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‘ "enumeratlng v1able Escherlchla COll in foods.e

ABSTRACT
. a

The conditions-ahd mechanism of heat injury‘and’resﬁs#p
‘A~ . -

c1tat10n were studles with two strains of Escherlchla colLu_#"

 The thermal death curves for these organlsms were estab- '?

LR

lished at 52 °c. For the heatlng perlod straln SA211 gavé

~

nonllnear death curves on both platlng megla, whlle straln uﬁﬁ

SA602 ‘was llngar on nutrlent agar "and- nonllnear on €he

%e agar plating medlugijpésultlng in decreas—v

Co - - co \ : I
ing 1njury*w1th_extendeé‘heatrng.‘ - L o %

v1olet‘red.b1

‘Inhibitory levels of antibiotiCS\were adde@‘tb'the‘
resusc1tatlon medlum (tryptlc soy broth), t determlne . '
thelr»effect oﬁ resusc1tat10n. The 1n tlon of resus-  14¥

.c1tat10n by chloramphenlcol and tet;acyqllne Hcl, impli-

{ .
,cated proteln synthesrs in the repalr mechanlsm.ﬁ Resusf

c1tatlon d1d not occur in the presence of amlno a01ds,

'nand the results conflrmed that peptxdes were necessary 1n L
the resuscrtatlon medlum for the repalr to occur.
Resusc1tat10n occurred in. medla of llmlted nutrlent

capac1ty,fsuch as’ O 1% peptone water. A'resuscltatlon P

0"

*ymedlum that does not support growth -apart from\those con—
talnlng 1nh1b1tory levels of antlblotlcs, has not been h

"dlscovered From these studles 1t appears necessary
\ N ’
felther to- 1mprove the platlng medla or to develop ‘a growth

N ¢ ?

o ®
,llmltlng resusc1tatlon medlum for use 1n routlne methods of

v
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R .
INTRODUCTION . ! i

o ‘.-'. » Durlng harvestlng, proces51ng, haJdllng and das-'

trlbutlon, foods may become contamlnated W1th dlfferent

mlcroorqanlsms Unsanltary hawnllng, or- contact w1th 1m
7

1 proper@y cﬂeaned equlpment or both, could resultlln.thej oL
i presence of collform bacterla in a’ food Publlc health f"

“\

authorltles use collform bacterla as an 1ndloétqr of pot—

4

ential danger to hgglth, whlle quallty>assurance laborator—

’
[y

ies use these bacterla as 1nd1cators of hyglenlc Standards

o

Although dlfferences ex1st in. the 1nterpretatloh of these
tests by Publlc Health authorltles ahd—%he-Food yndustry,'?

there can be llttle doubt that these tests prOV1de a gu1de

v

to the standards of hyglene practlced 1n food handllng

More pertlnent 1nformatlon to the hyglenlc standards

r.of food handllng can be obt"neﬂ 1f the partlcular collform
0 A - S W
bacterla contamlnatlng he food are- determlned. Escherlchla

¥

‘ c011 is-a member of the collform group of bacter1a.~ This

bacter1um°1s commonly found in the 1ntest1nal tract of man B
Lt Lo !\‘,. R L
T and all vertebrates (Breed et al., l957f The conflrmed
_ i

presence of E COll type I 1n food would be more conv1ncing'

ev1dence of fecal contamlnatlon, and a more 51gniflcant
'flndlcatOr oﬁ a potentlal danger for<human.health The,»,:f;
o detectlon of pathogens, or tﬁelr 1Hd1cator organlsms, as -

= well as’ the detectlon of spoalage organlsms, 1s essentlal
: Y

to a successful survelllance prograp for safe and economrc_'il,fr

~

A\

dli.:s'1,‘;11;“¥?;lnlf/:::'ibtl l:aﬁluii;{



‘to detect ®11 of the approprlate mlcroorganls

'Desplte the- ev1dence to i dlcate that env1ronmen

o : T & ‘ 2

\

food supplies. However, there is increasing evidence to

ind}cate that selective media currently in us:ﬁ;?ten fail

The food mlcroblologlst 1s concerned w1th the

L}

detectlon of mlcroorganlsms in foods. The value of this~\

¢

: work is. deéendent upon the rellablllty of the tezts used.

al- stresses“

in the proce551ng of foods may cause a state of 1njury in

'the mlcroorganlsms, whlch 1ncreases ‘their susceptlblllty to

: 1nh1b1tory agents in selectlve medla,\llttle has been done

13

.to take this 1nto ‘account in the standard methods for B

A

’c1tate, and grow, to the detrlment of quallty assurance or

Asafety for ‘the consumer., Elther 1mproved select1Ve medla,

oy /

”_whlch w1ll support the growth of 1n3ured cells, or resusc1ta-

_resusc1tatlon of sublethally heated stralné;of E. Cbll.“

tion procedures, whlch w1ll allow 1n3ured cells to recover L

«’llthelr abllxty to grow on selectlve medla must be developed

e

procedures requlres anvunderstandlng of cell 1njury and the’ Do

resusc1tatlon process.v The object of thls study was to® f'

/

determlne the nature of 1njury‘and the requlrements forfff

e

. PR . L L
i S S - - v

N .
The development of 1mproved medla or resuscltatlon

detectlng mlcrOOrganlsms 1n\foods Mlcroorganlsms Can resus—.‘

O
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" was’ 1ntroduced/by Eljkman in 1908 She reporte”» hat the 3-‘,n

LITERATURE REVIEW
- s

In the 1ate elghteenth century, Spallanzanl noted

-lower heat res15tance in "superlor anlmallcula"'(protozoa)

*

: than in anlmallcula"(most probably bacterla) (Stanler et

al., 1970). ‘The flrst observation of heat sterlllzatlon s s

Been- attrlbuted to Schwann (1837) ‘who observed that 1f an

~infusion of meat was heated,’ and-all~of'the air enterlng_thea'

‘enclosed flask was heated, putrefaction-did’not_occur; In

‘ ‘ - T .
1861 the'application of heat treatment to foods' was further

. advanced by Pasteur, and in 1876 Cohn dlscovered "spores"

a heat re51stant form of bacterla (Stanier et al., 1970- and

5

‘Wilson and-Mlles, 1957) y 'fwd - ,".' , o ,1 ﬁ_h

| . ™~
. , The flrst quantltatlve measurements of the heat

- P . . \v~ -

re51stance of organlsms, to dry and molst heat, were made by

Kocl in 1881 and by Koch and Wolffhllgel in. 1881 , They found
that the temperature requared for the sterrllzatlon of spores
(th mOlSt heat was lower than that requlred with dry heat

(Smith et al., 1964 and Hugo, 197l)

LA -~

. longer an organlsm was subjected to treatment W1th moxst

e heat, the greater the perlod necessary "for recovery .';wj:f[}

' Martln. Chlck (l910) ShOWed that the rate of death of a'a‘

- 3RS

(Harrles,_l968) J:,‘ ,*,*”"»fﬁ‘;77f7:' f;,;’fﬁti}ﬁ'ﬁ:‘
LR The lethal actlon of m01st heat on vegetatlve

bactirlal cells was studled as early as 1910 by Cthk a Q;f{f.

’.6




, - N ,
.4

-

: . . . ! < - ) .
population of vegetative bacteria was logarithmic; She stated 3

that the disinfection of bacteria by heat in presence of water « -

exhlblts a strlklng analogva1th the behavlor of some pro- -
)

teins under similar conditions, and leads to the 1nference “that
. . : i 2 : s

disinfection of Bacteria by heat is due to hydration of their
constltuents of proteins. This 1mportant work préposed a mech-
anism whereby m01st heat killed. bacterla and lllustrated logar-

1thm1c -death. TTlS has been shown tO'be-characterlstlc of a

0

large number of other chemlcal and phy51cal treatments lethal to.

) £ N
. - .

. .mlcroorganlsms

| .An lncreased-lag phase of growth'was Observedﬂgfterjheat'
treatment. 1In l923 Burke postulated that thlS was due to a- heat
vre51stant fractlon of the culture. However, Hershey (1939) de-
scribed a serles of experlments in which the lag phase was in-
'Hcreased w1th lengthened exposure to hﬁat He attrlbuted the f.{ ‘(
'extended lag phase to injury of the cells, and not, as suggested
. by Burke. (1_923), selectlon of rem!tant cells that)w:ere. 1nher—":
_ently slow to dev;lop. Extended lag phase as a response'to ‘
t rmal 1n3ury has been shown by many 1nvestigators w1th d1f-'

~

-ferent organlsms, e. ‘9. Pseudomonas fluorescens (Lawton and Nel—:j

o RV

fson, 1955), @ercrococcus straln (Kaufman et al., 1959),_ taEh v_/
‘_\ . . ‘

‘ylococcus aureus (Jackson and WOodblne, 1963) and Streptococcus

. s .
BT »

.‘faecalls (Clark et al 196&) j'*i ifliynlfpf;; f~[]j ":-',_‘i

o,
G -

PN
The extended Lag phase can: be descrlbed as a perlod

oo - l I.‘

of " recovery (repalr,\rev1val or resuscxtatlon), durlng whlch
*fthe cell regalns 1ts ablllty to grow In thls study, /;ésu57}

"ltatlon" hasqbéen selected as-. the tbrm to descrlbe thls process.~
Harrls (1963) explalned thlS as "the perlod of gettlng back' xmy;.f

{



L. L
N ’

2 o o _ :
organisms from their subleﬁhaﬂ'env1ronmentr._'Roth (1969) de-
fined "injury" as "the loss of some characteristic of the - )
) (J . .

parent culture, which restricts the growth of the lnjured cells
when this specific characteristic is challenged,_but from which

the injured cells are}able to recover" band "recovery" (resus {
tation) as "the repair of the damage respon51ble for 1njury, en-
abling prev1ou51y 1njured cells to grow normally". This is com- °
monly‘accompllshed)by incubating the organisms in a liquid'medlum
such as tryptic soy broth (Roth, 1969). - | | 3\

Busta and Jezeski (1963) reported that, When staphylococci=

b

 were subjected to a sublethal heat treatment, the surv1vor count

-

on plate count agar was greater than on the selectlve medlum,

Staphylococcus medlum No 110Q,. © They demonstrated that the 2edt\\

[

tr7atment made the cells salt sen51t1ve, but that this salt/tol—“”\\

ance returned < f the treated c lls were 1ncubated 1n skim mllk

This observatlon was also confi ed by Stlles and Witter, (1965)

Aand.Iandolo and Ordal@51966)' o further demonstrated that salt 1

»toleranée c0uld'be regained in a medlum which would notusupport
growth and. multlpllcatlon of the organlsm., Strange and Shon (1964)
‘noted a delay ln the appearance of the. colonleé of Aerobacter

giogenes plated on-solld medla" They also noted a. mar ed dlf—'

£
-

ference in célony size. at - certaln 1ncubat10n tlmés whl h 1nd1—

acated the p0351b11rty of a varlable effect of the sublethas heat\

treatment on. the cells e o L

PN

: Injury caused the organiSme to be more exacting in



)

their nutritional requirements, to exhibit a narrower

temperature and pH range for growth,- td reduce their

' respiratory activity and oxygen consumption, and to increase

5

their sed&itivity to inhibitors and selective agents (Isaacs,

1930 a, b; Hershey 1939; Nelson, 1942; and‘Stiles.and Witter

1965). Isaacs (1930b) suggested that organisms exposed to.

“heat or chemigals might be ‘damaged so that & medium whigh

was optimal fd&-growth without treatment, could be
unsatisfactory for their growth after treatment,f‘

Hershey (1939) found that the resuscitatiOn'of

~sublethally heat treated E. coli was better in liquid than

on solid media Nelsona(l943) COmparﬁd four agar’ medla for
thelr ablllty to support growth of d7maged bacterla and .

found that beef 1nfu51on -agar ga Jhagher counts.of heated-

- bactaxia than nutrlent agar contalnlng beef extract and_

that both of hese supported much hlgher counts than a 51mp1e _

synthetlc medlum Nelson (1944) observed an 1ncrease in the

,'vnumber of heat treated bacterlal cells grow1ng on a synthetlc
medium, when tryptone had been added Harrls (1963) dbserved
’ that yeast and malt extract added to beef extract broth R

1ncreased the rev1val of phenol treated vegetatlve bacterla.fw.

_ Stapleton et al (1955) found-that ‘the addltlon‘ofzyeast o

‘extract to mlnlmal medla gave increased resusc1tatlon of

‘1rrad1ated bacterla, whereas Alper and’ Glllles (l958a b)
reported that for bacterla damaged by 1rrad1at10n, resusc1ta— f.:g
- tion’ was better on mlnlmal medla whlch were suboptlmal ﬁor

‘the growth of unheated cells. Kadota and co- workers 1n'7?



—

1957, found that.the addition of 0.1% yeast extifct to a
synthetic basal medium increased. the plate counts of

irradiated-bacteria (Aliwood and Russell, 1970). The same

. ~
v n
o )y
M

X

.results were also obtained by Nakamura and Ramage (1965) on-

- ultraviolet irradiated Shig. sonnei.
' +

to.

I Addltlon of enrlchlng agents does not necessarlly
mean that the growth rate will be greater. Harris (1963)
| reported that a 31mple meat extract medlum was superlor to a
'meat extract peptone medium for the recovery of phenol |
treated bacterla Straka and Stokes (1959) observed that
~the addltlon of enrlchments increased the revival of bacterla
» damaged by free21ng Nakamuramand Dawson (19625, Roberts et
al; (1965) and Postgate and Hunter (1963) obtained better

recovery in nutrient agar than in a synthetlc medlum for

freeze damaged Shlg sonnel, A. aero enesy

E. coli, respectlvely._ Ba;rd Parker and Davenport (1965), .
oh the other hand, reported veﬂﬂfllttle dlfference between
the media tested for the growth of frozen cells of

§. aureus. Busta and Jezeskl (1963) observed

that heat shocked S . aureus exhxblted sen51t1v1ty . L.’ »" ?'/}'

',gto sodlum chlorlde in the growth medlum.; Stlles and W1tter

'(1965) also observed thls effect, and found that reduc1ng or
ellmlnatlng sodlum chlorlde 1n the medlum 1ncreased the»vs |

_ { >
_plate counts. They also found that 1f the heat damaged cells

were stored 1n 5% galactose or glucose befOre platrng out

N Lo

they regalned thelr salt tolerance. Stlles and wluter (1965)

-and Iandolo and Ordal (1966) found no 1ncrease 1n t e plate'



counts on. agars w1thout salt durlng the resusc1tatxon‘
period, while plate counts on selectlve agars contalnlng
salt 1ncreased until they were similar to those on agars

without salt. §

\
Al

Heinmets et alx;(l954) obserwed thatAthe.additlon

of Krebs cycle metabolltes to the: medlum "reactlvated"
E. coli damaged by heat and chemlcals.: Garv1e (1955)
reported the "multlpllcat;on" of damaged cells of E. coli in~
buffer solutlons,»plus metabolltes. She’ consrdered the

reactlvatlon" process observed by Helnmets and co—workers to
" be the result of the mult;pllcatlon of a few surv1vors. |
Heather and Van der Zant (1957) found an 1ncrease in the :

[

number of v1able cells during the 1ncubat10n of heat damaged
bacteria with 1soc1tr1c ac1d sodlum‘c1trate or a mlxture of
,eleven metabolites; It would appear that all of these |
observatlons are.in fact the occurrence of resu501tatlon of
the 1n3ﬁ“ed mlcroorganlsms. Balrd Parker and Davenport ‘
(1965) reported that the addltlon of pyruvate to the growth

medlum 1ncreased the plate counts of S. aﬁreus. Thls was not

resuSC1tatlon in the same sense as the other observatlons.

However, the presence of pyruvate 1n the growth medlum ls»f;V

"}ow;.ng the 1n3ured cells to grow, hence it must be assumed R

‘{
that resusc1tatlon 1s occurrlng

;

The sens1t1v1ty of bacterla to 1nh1b1tors greatly

vlncreased after heatlng Jacobs and Harrls (1961) reported gf

that agars from dlffedent geographlcal sources gavei3-'"

dlfferent results when used in the cultlvatlon of a number'si .

.\_. \\ b'.( ...'."".



of different bacterial species damaged by phenols.A Jacobs-‘

| and‘Harris (i960 1961) and Harrls (1963) found an ;ncreased

' recovery" when medla were detox1f1ed The presence of

Alndlcator\dyes and select;ve agents 1n‘media also affected

'the plate countspof;damaged_bacteria,. Roth (1969)'found-

-thag.sublethally heatedaé.ggii showed‘an'increased h

’sensitfvity to thé’bile saltsvused asathe'selective,agent ;1'

in- many collform medla o 1 _ ;' .j ’A_“ S

| ‘_ B The optlmumtpH for recovery after heat treatment

_was not necessarlly the optlmum pH for growth of unheated

organlsms (Isaacs, l930a b) “Nelson (1956) found that

-E Coll exhlb;ted an optlmum pH for recovery between 5. 6 b O,_-

whereas unheated E..coll grew well over the pH range 5 9
The temperature and the perlod of 1ncubat10n |

affected the recovery ‘of heated bacterla Eleman in. 1908

reported that 1ncreas;ng the lncubatlon perlod from 3 to 15 3.i7

,days, gave hlgher plate counts for the heated bacteria

(Harrles, 1968).. Nelson (1942) reported that heat treated R

°

_'E COll gave hlgher counts when lncubated at 32°C than at
’20 or 379Cr' Nelson and Baker (1954) reported that
hpasteurlzed mllk gave hlghest counts at 25°C and 2l°C after

3 and 4 days':lncubatlon, respectlvely.u Roth (1969) found

'_that resusc1tatlon of heated E. c011 was slower at 20°C than;5 _gﬁf

< that

ats 37°C, whlle there was na resusc1tatlon at 4 4 C.zjﬂyf" ”*:’}
7 ‘

,\;_

EXl oy ) \
;;to explaln the lethal Lnfluence of molst heat on the

-_vegetatlve cells of bacterlatr These were llsted by Strange

A

There are a number of p0351b1e mechanlsms prop°sed j;gr



Cﬁgd Shon (1964) as follows: . . SRR -
B 1. i tein, 0

Coagulation of protern.
2. 'Inactivation of‘eniymes.
3. -Disruotion of'cellular'lipids
'4.*lDamage ‘to the genetlc apparatus.'
5.. Breakdown of RNA.' g | o
| %lTSykes (1962) suggested that morst heat coagulated
“ibacterlal protelns and denatured bacterlal enzymes. - Salton | e
1(1953) suggested that the susceptlblllty of the wall of thé/)\“d/
.Gram negatlve bacterla to rupture or damage on heatrng Was due
‘?,to the hlgh llpld content or to the nature of the proteln con-
..stltuent Harrles and Russel (1966) found that lysozyme had no :
t;-effect on unheated E. ggli cells, nor onéthose whlch had been |
heated at 50'460-C ThlS 1nd1cated elther that lysozyme was un-n
'able to reach 1ts mucopeptlde substrate or that varying degrees |
: lof change in 1ntracellular proteln had prevented ly81s.a Lennox ’
j(l960) concluded that because b01led cells malntalned thelr
' ‘cell wall antlgen1c1ty,-thefcell walls of Gram-negatlve f;fiffcg
'bacterla were not affected by hrgh temperatures.e The cell
rv;wall of staphylococc1 was not affected by heat treatment up
" to 100°%. (Salton, 1953), and thlB was conflrmed in studlesllffhe”f
'ﬂlnvolv1ng electron mlcrographs of ultra thln sectlons of S
Lcells from a heated suspens1on of S aureus (Allwood and
ileussell 1969) e S “f | _'
. It was found that heatlng caused the leakage of L
“t‘lcellular constltuents, 1Pclud1ng RNA-llke materlal._”:;;':{“
7{thallfano in 1952/reported that the amount-of nuclelc ac1d | _

ERR



in the supernatant of a\washed suspension.lhcreased with h

. time and temperature of heatlng (Allwood and Russell i970)f
whlle Harries (l968)’reported that Cantelmo in 1950 had found.
that the amount of nuclelc acid llberated 1ncreased as the o
.age ot.CultUre increased Mltchell (1951) suggested that :
the osmotlc barrler of bacter1al cells.might be damaged by
heat treatment There appeared to be a link between loss of
viability and the leakage of small molecules from the cell
‘which occurredv at least partlally, as a result of damage to
'the cytoplasmlc membrane., Pethlca (1958) con51dered such :
,leakage a manlfestatlon of membrane damage Strange and
:Shon (1964) showed that a close relatlonshlp ex1sted betweenig'.
leakage of RNA-llke materlal from cells and death of o
A. aerogenes stored at 47 C.” The 1nf1uence of Q,ﬁt
vtemperature on the phy51ochem1cal structure of the 11p1d
'_membranes was studled by Byrne and Chapman (1964) It was
“suggested that the Cytoplasmlc membrane would be expected °';1
to be very sen51t1ve to temperaturelchanges sxnce such
:membranes exlsted on the borderllne of a "temperature—t;d‘fﬂf{ias

sensatlve phase tran51tlon"

WOod (1956) suggested that nuclear damage could be11:f”7

'”fthe result of hlgh temperature 1nact1vatlon of bacterla and i
;_other un1Cellular organlsms.\ Szybalsk1 (1967) found that

llthe'denaturatlon of the natlve, double-stranded DNA\ts,,

l

f.eventually to a. dlssoc1at10n|of the
"ifcomplementary strands., He found an’ increase ln extlnctlon

.‘j“,' -

-umably, a collapse of the hydrogen—bond d double—helicalgj;ff




:{enables them to "repalr" thls llmltEd denaturatlon._ However,r*

12

of DNA at 260 nm and a decrease in its v1sc051ty However,.

.

. DNA must be heated to hlgh temperatures before its structure
i

vcollgpses, and the cleavage of hydrogen bonds at hlgh

\

>

temperatures is often a gradual process.i'

The term "denaturatlon" is used here to denote the

4

dlsruptlon of an orlglnal natural largely hydrogen-bonded
and complex structure. Presumably, heat 1nduces ‘a breakage

of many of the hydrOgen bonds and an unfoldlng of the
polypeptlde chaln w1th a collapse of the natlve proteln

-

structure (Allwood and Russell 1970) In general terms,

I3

”proteln denaturatlon mlght be completely rever51ble under -

'some carefully controlled condrtlons, dependent on; the

;degree to whlch denaturatlon has occurred. It is: questlon—~‘w

‘able, therefore, whether bacterla possess a mechanlsm whlch

'.the ba31s for the rev1val of heat damaged cells on-t’

nutrltlonally complex medla d1d not rndlcate that PrOteln-*’“*

i ¥

renaturatlon was 1nvolved Moreover, loss of v1abllity of j;if

fjgheated bacterla appeared before proteln coagulatlon could

Tf‘be detected Th1s 1ntracellu1ar proteln coagulatlon
’1occurred above a. partlcular temperature of exposure, but 1t

ywas shown to be the prlmary cause of thermally 1nduced

“death of vegetatlve bacterla (Allwood and Russell 1970)

;;.1n bacterlal death One study by Rahn and Schroeder (1941)f_;,1w

showed that whereas there was 99% krll of Bacrllus cereus

Few experlments have been carrled out wrth a v1ew QV

‘w‘jg;;.i

S

Vf,;to makrng an assessment of the role of enzyme 1nactivation }fﬁﬁl

B SR




-

after ten m1nutes at 46°C the reductlon in perox1dase and
N\

. 'ﬁé

1

catalase act1V1ty was only 14 and 20% respeét1vely.~ The
Ve P

heat-lnact;vatlon of,formlc-dehydrogenase in whole cells of g‘“.
‘a facultatively psychrophilic strain—of E. coli was far .

‘ greater than -in the mesophlllc straln under the same ’

. cond1tlons (Upadhyay and stokes, 1963) Evrson:and Rose .
. . \. .

(1965) suggested that the death of psychrophllrc bacterxa
' above thelr maximum growth temperature could be due to heat
"\\

nactlvatlon of thelr constltuent enzymes Allwood/and

determlnlng 1ts 1nact1vat10n by heat

As early as 1935 Belehradek stated that the _i,a D
; effects of hlgh temperature upon llVlhg s;:tems were 'so }e:f?r
"complex that no theory could be ventured to reduce them all
ito a; unlform basis ‘ Studles to flnd the mechanisms of heat
1n3ury have ken a varlety of routes. o s
Antlblotlcs have been used as research toois to :
'elucldate the mechanlsms 1nvolved When chloramphenrcol wasi
-added to»érowrng cells at'concentratlons of lolpg per ml andl{ir:

: hfabOVe, 95 ‘to 100% of proteln synthesrs wag 1nhib ed ThlS T

fwas shown fo“S aureus by Gale and Folkes (1953) '.3rij;t:

hand for E oli by W1sseman et al (1954) Roth (1969)

3rdfound that the presence of chloramphen1c01 in the/resuscita-fr;hiﬂ

/tlon medlum 1nh1b1ted the recovery of the heat induced );ffﬁsz

- sen51t1v1ty to v1olet red blle agar. Mukherjee and

,4‘,' “,‘ : e




hnfsynthe51s coﬁ

'@'jaccumulatlon of urldine nucleotldes<1n the cells.4 The

' formatlon of peptlde bonds._f 5 | - |
. v‘tl 5'lf JOrdan (1961) f§und that vancomyoln rapxdly
ylnhlblted

,vhcell wall fra'

14

o

Bhattacharjee £1970) observed that when E. coli was grown .

. .

in the preéence of chloramphenlcol (100 pg/ml) for 30

mlnutes befOre heatlng, the resu501tatlon process was

StOpped The. resusc1tat10n phenOmenon was re establlshed

when the organlsms were’ subsequently allowed to grow in the

‘absence of chloramphenlcol for a perlod of at least 30
Tmlnutes°before exposure to heat. They concluded that there

.was a dlrect 1nvolVement of proteln 1n the mechanlsm of

r

.dheat 1n]ury.

Inhlbltlon of proteln synthe51s by tetracycllnes

was. obserVed by Gale ahd Folkes (1953) who p01nted out/that;f5f

their actlon was - 51m11ar to that of chloramphen1col Park e

"(1959) and Hash (1963) reported that tetracyclines dldanot ?igﬂ

1nh1b1t cell wall synthe51s Franklln (1963) showed that agkl

LI

vnumber of tetracycllnes strongly 1nh1b1ted the transfer of L
1 amlno aC1ds from aminoacyl sRNA to rlbosome-bound proteln,;ff

dbut had no. effect on the blnding of sRNA to rlbosomes.j He;elfr

g

e 1ncorporat10n of amlno ac1ds into the

L .
on of S. aureus, whlle proteln

}nued for some txme. It also caused the

’ﬂ“Zact1v1ty of amp1c1111n was four to elght times greater thanfhjgi

Low

that of benzyl pen1c1111n agalnst varlous Gram-negative j;;'*"”

o
”l;rkhﬂfﬁi ;-"“

‘psuggested that tetracycllnes mlght spec1flca11y 1nh1bht theﬁfﬁdf);%'

vhfbac1lll and most stralns of E coll., Amplcillln inhlbited ’?gﬁf“ﬁhT




L%

to resusc1tate.-'w

s o - _" - | ‘ B | 15

'the synthe51s of peptldoglycan and D—alanlne carboxypeptldase

in E. COll (Gottlieb and Shaw, 1967) | _'; T

The flrst 1nd1cation that actlnomy01n D was an
1nh1b1tor of nuclelc ac1d synthe51s came from the work of
Kirk (1960) and Slotnlck '(1960) ;- who found. tha:t’vRNA and .

proteln synthe31s in grow1ng bacterra were. 1nhib1ted by thlS’

‘antlblotlc, but that DNA synthesis was much less sensltlve

to 1t The actlnodyclns have been extremely useful an
1nvest1gat10ns concerned w1th DNA synthe51s, RNA, and v1rus

multlpllcatlon (Dav1s and Felngo}d,.l962) Heat 1njuredl -

‘ treg faecalls cells were observed to recover thelr

= ‘ B
tolerance to sodlum chlorlde, sodlum a21de, and bromocresol :

purple when 1ncubated in- tryptlc soy broth (Clark Wltte;

' and Ordal 1968) Act1nomyc1n D 1nh1b1ted thlS recovery

'process and thus demonstrated the requlfement for RNA }%1::;&"“'4h

synthesxs 1n the recovery mechanlsm of-Strep faecalls.:fv4

Con51derable work has beeh carrled out to show thatdvfﬁﬂ
' dresusc1tat10n of heat treated bacteria is affected by the

’.medlum used subsequent to the sublethal heat xreatmen(

. \

'lettle work has been done to flnd the exact mechanlsms of

thermal 1n3ury, and the requlrements for*heat treated cells jylf{f‘T

e

. . .. N N T -



s
MATERIALS AND METHODS

< Cultures

S

. N . L R : Uy
Streptomycin resistant strains of E, coli,

£

";,SA211 (E. coli 'B) and“éA603 (E. COll K12) were used in thls
studye They were orﬁglnally obtalned from Dr K. Sanderson,.
{ Department of Blology, Unlversxty of Calgary, Calgary,;'
Klberta. ‘A freeze drled culture of these stralns was
‘prepafed.and stored-for future use_ln.case of.changes‘in:” o
‘the originalistrains.” o o
| ’Tryptié'sdy'broth-(TSB) was'used‘asftheiérowtn N

medlum for malntalnlng the cultures and for the productlon;“'ylif

Of cells for heat treatment Nutrlent agar (NA) was used :1;1:.,

-as the control medlum and violet red blle agar (VRBA) was L

" - B -
the selective medlum._ All medla were obtalned 1n theil'“

dehydrated form from leco and rehydrated as dlrected NA.

Y ":
that was not used 1mmedlately was stored 1n a refrlgeratorf
at 40°F untfl needed at whlch tlme 1t was melted 1n yfdh.b

flowlng steam fOr 20 to 25 mln._;” S

o /»,‘-‘ o

L_ Prooagatlon bﬁh o -:f[pr:;{f y f;;?,M:ﬁtflh“\fT'ti?iiiadﬁd
. _.'_ The organlsms were transferred dally lnto IOO'ml
sterule tryptlc soy broth (leco) in a 250 ml pyrex Erlenmeyer
flask and 1ncubated/at 37°C for 18 to 24 hr under constant '

New Brunsw1ck controlled Environment Incubator

0

Shaker, Gyrotory Model G25 shaklng at 200 r p m. w1th an g
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eccentricity of 1 inch Perlodlc examlnatlon of a. Gram-
» stalned smear was done to ensure the purlty of the cultures.
Perlodlc testlng of the organlsms for thelr streptomyc1n

‘resrstance was made as follows~‘ streptomyc1n sulfate

'powder (Pflzer) was dlssolved in ‘distilled’ water, and fllter i

sterilized (Metrlcel»autoclavableumembrahe fllter, 0-20)1

. 2
pore size) The streptomy01n solutlon was’ added aseptlcally

“to sterlle nutrlent agar at 46:C to give a flnal concentratlon
of-200‘Ag/ml; Plates were poured and 0. l ml allqud;s of the
test organlsms were surface streaked in trlpllcate, w1th a

sterlle glass "hockey stlck"' " The plates were 1ncubated at

I3

37° C for 30 hr, and colOnles examlned for streptomyc1h~rqslstance.-'

'Preparatlon and Heat Treatment L 1;'

T

A three ml allquot of the actlvely grow1ng stock
culture ‘was 1noculated lnto 100 ml sterlle TSB in a 250-ml
pyrex Erlenmeyer flask to glve ‘an 1n1tlal ODSOdu" £

approx1mately 0 l and 1ncubated at 379C under constant

.aeratlon as 1nd1cated for culture propagatlon,‘for 3 3 1/2 hr, -

‘k untll the ODGOOnm had lncreased to l O i 0. 02._ The culture ;;fl”

,wasoharvested by centrlfugatlon 1n a refrlgerated centrifuge ﬂlf7::;

,(Sorvall RC- 28 GSA head) at 5000 r p m., for 5 m1n at 0 to

';.2°C._ The supernatant was. decanted and the pellet of cells

‘_?resuspended 1n 2 ml sterlle, 0 85% (w/v) sallne solutron._plhlf:f’V

A one ml allquot of the resuspended cells was

‘"ftransferred to 99 ml prehé?ted TSB in a 250—ml pyrex Erlen-fi3f

. meyer flaSk The f135k was Suspended 1n a c1rcu1at1ng water fﬁﬁfiﬁ‘



[}

J ¥ ; -

v bath Supplled w1th constant temperature water from a . n

Colora, rec&rculatlng watler batqiat 52°C (unless otherw1se
_sBec1f1ed). The broth was stlrred by~ means of al 1/2‘1nch

TeflonL00vered stlrrlng bar over a.magnetlc stlrrer. The

>

N

53

/ -

speed of the stirrer was adJusted to O.Waln max1mum agltatlon

: w1thout 1051ngrthe rotatlonal stirring effect. The heating

3 . . A

'system'was a modlflcatlon of that used by El-Bisi and Ordalf

oy

(1956), and used by Roth (1969). S \
{ R . N - R : e

wﬁSampllng and Dllutlng

, ( -

The flTSt sample was w1thdrawn 30 sec. after wo
. B ! N
inoculation. Succe351ve 1 ml allquots of the heated cell

.

'suspens1on were removed, by plpet, at spec1f1ed tlme B

‘1ntervals durlng the heatlng and resusc1tatron perlods. fThe

samples were transferred into 99 ml precooled (0°C, .in an
. ‘C(“

ice bath), sterlle 0 l% peptone water blank for further

4

‘dllutlon and- platxng The dilutlons were handled accordlng

to standard methods (Thatcher and Clark 1968) , In some"

’lcases, eXceptloﬁs to thls procedure wer? necessary, for

example, where the expected concentratlon‘of the v1able

‘~'heated cells had to be plated

ResuSCLtatlon .”'

_ organlsms/ml was such that 0 l or l 0 ml allquots of the

% -

After the heatlng perlod the reactlon flask was 3gi

. cooled to 37 C 1n an 1ce bath and lncubated at 37 C for

i

°;‘and used to determlne the optlcal denslty These samplesb}r“-*i

I

".resu501tatlon Samples were w1thdrawn at selected lntervals ?”V”



- R T

«‘ Ged

:fére also dlluted in 99 ml, cooled, 0.1% peptone water

9nks and plated to determlne thelr v1able counts. Sampling
as contlnued elther until an 1ncrease in the opt1cal density
}aaiohserved 1nd1cat1ng that growth of the organisms had

\”? é?bed or for 6-8 hr, to include péayt of the growth

§e of the cells

D)

iz
e

9!
%ﬁ&hg and Incubatlon

EE After dilution, and without delay, 0.1 ml or 1.0

‘L

prlately marked plastlc petrl dlshes (15 X 100 mm) Appro~
4x1mately 15 ml of the sterlllzed medla, NA//nd VRBA prev1ously
cooled to 46°¢ were poured into, the approprlate petri dishes. -

The’ agar was mlxed w1th the 1noculum by rotatlng the dishes-

. o i

lO‘tlmes clockw1se and 10 tlmes counter-clockw1se (Hall 1970)

The medium was allowed to- SOlldlfy, and the VRBA plates were

k)

covered w1th 4 to 5 ml overlay of the same medium, ‘as rec-'

ommended (leco) The plates were then 1nverted and 1ncubated

\

.at 37°C." The VRBA plates were 1ncubated for 18 to 24 hr and
the nutrlent agar plates for 44 to 48 hr before countlng The
colonles were counted u51ng a New Brunsw1ck Electronlc Colony

Counter (Model Cc- llO)

'-Antlblotlc Studies

p ‘f

Antlblotlcs were selected to’ establlsh the pOSSlble type
of heat damage to the cells.' The antlblotlcs wege added |

to the fesusc1tatlon medla (TSB) 1n the follow1ng concentratlonSff:“

phd
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.. Actinomycin D (Merck, Sharp and Dohme) 75 and 100 ng/ml

2. Ampicillin (Ayerst Laboratories) S . 2 nug/ml
.3. Chloramphenicol (éark, 6;vis and Company) - 2.5 ng/ml,
4, Tet;atyeline (Novopharm Ltd.) ' ) 2 pg/ml
5, VanCmecin_(Eli Lilly and Co. (Canada) Ltd. ) | 100 nug/ml

'All other condltlons of .the experlment were
carrled out as described in the=foreg61ng proqedures,
'Controls without antibiotics were carried outfwith each_"
rantibiotiC‘experimenQS . |

Resuscitation of E. coli in minimal media -

" The test 6rganism uSed in this1%tudy ‘was E gglij
_ . _

SA603. An 1noculum of these cells from a 24 hr stock culture.
was grown in. TSB as described in propagatlon (b l6) and |
preparatlon and heat treatment (p 17) The,cells were:
harvested‘by_centrlfugatlon (5000 r.p. m., Sorvall RC-ZB
nGSA head, 0- 2°C), the supernatant was dlscarded, and the .
- cells washed tw1ce w1th sterlllzed uélstllled water.; A 2 ml.
allquot of washed resuspended cells was 1noculated 1nto
;sp601§1ed medla | , “ >'_ ‘. | |

'Growth was followed by measurlng the optlcal
' denslty at- 600 nm and the Vlable count was determlned by
platlng approprlate dllutlons of samples on- NA and VRBA
Vtsamples were. taken after 1noculatlon and at tWO hourlp~alvf
Lntervals~ The plates were 1ncubated at 37°C, as speclfled

funder platlng and 1ncubatlon (p 19) /(



Calculations . '

'_A compufer>program was -written for bhe'IBM‘3Gd/67 
~to calculate énd ploE the‘10ga;ithm of.the_numbér of |
organism; against timé. Thé'prbgfam'acéepﬁs'the aafq as tgs
_number of organiémsiatlyarigps timés and,calCulétes and
- plots the best fitting curve. L -

\

Replications

The number of replications(for'each‘trial-isv

¢

shown in Table 1.
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Table l Number of repllcatlons of trlals for E. éoli'SAZII'
“and SA603 S

. Number of Trials

‘Experiments . - sa211  SA603

Heating injury- . . TR o4 ift' 6
. Heating and reSuscitdtion in. TSB f:' 2. 5

'vResusc1tatlon with 2.5 pg/ml R
’ chloramphenlcol F S D 2

Resusc1tatlon w1th 100 0 pg/ml ) . . . a
actinomycin D S o B 3 2

Resu501tatlon w1th 2.0 pg/ml » S o
tetracycllne HCL = = 2 e 20
‘Resusc1tatlon Wlth 2 0 ng/ml _ . e 4,.,
‘ amp1c1llln S g '_ S e 20
.Resusc1tatlon wmth 100. 0 pg/ml SR R
' vancomyc1n HC1l o .- ﬁizj';Z”T*:;,,V,“jZﬂ}

Resu501tatlon in mlnlmal medla . onil }42 dupllcate

L]

trlals j,f~xm"l



23

«,' RESULTS AND DISCUSSION

The effect of selectlve and nonselectlve medla on theAplate
counts of unheated cells of E. COll.

Viable counts were determined on'unheatedﬂE; ééii cells;t
Approprlate dllutlons were plated onto selectlve v1olet red l'
blle agar (VRBA) and nonselectlve nutrlent agar (NA) medra. N
The plate counts were compared after 1ncubat10h at 37 C for

18 to 24 hr and 44 to 48 hr,'respectlvely. After 24 hr ln-"
jfcubatlon, the colonles on NA were v1s1ble but too small to
count accurately ‘The percent dlfference ln the mean counts'
for the two stralns were"\'; COll SA211, NA 33 63 hlgher thanZ;
| VRBA, “and E. COll SA603 NA 25 1% hlgher than VRBA.. These
'.dlfferences conflrmed the observatlons by Roth (1969),:but in f-;

1971 Roth and Keenan reported no dlfference 1n the v1able
counts %or these two stralns on NA and VRBA | |

The unheated stralns, grown rn stock culture Were observed
to change w1th contlnulng dally subculturlng.~ The most notice—ll
'able changes were--g_}vg _ ' 4 ‘.”.‘ _ o '- dv e

(il The appearance of small colonies ‘on VRBA that dld

_”,not preclpltate the blle salts." ‘7 k. » o
’g(iif’ithese small colonles were dlfficult to'count after,*’f¢

| :f24 ‘hr 1ncubatlon, anﬁ requlred extended lncubatlon T
ffor 12 hr srmllar to the requrrements on NA

"(iii) ”the heat resrstance 1ncreased, espec1ally with Strain

"7]Q'}SA603 but the extent of 1n3ury observed on VRBA

.Vdecreased



To avoid errors from these chgnges in the cultures, as
' ‘.' ‘ . . . ' ,‘ . . c. - N .
soon as these changes-Were observe

,’atnew freene dried culefl '
ture of the origlnal bile salts pre01pitat1ng strain was |
cultured ThLS new, culture~was subcultured on-three success-
siive days 1n tryptic sqQy broth before use 1n the heating exper-*

iments. '47

AHeat;In]ury oan.fcoli

The two strains of E.VCOll, SA2ll and SA603 were used in S

'thls preliminary experiment to determine the effect of time and- .
_‘temperature of heating -on the death rate of these strains. The :
';cells Were heated for an extended period of time, and the v1ablefh
'counts were determined in NA and VRBA The results are shown :
hin Figures l and, 2 The differences betWeen the counts obtain-ﬁ

ed .on VRBA and NA were greater than the differences for the un-if"’

h‘.,heated cells.- Thls 1ncreased difference in the counts was

‘v”tlnjured cells were able to recover.

‘"f7iTrials on E coli SA603 were also extended to 3 hr.- Afterﬁzou

A’»cons1dered to be "heat 1n]ury s This was defined by Roth (1969)ff tf

1

as "The loss of some characteristic of the parent culture,if ﬁ}f';

*'which restrlcts the growth of the injured cells when this

‘a

fspecific characteristic is. challenged, but from which the

V:_ :

From the data (Flg-.l and 2), it can’ 4e seen that the per-**“ o

'"cent 1n3ury reached a maximum after 20 min of heating.,Roth's (1969).

“wobservations of heat 1n3ury were carried out for 15 min; The‘

‘”.data for this study were obtained over a l hr heating period

f;min, the rate of 1n3ury decreased as shown by the nonlinearity

'gof the death curves for both strains on VRBA. The death,curve

Vo s
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for straln SA211 on NA, was nonllnear; g1v1ng an almost con- |
stant level of lnjury (95-99%)-after 20 mln heatlngv For :
straln SA603 however, ‘the death curve on NA was still llnear'
after 60 min of heatlng at, 52 C, with the effect that decreas-vf:
ing levels of 1n3ury were being observed w1th extended tlme of‘d
heatlng . As a result three trlals on SA603 were extended to |
lSO 160, and 180 mln. After 60 min heatlng, the death curve for;

'SA603 became nonllnear and a constantnlevel of 1n3ury resulted

TheSe data conflrmed that extended death curves of

E. COll were nonllnear Although the rellablllty of the select-d
;ve medlum was better w1th extended perrods of heatlng,-the i

-counts were. strll lower by a 10 to 100 fold factor,» Slmilarly,'d,
"the lnlbaal frequently llnear death curves qpuld not be extra—5rf

. polated to predlct death rates w1th extended heatlng. ,Ld'

" The resuscitationfofgiﬁju?edfg;'COIij?-:Fu"”

These experlments weje conducted to cdnflrm the observa—:fkf

S

'tlon gf Roth (1969) that these experlmental stralns of E. COll,

’after heat damage, could resusc1tate and grow 1n a favorable
Sl e b
-resuscrtatlon medlum.; Representatlve results for these death

_.and resusc1tatlon curves were obtalned from a computer program
W

';'de31gneé to glve the,best flt for the data,- The curves were

.'fobttlned from 12 trrals wrth straln SA211 and 5 trlals w1th

¢fhtra1n SA603 Durlng the resusc1tatlon perlod, the optlcal

i::den51ty‘of the resuscrtatlon broth was determined at each

a_samplln? tlmeﬁ The data 1n Table 2 lndlcated that after heatlngjff
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Table'Z; Aptlcal den51ty changes durlng resusc1tat10n in’ tryptlc
' soy broth at 379C -. . 4 .

E. coli E.. coll-:f
'ﬁSAfITT_" :

oD

 TIME IR
D600 nm-

_(hr)_

Cooo oo .
R .Af  3_0238 ca ;f?b;SQE:.’”
2 SR Qﬁ37ﬁ f'ﬂj,J;ij {:b;535}g’7f"
T2y o fzftﬂff64535'5177" i
| 3 f71'.ffb}37*f?f f;?f‘f‘5;0 sssff-f;flﬁ"”
'*35f"s '; ‘g'j~".fb;gy,ﬂ.k-; ‘gff7§f 0 535:A¥'f1‘*‘
'é'“Jg:-,?ﬁ}‘if  ?ﬁ3?;3;fif1 ;{- 5;0 535 g,,ﬁj  -;
ﬂf45f"‘f 2”“Ef '. ﬁfpéQSifff']f;afz;;fﬁo 55 Growth |
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"the lag phase extended for 5 hr (SA2ll) and 4 hr (SA603)

o ‘The resusc1tat10n data are shown 1n Flgure 3. The re-
suscltatlon rates varled Oon NA, there waL a marked resus-.
c1tatlon durrng the flrst.30 mln of 1ncubat10n.. Thereafter -
both stralns contlnued to show 1ncreases ln numbers until
approx1mate1y 1% to 2 hr prlor to growth Roth (1969) dld not
refer to thls contlnulng resusc1tat10n in hlS data for NA _?ﬁ
_HOWeVer, the data frOm both studles 1nd1cated that deSprte |

the 1ncrease in numbers on NA the 1ncrease could be attrlbuted
to resu5c1tatlon, and not growth At the samz'tlme, resus-'fo
*crtatlon occurred_on'VRBA.. The 1n1t1al rate was rapld but
Mdecreased:wi£h~time, untll the 1n3ured cells were fully res-:hﬁﬁix
:f,usc1tated, prlor o growth commenc1ng. For straln SA211 there
- was a marked decr ase 1n resu501tatlon rate after l hr Resn
usc1atlon re- comm nced after 2 hr prlor to grthh, the dlffer—7;*”
‘7ences between th% counts obtalned on NA and VRBA were 51m11arjiih:
fto the dlfferences observed for unheated cells.hfiehfj*

| Harrles (1968) studied the effect of addlng Yeast extract
-

B (l% w/v) to NA 'on the growth of heat damaged E. c011 cells. ;fff"f

‘;She observed that the counts flrst decreased,then 1ncreased so bf

'-.chat after‘4 hr lncubatlon, the count had almost reached the

.3f fabllrty to grow on NA..~

'~iicount observed before heatlng.- The data for thls study 1ndic—3”
’dated a s1m11ar result (Fig l lee Rbth (1969), Harrles also

VQgsuggested that the cells were damaged with respect to the;r

The exact damage 1n sublethally heated cells is not known
'The terms rev1val repalr and recovery haVe been used to des .

hl;fcrlbe thlS 1ncrease 1n the number of cells capable of growing
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on platlng medla, durlng post heatlng lag. The changp 1nvolved
'could be resynthesls of enzymes, RNA, or the damagedypart of -
the cells. The term resusc1tatlon, meanlng a "rev1val from
-apparent death" (Funk and Wagnalls; 1963) was con51dered to be

the approprlatefterm for use in thlS study (

The effect of antﬁbiotics on the reSuscitatiOn;Bf‘g.,001if3 _? 'f‘>\\\
— " — ‘ T =
The concentrationrof antibiotiCS required for-use in the

3

resusc1tatlon medla was- determlned from the mlnlmum 1nh1b1tory

[concentratron data for each antlblotlc w1th both stralns of

?

E. COll. The results are glven in Table 3. The experlments in

.thls sectlon were desxgned to extend the observatlon by Roth

(1969), that ehloramphenlcol at 2. 5 ug/ml 1h the resuscxtatlon_.;"

medium 1nh1b1ted the resusc1tatlon of the 1ngured cells on o

VEBA. Mukherjee and Bhattacharjee (1970) reported a related

’observatlon for E COll.B "growrng“ 1n the presence of 100

ug/ml chlo;amphenlcol before heat treatment The lnjured cellsds'"

‘falled to resuscrtate after h treatment at 52 C. | '"fﬂffﬁ".f
\\\?he results for the resuZthatlon of the test stralns of

E. coll, rn the presence of the specrfled concentratlons of

antlblotlcs, are presented 1n Flgures 4 5, 6 and 7.;;4

0.

”(i) Actlnomycln D :

1§. c011 SA2ll 1n the presence of actlnomycrn Dl lOO ug/ml

in- the resuscrtatlon broth (Flg 4), Lndrcated ﬂhat resuscitation

occurred for both NA and VRBA 1n the pr%#ence of thls anti-zﬁt i
blOth. At the tame that growth commenced (approx1mate1y
3 hr, see Table 4) resusc1tatlon was lncomplete._ The |

dlfference between NA and VRBA counts decreased ;fjﬁpf }fﬂqrw;:*f”
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| "I‘able 3, Minimum 1nh1b1tory concentratlons of - ant.lblotlcs
S for the te\st organisms. ) VR

g coli E. coli
& .. sA21l _ . iSA603 -
Antibiotic - (ng/ml) ’)\r‘ - 0 (ng/ml)

1. Actinomyein D 100,0.° 150
2, Ampicillin 2.0 420

3. Vancomyein HCL 100.0, ;‘~1oo 0
. 4;i’dhlpfam§henic¢1hfl ‘:féfg'f%\' ;l ‘v'}_‘z;s_.

5. ‘Tetracyeline HCl 2.0 . 2.0

]
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Antibiotic .'i'n‘hibitor”i,
3 Achnomycm o
Achnomycm D

. Ampucnllm

Voncomycm HCL

o
a

" m Ampicillin
A g
A Voncomycm HCL. N

=

'NUMBER OF VIABLE ORGANISMS /ml .

HOURS |NCUBAT|N ﬁT 37°C 552&

F’ig-urﬂe 4. .ResuSCltatlon curves for E coll SAle 1n trypt:.c soy
fbroth in the presence of mlnxmum lnhlbltOIY concen-

h tratlon of actlnomycn.n D, amp1c111m and vancomycln HCl
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" as growth progressed. ’The data suggest, that Actindmycin D‘
at the prev1ously determlned minimum 1nh1b1tory concentratlon :
of 100 ng/ml in ‘the resusc1tatlon brothdoes not 1nh1b1t
‘growth | ‘However, thls mlght be due to the permeablllty
problem with thls antlblotlc hence - Actlnomyc1n D cannot
readlly be used to determine the mechanlsm of resusc1tatlon.’
For the strain SA603 (Fig. 5), w1th act1nomyc1n D added A
to the resusc1tat10n broth there appeared to be a gradual
'1ncrease in the number of colonles grow1ng on-NA durlng the;;
_grqwth periOd' Slnce the oD 1ndlcated that numbers were}_‘
1ncrea31ng for both SA211 and SA603 in the presence of
actlnomyc1n ‘D, it was dlfflcult to state that growth dld not -
occur in the presence of thlS antlblotlc. Kirk (1960) noted |
'that the extent of 1nh1b1t10n obtalned at . a given concen-
~tratlon depended on the denSlty of the cell suspen51on.»;i&”
| ‘ Actlnomyc1n D. has a very speclflc actlon and was ree‘f{:Ai
~ported to. form complexes w1th DNA (Klrk 1960).; It was re-‘hidi
'ported (Relch Ceram1 and Ward 1957) that actlnomycxn D i
.forms complexes W1th DNA but not with other cellular con-fcu
Stltuents The addltron of actgnomyc;n D to an exponentlally
grOW1ng culture of S aureus produced 1mmediate inhibltionviﬁl‘

- of RNA synthe31s, followed rapldly by 1nhib1tion of proteln

.synthe51s Inh;bltlon of DNA synthesis occurred after a ﬂfﬁ~!S1

-~

[4
10 15 mln lag. The degree of DNA 1nhib1tion for a qiven .

‘-concentratlon of act1nomyc1n D was less than that occurxing for

RNA or proteln SyntheSlS Iandolo and Ordal (1966) found that



‘Figure 5. Resusc1tat10n curves for E coli SA603 in tryptic

'soy broth in the presence of mlnlmum 1nh1b1tory

concentration of act1nomyc1n D, ampiclllln and

.,V'

" vancomyc1n HCl
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. Table 4. Qgtlcal den51ty changes durlqgfresusc1tatlon of
', E-. colx SA211 in tryptlc soy broth, at 37 C,_w1th

' and wi*HOut act1n0myc1n D.
. ' _ ; »

;-

TIME Wlth Actlnomy01n D WithothActinomYCibtpk'
{hr) . (100 ng/ml) T
SR ) )
I DT TR

'*f.315 S 300 -

o290 T aasel

U.“;lﬁf\‘,‘al_,; *f ;l;}i;fi;jbftli~a55;afaa€:ffgi§?;aaffk:1f\{ii
._?,, .‘:'iak:jfli[{fi'i‘;éés-a 1 ; :,aiilaaFagzjs Ef‘f?,?f-"{?!
 143f‘«f:f*fafT f%f77{4265“’mf*ﬂ;f;;eh,ngqfffif.1<ff$=

H-if%gffffﬁm”ﬁ;faf;f£59§f;;: ‘ i

‘u'ji*8¥f '1}i:f1{fia:ianfliffoQDbf;?*']*}"75* L




act1nomyc1n D added to the resusc1tat10n medlum for S -aureus

| decreased the rate of synthe51s and total amount of RNA produced

They 1nterpreted thls observatlon as 1nd1cat10n that RNA syn- R

the51s was 1nvolved in the resusc1tat10n of salt tolerance 1n

':Both E.;coli SA211 and SA603 resuscitated normally 1n

- heat damaged cells of S aureus.

e (11) HAMPICIIl;n and”Vancomycin.~

v

_fthe presence of amp1c1llin (2 ug/ml) and vancomycin (100 ug/ml)
r(compare data in Flgure 4 and 5 to controls in Flgure 3) |
For both stralns, “the presence of antlblotlcs 1n the resu501t-j

-;)atlon medlum 1nh1b1ted growth after the lag period In~the

-f“presence of vancomycln, resusc1tat10n occurred durlng the first

'r3 4 hr. 1ncubat10n at 37o Thereafter, the counts on both NA
and VRBA'decreased at an equxvalent rate, 1ndlcat1ng death

'Aew1thout dlfferentlal 1n3ury.r In the experlments w1th vancomycln,

.

' fthe Optlcal den51ty data supported the fact that no growth occurre

1}

.in the presence of vancomyc1n.»ff:

Both amp1c1111n and vancomyc1n 1nterfere with cellfwall s

f.}studles

Stromlnger (1967) found that ampi,ill



that the cytoplasmlc membrane might represent the prlmary 91te_4

,~of action. | Shockman and Lampen (1962) examined the growth of
fStrep faecalls spheroplasts and reported that pen1c1111n
]'had no effect but that Vancomyc1n 1nh1b1ted the growth at con*
centratlons whlch also 1nh1b1ted growth of intact cells.x Yudkln o
(1963) reported that vancomycxn caused the decreased 1ncorpor-,”7 o
"atlon of labelled compounds lﬂtO the membrane., He noted that "hdj
=.ag75% 1nhlb1tlon of lncorp0rat10n occurred after 3 hr. Thls Jlﬁ'lf‘“
-mlght explaln the 1n1t1al resusc1tat1on of these cells 1n the jiﬁ17
jgtpresence of vancomy01n, and the subsequent decrease 1n numbers
d‘sobserved with extended 1ncubat10n 1n vancomyc1n contalnlng broth
_(Flgures 4 -and 5) ‘_a'ef}h_bffp;:ffgﬂ:_j},f_f‘féffr'fh'"’

b
(lll) Chloramphen1col and Tetracycline

Both of these antlbiotics lnhiblted resusc1tat10n, but 1n

'”‘dlfferent ways.g The results for both strains with chloram-"';H

phenlcol were simllar (Flg. 6 and 7)

From these‘figures_it -

j*for VRBA (see Fxg. 8y., However, his data showed,

‘ uatlons ln counts.f

After}thellnitial resuscit

3,resuscitatlon broth forfE}\to'1;SA211a there ag’ no
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reSuecitation foflVRBA' However, complete resosc1tatlon' o
occurred for NA (see Flgures 6 and 7) A The data f0r E ggliw
SA603 were less deflnlte In an 1n1t1al experlment SA603
‘gave’ the data shown in Flg 7 : Inltlal resusc1tatlon occurredfh .
"for VRBA, and the resusc1tat10n process slowed after two hoursts'
j At the same tlme,_the count on NA was decreasxng 7‘. |

| Hahn and wlsseman (1951) dlSCOVered that chloramphenlcolif;:
1nh1b1ted the 1nduced synthe51s of enzymes, and concluded thatfﬁ o
‘_thls effect 1ndlcated the 1nh1b1t10n of proteln sgnthe51s as ;d;ff%~
~the mode of actlon of thls antlblotlc Dlrect proof of generalf';f!
flnhlbltlon\of hacterlal proteln SynthESIS bygfhloramphenlcol
:'was obtalned through blochemlcal analy31s on” E. coli (Wissemanciﬁii
fet al 1953 1954), and for S aureus (Gale and Folkes, 1953) Ca

, Chloramphenxcol blocks proteln synthesxs whlle allowing furtherli;ff

;wsynthe51s of nuclelc ac1ds (Gale and Folkes, 1953)

vgof 1nh1b1t10n has been sﬁé&n to invogve the tranng,

ﬂ;(Eagel and Saz, 1955) Gale and Folkes (1975“,‘;

{tetracyclines xnhiblted prote;n synt



the E. coli strains, but at dlfferent stages,-, ‘frb. = S43
The dlfference 1n the mode of actlon of these ant1b10t1¢s

”mlght account for thet“

ferénce 1n-the polnt at whlch resusel
"citation for VRBA was; ‘;,g From thls data, lt was
.appatent that resuscil t. COll lnvolved the synthesxs S
'of’ptotein;'comsyw”h" ;erVatlon by Stlles and Wltter i

S aureus occurred 1n the

.v.....

‘(1965)@ that re;‘ |
presence of chlogv 5?: Slmllarly, the data 1n—'
b:dlcated that resus: i of E coll d1d not 1nvolve RNA
..synthesis The syf fdof RNA Was suggested by Idhdolo and 5; :
“Ordal (1966) as a rd fémént for the reSUSCltatlon e

| TS- aureus, after»t ei Ed ervatlon that actlnomycin :ﬁfﬁﬁ;??ﬂ?=
D 1nh1b1ted rest : B WAL LT

'jfEffect of nutrients o; "Lreéusdifatibﬁ‘6f13Z7¢o1i

There have been ‘y»reports of better growth of both

. damaged and undamagedh‘ 1rla on enriched medla tDahbah
']et al., 1969 Harris, ;{ | Zinmets et al., 1954, Moss and

;Speck 1966; Mossel 1g197o- Nelson, 1943 and’ 1944; _gu*-

;fand Postgate, 1963) Response after damage.wasfshown to

*ﬁtpend substantially on the nutrient capaci’y of'the medium.;

f_'}"These studles were dlrected primar ly“tewards the umbers'of

fncells grow1ng on culture medla.

The following experiments weremhesigned tOJinvest ga

"fthe effect of the nutrient capacity £ the edium for”reau

'"hc1tation of heat treated ﬁ'

Heat treated (55 c for 15jmin) E. coliqs5603 ere washd

:ftln dlstilled water and inoculated 1nto,t°y’-ichsoyn



and 0.1%‘peptone to resuscitate. ,Resuscitation ih TSBlwaséé’
~more rapld and more complete +than in peptone Yater.:.Futher-.
‘more, the lag phase for the heat treated cells in TSB was two't‘
© to three hours, whereas the lag- phase for the same cells in.
peptone water was greater than 6 hr. -From these.studles, 1t
was apparent that th%frlcher medlum supported greater resus-“'
v c1tatlon. Data 1nd1cated that w1th 1ncrea51ng concentratlon
of peptone ‘in the\resusc1tatlon medlum, the level of resus-
| .c1tatlon lncreased._ . o
. After observ1ng that resusc1tat10n occurred 1n the pres-ff
-ence of 0 ‘1% peptone, an experlment to determlne whether amlno‘
ac1ds or a. 31mp1e nltrogen source would support resuscitatlon '
" was carrled out. The data are glven 1n/Table 5’[ The ammno |
ac1ds were mlxedAu51ng 0. l% of each of the 20 amlno ac1ds re—fﬂ-
ported to be present\ln peptone by Habeeb and Shotton (1955)
onlum chlorlde and ammonlum sulphate were selected as slmple
SRR

:?nitro"n_sources,- The amlno acxd mixture not only failed to i

o suppgtt g suscltatlon, but also caused the rap‘;, cdntlnuing
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' Table 5. Resusc1tatlon and growth response of E c011 SA603

*1n- dlfferent resusc1tat10n medla. -

|
i

L Résqééi£ati6ﬁtyx‘GrOWth* :; '
Tryptlc soy broth (control) f“,“ }i;{+jij':.2 3 hr.j;"T
Peptone, O 1% (w/v) . j';,' ~;‘ﬁioo+ :\;j;]5 6 e
‘ ino ac1d mlxture f:?iwto :it ;'ofo%“};$1 iDeath
| ~324C1 0. 5% (w/v) - vj;ito¢€ ¥ii:éo” §iffDeath

o (NH4)2504, 0:1% (w/v)’ _.:f7ff¢-}f” ff-o]fj'7f“"x’“

*Indlcated by chaﬁge 1n numbers of v1ab1e organisms f{’“‘“*
e on VRBA and NA. ~'"77fo'iii SRR S SRS
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cells. .The effect of»selected amfno acids oh the.resuscitaf
tioh of heatbinjured’cells was studiedl. Selected'aminoVacids
were used at 0 l% (w/v) to make resuscxtatlon medla.: The
results are shown in Table 6. The results 1ndlcated that the«

1nd1v1dual amlno acids had d deleterlous effect on the 1njured

,.1

cells. Both D L alanine ‘and cystelne tauded rapld death of

Bl

the cellS on both NA and VRBA, D L—glutamlc ac1d and D L—ly51ne

caused lncreased 1n3ury to the cells plated onto VRBA DlS-

tilled- water also showed the latter effect hoWeVer, sallne
"showed an 1n1t1a1 resusc1tat10n for 2 hr., thereafter the resus— .
N
‘citation rate decreased and 1ncreased injury occurred

Iandolo and Ordal (1966) 1nd1cated that phosphate was
necessary for the resusc1tat10nvof heat lnjured S aureus.
Phosphate buffer, 0 lM, pH7 0 was used as’ a resusc1tatlon medlum,h:
and by ltself d1d not support resusc1tatlon.f Added to peptone, ui
it d1d not enhance the resusc1tatlon rate.* Furthermore, Stlles "

and WlttEI (1965) reported that an energy source, such as

A

glucose or galactose 1n phosphate buffer was all that was
requlred for the resusc1tatlon of S aureus at 37 C An energy
» source, such as glucose (0 l%), added to phosphate buffer

dld not support the resusc1tatxon of E. COll.v However, the
addltlon of glucose (0 l%) to peptone (0 l%) enhanced the ;iff’fﬁ
DESUSCltatlon of éhe E c011 compared to peptone water alone.: e
fhls ionflrmed that the nutrlent capacxt} of :hefresusc1tatxon »
'medlum had a marked effect on the resuscltat;on}of the celle from'rr

heat damage. Unllke S. aureus, resus01tat10n of E. colx has not beenj

S
PR I
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.Table 6. Resuseitation and growthbreSPOnse'of E' coli7SA603

in selected amino’ a01ds and other potentlal resus—f'

c1tatlon medla'

Resusc1tat10n Growth -

Tryptlc soy broth (control) "+¥ Ai"f52%3 hr i;{>.
Peptone, 0. l% (w/v) o ’:}¥,f_.[:“’ 6 hrlE“
iD L- alanine, 0. l% (w/v) e'io ;};'.1iifDeath

Dy L glutamlc a01d, 0. l% (w/v) 5f}zl .11nJury*

eD L- ly51ne, 0 l% (w/v)e_b s ?; ?t e;;'11n3ury*';%§fw
Cystelne,'o l% (w/v) l~?'j feVQ fﬁ;e,'De§th ff;ff
Sallne, 0. 85% (w/v) »;?‘f hwf,ﬁ'elbf;;e.'b 8
Dlstllled water 57'ﬂfﬁe,;- ﬁLwaQ{{_H4?iﬂi#?i%'fo~;

-/
Phosphate buffer, 0 lM, pH 7 0.

fePhOSphate buffer+glucose 0 l% béflf~f:fﬁ*“*m.
'Peptone, 0 1% + glucose

e 1% '-;5 "f'.f-il“5 -IfQQj»iffﬂ3 S ehe

AU IV P DT . . h

x 1ncreased 1n3ury on VRBA, as opposed to death
where counts were decrea51ng on both NA and VRBA




demonstrateq in a medlum that does naot support the normal .
growth of the cells. HoweVer, both ammonlum sulphate and

saline solutlons used as resuscmtatlon medla 1ndicated a
.'-Sllght resuscrtation response thhout growth : Further‘stndyd

(‘1n thls dlrectlon mlght also be Justlfled.- L

' The flnal studles 1n thlS sectron were carrled out to

observe the effect of peptone on resuscxtation. Thﬁ typlcal'a”?:
vanalysxs for the Bacto-peptone used ln these studles was °b".:-A .
_tained from D1fco-(Table.7) . Habeeb and Shotton (1955) report-:"ﬂ
'_ed the amino ac1d ComPOSlthn of peptone usxng paper chromato—le'ﬁ;
aqgraphy, and found that 20 1dent1f1able amlno acids and one ‘ -
funldentlfiable Fspot" were present. leco c1ted only 13- aminofnfc
;ac1ds and 5 v1tam1ns Hence the follow;ng study was carried |
out u51ng peptone, O l%, a synthetlc peptone" 0 1% reconstit-*fiia
uted accordlng to leco s typlcal analy513 of peptone, and e
‘v1tam1n-free peptone, 0. l% (ln whlch the vxtamlns were removedhigzl
'-by dlSSOlVlng the peptone 1n dlstllled water,AadJustinq to pH
8.0’ to 8. 5,1usxng 30% NaOH. ThlS mlxture Was bciled for 2 to 3
seconds, cooled and adjusted to pH 3 5 Wlth concentrated HCl,,iﬁ,ig
r;Stlrred w1th 2 g aCthated charcoal on. two occasions for i

c,'30 mln kreadjusted to pH 7 4 with NaOH and sterlllzed, accord—'

‘-‘;1ng to Harrles (1968). The results 1ndicated that the factar(s)

elnfluencrng resusc1tatlon of the 1n3ured cells was not the

'Q‘ultam NS T1e'cells falled to resusc1tate on the synth"

'“"peptone"; however they drd resuscxtate An v1tam1n-free epton

It would appear that the factor(s) supporting resu'

-vrtlde fractlon. Moss and Speck (1966) reportedvtha E. cﬁl



49

.Table 7. Thé typlcal analYSls Of BaCtO-Peptone._. ) = S | o

. Total‘Nitrogen ' 3 15 5% L :
' JAmlno Nltrogen L ,3 0% - 1' "_,g‘-;;f.-

Amlno Ac1ds (1n percentaggs)

, '-'Arglnlne S R ‘H-‘8,0% f;

) AspartictAcid: v . 6.0% 0 .0 e
Glutamic AC1d Co L0 e
Glycine -~ - ' © - - S 23008

* Histidine ;- S L0y e e

: ;Isoleu01ne LT e 200% e

NE © Leucine . - . U 3.5%¢
N~ Lysine -+ - .. oot L 405%
- Methionine -~ . - " .oog08
Phenylalanine . "~ - .t C2.5§ 0
weonine - . . 18y
‘Tyrogine 0 1,08 L
wVaIinéjf'H-- e £~'y ' ’3 O%f_f}

Vitamln Factors (mlcrograms per gram)
Pyr1dox1ne-vf,g;,_1 :w;" 2
Biotin B S O

. .-Nicoti] lC Ac1d e 35,

'?[ Ribofl Vlnhn-!”:--:~ﬁ«” Lok

to'

3.

_* Informatlon’from leco, 197117,  UL e
Difco. Laboratorles, Inc.,v;i»;V-E,ffgbg;;;g“~*
Detr01t, Mlchlgan, U S A._,t‘ SRR S




1n3ured.as a result of freezxng, resuscitated when tryptrcasef>;g
‘was added to)the resusc1tatlon medlum, but that hydrolysis of S
'the tryptlcase destroyed the ab111ty£;f cells to resuscitate.;*'sﬁ
This is probably a 51m11ar phenomenon to that being obServed
) eW1th heat damaged E._coll resuscitatlng 1n peptone water.;lh ‘.
| hUnllke S aureus, a medium that supports resuscitatlon, wlthoutigﬂ

-.supportfhg the growth of the cells, has not been found for

,g ggll However,'lt would appear that through extended Study'fff

AL

"1 p0551bly w;th sallne, rnorganlc nltrogen and an energy source,.;fd

"some comblnatlon w1ll be found that wlll prov1de this desirable,fh}

-'_dlfferentlal resusc1tat10n medlum. f‘iff-ﬁ'ruﬁ::“wﬁdrT “-\f;j:”’
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CONCLUSIONS fd?.-'-uﬁ'f L
” The datd conflrmed prev1ous observatlons that medla for:*

@ffthe selectlve growth and dlfferentlal enumeratlon of Eo c011,3;ﬁf

f}r

.ﬂdo not support 100 percent growth of the potentlally v1able

Cells‘present in the culture.? It ls assumed that the counts Vs‘f
. "obtalned on the nonselectlve medrum represent 100 percent pf
.hthe POtentlally v1ab1e cells. As the counts on v1olet red
‘;blle agar were only 25 - 33 percent Of the counts ‘oh nutrlent?fhf

‘ d,agar, lt may be concluded that selectxve—medla must Hﬁ used fffﬁ

7,;w1th cautlon ln estlmatlng E. c011 densmties.

'"@j- The collform count 1s used as an indicator offhygienic _ﬁfﬁﬁ

ré/sndards 1n the food 1ndustry, and as:an 1ndicetorfof”safet |

bla.t}vlable E. cOll cells co'ld 1e_d'}%ﬂgf':*ﬂ”*

"ihVImportance of thls phenomenon;become '

ffi]the consumer. Elther 1mproved se ective medi

5,




'h‘fathat RNA synthesrs was not rnvolvedA'

' “filnjury._rcc'

1mportance.- Wlth the 1ncrease 1n the number of convenlence R L

hfoods and the advent of "ready" foods, more of the foods
avallable to the consumer are berng processed 1n a way that
”gicauses the dlfferent forms of bacterlal 1njury. Short tlme
.heatlng and low temperatune storage are becom1n§ the norm 1nv_f?¢f
_food handllng,‘espec1ally for rnstltutlonal use.,~a“‘.bh £
To develop adequate grow h medla or resusc1tatron pro-lfh;f;uﬂ
:'dcedures, ﬂbxe 1nformation on bacterlal 1njury, and the mechan?';;ﬂ

Tl

'vilsms and condrtlons for resuSCLtatxon are necessary., Antr-

-1_blot1cs were used to determlne the resusc1tation changes

toocurrlng 1n E COll.t The rncorporatron of actznom.crn D o

‘rallowed resusc1tatlon to proceed

”7 The effectsl

'*fdle.x

The counts on both“nutrlent agar:-an

dzfdthe badterrcrdal actioe‘o

"“of equ1Va1entﬂdeath rates on"'a-gelettive .and:nonsal

J"elmedlum'might pr,,e”io‘be

,’7f£1a1 lnjury {f”m:



\ Chloramphenacol and tetracycl'ee inhlbit resusc1tat10n.v:':"'

From the fact that both of these antlbiotics, with their

h}

_dlfferlng modes of actlon 1nh1b1t resusCltationl itAwas con—:i!?17

=c1uded that proteln synthesls, as opposed to renatﬁration of '

'-xfthe prLtEIHS was 1nvolved Thls observation for E. c011

o \ o

k‘fclearly dellneated the mechanism of resuscitatlon for thls

" *fOrganxsm from that reported for :. aureus.: The _E?ty,-;fu

| :f,lnvolvement of proteln synthesxs 1n E. coli compared to 'if@VT%f

‘"E,:RNA synthes1s 1n 8. aureus and Strep. faecalls, mxght re--{iJ{f]fﬂ

.jl‘present a: further dlfference between Gran positlve"'nd » wff;;ﬁf?

’.tGram negatlve.mu

The resusc1tat10n studles were c&rrled out in tryptic hoy ER
LRI ( i o

'fii‘fper81sts.n Hence it would be desirable to'find




cate that a slmpler alternatxve mxght be f°“nd-,uz ?fffffiiff““' s

e

fln the area of cell damage and Iellablllty of selectlve cellgfgarjni

.:,counts on foods.:v_Tg_}.y‘vl

-_a medlum would be desxrable for use. 1n routlne laboratorles,‘

: ‘where the use of growth supportxng media £or resu5c1tat10n'ff:"

/.

ﬁ. mlght lead to errors or require excess;ve precautions.;cll--5:
‘fthough the addltlon of a protexn synthesls 1nh1b1tor to tryp-T;fffff

;tlc soy broth mlght sufflce‘ the resu%%s ln thls study 1ndi— o thf

The data suggest the need for further experxmentatxon AR
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