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ABSTRACT 

The enzyme nucltosidase(EC.3.2.2.1) is present in the intact spor.m, 
germinated spores as well as vegetative cells of Bacillus ctrtus T. -..- - 
In the intact spores the enzymgis resistant to heat and, in fact, has 
a high temperature optimum. Though the sports thtmselve$btcomt sensitive 
to heat on germination, the enzyme retains its resistance to heat on 
germination as well as its high temperature optimum. The vegetative at11 
enzyme is sensitive to heat. The enzyme in all types of cellar & sports 
is resistant to octyl alcohol. There is a close-correlation oetwttn the 
development of heat resistance in the sporulating cells and that of heat 
resistance of the enzyme. 

IRTRODUCTIOB 

Recently keen interest has been taken in the biochemical changes taking 

place during sporulation in bacteria (1,2,3,4).It has been shown that tht 

sport contains a few active enzymes (3,5,6,7,8).It has been observed that 

during germination of spores of Bacillus cereus T in the presence of L - 

alaninhd a purine riboside, there is always a cleavage of the purint 

riboside (6,7). There are reports to indicate that this cltavag&f the 

ribosidt oan be both hydrolytic (g,lO,ll) as Well as phaphorolytio(l2,13). 

Hence, there is an indication that two different types of nucleosidast 

(EC.3.2.2.1) occur in nature. 

There are several rtpcrts of heat stable enzymes in spores, such as 

alanine racemase (14),nucleoeidaat (9,10), catalase (11) etc. In view 

of these, it is possible that the heat stability of the sport tnZymt8 

associated with the germination process may have some common relation: 
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ehip with the resistanoe of bacterial spores to heat & deleterfous 

agcsnts. Nuoleosidaee (~c.3.2.2.1) is one suoh enzymeb Hence, a oareful 

study of the heat resistance oharacteristies of nucleosidase (EC.3.2.2.l) 

present in BaGillu8 txreus T cells and spor%s, & correlation, if any, 

in the occurrent% of heat reafstanee in thi.8 enByrne & in the sporulating 

oeU8 was oonsidered d%sirable. This report describes +ucb a study. 

~TERIAL AND ~HODS 

fhltUr% COnditiOnS: The or~ani8m, Raeillus Cereu8 T, ua8 obtain& from 

United State8 Deoartnrent of Agrfcufture, W~~n~ton, 

D.C,& subsequsntly ma5ntained at this laboratory on nutrient war slants. 

The organi8m was grown in the f~Glueo8e-Tea6t Extract-Minerals MediunP 

(G Medium) (3) pr%oiou8ly autoolaved at 15 Ibe. pressure for 20 min. The 

v%getatire cell8 & spores were prepared by growing the organism in G - 

Medium by the f1 active oulture technique "(2,14). Al.! cultures uwre grown 

by incubating at 3021 C on a rotary shaker (8P%%d 3.60 rpm).The intact 

spore5 were ready for harvest after 30 hourd. 

X%asur%m%nt of p&Growth & CeU Counter: The pH of the culture was deter- 

mih%d using a Toshniwal (India) 

pR meter. Growth was measured with the help of SQett Summerson Photo- 

eleotria Calorimeter using blue filter. A olooe oheak 011 the morphologi- 

oal &ate oi the buIltare was kept by mieraseopio %xaminstion of the 

8ta&nsd smears* Total viable oel.L count and heat oiable oell count (at 

80 C for 30 min.) wore d%t%rmin%d by plating 8uitabla dilutions on Solid 

nutrient agar m%dium & inoubatfng at 30~1 C for 24 hour%. 

Assag of Ruoleosidaae (RC.3r2r2.1) Activitp:Th% cells & spore8 were 

harvested by aentrifuging at 8000 rpm 

for 10 min. at 0 - 4 C using S%rvall*e Refrigerated Superspe%d Centrifuge 

Model RC-2. Then they were washed Mce with ZOml-aliqote6 of cold,O.ZM 

phosphate buffer (pa 7),suapend.ed in 1Oml buffer & finally incubated at 

the relF;lir%d temperature with adeno8in8. The eneyme activity wa8 aesayed 
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Fi.g.1. : ucloosidzze I bic.3.2.2.1) aotivitr in the vegetative aells 
2ghdal)of different uulture aga, Swubated with 600& 

~eno8lae at 37 C for 20 min.@ymbol6: 4, enzyme autivity 
III the %mxn$ Ootyl Alcohol Killed-vegetative oell8; g, 
enayme activity in the normzl vegetative cell8; 0, amour&t 
of riboae utilized by the normal vegetative oells ( Cm&-B 1. 

in terms of ribose liberated using Nelsonts aethcd of determining the 

reducing sugars of blood (l&1$&8>. 

$.faterials uned: Adenosine was obtained from Zellstofffabrilr Waldhof,W, 

Oermany.D(-)Ribose was procured from British Drug Houeo 

(India) end yeast 

cala were used in 

extract from A.Costantio & Co.,Italy.A.R.grade ohemi- 

all the experiments. 

RBSULTS AND DISCU=ION 

The present studies fndicate the presence of a nucleosidase(EC.3.2*2.1) 
in the vegetative cells & spores of Racilluo cereua T, which is hydro- -- 
Q-tic in its action on adenosiue zinoe eignificaut amount6 of riboae are 

liberated into the medium on incubation of cell6/spore6 with adenosine. 
Nucleosidase(EC.3.2.2.1) Activity in the Rormalr & Ootyl Alcohol-gilled 
Vegetative Cells: The activity was measured at 37 C In the normal tege- 

tative cells of different culture a@, and also in the 
correspozding octyl alcohol killed-vegetative cells (Fig.1). The data 
reveal the presence of considerable enzyme aotivity at 37 C iz both type8 
of vegetative cells. However, the ettemptr $0 wemare the enape wtlrity 
at 75 C pruned futile. lo easyme aetlvity oould be detested. Thues the 
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PYS*E.t lPPoleosidrue W.3.2.2.1) adivitp ia the intact rrp0re8 

(lCC&&il) aud in the Oatyl Aluohol gilled - Germinated 
Spores (166&4ul) inoubated with 1500&S adenoaine. 
Synbols: A, enzyme aatirity in the intact spore8 at 75 C; 
& enryme activity in the ootyl alcohol killed-germinated 
qore6 at 75 Ct 2, eacyme activity in the G&rot sporea at 30 C. 

vogetatire crells oontain a nuoleosidaee(EC.3.2.2.1) species which is 
sensitive to heat but not to octyl aloohol, This observation is meaning- 
ful iu v&ew of the differentiation rep&ted between heat resistauoe aud 
OatYl aleohol resistanoe of the aporulating cell& of Bacillus aereua T 
(19). The ensyme activity, at 37 0, inoreased consistautly with the age 
of the veptative cells, irrespeative of the ootyl alcohol treatment 
(Mgrl). The higher level of ensyme aativity obtained wzith the octyl 
alaohol killed vegetative cells is due to the possibility that OS118 k 
killed by octyl alcohol are unable to further metabolioe ribos$iberated. 
F?ormal cells might utiliee part of the riboee liberated by the activity of 
the enryme ou adenosiue. It is apparent from Rig.1 that this extent of 
ribose utililration corresponds to about one-fourth of the ribose liberated 
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by the enzyme present in the octyl alcohol killed-vegetative celle. It ie 
aleo apparent that the riboee Utilization increases linearly with the age 
of the vegetative cells. 

Nuuleosidaee(EC.3.2.2.1) Activity in the Intact Spores , And in the 
Octyl Alcohol Killed-Qierminated Spores: In the intact spores , the 

enzyme aativity was assayed both 
at 30 C and 75 C. The data obtained at both the temperature8 (Fig.2) 
indicated a linear increase in the ribose production with the duration 
of incubation during the initial stages. There was, however, a break in 
the curve after 20 min. of incubation at 75 C. In case of enzyme activity 
curve at 30 C, the break was observed after 60 min. of incubation. Therre 
breeks in the enzyme activity aurvea could conceivably be due to further 
utilization of the riboee liberated beCaU8e in case of o&y1 alcohol 
hilled-germinated spores no suoh sharp break in the enzyme activity curve 
was noticeable (Fig.2). ft wa8 aleo observed that the enzyme activity in 
the intact spore8 was higher at 75 C indicating that the enzyme wan 
reeistant to heat and had a high temperature optimum. 

In the octyl alcohol killed- 
germinated spore8 the enzyme was stable to heat and the activity at 75 c 

wa8 comparable to that in the intaot spore8 (Fig.2). 

Occurrenoe of Heat Resistance in the Nucleoeida8e(EC.3.2.2.1) And 
Sporulating Cells: The data on the occurrenoe of heat resietance in 

the enzyme and in the eporulating cell8 grown at 
30 C indicated that aoquieition of heat resistance by thihnzyme and 
the formation of heat stable spores oocurred simultmeously (Table 1). 
A slow end constant inereaee in the ribose liberation by the enzyme 
incubated at 75 C wae observed from 8th to 12th hour of culture age but 
at I;3th hour an abrupt increaee in the ribose liberation wa8 obeerved. 

This abrupt increase in the enzyme activity at the culture age of 13 
hour8 inepite of the high temperature of incubation (75 C) reilects 
upon a probable occurrence of heat reeietance in the enzyme at that 
time. A study of the heat stable cell count showed them to be low at 11 
and 12 hour culture age but at 13th hour (pR 7.4)theae were much higher . 
It i8 apparent from Table 1 that the heat stable aella have increwed 
from 10% at 12 hour to 70% at 13 hour oulture age. 

It would be noted from Table 1 that at 14th hour bulture age the heat 
stable cell count6 are higher then the reepective total viable cell counts. 
Thin is because of the fact that on giving heat treatment (at 80 C, for 
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Table 1. : Oaourrence of Esat Resistance in the Nueleosidase 
(EC.3.2.2.1) and Sporulating Cell6 grown at 30 C. 

Age of Ribose Produced @ig/sl)by the Total Heat 
Culture pH 6hzyme Incubated at 75 C for Viable Stable 
(Hours) 

x&L l ma, J&L m&O 
Cells/ml Cells/ml 

Ir 

Sfsin 

8 7.10 195 215 235 280 

9 7.15 210 230 250 305 

10 7.20 220 250 280 335 

11 7.25 235 280 320 390 

12 7.35 255 295 39s 465 

13 7.40 305 335 525 595 

14 7.55 440 515 565 630 

2,6xX? Nil Cells grew- 
lated,tsk%ng 
stsin,forming 

2.1xle8 
OlUSpS. 

Nil -do- 

2*2x108 Nil -do- 

l.7x108 3.5x106 Spore shape 
formed,stsin- 
ability reduoed. 

2.0xlo8 2.1x107 -do- 

1.6~10~ l.lx108 Rsfraatila 
upores, in 
alsunpe&ohains~ 

1.8~10~ 2.!?xI08 -do- 

30 rain.)alumps & cbaine of the sporulating aella are broken Into individual, 
aells resulting into heat stable cell counts higher than total viable 
cell counts)r 

The results indicate that the nucleosidase (EC:.3.2.2&) present does not 
lose its heat resistance during germination of the spores of BaazUlus 
cereus T. The vegetative t#ells of the organism synthesize the beat - 
sensitive, ootyl alcohol - resist-t form of the ensyme which beaomes 

resintent to heat at the s-e time as the aells develop heat resistaaoe~ 
The results are in aonforndty with the findingn of earlier workers (20,U). 

We are grate&l to the United Statea Agenoy for International. Development 
for granting one of us (PICA) a Clraduate TraSneeship during the period of 
inre6tigatlon. 
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