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Solid and liquid media supplemented only with a cyanobacterial extract (CE) and free of fetal calf serum
(FCS), blood, and its derivatives support the growth of Helicobacter pylori. A total of 11 strains of H. pylori
isolated from gastric biopsy samples were successfully subcultured in Mueller-Hinton agar supplemented with
0.4% CE. When this medium was used for primary isolation of H. pylori, a low isolation rate (30%) was observed
because of the abundant growth of contaminants. The growth kinetics of eight isolates and H. pylori reference
strain NCTC 11638 in Mueller-Hinton broth (MHB) supplemented with 0.7% CE were estimated by use of
growth parameters, and the results were compared with those obtained with MHB-5% FCS. For four strains
the cellular concentrations obtained with CE were statistically higher (P < 0.05) than those obtained with FCS,
and in some cases these values were similar to the highest values reported in the literature. Depending on the
strain, the specific growth rates obtained with CE were similar to or increased compared with those obtained
with FCS. The replacement of FCS by CE in H. pylori cultures would facilitate the retrieval of cultures with high
cellular densities as a source of cellular and extracellular proteins free of serum. Also, CE has advantages over
conventional supplements, such as easier conservation and compliance with the pressing tendency at present

to avoid the use of products derived from animals.

Helicobacter pylori is a gram-negative microaerobic bacte-
rium whose presence in the gastric mucosa is associated with
the development of gastroduodenal pathologies ranging from
gastritis to peptic ulcers and neoplasias.

This microorganism is difficult to culture in vitro, particu-
larly in liquid media. However, its growth has been demon-
strated in several nutrient-rich media, such as brucella broth
(23), brain heart infusion broth (21, 23), tryptic soy broth (21,
23), and Mueller-Hinton broth (MHB) (21, 23). Fetal calf
serum (FCS) is one of the most commonly used supplements
(4,5, 13, 14, 20, 21, 25). Solid media are usually supplemented
with blood and blood derivatives (23).

Other typical supplements added to growth media include
horse serum (23), lysed erythrocytes or hemin (21), yeast ex-
tract (YE) (23), peptone (23), IsoVitaleX (11), Vitox (13),
starch (5), cyclodextrins (23), ferrous sulfate plus sodium pyru-
vate (FP), and/or mucin (10). Although some of these enhance
the growth of H. pylori, they do not replace the serum or blood
derivatives in the culture media (10).

Most of the supplements used to grow H. pylori are difficult
to obtain and conserve, and they are usually costly. Besides,
their incorporation into liquid culture media may interfere
with cellular growth evaluation (10, 15). It has also been ob-
served that proteins derived from serum may associate with
bacterial cells, thus making the purification of cellular and
extracellular proteins more difficult (15). Also, FCS can be
contaminated with several viruses (19). Among these, the bo-
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vine diarrhea virus cannot be eliminated by filtration, so its
presence in the culture media affects the quality of the prod-
ucts derived from microorganisms, such as antigens, enzymes,
and DNA (3, 5, 24).

When the drawbacks mentioned above are considered, the
search for new alternative supplements that may replace FCS,
blood, or other blood derivatives becomes relevant. Besides,
the development of serum-free media that allows a flourishing
growth of H. pylori would facilitate the retrieval of cultures
with high cellular densities, which could be used as a source of
cellular and extracellular proteins and for the isolation of RNA
and DNA.

It has recently been found (12) that cyanobacterial and algal
extracts can successfully replace nutrients in culture media not
only in cultures of microorganisms but also in tissue cultures,
thus increasing their applications in the biotechnological field.
Filamentous cyanobacteria are particularly suitable for the
generation of a variety of valuable chemical products, some of
which have nutritional value, such as vitamins, enzymes, fatty
acids, and polypeptides, in addition to proteins and carbohy-
drates (6, 12, 18).

The aim of the study described here was to analyze the effect
of incorporation of a cyanobacterial extract (CE) into H. pylori
cultures as a substitute for serum in liquid media and blood in
solid media. The culture of H. pylori in MHB supplemented
only with CE was characterized by measurement of growth
parameters. The results obtained were compared with those
obtained with media supplemented with FCS.

MATERIALS AND METHODS

Strains and isolation procedure. A total of 13 H. pylori strains were used in this
study. Eleven were clinical isolates of H. pylori identified as VHP124, VHP180,
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VHP181, VHP324, VHP346, VHP349, VHP474, VHP529, VHP530, VHP571,
and VHP590. These strains were isolated from gastric biopsy specimens collected
at the Gastroenterology Unit of the San Luis Public Hospital, San Luis, Argen-
tina. H. pylori NCTC 11638, which was used as a reference strain, and strain
AHP2 were obtained from the Microbiology Service of the Hospital Universi-
tario de la Princesa, Madrid, Spain. Primary isolation was carried out on plates
containing Mueller-Hinton agar (MHA) medium supplemented with 5% sheep
blood (SB), vancomycin (10 mg/liter), trimethoprim (5 mg/liter), and polymyxin
B solution (2,500 U/liter) (Merck). Cultures were incubated at 37°C for 7 to 10
days in a GasPak jar (Oxoid, Basingstoke, United Kingdom), whose atmosphere
was evacuated three times and replaced with a microaerobic gas mixture com-
posed of 5% oxygen, 10% carbon dioxide, and 85% nitrogen.

For primary isolation in MHA-0.4% CE, gastric biopsy specimens were col-
lected from 20 dyspeptic patients (8 females, 12 males) undergoing endoscopy.
The medium was supplemented with the same antibiotic mixture included with
MHA-5% SB, and the other culture conditions were similar to those described
above.

The identification of local strains was done on the basis of typical colonial
morphology (small and translucent colonies); the presence of curved gram-
negative cells; and urease, catalase, and oxidase production.

Confirmation of the strain identities at the molecular level was carried out by
PCR with primers (5’ to 3') specific for a species-specific antigen (TGGCGTG
TCTATTGACAGCGAGC and CCTGCTGGGCATACTTCACCATG; Pro-
mega) previously described by Hammar et al. (7) and visualization of a 298-bp
fragment on a 1.8% agarose gel stained with ethidium bromide.

CE. CE was obtained from the biomass of a Nostoc sp., a filamentous nitrogen-
fixing heterocystic cyanobacterium (22). The biomass was collected by centrifu-
gation, washed twice with distilled water, and freeze-dried. The freeze-dried
biomass was mixed with distilled water to give a 10% (wt/vol) suspension, and the
mixture was heated at 95°C for 30 min. The extract was purified by centrifugation
at 8,800 X g for 15 min, lyophilized, and stored until use.

Growth media and culture conditions. Three-day-old cultures on MHA-5%
SB were harvested by scraping the bacterial growth with a sterile swab. The cells
were washed once with MHB and resuspended to a final concentration of 1 X 108
to 5 X 10® CFU/ml in the same medium. Then, 0.1 ml of the bacterial suspension
was subcultured onto MHA plates with 0.4 or 0.6% CE as the only supplement
(MHA-CE) and incubated under the same conditions used for primary isolation.
Nine H. pylori strains (strains VHP181, VHP324, VHP346, VHP529, VHP530,
VHP571 VHP590, and AHP2) were tested for growth in liquid media, with H.
pylori NCTC 11638 used as a reference strain. The cells were washed with MHB
and then resuspended in MHB to provide the inocula, as described above. The
cultures were initiated with concentrations of 1 X 10* to 3 X 10* CFU/ml and
carried out in 125-ml Erlenmeyer flasks containing 20 ml of MHB supplemented
with 0.3, 0.7, or 1% CE or with MHB supplemented with 5% FCS as a reference
medium. The pH was initially adjusted to 6.8 to 7.2 and was allowed to evolve
freely during the remainder of the experiment. The cultures were incubated at
37°C for 120 h and agitated at 120 rpm under the same conditions described
above. Growth studies were carried out without any special adaptation of the H.
pylori strains to the media assayed.

Enumeration of H. pylori. At daily intervals, cultures were serially diluted
(1:10) in MHB and the H. pylori isolates were enumerated in duplicate by plating
onto the surfaces of plates with MHA-5% SB. The plates were incubated at 37°C
for 5 to 7 days under microaerobic conditions. The results presented are the
means of three separate experiences.

Growth parameters. Growth kinetics were characterized by determination of
the following parameters: lag period (in hours), generation time (in hours), and
final biomass concentration (in numbers of CFU per milliliter) (17).

Statistical analyses. In tests for the differences between the mean values for
two populations, P values of <0.05 (¢ statistic) were considered statistically
significant and P values between 0.05 and <0.1 were defined as marginally
significant.

RESULTS

Growth in solid media. All H. pylori strains isolated from
gastric biopsy samples in MHA-5% SB were successfully sub-
cultured in MHA-CE. It was observed that the growth of H.
pylori strains was similar in medium containing CE at a con-
centration of either 0.4 or 0.6%. When H. pylori strains were
previously cultured in MHB-0.4% CE, marked confluent
growth was observed.
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Primary isolation. A lower rate of isolation was observed
with MHA-0.4% CE than with MHA-5% SB: 30% (6 of 20
samples) and 43.3% (9 of 20 samples), respectively. Even
though both media were supplemented with the same antimi-
crobial agents, abundant growth of contaminants, especially
Candida spp., was observed in MHA-0.4% CE.

Growth in liquid media. No lag phases were detected in the
strains studied by the Lodge and Hinshelwood method (17).
We previously observed that a second passage in MHB of the
inoculum obtained in MHA-5% SB increased the lag period of
all strains in about 8 to 12 h (data not shown).

The effect of the CE concentration on H. pylori growth was
determined by culturing strains VHP571, VHP590, and AHP2
in the presence of 0.3, 0.7, or 1% CE. The final cellular con-
centrations of strains VHP571 and VHP590 obtained with CE
at 0.3 and 0.7% were compared, and marginally higher values
were obtained with 0.7% CE on day 4 of culture (P < 0.07 and
P < 0.065, respectively), with no significant differences be-
tween the two concentrations for strain AHP2. The increase in
the CE concentration in the culture medium to 1% had no
effect on the cellular growth of the three strains, with the
values obtained being similar to those obtained with CE at
0.7%. Because of these results, a CE concentration of 0.7%
was used in the liquid media in further experiments.

Table 1 summarizes the growth parameters for eight clinical
isolates of H. pylori and reference strain NCTC 11638 obtained
with MHB supplemented with 0.7% CE or 5% FCS. The
evolution of the growth of H. pylori strains VHP571 and AHP2
and reference strain NCTC 11638 in medium supplemented
with 0.7% CE or 5% FCS are shown in Fig. 1.

The generation times of the nine H. pylori strains in MHB-
0.7% CE ranged from 2.39 h for VHP571 to 4.62 h for AHP2,
while in MHB-5% FCS they ranged from 3.15 h for VHP324
to 4.7 h for VHP590. In general, a 35% decrease in the gen-
eration time was observed with MHB-0.7% CE for all strains
except AHP2, VHP529, and NCTC 11638, for which the gen-
eration times were similar with both supplements.

For seven H. pylori strains the final cellular concentrations
obtained with MHB-0.7% CE were higher than those obtained
with MHB-5% FCS, but the increases were significant (P <
0.05) for only four strains. For strain VHP181 significant in-
creases were observed at all sampling times; for strain VHP346
significant increases were detected at 24, 48, 96, and 120 h of
incubation; for strain VHP590 a significant increase was de-
tected at 48 h of incubation; and for strain VHP571 a margin-
ally significant increase (P = 0.054) was observed at 96 h of
incubation.

Coccoid forms were observed by optical microscopy in cul-
tures with CE or FCS; however, their numbers in cultures with
CE were smaller on day 4 of culture. For three strains
(VHP571, VHP590, and AHP2) the proportion of coccal forms
was 7.4% in FCS, whereas it decreased to 2.63% in CE.

DISCUSSION

The use of CE at low concentrations (0.3 to 1%) proved to
be a satisfactory substitute for YE for the culture of some
rhizobia (22). The results of this study showed that when CE is
added at concentrations similar to those used for culture of
rhizobia to media commonly used for H. pylori, it can be used
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TABLE 1. Growth parameters obtained for H. pylori cultures in liquid medium supplemented with FCS or CE

Growth parameters

P value at the following sampling times (h)”

H. pylori strain Supplement Generation time Final biomass
(h) (CFU/ml)* 24 h 48 h 72 h 96 h 120 h

NCTC 11638 FCS 33 9.3 +0.2¢ NS NS NS NS NS
CE 3.5 9.0 =0.2

AHP2 FCS 4.62 9.8 = 1.13 NS NS NS NS NS
CE 4.62 10.1 = 1.16

VHP181 FCS 3.6 8.56 = 0.1 0.01 0.03 0.002 0.019 0.005
CE 3.46 9.14 = 0.14

VHP324 FCS 3.15 9.16 £ 0.6 NS NS NS NS NS
CE 3.01 9.43 £0.15

VHP346 FCS 43 8.26 = 0.15 0.03 0.01 0.07 0.005 0.0009
CE 2.77 9.83 +0.24

VHP529 FCS 33 9.21 £0.2 NS NS NS NS NS
CE 3.46 9.06 = 0.14

VHP530 FCS 43 9.7+ 0.2 NS 0.09 0.02 0.06 NS
CE 2.8 10.5 = 0.81

VHP571 FCS 4.3 9.65 £ 0.25 NS NS NS 0.054 NS
CE 2.39 10.5 = 0.9

VHP590 FCS 4.7 9.3 +0.3 NS 0.01 NS NS NS
CE 3.1 9.7 = 0.25

“ Obtained on day 5.

b P values of <0.05 indicate significant differences. P values between 0.05 and <0.1 were defined as marginally significant. NS, not significant.

¢ Standard error.

as a replacement for FCS and SB, which are usually used at
much higher concentrations (5 to 10%) (13, 23).

Solid media supplemented with CE supported the growth of
all the H. pylori strains assayed, which showed that it could be
a substitute for blood. For primary isolation the low selectivity
of MHA-0.4% CE yielded a lower rate of recovery (30%) than
MHA-SB (43.3%), with abundant growth of contaminants that
obscured the growth of H. pylori and interfered with its isola-
tion, as has been described for other nonselective media (16).
Even though both media possessed identical antibiotic supple-
ments, the different isolation rates can be ascribed to the fact
that CE is a more suitable supplement for the growth of con-
taminants. Further studies with additional antimicrobial agents
and other concentrations of CE are planned in order to make
MHA-CE more suitable for primary isolation.

Three strains of H. pylori had different responses to CE when
the CE concentration in liquid media was varied. CE at 0.7%
was found to be the more suitable concentration for supporting
growth and was chosen for further studies.

Among the strains studied, the lag periods of the cultures
developed in media supplemented with CE or FCS could not
be estimated by extrapolation by the Lodge and Hinshelwood
method (17) because the first sample used to determine viable
counts was taken at 24 h of incubation, when the cultures had
already reached the exponential growth phase. It can be as-
sumed that the use of an adequate and active inoculum ob-
tained directly from young, 3-day cultures in rich solid media
such as MHA-SB will reduce or even eliminate the lag periods.
This behavior was observed when different H. pylori strains

were cultured in richer nonselective media such as brucella
broth with 1% IsoVitaleX (11), brain heart infusion (BHI)
broth-horse serum with 0.075% FP, BHI broth supplemented
with 0.025% FP and 0.15% mucin (10), and BHI broth-5%
horse serum-0.25% YE (295).

The generation times of four of the H. pylori strains analyzed
ranged from 2.39 to 3.1 h and were 35% shorter with CE than
with FCS. These values are similar to those reported for dif-
ferent H. pylori strains (3.2 to 4.3 h for strain NB2-1, 2.19 h for
strain 26695, and 3.72 h for strain WV99) in cultures of sup-
plemented rich media such as BHI-7% horse serum containing
different concentrations of FP and mucin (10).

In this study the final biomass values obtained with MHB-
0.7% CE ranged between 1.1 X 10° CFU/ml for strain NCTC
11638 and 3.16 X 10'° CFU/ml for strain VHP590. These
values were similar to the highest that have been obtained until
now for strains of H. pylori; a final concentration above 1 X
10'° CFU/ml was obtained with BHI-1% IsoVitaleX broth
after 48 h of incubation, although a sharp decrease in viability
(1 X 10* CFU/ml) was observed in this medium after 96 h of
culture (11); in another study a final biomass value of 2 X 10*°
CFU/ml was obtained on day 5 in BHI medium containing
10% FCS and 0.1% YE (21). Other published studies have
reported values that range from 10° to 10'® CFU/ml (1, 11, 15,
25). The final biomass values obtained with MHB-0.7% CE
were higher than those obtained in media supplemented with
5% FCS for four of the nine strains studied, but the differences
were statistically significant for only two of them.

It has been found that the growth response of H. pylori in
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FIG. 1. Growth of H. pylori strains NCTC 11638, VHP571, and
AHP2 with agitation under microaerobic conditions in MHB with 5%
FCS or 0.7% CE. Growth was estimated as the number of CFU per
milliliter.

supplemented liquid media varies depending on the strain (8).
For well-characterized strain H. pylori NCTC 11638, the final
cellular concentration obtained in MHB supplemented with
FCS doubled (1.99 X 10° CFU/ml) compared with that ob-
tained in the same medium with CE (1 X 10° CFU/ml); how-
ever, this difference was not statistically significant. In other
studies the final cellular concentrations for this strain were
markedly lower: 3.9 X 107 CFU/ml in MHB-5% FCS and 7.9
X 107 CFU/ml in MHB-7% horse blood-1% YE (23).

It has been suggested that clinical isolates are more fastidi-
ous than laboratory-adapted or culture collection strains (8);
however, for the majority of clinical isolates, MHB-0.7% CE
yielded final cellular concentrations higher than those found
for the reference strain. Similar results have been reported for
another reference strain, H. pylori NCTC 11637, which per-
formed less satisfactorily in terms of the maximum growth
achieved (6.2 X 107 CFU/ml) than 15 clinical isolates, all of
which reached 1 X 108 CFU/ml (25). The results obtained in
this study show that CE can satisfactorily replace FCS and can
even improve the growth of both clinical isolates and labora-
tory-adapted strains of H. pylori.

The presence in the cultures of nondividing coccal forms,
which are extremely difficult to subculture, is a drawback of H.
pylori cultivation that must be avoided. By using CE as a sup-
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plement, a very low percentage of coccal forms was observed
among the strains studied. These coccal forms have been con-
sidered senescent (9) or dormant (2) cells that appear under
certain conditions, especially in old cultures, and have de-
creased urease activity and a decreased ability to be subcul-
tured (9). It is not clear if nutritional factors are involved.
Coccal forms have predominantly been found after 24 to 36 h
of culture even in a very rich and balanced medium containing
tryptone, yeast extract, newborn calf serum, erythrocyte lysate,
and trace minerals (2).

The promising results obtained with media supplemented
with CE for H. pylori culture may be attributed to the contri-
bution of nutrients by this extract, such as 16 different amino
acids, soluble (35%) and crude (45.6%) proteins, carbohy-
drates (1.9%), reducing sugars (2.8%), and different minerals
(22). It has also been demonstrated that special components in
media used to culture H. pylori, i.e., bovine serum albumin,
reduce the toxic effects of fatty acids by adsorbing them and
that cyclodextrins reduce the effective free concentrations of
substrates and/or products to levels below those which are
inhibitory or toxic (15). It can be assumed that some substances
present in the CE may perform similar functions.

The use of media that do not require the addition of blood
or blood derivatives and that allow adequate growth to high
cellular concentrations is important in the culture of H. pylori
for the purpose of obtaining antigens, vaccines, and/or en-
zymes. Finally, the use of the CE has another advantage with
respect to conventional supplements, such as its low cost. A
cost comparison of CE and FCS shows a remarkable difference
between the costs of the two supplements. While the cost of
100 ml of FCS, which can produce 2,000 ml of culture medium,
ranges from $100 to $239, 14 g of CE, which generates the
same culture volume, costs $0.60, based on an estimated cost of
$20/kg of cyanobacterial biomass. Additionally, CE is easy to
prepare and store (22) and complies with the pressing ten-
dency at present to avoid the use of products derived from
animals.
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