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THESIS ABSTRACT

IN VITRO SURVIVAL OF CAMPYLOBACTER JEJUNI AND CAMPYLOBACTER

COLI AT LOW PH

Bashar Wajeeh Shaheen

Master’s of Science, May 11, 2006
(BVMs, Mosul University, 1998)

91 Typed Pages

Directed by Omar A. Oyarzabal

A series of experiments were performed to investigate the effect of pre-exposure
to acidic conditions of early exponential and stationary-phase cells of Campylobacter
jejuni and C. coli. The sublethal acid exposure to protect C. jejuni and C. coli against low
pH treatment was also studied. Twelve C. jejuni strains, including ten fluoroquinolone-
resistant C. jejuni isolated from humans, and nine C. coli strains, were grown at 42°C
under microaerophilic conditionss (85% N, 10% CO,, 5% and O;) in modified Campy
Cefex (mCC) agar to create stationary-phase cells. The colonies were then suspended in
Tryptic Soya broth (TSB, at final pH 7), and grown to the appropriate early exponential-

phase under microaerophilic conditions. The cells in both phases were exposed to TSB at



pH 5 for 4 h before the final challenge (TSB at final pH 4). The same procedures were
performed utilizing Brucella broth. Survival was determined after 2-3 h of the final
challenge by using viable cell counts and utilizing Campylobacter blood free selective
media (mCCDA). Pre-exposure of the early exponential-phase and the late stationary-
phase cells to moderate pH 5 shows no induction of resistance to the pH 4, where the
control cells show better survival. Moreover, the survival time increased from 2 to 3 h
when using Brucella broth instead of TSB. Campylobacter coli were very sensitive to the
lethal acidic treatments. The results showed that Campylobacter jejuni and C. coli failed
to produce an acid adaptation response in early-exponential or stationary-phase in Tryptic
Soya broth or Brucella broth (pH 5). The images obtained from scanning electron
microscopy also indicated that cells displayed different morphological changes at
different pH values.

The traditionally used liquid broth and chemically defined medium M 199 was
also evaluated for Campylobacter jejuni in vitro. The liquid media compared were M
199, Brucella broth (BB), Brain Heart Infusion broth supplemented with yeast extract
(BHIYE), and Tryptone Soya broth supplemented with yeast extract (TSBYE). An initial
inoculum of 10’ to 10* CFU/ml resulted in greater than or equal to 10° CFU/ml in BB and
M 199 after incubation for up to 72 h, while lower growth rate was observed in both
TSBYE and BHIYE. Among all liquid media compared, M 199 exhibited the least

percent of coccoid cell formation. On M 199, C. jejuni grew over a pH range of 5 to 8.
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[. LITERATURE REVIEW

The Bacterial Growth Curve

In batch culture and under favorable conditions, a growing bacterial population
doubles at regular intervals, and this is called exponential growth. When a fresh medium
is inoculated with a given number of cells, and the population growth is monitored over

time, plotting the data will yield bacterial growth curve (Figure 1 below).
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Figure 1. The bacterial growth curve. When bacteria are grown in a closed system (also

called a batch culture), like a test tube, a prog ression through a series of phases can
observed : no net growth occurs (lag phase). This is followed by a phase of exponential

growth, where the cell mass increases exponentially with time. When their growth



bcomes limited, the cells stop dividing (stationary phase), until eventually they show loss
of viability (death phase). Note the parameters of the x and y axes. Growth is expressed

as change in the number viable cells vs time.

Phases of bacterial growth curve:

1. Lag Phase.

When cells in the stationary phase of growth are transferred to fresh medium, a lag
phase occurs. Although there is no apparent cell division occurring, the cells may be
growing in volume or mass. The lag phase is due to the time required for the
physiological adaptation of stationary phase cells in preparation for growth. The lag
phase can be due the time required for the recovery of cells from toxic products of
metabolism that may accumulate in the external medium, such as acid, bases, alcohols, or
solvents. Sometimes, new enzymes or coenzymes, proteins, RNA, etc. must be
synthesized before growth resumes especially if the fresh media is different from the
inoculum medium. The length of the lag phase is apparently dependent on a wide variety
of factors including the size of the inoculum; time necessary to recover from physical
damage or shock in the transfer; time required for synthesis of essential coenzymes or
division factors; and time required for synthesis of new (inducible) enzymes that are

necessary to metabolize the substrates present in the medium.

2. Exponential (log) Phase.

In exponential phase, all cells are dividing regularly by binary fission, and are

growing by geometric progression. The cells divide at a constant rate depending upon the
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composition of the growth medium and the conditions of incubation. The rate of

exponential growth of a bacterial culture is expressed as generation time.

3. Stationary Phase.

Exponential growth cannot be continued forever in a batch culture (e.g. a closed
system such as a test tube or flask). It may be because of exhaustion of available
nutrients, limitation of oxygen, or the accumulation of inhibitory metabolites or end
products and exhaustion of space, in this case called a lack of "biological space". The

stationary phase, like the lag phase, is not necessarily a period of quiescence.

4. Death Phase.

If incubation continues after the population reaches stationary phase, a death
phase follows, in which the viable cell population declines. Common causes of death
include the depletion of cellular energy and the activity of autolytic (self-destructive)
enzymes. Some bacteria can remain viable for along time. For example, some bacteria
sporulate or form cysts or form coccoid form when exponential growth ceases. Some
bacteria can adapt to nutrient depletion and remain viable for along periods in stationary

phase.

pH homeostasis in gram-negative bacteria.

Enteric pathogens try to keep the internal pH close to 7.6 to 7.8 during growth (3).
The difference between internal pH and outside pH is known as delta pH (A pH). The
internal pH is maintained by pumping the protons into the cell at alkaline outside pH, or

by extruding the protons in an acidic environment (18). Two systems are critical to
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maintaining the internal pH homeostasis in gram negative bacteria. These systems are
potassium-proton antiporters (21) and sodium-proton antiporters (4). Briefly, shifting to
acidic condition causes the potassium-proton antiporter system to alkalinize the
cytoplasm, whereas shifting to alkaline media result in acidification of the cytoplasm
through sodium-proton antiporter (10, 46).

In addition to the above mentioned systems, adaptive acid stress response
systems are “‘emergency’’ systems which enable the enteric pathogens to induce certain
regulatory pathways to cope with the damage caused by severe acidic conditions.
Inducible acid stress responses in some gram negative bacteria are provided in this

review.

Acid resistance properties of Escherichia coli.

The human stomach maintains the acidic environment around pH 2, with an
approximate emptying time of 2 h (41). Escherichia coli possess remarkable acid
resistance systems that enable it to cause disease at low inocula (10 — 100 CFU/ml).
These bacteria are also able to withstand a pH-2 challenge for at least 2 h (24). Four E.
coli inducible acid resistance systems in stationary-phase have been reported that provide
protection to severe acidic environments. The first system is acid resistance system one,
ARI: which relies directly on the stationary-phase sigma factor, and protects cells at
pH 2-5 in minimal media (22). There is a need for activation (not induction) by brief
exposure to glutamate prior to challenge at pH 2.5. The cyclic adenosine monophosphate
(cAMP) receptor protein (CRP) appears to control whether or not the sigma factor-

dependent induction mechanism will operate. Inrapidly growing cells in complex media,



the high value of CRP appears to prevent sigma factor-dependent transcription of the gad
genes. In stationary-phase cells (growing on glucose), cAMP values are low, thereby
allowing sigma factor -dependent gad expression (7). The second acid resistance system,
AR2, requires inducible glutamate decarboxylase, an enzyme that convert intracellular
glutamate to gamma amino butyric acid (GABA) and glutamate/GABA antiporter gad C
(6). Two glutamate decarboxylase (GAD) genes, gadA and gadBC, encode two proteins,
GadA and GadB which provide resistance at pH 2.5 as long as GadC antiporter is present
(9). Inducible amino acid decarboxylase systems provide protection to low pH by
consumption of intracellular protons. In this system, protons leak across the cell
membrane at low pH challenge, and then are consumed by amino acid decaboxylation
reactions (e.g., glutamate decarboxylase GAD to form GABA). To consume protons
efficiently, the decarboxylation product should be carried out by specific
substrate/product antiporters (GadC antiporter) (35). The third AR system requires
inducible arginine decarboxylase (4diA4) and the AdiC antiporter, that convert
intracellular arginine to agmatine with consumtion of protons in the process (15, 19). The
optimum expression of AR3 occurs at low pH 2 in complex media. A fourth system was
recently described as lysine dependent, and involves the inducible lysine decarboxylase
(19). In these described systems, protons entering the cell are consumed by the
decarboxylase reaction via exchange with the amino acid a-carboxyl group. The product
of decarboxylation is then returned to the exterior by antiport in exchange for more
substrate (27). Consuming protons by decarboxylation would produce a less acidic
internal pH and generate an inside positive potential that could help repel protons and/or

prevent excessive proton motive force. This acidophilic strategy developed by E. coli



help to convert membrane potential from an inside negative charge to positive charge,
appears to be an important systemused to survive extreme acidic environments (34).

In contrast, the adaptation of E. coli during the exponential-phase has been
determined and called acid habituation (AH). This occurs when E. coli are adapted in
nutrient broth at pH 5, with the survival measured when the cells are challenged to pH 3,
and involves a short exposure time of 7 minutes (16). Many inducing-agents such as
glutamate, aspartate, proline, glucose, and KCL can be added to the log-phase cells for 60
minutes that cause induction at a neutral pH (36). Phosphate and the phosphate-specific
porin PhoE have been shown to play a major role in AH during the exponential-phase.
Thus, high values of phosphate in the medium are proposed to block access of H' to the
PhoE pore and thereby interfere with signal transduction (2, 37). Extracellular proteins
made at pH 5 are thought to be important to induce acid habituation in log-phase cells
grown at neutral pH (2, 38, 39).

Another system that provides protection to log-phase cells is called acid tolerance
response (ATR). In an ATR system, log-phase cells are protected from severe acid stress
for several hours at pH 3, unlike the previously described AH which provides protection
for only 7 minutes at pH 3 in complex media. Cyclopropane fatty acid (CFA) formation
in the membrane is critical for ATR in E. coli (8). The potential roles of CFAs during the
ATR in E. coli include interaction with membrane proteins that influence proton’s traffic.
Unsaturated fatty acids are converted to their cyclopropyl derivatives by the action of a

cyclopropane fatty acid (CFA) synthase encoded by the cfa gene (17).



Acid tolerance response of Salmonella serovar Typhimurium.

Salmonella typhimurium has both a log-phase and a stationary-phase acid
tolerance system called acid tolerance response (ATR). In both phases, cells grown in
moderately acidic environment trigger the synthesis of certain proteins which protect the
cells from severe acidic condition. This occurs when exponential cells are grown at pH
7.7 in minimal media, then, exposed to moderately acidic environment at pH 5.8. This
treatment enhances the synthesis of pre-acidic proteins that allow adapted bacteria to
survive severe acidic shock (13). Adaptation to pH 4.5 enhances the synthesis of other
sets of proteins called acidic shock proteins (ASPs) (11). About 50 ASPs, which differ
from those of pre-acidic proteins, are believed to be produced due to the lowering of the
internal pH as the outer pH decreases (12).

In log-phase ATR, three regulatory genes are involved in controlling the
expression of subsets of ASPs. The regulatory genes include the alternate sigma factor
sigma factor, which control the expression of 10 ASPs; the iron regulator Fur for 5 ASPs;
and the two components signal transduction system PhoPQ for four ASPs. In addition to
the ASPs, the Ada protein, which is also known as transcriptional regulator, is required to
survive in low pH condition but does not appear to be induced by acid or to regulate
ASPs (2).

The acid tolerance of stationary-phase of Salmonella typhimurium involves both
sigma factor-dependent and sigma factor-independent systems (23). The ¢°-dependent
stationary-phase is not induced by acid, as indicated in the log phase dependent system,
but the entrance of cells into the stationary-phase was enough to induce the sigma factor

system and the acid tolerance. For the acid tolerance sigma factor-independent system,



the only regulator found to affect this system is the OmpR response regulator. It has been
shown that low pH conditions appear to induce the production of OmpR, which, in its
phosphorylated state, can trigger expression of genes needed for acid-induced stationary-
phase tolerance (1).

There is a link between the survival at low pH and virulence. Salmonella
typhimurium is able to survive and replicate in the severe acidic condition of the
macrophage for 60 min (32). Other studies also indicate that mutants defective in acid

tolerance attenuate the pathogenecity of the microorganism (14, 45).

Helicobacter pylori acid tolerance.

H. pylori colonizes the stomach and causes gastroduodenal diseases, such as
gastritis, peptic ulcer disease and gastric carcinoma in humans (5). This organism has
exceptional acid tolerance mechanisms that enable it to survive the severe acidic
condition of the stomach. The most important mechanism involves the production of
urease, which converts urea to carbon dioxide and ammonia an alkaline product (25).
One model suggested for urease protection is that the external urease provides a “cloud”
of less acidic conditions around the organism, and the internal urease plays major role in
supporting the internal pH homeostasis (40). Furthermore, by using urease inhibitor
(fluorofamide), which poorly penetrates the cell, external urease has been shown to be
unimportant for internal pH homeostasis (40). The above mentioned results are also
supported by the fact that internal urease does not become active until the pH outside is
below 6 and remains active through an outside pH 2.5, and that the external urease is

inactivated at pH below 4.5. Considering the optimum pH for urease activity is 7.5, how



do the cells protect themselves from alkalinizing their internal pH when the cells grow at
neutral pH outside in the presence of urea? This question has been solved by the
identification of Urel which is an inner membrane proton-gated, urea-specific channel
(43). The Urel pore opens as pH drops below 6.5 and the cytoplasmic urease gains access
to the outside urea. The enzymatic activity neutralizes the acidic condition, and the pore
closes and urea transport ceases. It has been determined that at least six periplasmic
amino acid residues are important for activation of the Urel transport activity (44, 33).
Protonation of these amino acid residues causes a conformation change that opens the

Urel pore.

Campylobacter jejuni acid tolerance.

Campylobacter spp. are a common causes of food foodborn illness in humans
(20). Due to the fastidious nature of the organism, Campylobacter are very sensitive to
oxygen, unable to grown at temperature below 29°C, and at pH below 4.9 or at sodium
chloride values above 2.5% (42). Unlike other food borne pathogens, Campylobacter
lacks many regulatory pathways in stationary-phase that enable them to cope with the
stresses (31, 30). Apparently, the lack of 7poS increases the sensitivity of Campylobacter
to many stress conditions. Previous studies indicated that the resistance of C. jejuni
NCTC 11351 to different kind of stresses, such as heat or oxidative stress, is not induced
upon the entry to the stationary-phase (20). This sensitivity is also described by acidic
challenge of C. jejuni CI 120, in which acid adaptation did not provide a protection to
mid exponential or the stationary-phase cells (29). More recently, by utilizing different

media such as Brucella broth (BB), Tryptic Soya broth supplemented with yeast extract,



Mueller Hinton broth, and Brain Heart Infusion supplemented with yeast extract, no ATR
was induced (28).

Interestingly, upon the entry to the stationary-phase, C. jejuni displayed a change
in membrane fatty acid composition, particularly a decrease of the proportion of
unsaturated fatty acid and increase in the content of cyclopropane and short-chain fatty
acids (26). This change in membrane composition coincided with an increase in the
cellular pressure resistance, but no change in acid or heat treatment was observed. In
contrast to E. coli, where cyclopropane fatty acids in the membrane play a major role to
increase resistance to protect against acid stress (8, 17), no such role is reported for acid

resistance in C. jejuni (26)
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II. THE EFFECTS OF DIFFERENT PH VALUES ON THE SURVIVAL OF
CAMPYLOBACTER JEJUNI AND CAMPYLOBACTER COLI

INTRODUCTION

Campylobacter jejuni and C. coli are important causative agents of
gastrointestinal infections in humans (15), with an estimated 2.5 million cases each year
in the United States (5).Campylobacter is a normal inhabitant of the gastrointestinal tract
of broiler chickens (20) . Many studies linked the occurrence of Campylobacter in
chickens and the increased incidence of campylobacteriosis in humans. Deming et al. (4)
identified that humans could be infected through eating re-contaminated fully-cooked
chicken, eating chicken that was reported to be raw or undercooked, or eating chicken
meat that was in contact with cats. Another study indicated that consuming unpasteurized
milk was associated with an outbreak of campylobacteriosis in Hungary (13).

Some important factors involved in the epidemiology of Campylobacter in
humans are: handling raw chicken, which causes sporadic Campylobacter infection (7),
eating pork (19), living or working on a farm (19), barbequing (1, 19) and traveling.
Traveling is proposed to be an important factor in the acquisition of bacteria resistant to

antibiotics (6, 18).
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There are many factors that influence stress tolerance of bacteria. The value of
inherent stress tolerance varies among natural isolates. It has been proposed that
Salmonella entritidis PT4 isolated from clinical cases had better inherent tolerance to
heat, acidity, oxidative stress and surface stress than non-clinical ones (8). Those clinical
isolates also showed more resistance to the host defenses systems and displayed enhanced
virulence (9). Another factor playing an important role in inherent stress tolerance and
survival of bacteria in foods is the growth phase of contaminating organism. In general,
the stress tolerance is at the lowest in mid log-phase and increases in late log-phase and
the stationary-phase. RpoS play a major role to induce the tolerance response during the
stationary-phase to different kind of stresses such as heat, HO, (10), osmotic stress (11),
and irradiation (16).

The purpose of this study was to investigate the survival of C. jejuni and C. coli at
pH 6, 5 and 4 during the early exponential and late stationary-phase. Furthermore,
scanning electron microscopy (SEM) was utilized to determine the nature of
morphological changes that occur upon the exposure of C. coli and C. jejuni to different

pH values.

MATERIALS AND METHODS

Bacterial Strains

C. jejuni ATCC 33560, CDC 2002-370 and Post 5, and C. coli ATCC 43473,
43133 and mCC 66 were used in this study. All strains were maintained at -80° C.
Cultures were transferred from frozen stocks to modified Campy Cefex (mCC) and

grown at 42°C under microaerophilic conditions (BOC Gas, 5% O,, 10% CO, and 85%
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N2). The cultures were incubated for 48 h before starting each experiment.

Preparation of inoculum

A loop of'the culture was obtained from mCC plates and suspended into 9 ml
sterile phosphate buffer saline (PBS). The suspension was adjusted to MacFarland No.
0.5 turbidity to achieve a concentration of 10°~-10® CFU/ml and adjusting them to an
optical density at 600 of 0.1 to 0.2 (approximately 1x10® CFU/ml), measured with
spectrophotometer (Spectronic GENESYS 20 Vis; Thermo Electron Co, Waltham, MA).
From each PBS tube, one ml was transferred to 10 ml tryptic soy broth (TSB, Difco
Laboratories, Detroit, MI) and incubated for 4 h under microaerophilic conditions at
42°C to create early exponential-phase cultures.

To maintain the stationary-phase cells; mCC culture plates were incubated under
microaerophilic conditions for 48 h. The cells were then harvested in PBS and

concentrated to MacFarland No. 0.5 turbidity (~10°-10® CFU/ml).

Acid resistance of Campylobacter spp. in exponential and stationary-phase

Preliminary studies were done to determine the survival of Campylobacter jejuni
and C. coli at different pH values and over time. Tubes with 10 ml TSB adjusted to pH 7,
6, 5 and 4 with 1IN HCL were inoculated with 0.1 to 1 ml of PBS containing exponential
or stationary-phase cultures. Survival (percentage) was determined at 0.5, 1, 4 and 24 h
at 42°C under microaerophilic conditions. Initial and final counts were determined on
Campylobacter blood free agar plates (mCCDA, Acumedia, Baltimore, MD) incubated at

42°C under microaerophilic conditions for 48 h.
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Scanning electron microscopy (SEM)

To determine the value of stress induced at pH 5 and pH 4, SEM photographs
were collected for two C. coli cultures (mCC 66 and ATCC 51798), and one C. jejuni
(CDC 2002-353). After 2-3 h exposure to pH 4, one ml of the culture was fixed in 2%
Glutaraldehyde, 1% Osmium tetroxide and 0.1 M Cacodylate buffer (pH 7.2) for 20
minutes. Cultures were mounted on aluminum stubs with ventral surface upwards and
sputter—coated with gold/plalladium. Specimens were examined in a Zeiss DSM 940

SEM operated at 15 kV.

Statistical analysis

All experiments were performed in triplicates. Results were converted to logio
CFU/ml and expressed as percent survival after each test. Data were analyzed using GLM
procedures (SAS Institute Incorporated, Cary, NC) and means analyzed for differences

by Duncan’s test (SAS Program) with significance set at P < 0.05.

RESULTS

Tolerance of Campylobacter spp. to different pH value

The survival percentage of Campylobacter spp. indicated that there is no
significant difference after exposure to pH 6 for 1 h and 4 h and at both of exponential
and stationary-phases. Under moderate acidic condition (pH 6), Campylobacter survival
was slightly decreased after 24 h (P > 0.05). At pH 5, the survival of C. jejuni declined

with time and at 4 h only 74 to 75% of the original population was recovered. The
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survival of C. jejuni decreased pronouncedly at pH 4, with only 24% surviving after 4 h.
C. coli strains were quickly inactivated by pH 4. After 1 h, only 55 and 42% of C. coli
were recoverable at pH 4 at the exponential and stationary phases, respectively. No C.
coli were recovered after 4 h, even after the enrichment of the samples in Bolton broth

(Oxoid) without antibiotics.

Morphological changes of Campylobacter spp. upon exposure to acid stress

The morphological change and topography due to acidic stress were examined by
SEM (Fig. 1, 2, 3). The control C. coli and C. jejuni cells have a normal spiral shape with
smooth surface (Fig. 1 A, 2 A) and in a large magnification (Fig. 3 A, C). Cells stressed
at pH 4.5 completely lost their spiral shape, resulting in roughness and amorphous
collapsed bodies (Fig. 1 B, D, 2 B) and in a large magnification (Fig. 3 B, D). These
results indicate the possibility that the outer membrane of the cells or the cytoplasmic
membrane partially perturbed. Campylobacter cells exposed to pH 5 showed ruffling and
craters on the surface (Fig. 1 C) and in a large magnification (Fig. 2 F) compared with

control cells (Fig. 2 E).

DISCUSSION

Our results are in agreement with what has been reported previously by Kelly et
al. (14) who indicated that the resistance of the cells to heat and aeration was greater
during exponential-phase, and that there is a fluctuation in resistance during the early and
late stationary-phases. These results correlate with the absence of RpoS in the genome of
Campylobacter jejuni NCTC 1135, the strain used in their experiment.

Unexpectedly, our results pointed out that all C. coli strains lost their viability
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quickly in TSB broth at pH 4. This observation was noted in both the exponential and the
stationary-phases with a better survival for the control cells compared with the exposed
ones, and unlike the experiments by Kelly et al. (14) in which the C. coli strain UA585
showed a pattern of survival similar to that observed in C. jejuni following entry in the
stationary-phase. Chaveerach et al. (2) found that ten strains of C. jejuni and C. coli were
equally inhibited by a mixture of water and commercial broiler feed acidified at pH 4.0
with formic, acetic, propionic, or hydrochloric acid. Those ten strains also lost completely
their culturability in Mueller-Hinton broth adjusted to pH 4 with formic acid and could
not be recovered even when enrichment media was used (2). Variation in strains, media
and methodologies used may explain the discrepancy between our results and the results
obtained by previous studies.

Whereas, the viable cell counts decreased upon exposure to acidic conditions, this
decrease paralleled with a gradual change in Campylobacter cell morphology (Figure 1
B, D; Figure 2 B) and in a large magnification (Fig. 3 B, D). Stress-induced morphology
has been also reported with E. coli, which occurs as a result of inducing gene bol4
belonging to the rpoS regulon upon exposure to different stresses during the stationary-
phase (17). It is apparent that Campylobacter spp. respond to the change in the
environment, especially the change in pH, and these responses are reflected as altered cell
morphology. These results are in agreement with previously reported morphological
changes of two Gram-negative pathogens, E. coli O157:H7 and S. typhimurium, after
exposure to hydrostatic pressure and bacteriocin mixture (nisin and pediocin) (3, 12). The
results presented above demonstrated that acidic stress, particularly at pH 4 and 5, could

be caused obviously greater morphological changes on cell surfaces of Campylobacter,
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allowed H' to gain access to cytoplasmic components of the cell. Such changes in the cell
envelope could subsequently induce lysis and an obvious reduction in viable cell counts
especially in C. coli. In conclusion, these results indicate that Campylobacter, especially
C. coli, are sensitive to low pH. The influence of media on acid sensitivity should be

investigated.
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pH 6 pHS pH 4

Species Phase lh 4h 24h lh 4h 05h 1h 4h

Exponential 88 87 79 82% 68 76" 558 0

C. coli Stationary 86 86 79 76° 64 63>  42° 0
SEM 1.0 09 22 13 2.0 39 36 0

Exponential 88 88 75 86 75 83 77 24

C. jejuni Stationary 88 87 75 85 74 83 75 24
SEM 0.5 0.5 3.0 0.9 1.1 12 20 45

Table 1. Survival (% of initial inoculum) of exponential and stationary-phase cells of C.
Jjejuni (ATCC 33560 and 43473, CDC 2002-370 and Post 5) and C. coli (ATCC 43473,
43133 and mCC 66) at pH 6, 5 and 4. All strains were unrecoverable at 24 h in pH 5 and
pH 4. SEM: standard error of the mean. Means with different superscripts are statistically
significant (P < 0.05) for the same pH and time. Comparison made between exponential

and stationary-phase cells.
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Figure 1. Morphological changes of C. coli ATCC 51798 and mCC 66 cells under SEM.
mCC 66 cells with integral cytoplasmic membranes at pH 7 (A) and cells with disruption
in the membranes at pH 4 (B). ATCC 51798 cells at pH 5, with arrows showed ruffling
and craters on the surface (C) and pH 4 (D). Photographs were collected after 2-3 h
exposure to pH 7, 5 or 4. One ml of the culture was fixed in 2% glutaraldehyde, 1%
osmium tetroxide and 0.1 M cacodylate buffer (pH 7.2) for 20 minutes. Specimens were
examined in a Zeiss DSM 940 scanning electron microscope operated at 15 kV. Bars=

Ipm.
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Figure 2. Morphological changes of C. jejuni CDC 2002-353 cells under scanning
electron microscopy. CDC 2002-353 cells with integral cytoplasmic membranes at pH 7

(A) and cells with disruption in the membranes at pH 4 (B).
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Figure 3. Morphological changes of and C. coli mCC 66, C. jejuni CDC 2002-353, and
C. coli ATCC 51798 cells under SEM. mCC 66 cells with integral cytoplasmic
membranes at pH 7 (A) and cells with disruption in the membranes at pH 4 (B). Similar
cell morphology has been observed for CDC 2002-353 in control cells (C) and stressed
cells at pH 4 (D). ATCC 51798 cells at pH 5 showed ruftling and craters on the surface
(F) compared with control cells at pH 7 (E). Photographs were collected after 2-3 h
exposure to pH 7, 5 or 4. One ml of the culture was fixed in 2% glutaraldehyde, 1%
osmium tetroxide and 0.1 M cacodylate buffer (pH 7.2) for 20 minutes. Specimens were
examined in a Zeiss DSM 940 scanning electron microscope operated at 15 kV. Bars=

Ipm.
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[II. EXPOSURE TO SUBLETHAL LOW PH BY FLUOROQUINOLONE-RESISTANT

CAMPYLOBACTER JEJUNI AND C. COLI

INTRODUCTION

The mechanisms of acid tolerance have been discovered for many Gram positive
and Gram negative bacteria (6). However, few studies have been conducted on the stress
response properties of Campylobacter spp. Kelly et al. (10) indicated that the resistance
of Campylobacter jejuni to heat and aeration was greater during the exponential-phase
and that there are fluctuations in the resistance during the early and late stationary-phases.
This study also indicated that one C. coli strain had a pattern of survival similar to that
observed in C. jejuni following entry to the stationary-phase.

More recently, a study was conducted to identify the adaptive tolerance response
to acid and/or aerobic conditions in exponential and stationary-phases using one C. jejuni
strain (13). The survival of C. jejuni CI 120 adapted cells during the early stationary-
phase was better than the mid-exponential-phase cells after adaptation to mild pH, and
ATR was induced under aerobic + acidic conditions in both early and late stationary-
phases. Under acidic adaptation, the late stationary-phase showed inconsistent survival
rates at different times and at low pH challenge.

Fluoroquinolone resistance (FQ® ) in Campylobacter has increased rapidly in
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many countries (5). Up to 80% of Campylobacter isolates are fluoroquinolone-
resistant in Thailand and Spain (9). However, in many parts of the world fluoroquinolone
resistance values remain low (5). In the US, data collected by the Centers for Disease
Control and Prevention (CDC) through the National Antimicrobial Resistance
Monitoring System (NARMS) showed that 14.2% of the C. jejuni isolates tested in 2000
were fluoroquinolone resistant (3). In vivo fitness of FQ® Campylobacter jejuni in
chickens indicates that acquisition of FQ® in Campylobacter does not impair its
colonization in the absence of antibiotic selective pressure (11). This finding indicates
that FQR Campylobacter is able to stay in the flock until the slaughter age, with no
obvious history of using FQ antimicrobial as treatment. Furthermore, the enhanced
fitness in FQ® Campylobacter was not due to compensatory mutation in the genes
targeted by FQ, but was directly linked to the resistance-conferring mutation in gyr 4.
The previous study also proposed that other etiological factors, such as bacterial
virulence, host immune system, and environmental condition and management practice
play a role to increase the prevalence of FQ® in Campylobacter isolates.

The purpose of this study was to determine if early-exponential or stationary-
phase cells of 10 fluoroquinolone-resistant C. jejuni isolated from humans, two
fluoroquinolone-sensitive C. jejuni strains and nine C. coli strains that showed an acid
adaptation response when subjected to pH 5 for 4 h. Furthermore, the influence of
different broth media in the response to low pH by C. jejuni and C. coli was also

assessed.
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MATERIALS AND METHODS

Bacterial strains

C. jejuni strains used in the studies included one chicken isolate (Post 5), ATCC
33560, and ten fluoroquinolone-resistant (FQY) strains (CDC 2002-341, -348, -351, -353,
-370, -404, -409, -410, -420 and -439) from the Centers for Disease Control and
Prevention (2). The C. coli strains included a chicken isolate (mCC 66), and ATCC
numbers 33559, 43133, 43473, 43481, 43484, 49941, 51798 and BAA-371. All strains
were maintained at -80° C in glycerol (20-30%). Cultures were transferred from frozen
stocks to modified Campy-Cefex (mCC) (14) and grown at 42°C under microaerophilic
conditions (BOC Gas, 5% O, 10% CO; and 85% N). Cultures were incubated for 48 h
before starting each experiment. Table 1 shows the antibiotic resistance profile of 10 FQ®
strains of C. jejuni (CDC 2002). The identity of the isolates was also confirmed with an

automated ribotyping system (Qualicon, Wilmington, DE) (Figure 1).

Preparation of inoculum

A loop of the culture was harvested from mCC plates and suspended into 9 ml
sterile phosphate buffer saline (PBS). The suspension was adjusted to MacFarland No.
0.5 turbidity to achieve a concentration of 10°~-10® CFU/ml and adjusting them to an
optical density at 600 of 0.1 to 0.2 (approximately 1x10° CFU/ml), measured with
spectrophotometer (Spectronic GENESYS 20 Vis; Thermo Electron Co, Waltham, MA).
To create early exponential-phase cultures, one ml of the inoculated PBS was transferred
to 10 ml tryptic soy broth (TSB pH 7, Difco Laboratories, Detroit, MI) and incubated for

4 h under microaerophilic conditions at 42°C.
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To obtain stationary-phase cells, mCC culture plates were incubated under
microaerophilic conditions for 48 h. The cells were then harvested and adjusted to

MacFarland No. 0.5 turbidity before each experiment.

Studies to induce acid stress

Forty-eight hour cultures were used as stationary-phase cells or used to induce
early exponential-phase cells as described under Preparation of Inoculum. Cultures were
transferred to TSB adjusted to pH 5 that was incubated at 42°C under microaerophilic
conditions for 4 h. Cultures were then transferred to TSB adjusted to pH 4. Initial counts
were determined immediately after the transfer to pH 4 for both control and pH-5-
exposed cells. Final counts were determined after 2 h of incubation at 42°C under
microaerophilic conditions. Similar experiments were done using Brucella broth (BB pH
7, Acumedia) but the final counts in pH 4 were determined at 3 h incubation at 42°C

under microaerophilic conditions.

Automated ribotyping

Automated ribotyping was performed by using RiboPrinter (Qualicon,
Wilmington, DE) with the restriction enzyme Pst] and according to the manufacturer’
instructions. Briefly, single colonies from a 24-48h cultures on blood agar plate (mCC)
were suspended in a sample buffer and heated at 80°C for 15 min. The cell suspension
was lysed and the chromosomal DNA was isolated, digested with Ps?1, electrophoresed,

and simultaneously blotted in an automated manner. Bands were detected and analyzed
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with Bionumerics software using the band matching coefficient of Pearson’s clustering to

determine profile relatedness.

Statistical analysis

All experiments were performed in triplicates. Results were converted to logio
CFU/ml and expressed as percent survival after each test. Data were analyzed using GLM
procedures (SAS Institute Incorporated, Cary, NC) and means analyzed for differences

by Duncan’s test (SAS Program) with significance set at P < 0.05.

RESULTS
The results of susceptibility testing among Campylobacter CDC 2002 isolates to
fluoroquinolone are shown in Table 1. FQ" in CDC strains are noticed particularly
against Nalidixic Acid (MIC>256) followed by Ciprofloxacin (MIC>32). The multi-drug
resistance pattern (>2 drugs) has been observed in all Campylobacter CDC 2002 isolates,

involving two drugs: Ciprofloxacin and Nalidixic Acid.

Acid tolerance response of Campylobacter jejuni and C. coli

During the exponential-phase, the non-exposed cells showed a pronounced
survival advantage over the exposed cells in all C. jejuni strains used (Table 2). This was
statistically significant in almost 50% of C. jejuni strains in TSB experiment. The
survival of C. jejuni in Brucella broth was extended to 3 h; because at 2 h a higher
percent of survival was ascend for both exposed and control cells in both phases (data not

shown). Similar results were obtained by using Brucella broth during the exponential-
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phase, in which the non-exposed cells showed a better survival compared with the
exposed ones. However, in BB, the exposed cells showed a remarkable decrease at low
pH, and this was significant in all C. jejuni strains (Table 2). CDC 2002-439 showed a
very low percent survival at low pH in both exposed and control cells, with no
differences for both media and growth phases (Table 2). It is clear from this data that as
the time increases, survivals decrease, especially in the exposed cells during the
exponential-phase.

C. jejuni strains showed a fluctuation in the survival at low pH during the
stationary-phase, and this was strain specific. In the TSB experiments, the non-exposed
cells gave a better survival than the exposed cells. However; this was only statistically
significant for CDC 2002-410, -351, post 5, and ATCC 33560. It should be noted that as
time increased to 3 h in Brucella broth stationary-phase experiment, more strains
displayed a larger survival rate in the non-exposed cells (Table 2).

In contrast to C. jejuni, C. coli strains were very sensitive to the low pH treatment
(Table 3). Statistically, the mean survival of non-exposed cells for C. coli ATCC 44941, -
43133, and -43473 was significantly larger than the exposed cells, especially during the
exponential-phase. Furthermore, C. coli-stationary-phase experiments showed a
remarkable sensitivity to low pH treatment compared with C. jejuni and for both exposed
and non-exposed cells. In the TSB experiment, the control cells showed very low survival
with almost no counts observed for the exposed cells in the stationary-phase. In Brucella
broth experiments cells died quickly and almost no bacterial counts detected in the plates
in the non-exposed and exposed groups (data not shown).

Interestingly, a group analysis for all strains also indicated a better survival of the
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control cells compared with the exposed cells (Table 4). The survival advantage of the

control cells was noticed in both exponential and stationary-phases.

DISCUSSION

The increase in fluoroquinolone-resistant among C. jejuni strains in the United
States is not well understood. Smith et al. (1999) suggested that foreign travel was the
main contributing factor for Minnesota residents (18). Furthermore, the use of a
fluoroquinolone antibiotic within a month before the collection of the stool samples
appeared to be associated with increase fluoroquinolone resistance (18). Many studies
focused on the great possibility acquiring antimicrobial resistance from animals (i.e.
poultry) to humans (4). Other studies suggested the relationship between the use of
fluoroquinolones in animals and the resistance among human isolates in the 1980s in
European countries (5). Because of the complex transmission cycle, studying the
transmission of antimicrobial resistance from animals to humans has become very
difficult (8). In both TSB and BB experiments, the sublethal exposure to low pH during
the early exponential-phase at pH 5 for 4 h caused no acid adaptation in fluoroquinolone-
resistance C. jejuni cells (Table 2). Probably this is correlated with the absence of
regulatory mechanisms in Campylobacter especially an alternative sigma factor, which
provides protection to different environmental stresses upon the entry to the stationary-
phase. On the other hand, our results demonstrated that survival advantage of
fluoroquinolone-resistance C. jejuni during the stationary-phase in TSB or BB was not
induced upon exposure to pH 5. The data (Table 2) showed better survival (P < 0.05) of

control cells over the exposed ones. Wu et al. (19) also failed to find any stress-induced
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protein in Campylobacter jejuni subjected to pH 5 or 4 for 1 h, but were able to find
proteins homologue of E. coli GroEL and GroES at pH 8.6.

ATCC C. coli strains quickly lost their viability in TSB or BB after being
challenged to low pH 4 (Table 3). This observation was noted both in the exponential or
the stationary-phases with a better survival for the non-exposed cells. Our finding
disagree with that reported by Kelly et al. (10) in which a C. coli strain had a pattern of
survival similar to that observed in C. jejuni following entry in the stationary-phase
(10). Different kinds of stresses, strains variations, different media and methodologies
used may explain the discrepancy between our result and results obtained by the previous
study.

Our conclusion about the survival of exposed cells during early exponential-phase
is consistent with what has been reported by Murphy et al. (2003), although their study
investigated the mid exponential-phase rather than early exponential-phase (12). This
study indicated inconsistencies with the survival of late stationary-phase cells over time
and at low pH. Our findings revealed a variation in the survival among different strains
studied during the late stationary-phase, with no induction observed at pH 5.
Additionally, the non-exposed cells always showed better survival than the exposed cells
in both TSB and Brucella Broth. The survival of non-exposed cells was statistically
significant, and strain specific (Table 2 and 3). Group analysis also indicated that the
survival of non-exposed was statistically significant in both experiments (Table 4).

Murphy et al (2003) experiment also indicated that ATR was induced under
aerobic + acidic conditions in both the early and the late stationary-phases. It can be

concluded that the exposure to mild acidic treatment does not provide protection to sever
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acidic shock in Campylobacter, and that those other stresses such as aerobic conditions as
reported previously (12) could play a major role in cross protection. Campylobacter in
many food systems is readily exposed to oxygen that leads to the formation of antioxidant
enzymes which play a major role in protecting against oxidative stress and indirectly
against low pH. Superoxide dismutase (SOD) (15, 16, 17), alkyl hydroperoxidase
reductase (Ahp) (1), and catalase (KatA) (7), play a key role as an oxidative defense
mechanism in Campylobacter. Those enzymes play an important role in the survival of
Campylobacter in many foods such as milk, poultry, and meat, and also have a role in the
survival to freezing (16, 18). SOD is believed to enhance Campylobacter colonization in
animal models (16), and invasion of mammalian cells in vitro (15). Because our
experiments were done completely under microaerophilic conditions, further studies are
required to investigate the role of antioxidant enzyme during the exposure to low pH and
their role to provide a cross protection to low pH.

Ribotyping results for all Campylobacter strains indicated that two different
species of C. jejuni and C. coli strains separate themselves into two distinct groups with
very low similarity (25.54%) (Figure 1). If ATCC 43133 is not included, the three very
closely related C. coli strains are 92.53% similar.

In our attempt to investigate the role of different media to induce the survival of
Campylobacter spp. against sever acidic condition, we found that when Campylobacter
spp. are cultured in a rich medium such as Brucella broth, the bacterial survival in pH 4 is
greater than that observed in TSB. In both phases, the data showed a close similarity in
the results between TSB and BB for both exposed and non-exposed cells (Table 4). Time

is a critical factor in determining the survival advantage for each exposed and non-
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exposed cells, and time variation between TSB and BB maybe correlated with the
different components of the two media. These results illustrated no difference between
two media to induce acid adaptation to severe acidic environment. Murphy et al. (12)
have recently described a variation in the survival of one C. jejuni strain in different
broths and in three Brucella broths from different manufacturers. The strain showed
similar results to ours, with exposed cells surviving less than non-exposed cells in one
Brucella broth from one manufacturer. However, the same strain exhibited a tolerance
response at pH 4.5 in the other two Brucella broths. This information highlights the
complexity of selecting a standard strain and or broth for stress studies with
Campylobacter.

It is apparent that the survival of FQ® Campylobacter jejuni to low pH was not
enhanced upon exposure to moderate acidic conditions. Also our findings indicated that
cells grown at neutral pH showed a better survival than the exposed cells in both
exponential and stationary-phase. The lack of a defined minimal medium suitable for
Campylobacter growth prevented clear understanding of the nutrient requirements of the
organism, and the environmental condition that play an important role in the survival of
Campylobacter cells under stress conditions. Due to the growth media complexity, the
effects of pH on the growth survival of Campylobacter should be assessed in a defined

medium.
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Antimicrobial (MIC Values)

Strain NA CM CL CI EM AZ GM TC
CDC 2002 341  >256 0.25 1.0 >32 0.50 0.094  0.250  0.064
CDC 2002 348  >256 0.19 0.5 >32 0.75 0.125 0.190 32
CDC 2002 351  >256 0.75 3.0 >32 1.00 0.125 0.250  0.25
CDC 2002 353  >256 0.50 1.5 >32 1.00 0.094  0.125 0.19
CDC 2002 370  >256 0.75 4.0 >32 1.00 0.190 0.190 0.5
CDC 2002 404 >256 0.50 2.0 >32 0.50 0.047  0.250 0.25
CDC 2002 409  >256 0.38 6.0 >32 0.75 0.094  0.250  >256
CDC 2002 410  >256 0.38 1.5 >32 1.00 0.125 0.250  0.125
CDC 2002 420  >256 0.25 1.5 >32 0.75 0.125 0.250  0.19
CDC 2002 439  >256 0.38 6.0 >32 1.50 0.125 0.250  0.25

Table 1. Antibiotic resistance profile of Campylobacter jejuni strains.
NA = nalidixic acid, CM = chloramphenicol, CL = clindamycin, CI = ciprofloxacin, EM

= erythromycin, AZ = azithromycin, GM = gentamicin, TC = tetracycline.
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Survival (%)

TSB pH 4 (2 h)

Brucella broth pH 4 (3 h)

Strain  Treatment Expo. SEM  Statio. SEM Expo. SEM  Statio. SEM
Exposed

CDC (pH 5) 63.6° 69.7 75.0° 80.2

2002- Control

341 (pH 7) 88.6°  6.26 77.4 4.65 79.8%  0.90 85.8 2.66
Exposed

CDC (pH 5) 77.6° 90.6 54.7° 84.4

2002- Control

348 (pH 7) 943%  3.86 94.0 1.79 82.7% 129 88.8 1.57
Exposed

CDC (pH 5) 78.6° 87.3 59.78 93.4

2002- Control

351 (pH 7) 96.3*  1.39 95.6  1.85% 81.6%  2.00 88.0 1.80
Exposed

CDC  (pHY) 85.6 87.0 83.0° 59.8"

2002- Control

353 (pH 7) 923  4.05 91.8 4.87 93.6" 216 742% 285
Exposed

CDC (pH 5) 65.6° 78.4 48.6° 48.9%

2002- Control

370 (pH 7) 91.3%  3.55 80.0 1.43 86.2% 223  659%  3.14
Exposed

CDC (pH 5) 74.0 81.3 79.68 76.3"

2002- Control

409 (pH 7) 93.6  6.18 84.2 1.50 89.7% 270 8L.1*  1.10
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Exposed
CDC (pH 5) 61.38 65.0 63.28 69.1%

2002- Control

404 (pH 7) 89.3% 523 70.2 4.99 83.5% 225  889% 222
Exposed
CDC (pH 5) 62.3 62.9% 68.3% 71.9

2002- Control

410 (pH 7) 70.6 247  771%  1.40 86.0*  1.88 75.0 3.28
Exposed
CDC  (pHYS) 72.38 80.4 70.7° 75.7

2002- Control

420 (pH7) 85.3% 1.81 84.5 2.09 87.0%  2.02 83.1 2.07
Exposed
CDC (pH 5) 58.3 59.6 46.2 62.0

2002- Control

439 (pH 7) 56.6  2.50 71.0 6.05 516 228 65.7 5.61
Exposed
(pH 5) 85.3 69.4° 52.6° 79.9
Control

Post5  (pH7) 87.6 218  80.6* 193 82.1°  2.54 80.2 4.26
Exposed
(pH 5) 78.6 79.6° 77.58 60.6°

ATCC  Control

33560  (pH7) 83.0 590 926 1.71 87.3% 178 854 282

Table 2. Survival (%) of Campylobacter jejuni at pH 4 on TSB and Brucella broth. SEM:

standard error of the mean. Means (for the same strain and phase) with different
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superscripts are statistically significant (P < 0.05). Comparison made between exposed

and non-exposed (control) cells
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Survival (%) in TSB pH 4 (2 h)

Strain Treatment Exponential SEM  Stationary SEM
Exposed (pH 5) 0.0 0.0
mCC 66 Control (pH 7) 20.0 14.14 4.6 3.30
Exposed (pH 5) 0.0% 0.0
ATCC 43473 Control (pH 7) 40.2* 5.07 0.0 0.0
Exposed (pH 5) 0.0% 0.0
ATCC 44941 Control (pH 7) 45.6" 1.56 5.1 3.60
Exposed (pH 5) 0.0% 0.0
ATCC 43133 Control (pH 7) 4574 2.23 0.0 0.0
Exposed (pH 5) 0.0 2.9
ATCC 43481 Control (pH 7) 0.0 0.0 3.5 3.28
Exposed (pH 5) 0.0 0.0
ATCC BAA-371 Control (pH 7) 2.6 1.8 6.4 4.52

Table 3. Percentage survival of Campylobacter coli at pH 4 on TSB and Brucella Broth.

ATCC 51798, 33559 and 43484 were unrecoverable in TSB and Brucella. ATCC 43133

and BAA-371 gave recoverable cells (10% or less) only in Brucella broth, exponential-

phase and for non-exposed cells. SEM: standard error of the mean. Means with different

superscripts are statistically significant (P < 0.05) for the same strain and phase.

Comparison made between exposed and non-exposed cells.
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Survival (%)

Media Phase Treatment C. coli  C. jejuni

Control (pH 7) 17.1% 85.4%

Exponential Exposed (pH 5) 0.0° 72.3°

TSB
SEM 3.1 2.0
pH 4
Control (pH 7) 2.1 81.7
(2h)
Stationary Exposed (pH 5) 0.3 77.4
SEM 0.8 1.8
Control (pH 7) 1.5% 82.6"

Brucella Exponential  Exposed (pH 5) 0.0% 64.9"

broth SEM 0.5 1.9

pH 4 Control (pH 7) 0.0 80.1%

(3 h) Stationary Exposed (pH 5) 0.0 71.8"
SEM 0.0 1.8

Table 4. Survival (%) of C. jejuni and C. coli strains analyzed for survival in TSB or
Brucella broth. SEM: standard error of the mean. Means (for the same strain and phase)
with different superscripts are statistically significant (P < 0.05). Comparison made

between exposed and non-exposed (control) cells.
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Pearson comelation (Opt 1 56%) [0 0% 100 09%)

VCB VCB

=100

Il 110 32 Campylobacter  jejuni coc 1136

] 409 Campylobacter  jejuni coc 1000

| | I} s Campylobacter  jejuni coc 1119

I 1 | 33560 Campylobacter jejuni  ATCC 1003
| ||} 348 Campylobacter  jejuni coc 1125

| ] 40 Campylobacter  jejuni coc 2048

[ | ||] 404 Campylobacter  jejuni cbc 2005

E | [I] 430 Campylobacter  jejuni coc 2005
| 11 3 Campylobacter jejuni  CDC 2006

[ | 351 Campylobacter  jejuni cbc 2084

| | 420 Campylobacter  jejuni  CDG 2072

| | | PosTs Campylobacter  jejuni Chicken Isolate 1141

I l I I 66 Campylobacter  coli Chicken Isolate 1200

[ 1l | 4348 Campylobacter  coli ATCC 2013

N | | 49941 Campylobacter  coli ATCC 2013

. I | 43473 Campylobacter  coli ATCC 2013

| Il | 4s13s Campylobacter  coli ATCC 2013

- Il | | 33880 Campylobacter ~ coli ATCG 1172
’7 Il | | st17e8 Campylobacter  coli ATCC 1182
7| —1 Il 1] Brasm Campylobacter ~ coli ATCC 1175
1 0| 45484 Campylobacter  coli ATCC 1163

Figure 1. Dendorogram of Campylobacter strains. Restriction was done with Pstl
according to manufacturer’s instructions. Bands were detected and analyzed with
BioNumerics (Applied-Math, Inc., Austin, TX) using the coefficient of Pearson’s

clustering to determine profile relatedness.
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IV. GROWTH AND SURVIVAL OF CAMPYLOBACTER JEJUNI IN

CHEMICALLY DEFINED MEDIUM M 199

INTRODUCTION

Many selective media have been designed to isolate C. jejuni from foods. These
media utilize mixture of antibiotics in a rich base and are usually incubated at 42°C under
microaerophilic conditions for 24 h (7, 8). Due to the microaerophilic nature of the
organism, it is important to incorporate ingredients to neutralize the toxic effect of the
substances that form in the presence of oxygen and light.

For most plate media, the incorporation of blood at values of 5% to 15% is
common (9). Other supplements are also incorporated as a replacement of blood,
primarily a combination of ferrous sulphate, sodium metabisulphite, and sodium
pysulphate (FBP) at different concentrations (12, 13). Blood and FBP are believed to
neutralize the toxic effect of oxygen derivatives (14, 15, 23). Haematin (16) and charcoal
(3, 16) are also used to quench oxygen derivatives.

Campylobacter enrichment broths have been developed to isolate the organism
from samples where the numbers of Campylobacter are relatively low (5, 4). The most
commonly used media for isolation of Campylobacter from a food sample are Preston

and Campylobacter blood free agar plates (mCCD) media of Bolton. Both of those are
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utilized as enrichment media (5, 9).

For stress response studies, the use of complex media does not necessary give
results that mimic in vivo survival of C. jejuni. Furthermore, certain nutrient
requirements for Campylobacter growth can not be evaluated by using complex media,
and their role are still poorly understood. A chemically defined medium has been
developed previously by Dickgiesser et al. (10) for cultivation of C. jejuni strains of
human origin. About 57.7% of the strains investigated required amino acid L-methionine.
However, C. intestinalis were unable to grow in the previous described media. Therefore,
the use chemically defined media must be investigated further to better understand the
physiology of Campylobacter, and the regulatory pathway required for stress response.

The purpose of the study was to evaluate the growth of C. jejuni and C. coli in a
medium in which all components were chemically defined and to determine the effect of
different pH values on cell viability. Furthermore, the difference in terms of cell viability,
cell morphology, and cell motility of Campylobacter between the chemically defined

media M 199 and the traditional media used for isolation was also evaluated.

MATERIALS AND METHODS
Strains used
C. jejuni strains used in the studies included one human strain (CDC 2002-353),
and one C. coli (ATCC 49941). Three C. jejuni strains Post 5, ATCC 700819, and CDC
2002-353 were used in the comparative study between minimal medium and the

traditional media.
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Preparation of inoculum
Cultures were transferred from frozen stocks to modified Campy Cefex (mCC)

plates and grown at 42°C under microaerophilic conditions (BOC Gas, 5% O, 10% CO,
and 85% N,). The cultures were incubated for 48 h before starting each experiment. The
media used in this study are as follow: chemically defined medium M 199 (Gibco) (21);
Brucella broth (BB; Acumedia); Brain Heart Infusion broth (Oxoid) supplemented with
0.6% (w/v) yeast extract (BHIYE) and Tryptone Soya broth (Oxoid) supplemented with
0.6% (w/v) yeast extract (TSBYE). No antibiotics or other supplements, such as blood or

FBP, were added to the media.

Survival of Campylobacter at different pH values utilizing M 199

C. jejuni (CDC 2002-353), and C. coli (ATCC 49941) were streaked on mCC and
incubated for 48 h under micoaerophilic conditions. The pH of the defined medium was
adjusted to different pH values (pH 8, pH 7, pH 6, pH 5, and pH 4) by direct addition of 1
M HCIl and confirming with a pH Meter (AB 15, Fisher Scientific). The cell cultures
obtained from mCC plates were harvested and suspended into 10 ml of sterile phosphate
buffer saline (PBS). The suspension was adjusted to MacFarland No. 0.5 turbidity to
achieve a concentration of 10°-10° CFU/ml and adjusting them to an optical density at
600 of 0.1 to 0.2 (approximately 1x10® CFU/ml), measured with spectrophotometer
(Spectronic GENESYS 20 Vis; Thermo Electron Co, Waltham, MA). From both PBS
tubes, 0.1 ml was transferred into 10 ml M 199 tubes adjusted to different pH values. The

initial counts were performed immediately after transfer to different pH values. Cultures
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tubes were tested for survival at 0, 4 and 24 h after incubation at 42°C under
microaerophilic conditions. Viable cell counts at different times were determined on
Campylobacter blood free agar plates (mCCDA, Acumedia, Baltimore, MD), and

incubated at 42°C under microaerophilic conditions for 48 h.

Comparison between M 199, BB, BHIYE, and TSBYE

Each C. jejuni isolate was harvested from mCC plates and suspended into 9 ml
sterile phosphate buffer saline (PBS). The suspension was adjusted to MacFarland No.
0.5 turbidity. Utilizing phosphate buffer saline (PBS), another serial dilution (1:10) was
performed from the previous concentration to obtain a concentration of 10°-10° CFU/ml.
From each diluted PBS tube, 0.1 ml was transferred to 10 ml of the four media used to
achieve a further dilution of 1:1000-1:10,000. The initial count for each strain was
determined on Campylobacter blood free agar plates (mCCDA, Acumedia, Baltimore,
MD) incubated at 42° C under microaerophilic conditions for 48 h. All broth cultures
were incubated at 42° C under microaerophilic conditions and the survival for each strain
in different broth was determined at 24, 48, and 72 h. Bacterial counts were performed by
utilizing Petroff Hausser counting chamber (Hausser Scientific). The pH for different

broth cultures was also determined at different times during the experiment.

RESULTS AND DISCUSSION
Although the fastidious nature of the organism requires special culture conditions

in vitro (22), good growth is now achieved in many complex media (9) and in a
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chemically defined media for C. jejuni described by Dickgiesser and Czylwik (10). In this
study, we describe the growth in chemically defined medium M 199 without supplements
of both C. jejuni and C. coli. Good growth was achieved with overnight incubation in our
available defined medium. C. jejuni grew over the range of pH 5 to pH 8, whereas C. coli
became more sensitive to moderate pH 5 especially after 24 h incubation (Figure 1, 2).
Both organisms, however, are very sensitive to high acidic condition of pH 4, and readily
inactivated after 4 h in the defined medium. These results are in agreement with the
previous study indicating that the organism is unable to growth below pH 4.9 and is
killed rapidly at pH below this value (2, 16).

The value of growth provided by BB and in a defined media was about the same
in all C. jejuni strains examined (Figure 3). However, the difference in BHIYE and
TSBYE to support growth of C. jejuni indicates that some growth factors. The growth-
limiting factor could be the difference in protein content between the different broth
cultures. However, supplements such as yeast extracts has been shown to support the
growth of C. jejuni at moderate pH value (11).

In this study, each experiment has initiated with a low inoculum (10°-10*
CFU/ml), and this was satisfactory for achieving a high growth rate after 24 h. This also
allowed a continual culture system that sustained growth beyond 48 h. The highest value
of cells concentration (< 7 log;o CFU/ml) was achieved by using two different isolates
after 24 h (Fig. 3). Other studies have achieved peak concentrations of Helicobacter
pylori resulted in > 10° CFU/ml after using different initial inoculums of 10°, 10° to 10%,
or 10> CFU/ml after incubation for 24 h, 48 h, or 72 h, respectively (18). Fetal calf serum

supplemented to BB provided a maximum growth for H. pylori (18). No supplementation
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was used in this study. Antibiotics utilized in most selective media and enrichment broths

to inhibit the competitive microflora (7, 16) were not used in this study.

The cell motility was significantly greater on BB than on any of the other three
liquid media used to culture C. jejuni (Table 1). However, the conversion to coccoid form
was greater on BB than on any of the other media. This was particularly noticed after
incubation for 48 h and extended incubation for 72 h in C. jejuni ATCC 700819 and Post
5. In contrast, the defined medium M 199 showed the lowest rate of coccoid cell
formation compared with other three media, even after 72 h in C. jejuni CDC 2002-353
and Post 5. The prolonged incubation of Campylobacter for more than 48 h stimulated
the conversion to the coccoid form. This maybe easily induced following exposure to
oxygen, changes in temperature, and starvation. (20). The coccoid is degenerative form
that has a decreased values of nucleic acids and peptides and lacks of cellular integrity (1,

6, 17).

Our previous results indicated that BB does not provide any induction to low pH
in C. jejuni and C. coli. More recently, Murphy et al. (19) indicated that several media
such as BHIYE, TSBYE, MH, and BB can not induce adaptation for C. jejuni to low pH
treatment. The defined medium M 199 exhibited a particular advantage over all the non-
selective broth cultures that have been used in this study to culture C. jejuni. Cultures of
C. jejuni in defined medium showed an improvement in cell morphology and decrease in
coccal cells compared with other broths. Additionally, the improvement in the growth
viability using low inoculum indicated that the defined medium may be an alternative use

for future studies.
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In conclusion, our results indicate that studies of the growth of C. jejuni in a
medium in which all components are chemically defined is possible. This defined
medium provides enhancement in cell viability and cell morphology and could provides
additional information on nutrient requirement, and new approach to study

Campylobacter acid tolerance.
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time initial 24 h 48 h 72 h
(%) (%) (%) (%)
Media | strain | coccoid | Motility | coccoid | Motility | coccoid | Motility | coccoid | Motility
M199 0 ++ 0 + 1 - 40 --
TSBYE ATCC 0 + + 0 -- 2 -- 90 --
BHIYE | 700819 0 ++ 3 -- 20 -- 0 4
50% +
BB ++ + 40 50% + 40 -
M199 ++ - 0 - 3 -
80% + 80% +
TSBYE Post 5 ++ 0 - 1 + 20 +
BHIYE ++ 4 -- 1 - 9 --
95% + 50% +
BB 0 ++ 0 + 40 + 95 --
M199 0 ++ 0 - 0 + 1-2 -
TSBYE | CDC 0 ++ 0 - 2-3 - 1-2 --
BHIYE | 353 0 ++ 3 -- 50 -- 70 --
BB 0 ++ 0 - 0 + 1 +

Table 1. Evaluation the survival of different C. jejuni isolates in BB, TSBYE, BHIYE,

and M 199 based on the motility and percent of coccoid cell formation at 24 h, 48 h, and

72 h. The coccoid cell formation was measured by taking the % of coccal cells among

100 cells counted in Triplicate. The motility test was evaluated upon microscopic

examination of the sample utilizing Petroff Hausser counting champer. Motilility

standard includes: (+ +) very fast, (+) fast, (-) slow, and (- -) very slow.
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Survival of CDC 353 in M 199 at different pH values
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Figure. 1. Viability after incubation of C. jejuni CDC 2002-353 in a defined medium
at different pH values: after 4h, and 24 h.

Survival of ATCC 49941 in M 199 at
different pH values
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Figure. 2. Viability after incubation of C. coli ATCC 49941 in a defined medium
at different pH values: after 4h, and 24 h.
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Figure. 3. Growth of C. jejuni strains in different broth cultures. Broth cultures of C.
Jjejuni strains grown in mCC were diluted 1:1000 or 1:10,000 into fresh M 199, TSBYE,

BHIYE, and BB broth and incubated at 42°C in a microaerophilic conditions containing
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5% 0O, 10% CO, and 85% N». At different times, portions were analyzed using Petroff
Hausser Counting Chamber. (A) represent C. jejuni (ATCC 700819), and (B) C. jejuni

human isolate (CDC 2002-353).
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