D2l'd Oxidase Asgsay

DPH oxidase was also assayed spectrophotornetrically,
using DrilH as the only substrate. The cxidation cf DPNI
decreased the absorption at 740 millimicrons. Cne unit
of DENH oxidase activity is defined as a decrease of
0.001 optical density units per 1C0 seconds at 340 milli-
microns. In addition to enzyme, the assay cuvettes con-
tained the following reagents: 300 micromoles of pH 7.6,
tris buffer; 0.5 micromole of DIrilll; and water up to three
milliliters., Endogenous cuvettes contained no DFNH,.

F. .lAssay for Feat Resistance

Feat inactivation retes were used to screen cell
extracts for heat resistant enzymes and to detericine the
Inactivation xinetics c¢f purified enzymes. 1In gensral,
these retes were obtained by heating sauples at a fixed

temperature for various times and deterzining the enzyue
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activity of euach heated sauaple. Siuce the leating

times vary widely amcng sawples, the tinme reguired for
teoperature equiiibreaetion of tihe sauples coastitutes a
different percentage of tle heating tine for each sample.
This iantrocduces an error in the time-teiserature value
rceported fcr each seaiple. When screening for heat re-
sistant enzymes, tlils error is uanlaportant but in kinetice
studies 1t can not te ignored., Tor this reason, two
methods of heuting saiuples vere ucsed, one for crude ex-
trects and enother for purified enzyme solutions.

Crude extracts were heated in rubber stoppersd, 15
millimetsr, pyrex tast tubes. Eefore adding extract,
eczchi tube was pre-heated tc the inactivation teriperature
in an unstirred water bath. ALAfter adding the extract,
the tubes were stoppered and agitated for one minute to
increase the rate cf heat transfer. The tubes wers with-
drawn and iced et various intervals after the addition
cf the extract and the heated extracts were ceantrifuged
to remove precipitated protein before activity measure-
ments,

Turified enzyme soiutions were heated in thin-walled
capillary tuting. The tubes wers made by drawing 23
millimeter pyrex test tubtes to a diawmeter of two milli-
weters 1n a gas-oxygen flame. These ceplllary tubes had

*tremely thin walls to facilitate heat transfer and re-



sutficient voluie tc kcld the ancunt of enzyae sclu*ion

was drawn ianto thie tubes =#nd both ends .Jere sealed by

wzre placed sluaultanscusly in a stirred water bath.
Zach tube vas wilthdrzun aftz2r tre srecified time intarval
and cooled in a 10 C water tathi. Tle enzy.e &activi

1

eaclh swicle was nzasursed without prior centrifuszatiocn,

e

3naczs frecn vezr~tative cellz and spcecres, toth crude

extracts had to be purified. The purification procsdure

fcr both extracts was sizlilar tc thzt used by Doi, Caurch
and elvorson (1959) in their purification cf s:iore slucose
ehydrogenase, The crule extract was hcated Just up to

05 C, cooled imiedistely end repidly in ice, and caatrifusge

toc reuove przacipitatzd szterial, Tlre heztad extract wus

then ccncentrated by =23dianz solid armoniun sulfate slowly,

1=
jny
(0]

with stirring, until the =olution was ssturatad.

precipitutad rrotein was collected by centrifugation,

L

seraratz3d from the supernatant liquild, and resuspended in

one tenth the originel volume of C.1 wolar, pH 7.8, tris

buffer. Tue pi of the 2xtract was not controlled during



the a~tionium sulfats saturaticn.

Tucleic acilds were remcved froin the concentrated
gxitract because they intzrfzra2 with aiioniwa sulface
the ©il ¢f the concentrated extract to 5.1 with acs
acid and adding s.all esounts cf 2 per cent protacsine
sulfTate in a fine strean while stirrinz tlie ziutract.

The preci.itate as r=2ucvs K end the
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280/230 ratic (see ssction H. of [WTLRIALS 1D 1NTHCD3)
of the supzraatant ligquid was deteruined., This pro-
cedure was repsated until a ratio of 0.7 or zsrester was
obtained. The supernatart liquid wes thea dialyss
azainst 0.1 olar, pli 7.8, tris buffer for ebout 12 hours
tc rescve sxcess protamine sulfate. .dditional pre-
cipitation cccurred during dialycils, but, since tle
crecivituts contained ro zlucose dehydrocenese, it weas

5y centrifucation and discarded.

The crotein renainiag in the dialysed extract was

esired satur-

(&N

fractionated with arwoniun sulfate. The
ation percentase was obtalned by measuring the voluue

of the extract before each zddition ¢f azionium sulfate,
and adding a calculatsd anount ¢ sclid salt, slowly and
with constant stirring. I’o atte:pt was wade to control
the tH of the solution during addition of the awioniun
sulfate, ZXach precipitated fraction was collsctzd ty

centrifusation end resuspended in 0.1 molzr, pH 7.6,
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tris buffer.

The a woniuwn sulfate fractions which ccntained

{D

siucose Jdehydro.oenase were furtiher fracticnatzd on an
anicn exchanze column. The matzarial us=d in the colwin
was Ilv-diethylaaizo ethyl celluloss (D345 cellulose).

r Ty

The ccluin was prepared by pouring & susicnsion ol LIAE

ris hTuffzr into 2 10

(@)

t

cellulcze in C.05 rolar, pid 7.9,
ailidimeter chroratosrashic tube. The packed volune cof
the colurin was acproxiietely 20 =williliters.

1ing glucos

n
o
ct
[4V)
['8
o
[
]

The a.uonium sulfate frection
7iro:enase wore coubined aad disl By
pH 7.6, tris buffer to prepare tren for adsorpilion on
tre colum. LUialysis at thuis buffer concentration pre-

i.itat=d a large satount of aaterial, but, since this
raterial was snzy.atically inactive, it was discarded.
The supernatant solution was added to the column end
washeld turouzh with bu“fer. The sIfflueat frox washing
contained no -:lucose dehydrc:;enasze, indicating that
the enzyqe was adsorbed on the JZad cellulose.
rdsorh2d protein was renoved Irein the colun -y
sradient elution. The sradizsnt was obtained by using
The lower

reservoir was an aspirator bettls contalinliag 180 »~illi-

litzrs of tuffer, and trhe ugier U233

yseld asainst 0.05 molar,
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In sawples ccntaiaiag less than 10 per cent nucleic
acid, proteln was Jdeterumined siectropnctometrically at
280 end 250 milliwicrons, sccording to the methcd of
varburg end Christian (1942). Tuis method depends on

llimicrons ty protein

(S

light &abscrption et 280 and 230 m

[o))

and nucleic acid. 3Both protein and nucleic acid absord
at these wavelengsths, but, since their absorption co-
efficients differ, the ratio of absorbance at 280 milli-
Zicrons to absorbance at 270 millianicrons (280/280 ratio)
can be used to Zetsrmine the relative amounts of each in
a given sample. Inforwmation on the relative amounts cof
orotein and nucleic acid, plus the ouptical density at

280 millimicrons, is used to calculate the actual concen-
tration of each in the samples. 1\ Eeckmnan DU spectro-
plictometer was used for these readings.

I. Chlorile Ion_assay

The sodium chleride concentration required to elute
eacn fraction from the cellulcse coluun was estimated
from the chloride ion coaceantration of the fractions.
This inforaation was us=d to comgare the exchange charac-
teristiecs of both zlucose dehydrogenases. The chlcride
ion coacentretion in cach frection was deternined by
titration with zilver nitr=te using potassium chromate
as an adscrption indicator. Since protein affects the

edsorpticn endpoint, a correcticn had to be nade for the
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protein in each fraction. The correction factor was
obtained empirically by titrating known concentrations
of sodium chloride and protein, with silver nitrate.,

J. Acetone Txtracticn of Vhole Cells

A quantitetive method for assaylng glucose dehydrc-
genase 1n small cell saiples was nzeded to study the
rate of formation of this enzyne in growing cultures.
Several assay procedures vwere tried, but most of these
were not successful. 'hole cells could not bte assayed
directly because they were imperrmeable to substrates
used in the assay. [eating the cells to 69 C for two
minutes did not increase their permeability. Breaking
the cells in the Cmnimixer diluted the activity excess-
ively because of the large cup volume and the large
volume c¢f buffer required to thoroughly wash the glass
beads.

Acetone extraction of the cell samples increased
their permeabllity to assay substrates and also permitted
the assay of small cell sauples. Glucose dehydrogenase
assay by acetone extraction was done in the following
manner. Cell samples were tsken from a New Brunswick
fermentor at various times during growth, washed by
alternate centrifugation and resuspension in 0.5 per cent
saline, and suspended in just enough saline to disperse

the cells. Cne part of each suspension was pipetted into



zl

13 parts of acetone, =zt =15 C, «nd ceateifused 1aned-

iztely in an Intzrneticnal clinical centrifuze, imcdel

was cparated 1n a deep frzeze a2t -15 C. Lfter centri-
fusgatlicen, tie gcetonz was decantszd, und tra z2utracted
cells v sre allow=ad to drv fer a2bout tan tiours in the

frzouzer. The dried cells were rasusrended in 0.5 par
cent scdiun chloride, heznted fer two mitutss at 89 O,

end assayed
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vrizelly by the netlicd of Janmssen, Zuad =«ud Anierson.
(1958) In this iwcthod, Dfa is cxbtrzet:d from the cells
by cutoclevinz, and complexed with Jdivalsnt iron to
produce en oranze color., Tha DPa ccns:ntratica was
deterwined in e Zausch and Lowb "Dpectronic 20"
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standerd. Tie wzve lensth was 440 <illiricrons.

L. ZzZroduction cf Twiuns “oruis

I'twune seruns, conhbsininz arntibodies z272inst snzyue
protelins, were a2282d for cocrolosizal cougarisons.  These
s2runis ware ohteined iIn the “cllowing .2nner. “a.iples
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centrated enzyme and one part of Freund's complete

ad juvant (1944) were emulsified by forcing in and out
of a one cubic centimeter tuberculin syringe and in-
jected subderrially in tlhie necks of rabbits., These
rabbits had been heart bled prior to Injection to
obtain normal serum for serologicel controls. Twenty-
four days after injection, the rebbits were heart bled
to ottain Licuune servms. The blood was incubabed at
rooiul teqiperature for three hours to start clot re-
traction and refrizzratad for ebout thre=e days to finish
the retraction. The serum was poured off, centrifuged
to rewove blood cells, and stored at -20 C. Forty-six
days after the first injection, a second, smaller in-
jection of enzyme plus Freund's incomplete adjuvant (1944)
was given to keep the antibody level high. At fifty-six
deys, the rabbits were bled agzain to cbtain more imnune
seTul.

k. Serolosical Comparigon of Enzynes

The serolozlical comparison of spore and vsgetetive
cell glucccse dshydrogenase was accomplishad by the
Cuchtarlony azar gel diffusion method (1949a, 1549b) and
by Consden and Zohn's (1959) modification of thils method.
In the agar gel diffusion method, several wells are cut
in a layer of solid agar, sealed with melted agar, and

f1lled with various antigens and antisera, The antigens
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and antisera diffuse through the azar, until, in a region
of ogtimal proportions, they combine and precipitate,
forming a visible lire. Since various antigens and anti-
sera differ in diffusion ratss anl cptimal proportion
values, this methcd is capable of separating the com-
ponents of a compound antizen-antibody reaction. Ccnsden
and Kohn's modification of the Cucliterlony technique is
the substituticn of cellulose acetate fiim for the agar
gel. In this method, moist cellulose acetate film is
spottzad with very smell amounts of antigens and antisera,
and incubatzd under mineral ¢ill to isolate the aqueous
phase. During incubation, the antizens and antisera
diffuse through the aqueous phase, and precipitate in

the cellulose acetate wetrix. Aftzsr incubation, thLe

film is washed and stained with a suitabls dye to reveal
the precipitin lines,

A clizht modification of the cellulose acetate
tecnnicue, especially useful in this study, is the en-
zyrnatic identification of precipitin lines., This method
depends on the enzymatic rsduction of DPN (in the presence
of zlucose) by serologically precipitated zlucose dehydro-
genase, and the fluorescence of DPNH under a Elack-ray
ultraviolet lamp (Ultraviolst Products, Inc.). The pro-
cedure consists of sgreading a solution of gluccse and

D24 on the completed cellulose acetate film, and sxamnining



the film for fluorsscent precipitin lines.

N. Svore zaralnstion

The heat lablle gluccse dehyircgenase was present
cnly in germinated spores. Germination was accomplished
by the Following procedure. TFive grams, wet weight, of
partially germinated spores, which had been stored at
-20 C for about five montks, were suspended in 50 willi-
litsrs of gerrinating soluticn, and heat shocked at about
70 C for ten nminutes, The garminating sclution containad
0.2 per cent alsnine and 0.02 per cent adenosine in 0.07
molar, pHd 7.0 votassium phoschate buffer. After heat
shcock, the suspension was incubated at 30 C for five
hours, &and then refrigsrated at 4 C for 12 hours. At the
end of this time, almost =211 of the spores were germinated,
es indicated by their perrieability to crystal violet stain.
In addition, a smell number of germinated sporzs had zrown

into vezatative cells.
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RESTLTS

A. Screening for Heat Resistant Znzynes

The furpose of this study was to identify and purify
an enzyie systen which could be used as a model in the
study of spore heat resistance. Any enzyzme would be
usaful, as long as it had a hcat stable and heat labile
form. Results of experiments on the catalase of RBacillus
cereus suggested that heat labile enzymes are present
during all stages of vegetative growth, and that heat
stable enzymnes appear near the beginning of the station-
ary phase. TFor this reason, stationary phase cell ex-
tracts were screened for heat resistant enzymes by the
method given in Section F. of ITATZRIALS AMD METHODS.

The h=at inactivation curve for glucose dehydro-
Jenase, the first enzyme examined, is given in figure 1.
This graph of enzyme activity versus time of heating
indicates that the glucose dehydrogenase loses half of
its activity in about 15 minutes at 69 C., A half-life
of this magnitude means that the enzyne has a grester
than average resistance to heat.

B, "Activation" of Glucose Dehydrozanase

An interesting feature of the curve in figure 1 is
the larze increase in activity during the first minute
of heating. This incresese was reminiscent of the activ-

ation of glucose oxidation in spores of Becillus cereus,
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reportzd by Church and Halvorson (1957). This incrsase
could be the result of true activation or mersly an
exprassion of the difference in heat stability of two
coupled enzyzes - in this case, glucose dehydrogenase
and DPNH oxidzse.

To test the latter possibility, camples of extracts
wers heated to 60 C for various times, and assayed for
both glucose dehydrogenase end Driiil oxidase. The lower
tenperature was used to slow the apparent activation to
a measurable rate. The results ars plotted in figure 2,
which shows the activity for eech enzyme versus heating
time et 60 C., As DPNI oxidase activity decreases due to
thermal inactivation, the activity of glucose dehydro-
genase iancreases. aApparently the loss cf the oxidase
cermits DrllH tco accunulate at a faster rate.

C. Time Course of Glucose Dehydrozenace Biosynthesis

Although zlucose dehydrogenase hed bzen found in

spores of Bacillus cerz2us (Church and Falvorson 1955)

and in stationary phase cells or forespores of the same
organisy, neither a heat labile nor heat stable glucose
dehydrczenose could be found in expconentially zrowing
cells, Thnerefore, biosynthesis 1ad to be initiated et
a tine betwesen the sxponential and stationary growth
thase of tunis organism,

In order tc observe the appearance of the enzyne
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and to follow its concentration throu-hout the sporulation

process, cell samples were harvested from the New Erunswick

fermentor at various times during growth. The cells were

ecetone dri=d, heatzd, gnd assayed for glucose dehydro-
3

genase activity. The results ars shown in fisur

=

W

as
a greph c¢f glucose dehydrczenase activity and dipico-
linic acid concentrstion versus culture time. The curve
for dipicolinic acid is included as a parameter of
sporulation. Glucose dehiydrogenzse incrsased repidly
after six hours, but then appeared to decline after eight
hours. Ilowevsr, the decline in zlucose cdehydrogenase
corresponds to an incrzese in the nwuber of spores, as
indicats=d by increased dipicolinic acid concentration.
This suzgested that spores are more refractory to
acetone extraction than vegetative cells and thus remain
impermeable to the essay substrates in spite of the
acetone treataent.

To cliack the validity of the acetone extraction pro-
ccdure, an alternate extrsction method was employed.
Two large samples were taken from a feruentor at nine
end thirteen hcurs after inoculetlon, ruptured in the
omnimixer, heated at 89 C for two minutes and assayed
for glucose dehydrogenase. The enzyue concentration of
the culture, obtained by thils procedure, was ccnsider-

ably higher than the concentration obtained by acetone
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extraction. These data point out the fact that tlie
apparsnt enzyme concentration can bs zrossly altered
by changing the extraction msthod.

D. >Purification cof Vegetative Cell snd Soore Glucose
Dehydrosensse

The results for the purification of vegestative cell
and spore glucose deaydrogenase are sumuarized in tables
1l and 2. Tiie meaning of the various colunns is es
fecllows: Sgecific activity is defined as units of en-
zyme per milligram of protein; purification number is

he ratio of specific ectivity in a particular step to
the specific activity in the heated extrasct; and yield
is the percentage of total enzyme activity remeining
at a particular step, rslative to the total activity
in the cell extract.

The toteal activity cf the crude extracts caunnot
be deternined directly, bscause they contain DPIH
oxidase. 1oss of the oxidase during purification results
in an apgarent increase 1in the total amount of glucose
dehydrogenase, while, at the same time, glucose dehydro-
genase 1s lost by inesctivation. To cobtain an estinate
of the total auwount of glucose dehydrogsnase in the
extracts, all increases in activity, throughout the
purificetion, were added to the apparent total ectivity

of the crude extracts,



TABLE 1

Curification of the =zluc

e denhydrozenese from

ug

vesotative cells cf Zaci cereus
S Specific | Purifi-| Yield
Frocedure activity | cation %
feated Extract . 44 1 62
Frotamine end Dieglyesis
(0.1 1. tris) 195 4 72
ammonium 54-75% 155 4
Zulphate
Tractionation 75-E67% 1,720 39 44
£6-26% 334 8
Combined, Keheated,
Dialysed (0.05 li. tris) 3,420 75 46
DEARE I'ract. 9 29,400 660 17
Cellulose
Chrowatozraphy] Fract. 10 12,800 290 13
Fract., 11 2,240 51 7
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cific activity and purification numbter of

W

The sy
the heatsd spore extract ere not presented becuause the
prctein ccrcentraticn of the =zxtract was not deter-
mined. Tnstead, the specific activity of tre protamine

0

and dialysis ster is considered a purificatiocn o cne.
The heated spore extract probably 2id not have a specific
activity much lover than that cf the dlalysc2d extrect
bacause very little precipitation occurred during the
protamine and dialysis step.

Although the purification obtained iz the 75-83
per cert sa*urated amonium sulphete fraction was far
craater than thet 1in roth tte £4-75 and 83-90 fer cent
suturated fractions, all three fractions were combined
before cellulose chrcmatogrsply in order to conserve
total activity.

The similarity between vagetative cell and spore
zlucose denydrogenase was indicated by their solubility
and charge properties. Toth snzymes ware precipitated
at an smaonium sullate concentration cf approximately
€C per cent cf saturation (see Doi, Church and flalvorson,
1959, for data cn Spore enzyne), and both enzymes were

elut=d from the cellulose column st a sodium chloride

concentration c<f atcut 0.1 nmolar.

E. Characterization of Vegetative rell end Spore luccse

Dehydrcsenase

1. Ieat rasistance

m o stability cf some proteins 1s increased

PRV
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when tizy ere conjuzzted with nuclsic acids. 3ince
the crule vzgetative cell and spore extracts contalned
a large amcunt of aucleic acid, tiie Leabt resistance of
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been due tc bindine with this cautarial. To ellniacte

tlilis possibility end to ccupare the Lieat resistance of

thi2 two snzyucs, surificed vegetutbtive cell and soore

enzymes ware tested Tor heat resistance by the capil-
lzary tube imethod. The vegszstatlve cell enzyme used in
this exgerineant Led been purifizd 260 times and coun-
tained less than 1 per cent nucleic acid. The score
enzyine had bteen purificd 20 fold and ccntainsd ebout
3 per cent nuclieic acid.

Inactivation data for both enzynes are presented

in figure 4 as the lcgarithn of ectivity versus time

of hzating at 89 C. The purified vegetative cell

enzyme has a helf-1ife of 17 minutes compared to a
halfr-life of 15 minutcs for the cride vegeteative cell
extract. The inactivation of the purified vegetative
cell enzyme follows first order reaction kinetics very
closely. Cn the other hand, the irectivation of purifiad
spore zlucose dehydrogenese does not appesar to follow
first order kinetics and this enzyme has & half-life cof

only cne minute at 69 C.

Since the remcval of practically all nucleic acid
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from the vegztetive cell extract does not lower tue heat

stability of 2lucose dehylrouzsnase froun this source,

it 1s unlikely that nucleic acids contribute to the heat
stebility cf this enzye.

2., Iicheae=lis constants

To prove the eunzynatic siwmilarity cf vezetative
o glucose dehydrogenase, the iichaelils
constents ¢f the two enzyues were comupared., Tiae zichaelis
constants of the vezetztive cell glucose debydrogenase
were detsrnined from the deta in figure 5, These are
Lineweavar-Eurke plots (1934) of enzyme activity versus
subgtrate concentration. Tine enzyme greparaetion used

for this experiment was an €6 per cent saturated aznioniun

. .

sulfete fraction, having a specific activity of 11,700,
The spore zlucose dehydrogenase Licheelis consteants were
resorted by Doi, Church, and Halvcrson (1959). Table 3
is & compiletion of results cbtained for both enzyues
which shows that the enzyues have similar substrate
affinities.
3. Serolopy

The vezzstative cell and spore glucose dehydro-
genases were coripared serologically to test the structurel
similarity of the two enzymes. The results obtained by
the agar gel Giffusion technigque are siown in the photo-

grepus in figure 6. These plates demonstrate clearly that
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Tigure 6. 4 serolcgical compurison of the glucose
elydrcgenases from vegetative cells and spores of Eacillus
cereus by the aser zel method. See page 42 for key to
well contents.
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at leest two heat resistant proteins sre resent both
iIn vegetative cells end spores. To deteraine i“ one
of the rroteins was glucose deiydrozenase, a mixture
of DPI end glucose was ssreald cver the agar, and the
frecipitin lines were exawined for flucrescence under
an ultreviclet lamp. 4dlthough fluoresceace was ob-
served, it could not definitely be stiritutesd to the
precipitin lines, bscuuse cof the large =zrount of un-
precipitatsd gluccse dehkydroseansse in the agaT.

The serolczical identity of tha two enzyrnes was
croved by using cellulose acetate filiui in place of
azer and developing the precipitin lines with a DPLI-
glucose mixture. The arranzerment of antizens and
antisera on the film was essentially the same es the
arrangeuent used for the agar diffusicn experiment,
out, when a DPIl-gluccse mixture was used to develcp
ti:e washed fili, the only visible grecipitin lines were
those produced by the reection cof =zlucose dehydrogenase
with its homologous antibely. After spreading the
£lucose-DPN mixture on the washed filps, distinct
fluorescent linass agpeared btetween the eantizens and each
antiserun, but ncot between the entizens and the ncraal

serum controls. Thzse results ere presented diagreaia-

tically in fizure 7, wiere the Inked linss represent

flucrescence.
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Tizure 7. . C
delydrogenases from vegetetive cells and sgore

Feo)'e
Serum containing antvitodies against vegztative

cell enzyue
oerum coutelning antvitcedies against s.ore enzyme

Tezetative cell enzyme

Spore enzyie
Ccntrol serum from rabbits receiving vegetative

cell enzyme

Contrcl serum from rabbits Spore enzyne

receiving

glucose

0
S Ox

A serolozical comparison of the

Zacillus cereus by the cellulose acetute f£1ilm metiiod.
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F. Ieat Ie2bile Sliucoce Dehydrosznace

Tecause veg

W
3

t=tive cells ccntal:

-

2d no heat labile
zlucose dehydroenase, a cerminatzd spore extrsct was

cluccse denhyirogenase was

exaanined for this eazyue. A4
found, in this extract, which was conplately inactivated
in less than one winute at both 70 and 60 C. At 50 C,
this enzyre had a half-1ife cf less than one minute,

comparsd to a Lslf-1life of seventesen minutes at 63 C for

the vesetative cell enzyme.,



DISCUSSICN

Following the exponential growth of Bacillus
cereus cultures, a complex series of events occurs
resulting in the production of heat rezistant sporss. W’i
“eat resistant glucose dehydrozenase 1s syathssized S
by these cells early in the spcrulestion prccess and -

rzg. After g2r-

O

is eventually incorporated into sp
milnation, when the spores have comnplstely lost thelr
leat resistance, the glucose delhydrogenase is still
present 12 high concentration but it too has lost its
heat resistznce. The glucose dehydrogenase can not
be dztacted aftar vegetative growth comiences because
it is diluted bty the multiglication prccess.
The results of serological and enzymatic con-
parisons, the coincidence cf the production of this
enzyme with the sroduction of spores, end the coincidence
of the chanze in heat r=sistance of this enzyue with the
chanze In heat resistance cf spores, all indicate that
the glucose dehydrosenase in vegetative cells, sporss,
and gerainated spores is the same enzyme with differsnt i
levels of heat resistance., For this reeson, if both ’
the heat labile and heat statle forus can be completely )
vurified, this enzyme system should provide an excellent

model for studying spore heat resistance, Fowever, as



stated in the iIantroduction, the purpoze of this study
was net mzrely to obtain any mclel system, tut one in
which the enzynies ere plentiful, easily purified, and
reasonably stable during storaze., Inzynes with these
characteristics can be eccumulated in sufficlent &
quantity to peruit physical-cheaical charecterizetion. ;
The vegetative cell glucose dehydrogenase appears 1‘
to neet these requirements since it is very stable, and
can be purified easlily and in high yislds. A4lthough
its cellular concentration is not especially high, its
stablility during storage will p=rmit the accumulation
of the large arnount of purs enzyme needed for its
complete cheracterizaticn. In fact, a partially puri-
fied preparation of this enzyme has been stored for
eight months, at -20 C, without losing appreciable
activity.
Cn the other hand, the accumulation of germinated
spore zlucose dehydrogsenase may not be as easy because
this ernzyme is heat lebils. Fowever, since the spore
enzyme 1s much .more stable, large gmounts of ungsr-
minatsd spores, rather {han gerainated spores, could be
accummulated. Geruination ¢f the spores and purifioation
of the heat labile enzyme could then be accomplished in
a short time, with minimun loss of enzyue activity.

The aterrant inactivation kinetics of the spore
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at will by conditions siailar to those required for

.

eraination cf whole spores. Such a systsm would

s

ermit one to study loss of heat rssistance by a

e

"dynaicic™ methcd rather than ty a "static™ compsrison

of heat stable 2nd heat latlle enzvmes. Yuch niore n
information about the mecranism of hesat ressistance

cculd be cobtained from a dynamic system than from a w
static one because loss 1n heat resistance niay involve

more then cne simpls stegp.e In fact, the loss of heat

recistance ty a series ¢f events 1s cuggestzd by the

spcre enzyue inactivation curve slhowa ian figure 4. If

cnly two levels of hest resistance were possible for

each glucose denLydrogenase nolecule - those of the

vegetative cell and germinated spore enzymes - the hend

in this curve would be extremely sharp at 89 C, because

of the learge difference in inactlvation retes of the

two enzymes. Inctead, the rather broad band observed

indicates the possibility cof zlucose dehydrogenase with

licat resistance intermediate to that of the vegetative

cell and germinated spore enzymes. Tuus, the loss cf

heat resiztunce by this enzyie mey be a sequential

phenomenon, requiring more than one unit svent for the

chiange from maximum to minimum heat resistsnce. This

statement, however, sitiould be ccunsidered as nc ilore |

thaen ar hy,othesis, since the meazer inactivastlion data
Vg ? >



48

2 2 - PR, -~ - - 2
in figzure 4 can not suppcort any real conclusions. The

‘J

by
[

hest inactivation rssults in sure 4 40, nevarthelsss,

f

contain Important implications for the purificaticn cf
this uicdel system. If physical-chemical comparisons of
the hcat stable and heat labils euzyues are to be mede,

the stseble enzyme must be obtainzsd from veget=tive cells

wm

because the enzyue et tlhis stage ¢f spore develo..ent

retains 1ts heat stability during storags. On tlie otuer

"

Leal, siunce loss of hzat resistunce ty purified snzyme
aprears to degend cia the maturivy <f the spores from

isolated, the heat steble enzyse

[ &]

which the enzyne 1
froa 1eture spores would te useful in "cell-free
germination" studies.

Cougparsd to other heat resistant spore enzymes and
to the whole spores theiselves, the stablility of the

slucose dehrydrozenase from vegetatlive cells and spores

¢
(&7

of Racillus cereus is rether low. TFor exanple, the

adenosine rivosidese found in Facillus cereus spore

extracts by Fowell and Funter (1956) had a half-life of
four hours st 1C0 C, compared to a half-1life cf fifteen
ninutes at €9 C for the zlucose dehydrogenase. dowever,
the glucose denydrogenase hLas both a hLeat stable and
heat labile form, and the diffsrence in heat stebility
of the two forms is guite large. Thus, thLe glucose

dehydrogenase appears to be a reasonable model for the



study of heat resistance. The fact that the chenge in
heat resistance of tie glucose delydrouzenase parallels
the crange in heat resistence of whole syores during
zerminaticn is additional prccf of its uszfulress as &
moiel system. Ceorrelation with the heat resistance cf
whole spores is, in fact, a reguireunznt for any enzyme
sycteri to be used Ter the study of spore heat resistance,

stent enzyre in

vy
ct

A

since the nere pgresence ¢f a

a
w
[

ea
spores dozs not n=zcesszrily meen it contributes to spore

-
117

&L

at resistance. For exarple, a vary heat steble in-
crganic pyrophosiinetase was found by Jclinson &nd Jchnson

(1¢59) in Azotobamcier azilis

i )

a nonsporseforming eso-

phile, Tris enzyme obviously bears no relaticn to
cellular hz2at resistance btacuuse the cell frem which it

-

i3 Cerived 1s not heat resistant.

-
}—Jo

n

w

pite of the fore:xcinz consideraticns, a czrtain
amount of caution must be exercised in predictions of
the usefulness of this wodel system for deteriining the
mechanism of spore hsaet resistance. Since the purified
heuat stable glucose dehydrogenase is rapidly inectivated
at teumperatures used to lieat shock spores prior to gzr-
nication, and the heat labile glucose dehydrosenase is
abundently present in tliese geruirated spores, 1t is
cbvious that differences in structure of these two puri-

fied enzynes cannot completely sccount fTor the heat



(&
(@]

rzsistance of the enzyme in intact speres. It is possible
that the structural differsnces tetween these enzyiies are
diminished whan they are extracted, or that intrespore
environment also plays a role in the protection cof this
enzynie while it i¢ in the spore. In eny :vent, the
authior feels that the acplication of the nolel systen,
degsceribed in thils tuesis, to the study of spore hest
resistance is almnost certain to yileld inforuaztion of a
fundementel nature, and to provide &t lcast the beginning

of a theory for the mechanism of spore heat resistuance.
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a model system for the study of tlhe Le<t resisteance

of spores cf Ezcillus cercus has besen described. This

systen conslists of a heet stable glucose dehydrorenase
from vegetative cells and spcres, and a heat labile
g£lucose dehydrozenese from garminated spores. In crude
extrects, the vegetative cell enzyme has a half-1ife
cf about fiftzen minutes at 89 C, while tlts zeruinnated
spore enzyne has a half-1life cf atout one minute at
50 C.
an Increese in the glucose dehydrozenase activity
of vegetative cell ex*racts was cbservad during the
first minute of heating at 89 C. This aprarent hea
ectivalion was investigated btecause ¢f 1ts possitle
connection with the hesat activetion cf glucose cxideticn
in whole spores. It was concluded that the heat in-
the glucose dehydrogenase activity, was responsible for
lie apparent neat asctivation of the extracts.
Biosynthesis of the heat steble gluccse delydro-
gznase is initiated shortly after the exponential growth
of cultures ceases and tefore any dipicolinic acid cen
be cdetectad in the cells. The hest stable enzyme is

present in the cells during most of the sgcrulation pro-

cess but a true measure of its concentration during this






pericd was impossible with the extraction procedures
avellable.

The enzyne Trom vagetative cells was purified about
600 times, and the enzyme from spores was purified about
17% times by the follcwinz steps: extraction by mechan-
ical disruption of cells or scores, heetinz to 65 C,
protamine precigcitetion cf nucleic acids, ammonium
sulrhate fractionation, 2nd DZAT cellulose colusin chro-
natogrechy.

The zurifi=d enzymnes from vagetative cells an? spores

had almost identical substrate a®finity and serolcgical

[ory

characzteristics, but differed in heat :tebility and
“inetics of heat inactivation. The di“ference in heat
stability and heat inactivation Xinetics was attributed
to a partisl conversion of the heat stable enzymne to the

heat lablle enzyme.

The possibility of completely purifying

t

he zliucose
dehydrogenese system and using 1t as a model for studying

spore heat resistance was discussed.
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