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) Abstract | /i
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3 _
fﬁ The effect of various - treatments on the ablllty of
J}\\Ex} ﬁ acterlaceae to produce 1ndole from trypt,ophan, and
hlﬁi ;yﬁ.gas from lactose was studled No variants were
.obta1ned for these characterlst1cs at 35. 0°C whlle at:
"44.5°C varlants were obtained for two strains of E. coli. -
tfé}l of the E. coli var1ants falled to produce gas in EC or
vlactose ‘broth-at- 44 5°C, u51ng the conventlonal Durham tube
‘;method ‘but only‘3 varlants fa1led to produce indole from |
tryptophan ?tr4475,C*,ThevEr‘C07’ stock Cgltures_f?Qm«§h1Ch»
'thesefvariants were obtained normally-lost these . functionS‘*~
n\at 47, 0 and 48.0°C. The max1mum growth temperature for both
~'E. coll stock and varlant cultures in TSB EC, and lactose
.broths was 48 0 C Loss of the characterlstlcs by the

\

ivarlants could not be attrlbuted to a change in growth
! > ‘ ; . ' \/ : B . ' -
/ L S ‘

‘v No- var1ants vere obtalned for the E. coll cultures w1th

_.r.

range._

-inbpeated transfer or proIonged storage of the stock culturesl

v

on nutrlent agarvslantSvat 4°C, nor as a-result of dally

vsublethal heat treatment at 52°C for 15 min. in Tﬁyptlc Soy .
‘Broth (TSB). A few var1ants vere found as a result of

o repeated UV treatment (5 min, dally germ1c1d 1 UV '

llrradlatlon in TSB) extended storage at 4, 3 ‘ and 45°C in
TSB and cold storage at —16°C.’In COntraSt;vvarlants were

E found repeatedly when stored on nutrlent def1c1ent broth and

5;sem1sol1d agar. medla at. 4°C and —16¢b .The varlants were

Shown to be stable upon subculture, suggestlng that the



treatments generated permanent’DNA alterationsh
o E coll variants Wthh d1d not produce gas in lactose
" or EC broth at-44.5°C (Durham tube method) were attrlbutedm
to a more temperature sen51t1ve formlc hydrogen lyase ' ‘/
genzyme._Thls enzyme produced traces of H, and COz gas fr'omJ
| "lactosevat 44f5°Cdtdetected by gas chromatography)s about
1/10th to 1/30tnxo{”fhe amount produced at 44.0°C. The
generatlon of tem@ﬁfﬂ”y E. coli. AT@Q;Q}W7§ variants for gas'
productlon in lactose and EC broth a% 4§&%°C by acrldlne
orange treatment used to r1d the E. coll of non- 1ntegrated
F plasmlds, suggested that the Iac genes of these varlants
may have been assoc1ated with" the1r F plasmld and lost
durlng treatment E COII varlants wh1ch fa1led to produce
_1ndole at 44.5°C had a more temperature-sen51t1Ne synthes1s
aand actlvmty of tryptophanase. The exact locatlon of the A

genetlc alteratlon respon51ble for\thls varlatlon was - not

determlned.,v'y'v ST
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I. Introductlon

Eschertchla Coll has been used for many years as a

standard 1nd1cator organlsm for fecal contam1 atlon of water

)

E(Barrow, 1977) and of unsanltary handling or post~

proce551ng contam1natlon of heat processed or dooked foods

€

/(ICMSF 1978) A proposed deflnrtlon of fecal E Coll is a

«

m1Croorgan1sm that is:

-

"capable of fermentlng lactose w1th the product1on
. of acid and gas at 44 5°C within 48 h whlch does"A

not produce cytochrome ox1dase, which produces
- B /'
'Vlndole from tryptophane, which is 1ncapab1e of

gproduc1ng acetyl methyl carblnol whlch 1s 1ncapable

-of, hydroly51ng urea and whlch glves a pos1t1ve
result with the methyl red test" (Dufour, 1977)"

lThls def1n1t1on f1ts the Anderson and Balrd Parker (1975)'

descrlptlon of E. coll b1otype I

PUbllC Health author1t1es 1n the1r attempts to 1dent1fy
fecal E coll, have focgfaq\prlmarlly on "the ab111ty of : E

- COII to produce ac1d and gas from lactose at elevated

e ~temperature. However, 1n recent years, the ablllty of fecal

E coll to produce 1ndole from tryptophan at elevated '

‘ temperatures has becomg a crlterlon of: 1ncrea51ng 2
1mportance. Some dlfferences in methodology have developed
between workers 1n Europe and North Amer1ca. In Europe, the
elevated 1ncubat1on temperature is- 44 0 + 0.1°C, whlle-rn

North Amerlca these temperatures range from 44 5 to-

',.45.5; 0 2°C (ICMSF 1978). leferences also centre on the



. /\.
~relative 1mportance of the lactose and indole tralts
:lAnderson ‘and Balrd Parker '1975) Approx1mately 90% of E
g Coll strains produce ac1d from lactose at 37°C w1th1n 48 h,
whlle 99% produce 1ndole from tryptophan under the same
cond1tions of 1ncubat1on (Ew1ng, Dav1s, and Martln, 1972)
'hLactose posrt;ve anaerogenlc E. coll (Mossel, V1sser
-and;Coinellisen, 1963)‘ slow lactose- fermenters (Mehlman,,
‘Simon, Sanders, gnd Olsen, 1974 Mossel and Vega, 1973), and"
.mutants for 1ndole productlon ‘and lactose fermentat1on
'(elther slow producers or complete non- producers) (Anderson.
‘and Balrd Parker,_1975) would be mlssed by normal testlng
”,procedures. Outbreaks of gastroenterltls, such as the 1971
'”outbreak attrlbuted to anaerogen1c enteropathogenlcb
1actose negatlve E coll in soft r1pened cheese, 1ndicat$d'
'that procedures for detectlng E coll in- foods should be :
re evaluated (Fanta51a, Mestrandrea, Schroeder andrYager, -fl
1°75) Desplte th1s, the product1on of gas from lactose at .
elevated temperaturekremalns the most w1despread‘téstvforf
fecal E coli in food and wager (Leclerc, Mossel Trinel,

'vand Gav1n1, 1977)

o,

The productlon of 1ndole from tryptophan at elevated
temperatures (44 0 to. 45 5° C) is becom{ng an accepted b
standard test for detectlon of fecal E. coll (Anderson and

_Ba1rd Parker, 1975 Rayman, Jarv1s, Dav1dson- Long; Allen,f

_pTong, Dodsworth McLaughlln, Greenburg, Shaw Beckers,

QVlSt Nottlngham and Stewart 1979) However '1t has not

'yet assumed the same 1mportance as the elevated temperature

.‘\'

[N
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test for gas production from lactose‘(ICMSFvv1978) Testing*
'samples of various Enterobacteriaceae cultures for indole
product1on after 24 h 1ncubat1on at 44 0°C revééled that 95%
of the Ind*‘organlsms were E. coll blotype I, and only 3.4%
were other fecal coliforms (Anderson and Ba1rd Parker,
- 1975) . Therefore, indole productlon at elevated temperatures
”Lis an/effecti&elandireliahle test for detecting fecal E.
-‘cgli (Anderson'andﬂBaird-Parher, 1975)
Another concern is that env1ronmental condltlons in
food processing plants may 1nduce e1ther temporary or .A
‘permanent varlatlons in the blochemlcal reactlons exhlbited
“by E Coll, making the1r detectlon more dlfflcult (Ingram
f1977) San1t1zers (Maxcy, T1war1,_and Soprey, 1971
.Schevsner,WBusta, and Speck, 1971), acids (Przybylskl and
. Wutter,-1979), " alts ﬁnderson‘, Rhodes, and Kator, 1979)
forganlc solvents'and food‘additiues (Ingram, . 1977)
de51ccat1on (Asada, Takano, and Sh1basak1, 1979;'Webb,‘
1967), UV llght (W1tk1n, 1976), heat treatment (érau, 1978;
;Kasweck and Fllermans,.1978), freeze—drying (Tanaka,
Pierson,~and Ordal" 1979) and cold storage (Davenport'
“fSparrow, and Gordon, 1976 Ordal 1970 Speck and Ray,. 1977)
‘have all been shown to be capable of 1nduc1ng blochemlcal
. varlatlons 1n E coll. Of these - factors, heat treatment and‘
cold storage are most commonly used in the food- 1ndustry

~4ﬁ(ICMSF, 1978) and would thus have the greatest opportunlty

to 1nduce varlatlon.

. .~ (



The rellablllty of fecal E. coli detection has serious
1mp11catlons for the safety oﬁ water and processed foods. At
present thlS depends on the rellablllty of gas productlon
‘from‘lactose at elevated temperaturesmof 44,0 to 45.5° C,rby'
fecal E. cOIf. The objectivelof thisfstudy was to
investigate the effect Of:mi1d4heat treetmentfand storage
‘uhder'debilitating conditions, such‘as'refrigeration and.

- poor nutrition, on strains of'E coli biotype I, fodusing od
their ability to produce gas from lactose, and indole from
tryptophan at 35.0 and 44 5*¢C, For qomparlson, other
vEnterobacterlaceae - 1nclud1ng CltPobacteP Entenobacter,
KIebsreIIa, and Salmonella spec1es - were also tested The
effect of germ1c1dal UV treatments was also 1nvestlgated as

'a reference for the‘study.



II.‘Revienﬂof Literature
This review of the litereture focuses on‘the‘

fermentation of lactose and preduction of indole by E. coli
and other EnterobacteriaCeae atXelevated incubation
‘temperature. .In addltlon, tempereture end storage factors
that have been shown to influence these characterlstlcs are
rev1ewed,‘1nclud1ngﬂUV treatment as a reference for genetic
- damage and acridine orange as a reference for |

~ plasmid- related effects.

A Laexbse‘Fermentatidn'and Indole Productien by Enterobact-
eriaceae : - : v R 3 L i
Members of the famlly Enterobacterlaceae can be . \\
,dlfferentlated on the basis of their ab111ty to produce ac1d'
A.and gas_from lactose; and 1nqole,from tryptophan,(Buchanan
and Gibbons, 1974). Lactosé.is not-;ermented;by, /
Edwardsiella, Hafnia, Serratia, Pnoteus,‘ a'na ’Ye"'r'sinia
‘species (BUChanan and bibbons, 1974) Some spec1es or .
tstralns of Salmonella and Shigella may produce~§c1d from

lactose at 37 0°C but thlS is not normally ‘the case

"xb(Buchanan and Glbbons, 1974) Most Escherlchla (Ewing et

' aT;, i972) CItPobaCteP (Lund, Matsen, and Blazev1c, 1974),
Entenobacter (Ew1ng and F1?§T~1972) with the exceptlon of E.
'hafnlae (Ew1ng and F1fe 1968) and KIGDSIeIIa w1th the
:‘exceptlon of K. ozaenae (Cowan,&Steel Shaw, and Dugu1d
7:1960) ferment lactose at 37.0°C to produce both ac1d and
gas. At,elevated temperatures between 44.0_to,45.5vC; some

. S Y
5 . R AN



sbfains of Citrobacter and Enterobacter may still produce

acid but not gas from lactose, while many strains of E.

‘coli, K.'pneuhoniae (Bagley and Seidler, 1977) and K.

oxytoca (Naemura and Seidler, 1978) are capable of producing

both acid and gas from lactose. |

These divisions are not always so clear cut. In

addition to normal strain variations, mutations for lactose

'fermentainn may_alsp occur (Buchanan and Gibbons, 1974).

Fdr éxample, séme species of Salmonella_which do not

\"no:mally‘produce acid frgmwlactose*at 37.0°C (Ewing, 1972;

' »44;5°C; or which have lost the ability to ferment lactose at o

.. Sumino, and Miyazawa, 1975; Kasweck- and Fliermans,. 1978; JUE

o

Harvey and Pricé,‘1979)'havé generated variants whichvarp'

capable of producing écid from lactose (Anand, Fiﬁlayson, 
Garson, and Larson, 1980; Blackburne_ahd Ellis,'f973;
Gonzalez, 1966; Le Minor, Coynault, and PesSdn,ﬁ1974).iE.

col i variants‘ﬁhich do. not produce gas from lactose at
. : ’ . ‘ . € . o a . N
all, have also been reported: (Kanai, Uchind, Sakeniwa,

Rychert and StephenSon, 193&)}

X

- Some researchers claimed that environmental ‘factors may

influence the~ability'of micrborganiéms to ferment 1actosé,

~ and other sugars (Blackburne and Ellis, 1973). Others have

[
A

" claimed that the Jac* genes may be transmitted by plasmids |

" (Le Minor et al., 1974). These-plasmids‘havé been derivgq"

oLy -

f”ffoman Co7i or other Lac*' Enterobacteriaceae (Anand et al.,
‘leggo).”Lpssebr»gainﬁof;abiiity to ferment lactose would thus

be dependent upon the loss or Sgih'of the'plésmid béaring o



&,

the Jac* gene or of the gene itself (Anand et al., 1980).
Under laboratory conditions it has been demonstrated that
plasmid transfers occur among different genera of the
Enterobacteriaceae (Anand et él., 1980; Baron, Gemski,
Johnson, and Wohlhieker, 1968).

According to the‘eighxh’edition of BergeY's Manual
(Buchanan and Gikbons, 197 ) the genera Sa)monFIla,
Enter'cjabacten Hafnia, and Serratia do not prquce indole’
from tryptophan at 37.0°C. Most Eschehichia (Ewing et al.,
1972)'and'Edwansiejla,‘and some” strains or species of

"w57f;5555fer‘ Shfgel7a} Proteus, Yensfnia, and Klebsiella
produce 1ndole from tryptophan at 37.0°C (Buchanan and
Glbbons, 1974). At elevated temperatures such as 44.5°C, E.
Coli;and K. oxytoca ﬂerarn the‘ablllty to produce indole
Afrom.tryptophan,’wﬁile,other{organisms become more variable
for tﬁis'trait (Naemura and Seidler,<1978); Althonghvthe

————

ability to produce indole may oe Tost, it hHas been reported

that indole variants do not appear as often as lactose
varlants, and plasmld transmission of indole ge%es among
d1fferent genera of Enterobacter1aceae has yet /to be
-;' demons;rated (Ana%d et al., 1980).
B.-Lactose Fermenfation
| Lactose Transport by E. coli

Unlike, other sugars, the lactose transport system in E.

col i, does not use the phosphotransferase system (Wong and

e
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without being chemically altered (Andrews and Lin, 1976).
This is mediated by the enzyme f-galactoside permease, a-
membrane proteiﬁ known as the M protein, which binds one
mole of galactoside per mole of enzyme (Wong and MacLennan,
1973). The MAprotein transports the bouea B~galactoside
across the cell membrane either by facilitated diffusion
(under conditions of endrgy deprivation) or by active
transport (under conditions of sufficient energy)‘(Andrewé
and Lin, 1976). The ﬂfgalactoside is released by the M
protein,ins}Qe‘the cell, and hydrolysed to glucose and
gaiactese by B-galactosidase (Wong and MacLennan, 1973).
'3actoee transport in E. coli can be blocked by
inhibitors ofiglectron‘transport orwby mutations which
inhibit tran;bort (Wwong and MacLennan, 1973). Total carriers
for lactose can be‘determined independently of energy-
coupled carriers for lactose. ONPG tests can be used to
detect functional carriers for 1actose,uwhile thio-methyl-
galactoside tests can be used to detect energy-coupled
carriers for lactose. For an E. coli to be ONPG® it must be
able te transport lactose into the cell (Wong et al., 1970)
and to hydrolyze 1t to glucose and galactose (Rychert and
Stephenson, 1981). It would therefore appear that any severe'
_damage to the lactose /transport system of E. coll - i.e.
either a non-functjidnal ) galactoside permease or a

non~functional B-galactosidase system - could be detected by

a negative ONPG test.



More exten51ve testlng would be requ1red to determlne Q'i
: ‘-'c /
the exact locatlon of such damage w1th1n thealactose e

0

"atran port system Therefore, part1al (1 e.fenergy coupled)

’and ete (1 e.-total) lactose carrler mutants can be

'3d1st1ngulshed (Wong, Kashket and Wllson, 1970) Partlal
'Jl}carrler mutants for lactose could Stlll transport lactose o

ld1nto the cell by fac111tated dlffu51on,,although the lower>5f;fﬁ

\

_7amount of lactose enterlng the cell may make 1t more
*l_dlfflcult to detect lactose fermentat1on by products such as 1l
*ff*ac1d and gas. Complete carrler mutants for lactose would bey '

*}unable to transport lactose 1nto the cell at all totall%

'ﬁivprevent1ng lactose fermentat1on.»m]7-ﬂ"'Lmypgj;;ﬁ__,.

L B galact051dase (Andrews and Lln, 1976) Increaszng the
'5ﬂ1ncubat1wn temperature from 35 0 to 44, 5 C reduces the raté:th‘
=t of lactose and glucose uptake 1n nonfecal collforms (because;*'f'~“'

'rofof thelr temperature sen51t1ve transport system) but not 1n,'m':”“>

'1mutat1ons in B galactosxde permease (the M proteln) or

o Lactose transport 1n E coll can be blocked by S

P

é“fecal collforms (Docklns and McFeters, 19783 However,-bfd

c

*lftemperature sens1t1ve mutants w1th mutatlons 1n the ]aCY

*ﬁy permease gene 1n E coll have been 1solated whlch synthe51ze7i:;’7"7

©

:‘normal 1evels of ﬂ galact051de permease at 25 C, but greatly'

s‘decreased levels at 42°C (Crandall and Koch 1971)

R R

}B galact051de permease produced by these mutants 1s notU'

73;temperature sen51t1ve, but the, rate of/:ynthe51s of thesj""-”

:jfunctlonal permease is temperature sen51t1ve, cau51ng

N

{ﬁlactose uptake to be decreased at 42°C as 1t is. 1n nonfecal\-gb

L -\ S O . : T A ‘Q‘H' g L

Ty
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'*’collform bacterla (Crandall and Koch 1971)

7 Mutants w1th a defectlve plasma membrane cell wall

0~"'

‘complex that permlt the loss of ﬁ galact051dase from the

‘.cell can grow 1n lactose even 1f they are unable- to

@

h'dtransport B galact051des (Olden and Wllson,:1972)

LY //

7;h44 5o C the B~ galact051dase,of nonfecal collforms 1s s

”thermally 1nact1vated but not 1n the case of fecal

op.

u}col1forms (DOCklnS andecFebers, 1978) However, Eb coll

‘smutants w1th a temperature—‘en51t1ve (43°C) Z reglon of thej’

: f

"-“Iac operon (SlmOn and Aplrlon, 1972) or-a pH sen51t1ve z

fﬁreglon (Colb and Shaplro, 1977) have been reported Wh1Ch afe}“

'~'ffblocked at the level of B galact051dase enzyme synthe51s andhfh

tn“;lcannot metabollze lactose, m1m1c1ng the behav1or of nonfecal;f“ff‘

7;fcollforms under these cond1tlons. A temperature sen51t1ve

'lfend products tend to be the same as those for glucose

"L}(44 5°c) E. col i mutant which is ONPG™ EC- Lac(g)* at 4850 c[.fg;Vﬂ

vand possesses only half of the normal B galact051de permease"f‘

""Lact1v1ty has also been 1solated (Rychert and Stephenson
>‘1981) 24 .v SR .t ‘ | ; | .V lﬂ .
nifﬂThe Lactgse Fermentat1on Pathway for E Coll » _
| Lamtose fermentat1on 1n E. CD7I generally follows the
'pathway 1llustrated Ln Flgure 1. The amount of each end
v;product depends on the straln of E.. coll and the condltlons

”lunder whlch 1t 1s grown and tested (Porter 1947) The major .

o

o

‘;t;fermentat1on- ethanol form1c, acet1c,’and lactlc ac1ds' fl N

-'w1th lesser amounts of succ1n1c ac1d and. traces of other

' v

hend products (Blackwbod Nelsh and Ledlngham 195§).ﬁ
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FIGURE. 1.
Gas Production by E. coli.:
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k\d/ldlc pH (values around pH 69 ethanol acet1c and lact1c
ac1ds CO2 and H,-accumulate, whlle at more alka11ne pH (pH.
7 4 - 7. 8) formlcvac1d accumulates (Blackwood et al 1956'> -
uPorter, 1947) }the average, 2 5 moles of ac1d are formed

fbper mole of lactose fermented by E coll (Stokes, 1949)

:the end products of lactose and glucose fermentatlon are

.51m1lar, -an example of the amount of each end product formed‘:" -

”:_can be. shown by the follow1ng data reported by Stokes
‘h(1949) O 8- moles ethanol L 2 moles formlc ac1d (or 1ts
'equrvalentaln CO,'and Hz) O 2 moles lactlc ac1d and 0 4
“moles succ1n1c ac1d. E'~hv | . S |
.Gas Product1on from Lactose by E coll
| The most 1mportant aspect of lactose‘fermentat1on for
;:the standard detectlon of E coll, §s the productlon of gas

- lby the. breakdown of formlc ac1d to CO2 and Hz (Dav1s et al

';1973) Gas productlon from lactose at 44 O to 45 5°C 1s the"f'

’pr1mary test used to detect fecal E coll 1n food and water"f
v:psan1tat10n tests (Leclerc et al., 1977)z ThlS reactlon is
blfvfmost spec1f1c for the 1dent1f1cat10n of E. coll at 45 5 C
Ej:but more false negatlves occur at 45 5°C than at 44 0 C )
"E;(Flshb61n and Surk1ew1cz, 1964) Debate pers1sts on wh1ch

temperature 1s best for standard detectlon of fecal E Collkf

(Anderson and Balrd Parker 1975 Dufour 1977) ;fﬁc-,;H'i

e The enzyme formlc hydrogen lyase 1s respon51ble‘for theptj
“'conver51on of form1c ac1d to Hz and CO2 gas (Dav1s et a7
: 7_11973) It 1s most actlve at ac1d1c pH (about pH 6) and leastlpf

@E}L.actlve at neutral to alkallne pH (Bovarnlck 1965);



’approx1mate1y 92% of E. coll stralns produce gas frOm \\;;/

e .

| 13,

Q.

o eleyated’temperatures the. actiyity of formic . hydr‘og"en~a-l—-ya"rs"é'”"—’"'w

1s reduced (Leclerc et a7 1977) Inh1b1t10n is. greater as-

r,1ncubat10n temperature is 1ncreased but the 1nh1b1t10n is.

! !

! normally revers1ble (Flshbeln, 1962) At 45 5°C

I

%”lactose, whrle at 46 5°C only 64 5% produce gas (Flshbe1n,

1962)

PR

Factors whlch 1nh1b1t the formatlon of formlc ac1d by

L E coll also 1nh1b1t gas productlon from lactose, even 1f a

'functlonal formlc hydrogen lyase enzyme 1s present (Kana1 et

| élﬁ,'1975) Atyplcal E coll blotype 1 stralns have been’

'_gidlscovered Wthh lack the ablllty to produce gas nn EC or

'ijto detect gas produ

”lactose broth at 44 5°C but can produce ‘gas. 1n broths ' |
:contalnlng formlc ac1d at 44 5°C (Kana1 et ai - 1975) Kanai'
":et al (1975) found that these stra1ns produce a functlonal
rformlc hydrogen lyase enzyme, but fa11 to produce gas«from
v.'lactose, due to an 1nh1b1tlon earller 1n the lactose |
'fermentatlon pathway, presumably in the conver51on of

if%yruv1c to formlc ac1d

B The amount of gas produced by E coll can vary greatly,

_dependlng upon the straln the cond1t1ons to Wthh 1t is

\ ;

"lexposed and any env1ronmental damage 1t may have sustalned
-'y(Meadows, Anderson, Patel~'and Mulllns, 1980 Mossel and

’1';Vega,:1973) The 1nc1us1on of bufferlng agents in medla used

|

ctlon decreases the var1ab111ty among

0 fvsubcultures, and 1ncreases gas productlon by preventlng

:"rapld pH change whlch mlght affect cell metabollsm (Meadows

A
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7

' et’a7“ 1980b5 Components of selectlve medla (for example,.

‘

‘brllllant green bile and sod1um r1c1noleate) 1nh1b1t or

©

:reduce gas productlon by reduc1ng the amount of- E. écoll : .

‘growth (Meadows, Anderson and Patel 1980) Elevated ’
d1ncubat1on temperatures also reduce gas productlon by

- reduc1ng the amount of growth of the organlsm (Meadows et
‘;al : 1980a) ther stressful env1ronmental condltlons wh1ch

_affect the amount of growth also reduce gas productlon

(Anderson Meadows, Mulllns, and Patel 1980) Reduced gas':e

}h'”productlon could be 1mportant because 1t mlght 1ead to false

-negatlve tests for fecal E. Coll (Anderson.et al '1980)
' The relatlve amounts of Hz'and CO2 gas produced by E
fcoll can vary greatly (DeLey,_1962) Under 1deal condltlons

the H,.COz ratlo approaches unlty, but there 1s generally a

*ssllght excess of COz compared to H, (Keyes and Glllesple,

r

'7;1913) The presence of oxygen, n1tr1tes and sodlum phosphate
'flncrease the amount of COz relatlve to- Hz produced (Keyes
‘.'and G1llesp1e, 1913) Researéhers have reported findlng
vH,.CO, ratlos from 1:1 to 1-7 7 (DeLey,‘1962) 1z 0. Bi\to ’
_1 2. 18 (Keyes, 1909) 1 06 to 13 5 4 (Keyes and Glllesple,
-:t1913) and 1 1 2 to 1 6 8 (Blackwood et al | 1956) However,r:i;
dthe most frequently reported H,._COz ratlo is approxlmately ‘

’-

'f1g1 (DeLey, 1962)



Indole Product1on by E COII.

The Pathway for Indole: Product1on by E. ‘col i

4 : !

The major steps 1n the pathWay used for the productlon o

of 1ndole from tryptophan by E. coll is 1llustrated in \
' Flgure 2 Less 1s known about thls pathway than about the
“lactose fermentatlon pathway (Lamanna and Mallette, 1965)
The dlrect pathway from tryptophan to 1ndole, ammonla and

‘-l pyruvate 1s belleved to be the major route for 1ndole

proddctlon (MacFaddln, 1977) Most assays for 1ndole use thef'

o reagent p d1methylam1nobenzaldehyde (Anderson and

Balrd Parker, 1975)‘ ThlS reagent in the presence of HCl

""water,rand warmed condensatlon, comblnes w1th the 1ntact

' 'pyrrole structure of 1ndole, to form a fed v1olet colour it:j
\may also comblne w1th the same pyrrole @roup in skatole
:.;(methyl 1ndole) to form an orange red colour. In the absence
of a pyrrole group, a. xellow~c6l5§?_1s produced (MacRaddln,
1977)" =
kr Sugars should be kept to a mlnlmum ‘in the growth
medlum because carbohydrates can delay 1ndole productlon
for up to 5 days, due to catabollc repre551on (Mundt and -"
'Rat, 1962) Indole varlants of E. coll would be expected to
possess some genetlc alteratlon 1n thelr 1ndole pathw?ys, 5
most probably at the level of the ma1n enzymes - h‘A/?p
tryptophanases or tryptophan pyrrolase (Lamanna and _:f
_ Mallette, 1965) Although llttle is known about 1ndole f-du
21 mutants of E coll, 1t 1s kndwn that the trgptophanase

enzyme catalyzes the rever51ble conver51on of - tryptophan 3



'rtrymophanase

16

-

~FIGU§E 2 Major Steps in Indole Productlon from Tryptophan
by E colt .

skatole (meﬁhyl indole)

3 S e
 (decarboxylat16h) _
| N : tryptophan pyrrolase ;

tryptophan ——— T - formylkynuren1ne
“»ﬁfyptophanéSe: |
(deamination)

P

. kynurenine
foramidase

T Z S AN
‘ammonia + pyruvate . HCOO-
+ indole - . SR .+ kynurenine

Y T L . _nicotihate

2-carboxy-3-aminobenzene «— — v

élaniné’

(Lamanna and“Mailette,”196$:»MabFéddin, 1977).
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to indole, pyfuyate,_andlammonfa (thte and Yudkin,h1979).
'The activity of this enzyme’is catabolic, and‘dependention
'pyridoxal pyruvate (Gartner and Riley; 1965)
Tryptophanase synthes1s is- induced. by the presence of

]- tryptophan or its analoguev"s methyl DL- tryptophan" '
(Gartner and Rlley, 1965) The enzyme is encoded by the tna
gene,'w1th constlgutlve mutants tentatlvely llnked to a tnaR
‘locus of unknown nature (Whlte and Yudkln, 1979). Regulatory
.mutants (not 11nked to the tna gene, but of undeflned
locatlon) may enable tryptophanase synthe51s to be unusually_'
;1nsen51t1ve to catabollc repre551on. ‘This creates the
potentlal for 1ndole productlon even in the presence of hlgh'
concentrat1ons of carbohydrates (Yudkln '1976) Promoter
mutants believed to be closely llnked to the tna gene may
_also affect the rate of synthe51s of tryptophanase ThlS has
the potent1a1 to affect the amount of 1ndole wh1ch can be T
; produced (Ward and Yudkln 1976) Temperature sen51t1ve
| (41°C) mutants for both tryptophanase synthes1s and act1v1ty
have also been lsolated,'andlthey are believed to be caused
.by mutatfons‘ofAundefined natufe in’the tnyptophanaSe
‘structural gene (Taylor and - Yudkln, 1978). Further study is
';snequ1red to determlne the exact nature of these -
tryptophanase mutatlons, but all could concelvably affect

.t the productlon of 1ndole by E coll by affectlng

_ tryptophanase synthe51s and act1v1ty
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'D. Effect of Deb111tat1ng Treatments on E coll

Various conditions’ may affect the blochemlcal reactlons
exhlblted by E. coli, maklng the detectlon of the organlsm
more d1ff1cult.(1ngram 19211J_ngh and low temperature
‘treatments are among the most common’ environmental stresses
to which cells are exposed in tood proceSSing Foods‘are
frequently heat processed to klll bacter1a,'wh1le many foods
are refrlgerated or frozen to reduce spoilage and retard the
growth,of any sp011age or-pathogenlc organlsms (ICMSF, |

1978). Cells which 'survive such treatments may sustain

damage to their cell membranes, RNA, and DNA, causing enzyme .

"functlons to be weakened or altered (Alur’ and Grecz, 1975-
,'Patterson and Jackson, . T979) ~1f the enzymes involved in-
either the productlon of 1ndole from tryptophan or gas from
jﬁlactose at»elevated temperature are altered or‘weakened by
nsuch treatments,‘Ew COlifmay become~more difficult to detect
'by standard detectlon methods.‘ ) |
ﬂnxgh Temperature Treatment | _
Heat treatment at 52° C or above for extended perlods of

‘time is usually fatal to E. coli (Pellon and Gomez, 1981).

»

However,/at lower temperatures (43 to. 50 C) cells may be.
_1njured 1nstead of kllled prOV1ded that the lehgth of ‘heat
‘ exposure is not excessive (Grau, 1978)_ Injured cells
re-1noculated»1nto a su1table recovery medium may.rec0ver
‘thelr normal’ characterlstlcs after an extended lag t1me

"(Clark and Ordal 1969 Stlles and W1tter, 1965' Tomllns;

'¥oh, Takeda, and Miwatant, 1971). Dependlng on . the length of
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t

resuscitation time .allowed for a heat-treated culture to

recover 'in a nonselective medium before placing.ft'into a

'selective medium, the heat 1n]ury may not be repalred

”

»‘(kllllng the cell) may be partla;ly repalred (1mpa1r1ngf

certaln'cellular functions),,or”it‘may be:totally.repaired
(no chaﬁge-detected)'(Pellon and Gomez, 1981). For 1nstance,

5% of the surv1v1ng E. coli heated at 50 C for 309m1nutes

)R

were recovered in Lurla broth med1a w1thout resusc1tat10n

while 50% were recovered when the heated cells were

resusc1tated for.3 h'in the defrned growth medlum (Pellon

~and Gomez, 1981)"In general, the longer'the resuscitation
:t1me, the greater the p0551b111ty that damage w1ll be

»repalred (Pellon ‘and Gomez, 1981).

| SublethaL,heat treatment is oftenbmore destructiVe‘than[:
freezinge(Ordal;11970), It exerts its effect at the levellof
the'ceil membrane, RNA, and DNA (ordal, ‘1970 Tomllns et
al.,h}971) Slngle and double stranded breaks in DNA or even

breaks in the folded chromosome of E coli can be=generate&.fh

nby temperatures of 50 to 60°C (Pellon, Ulmer, and Gomez,

1980) wath the level of recovery dependent on the

‘effectlveness of the DNA repalr system (Sedgw1ck and

f

' Brldges, 1972) Damage to the cell membrane decreases .

" viability due to the loss of K*, Mg**, Ca** and amino’ ac1ds,‘

and by’ decrea51ng the accumulatlon of lactose and other‘

v sugars w1th1n ﬁhe cell (Grau, 1978), Surv1va1'of E..COII”&

durlng sublethal heat treatment can be inCreaSed.iffa high
concentration of soluble'carbohydrates is present, if the -

©
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levels of NaCl, Mn**, and Co** are low, and if the length of
‘heating iS\minimized (Lee and Goepfert, 1975). Degradation
of r1bosomal RNA and DNA may lead to lower enzyme .

act1v1t1es, altered ‘transport klnetlcs, and lipid.content,

"and,a need for more growth requ1rements (D' Aoust 1978).

. rtreatment (Ordal 1970)

-

However some enzymes may be only moderately susceptlble to

'*:15_

'heat injury, and would thus not be affected by such heat

.treatment (Tomlins et al., 1971). '
vLong—term'mild“thermal stress has been shown to affect
the blochemlcal reactlons of E\ COII. The dlscovery of Iac
to lac Shlfts in thermally stressed E coli in reactor
-effluent waters 1s a prlme example of thrs\phenomenon
(Kasweck-and<F11ermans, 1978) In addltlon, “when prolonged

~

1ncubat10n at 44,5°C was comblned w1th enrlchment 1n sodlum
v

lauryl ‘sulfate, researchers noted a loss of plasmlds ‘and a

I N
N

less efficient recovery of E. Coll from foods (Hill and :§
Carllsle, 1981)» Damage induced by long- term mrld thermal
vstress should be less severe than sublethal heat treatment
as cells are exposed to a less intense level of 1n3ury f
(ordal, ,1970). Both ‘types of 1n3ury should exert 51m11ar
erfectsvon the cell membrane, RNA and DNA, but longer E

‘periods of exposure'wouldrbe,required to ach1eve the same -

-degreeﬁof cell injury for cultures exposed_tonmild thermal‘

N

c-

Low Temperature Treatment
_ Temperatures below 5 C generally 1nh1b1t growth of E

: coll and other’ pathogenlc Enterobacter1aceae (Davenport et////
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al., 1976). Cell death is increased if the food is processed
(cooked, salted, or-acidified) in addition to refrigeration
or freezing, although damage incurred by low temperature
storage_may be minimized if the food is viscous and high in
nutrients.(Speck and Ray, 1977). Gram—negative\baoteria are
more sensitive to freeaing damage than Gram;positive

‘ bacterla, probably due to d1fferences in their’'cell wall.

structure though this has not yet been proven (Calcott

1975) Cells in the log phase of growth are more sensitive

-

~
than cells in the statLonary phase, because of more rapid

DNA synthesis (Speck and Ray, 1977) Storage of E. coli at 1
and 4°C for 35 days markedly affected their growth on
selective media, ‘and caused injury similar to that sustained
hy'more severe treatments such as freezing and sublethal
heating (Patterson and Jackson,'1979), Storage at 1°C for 35
hdays caused only”a 1 log deorease in cell survival, whereas
storage\at 4°C for 35‘days eaused a2 to 3»log’decrea5e.in
Surviyai, indicating that ceilvinjury was more-seuere‘at 4°C
than at 1o (Patterson and Jackson, 1979).
When storing'cuﬁtures, baoteria may live for years at
4°C but care should be taken with cuitures stored at —20°C
- the eutectic p01nt of most llqu1d medla (Lapage, ‘Shelton,
Mltchell andg Macken21e, 1970)v ThlS is also the temperature
at whlch the greatest amount of freeze thaw damage occurs 1n'
cells stored in llqu1d medla (Calcott 1978). The extent of

freeze- thaw damage depends on the freezer temperature and

thewcoollng rate (Hanafusa, 1967). Storageoof cultures at

]

-
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-70°C is preferable to -20°C, because it reéeces the amount
of freeze“thaw damaée (Lapage et al., 1970). Cells cooled
slowly survive better than”lhose cooled rapidly (Calcott,
1978). A cooling rate of 6°C/min. 1is best for E. coli,
though cooling at 1°C/min. is optimal for most cellﬁ
(Calcott, 1978). The main cause of cell injury during répid
freezing is the formation of intracellular ice crystals

(Nei, Araki, and Matsusaka, 1967). This causes the cell

" membrane to lose its integrity and the DNA to fragment by

single-strand breaks (Alur and Grecz, 1975). Anaerobic
cultures are mofe sensitive to this type of damage'then
aerobic cultures (Nei et al., 1967). |

"Prolonged exposure to the dehydrating effects of ice
crystaliformation and increased solute concentretions
OCCUrring‘at temperatures around —20°C.also decrease cell
viab}lity. Slow cooling pe;t this point results ln more cell
iﬁjury than rapid cooling (wae, 1967). Freeze-thaw damage
can thus be minimized by a slow rate of cooling to —20 C and
a rapld cooling past that point (Lapage et al., 1970)

'

possible to minimize the freeze-thaw damage,indubed by ice

r

crystals (Lapage et al. ’1970).

Enzyme denaturatlon by freeze-thaw damage is not caused

5

by 1ce crystal formatlon, because of the large size of ice .

B

,crystals compared to the 51ze of proteln molecules

(Hanafusa, 1967) Denaturat1on is bel1eved to be due ;%hthe

-effect of salt concentrat1on 1ncrea51ng with ice crystal



-
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"[electrolytes to a m1n1mum (Lapage et a }

l;'cells w1th further protectlono(Lapage et al 1970)

’protectlve compounds such as polyglucose or glycogen?

formatlon in the v1c1n1ty :_he enzyme, and the partlal

."unfoldlng of the hellcal structure of flbrous protelns upon

, freez{ng (Hanafusa, 1967) Many cellular functlons are

dependent on proteln complexes whose structure mlght be
.sen51t1ve to freeze thaw damage,vthough the 1nd1v1dual

protelns w1th1n that complex may not be sen51t1ve to A
freeze thaw damage (Hanafusa, 1967) | |

Freeze thaw damage can. be further re

1970) m1n1m121ng

.y)r

d?the water avallable for 1ce crystal formatlon (Calcott
'h:1978) and excludlng ac1ds, surface actlwe agents,'and‘
.'wcertaln egzymes such as lysozyme and proteases from the

"-storage medlum (Speck and Ray, 1977) The 1nc1u51on of"

3

fii cryoprotectlve agents 1n the storage medlum prov1des the

o

Cryoprotectants 1nclude a varlety of tr1glycer1des,'

S

protelns, and carbohydrates (Speck and Ray,_1977) the most 1;

grequently used cryoprotectants ‘are’ glycerol _sugars,'y»”

‘,u starches, and complex undeflned agents such as- blood SR

protelns or malt extracts (Calcott 1978) For most

- eff1c1ent storage, E coll ells should be in the statlonary

»p phase of growth moderate to hlgh populatlon den51ty, and

,grown under cond1t1ons whlch promote the:synthe51s of s

Like

{preserves (Calcott, 1978) E coll in the log phase of;rf‘-l

‘Tfnutr1t1ve condltlons have stressed DNA synthe51s systems and

e

cedrbyvkeepingi '

PN

h:growth 1ow populatlon den51ty,,or grown 1n stressed or poor .



‘-;glnormal functlons upon subculture;

2ﬁ4'
iare thus more.vulnera?leltoﬁfréehe?thaW'damage;ftalcottlu
Cells that surv1ve freeze thaw damage are 1n1t1ally_'
d_more sen51t1ve than normal cells to osmotlc change,“
?:1ncubat1on cond1t10ns, and medla comp051t1on (Calcott

.l1978) However, the 1njured cells generally regaln thelr»v'

351nce the damage incurred

s usually not mutagenlc (Calcot?§{1978) In cases Where‘
,gresusc1tatlon tlme 1s m1n1mal or genetlc damage 1s,

e 1ncorrectly repalred altered enzyme funct1ons may result "f

‘(Ordal 1970) The 1nc1dence of such alteratlons due to l‘

"'jAfreeze thaw damage 1s dess frequent than alteratlons due to

yfheating, because the type of DNA damage 1s less severe and

'*5himore ea51ly repalred (Ordal 1970)

v Treatment

The type of DNA damage 1nduced by m1ld heat treatment:_}

'.;may also be 1nduced by 1on1z1ng rad1at1on such as X= rays or_fa‘,r

:ﬁgamma rays (Brldges, Ashwood Smlth 'and Munsen 1969)

h,l1ght a non 1on1z1ng radlatlon, has a more mutagenlc effect f

_gon cells ‘than elther 1on1z1ng rad1atlon or mlld heat

'treatment (Wh1tk1n, 1976) UV treatment 1s commonly used as .-11'

fa ba51s for comparlson wlth other suspected mutagens, *:

'.'because the mechanlsm of 1nduc1ng mutatlon by UV 1rrad1atlon

i*lhasnbeen=well establlshed (Lew1n :1977) Short wavelength

a

?germ1c1dal uv. radlatlon (less than 280nm) promotes

',‘mphotochemlcal reactlons in nuclelc ac1ds, cau51ng the ~]"}-f
‘?J P A R P
productlon of cyclobutapyr1m1d1nes and sxngle and
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double stranded DNA breaks due to n1cks 1nduced by d;rect
7,yh1ts on the DNA (Murphy, 1975) Intermedlate solar‘
'VAwavelength UV radlatlon (280 to 315nm) may 1nduce 51m1lar
V_damage, but is not normally as severe (Murphy, 1975)

’damage 1s normally repalred by - the cell s exc151on repalr
Lfand recomblnatlon repalr systems (Rupp, Wllde, Reno, and o
t_;Howard Flanders,,1971) When such repa1r systems are
’-defectlve or fall to repa1r a dlmer correctly, some cell
';functlons may be elther temporarlly or permanently lost or
Ftaltered (Whltkln 1976) Thls may result 1n the loss or - |
.alteratlon of an enzyme synthe51zed by the cell (Whltkln ;hd

ﬁtAcr1d1ne Orange Treatmentul
| dbacrldlne orange (3 6~ blsd1methylam1noacr1d1ne o
tyhydrochlorlde) 1s a potent mutagen and plasmld curlng agenttll’
d’(Albert 1966) It is. usedamore often than other |

’,-plasmld curmng agents (e. g.»acrlflav1ne, proflav1ne, or‘fgl'

v:acrldlne yellow) because of 1ts low tox1c1ty for celIS’:

g;(leota, 1960) It is often used as a standard to test 1f

-~ the F plasde 1n a partlcular E coll 1s autonomousvand

'l-stusceptlble to curlng, or 1ntegrated and cannot be cured

:

'fi(é%%ln, 1977) Loss of non 1ntegrated F plasmlds is, |
>1rrever51ble, as would be expected for‘the loss of genetlc
';informatlon (leota, FU]ll, and lehlmura,_1966)

The damage caused by acr1d1ne orange 1s belleved to

~g1nh1b1t the 1n1t1at10n of F plasmld repllcatlon (Lew1n, -"

7th,d:1977) For example,,H;rota‘et al: (1966) demonstrated that
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1an Ev COII culture treated w1th 20 ug acr1d1ne orange lost
‘:f96 2% of its F. plasmlds and 0. 4% of its R plasmlds. The ma1n
.ifactors affectlng the rate of F+ to F ‘conver51on are the v
;l'concentratlon of acrldlne xggs and the growth of cells 1n

’5the presence of the dye (leota, 1960) Most E coll cells -

grown in the presence of 20 to 100 ug acr1d1ne orange per

‘of non 1ntegrated F plasmlds (leota; 19600f Such treatment
'tcan be used to test for a non 1ntegrated F plasmld in an E

drcoll culture and any funct1ons assoc1ated w1th that plasmld'

(LeW1n 1977) S ey

vml} for 6 or more hours at approx1mately 37 C w1ll ‘be curedﬁncx



III,'Methodsiand Materials

n-A.;Bacterial Cultures:'“

_Freeze dr1ed cultures from the: Amer1can Type Culture
‘Collectlon vere used in- thlS study,_lncludlng CltFobacteP o
aneundlr ATCC 8090 Entenobacter aerogenes ATCC 13047._
;Entenobacter cloacae ATCC 13048 Entenobactegﬂhafnlae ATCC

;13337 ESChEFlChIa coll ATCC 11775 Klebsrella pneumonlae
hATCC 13883~ Salmonella choleraesuzs ATCC 13312 ‘and-,.
“‘Salmonella typhlmunlum ATCC 13311 'In add;tlon, 1aboratory
ﬁlcultures'of the‘followlngilsolates.obtainedﬁfroh'meathand,¢'

-;[Storedﬂonlnutrlentlagar slants were'used;‘Ehteﬁobéétéﬁ'v
J'fsagglomenans, and Eschenlchla coll #1840 iStlles and Ng,‘jr

: 1980)

5EB Ma1ntenance of Stock Cultures

Stock cultures were. malntalned and routlnely checked

'-_to ensure the stablllty of those blochemlcal character1st1csf

examlned under normal condltlons of laboratory storage. For;‘”

f'_the flrst two months of the experlment the stock cultures

a'were subcultured weekly on NA plates and slants, 1ncubated

-rat 35 o°cC for 24 h and stored at 4, 0 C Conf1rmat10n of an'.

fOrganlsm 8 1dent1ty and purlty was checked weekly Culture

lpurlty was ver1f1ed m1croscop1cally by Gram stalnlng, and bydj"

I

rstreaklng onto NA The blochemlcal character1st1cs of these o

: fistra1ns were checked weekly at 35 0 C. u51ng the BBL Mlnltekf

si;enterlc system. The follow1ng commerc1ally prepared dlSCS
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H‘were used to determlne the blochemlcal reactlons of thel
.organlsmS'at 35.0;C: n1trate, phenylalanlne, hydrogen
sulfide,-theS*ProskaUer, c1trate,‘ONPG urea, ly51ne,

- arginine, ornithine, dextrose, malonate, adonitol, \
arah{nose,e1n051tol raffrnose, sorb1tol ‘lactose, rhamnose,
and sucrose (BBL M1n1tek 1979)., -

After the 1n1t1al two month perlod all stocktculturesv
:”were subcultured monthly onto NA plates and slants. Gram"
lrsta1n1ng and Mlnltek tests were also conducted each month to
'check the stablllty of each culture. All stock cultures were_

stored at 4 O°C untll requ1red for use. The stock cultures

were also 1noculated 1nto tubes of TSI TSB "BC and lactose

broth each week ;and 1ncubated at 35 0 and 44 5 C for 48 h
”‘fto check the stablllty of the H,S, 1ndole, EC glucose,
lactose,\and sucrose react1ons These tests were done weekly-’

" for a period of 300 days.

'er. Treatments for Obta1n1ng Var1ants:‘; 
| Prolonged Storage of Stock Cultures »
NA slants of E. coll ATCC 11775 and 1solate #1840 fr m:
3meat were stored at 4. 0 C w1thout subcultur1ng for 166 da st;rt
:;These cultures were sampled and tested tw1ce a month ‘1n the-vi
"same manner as the other stock cultures. ,fh.f :
'1Heat Treatment dh‘l hkfd d';;;f'r jw'ei.;gf,,; 5jé;nu

" The stock cultuw 11775, and 1solate

. ;,./" .

'#1340>fromi'i CE. agglomenans, E hafnlae ATCC 13337 K.

'fzae ATCC 13883 and c. freund:; Ach;sogovwe;el

\

B . Lo
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preparedkfor use by lnoculating sterfle Sml TSB tuheSjLand
incuhatinglatr35;0‘cjfor 24’h.’The tUbes_werefsubcultured
daily for one week‘:before use in the heat‘treatment study.
'The followlng heat treatment modified fromvStiles, Roth;
iand<Clegg (1973) .was conducted on. these cultures for 124
,succe551ve days.f e R : "
"~ .The TSB cultures of the test organlsms were 1noculated
rnto 200ml of sterlle TSB in.a- 500ml Erlenmeyer flask |
tempered to. 35 0° C to g1ve an. OD‘oo value of approx1mately
0;11 The 1noculated TSB was 1ncubated at 35 0°C untll an ‘ |

fOD;;'.of approx1mately 1.0 had been reached A 1 Oml allquoth

:of these'TSB cultures was added to 99, Oml of sterlle TSB- in o

N

‘ta 250m1 Erlenmeyer flask tempered to 52. .0°C in ‘a
~‘temperature controlled shaker 1ncubator. T1m1ng for the heat“

'treatment was commenced,30 seconds after 1noculat10n,‘to;

- ;allow temperatune equ111bratlon.vThe cultures were heated

for 15 m1nutes, then placed 1n an- 1ce bath for J mlnute to

’

'ffreduce the temperature to approx1mately 23 C (room
. | R

The’cooled cultures were then 1ncubated at

‘_35 0 C for 20 h, for 51m11ar heat treatment the next day

1; Onceaa week Oml samples of the unheated and heated |
'(52d0°c; 15. m1n ) cultures were tested for culture varlants,

' accordlng to the techn1que out11ned 1n Sect1on E.

UV Treatment S d : sfu -
/ v
The same stock cultures/used for the heat treatment

study were prepared in. the same manner for UV treatment.vf
After 24 h 1nofhat10n at 35 0° C a 1 Oml allquot of each

/-

i
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cbculture was placed in a sterlle Petr1 dlSh and 1rrad1ated
for 5 mlnutes w1th a broadbeam germ1c1dal UV lamp (Canlab
UV Products llne) A 0.1ml a11QUot of each 1rrad1ated and
’;,non 1rrad1ated culture was used for the dally TSB
subculture. The remalnlng amount of each culture was placed
1n 9ml 0 1% (w/v) peptone water blanks, and examlned for

L varlants as,descrlbed_ln Sectlon E ThlS dally subcultur1ng
was’conducted for the 93 day duratlon of this experlment.
Cultures were tested for var1ants on a da11y ba51s for 2
months, then on a weekly ba51s for the duratlon of the test
'period> |

Extended Storage Treatment . ',/“ﬁ

Stock cultures of E. c T//ATCC 11775 and 1solate #1840 -

were used to- 1noculate ”ach of three 500ml Erlenmeyer Tlasks_

conta1n1nd/199ml«ster11e TSB. These cultures were 1ncubated —’a

.

4. o 35-0 and 45 0° c, and sampled dally until the culturesﬂ
had d1ed or. after 100 and 75 days at 4. 0 and 35 0°C‘
| respectlvely, when the experlment was termlnated because ~the
culture had been used up. Dally, 0 ml samples were serlally
dlluted in 9ml 0 1% (w/v) peptone water blanks at 0 C, and
, examlned'for varlants as descrrbed in Sect;on E. |
Cold Storage Treatment | ; - |

The same stock cultures as those used for the heat
treatment and in addltlon S. typhlmurlum ATCC 13311 were

1noculated 1nto 250ml Erlenmeyer flasks conta1n1ng 100ml of

. TSB ‘and” lncubatedvat,35,0°§’for-24;h. These TSB.cultures‘
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were d1spensed in 2.5ml allquots 1nto sterlle glass v1als,v,

and stored in a freezer at -16°C. The v1als of each. culture

- were sampled 1mmed1ately before freez1ng, after 24 h

storage and then‘on a weekly ba51s. Prior to sampllng, the

fculturés were thawed 1n a 23 oF water bath for 3 mlnutes. The

!
samples were ser;ally1d11 ted in 9ml 0 1% (w/v) peptone e

1

water blanks, and exam1ned for varlants accordlng to the

method descrlbed in. Sectlon E

,'"v

' ”Sloppy Agar Cultures'

Sloppy agar was prepared accordlng to the fOllOWlng

v‘formula. 3 0g tryptlcase, 7 5qg agar, and 1 llter dlstllled B

water (Ng, Personal Communlcatlon) It was: dlspensed in

2. 5ml allquots 1nto sterlle glass v1als,,ster111zed and

l-sealed The same stock cultures as those used for the heat

vtreatment,study were'streaked onto NA plates,'and 1ncubated'

at 35, 0°C for 24 h An 1solated c$lony for each culture was

'1noculated 1nto a sloppy agar v1a} - The wvial chltures were

;1ncubated at.35. 0°C for 24 h be{ore storage. Half the vials

were stored in a refr;gerator at;4.0°C, andvthe remainder in’

[

Gultures stored at —16°C were-thawed in'a'23°C

“waterbath-for 3.m;nutes pr1or_to use. One vial for each

culture was sampled immediately'prior.to.storage,uafter'24'h .

Storage, and once a week, thereafter. Sampling>was conducted

fover a perlod of 142‘days. Samples were serlally dlluted

vw1th 9ml 0.1% (w/v) peptone ‘'water: blanks, and examlned for

~vaﬂ1ants by the technlque descrlbed 1n Sectlon E.
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.Nutritional Treatments ‘
.The-standard.composition of‘TSB.(Difco).is as followsﬁ
317;Og.tryptone2 3.0g soytone, 2.5g dextrose, 5.0g NaCl, 2.5g
dipotaSsium‘phosphate, and 1 liter distilled wader"Due to
the d1fferen5e in nutr1t1onal level between th1s and the
sloppy agar'treatment medlum and between the numberqof
wgriants obtained for those two media in thls study, a range
Hof‘nutrltional_broths and semlsold medla was prepared to
give different'levelsjof nutrlent:medla. The nutrltlonal
"vbrothS'and'semisolid agars prepared.for use inhthis’study/_
f:are,listed in/?ahled1.eBoth'were.dlspensed in 2;5ml amognts
into:sterile glass vials. .“
The stock cultures of E coll ATCC 11775 and #1840 were
1noculated onto ‘NA- plates,ﬁand 1ncubated at 35. 0 C for 24 h
AColonles of each culture were used to 1noculate v1als |
conta1n1ng the nutr1t10naﬂ study broths and sem1solld agars,
,and 1ncubated at 35 0°C for 24 h. The semlsolld agars were
'stored at 4 0 c, whlle the broths were: stored at —16°C The
cultures were: sampled 1mmed1ately prlor to storage after 24 .
~h of storage, every 2 days for the f1rst 2 weeks, and on a d
~weekly basis thereafter. The frozen cultures were thawed in
a 23°C waterbath for 3 mlnutes. The«cultures were. serlally
l;dlluted in sterlle 9m1 0. 1% (w/v) peptone water blanks, and
.examlned for. varlants by the. technlque descrlbed in Sectlon

E-
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TABLE 1. List and composition of nutritional broths and’
semisolid agars used to study nutritional effects on
production of variants by E. Coll ATCC 11775 and 1solate
T #1840. .

A

Nutritibnal Broths and @emisolid Agars

"TSB' 30g9/L ( full strength) complete*

w1thout soytone*

w1thout§§extrose*

w1thout soytone and dextrose*

w1thout salts (NaCl and dlpota551um phosphate)
TSB 20g/L - complete.

TSB 15g/Lx - yithoutvSoytene,’7»_w

without dextrose

without soytone and dextrosex

.without‘séitsr
TSB_ng/L -- complete

' TSB 3g/L —1eomp1ete* . o

without»sbytone

vwithout dextrose

withqﬁt soytdne and aextrose#
| "~ without salts_ |

j tryptonef 3q/L .
tryptone'109/L_'
tryptone'ZOg/#
tryptope 3097L
;usig as ‘a semlsolld agar conta1n1ng 7.59 agar/l an& as a,p
‘bro

"TSB = Tryptic_Soy'Broth (Difco)
*Same as conventional sloppy agar L
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b:fElating Media for'5creening Variants’
 The three plating media used for screening variants
included: nutriemt'agar (Difco), violet red bile agar,'
»(Difco), andutryptone bile'aoar (Anderson'anthalrd—Parker,
f1975)..Between.30 and 150 cells were inoculated per plate to .
',ensure sutfidient colony growth without overcrowdingv |

/
Nutr1ent agar (NA) was. used as a general growth medlum

to recover 1njured cells wh1ch were unable to grow well on1
the two selectlve media. Colonles from NA plates were
selected for further study on the ba51s of sxze..Injured
cells were'llkely to form smaller colonies than normal
Colonles were also selected at random 1f no morphologlcally
dlfferent colonles were detected

Vlolet red bile agar (VRBA) was used to d15t1ngu1sh
between lactose and non- lactose fermentlng colonles. Lactose”
'fermentlng colonles were a purpllsh,red colour, generally
surrounded by a r1ng of b1le prec1p1tate, wh1le non- 1actosel
ferment1ng colonles were coloUrless or cream- coloured
(Difco, 1974- Ng and Stlles, 1978) VRBA colonles w1th a
d1ameter of less than 0 Smm rarely form b1le prec1p1tate on
VRBA or produce ‘gas from lactose (Jones, Glbson, and Cheng,g
”4966) Small VRBA colon1es wh1ch did not prec1p1tate b1le’
vere selected for further study as potentlal var1ants. The
_technlque 1nc1uded the 1noculatlon of prepoured VRBA plates,»
and overlayer1nglw;th 5ml of_VRBA (leco, 1974)5

Tryptone bile agar (TBA) yas used to screen'cells-for

. indole broduction. TBA was prepared}according to the
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i

following formula: 20.0g tryptone, 1.5g bile salts, 15.0g

agar, in 1 liter of distilled water (Anderson and

©

Baird-Parker, 1975). The modified procedure used by Stiles
and N©>(1980) which involved direct inoculation of cultures

onto prepoured TBA plates, rather than the conventional

cellulose acetate membrane technlque,‘was used in this

_study. ‘This modlflcatlon was satlsfactory prov1ded that the
colon1es wete well- separated and there were not more than
150 colonies per/plate |
Colonles grown on TBA for 48 h were replica- plated to
new TBA plates, using avsterlle'12.5cm qualrtatlve Whatman#1
filter paper. Both the orlginal master and replica TBA
plates were grown for 12 h at the orlglnal incubation

temperature (35.0 or 45.0°C). The.master plates were then

' flooded with‘TBA stain of the following composition, based

;on‘Anderson and Baird-Parker (1975): 2 0g p"dimethylaminoh

i

benzaldehyde, 92. Oml dlStllled water, and 8.0ml concentrated

HCl. After 1 mlnute the excess sta1n was dra1ned off and the
r

7fsta1ned TBA master plates were viewed against a black

_background. Indole¥positive‘COlonies‘stained_a_reddish—pink;

.while indole-negative colonies stainediyellow (Anderson and

Baird4Parker 1975' Stlles and Ng, 1980) -Typical'examples
of thlS colour development are shown in’ photographic Plates

1 to 4., Suspected 1ndole varlants on the stalned master TBA

d plate were selected from the correspond1ng repllca plate and

“used for further analy51sw
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Plates 1 and 2. E. colj ATCC 11775 (Ind') culture on TBA
grown at 35.0°C for /48 h, viewed against a black background,
before staining (above) and after staining (below)

o COLOURED PICTURES
. " Images eh couleur.



7;1,(below) IR T

SR g
”Plates‘3'and 41 K pneumonlae arcc 13883 (1Ind- ) culture ‘on ORI
TBA grown:-at 35.0°C ‘for 48 h, viewed against a: black S 0
- background, before stalnlng (above) and after stalnlng e o

o .

COLOURED PICTURES ‘ _ S
: Images en couleurﬁu e <




Tt 'the other at 15, o c, for 48 h

vheld for further study by stor1ng them on NA slants at

4.0°Cy R U f‘ o e

P, )
L TSI C,. ahd lactose broth and 1ncubated at 35, 0 and 45 0 C
‘for 48 h. The TSB cultures were stalned W1th Kowac s
‘l':reagent to check for 1ndole productlon, TSI cultures were

:lvchecked for the ab111ty t;;l‘-

S : 3 TR e
E Detect1on of Culture Varlants _,] s R
‘ T t : L i
For “the heat uv, e}tended storage, cold storage, and

y .
nutrltlonal study treatments, a common screenlng technlque‘j

,»>

"was used to detect varlants. Cultures were. serlally d1luted

in 9m1 “of ster1le 0. 1% (w/v) peptone water blanks, and;7

‘surface streaked onto two sets Qf NA TBA and VRBA plates in

ujtrrpllcate. One/set of plates was 1ncubated at 35 0°C, and '\‘yA"\

After 1ncubat10n the number of colonles 1solated on'_‘7

,'each medlum at each temperature was recorded and the1r

S

‘;reactlons on TBA and VRBA were noted Any unusual colonles
'“jWere selected from these plates, as well as a m1n1mum of 3 ',,;fp-

'Qrandom or smaller colonles from NA plates for each culture-

w1th each treatment. Ln the case of treatmem%s th@t gave a

=5hlgh 1nc1dence of Varlants, a comp051te 1noculum of 10~to 20

el

,r;colonles was also tested The comp051te 1noculum was
'1noculated 1nto tubes of TSI TSB EC and lactose broth

";and 1ncubated at 35 0 and 45 0 c for 48 h Any var1ants were

(

Colonles from NA TBA and'VRBA'plates selected for,:t“"i7b

further study were 1noculated 1nto tubes contalnlng TSB

/ P ST
05

fhd to fer&év

,glucose, lactose, and sucrose.,E@@and lactose broth?pultures o

R A ek ATt e, B e ae b



h} cr1t1cal temperature range for most varlants was 44 0 to

e | .39(\

i were used to check for gas product1on from lactose, measured
byvgas accumulat1on 1n Durham tubes. Any varlants conflrmed
by these tube tests were 1noculated onto NA, TBA and VRBA
: plates, to determlne morphologlcal changes on these medla.k’
Varlants‘werebanoculated onto NA_slants, 1ncubated for 24 h
*P;sa£j3S;o€c,vanafstared;at §.0°c.
Fn Comparatxve Analyses of E coll Stock Cultures And
Varlants e

A representatlve cross sectlon of these varlants,'

llsted in the Results sectlon (p 62), was selected for

”'“lcomparatlve analyses w1th the E coll stock cultures.j‘

B1ochem1ca1 Reactlons and Stab111ty ‘
7f;if ¥ Varlants of E. Coll ATCC 11775 and #1840 were puﬂ
by succe551ve subculturlng on NA plates and slants,r
tested on TSl TSB EC, and lactope broth Th1s was dolef
»every 72 h for anﬂaverage of two months for each varlant.'

In1t1al testlng was done at 45 0 C. The 1ncubat10n ~,»1E ;_i]'~§i

temperature was later reduced to 44 5°C because the H'“

: 44 5°C Stock E coll ATCC 11775 and #1840 cultures were
= used as- p051t1ve controls. Stock and varlant cultures of E SR
| coll were teSted u51ng the BBL M1n1tek enterlc system (BBL
Mlnltek 1979) Three separate colonles from NA plates were

,tested'for each cultpre;r'w



:',;cHlnton agar plates (25ml»per plat-

v,Antibiotic Sensitivity Testing'

The Klrby Bauer ant1b1ot1c s "1v1ty te ting'System

.(Balley and Scott Barry, 1977) vas used to obta1n thev'
‘antlblogram for each culture. E. Coll ATCC 25992 was used asy
\'the reference culture. Stock and varlant cultures werel\
_1noculated into trlpllcate tubes of TSB 1ncubated at 35. 0 C-v

#for 24 h then serlally dlluted to. 10" in 9ml 0 1%. (w/v)
| ;peptone water blanks at O C These dllutlons were plated
Lm;onto NA, and 1ncubated at 35 O C for 24 h. Colonles from ]x

these NA plates were treated accordlng to the standard

o Klrby Bauer antlblotlc sens1t1v1ty testlng technlque (Barry,

’31977) and used to swab the surfacefof prepared Mueller—‘:'
‘z(leco) |
The follow1ng ant%?1ot1c dlSCS were applled to these

mprepared plates- amp1c1111n (10ug) carben1c1111n (100ug)

"ﬂcephaloth1n (30ug) chloramphenlcol (30ug) cllndamyc1n

r(2ug) erythromyc1n (15ug) gentamyc1n (10ug) kanamycxn,h
(30ug), oxac1111n (1ug) pen1c1111n (10 unlts),ltetracycllhe
';(3oug)- and tobramYc1n (10ug) A‘total of 4'discs~was' o
applled per plate, and pressed down to ensure full surfaCe’
’lcontact. All cultures were tested 1n tr1p11cate. The plates
}were 1ncubated at 35. 0°C for 24 h - (Barry, 1977) Zones of -
1nhihitlon were measured after 24 h 1ncubat10n at 35 0 C._i
5ZOnes ‘of 1nh1b1t10n for E. coll ATCC 25992 were compared to'7
°athose recorded in the l1terature, to conflrm the correct

'v'functlonlng of thlS system (Ba1ley and Scott 1977)

d‘
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: Serology ‘

E coll ATCC 11775 has a known serologlcal type of

"O K (L )H7, as cited in- the catalogue of the Natlonal

‘cCollectlon of Type Cultures (PHSB 1972). The serologlcal

Ttype of the E. COII 1solate #1840 was’ unknown. NA slants of -
‘the E coll #1840 stock culture and E coll var 1 3, .and’ 4‘l

were sent to the Laboratory Centre for Dlsease Control 1n,vx

"Ottawa Ontarlo for serotyplng - e |

"Relatxve Growth Rate Analy51s . e o o

v The stock and varlant cultures were 1noculated 1nto>o.' gy

tubes contalmgng 9ml’ TSB and 1ncubated 1n stat1onary

’_vculture at 35 or°c for 24 h A O 2ml 1noculum of TSB culture b

f?.was added to trlplzcateﬂsets of. spectrophotometer tubes

]’”-_contalnlng 5 Oml TSB UnanCUlated TSB tubes were used as;

tl'122 0, 35. 0,:@nd.44 5 °C. OD‘oovvalues were recorded every 30

vw.;mlnutes. These readlngs were plotted agalnst tlme for each

negatlve controls. Separate sets of tubes were 1ncubated at.*

_culture, to determlne thelr relatlve growth rates 1n TSB.

'1 -Temperature L1m1ts for Growth Indole Product;on, and Gas

' fProductlon from Lactoge!‘ o
The st0ck and varlant cultures were' 1noculated 1nto
:TSB EC and lactose broth Tr1p11cate sets of each were
"1ncubated at temperatures ranglng from 40 O to 50 0°C at .
TO 5 C 1ntervals, 1n HETO waterbaths w1th a tempera@ure
'taccuracy of +0 05° C ThlS test was repeated 5 tlmesu L

'concentratlng on. the temperatures at whlch cultures lost

: thelr ab111ty to grow, to produce 1ndoleo1n TSB (detected by_
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‘Kovac s reagent) or to produce gas 1n lactose or EC broth

t(detected by gas formatlon in. Durham tubes)

G Study of Indole Negatlve Variants

Conf1rm;t1on of Loss of Ab111ty to Produce Indole

The stock ‘and var1ant cultures used in the prev1ous
lsectlon were 1noculated into three sets of trlpllcate TSB d

tubes and onto TBA plates. One set of each was’ 1ncubated at -

’1i35 0 44.0; and 44 5 C, for 48 h and checked for 1ndole.

™~

_ productlon.,The cultures were also 1noculated into tubes
rwcontalnlng~3 Og tryptone, 3 Og tryptone + 2, Sg dextrose,

3. Og tryptophan, and ‘3. Og tryptophan + 2. Sg dextrose, to see

u‘dlf they .could. grow on a less nutr1t1ve broth than TSB Three

Visets of trlpllcate tubes were 1ncubated as descrlbed for the -
',TSB cultures above. These cultures were checked for growth {
hand 1ndole productlon after 48 h' 1ncubat1on.
"Pyruvate Assay SR | ,‘ )
| »L Pyruvate is a major by- product of the dlrect breakdown‘fw
‘ddof tryptophan to 1ndole (MacFaddln, 1977) Therefore,
'”pyruvate accumulatlon can be used to determlne the mechanlsm~
'ffor 1nh1b1t10n of indole - productlon by theﬁvarlants at
’44 5 C The pyruvate assay was based on that used by
lr‘Kersters and DeLey (1971) Colonles of stock and varlant"
“cultures from NA were 1noculated 1nto tubes of 9ml TSB Ak
wﬂtrlpllcate set of each culture was’ 1ncubated at 35 0 and

44, 5 C. After 48 h 1ncubat10n, each sample was centrlfuged

- oat 16 000xg at 0 cC for 25 mlnutes, to obta1n the culture

el
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supernatant (Kersters‘andADeLey, 1971).

A 10ul\aliquot of eachvcu1thre sdpernatant was applied’
to a Whatman.chromatography paper 3MM Strip. fhis
chromatogram was developedrwith a‘ﬁ—propanol 4'ammonia'
(specific grav1ty 0. 88) = water (1n a 6 3—1 v/v ratio)
"solventrfor-l;h and sprayed w1th a - solutlon of 0.1% (w/v
;o-phenylenediamlne in 10% - (w/v) tr1chloroacet1c acld. The |

;fzchromatogram was heated for 3 mlnutes at 105°C then

examlned under a uv llght of . 360nm., yruvate;spotsfgive'a

i greenlsh yellow fluorescence ah have an'Rf value of 0r64'd
aJThe pyruvate concentratlon of each sample was determlned bya“

‘comparlson of spot 51ze to a. range of pyruvate standards’~
(0.01 to 1. 0 mmoles of pyruvate/ml) run 1n the same manner
;:(Kersters and DeLey, 1971) | g | |
”hTryptophanase Assay

Tryptophanase act1v1ty and . synthes1s were determlned

4_u51ng the tryptophanase assay of Newton and Snell (1962), as.

d,,modlfled by the Department of MleOblOlong Unlver51ty of

vkiAlberta (M1croblology 444 Laboratory Manual 1980) The )

| stock and varlant cultures were 1nocu1ated 1nto tubes
'conéalnlng 9ml of nutrlent broth A tr1p11cate set of each
"'was 1ncubated at‘35 O and 44 5°C for 24 h A 0.2m1 allquoty_f
of the nutrlent broth cultures was - added to 10 x 75mm tubes-‘
cont ! ng 0. 2ml of the assay mlxture, con51st1ng of 0. 2M »
'sodlum phosphate buffer at pH 7.8, 0.025M tryptophan, and_-'
o dlstllled water (1-1 6 v/v) Unlnocuiated;nutrient»brOth'

treatedy;n the same_manner,as the cultures‘wasfusedVas a .
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’control The.tubes were covered with parafilm, and two setsp
',of trlpllcate tubes of assay m1xtures were prepared forv ‘
1ncubat10n, one set was 1ncubated at.35.0 and the other. at
44 5°C, One set of each was sampled after 24 and 48 h |
>1ncubatlon, The nutrient broth cultures were serialJdy’ ~
diluted ln 9ml 0.1% n/v)‘peptone water blanks atlobt' and
iplated in dupllcate on NA to determ1ne culture pur1ty.
vAfterrlncubatlon, Q 12ml of a 25% trlchloroacetxc ac1d
'solutlon was added toheach tube, and mlxed well on a‘vortex
“mixer. Indole was, extracted by adding 0. 75ml of toluene to

. each tube and mlxed thoroughly on a vortex mlxer for 30 '

”,seconds. AOQ 25ml allquot of clear toluene layer was

»removed and placed into a spectrophotometer tube, and O 5ml.f,

ydof Erl1ch s reagent ‘and 4. 25ml of an acid alcohol reagent
~were added toveach tube. The tﬂbes were m1xed well - and helgd
at,room;temperature foril5lm1&ytes to,permlt colour
,developmeht;*The A;,,.vafues uere read in a-SpedtroniC‘21;
d;‘Tryptophan Pyrrolase Assay | L
' ': Tryptophan pyrrolase 1s an enzyme that degrades L
tryptophan to 1ndole (Lamanna and Mallette, 1965)
' ftryptophan pyrrblase assay, based on kynurenlne productlon,
wh1ch was used b# Knox,vplras, and Tokuyamo (1966) and
t‘Blake and Kun (1971) was mod1f1ed for use 1n th1s study, by
excludlng hemaMJg and ascorblc ac1d from the assay m1xture,'
.'tand subst1tut1ng cell g%{ract for llver extract because
4thls was not a mammal1an system Stock and var1ant cultureslg

were 1noculated onto NA plates, and 1ncubated at 35 0°C for
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24 h. ﬁandom colonies'(one colony per culture) were‘picked
to inchlate'three setsnof six‘tubes‘containing'le TSB. One“
set of,each was incubated at’35v0 44-0, and'44.5‘c for 48
‘;h;ﬂEach culture was placed in an 1ce bath, centr1fuged at
l12;800xg'at'b°c for 20 m1nutes in the 9RA rotor of a Sorval
centrifuge.’The_supernatant was analyzed for‘tgyptophan
hPYrrolase (Blake and Kun, 1971° Knox:et.al v1966).

The enzyme reactlon m1xture contalned 1.0ml,0:2M . e
iphosphate buffer at pH 7. 0 0.3ml 0.03M I-tryptophan).z Oml
cell culture supernatant and 0.7ml d1stllled water (Blake
“and Kun, 197l~ Knox - et al. 1966) " The blanksvwere prepared
vw1th an equlvalent amount of un1noculated TSB The enzyme
reactlon m1xtures were 1ncubated for 10 h at 37 0°C. After
1ncubat10n, the tubes were placed on’ ice, and 2. Oml of 5%
'trlchloroacet1c acrd/chllled to. 0°C was. added to each tube
(Blake and Kun,/1971' Knox et al . 1966)4 Two tubes for each

ulture were comblned to glve adequate volume to measure
their Aa‘o values in a Gllford spectrophotometer, and hence

_to,detect kynurenlne (Blake and Kun, 1971- Knox et al.,

1966) . —— — I

H. Study of Lactose(Gas) Negat1ve Varlants
| Conflrmatxon of Loss of Gas Product1on from Lactose
The stock and varlant cultures were 1noculated 1nto
three- sets of tr1p11cate tubes of lactose and EC. broth One,m
‘set.of each was ;ncubated at'35.Q, 44.0, and’ 44.5° C for 48‘

h, and checked for gas production. A more sensitive
: ‘. v - . : . N . 4‘" ‘-
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determination of gas production in lactoseibroth at 44.5°C

- was done by gas chromatography. The cultures. were inoculated'

‘into lactose broth;in Hungate tubes (Canlab). Triplicate
tubes were incubated at 35.0, 44,0, and 44.5°C for 48 h. A

range of gas standards containing H, and CO, was prepared in

Hungate tubes containing 6ml of- lactose broth. The standards,'

A

'were heldbat‘room temperature for 24 h, to permit the gas to
be partially absorbed by the medium. d. ) 7

| Gas accumulatlon in Durham tubes was recorded and both
cultures and standards were placed 1n an ice bath and 4, Oml
of a 25% NaCl (w/v) in 0 N HCl solutlon was added to each
tube. This reduced the pH to less than 1 o, and gave- a - f1na1

NaCl concentratlon of approxlmately 10% ThlS dlsplaced most

! of the_drssolved gas from»the llgu1d medium. The:tubes were

L u y o
shaken ‘to remove the gas from the Durham tubes, so that most

of the gas was in the head space of‘the Hungate'tubes.'

The gas- chromatograph used in thlS study was a Model

700 Varlan Aerograph w1th a thermoconduct1v1ty detector. The\

,'column con51sted of a 10ft X 3/81n Pourapak R 60~ 80 mesh in

a flex1ble Pentub 1 The column was run W1th the follow1ng

“_‘__‘““‘rameters—set~—carrler_ga§4,N,, fllament current. 140 mamp;

- chart speed 0. 2'in/min.; temperature' 30° C Condltions for
record1ng ‘the peak he1ghts of the two gases were different,

because of the1r d1fferent mob111t1es. Since the H, peaks

e occurred before the €O, peaks the column was sw1tched from

Attenuatlon\32 p051t1ve polar1ty to Attenuatlon 1, negatlve

-

polarlty 1n the mlddle of each run.



A 0 15 cc. sample of gas: from the head space of each

Aculture or standard was 1n]ected 1nto the column. Three
tubes were tested for each culture and standard Peak ‘

- uhelghts for H2 and CO, were measured. The O, peaks for- //'
repl1cate runs were used as an 1nternal standard to ensure
that constant~al;quot.s;zes were 1n3ected onto the column.

kThe concentration of.H; or CO, in the headspace of each
culture tube was,determined from the respective‘Standard

CUrve,1and the values were_averaged”for each>culture‘at'each‘
‘incubation temperature.' | | ’
ONPG, Test o

The ONPG test was used to check whether the cultures

_were able to ‘transport 1actose into the cell and break it
down<1nto glucose‘and galactose,(MacFaddrn, 1977%..The stock

"and.variant;cultureSTWere'lnoculated'into tubes containing'
”émlhnutrient brothr Two‘sets of trlpllcate tubes were
._inCUbated at 35;b,and 44.5°C for Jd h A 0. 1ml sample of
t each'culture was placed into small glass tubes containing
; ‘0.3ml oﬁ"0.85%.saline and an ONPG dlsk_(MacFaddin, 1977) .

' The tubes were incubated at their oriéinal incubation

temperatures for 4 h, then checked for colour development

”Voges Proskauer Test

-
» 8y
e u‘\

- The cultures were tested for thelr ab1l1ty to produce

2,3- butanedlol as assayed by the Voges Proskauer (VP) test

._(MacFaddlnv‘1977) E. collnnormally produce acids but not
2, 3 butaned1ol when fermentlng sugars, so a p051t1ve VP test

would 1nd1cate a basic change cn thelr ab111ty to break down

o
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pyruvate to other acids (MacFaddin 1977). The stock and
~ variant cultures and a positive control culture, K. | |
pneumonlap ATCC 13883, were used to 1nd%ulate tubes of MR- VP“‘
medium (Difco). Six repllcate-tubes of each culturevwere
iucubated at 35.0; 44 .0, and 44;5°6. Haifithevcultures uere‘,.
sampled after'48 h incubation, and the remainder,after 10
‘ days.. i ;QM ' '
pr Analysfs

L Neutra;'or alkaline pH.can inhibit, the production of
"gas;from‘lactose by E.‘colf (Bovarnick, 1965). The pH of

" each lactoselbroth culture was determined, to ensure that
lack of gas prod.. ion was‘not-attributablefto PH. The?stock'

and variant cultures were used to ingculate tubes ofvlactose
7 _ , PR ,
b

" and EC broth. One set of each was.H ‘¢6%atéd'at’»35 0, 44.0,

and 44,5°C" for 48 h. Gas product1on and pH were recorded for
each culture, and forﬁa correspondlng set of unlnoculated
controls; This‘test uas repeated»3 ti@es, ahd the results
averaged | | | |

At the same time, the E. Co]iccultures,were inoculated
into lactose tubes adjuSted‘to pH'4 8 with an‘acetic acids%
sodlum acetate buffer at pH 4 8 (3 ml acetlc ac1d 4.1 g

'anhydrous sodlum acetate, 1 L dlStllled water) - This test

co ld only ‘be done in lactose broth because the b11e salts
EC broth were prec1p1tated by the buffer One set of yz
triplicate tubes of each. culture-waS’lncubated'at 35. 0,‘
.0, and 44 5°C for 48 h. Gas product1on and pH were

corded for all tubes.
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Formic Acid Assay

. 1971)-... The thlobqrbltqr
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The cultures were also inoculated into unmodified

lactose broth. One set of feur tubes was in;ubated at each

of 35.0, 44.0, and§ﬁ4.5°c. After 24 h incubation, the amount

of acetic acid required to reduce the pH of one tube of each

'Set to pH 4.8 was determined. Thissaméunt of acetic acid was

c" ’ : . . ' n'i;; :
add@d to the other three tubes in the set. The cultures were

then incubated for .an additiqnal-48'h at their respective
inCubationvtemperatures. Gas productien and pH were’recoFded

for all cultures and the uninoculated controls.

& .

. The accumulatidn of formic acid by each CUltﬁre was
assayed to determine if the reduced gas productlon by the E.
coll varlants ‘at 44 5°C could be. attrlbuted to either a
reduced productlon of formlc acid (Kanal et al., 1975), or a

reduced conversion of form;c acld to gas (Dawes et al.,

used (Daﬁes, M;Giy‘

was plpetted 1nto a%?lean,wstoppered 125 %yJSuﬁm.test tdbe;

A 0. 05m1 allquotid é 10% w/v) ethylene glyéol ih'wafer

. tubes &efesheld'at

of a 5% w/v)
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uedditional 5 minutes, 0.05ml of 8.0 N sulphuric acid and
1.0ml of a 2-thiobarbituric acid éolution (2.59 of
2-thiobarbiturate in 80ml of distilled water, adjusted to pH
5.4 with 2.0 N sodium hydroxide, and diluted to 100ml with
ndistilled water)'were added to each tube. The tubes were
placed in av100°C'weterbath for 20 minutes for colour
development (Dawes et al., 1971). \ '}
The solutlons were allowed to cool to room temperature.
The chromophore was extracted into 1.5ml of a. 5% (w/v) 11.6
N HCl in n-butanol solution, and centrlfuged at 1000 rpm for,
3 minutes to olarlfy the solution. The chromophore extract
- of two duplicate tubes was pipetted into a spectrophotometer

tube. The A,;, was determined in a Spectronic 21, Similarly

treated,‘uninoculated&lactose broth tube®i gwused as

controls. Valuesdobtaihed for'similarly treated standard
o

so&btlons conta1n1ng 0 to 300 ug of form1c acid per ml of
dlStllled water were used to establlsh a standard curve for ° -
formic acid (Dawes et'al;, 1971) . |

Formic Hydrogen Lyase Assay .

Formlc ‘hydrogen lyase is the enzyme responsible for
converting formic ac;d to gas in E. coll cultures (Dawes et
oal,, 19719 The stock and variant cultures were used'to

1noculate a set of tr1pl1cate tubes containing 9ml Jf a

%
solution of 1% glucose, and 1% yeast extract. These tubes.

&

werevﬁncubated at -35.0°C for 12Ah, to allow the cells to

IS

produoe‘Sufficient quantities of formic hydrogen lyase ‘for

assaying (Bovarnick, 1965).

o
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The cells were' harvested by- centrlfugatlon at 16 000xg

ff-at 0° C for 25 m1nutes, and transferred to a mortar and

:+

‘ pestle in the presence oﬁ Alumlna, Neutral A- 950 (Flscher |
‘Sc1ent1f1c Company) and ground for 30 seconds u51ng maxlmum
ehand pressure (Bovarnlck 1965) Form1c hydrogen lyase was
.extracted by addlng 1 Sml of delonlzed water per gram of
"i"wet" cells. The mlxture was centrrfuged at O°C at 16 OOOxg_
ﬂfor 25 mlnutes; The sugernatant was decanted and centrlfuged

ldfor 1 h at 20 000xg at’ O°C The flnal supernatant contalned

the enzyme, and was, carefully decanted 1nto glass v1als for

bl"flmmed1ate use (Bovarnlck 1965)

A 0. 1ml allquot of each enzyme extract was added to. 9m1

of sterlle 0 1M formate solutlon, conta1n1ng Durham tubes,y

o J‘adjusted tdréH 6 2 w1th a,O 05M sodlum and potasszum if.i

flphosphate buffer (Bovarnlck 1965) A trrpllcate set of each

'3}ser1es of tubes was . 1ncubated in waterbaths at 43. 0 44 0

"'amounts of acr1d1ne orange were a/def

:'45 0 46 0, and 47 0 C for 48 h, and gas productlon was ;
'recorded .f‘j;" S ,
jAcr1d1ne Orange Treatment v

B Nutrlent broth cultures of stock E coll ATCC 11775 and ‘
a*ff#1840 grown at 35 0 C for 12 h“were dlluted w1th nutrlent
';broth to obtaln approxlmately 10* cells per ml andfy v |
conflrmed by platlng approprlate dllutlons 'o NA Spec1f1c‘\v
"to the nutrlent broth
L :

k‘cultures contalnlng 10‘ cells,_to g1ve 0 10 20 30,‘40
v"and 50 ug acr1d1ne orange per ml The tuhes were 1ncubated
,lat 35 0°C for 12 h to permlt plasmld curlng After

) .
: 3




.peptone e

‘of NA,

i

1ncubatlon, each gnlfure was serlally dlluted in 0.1% (w/v)

)

f%ianks at 0° C plated onto dupllcate sets of

\ :
a VRBA plates 1n trlpllcate, and 1ncubated at

,%EBS 0 and 44 5°C for 48 h. The plates were counted and

u‘-examlned for any unusual colonles growlng on: VRBA or TBA
.‘and 20- random colonles from NA plates were selected per .
}treatment per culture. These colonles were used to 1noculate

~tubes of TSI TSB EC and lactose broth The tubes were

"fmlncubated at 35 Q and 44 5 C for 48 h- to detect varlants

ks ~lactose broth and 1ncubated

f’ dye concentrat1ons of 0 2

Coo

o treatment were subcultured 1n

 The subculturlng was repeated‘

. j’l'

- and gas at 35, 0 and 4. 5 c

/ Conflrmed lactose varlants'obtalned by acr1d1ne orange

ubes of TSI TSB EC and

t 35 0 and 44 5 C for 48 h

r

every 48 h untll thé)ab111ty BT

/

A'to ferment lactose was recovered Varlants that recovered

the ab111ty to- ferment lactose’ w1th the productlon of ac1d

‘ere re treated w1th acrldlne N

h.orange,,u51ng the same tech 1que ‘as’ spec1f1ed above, w1th

40 60 80 and 100 ug acrldlne‘

L ;orange per ml Lactose varfants obtalned from the'

'ﬂ're—treated recovered lactose Var1ants were subcultured 1n

”

"(Jtubes of TSI TSB EC and lactose broth and 1ncubated at

b

h35 0 and 44 5 C for 48 h Subculturlng was repeated every 48

3

lfh;iuntll the new varlants recovered the1r orlglnal ablllty

:to ferment lactose.

) e 'f‘ . . . . . Y

i



w." IV, Results .

'A. Incidence of Variants with Various Treatments
'The Minitekicode number obtained for.each#stock culture
£ _ ' o v
(based on the1r b10chem1cal reactlons at 35,0°C), and the .

' most probable 1dent1f1cat10n based on that‘code iS'shown in
o Table 2. The most probable 1dent1ty is glven as a percentage
-bcerta1nty of 1dent1ty obtalned from the ‘BBL' M1n1tek | '

‘5yNumer1cal Identlflcatlon System for the Enterobacterlaceij

" \ Lo
& .

(BBL M1n1tek 1979) All monthly tests produced the ‘same
_results as those llsted in Table 2 In addlt;on standard
b-tube tests for H S and 1ndole productlon gasfproductlon 1nd7_ﬁ
| EC‘broth and fermentatlon of glucose, lactoSe,'and sucrose &
‘;jby the stock cultures when grown ‘in TSI TSB EC and . .‘h
yhy‘lactose broth at 35, 0 ‘and 44 5;C for 48 h, ‘were conducted
' ﬁThe@S results are recorded in Table 3. All weekly tests .;
throughout the experlment produced the same results as those
fllsted {2; ble 3.?Both the M1n1tek and standard tube tests'yt ’

1nd1cated that all of the stock cultures remalned cons1stent

'-‘kfor these b1ochem1cal reactlons throughout the 300 day

e :duratlon of thlS e per1ment vf;v Q.,a ',yij': : "“:Yf‘

)‘;stored on NA- at 4.

No var1ants W re detected for any of the stock cultures

0°C ‘The: number of colonles rechered on
'7TBA was con51sten’ly 1/2 to 2/3 of that on NA The number of

A

;colonles recovere'
' Thls obserVatlon 'emalned constant for the stock cultures

‘Jidplated for all t.eatments throughout the study The

7

on VRBA was usually 1/4 of that on NA. ?j»:_“'



TABLE- 2 Identlflcatlon of stock cultures on the ba51s of
-Mlnltek b10chem1ca1 reactlons at 35. 0°C. . »

»(tests done monthlyi all results 1dent1cal to those below)

G

Certeihty Of

o R \o e .
Culture ..~ Minitek Number Identification' »

. freundii 50841157 . 99.93%

. cloacae 4367777 . 99.98%
.'aépogehes ‘t e:tf,t4353377 j o - ;96.58%
hafnlae | ”f t 4353503 I © 99.87%
coll 1 R ;4453355;» | Hj. 3-99.§0%‘
.. pneumoniae - ‘4377‘17,3‘7 | IR 99.89%
choleraesuis '."fxt 40o3o12. o og.asy
;afyphiMUFfuh :*}f 5011010 . ., - 799;97%[;

'ﬁhjtox‘fn x ' m ‘pi rn. m 0

.‘coll #1840 0 7 aas3316 - 9, 90%

- E, agglomenans 4361527 96.58%

ot
f v .
1

: "Percentage certalnty of 1dent1f1cat10n, based on the BBL
_M1n1tek ‘Enteric’ System (BBL Mlnltek 1979)




REREREEN I O
*-. TABLE 3, Summary of the tested b1ochem1cal characterlstlcs
"of stock cUltu es 1ncubated 48 h at 35 0 and’ 44 5°C. ’

(tests done weekly, all results same as shown below)

iCulture! . H,S = Ind ~ EC .. Glu  Lac ' Suc

. ATCC Cuitufes

& fneundll'-\» - L
o=, 35,.0°C R T -
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1
oo
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)
)
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-44.5°C o - =)
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oo
v
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®

a

E. aerogenes . . e T
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o

o
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1
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‘Knypneumonlae R R
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R0
T

8 0%

U5, @ holenaesu:s o DA R T e e
o350 om0 8y g T
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S, typhlmunium RIS S TR
‘ -~ 35.0°C ,'“ TPt U R - D2~ I P
.A44.5°C. . o s = a T T
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\ E CO7I #1840,- R A L
g 35,0°C ‘i4 T SERD UL * IR -
44.5°C - -+ g g
' ’ ' Lo R Q
E agglomerans, IUSEE EREE A
,44 BeCc . - =

[BYe}
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56 .
| prolonged storage of E coll ATCC 11775 .and #1840 stored on
'NA slants at 4. 0° C for 166 days did not result in any

changes in culture characterlstlcs. They remalned

Ind* EC Glu Lac Suc(a g)* at 35. 0 and’ 45 0°C throughout ther

4

L study. The results for the productlon of varlants dde to thé
bspec1f1c treatments are summarlzed in Table 4 More detalled
1nformat10n of the results is g1ven for each treatment’
below.. | | |
yHeat Treatmentﬂt _ )

‘ Heatlng at 52 0°C for 15 mlnutes produced a 1y 000 fold
decrease in the number of colonles per ml recovered on- NA
rrand TBA, and 'a’-10,000- fold decrease in the number of

?colonles per ml recovered on. VRBA (ﬁowever, all 1solates
from’ the heat treated and unheated control cultures
:,exhlblted the same blochemlcal character1st1cs for “H, S
grndole, EC glucose, lactose, and sucrose at 35 0 and
45‘05C> The H S reactlon of C. fneundrl ATCC 8090 at 44,5°C
weakened over the course of this experlment but 1t'was hot
lost. No varlants were detected throughout the 124 days of
thlS study..' | |

ﬂExtended Storage Treatment , o .

. The E. coll ATCC 11775 and #1840 TSB broth cultures |
vdled out after §2 days of storage at 45, 0°C dr1ed out after
.l”75 days storage at 35 0 C »and:after 101 days storage at

'4 O °C, all of the culture had been used in the tests. For

hhe cultur-, ed at 45 0 C after 6 days of storage, an-

>colony wh1ch d1d not preC1p1tate blle on'
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TABLE 4. Summary of the 44 5eC variants and the treatmentSf
from wh1ch they were obtalned : - .

Treatment ' Variants] Required : 5°C Varlant
- ‘ . Found . (days)

Extended : Co

. Storage . ‘ o o ‘ Lo
45.0°C . ATCC 6 - Ind-EC-Lac(g)-
35.0°C ~ATCC 75 - Ind’EC-Lac(g)-

‘ ) : S - NPt
35.0°c_ #1840 68,75 . . Ind"EC-Lac(g)-
4.0°c  ATcc 75,76 | Ind*EC-Lac(g)-
4.0°c’ .. #1840  68,75,76 .  Ind*EC Lac(g)”

. Frozen : RS
- Storage e . ', R
-16°Cc ATCC 59 .. . Ind-EC- Lac(g)
' ATCC 70 . ma EC* Lac(g)-'t
S _ S ¢ AN
-Sloppy o .
4.0°C. s ~  ATCC = 5% o Ind*EC-Lac(g)-
and : - .and . o SRR o
-16°C = - #1840
Nutritional , .
~Semisolids. ST o S '
4.0°C* - ATCC SRR E T ‘ Ind*EC-Lac(g)-
- - - and E S Tl S LR
' _ }a1‘, R &
“'Nutritional ¢ = .
.~ Broths T TR e :
-16°C - ATCC - - 11% . ~ 7 Ind*EC-Lac(g)” ..
X - ' - . 'and , v o i ,,*""’)) ) X 5
' #1840 | ,
wv - amcc - . 45 Ind-EcFLaC(g)4 e

*First found. at time noted, “then each t1me thereafter
kg T ALY media except TSB- 30g/L produced variants _ _ T
?Fﬁy‘p’All media except those w1th greater than ‘TSB..3g/L, which,,
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~ .VRBA atr45-0°C was detected‘ After 3'subcultures, this

"var1ant recovered .its ab111ty to prec1p1tate bile at 45. 0 C_
.but remalned smaller 1n size on~VRBA compared to the normal
colonies. Inltlally thls‘varlant was_unable_to‘produce
eitherggas‘from lactose.or indolelfrom‘trthophan at 45.0°C.

The exact'temperature'at'Whichithese functions‘wereflost was
44, 5 C. ALl subsequent subcultures were . Ing* EC* Lac(a g)* at .
44,0°C, and Ind- EC Lac(g)“at 44, 5°C No other var1ants were .
detected for . the cultures stored at 45 0 C, throughout the
52 days of storage at 45.0°C. B |
»The varlants,obtalned forjthe E. coli cultures stored
 at 35.0°C are shown in Table 4.fThese variants were detected
among the randomly selected.iSQlates fromvNA The variants.’
nere Ind*EC*LaC(a g)* at 44”0°C and Ind EC" Lac(g) at
44, 5° cC. No other varlants were detected from the cultures
stored at.35,0°C, throughout the 75 days of storage. The
variantskobtalnediﬁor‘the E. coli cultures stored.atl4;0°c
are‘also'shown in Table 4. These Jariants'were randomly
igselected 1solates from NA They were Ind* EC Lac(a, g)*‘at v
\'V‘44-0 C, and Ind EC Lac(g)‘ at 44.5°C. No other varlants were
'bdetected for any cultures stored at 4. O° ,;throughout_the
"'101 days of storage at 4.0°C. R
*Frozen Storage Treatment
\ Overnzght frozen storage in TSB at —16°C generally
-produced a 100- fold decrease in the number of” cells per ml
_recovered on NA, ThA and VRBA With contlnued frozen
-storage, this‘decrease-became 4 log cycles or more. The‘Hgst

N
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_reactlons of C. fneundlr and S. typhlmurlum at 44. 5°c
'measured on TSI slants, weakened with contlnued frozen
storage, but this character15t1c was not lost .

~ After 59 days of frozen storage, an E. coli ATCC 11775
variant was detected.among the randomly selected.1solates
from NA;vInitially, this varlant failed to’produce'either'"
.gas fromtlactose or EC broth, or lndole’from?tryptophan'at
‘44;5§C.‘All‘subcultures‘thereafter v‘vc’v‘erc-.:‘Ind’EC*vLac(:-.\,g)‘+ at
44.0;C, and Ind‘EC'Lacﬁg)* at 44.5°CL?After 70 days of cold
storage, another E. COIi~ATCC 11775 variant was detected'

ThlS varlant was- ‘also among the randomly selected colonles
\ L
from NA In1t1ally thlS variant falled to produce gas from o

‘lactose or EC broth (Durham tube method) at -44. 5 C. All
'subcultures thereafter remalned 1nd* EC Lac(a, g)+ at 44. 0 C
and Ind EC- Lac(g)“at 44.5°C. No other varlants ‘were
detected throughoutvthe 204;days of this treatment.
-Sloppy Agar Cultures : | | R

Overnlght storage of sloppy agar cultures at 4. O.and
-16°C produced a 2 1og cycle dédrease in the number of _.
/ colonles per.ml recovered on NA, TBA, and VRBA. ThlS became
a d loglcycle decrease over the 142'day course of thls

A

: experlment Variants, of E. coll ATCC 11775 and #1840 grown B
4"41 “ T

fgrst detected after 5edays of storage

'on sloppy agar wer

1m1lar varlants were detected each week
\

- at 4. 0 and -16°C
fthereafter for thls treatment In later samples, as many as
20 COlOﬂleS were 1noculated 1nto a 51ng1e series of tubes’

i

_'and gave thg same reactlons. It appeared therefore, that




- most or all\of the cells in these E. coli_cultures had
;become variants. All the var;ants were randomly selected
isolates from NA. All subcultures tested were | | »
Ind* EC Lac(a g)* at 44.0°C, and‘Ind*EC'Lac(g)l at 44.5°C. No
other variants were found for any of the other cultures
:ftested throughﬁut the 142 days of this experlment The
- o productlon of H,S by C. fﬁeundll on TSI slants weakened
| 'after storage-at 4,0 and —16 cC, but the characterlst1c :ss
not lost. _'f _‘ o ’ S 3 i . v \
Nutr1t1onal Study s "j. o | .
Overnlght storage of the E. coli stock cultures at 4 0
.and -16°C resulted in a 100- fold decrease in the number of,
‘colonies per mlrrecoyereddon NA, TBA, and,VRﬁA. This b
increasedlt0~a 3 log CYEIe'decrease by the end 6f this.
study. For the. cultures stored atf4,09¢ in senisolid agars
(see medium compositlon in Table 1) variants of E.‘COIi ATCC
11775 and- #1840 were . detected on all medla with the
exceptlon of agar contalnlng 309 TSB/L Variants. were flrst’
.isolated after 11 days of storage -at 4.0°C, and each week
thereaﬁter. Later samples gave similar results when up to 20‘
colonles were used to inoculate a s1ngle serles of tubes..
All the var1ants were randomly selected 1solates from NA.

. All subcultures examlned were Ind’ EC Lac(a g)* at 44.0°C,

B and Ind EC- Lac(g)' at 44 .5° C

dﬂ///#,l,_f4kmsﬂﬂur1nr res stored at —16 c in broths (see medlum
“'compos1t10n in Table 1) varlants of E coli ATCC 11775 and

#1840 were detected from all broths, except those wh1ch
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L

containedigreater than 3g TSB/L, and did- not exclude
soytone. Variants-were‘first detected after 11‘days storage
at -16°C, and each'week thereafter; Th‘ characteristic
variants were stlll detected in later samples when up to 20
colon1es vere used/to 1nocu1ate a 51ngle serles of tubes.'
All variants 1solated were randomly selected 1solates from
NA. All subcultures tested were Ind*EC* Lac(a g)* at 44 OPC
-and Ind EC- Lac(g)' at 44 5°C No other varlants were ’

' detected for any culture tested throughout the 112 days of

. this experlment.‘ ‘ ) ’sj - o /

uv Treatment B
Daily 1rrad1at10n for 5 minutes w1th a germ1c1dal UV
[ .
lamp caused a 10 000 fold decrease 1n the number of cells

_ per ml recovered on NA TBA and VRBA After 45 successive

exposures to UV treatment three E. coll ATCC 11775 colonles’

were detected whlch d1d not prec1p1tate bile on: VRBA at
45 0°C ~The ability to prec1p1tate bile on VRBA at 45.0° C'
was restored after 4 subcultures, but they remalned smaller_

than normal colonies when grown on VRBA at 45. 0 C.

' Upon initial - 1solat10n the varlants were un to

produce elther gas from 1actose or 1nd rom tryptophan at

P

45.0°C (using both the/IBA/and/Kovac s methods) Howeverz
/”,//,/
the exact temperature at which the functlons ‘were lost was

Vfound to be 44 5°C. All subcultures since . then remalned

Ind*EC* Lac(a g)‘ at 44, 0°C and Ind'EC'Lac(g)‘ at 44.5° C. No

évother varlants were obtained for any. of the cultures treated

throughout the’93gdaysﬁof this study.
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B. Comparative Analyses ﬁf E. coli Stock and variant

Cultures

o Awrepresentativehsample of the E. coli variants was

selected to conflrm that the varlants were derlved from the

stock cultures. They 1ncluded one Lac(g)‘ varlant from each

treatment, and all 3 Ind- variants. The Aumber (#1) appended’

to the variants listed below indicates that it was the first

P

variant isolated from that source.

'E. coli ATCC 11775 variants

var 1:
.var 2:

var 3:

var 4:—

‘var 5:

.-var 6:

var 7:.

var . 8:

E. coli isolate #1840 from_meatVVariants

yar 9:
var 10:

var 11:

var. 12%

_var. 13:

~16°C sloppy agar #1

.4.0°C Sl:‘ﬁ'ppy agan #1. . I ) R \

4.0°C~sloppy agar #1

4.0°C extended storage

-16°C 3g/L TSB‘broth #1

4.0°C 3g/L TSB semlsolld #1
5 min. uv 1rrad1at10n
45 O C extended storage

cold storage

-16°C sloppy agar #1 - - N
4.0°C extended storage |
-16°C 3g/L TSB broth #1

4.0°C 3g/L TSB semlsolld #1

. General Blochemlcal React1ons at 35 0°C

BothjE .col i ATCC 11775 and #1840 stock cultures

exhlblted the follow1ng blochemlcal characterlstlcs at.

j35 0° C, when tested by the BBL M1n1tek method- n1trate‘
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reductase p051t1ve~ phenylalan1ne deamlnase negat1Ve; H,S
;7

'5

Voges Proskauer reactlon negatlve,
"t

negatlve; ONPG negatlve' urease negatlve° lysine

,ﬁ |
cittate utilization

decarboxylase positive; arglnlne dihydrolase negat1ve'

ornithine decarboxylase positive; able to,ferment dextrose, °

adonitol, arabinose, sorbitol, and rhamnose; and unable to
ferment malonate, inositol, raffinose, and sucrose. The
blochemlcal reactions were determ1ned 1n triplicate at
-monthly.interyals for both of the E. coll stock cultures.
Both‘of the E. coli-stock culturesvhad'the same Minitek code
.number throughout the study (see Table 2). The bio¢hemical
tests run in trlpllcate at 35.0°C on the E. coli var1ants
gave the same results as the stock cultures. .

Serology

E. coli ATCC 11775 has a known serotype of O,:K; (L ) H,-

(PHSB, 1972). The three varlants of E..coli ATGC 11775
‘tested kVar 1, 3, and &) had a serotype of O..K,.H,. TheY'
stock culture of E COII #1840 was also serotyped It had a
serotype of O0?:K?:H,. Slnce 1ts 0 and K antlgens could not
. ~be typed by'avallable antlsera, no specific serotype could
‘be establlshed for this organlsm andlno further serotyping
of these varlants was done._ e |
Antgb1ot1c Sens1t1v1ty Testxng _ ’
| The antibiograms obtained fot-the,E. col i ATCC 11775@"

and #1840:stock and variant.CUltures, hy the Kirby-Bauer

/-/

Qantlblotlc sen51t1v1ty test1ng method are recorded in Table

P

,,.?\;v ‘
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5;’Tﬁ% antibiotic reactions for the cont{pl E. col i ATCC
é5922 culture,cOrrespdndended with those reported in the
literature, indicating that the antibiotic testing system
‘was working properly (Bailey and Scott, 1974; Barry, 1977).
All variants testedfgave the same antibiogram as the stock
‘cultures from which they'uere derived. The adtibiograms
enabled the E. coli ATCE 11775 and #1840 cultures to be
distinguished as separate cultures[ as they_differed in
theirtsensitivity to erythromycin' and cephalothin.
Relative Growth Rates
| ‘ Growth'retes 5: the stock cultures were compared’with
- E. coli variants. The variantsnhad approximately the.samew‘i;v
growth rates in TSB at 22'0 '35.0, and 45.0°C as the stock
cultures from wh1ch they were derlved All E. coli #1840
} tultures had lower growth rates at each 1ncubat10n tempera—
ture than the E. coli ATCC 11775 cultures. E. coli ATcC
11775 ‘stock and variant TSB cuitures ihcubated at 22.0,
i 35.0, and 45. 0° C had generation tlmes of 20.4, 10.7, and
>'12 1 mlnutes, respect1vely E coli #1840 stock and variant
TSB cultures 1ncuhated at 22.0, '35.0, and 45.0°C had L
-generation_times‘of 29,0,'11.2 and 12 5 mlnutes, |

respectively.

0

Temperature L1m1ts for Growth Indole Pro}nptxon, and

Product1on of Gas from Lactose | _ )
The temperature 11m1ts for growth i@polebproduction,'

and gas productlon from lactose for the E CQII stock and ’

varlant cultures are llsted 1n Table 6 All Ea~coll cultures o



v

/

Covar i3 o

Q._

"KEY ”:'wj 'mefﬂﬂ

TABLE 5. Klrby Bauer antlblotlc sen51t1v1ty results obtained
/for E. coli ATCC 11775 and 1solate #1840 stock and varlant

cuItures.-F

N

(tests done 1n trlpllcate- all results same as shown below)

Culture
coli
~ ‘literature

,Jexperlmental

ATCC 25922
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nw. -
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u - un-
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TABLE 6 Temperatures at whlch E. Coll ATCC 11775 and S e
. isolate #1840 stock and variant cultures lost their ability
T to grow to produce 1ndole, and to produce gas from lactose.

(tests done in tr1p11cate, all results same as shown below)

| Temperature At Wh1ch Functlbn Was -Lost . %%H“

' v.Cultures ;‘<" Growthﬁ\d g_‘lndole ‘ Lactose(gas)
?1E}”colr arcc 11775)« I ,i .'ef' T
dtock f--); d‘$483$yr;1; i" 4850r-fvp;»49v",47101

B TR RN T | .
fVar'1’w-~‘"“:” 48.5, € 47 [T T U1 ER T S
E : \38? ot “r}'f.k“ . ) » : SETR TR

col 377'Yarq25:57151",“; 48. sws“ : “wa47 5,*?Vf:,k: ;144;Sf2'7w L
; -;‘ ‘. . var 3 ) : 48 5 : | 475 _ :\.‘_»-“‘ a45 | : l m‘ o
Cvars 8.5 - e1s s

Cvare s aas o ans
;rf}aiirjuar,ée ‘pfdr5vr:€,48&§\‘iif‘ p44;51 f_d .pp‘44.s(‘
cE ’r}‘fﬁ.‘:'ﬂcoll #18407': R 3 - pr'.‘:‘m’ BEE s

§ stock ey ";"-’:’4815"7”3§*,‘48£¢‘541. S ar.0

~k:var11p. R - T ' 47:50 )
-fvar'diji;*»’xt\fu_ae s 47,5 445

Svar 9 48.5 47.5 . 485
;> a5

o var12 T’~4s 5. . 47.5 . 4a5



'”'rlactose broth was. lost at 47. 0°C by both of the E coli

4“/‘ ) ‘

O

tested lost tLe ab111ty to grow in TSB EC :and lactoSe
'broth at 48 5 C. No var1at1ons in max1mum growth temperatureu
were. observed The ability to produce 1ndole in TSB (Kovac' s'
"method) was lost by both E. coll stock cultures at 48, 0 C
"and at 47, 5°C by E. coll Ind*vvarlants. However, the E Coll
T ATCC 11775 Ind var 6 7} and 8. varlants stopped produc1ng ;f'
1ndole at .44. 5°C markedly lower than the other E colljvf_h'd

cultures. The ab111ty to produce gas from lactose in EC AN

v

' i o
-gstock cultures All E coll Lac varlants lost the ab1l1ty
ljlyto.produce”gas, but not ac1d at“44 5 Co
aj

‘fC Study of Indole Negat1ve Var1ants,ﬂf:l‘\r.f o
| RS _ .
: Conf1rmat1on of Loss of Indole Product1on

E QCOII ATCC 11775 and #1840 stock and Ind+ varlant

~cultures produced 1ndole at 35 0, 44 0 and 44 5°C (TBA and

TAKovac s methods) However, three E ~coli ATCC 11775 Ind‘~

_ =
j’varlants (var 6, 7, and 8) produced 1ndole actlvely at ‘
"1ﬂ35 0°c, weakly at 44 o°c, and not at all at 44 5°C.

EiTryptophan Pyrrolase Assay Mi-gﬁl;si"d5"-" "”f i

The results of the tryptophan pyrrolase assay are shown_f

“;jln Table 7 Because of the low—l vels of enzyme produced

tthe assay t1me was extended to 10 h The enzyme act1v1ty ofg

' ’*the extracts obtalned from cultures 1ncubated at 44 5°C was'

' approx1mately half that observed for the same cultures
ﬁlncubated at 35 O C Enzyme extracts from E coll varlants

;'had approx1mately half the act1v1ty of extracts from stock

. %’
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TABLE 7. Summary of the Aa‘, values for tryptophan pyrrolase
-assays (10 h) on extracts from E. coli ATCC 11775 and ‘
isolate #1840 stock and’ var1ant cultures 1ncubated 48 h- at
35, 0 44.0, and 44 .5°C. 9

Cod

(tests done ;n tr1plrcate; averaged reSults shown below)

A,Go Values Obta1ned (reflect gynurenlne " A

accumulatlon due to enzyme act1v1tx)

= Culturevl" (z'." -~ 35.0°C  44.0° c | 44.5°C
E. coli ATCC 11775 ‘A R | : ll = -
stock ~ 0.552 ST no;zésl o ;.~0;225a:i
‘s7varv1~ : “nll.s],,leo;254ﬁj_ ) 50;155thﬂyl: »p.jqé‘h“

tvar’2 - . w0.281 . 0.152 . - 0.116
3 0.264 " 0.175 .0.123

g%

oo 248, . 0.184 . 0.119
.o 255 L. o0.163  0.121
© var 0.200 . 0.109  0.098
yétv o _:"qwzao\.llf‘ 0.122;_.l‘_ ;0;105 o

- var

- TR TR NS B

f,o,zoéj-g-v‘}jo;11zfl _0.102
E. coli #1880 N
. stock };7?'fi 0 0.a83 - 0.235 o212y
i o u’» _'0'209‘1_L‘ 720F103 : ;k;'iolqés¢s, C

'Qarrio ff‘*l,: | *'jap,zoe?{f o fd;to1" .. o0.084 S
,t?5Ff11f- ljc‘,?“v’°o;211]t', .jO{idél'u o o;osag;.f | -
l¢vafﬁ12;:;;"ﬂ,_li1uff,oﬁép4 e Q;béé's__,__'o;093:

QG

Cvar 13 0.205  0.098 .« - 0.099

"funiubeulatedlcontrdlvei_Q.OOdtl o b.OOOqf‘j t;,0.000,v,

..Avsténdard;de&iatioﬂpio;OQj[f;}*“

&
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‘Lcultures{_Therelwas no:noticable'difference in'tryptophan”
) pyrrolase act1V1ty between enzyme extracts obtalned grom
-Ind* and~Ind E. coli varlants when assayed at 37.0°C. The
'temperature sen51t1v1ty of the enzyme 1tself could not be
accurately assessed due to the llmltatlons of the assay
wthh had been developed for mammallan enzymes ‘at 37. 0°C
",‘and due to the lack of a standard tryptophan pyrrolase

sample n&;ged to check the rellab111ty of thls assay at’

'elevated temperatures (Knox et al., 1956;:Blake and‘Kun,,hA

"1971) R T | o |

'.pyruvate Assay - 'u ;hf-f.f° f:"fi-‘h ‘v»‘f:~-'77:; o °r51; ‘;jfd”
The results for the’pyruw%te assays on E coll ATCC

11775 cul&ures are shown in Table 8 At 35 0°C all culturestﬁ gt

Were ﬁnd* and had . a@PfOX1mately the same amOunt~of pYruvate R
. . g ay - ot
[accumulatlon. Less pyxuvate was accumulatea'aﬁz44 5 C than

'.yat 35 0° C At 44, 5 C pyruvate accumulatlon was greatest for"
“the: stock cultures, sllghtly lower for @ost varlants, and
lowest for the 44 5°C Ind var1ants, sugggyglng that

gwruvate a{cumulatlon decreased as 1ndole productlon

“a

< g

-vvfdecreased however the small dlfferences in pyruvate'»afrlah:' R
accumulatlon by the 1ndole and non- 1ndole produc1ng varlants—“E

v;rtd ;at 44 5o C llmlted the 1mportance that could be/attached to-:
E th1s observatlon., Interference from other 'sources of . @ 2

| 'pyruvate and: ut111zat10n of pyruvate 1n other metabollc jf

fpathways could”nothbe,elrmlnated.;-‘

-
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et

-TABLE 8. Summary of the indole reaction of TSB cultures of -
+ E. coli ATCC ‘11775 stock and variant cultures after
“incubating for 48 h at 35.0 anéﬁ44 5° C, and amount of
. pyruvate accumulated by each culture."

(tests-done in triplicate; ayeraged{resultS'shown below)

35.0°C, 48 h ' ‘44.5°C, 48 h

W o k\’ - indole  Pyruvate indole Pyruvate

.Cuituré- ,Hv o  ‘ 3 (mmdleS/ml)v S (mmoles/ml)

Oll. 10 S ' + ; g ‘.\\‘r.‘O.OG“‘E_&:
0:10 . w 0,05
1 0.09 .. . w . 0.05" |
' o @, e : <t -w

0.09 . w s+ - 0,05 % t
0410wl 0.04

var. ! 0.10 w o 0.04

var L.0.08 =7 0.03

var 7. '0.09 = - 0,02

var . 4+ 0 g9 - . 0.03

‘pﬁinbéﬁféted TSB . - ; FEDRE S R SFW:; o oa
o oL S

N

PR LT o . w reactions ' .. .

o weré_Weak,

?out Stlll P e

o e T e e e L p051t1ve

"::stahdﬁrdfdeViatidn.10;004' ; | ;{Q s
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‘ Tryptophanase Assay

The results -of the tryptophanase assay conducted on the'
- E, coll ATCC stock and varlant cultures are shown 1n Tables

9 and 10. Cultures produced more 1ndole when grown at s, 0°C.

S

than at 44.5° C, and more 1ndole was detected when asﬁayed at

BRAEY

@BS 0°C than at 44.5°C. From these data,x;t appeared that the

s

XN ‘.mj o

synthes1s of tryptophanase at 44.5°C was sllghtay

temperature sen51t1ve, wh11e the act1v1ty of tryptophanase
was marmedly temperature sen51t1ve. These temperature— g'”
RV

'sensit1v§t1es were most notlcable for the 44,5° C Ind E.

’COII var§ants7(var 6, 7, and 8) ‘which exhlblted no enzyme"

Y
act1v1ty when assayed at 44.5° C “AS the AHo values obtalned

e

after a 48 h assay were only sllghtly hlgher than those

Coll 1ndole varlants.v

3 ssay (see Tables 9 and 10), it was

dec1ded that further exten51on of the assay 1ncubat1on would

S

not a1d in detectlng 1ndole productlon at . 44 5°C by the E

D. Study of Lactose(Gas) Negat1ve Varxants

; ga_ Con£1rmatxon of Loss of Gas Product1on £rop Lactose
- r,g ;; .
E. coll ATCC 11775 and #1840 stock and variant cultures
R o A

produced gas in EC and lactose broth med1a (Durh tube'

“vproduce gas.; lx_'

o2

'method) at 35 0 and 44 0 C Less gas vas produced ‘at 44 0°C

i ‘-than at 35 0 C The stock cultures produced gas in these,

r

L3
H

g
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TABLE 9. Summary of the data for 24-h tryptophanase assays
at 35,0 and 44.5°C on E. coli ATCC 11775 stock and varLant
.cultures grown at 35. O and 44.5°C in nutrlent broth.

(tests done 1n trlpllcate, averaged results shown below)

Readlngs Obtained ' e
4 35.0° Culture - 44.5°C Culture
. culture o 35.0°C  44.5°C  35.0°C 44.5°C
E. coli ATCC 11775 _VT o - |
stock . \ 0.349 - 0.170 ~  0.297  0.153 ;o
var 1 . 0.339  0.168 0.247  0.187
Cvar 2 ... 0,273 0.117 ,'o;iss ~ 0.098
war 3., C. wol2a7eoolter . G270 093
var 4 0;278 0.143° 0.272  0.136
var 5 0.263 0,133 0.241  0.117 §
var 6 0.246 - 0.000 . 0.038  0.000 )
var 7 0.281  -0.000 . 0.123 '~ 0.000
var 8 ' 0.280  0.000 = 0.096 - 0.000
. {fidculated broth 0.000. 0,000 0,000  0.000

_'standard deviatioh':O.QOZ
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TABLE 10, Summary of the data for 48-h. tryptophanase assays
at 35.0 and 44.5°C on E. coli ATCC 11775 stock -and variant .
cultures grown at 35 0 and 44, 5eC 1n putrlent broth.

(tests done in trlpllcate, averaged results shown below)

i)

o
g
£

Culture © '35.0°C  44.5°C  35.0°C 44.5°C

. coli ATCC 11775

" stock ©0.419 '?,o.iézi _,;61350’ 0. 185
var 1, 0.409 - 0.230 10.330. ¥ "0.173
Tovar 2 _1 ) .0}327 E ;0.191u -‘.o,aoéi%;f"o 140
. var 3 . 0.310 ~ 0.198  0.313 7 0.166
 var 4 © 0.344 0.205 0.320 "0.108
var 5- 0.324 0,181 . '0.315"  0.146
var 6 ' 0.306. 0.000 10.077»_,- 0.000
var 7 0.329 0,000 © 0.284 0.000
Cvar g 0.353  0.000  0.200 _ 0.000 |
uninoculated broth 0,000 ~ 0.000 0.000 ©0.000 - fA'F i

vstén@afd deviation 10.002



Gas chromatography was used»for a more exact;anal?sis

of gas production. The volumes of H, and CO, prodUced hy
each E. col i culture at 35.0, 44.0), and 44.S°C in lactose
brothuare shown in Table 11. Gaswproduction deCreased as‘the
temperature of incubatioh‘was ihcreased. At 44.5°C, thé E.
~coli Lac(g)~ varjiants still produced H, and CO, in trace -
»amounts, apprOximately 1/10th:to‘1/30th of the amount
produced at 44 0°C or by the stock cultures at 44.5°C, too‘
little to be - detected in Durham tubes.v _1 4,w; :

. ‘ Ratlos of H,_to‘CO2 produced at,35.03 44?0"?6@,4495°C'
'determined‘by'gas chromatography, are shown in Table‘12r‘The-
:E Colf ATCC 11775 stock culture reta;ned a con51stent Y
H;.CO2 ratlo of appnoxlmately 13 2 a¢ all- temperatures. The

.~ H,:CO, ratlo for the E. coll #1840 stock culture was 1:3 at

- 35. 6'C but dropped to 1“1 5 at 44 0 and”44 5.° C The: H;.CO

‘£L . N

.ratlos for the E. Coll varlants were approx1matelz 132 at
35. 0 and 44.0°C, but dropped to 1-1 at 44.5°C. However, the
'low levels of gas detected at the 1nh1b1tory temperatures
‘make the accuracy of the ratios questlonaﬁle.
ONPG Tests - |

‘All of the E coll ATCC 11775 and #1840 stock and
;var1ant cultures were all ONPG*‘at_BS,Q andr44.5 Y
VP Tests : | | A o o | |
~ The positive control K. pneumoniae ATCC 13883 was VP™
.at 35.0 and 44.5°C after both 2 and 10 days of incubation.
The negative control‘(uninocu1ated broth) and the E. coli

'ATCC‘11775 and #1840 stock and variant cultures werehyR‘



75

TABLE 11. Amounts:of H, and CO, gas produced by E. coli ATCC
11775 and isolate #1840tstock and variant, cultures” incubated:
~at 35.0, 44.0, and 44.5°C for 48 h in lactose broth.
(tests:done in triplicate; averaged results shown below)

Amounts of H, and CO, (cc gas per tube)

Culture , - -~ 35.0°C ~44.0°C - 44.5°C
E. coli ATCC 11775 - = -
‘stock . 2.64.2  1.53.4 -1.3 2.4
var 1 : ' 2,8&@-8' 1.6 3;4 0.1 0.1
&ar 2. o : . 7_3.1 5.4,_ 2.2 3.4 0.1 0.1
var3 - 3.6 5.5 1.73.2. 0.10.1
var 4 \\\\*?>1§§.3 1.33.2 0.1 0.1
 var>5 - o .2;5'§:§\>\nd.2 2.8 0.1 0.1
var 6 _mam 3.2 4.7 1.2 2.4 0.2 0.2
 var 7 ' . 2.84.8  1.12.2 0.20.2
JBvar 8 I ”_3;4 575 . b.9’2(6’ 0.2 o.2
E. coli #1840 | S
stock . . 1.6 4.4 2.5 3.6 2.3 3.4
var 9 o fz;é 3.4 1:8'3;3 0.1 o,i
;var 16_. - 1.7 3.6 1.8 2.7 0.1 0.1
ivar,11r : 1.8 4.0 ,1.6'2.9, 0.1 0.1
var 12 i 2.2 5.2 1.43.0  0.10.1
var 13 - - 2.23.0 2.22.8  0.10.1
uninoculated broth 0.0 0.0 - 0.0.0.0 0.0 0.0
K. pneumoniae ATCC 13883  2.10.5  not tested 0.0 0.0

‘standard deviation +0, 1 excepﬁ CO, at 35.05C';0;2
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TABLE 12. Summary of the H,:CO, gas ratios for E,. col'i ATCC
11775 and isolate #1840 stock and variant lactose broth
~cultures incubated at 35.0, 44.0, and 44.5°C for 48 h.

(ratios calculated from data recorded in Table 11)

H,:CO, Ratios Obtained

Culture : o . 35,0°C  44.0°C . 44.5°C

E. coli ATCC 11775

vstoék  : . 1:1.7
var 1 | C1:1.3

; var_2 | 1¢1,7
var 3 | 1:1.5
var 4 | 1:1.6
‘Qar 5 1:2.1
var 6 1:1.4
vér.7 1:1.8
var 8 1:1.6

E. coli #1880 -

" stock - o 1:2.9
var 9 a | 1:1.6.
var 10  *ﬂ ' 1:2.0.
var 11:v' i 1:2.2
var 12 ; ’ | 1:2.3 .~

var 13 o o vLT:J,3 | '\:
uninbculatéd broth : 0. ' f

K. pneumoniae ATCC 13883  1:0.3) .

[ P
R T AT R
‘ i \-\:‘fg il 7

)
i bantiec 38

- @ . ' ‘ﬂ g A

@ . @y WD 3 v RN - 57 R

T '/‘ @' ' g PR 7 A A R A

N - : AR - A Tk oF
- -, *Based on low levels of gas ‘production 3 o

- - . : L - : . ¢ 4
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‘Formic Ac1d\:ssay v o o
oo \ ) The results for the formlc acid assay of the E. COI{

under the same test conditions. - :

A,

pH Analysis >

The average pH values for E
of the E. coli stock and variant ures after 48 h of

incubation at '35.0, 44.0, and 4@% C are shown.ln Table 13.

- All cultures'produced less acid as the temperature of

o

incubation was increased. AlY gultures attained pH values
below 6, the'critical'pH above which the c0nversiog,o£ff///
formic acid ‘to gas may be 1nh1b1ted

The variants produced more acid ‘than the stock -

',° cultures, espec1a11y at 35 0°C. Further study of the effect

‘of pH was conducted at pH 4.8, the final pH of the varlants

grown at 35.0?C._Attempts‘to grow the E. coli cultures in a

lactose broth'medium buffered at pH 4.8 were. unSUCcessfui.
No growth was ev1dent even after 1ncubation at 35.0°C for 4
days. The‘acetic acxd sédium. acetate buffer prec1p1tated
1b11e salts, so EC broth could‘hot be used However, lactose

broth cultures of E. coli, ad]usted to pH 4.8 by the

'~add1tlon of acetic. acid after 24 h of 1ncubation at 35.0,

\44.Q,Uandu44.5 g continued to grow. when 1ncubated at theirh

respective incubation temperatures for an additional 48 h.

Variants thus treated Stlll dld not produce gas from lactose.

(Durham tube method) at 44, 5°C

cultures are shown in Table. 14 As the temperature of
) \ '
1ncubation was changed frgm 35 0 to 44 5°C “formic acid :

L0
\

lactose broth cultures .

e
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TABLE 13. pPH of EC‘and lactose broth after grthh of E. coli

MATCP 11775 and. 1solate #1840 stock and variant.cultures for

48 - n-at 35 0, 44 0, and 44.5°C. . N
(tests repeated on three occa51ons, avefaged results below)

Flnal pPH of , ~Final pH of
Lactose broth ‘ EC broth

Culture = . 35.0°C 44.0°C 44.5°C 35,0°C 44.0°C 44.5°C

E. coli ATCC 11775

“'stock 5.4 5.4 5.5 5.6 5.6 5.4
var i "'w4;8.° 5,2 5.4 5.6 5.5 - 5.7 °
~var 2 ‘; '5.2' 5.4 ‘.5;6 5.6 5.5 5 7
var 3 4.7 5.3 5.5 5.6 5.5 5:5;‘ 3
var 4 5.7 5.2 5.4 5 6 5.6 5.7
var 5 ;;4'7 .2 5.5 5.7 5.6 5.7
var 6 5.8 5.3 5.6 5.6fr 5.4 . 5.7
var 7 4.8 5.3 5.5 ‘5.7f. ;5;5 5;7
var 8 4.9 - 5.4 '\5;5 5.6 5.6 576
E. coli #1880 - L
stock | 5.4 5.5 5.8 . 5.6 ., 5.6 "%;5"”
var 9 :f\, . 4?8 ,5.3 5{&t¢_ 5.5 5.4 /5(7 ./i .
Cvar 10 4.7 5.4 5i6 5.6 5.5 /5.6 ] o
Yvar 120 4.8 53 55 5.5 545/3_,5,7 |
,? var 13;7 ' 9{9.L;?$;4;f"5,6 | é:ﬂbl:_SZéf  '5.? ”f
'unlnoculated 6.9 63 6.9 6.9 6.9 69
. - S N
, standard deviation #0.02 -/ : .
o | S e .
i ' /v ; ;iif\‘l\§4\~<»~~*” Ve



‘TABLE 14 Formlc ac1d @ccumylatlon in lactose broth after
~‘growth of E. col i -ATCC 11775 and -isolate #1840 stock and .

79

-variant cultures 1ncubated at 35.0, 44.0, and. 44 5°C for 48

h determlned by the thlobarblturlc ac1d method

X PN
(tests done 1n tr1p11cate, averaged results shown below)

' Formlc Ac1d Accumulatlon
(ug formlc ac1d/ml)

S

')E;fcoll ATCC 11775 ,'f.w--f f‘s»‘ ~

. Va[‘ .\‘

7
- var 839;-7] so;;7jf‘y5'_;, 298 | 325 l3zs

o E ’COII #1840\

TﬂVér33g;ff"‘" ‘-7of;§sfr f325,;3~§i53§8_3f73‘;363”

cUlture'.f’_:';[f‘. ~’.s75);' 35, oec.‘;,f44.0-c» Eh 44 5 c

'ffvatv1;;“‘s?*.": 'i‘ fo,k; 36O;‘,yf k_338§'f,;i’:353{ 

4
Covar’s . 7313313 343
6\ o . L

o 265 - 320 . 338

Tstock ”; Gl N a3 s §” f1s:13‘

. . : : o . i N \ . - . N
ok : L e S e e ~
EEN SN N : T

”“a,gsar[1q_;jgl?;}wsf,4‘v"ls?363fe'i‘¢ahssf~“a4,egjsﬁ

.»\R:\-://,./,_;,. TS RS

e

L e e v
- :standarddeviation *1

N

-

KR T SN R ST R ‘ L
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- accumulatlon 1n lactose broth cultures of the stock E COII
‘ ATCC 11775 decreased whlle that of the var1ants of E coll
N ; .

ETEE\11775 1ncJ!Esed Formlc actd accumulatlon 1n lactose

C B
broth cultures of the E CO7I #184Q\stock and varlant

‘cultures decreased as the't‘mperature-of*rncubat1on
rhcreased The decrease was less for the var1ant cultures
than for the stock cultures. Therefore, as. the temperature

w;-of 1ncubat10n\was\1ncreased from 35 0 to 44 5°C the amount
'f‘j of formlc ac1d accumulated by the E COII varlants 1ncreased

‘Aff relatlve to that accumulated by the correspondlng stock f’

cultures._Thls 1nd1cated that the conver51on of formlc ac1d ﬂ jv

f. ! A

to gas by the var1ants was 1§h1b1ted at 44 5 C but formlc
ac1d was Stlll produced For the E coll #1840 cultures it
"»was apparent that the formatlon of/formic ac1d at 44 5 C wasf.f

' Qreduced but not- lost.,ﬁmfptﬁ..\ff”'r"**s };fag_‘ ff;,“

1ffForm1c Hydrogen Lyase ""l‘mhi',"“LT
Temperature 11m1ts for gas productlon 1n a formate
f:solut1on (Durham tube method) u51ng formlc hydrogen lyase

"'extracts obtalned from 12 h cultures of E. ‘colf ATCC 11775

-8

*",and #1840 stock and varlant cultures grown at 35 0 c are

'7rshown 1n Table 15 All enzyme extracts produced gas 1n a

fVLO 1M formate solutlon at 43 0 hnd 44 0°C but not at 47 0°C

\

=Form1c hydrogen lyase extracts of the stock E Coll cultures*‘

. _0»

'riproduced small amounts of gas fro@ formate up to 46 0 C but‘
"uwere unabﬂe toégo so at hlgher temperatures. Extracts
”'obta1ned from the E coli varlants produced.small amounts of;v

i.gas from formate at temperatures up to 44 0°C Flve varlants:{_

, P o E
. ¥ :
ST .
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-‘TABLg 15. Gas producdlon in 0.1M formatg'solutlon by\formlc
~hydrogen lyase extracts of E. coli ATCC. 11775 and 1solate

#1840 stock and varlant cultures.

“'(0 1 and 1. OmI‘enzyme allquots tested in dupllcate-

averaged results shown below)

el Gas ProdUCtlon at EadB Assay Temgerature /

“'Culture "',_:J 43 0°C 44 o c 45 0°c 46 0° c 47 0°c

v
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8”‘_2' o
(E. coli" ATCC ‘117'«75" var 1, 2, 4, a'nd‘ 6;' E.. a’m #771184'0'var 9)

'produced gas weakly at 45.0°C when large amounts of enzyme‘
‘extract (1 0 ratber than 0 1m1) were used These data ‘

M$\ 1nd1cated that the formlc hydrogen lyase produced by E coll
Lac(g)"varlants was more. temperature sen51t1ye than that

‘ produced by the stock cultures. Thaatemperature llmlt for

_1ts act1v1ty was sllghtly extended 1f a 1arge amount of thek

,énzyme was present. E T,.h’, . f o j’”\ -'bf‘ 7

B Acr1d1ne Orange Treatment "1 ,,_jv~:'a , ,)Q

E The stock E Coll #1840 cultures treated wlth acr1d1nei |
"“orange d1d notaproduce any varlants for the tests done at
‘d‘elevated temperature. However, acr1d1ne orange treatment of i
.,s‘the stock E Coll ATCC 11775 culture gave rlse to some o
ﬁl’varlants. of - the 20 1solates frog the 40 and 50 ug acrldlne :
ﬁorange/ml treatments, 6 and 9 Lac(g)? var1ants were e
,fdetected vrespectlvely After three subcultures, these
m’varlants recovered the1r ablllty to produce gas 1n lactosef
“gtand EC broths at 44 5 C but 1n markedly reduced amounts.
The acr1d1ne orange varlants that had recovered tbelrus')
_ablllty,to produce/gas from lactose were retreated w1th upfh”n
’3to 100 ug acr1d1ne orange/ml In thlS case,‘only cultures
; &

:treated w1th 60 ug or. greater acrldlne orange/ml gave rlse

o:to varlants for gas productlon from lactose at 44. 5° C The:

:;hlgher the concentratlon of acrldlne orange,»the greater thefk"}'

Lnumber of subcultures requ1red for recovery of gas
fsproductlon from lactose at 44, 5°C.

»'
B



o T
g, .
N e

PR o *y Discussion'and'Conciusions
Thxs study was undertaken to determane whether-
Afphehotyplc changes occurred in Enterobacterlaceae,p
_espec1ally the productlon of gas from 1actose and 1ndole's
'from tryptophan by E col i at elevated temperatures, as, a'
result of exposure to treatments that 51mulate cdndltlons tb
‘which prganlsms are exposed in food handllng The only
"organlsms, be51des E. coll, that exhlblted a change in

'blochemlcal reactlons testedawere C FFeundll and S

hd:typhlmunlum whlch showed a weakenlng, but not a loss, of H S"
?product1o at 44 5 C For E coll cultures, no. phenotyplc
changes w‘re 1dent1f1ed for react1ons tested at 35 0 C, but
vffor 1ndole productlon and gas productlonffrom lactose at
xelevated temperature (44 5° c), ‘stable E Coll var1ants were ‘
'1solated As these elevated temperatére react1ons form the
'hba51s of standard methods for detectlng fecal E coll 1n thev
v”u food 1ndustry'(ICMSF, 19783 the dlscovery of such varlants
:Zhls 1mportant.~ : - .
North Amerlca uses 1ncubatlon temperatures between 44 5'
‘_‘and 45 5°C because gas productlon from lactose at these
ttemperatures is most spec1f1c for fecal E Coll (FlSthln q:
-~ and. Surklew1cz, 1964) In Europe 1t is belleved that
:.flspec1f1c1ty for E coll as an 1nd1cator organlsm 15 obtalned
‘u.:by us1ng 44 0 C tests for both 1ndole and gas productlon L
Y(Dufour; 1977) Whlch condltlons are ﬂhe best for detectlng' .
;.fecal E. coll has not yet been dec1ded (ICMSF 1978) |
' ;:However, for successful detectlon of E colf under.

L
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condltlons 51m11ar to those of this study;\it wOuld’be‘ :t'
adv1sable to use ‘the lower elevated temperature of 44.0° C |
“In thlS study, loss of ablllty to_produce gas from

.,lactose atk44r5°C was more common‘than the loss of ability
",to produoe dndole from'tryptophan,atg%4;59cu-dnly three”
y44;5°C indole'variants wereqisolated,-and none of the
D,cond,iti‘ons'»under‘wh.ich they were obtained (UV extented
Istorage'at,AS.O%C,hand pro&onged cold storage at 4, 0 C in
Tsﬁ) resulted ingtheir repeated productlon under the testc
condltlons. All Va‘riantsﬂlsolatedQ 1nclud1ng the 44 5°C Ind‘i
' var1ants,~were 44 5°C Lac(g)‘ var1ants. Several of the L
condltlons under whlch 44'5°C Lac(g) varlants were obtalnedhf
(sloppy agar’and nutr1t10na1 study treatments at 4 /\and
.—16 C) resulted 1n repeated prodUCtlonﬁof these varlantst'

e "’15 1’ CooN
: under the test condltlons. The relathve stablllty of the

Ind‘ tra1t supported earller reports that the 1ndole o
characterlstlc was more stable than that of 1actose
fermentat1on (Anderson and. Ba1rd Parker,_1975 Ewving et. al
1972). S EERREE: | e

The majorlty of the 44 5° C varlants obtalned from E
coll ATCC 11775 and 1solate #1840 from meat were obtalned by

, random selectlon or selectlon of smaller colonles on l‘f'

. nutrlent agar. Only two var1ants were found on VRBA: plates,

as a result of the1r small 51ze and 1n1t1a1 lack of b1le

prec1p1tat1on. None of the varlants were detected on TBA

o

However, when 44 5°C Ind varlants were-grown en~TBA at

'~44-5’C they gave a negatlve 1ndole reactlon.‘When 44. 50 C
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Lac(g)‘ variants were grown on VRBA at 44.5°C, they formed
smaller colonies than the stock cultures. The fact that no

ﬁﬁ - variants were isolated from TBA and few Lac(g)t : .
% : :
B

AN
(
i
¥

" Aariants were isolated from VRBA might be attrlbutable to

s

fg?mékkﬁe greater Select1v1ty of these media for cells that have
been injured. Cell recovery in fact was always lower on TBA
and’VRBA,.than_on NA. This agreed with observations of
previous researchers, who noted‘that freeze—injured

coliforms are extremely sensitive to solid selective media

‘'such as VRBA (Speck and Ray, 1977)’, -and that recdvery of
~injured cells-for growth On‘TBA and VRBA is,imprqyed if -
cells‘are grown in a ‘pre-enrichment brdth prior, to piating
| (Anderson and Ba1rd Parker, 1975’ Stiles ét al 1973)
-Therefore, the usefulness of TBA and VRBA | as med1a for

‘-screening for 1ndole and lactose variants could be‘llmltéd'.

J

. /
1

by the’ select1v1ty of these medla.,f‘ /

| E. Coll varlants.weré not detected as a result of _
1 repeated exposure to sublethal heat treatment (52 0 c for 15_
:mlnutes in TSB). Sublethal heatlng normally affects the cell

-membrane; RNA'nand.DNA (Ordal 1980) resultlng in ‘lower

enzyme act1v1t1es or altered transport klnetlcs (D Aoust L

"1978). No ev1dence of such effects was etected.ln this
vstudy; but thlS damage is seldom mutag nic‘(Ordal' 1980).
Any sublethal heat damage Yas probably re a1red by the .
cells, so that no change in enzyme functlons was observed.

'_Alternatlvely, the sublethal heatlng may have 1n3ured cells

" to the extent,that thelr altered;or_weakened enzyme yh'Hr
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’functions prevented them from.being recovered by the
screenlng process |

Most of the E. 'goll variants were obtained from
cultures held for extended periods of time at spec%fic.
storage.temperatures, e%%ecially if‘the.medium was low in
‘nutrients, lached cryoprotective agents, or were broths or
semlsolld agars, rather ‘than agars. . These treatnents caused

less cell dea&

h*han elther the UV or sublethal heat

,treatments, whlch may account®’

: :ﬁ%,forrthe\h1gher
incidence of variants detected,g f<v R \\
~ Variants were notaohtained from the'Stock cultures’or”

prolonged storage of the stock cultures on NA slants at
4.0°C, probably because the- comp051t1on of NA prov1ded an e
adequate level of nutrlents and cryoprotect1ve agents to
. mlnlmlze ‘the effects of cold storage damage (Calcott 1978,
Speck’ and Ray, 1977) However, varlants were-obtalned after
extended storage at 4.0, 35'0 and 45 o0°Cc and cold storage
at -16°C in TSB, desplte TSB prov1d1ng cells w1th a good
level of nutrients. Th1s was posslbly-because the broth
‘-‘would.have-more water~avaflable than the agar, causing

'adverse”freeziﬁgﬁand'desiccatfon effects, (Calcott, 1978:ﬁ5
Speck and Ray, f977)' Variants?were consistently Obtainedf
~from sloppy agar cultures stored at 4 0 and ~16°C and from
' nutr1t1onal studles run in sem1solld agars at 4 0°C and 1n-
broths at —16°C The’ susceptlble medla were low in
:nutr1ents, lacked cryoprotectlve agents, and had much
54ava1lable water leaV1ng the cells vulnerable to cold

l
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storage damage (Calcott, 1978; Speck and Ray;h1977);
Variants were not obtained in the nutritional study

with media that contained a level of nutrients simllar to
~that of TSB medlum’and/or included the cryoprotect}ve agent,
soytone (Lapage et al., 1970), though variants were obtainedl
repeatedly from nutritional study medla which cdntained a'
low level of nutrients 5} lacked soytone; Therefore, it
appeared that conditions which failed to protect"cells'frpm
damage during storage at low temperatures,’increased the
probabll1ty that lactose or 1ndole variants would be
’produced Cellular damage produced by prolonged storage 15
not normally mutagenic (Calcott, 1978) and is often-repalred
‘upon;resuscdtatlon or.subculturing (Ordal, v1970).'However;
- this, study 1nd1cated that prolonged storage under |
debllltatlng condltlons could produce 44, 5°C Lac(g)- and
Ind- varlants wh1ch remalned stable upon subculture. Th1s is
SUpported by the dlscove;y of Lac(a, g) E COII varlants in
reactor effluent waters (Kasweck and Fllermans, 1978) and
various E. coll lactdse varlants 1n frozen foods (Mehlman et
: al., 1974) suggestlng that variants in thlS study may
‘result from prolonged storager The high rate of Lac(a g)* to
Lac(a'g)' conver51on observed for E coli 1n'reactor
effluent- waters (Kasweck and Fllermans, 1978) may
-demonstrate how the lack of nutrlents leaves cells more
4vulnerable to such damage. |

| uv irradiation induces DNAtdamage,'resulting‘in'lower'

or altereddenzyme'aCtivities if not properly repairedmd,
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(Witkin, 1976). Researchers haQe produced various E;icoli
mutants for lactose ferméntation by exposing cultures t9
differen£ wavelengths of UV light (Lewin, 1977).vBased on
 phis knowledée,'UV treatment was. used in this study to
determine if the indole and lactose variants produced by the

other treatments examined could be attributed to this typé.

of DNA damage. The UV treatment (daily éxposufe to 5 minutes’

of germicidal UV irrad{ation) produced only ‘one variant.
This low .incidence was due either to the low sensitivityybf
the séreening techniqhe or the féct_thét‘the cells could.
effeétively repair DNA damage? The UV treatmenf wa§ the most
lethal 6f-theAtreatmén£s used, reducing the viable cell" -
' céunt from 10°/ml to 105/mi,‘indicating thatithe few UV
'variaﬁts might be due to the fact that the UV damage waé too
severe;v | |

| All E;’colf_variants fetained'their'briginal va;iant’
“ cﬁ§réé£éristics upon subculture; This obSerqation,'combihéd
witﬁ the'knoélédge'that\the tféétments.to wﬁich they were
subﬁeéted can-da@agevDNﬁ,_sugggstgd that,thé”variations\were
due to genétic damage Or altération,‘rathef than'a temporary
cellular ihjufy. ThoughVUV'irradiatiom“is,é well—known_qausé
'of‘SUCh.gehétic'damage (Lewiﬁ; 1977)} prolonged storage‘
would nbt:ﬁofmally be considéfed a cause of genetiC‘daﬁage
, (Calc6£t; 1978); The exact reason why pérmanentvéiterations
in E. Cbli'réshlted from prolongedvstorage, eépegially under
conditions éf'poor nutrition'or'avlatk of gryop?otective_ |
agents, was hpt'apparent-from;this study.

o

o
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Comparative analyses of the E. coli ATCC 11775 and
#1840 stock and variant cultures indicated that the variants
were most probably derived from their reapective stock
aultpres. Strongest éridence for this was obtained from
their identical biochemical reactions at 35.0°C and their
antibiotic sensitivity reactions. Additional support was
obtarned by growth rate analyses for all E. coli cultures
and serdlogic analyses for E. coli ATCC 11775 cultures. It
thus appeared that these variants were actually derived from
the réspeqtive E. coli‘stock cultures. This suggested that
more emphasis should be placed on the elevated temperature,'
'test for indole production than gas production from lactose,
for the detectlon of E. coli of publlc health 51gn1f1cance.
Furthermore, all E. coll variants whlch could not produce
1ndole at 44.5°C also lacked thelabrllty to produce gas from
' lactose at 44.5°C. | |
The major pathway for the productlon of indole from .
.tryptophan by E coll is believed to be the dlrect breakdown
of tryptophan by tryptophanase to 1ndole, ammonla, and
pyruvate, with occasional 1n90mp1ete breakdown stopping at a
methylfindoie‘compbund4known as skatole (Macfaddin, 19%7).
The 1ack:of coldurbdevelopment with Kovac'a or TBA staining
at 44.5°C, iadicated rhat'neither indole nor_skatole wara
produced in detectable amounts by these variants (Anderson
and Baird- Parker, 1975)._Both the activity and éynthesis of
tryptophanase_appeared to be }ess at 44.53C than‘at 35.0°C

for the E, coli>§Ebck“and'variaht cultures tested. This
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effect was more pronounced for the 44.5°C Ind" variun%$? as
shaown by the éreatlx decreased level of tryptophanase
SYnthesis‘and the lack of tryptophanase activity at 44.5°C.
Taylor and Yudkin (1978) attributed similar temperature-
sensitive (41°C) E. coli mutants for tryptophanase synthesis
éhd activity to mutations in the structural gene (tna) for
tryptophanase, but d;d not‘determine the é%éct factor
responsible for that mutation. The pyruvate assay also
fairled to indicate conclusively where the variation in
indole ﬁroduction occurred. This was possibly due to.
interferenée by pyruvate production from other metabolic
pathways. |

A minor pathway for the production of indole from
tryptophan by E. coli is mediated by the enzyme trybtophan
pyrrolase, (Lamanna énd Mallette, 1965). The variants

. .

_exhibited half of the enzyme activity.of'their respective
vstock cultures, but no difference in activity Qas detected
between ind’ and Ind- vgriants, Temperature-sensitivity of
the enzyme activity couldbnot be tested due' to temperature
res;nict;;ns of the assay’ (Blake and Kun, 1971). The/iow
levels of tryptophan pyrrolase activity indicated that this
enzymé'probabiy does-nog play an importantbrole in the
'indole‘variagts detected.

It Qés concluded that the three 44.5°C Ind- variants
probably failed to produce detectable 1eyels‘of indole at
. 44.5°C becduse of increased témpergtufe*sensitivify QfAtheif

tryp}éphanase synthesis and activity. The stability of the

B



Ind characteristic indicated that the vartation was
probably attributable to damage or alterafion‘ot the DNA
“mipkeup of the LryphophanQSﬁ synthesis or encoding pathway.”

Because of the similarity of these variants to the
temperature*sensitivé (41°C) E. coli variants for
tryptophanase Synfaesis and activity studied by Taylor and
Yudkin (1978), it is possible to suggest that the Ind
variants in this studyiare also the result of mutation in
the structural gene (tna) for tryptophanase. However, the
exact nature and location of the possible DNA damage or
/}&iteratidn was not determined.

Many E. coli variants were found which did not produce
detectable levels of gas in Durham tubes in EC or lactose
broths at 44.5°C. This trait was only lost by the stock E.
coli cultures at 47.0°C. The variant and stock cultures grew
and produced acid in EC and lactose broths at t;mperatufes
up to 48.0°C, so the inability of the variants to produce
gas in these media at 44.5°C could not be(attributed to
differences in growth range. This was important, because
poor growth or stfzcier growth requirements often account
for the apparent lack of gas production by fastidious
strains of.E. coli at élevated.temperatures (Mehlman and
-Romero, 1982). Py

AllUE. coli cultﬁres tested were ONPG* at 35.0 and.
44.5°C;‘indicating that the 4%2.5°C Lac(g)~ variants could
transport lactose into their cells (Wong et al., 1970) and

successfully break it down to glucose and galactose



(MacFaddln, 1977) These cultures were also VP" Therefore,

o i :
' _the lack of gas productlon by the varlants at 44. 5°C was hot

due to an 1nab111ty to ferment lactose, or-a total
alteratlon 1n the end products of lactose fermentatlon, but
'1t was probably due to 1nh1b1t10n w1th1n the normal pathway

n,

for lactose fermentat1on. R,

;eMost of the gas produced by E coll 1n lactose
fermentatlon 1s generated by the conver51on of. formlc‘ac1d
to CO, and H2 (Bovarnlck :1965 Docklns and McFeters, 1978

‘, Pelczar et a7 . 19?4) The 1ncreased formlc ac1d
.fkaccumulat1on by the 44 5 C Lac(g) E coll ATCC 11775
: .varlants, 1nd1cated that the conver51on of formlc’ac1d to
hvgas at 44 5 C was be1ng 1nh1brted For the 44 5°C Lac(g)
#;.; coll #1840 varlants, formlc ac1d accumulatlon decreased but
o not to the same extent as the E coll #1840 stock culture,."f’
1nd1cat1ng that both formatlon of formlc ac1d and the .
convers1on ot formlc ac1d to gas by the varlant were belng
~5-vlnhlb1ted However, as some formlc ac1d was accumulated by

these var1ants at 44 5 C they were probably not the same

type of varlants as those studled by Kana1 et al (1975)

wh1ch fa11ed to produce formlc ac1d at 44, 5 C Therefore,_‘j,'r

O

gas productlon by the 44 5°C Lacgg)'fvarlants was: belleved
:;: to be 1nh1b1ted at the level of conver51on of formlc ac1d to
. gas rather than product1on of formlc ac1d 'tfd;WEb L

B The convers1oﬁ of formlc ac1d to gas by E Collf
requ1res a pH of approx1mately 6 or less to functlondu;:ﬁ

'optlmally (DeLey, ﬁ962) thls was not the cause. of
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'1nh1b1t10n of the breagéown of formlc acid to gas by these
ivarlants.‘Conver51on of formlc ac1d to gas by E coll also 1
prequ1res a. funct10nal formlc hydrogen lyase enzyme (DeLey,

1;62)_ Assays u51ng formlc hydrogen lyase extracts from E

"rcoll cultures grown at 37 0* C 1nd1cated that ab111ty to

‘f’lvarlants between 44 and 45 C, and by the stock cultures

produoe gas 1n formate solutlon was lost by the Lac(g)'

| Lo

gbetqeen 46 and 47 C It therefore appeared that a more
:jtemperature sen51t1ve form1c hydrogen lyase enzyme accounted
I-for the loss of gas productlon by Lac(g) varlants at '’

v£44 50 C‘u,lh'hf tlf"feldw';l"_fﬁ.‘f_;daldff 'jg;.zyx

| Var1ous‘genes‘1nvolved 1n the lactose fermentatlon ‘
“ipathway of E coll have been shown to be transm1551ble by F.
“plasmlds (Lew1n, 1977) hence the p0551b111ty that 44 5 C :
:'Lac(g)" varlants resulted from of the 1oss of an F plasmld

"was stud1ed The acr1d1ne orange treatment produced

:‘l,temporary 44 5°C Lac(g)' E. coll ATCC 11775 varlants. The

\';levels of acr1d1ne orange used should have ellmlnated 96% or jsﬂi

l

"'dvmore of the non 1ntegrated F plasmlds orlglnally present

/
f!(leota, 1960) The temporary loss of gas productlon from f'

~Tlactose at 44 5°C suggested that genes respon51ble for the
encodlng of formlc hydrogen lyase, or genes bearlng ‘ Y
kandlrectly on 1ts functlon,‘may have been carrled on F @"

"plasmlds. The few F plasmlds Wthh were not cured 3or that

‘"rgwere protected by 1ntegrat10n 1nto~the E coll chromosome,_y

lfwould have repllcated the genetlc data upon subculture,'once
’*_:the acr1d1ne orange had been dlluted out leadrng tovthe ;T.';?‘

o

PO
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;return of gas productlon at 44 5°C (Lew1n 1977)
The fallure of 44 5°C Lac(g)' varlants of E coll ATCC ‘
‘11775 and #1840 to produce detectable levels of gas in EC
;dand lactose broths at 44,5°C by the conventlonal Durham tube
imethod appeared to be attr1butable to the. 1ncreased
;temperature sens1t1v1ty of\thelr formlc hydrogen lyase
'enzyme; The stablllty of these varlants upon contlnued '
subculture and the condltlons under lech they were obtalned

asuggested that the1r varlatlon could probably be a.ﬁxg

;damaged or altered DNA in. the genes 1nvolved 1n the

'v;synthes1s ofﬁ or encod1ng for formlc hydrogen lyase.QThe

w

«Mexact nature and locatlon of thls DNA damage or alteratlon

~

,hwas not determlned but prellmlnary studles w1th acrldlnef_hhf.rf

”orange treatment suggested that the genés 1nvolved

aothers affectlng the1r functlon, mlght p0551bly be'

‘v

'hrassoc1ated w1th the F plasmld
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