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Maintenance of strains of Campylobacter jejuni in laboratories after

use of cryoprotectors and pre-treatment of stress
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Abstract

This study evaluated the feasibility and the production of transcripts of sodB, p19, ciaB and dnaJ genes
in strains of Campylobacter jejuni ATCC 33291, NCTC 11351, and 2383 TAL stored in whole UHT milk
and or neopepton + 12% glycerol, submitted or not to pre-treatments at 4°C or 10°C for 30 minutes. The
analyzes were performed immediately after freezing in liquid nitrogen (day 0) and after maintenance
for 30, 60, and 90 days at -20°C. The viability was evaluated by the traditional culture method and the
production of transcripts by the RT-PCR technique. The quantification was only possible on the first
day of analysis (day 0) and presented a mean of 3.0 x 107 CFU, and in the other periods of storage the
strains presented confluent growth, not allowing their enumeration. The results indicated that whole
UHT milk was more adequate for cryopreservation than the use of neopepton + 12% glycerol. The use
of pre-treatments combined with the use of UHT milk as a cryoprotective medium stabilized the cells
in order to transcribe the ciaB, dnaJ, sodBand p19 genes in the strains maintained under -20 ° for 30 to
60 days, indicating that they are more suitable methods for the maintenance of strains in the laboratory.
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Resumo

Este estudo avaliou a viabilidade ¢ a producdo de transcritos dos genes sodB, pl9, ciaB ¢ dnaJ em
cepas de Campylobacter jejuni ATCC 33291, NCTC 11351 e 2383 IAL armazenadas em leite integral
UHT e/ ou neopeptona + 12% glicerol, submetidas ou ndo a pré-tratamentos a 4°C ou 10°C durante 30
minutos. As analises foram realizadas imediatamente apds o congelamento em nitrogénio liquido (dia
0) e apds a manutengdo por 30, 60 e 90 dias a -20°C. A viabilidade foi avaliada pelo método tradicional
de cultura e a produgdo de transcritos, pela técnica de RT-PCR. A quantificagdo s foi possivel no
primeiro dia de analise (dia 0) e apresentou uma média de 3,0 x 107 UFC, ¢ nos demais periodos de
armazenamento as cepas apresentaram crescimento confluente, ndo permitindo sua enumeragdo. Os
resultados indicaram que o leite integral UHT foi mais adequado para criopreservagdo em relagdo ao
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uso de neopeptona + 12% glicerol. A utilizagdo de pré-tratamentos combinados com o uso de leite
UHT como meio crioprotetor estabilizou as células para transcrever os genes ciaB, dnaJ, sodB e p19
nas cepas mantidas abaixo de -20° por 30 a 60 dias, indicando que sdo métodos mais adequados para a

manutencdo de cepas em laboratorio.

Palavras-chave: Campilobacteriose. Criopreservagcdo. RT-PCR. Viruléncia.

Campylobacterhaslongbeenconsideredafragile,
environmentally sensitive microorganism (FDA,
2012), but studies have demonstrated its ability to
adapt to environmental stress, which may aid its
survival in adverse conditions, such as variations
in temperature, atmosphere, and even hygienic
processes. In addition, Campylobacter can modulate
its transcriptome to alter virulence expression
according to changes in environmentalconditions
(MELO et al., 2013; 2017).

Among the difficulties involved in the research
of Campylobacter, the biological characteristics of
this microorganism, makes it particularly distinct
from most bacterial enteropathogens, requiring
unique conditions for its isolation and identification.
There is also difficulty in the study of this agent
by the absence of procedures to maintain the
viability of strains isolated in laboratories for later
studies. Most of the conservation protocols for this
bacterium use the cryoprotection method, however
Campylobacter presents sensitivity to cold stress,
which is dependent on several factors, including
temperature variation, freezing speed,
medium used as cryoprotectant, the strain itself, and
the duration of storage (BEALES, 2004).

culture

The application of stress treatments prior to cell
freezing, such as cold shock, may result in changes
in the cytoplasmic membrane composition and in
the induction of some stress proteins. These changes
in the cell are associated with increased freezing
tolerance (ZHANG et al., 2013).

The maintenance of C. jejuni strains isolated
from food and human patients is fundamental for
further studies, the results of which may aid in
the understanding of its pathogenesis as well as in
epidemiological studies. Thus, in view of the current

international requirements related to the control
of this microorganism (CE, 2017), it is essential
to expand knowledge, including on the forms of
efficient cryopreservation, due to the difficulties of
working with this agent in in vitro conditions. This
study aimed to verify the viability, production of
transcripts by virulence genes, and stress adaptation
in three strains of C. jejuni, with and without two
pre-treatments in two cryoprotectants after freezing
at -20°C for up to 90 days, as a way to store strains
in the laboratory.

Three reference strains of C. jejuni (ATCC
33291, NCTC 11351, and IAL 2383) were used.
After reactivation, the ability of these strains to
produce transcripts of the ciaB, dnaJ, pl19, and
sodB genes, associated with virulence and thermal
tolerance, was confirmed.

Each cryoprotectant tested (whole UHT milk
and neopepton + 12% glycerol) was initially
prepared in a volume of 300 mL and distributed in
three equal portions. Each of them was inoculated
with 102 CFU.mL"' of each one of the strains,
homogenized, and distributed (1.5mL) in 12
sterile microtubes. In all, 24 microtubes (12 with
UHT whole milk and 12 with neopepton + 12%
glycerol) were submitted to three treatments: 1)
immediate freezing by immersion in liquid nitrogen
for 10 seconds (control); 2) thermal stress (4°C /
30 minutes) and freezing in liquid nitrogen for 10
seconds; 3) thermal stress (10°C / 30 minutes) and
freezing in liquid nitrogen for 10 seconds. A sample
of each treatment was immediately analyzed and the
others frozen at -20°C and analyzed after 30, 60, and
90 days.

In each period, the viability of the strains by the
traditional culture method with pre-enrichment and
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the count of cells in CFU.mL"! (ISO10272-1, 2006)
were verified, separately and in triplicate, besides
the variation in the capacity of produced transcripts.
Samples were thawed at room temperature.

For counting, serial decimal dilutions up to 10~
were performed. In parallel, the presence / absence
analysis was performed with pre-enrichment in
Bolton broth followed by inoculation in CCDA agar
(Ox01d®).

The ability to produce virulence and resistance
transcripts under stress conditions (genes ciaB - cell
invasion, dnaJ - tolerance to high temperatures, p19
- acquisition of iron, and sodB - oxidative stress in
cold shock) was verified by RT- PCR, after counting
and presence or absence analysis.

To obtain the RNA, each of the isolates was
seeded in four plates of CCDA (Oxo0id®) by the
filling method. After incubation in a microaerophilic
atmosphere (Probac®) for 48 hours at 37 ° C, all
colonies formed on the plates were transferred to
microtubes containing 2mL of 0.85% NaCl solution
(Synth®) and the procedures were performed to
extract the RNA (MELO et al., 2013).

Reverse transcription was performed in
each sample using 1pL of total RNA (200ng
/ uL), 10U RNase inhibitor, 40p MMLV-RT
(AmershamBiosciences), 1X MMLV-RT Buffer
(AmershamBiosciences), 200uL dNTPs (dGTP,
dATP, dTTP and dCTP), and 126 picomoles of
hexameric oligonucleotides as random primers
(Invitrogen®). The final volume of each reaction
was completed to 20uL with DEPC-treated water
(Invitrogen®). The solution was placed in a thermal
cycler (Eppendorft®) at 37 © C for one hour. Control
reactions were performed for the verification of
possible exogenous contaminants. The cDNA was
stored at -20 ° C for further amplification.

After RNA transcription, 3uL of the cDNA
was used in a final volume for the amplification

reaction of 25uL, composed of: 0.625U of Taq
DNA Polymerase, SmM of MgCl,, 200uL of dNTPs
and 4 picomoles of each primer (Invitrogen®). To
verify the production of transcripts the pairs of
primers ciaB,dnaJ, p19, and sodB (LI et al., 2008;
BIRK et al., 2012) were used. The amplification
was performed in a thermal cycler (Eppendorff®),
following the cycles: 1 initial cycle at 94°C for 3
minutes; 45 cycles of amplification in 3 steps: i.
denaturation at 94 ° C for 15 seconds; ii. annealing
at 51 ° C for 20 seconds; iii. extension at 72 ° C for
20 seconds; finishing with a final extension cycle at
72°C for 3 minutes. Descriptive statistical analysis
and Fisher’s exact test were used for comparative
purposes using Graph Pad Prism 7.0 software.

The quantification of C. jejuni stored in the
two cryoprotectants was only possible in samples
immediately analyzed after freezing in liquid
nitrogen for 10 seconds before storage at -20°C.
In these strains, the number of cells ranged from
6.0x10%to 1.0x10® CFU, with an average of 3.0x10’
CFU.mL". After storage for 30, 60, and 90 days, the
colonies grew confluent, forming a film and them
impossible to count.

Considering the three strains studied, of the
36 samples kept in whole UHT milk, 33 (91.7%)
presented growth. This value differed significantly
(p = 0.0004) compared to the samples kept in
neopepton + 12% glycerol, which presented
viability in 52.8% (19/36) of the samples. In general,
for all strains tested, it was observed that the use
of whole UHT milk as cryoprotectant contributed
more effectively to the maintenance of viability,
regardless of treatment and time. The exception
is strain TAL 2383, which was able to maintain
its viability over time in both cryoprotectants. In
addition, the viability of C. jejuni strains was not
influenced by the use of pre-treatments (Table 1).
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Table 1. Viability of C. jejuni strains ATCC 33292, NCTC 11351, and IAL 2383 in two cryoprotectants after three
different treatments and subsequent freezing at -20°C for 0, 30, 60 and 90 days.

Campylobacter jejuni tested strains'

ATCC 33291 NCTC 11351 TAL 2383
Cryoprotectants  Days Control> 4°C* 10°C*  Control> 4°C* 10°C*  Control> 4°C3 10°C*

0 3/3 3/3 3/3 3/3 3/3 3/3 3/3 3/3 3/3

Whole UHT 30 3/3 3/3 3/3 3/3 3/3 3/3 3/3 3/3 3/3
Milk 60 3/3 3/3 3/3 3/3 3/3 3/3 3/3 3/3 3/3

90 3/3 3/3 3/3 3/3 3/3 3/3 0/3 0/3 0/3

0 3/3 3/3 3/3 3/3 3/3 3/3 3/3 3/3 3/3

Neopepton + 30 0/3 0/3 0/3 0/3 3/3 0/3 3/3 3/3 3/3
12% glycerol 60 0/3 0/3 0/3 0/3 0/3 0/3 3/3 3/3 3/3
90 0/3 0/3 0/3 0/3 0/3 0/3 3/3 3/3 3/3

' The total of C. jejuni tested strains: 36

2 Treatment 1 (control): freezing by immersion in liquid nitrogen for 10 seconds. Number of strains tested / number of viable strains

after treatment and storage at 0, 30, 60 and 90 days.

3 Treatment 2: thermal stress (4°C / 30 minutes) and freezing in liquid nitrogen for 10 seconds. Number of strains tested / number
of viable strains after treatment and storage at 0, 30, 60 and 90 days.
4 Treatment: thermal stress (10°C / 30 minutes) and freezing in liquid nitrogen for 10 seconds. Number of strains tested / number of

viable strains after treatment and storage at 0, 30, 60 and 90 days.

In total, 46 samples that had viable cells for
the production of transcripts were analyzed, 15 of
them from the ATCC strain (12 from whole UHT
milk and three from neopepton + 12% glycerol), 20
from the AL strain (eight from milk and 12 from
glycerol), and 11 from NCTC (six of milk and five
of glycerol).

The transcription of the studied genes underwent
variations over the storage time. In general, strains
maintained in milk and submitted to pre-treatments
were able to transcribe all genes in subsequent
analyzes, even in those that did not present
transcripts in the initial periods (immediately after
freezing in liquid nitrogen for 10 seconds). The
strains were able to preserve or adapt back to the
initial condition of transcription production for ciaB,
dnaJ, sodBand p19 when whole UHT milk was used
as a cryoprotectant associated with pretreatment (4
or 10°C) (Table 2).

Another fact in common to all strains was
the similarity in the results for the sodB and p19

genes as well as for ciaB and dnaJ in each of the
cryoprotectants.

Regarding to C. jejuni ATCC, it was observed
that for the ciaB and dnaJ genes, independent of the
condition (cryoprotectant or use of pre-treatments),
the bacterium maintained its ability to transcribe
them. For sodB and p19, absence of transcripts on
day 0 was observed for the neopepton-preserved
control group and the pre-treated milk samples at
4°C. For the samples conserved in neopepton it was
not possible to evaluate the subsequent behavior
since no viable cells were recovered.

For the NCTC 11351 strain conserved in milk,
the transcription of all genes was maintained when
subjected to pre-treatments, except for the control
groups, where there was no transcription for the
sodB and pl9 genes. In contrast, transcription in
those stored in glycerol was inhibited after freezing
at -20°C, except for the control group, in which the
production of transcripts for ciaB and dnaJ was
conserved.
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In TAL 2383, under all pre-treatment conditions
its transcription ability was maintained or its
transcriptome altered to produce the transcripts after
maintenance under freezing at -20°C for 30 days or
more. This condition was observed for the ciaB and
dnaJ genes in the two pre-treatments, independent
of the cryoprotectant. Differential behavior was
observed for the control group samples maintained
in milk for the sodB and pl/9 genes and for the
control group maintained on neopepton + 12%
glycerol for the sodB gene.

The correlation in the production of transcripts
of the sodB and p19 genes, as well as that of ciaB
and dnaJ was not maintained for the cryopreserved
samples in milk with pretreatment at 4 © C.

The presence of confluent colonies, forming
a film, also called a “swimming” veil, making
the difficulty
of enumeration of Campylobacter after

it impossible to count shows
its
maintenance under freezing, and the importance of
pre-enrichment to attest to the presence / absence of

these micro-organisms.

The higher number of viable samples recovered
from the UHT-stored strains was expected since the
milk had a protective effect due to the action of fat
in stabilizing the membrane fluidity of the bacterial
cell and the contribution of calcium to the cellular
enzymatic stability (CARVALHO et al., 2004).

The survival and gene transcription capacity
of the IAL 2383 strain to the final periods in both
cryoprotectants may be related to the intrinsic
characteristics of this strain isolated from an
outbreak in humans, and that probably presents
a greater adaptability. A study by Fonseca et al.
(2014) with the strain IAL 2383 showed that due to
the virulence characteristics, the strain can be used
as a useful model in studies related to pathogenicity.
The strain-dependent variation identified in the
study shows the need for tests on other wild-type
isolates of Campylobacter to confirm the efficiency
of treatments in cell stability.

In the present study, no difference was observed
in the stability of the strains after the use of the two
pre-treatments, unlike the study carried out by LEE
(2004) with strains of Lactococcus lactis, which
showed that the pre-treatment at temperatures
different from the optimum temperature for
development of the microorganism increased its
survival for long periods.

Environmental conditions may generate
considerable variation in the gene expression
capacity of C. jejuni. According to Mourik (2011), C.
Jjejuni developed a repertoire of specific mechanisms
allowing for rapid metabolic adaptation, besides the
changes in growth and behavior according to the
different environments. The use of milk and pre-
treatments allowed the maintenance of the original
transcription characteristics of the strains, probably
due to the protective effect of the milk and the use
of pre-treatments at temperatures of 4 or 10 ° C,
which helps to stabilize the cell before freezing at

20 ° C (ZHANG et al., 2013).

The correlation in the transcription of sodB
and pl9 genes has been described previously
(PALYADA, 2004). The sodB gene participates
in the response to oxidative stress and there is a
clear link between this condition and iron, since
the increase in iron concentration increases the
expression of genes in defense of this type of stress.
As for the ciaB and dnaJ genes, previous studies
have also found this relationship (MELO et al.,
2013; MONTEIRO et al., 2015).

We conclude that the use of whole UHT milk as
cryoprotectant was more efficient in maintaining
the viability of the strains when compared to the use
of neopepton + 12% glycerol.

The use of pre-treatments at 4°C or 10°C for
30 minutes combined with the use of whole UHT
milk as a cryoprotectant medium stabilized the cell
in order to transcribe the ciaB, dnaJ, sodB and p19
genes in the strains maintained under freezing at -20°
for 60 days, indicating that they are suitable methods
for the maintenance of the strains in laboratory.
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