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II. MICROORGANISMS AND ENVIRONMENT

INFLUENCE OF BACTERIAL DIVERSITY AND INTERSPECIES
INTERACTIONS ON DRINKING WATER-ASSOCIATED BIOFILMS OF
YERSINIA ENTEROCOLITICA

Zvezdimira Tsvetanova, Hristo Najdenski

Abstract: The capability of the enteropathogenic Yersinia enterocolitica 8081 bio/serotype 1B/O:8 to form binary and
multi-species biofilms with defined bacterial strains was studied. The interspecies interactions in the binary biofilms of
the enteropathogen with three bacterial isolates from drinking water and water-associated biofilms were assessed. The
effect of each individual partner strain for the Y. enferocolitica involvement in the four-species bacterial biofilm was
evaluated by excluding one by one the isolates from the sessile community.

It was found out that Y. enterocolitica and the tested bacterial strains interact each other in the binary biofilm formation.
Moreover, the Y. enterocolitica involvement in the biofilms depends on the partner strain. In the multi-species biofilms,
a synergetic effect of one of the bacterial partner strains on the Y. enterocolitica attachment was detected in contrast to

the weak inhibitory effect of another one.
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INTRODUCTION

Drinking water purification processes have received
their optimal technological solutions, but bacterial re-
growth and biofilm formation occur in drinking water
supply systems (DWSS) regardless of a residual
disinfectant in water (most often active chlorine).
Bacterial biofilms over the surfaces of pipelines and
facilities of DWSS account for up to 95% of total active
biomass and through biofilm detachment can enhance
bacteria number in drinking water [4]. Specific
microenvironments in the biofilm structure create
conditions for recovery of bacteria injured through
disinfection, ensure niches for survival or proliferation
of water-borme pathogens and protection against
predators and environmental stress, as well [4, 8, 9]. In
this way, drinking water-associated biofilms can act as a
reservoir of bacteria, including pathogenic ones,
promoting bacterial contamination of drinking water,
which in turn can create a health risk for water consumers
and cause social and economic damages [4, 9].

Despite numerous scientific publications, an
effective method for complete eliminating the drinking
water-associated biofilms has not been developed yet. A
possible reason is the lack of detailed knowledge of the
mechanisms of interaction between various bacterial
species coexisting in biofilm community. In addition,
the data on planktonic growth and potential of the
individual bacterial species to form single-species
biofilms in drinking water cannot easily be extrapolated
to multi-species biofilm community [13].

Over the last decade, significant research efforts are
aimed at clarifying the social relationships and the
driving forces in various natural bacterial biofilms and
assessing the benefits and losses for the individual
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species in these multi-species communities [3, 5, 10].
The examinations are mainly based on pure bacterial
cultures isolated from their natural habitats like soil,
surface water, waste water, etc. It has been found that
interspecies interactions have a strong influence on
composition, structure and physiology of mixed
bacterial biofilms [1, 11, 13]. For example, non-biofilm
forming E. coli O157:H7 strains could adhere owing to
the partnership with biofilm forming strains [6, 15]. It
has been demonstrated that a water-bome E. coli
0157:H7 requires colonization partner, since it is not
able to attach alone. However, it could co-adhere with
P. aeruginosa, and best adhere to the surfaces pre-
colonized by the partner strain [6].

Whereas the survival of water-borne pathogens
Vibrio, Shigella and Salmonella, including the
opportunistic Mycobacterium avium, Legionella
pneumophila,  Pseudomonas  aeruginosa  and
Aeromonas hydrophila in the drinking water-
associated biofilms is well studied [8, 9], the fate of
the newly recognized pathogens, that emerged
increasingly in various drinking water sources [2,
12] is still insufficiently explored. Integration of
zoonotic enteropathogens Campylobacter jejuni,
Yersinia enterocolitica and E. coli O157:H7 in
drinking water-associated biofilms can create health
risk through water consumption, however, the
studies on their survival at such conditions are still
in their early stages [7]. Our previous study detected
more successful attachment and longer survival of
Yersinia enterocolitica, Escherichia coli O157 and
Salmonella dublin in bacterial biofilms pre-existing
in drinking water compared to non-colonized
pipe surfaces [14]. However, the effects of the
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enteropathogen interactions with the individual
species of indigenous aquatic bacteria in the multi-
species biofilms have remained unexplored [14]. For
this reason, the present study aims at claryfying the
integration of Yersinia enterocolitica 8081
bio/serotype 1B/0:8 into binary and multi-species
biofilms with defined species composition, as well
as to evaluate the pathogen interactions with the
individual bacterial partners, taking part in building
of the biofilm community.

MATERIALS AND METHODS

Bacterial strains and growth conditions

The study was carried out with pathogenic strain
Yersinia enterocolitica 8081 bio/serotype 1B/0: 8 and
pre-isolated strains of indigenous aquatic bacteria. The
pathogenic strain was kindly placed at disposal from the
pure culture collection of the Stefan Angeloff Institute of
Microbiology.

Isolation of heterotrophic bacteria from drinking
water and drinking water-associated biofilm

Biofilm and water samples were collected from an
operating model of domestic drinking water supply
installation fed by tap water from the municipal water
supply network of Veliko Tarnovo. The biofilm samples
were homogenized in saline. Aliquots of the samples
were spread on yeast extract agar (YEA) plates for
isolation of single cells’ bacterial colonies. Isolated
bacterial strains (denoted as isolates 3, 6, 7 and 8) were
checked for purity and stored as pure cultures at -20°C.
The isolated heterotrophs were Gram (-) rods and
oxidase (-), excepting the isolate 8. Only the isolate 6
formed yellowish colonies.

Preparation of calibrated bacterial suspensions
(inoculums)

Overnight cultures of the tested bacteria, prepared
by surface culturing of a single colony on the YEA
plates were used. The bacterial biomass was removed
and suspended in sterile drinking water (50 ml). Then,
the suspensions were calibrated to 0.1 at optical density
ODjg20nm (approximately, 10° CFU/ml).

Biofilm assay

Two types of batch experiments with pure or mixed
cultures of the pathogenic Y. enterocolitica 8081 in
drinking water were carried out: 1) Assessment of the
pathogen potential to form binary biofilms with the
isolated heterotrophs; 2) Assessment of individual
influence of the bacterial partners for the pathogen
involvement in four-species biofilm via excluding of
one by one the isolates from the biofilm community.

1) Assessment of the biofilm formation potential
of Y. enterocolitica 8081 and the interactions in its
binary biofilms with distinct bacterial isolates

The capability of Y. enterocolitica to form binary
biofilms with the tested heterotrophs (isolates 6, 7 and 8)
was evaluated by analyzing the biofilm samples
developed on sterile test surfaces immersed in
inoculated drinking water over 12-days test period.
Biofilm samples were taken regularly and analyzed for
quantitative determination of the pathogen and isolate
co-existing in the binary biofilms.

Test procedure: Six test surfaces (pieces cut from a
polypropylene pipe, each one having a surface of
50 cm®) were immersed in a glass vessel containing 600
ml of sterile drinking water. Eight test vessels were
prepared in total. Two of them were inoculated with the
calibrated pathogen suspension (6 ml) for assessment
the biofilm formation potential of Y. enterocolitica 8081.
Another two vessels were inoculated with a pair of
pathogen and an isolate (6 ml of each calibrated
suspension) for assessment the pathogen inclusion in
binary biofilm. This procedure was repeated for all
tested isolates. The test vessels were incubated at 26°C
for 12 days, and at the end of the 2™ day of the test, the
inoculated water inside the vessels was replaced by
sterile drinking water.

For biofilm analysis, one test piece was taken from
each vessel on the 1%, 2™, 3", 6™ and 12" day of the test.
The test surface was washed by 20 ml saline and then
immersed in 40 ml saline. The biofilm was removed
from the surface through sterile cotton swab and
ultrasonic treatment (Appronex; 40 kHz) for 10 min.
The biofilm suspension was ten-fold diluted and
analyzed in triple repetition for the Y. enterocolitica
number and heterotrophic plate count (YEA/36°C/3d).

2) Assessment of the interspecies interactions
of Y. enterocolitica 8081 in multi-species biofilms

The individual effect of distinct bacterial strains
on the Y. enterocolitica 8081 attachment in four-
species biofilm was evaluated by excluding one by
one each of the tested isolates from the biofilm
communities. For the purpose, four glass vessels
containing sterile drinking water with immersed test
surfaces were prepared as described above. The first
vessel was inoculated with equal volumes of the
calibrated suspensions of the pathogen and each of
the bacterial isolates (i.e. 3 ml of each of the 4
strains). Each subsequent vessel was inoculated in
the same way, but one of the isolates was excluded
(i.e. 3 ml of the 3 strains). Thus, the first vessel was
inoculated with Y. enterocolitica 8081 and isolates 3,
6 and 7; the second vessel - with the pathogen and
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isolates 6 and 7; the third one - with the pathogen
and isolates 3 and 7, and the last one - with the
pathogen and isolates 3 and 6. The test vessels were
incubated for 9 days at 26°C. The biofilm sampling
and analyses were performed according already
described procedures.

Statistical data analysis

A significance #-test for comparison between a pair
of biofilm samples was used, as the truth of the null
hypothesis was tested. The difference between
logarithms of a pair compared values was considered
significant when the experimental value of [t was greater
than the t-value from the t-distribution at P of 0.05 and
degree of freedom 7.

RESULTS AND DISCUSSION

Interspecies interactions in the binary biofilms of
Y. enterocolitica bio/serotype 1B/0:8

The Fig. 1 presents the data on the Y. enferocolitica
biofilms formed in pure culture or in pairs with the
tested bacterial isolates 6, 7 or 8. The data show that
the number of Y. enterocolitica in all binary biofilms
(i.e. the pathogen density) was greater than its
single-species biofilm. This tendency of higher
pathogen density of the binary biofilms was detected
for each sampling point over the entire test period
and the difference was statistically significant for
each compared pair (Jt|] < fy,005), With only one
exception.
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Comparing the Y. enterocolitica numbers in the
binary biofilms allows to evaluate how the individual
bacterial partners have influence on the pathogen
attachment during the biofilm formation process. The
data show that the partnership between Y. enterocolitica
and isolate 6 stimulated most actively the pathogen
attachment and involvement in the binary biofilm, while
isolate 8 had the weakest stimulating effect. The
pathogen density in the binary biofilms with isolate 6
increased 3+4.5 times comparing to the single-species
biofilm, while it increased up to 3 times in the binary
biofilms with isolate 7, and up to 2.5 times in the ones
with isolate 8. Despite the greater number of viable
pathogenic cells in the binary biofilms with isolate 6
comparing with ones with isolate 7, the differences
between them on the 3" day and 12" day were
statistically insignificant. However, the difference
between the pathogen density of the binary biofilms
with isolates 6 and 8 predominantly was significant.
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Fig.1. Dynamics of the culturable bacteria number of Y. enterocolitica 8081 (CFU/cm?) in its single-
species biofilm and in the binary biofilms with bacterial isolates 6, 7 and 8 over the 12-days test period.

The obtained data demonstrate the importance of
the bacterial diversity on the Y. enterocolitica
attachment and survival in drinking water-associated
biofilms. They are in conformity with the diverse effects
from the inter-species interactions reported for binary
and multispecies biofilms of bacterial isolates from
drinking water or waste water [1, 11], independently
from the different experimental approach used for
biofilm quantification (crystal violet biomass assay in
microtiter plates for 24-72 hours).

Despite the varying synergistic effect that the
particular heterotrophs had on the Y. enterocolitica
attachment in their binary biofilms, the total culturable
bacteria number of both partners in the biofilms most
often differed negligible (Fig.2). A bigger difference
between all biofilms was observed only on the 1* day,
when the cells surface properties of the tested isolates
and the surface properties of the polypropylene test
material probably could have a significant influence on

49



Ecological Engineering and Environment Protection, No 2, 2018, p.47-54

the initial attachment. Then, the difference between the
binary biofilms with isolates 6 or 7 was statistically
insignificant during the entire test period, likewise, the
difference between the biofilms with isolates 7 or &,
excepting on the 12" day, and for the binary biofilms

1.0E+06

with isolates 6 or 8 on the 3™ and 6™ day. The
maximum bacterial density of the binary biofilms is
within the range already reported for the drinking
water-associated biofilms at nutrient limitation [14].
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Fig.2. Dynamics of the total culturable bacteria number of both partners (CFU/cm?) in the binary
biofilms of Y. enterocolitica 8081 with isolates 6, 7 or 8 over the 12-days test period.

When considering the dynamics of either the
tested isolate or Y.enterocolitica in the composition
of their binary biofilms (Fig.3), the data show the
equal initial contribution of isolates 6 or 8 and the
pathogen, and a lower one - of isolate 7 (26%). On
the 2™ day, the part of isolate 8 in the binary biofilm
was 46%, whereas the part of isolates 6 and 7 - 12%
and 15%, respectively. During the entire test period,
the part of isolate 8 in the binary biofilm samples
was the largest (on avarage 51%), while the
participation of isolate 6 was on avarage 26% or one
of isolate 7 - on average 34%. Consequently,
competing with the isolates 6 or 7 during the biofilm
formation, the Y. enterocolitica cells hindered the
involvement of their cells, but had weak influence
on the isolate 8.

On the basis of the discussed data it can be
summarized that in drinking water:

v' The single-species biofilm of Y. enterocolitica
8081 has a lower density in comparison with the binary
biofilms formed with the tested bacterial isolates;

v' The Y. enterocolitica participation in the
binary biofilms depends on the partner bacterial
strain;

v’ Y.enterocolitica and the tested bacterial isolates
interacts with each other during the biofilm formation;

v' The tested bacterial isolates have a
beneficial effect on attachment and viability of the

Y.enterocolitica cells, and the isolate 6 had a greatest
synergistic effect.

v In its turn, the co-existence with Y.
enterocolitica hinders the isolates 6 and 7, and had
neutral effect on the isolate 8.

Interspecies interactions in multi-species biofilms

The data on the multi-species biofilms formed
by combining Y. enterocolitica and the examined
bacterial isolates (Fig. 4) reveal the individual
influence of each bacterial partner on the pathogen
inclusion in the biofilm community. On the 1% day,
in spite of the weakest initial attachment of
Y.enterocolitica in the four-species biofilm,
statistically insignificant differences were found
when comparing with both biofilms formed by
exclusion of isolate 3 or isolate 6. However, the
exclusion of isolate 7 provided a larger number of
attached pathogenic cells and kept the same effect
on the 2™ day, as well. Thus, the co-existence with
isolate 7 in the four-species biofilm could have a
weak inhibitory effect on the initial attachment of Y.
enterocolitica. On the 6™ day and thereafter, in the
absence of an external pathogen source, the Y.
enterocolitica density has decreased most rapidly in
the biofilms, formed without isolate 6. Therefore,
the partnership with isolate 6 could affect
synergetically the Y.enterocolitica inclusion in the
multi-species biofilm. This observation is consistent
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with the data on the Y. enferocolitica interaction
with the isolate 6 in the binary biofilms (Fig.1). The
exclusion of isolate 6, who best favor the pathogen
inclusion in its binary biofilms, caused in turn the
weakest pathogen attachment and survival in the
multi-species biofilm community. In this way the

both type experimental data verify the synergistic
effect of isolate 6. At the end of the test period,
isolate 3 weak synergistically affected the pathogen
involvement in the multi-species biofilm, while
isolate 7 had a neutral effect.
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Fig. 3. Dynamics of the culturable cells number of either Y. enterocolitica or bacterial isolate in the binary
biofilm of the pathogen with isolate 6 (a), isolate 7 (b), and isolate 8 (c) over the 12-days test period
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Fig.4. Comparison between the Y. enterocolitica 8081 density (CFU/cm?) in the multi-species
biofilms, formed with the tested bacterial isolates: four-species biofilm (Y.enterocolitica plus
isolates 3, 6 and 7) and three-species biofilms after individual exclusion of one of the bacterial

partners, during the 9-days test period; d — day.

The data present at Table 1 illustrate the above
discussed dynamics of the Y.enterocolitica cells
number in the biofilms, formed in different
partnership combinations with isolates 3, 6 or 7.
They also demonstrate the putative contribution of

each individual partner, excluded from the biofilm
community, for the Y.enterocolitica involvement: a
great synergistic effect of isolate 6, a weak
synergistic effect of isolate 3 and from a weak
inhibitory to neutral effect of isolate 7.

Table 1. Changes in the Y. enterocolitica 8081 participation in the biofilms formed in the absence of
one of the bacterial partners (isolates 3, 6 or 7) compared to the four-species biofilm

Participation of Y. enterocolitica (%)* in
Biofilm composition the biofilms over the test period
1"day | 2"day | 6"day | 9" day
Four-species biofilm (i.e. pathogen + isolates 3, 6, 7) 100 100 100 100
Without isolate 3 (i.e. pathogen + isolates 6, 7) 150 129 95 56
Without isolate 6 (i.e. pathogen + isolates 3, 7) 158 77 20 8
Without isolate 7 (i.e. pathogen + isolates 3, 6) 265 234 95 106

* Calculations are based on the data of culturable pathogen cells number

The data on the dynamics of the Y. enferocolitica
density (Fig. 5) in the multi-species biofilms formed in
different partnership combinations with isolates 3, 6 and
7 demonstrate the highest values on the 2™ day still as a
result of pathogen attachment from the inoculated water.
After removal of the pathogen source (by replacing the
water), the Y. enterocolitica density in the biofilms
started to decrease, probably due to the pathogen

transition in a viable, but non-culturable state or dying,
or biofilm detachment. The data show that the pathogen
reduction depends on species diversity in the biofilm
community, and changed least in the four-species
biofilm. The Y. enterocolitica density in the three-
species biofilms changed least in the absence of isolate
7, whereas the absence of isolate 6 resulted in the
greatest pathogen reduction.
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Fig.5. Dynamics of the Y. enterocolitica 8081 density (CFU/cm?) in the multi-species biofilms, formed
in different partnership combinations with the isolates 3, 6 and 7 during the 9-days test period; d — day.

The assessment of the individual contribution of the
tested heterotrophic isolates for attachment and survival
of Y. enterocolitica in multi-species biofilms
demonstrates the importance of the interactions
between the multiple species: co-existence with isolate 6
could provide a synergistic effect, whereas with isolate 7
- a weak inhibitory or predominantly neutral effect.

CONCLUSION

On the basis of the conducted studies, the
following main conclusions can be drawn:

» In drinking water, Y. enterocolitica 8081 forms
single-species biofilm with a lower bacterial density
compared to its binary biofilms with the partner bacterial
strains;

» The participation of culturable Y. enterocolitica
8081 cells in binary and multispecies bacterial biofilms
depends on the partner strains and the time.

» The interactions of Y. enterocolitica 8081
with the partner bacterial strains are important for its
attachment and survival in multi-species biofilms.

REFERENCES

1. Andersson S., G.K. Rajarao, C.J. Land, G.
Dalhammar, Biofilm formation and interactions of
bacterial strains found in wastewater treatment
systems. FEMS Microb. Lett., 283, 2008, 83-90.

2. ArtzR.R.E., K. Killham, Survival of Escherichia
coli O157:H7 in private drinking water wells: influence
of protozoan grazing and elevated copper concentrations,
FEMS Microb. Lett., 216,2002, 117-122.

3. Elias S., E. Banin, Multi-species biofilms:
living with friendly neighbors. FEMS Microb. Rev., 36,
2012, 990-1004.

4. Flemming H.C., S.L. Percival, J.T. Walker,
Contamination potential of biofilms in water distribution
systems. Water Sci. Technol., 2 (1), 2002, 271-280.

5. Giaouris E., E. Heir, M. Desvaux, M. Hébraud,
T. Meretre, S. Langsrud, A. Doulgeraki, G.J. Nychas,
M. Kaéaniova, K. Czaczyk, H. Olmez, M. Simdes,
Intra- and inter-species interactions within biofilms of
important foodborne bacterial pathogens. Front.
Microb., 6,2015, 841, doi: 10.3389/fmicb.2015.00841.

6. Klayman B.J., P.A. Volden, P.S. Stewart,A.K.
Camper, Escherichia coliO157:H7 requires colonizing
partner to adhere and persist in a capillary flow cell,
Envir. Sci. Technol., 43 (6),2009, 2105-2111.

7. Kot B., M. Btaszczyk, U. Kulawiec, The
influence of environmental factors on survival of Y.
entrocolitica O:3, Polish J. Envir. St., 14 (3), 2005,
371-374.

8. Le Dantec C., J.P. Duguet, A. Montiel, N.
Dumoutier, S. Dubrou, V. Vincent, Occurrence of
mycobacteria in water treatment lines and in water
distribution systems, Appl. Envir. Microb., 68 (11),
2002, 5318-5325.

9. LeChevallier M.W, T.M. Babcock, R.G. Lee,
Examination and characterization of distribution system
biofilms, Appl. Envir. Microb., 53 (12), 1987, 2714-
2724,

10. Rendueles O., JM. Ghigo, Multi-species
biofilms: how to avoid unfriendly neighbors, FEMS
Microb. Rev., 36,2012, 972-989.

53



Ecological Engineering and Environment Protection, No 2, 2018, p.47-54

11. Ren D., J.S. Madsen, S.J. Sgrensen, M.
Burmelle, High prevalence of biofilm synergy
among bacterial soil isolates in co-cultures indicates
bacterial interspecific cooperation. The ISME J., 9,
2015, 81-89.

12. Schets F.M., M. During, R. Italiaander, L.
Heijnen, S.A. Rutjes, W.K. Van der Zwalew, A.M.
de Roda Husman, E.coli O157:H7 in drinking water
from private water supplies in the Netherland, Water
Res., 39, 2005, 4485-4493.

13. Simdes L.C., M. Simdes, M.J. Vieira, Biofilm
interactions between distinct bacterial genera isolated

from drinking water, Appl. Envir. Microb., 73 (19),
2007, 6192—6200.

14. Tsvetanova Z. Study on survival of some
pathogenic bacteria in drinking water biofilms,
Proceedings of University Scientific Conference of
NMU Vasil Levski”, V.Tarnovo, Bulgaria, 3-4 July
2014, vol.5, 139-147.

15. Uhlich G.A., D.P. Rogers, D.A. Mosier,
Escherichia coli serotype O157:H7 retention on
solid surfaces and peroxide resistance is enhanced
by dual-strain biofilm formation, Foodborne Pathog.
Dis.2010, 8, 935-943

BJIUSAHUE HA BAKTEPUAJIHOTO PASHOOBPA3HUE U
MEXJYBUJIOBU B3AUMOJEVNCTBUA BbPXY BUODUTIMU B
MUTEWHA BOJA ACOIIMUPAHU C YERSINIA ENTEROCOLITICA

3Be3numupa LBeranosa, Xpucro Halinencku

Pe3iome: IIpoydena e cnocoOHOCTTa Ha eHTeponaToreHHus mam Yersinia enterocolitica 8081 ot 6uo/ceporun 1B/O:8
na oOpa3yBa OMHApHH W MHOTOBUIOBH OMOGWIMH C OmpenelieHd OakTepuanHu mamoBe. OxapakTepu3MpaHH ca U
BBTPEBUAOBUTE B3aUMOJICHCTBUSI B OMHapHH OHOGHIMH MEXIYy IOCOYCHHUS CSHTEpOINaToreH M TpH OaKTepHaIHU
U30JIaTH OT MUTeiiHa Boma. EQEeKThT Ha BCeKH OTHeNieH OakTepHalieH BUI C ydacTHETo Ha Y. enterocolitica 6e onieHeH
Ype3 M3KJII0YBAaHE HA €MH MO €IWH Ha M30JIATHTE OT MHUKpOOHATa OOIIHOCT B OHMOJOTMYHM (DWIIMH, CHCTOSIIU CE OT
YeTUpU BHJA. YCTaHOBEHO e, 4e Y. enterocolitica M wn3cneaaHuTe OakTepHal HU IIaMOBE CH B3aUMOJeiicTBaT B
ycroBuaTa Ha (opmupaHe Ha OwHapHuUTe Onoduamu. OCBEH TOBa, y4acTHETO Ha Y. enterocolitica B Onoduamure
3aBUCH OT MAPTHHOPCKUSI Iam. [Ipu MHOTOBHIOBUTE OHOGHIMH Ce OTKpHMBA KAKTO CHHEPru4eH e(eKT Ha eIUH OT
OaKTepHATHHUTE MAPTHHOPCKH [[AMOBE BHPXY MPHKPENBaHeTo Ha Y. enterocolitica, Taka u cnab HHXUOUTOpeH eeKT Ha PYT.

Kawdyon mymm: Ouoduim, muteiiHa Boja, Yersinia enterocolitica, B3aMMOIEHCTBHS MEXIy OTICIHUTEC BHIOBE,
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