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el izl A il 202 Methods E. colicultures were incubated in 8€ell polystyrene microplates under controlle

conditions to evaluate the biofilm formation. TRe coli cultures and established biofilm

_Keywords: were treated with the suspensionf the vB_EcoMUFV017 (EcoM017) bacteriophag:
GBiocontrol obtained from sewage for 24 hours. THe coli bacterial density was measured usil
CBiofilm absorbance at 600 nm and the biofilms were measured by crystal violet staining. Poly:
CE. coli coupons were used as support$eanning Electron Microscopy and Confocal Microsco
(Phage to evaluate biofilm formation.

Results The E. coli strains formed biofilms in polystyrene microplates t e r 4
incubation. The highest EcoM017 phage titer, in the prevention and degradation experi
reduced the bacterial growth and the quantity of biofilm formedt bgoli in 90.0% and
87.5%, respectively. The minimum dose capable of redubiedibfilms of this bacterium
was 10 PFU/mL after 24 hours. The preformgd coli biofilm mass was reduced 79% po
exposure to the phage in the degradation assay. Microscopic analysis confirmed the
obtained in the plates assays.

Conclusion The EcoM017 phage prevented biofilm formation and degradedEtheoli
established ones. The EcoM017 phage isolated from sewage can reduce bacterial atti
and lyse thé. coliassociated biofilm cells, offering biotechnological potential applicabi
for this phage.

I ntroduction

Escherichiacoli, one of the main componentsof the Biofilms are complex microbial communities found
normal floraof the digestivdract ofhumansand animals, adherent to a surfacand embeddedn a protective
are usually harmless, although some strains are extracellular matrix (ECM) of polymeric substancés.
pathogenicand can cause intra- and extraintestinal Biofilm formation increases resistance tantibiotics
diseases$. Specific gene groups and virulence factors disinfectants, phages and the host immune system,
facilitate the colonization multiplication and survival of including antibodies, phagocytes andhe complement
this bacteriumin the hostbody3 system, necessitating the development of stratedies

E. colican adhere to and be internalized in epithelial cells controltheir formation'® Since the 20th, phages have been
The persistenceof this pathogenin cattle mammary proposed as antimicrobial ageHtsiowever, the discovery
glands causes an infectiogalled mastitis whose and commercialization ofantibioics from t h e 640s,

recurrencamay be related tbiofilm formation? Bovine emergence obroadspectrum antibioticslack of quality
mastitis isthe most gnificant and expensivalisease therapeutic productandlessunderstandingf the biology
affectingthe dairy industnacross the worl8E. coli is the delayedor resulted in minimumesearch done gohages?
most importantand frequently agent isolatefom the Inappropriate antibiotic use increased the emergehce
clinical cases of environmentahastitis causing milk resistant bacteria andekindled the interest in phage
productionlossesand the death df0% of the animal8’ therapy**** Phagesare highly specific toone or a few
This organism is capable of causing clinical mastitis bacteria andare often effective against multi-drug
depending on the immunological status of anitnal. resistantorganisms.This is becausehey Kkill cells via
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different molecular mechanismswithout infecting
eukaryoticcells ordisruptingthe normal host beneficial
microfloral®>® Therefore these organisméave been
proposedo remove or reduckeacterial biofilm!’
TheEcoMO017phagesolated fronsewagéias beetested
for E. coli biocontrolisolated fromanimalswith mastitis,
aiming at preventingiofilm formation and degrading
those alreadgstablishedby these bacteria

Materials and Methods

Bacterial strain

Escherichia colB30 were isolated froncow with mastitis.
This strainis part of the collection of pathogens frahe
Laboratoryof Molecular Immunovirology (MI) of the
Departamento de Biologia Geralniversidade Federal de
Vicosa (UFV) and was obtained from Embrapa Dairy
Cattle The bacteria wergrown in Luria-Bertani agar
(LB) (10 g/L tryptone,5 g/L yeast extra¢tl0 g/L NaCl
(pH 7.2) and supplemented withl.5% bacteriological
aga) at 37°Cfor 16 h. One colony was isolated and
transferred to the LB broth (without agar
supplementationand cultivated at 37°C under stirring
(180 rpm) until an opticaldensityof 0.7 at a wavelength
of 600nm (ODsog) Was achieved in thenicroplatereader
(VersaMax, Moleculabevice) Thebacterial culturevas
centrifuged (4,000 x g) forlO min. The pellet was
suspendedindadjusted tadODepo 2.0in 10 mM MgSQ.
The stockswere refrigerate@t 4°Cand used fotitration
and platingof the phage

Phagepropagation

TheEcoMO017phage was isolated frothe sewagenetwork
samplesn Vigosa municipalityMinas Geraistate Brazil,
and used inthe experimentsfor the prevention and
degradation of thé&. coli 30 biofilm. Phagestockswere
preparedisingthe standard agaverlaytechniqueA total
of 100 pL of the bacterial stock with 2.0 @was added

to 100 uL of the viral stock. This mixture was incubated at

37°C for 30 min and added to tubes containing sl
agar supplemented witt®.75% bacteriologicalagar The

stocksandcalculation ofplaqueforming units (PFU) per
mL (PFU/mL). First,100 uL of the phage dilutedolution
was added to 100 pbf the bacteriastockwith 2.0 ODsgo
and incubated in plates with LB agardescribed above
(Phage propagationplate that has between 30 and 300
lysis plagues were used to calculate Plaque Forming Units
per mL, using the equation:

PFU mL! = number of lysiplaques X dilution factor /
volume of diluted virus added to the plate

Quantification of biofilm formation

The detectionand quantificationof the E. coli biofilm

were performedn 96-well polystyrenemicroplates.This

bacteriumwas cultivated undershakingat 180 rpmat

37°Cfor 2 h.TheODgno0f theE. coli culture wasadjusted
to 0.1, corresponding to approximateltO® colony

forming units (CFU) per mL,*®1° and the culture was
diluted 1:10 in fresh LB broth andinoculatedinto six

wells permicroplate(200 uL per well) The control had

wells containing sterileLB broth. The plateswere

incubated aB37°C for 24, 48and 72h respectively, to
allow biofilm development to occurPost incubation,
bacterial growtl{ODsog) was determined in thaicroplate
reader Planktonic cells were removed by quickly

inverting the plate andeach well waginsed twice wih

250 L of phosphatduffered salindPBS (pH 7.2) The

adherent cells werstained with250 pL of 0.1% crystal

violet (CV) at room temperaturéor 30 min. The wells
were washed four timesith 250 pL distilled waterand

air dried forl h. The CV was solubilized in200 pL of

acetoneethanol20:80 atroom temperatureThe amount
of CV extractedwas measured bgptical densityat 595
nm (ODsgs) in themicroplatereader.

Biofilm prevention with phage

A total of 20 pLof bacterial culturevith 0.1 ODsgoand 20
UL phage suspension at different concentrations
(concentrated solution amdne decimal dilutionsin SM
buffer) were added td60 pL of theLB brothin the wells
of the 96well polystyrene microplatesThe control

entire tube contents were transferred onto a plate with LB contained theLB broth LB plus phage and LB plus
agar. The phagewere extracted in 5 mL SM buffer (100 bacterial suspensioithe plate was incubated &f°C for

mM NaCl, 8 mM MgSQ.7H,0, 50 mM TrisHCI pH 7.5,
2% gelatin w/v)at 4°Cwith gentle agitatiorior 4 h, after
24 h incubation. The SM buffer was recovered
supplemented with M NaCl and maintaineét 4°Cfor 1
h. The contaminant bacteriavere removedby passage
throughasterile 0.22um filter. The EcoM017 phaggtocks
were stored at°C for use.

Phage characterization and titration

The morphology of the phage was observeg
Transmission Electron microscopy (TEMriefly, the
purified phage sample was deposited on Forrseated

24 h.Post incubationthe ODsoo Was determined and the
biofilm was stained with CV, as describathove The
relative biofilm mass was determined Ioprmalizing the
absorbancef thepositive controlat 100%.

Biofilm degradation with phage

Initially 20 pL of the bacterial culturgvith 0.1 ODggo Of
was added td80 pL of theLB brothin the wellsof a 96
well polystyrene microplateThe controlcontainedLB
and LB plus bacterialsuspensionThe microplatesvere
incubated aB7°C for24 h.The wells were washevice
with PBS and 20 uL of the phagesolution at different

copper grid and negative stained with 2% uranyl acetate.concentrationgconcentrated solution angine decimal
Visualization was performed using a Zeiss TEM EM 109 dilutionsin SM buffer) and 180 pLof theLB broth were
(Zeiss, Oberkochen, Germany) at an accelerating voltageadded. The controlscontained thelB broth LB plus

of 80 kV. The phagsditer was analyzedvith the standard
agaroverlay technique throughthe serial dilution of

phageandLB plus bacterial suspensioithe microplates
were incubated at37°C for 24 h. The ODsoo was

86 | Advanced Pharmaceutical Bulleti018,8(1), 8595



Phage for control of E. coli biofilm

determined in the microplate readmrd the CVstained thrice in 100% ethanol for 10 min, and then dehydrated,

wells as describedbove The relativebiofilm masswas dried in a dryer critical point (CPD B&c 030) with liquid
determined byormalizing theabsorbancef the positive CQO; and covered with gold (15 nm thick approximately) in
controlat 100%. a sputter (Balzers, FDU 010). The coupons were examined

in a Scaning Electron Microscope (Leo 1430VP) with an
Preparation of polystyrene coupons accelerating voltage of 20 kV.

Polystyrene pieces (coupons) (X@.0 x 0.1 cm) were

used as the support for the biofilm formation. Each Confocal Laser Scanning Microscopy (CLSM)

coupon was brushed with detergent, rinsed in distiled The coupons were washed twice in PBS (pH 7.2) and
water, sterilized by immersion in 1% sodium hypochlorite incubated in a mixture of propidium iodide (IP) 20 pg/mL
and 70% ethanol for 15 min, and placed under ultraviolet and fluorescein isothiocyama® pug/mL in PBS (pH 7.2),

light for 30 min, oneach side. for 15 min in the dark® Post staining, the coupons were
washed in PBS and examined under the Laser Scanning
Biofilm formation Confocal Microscope (Zeiss LSM 510 Meta) with argon

The coupons were placed in 15 mL Falcon tubes laser excitation at 488 and 514 nm. The live bacteria with
containing 125 eL of t ke Dbrdacttmembranes wauld btainugreen, whiereas dedd and OD
and 1,125 L of the Hdidbr eéntbrasgdanaged onesswoudtstain rédeor yellow:

interface). The control coupons were immersed in LB

alone. The tubs were incubated at 37°C without shaking Statistical analysis

for 24, 48 and 72 h, and prepared for analysis by ScanningThe results of three independent experiments performed in

Electron Microscopy (SEM). sextuplicate were subjected to variance analysis (ANOVA)
and Tukey test using the GraphPad Prism Software, Inc.
Phage effect on biofilm formation Statistical significac e was accepted i f P

The coupons were placed in 15 mL Falcon tubes containing

125 L of the bacterial culture with.1 ODyo 1 ML LB Results

broth and 125 pL of the phage solution with three titers: Phage Characterization

high (13° PFU/mL), medium (1OPFU/mL) and low (18 The phage isolated from the sewage was processed for
PFU/mL). The control coupons were immersed in the LB Transmission electron microscopy (TEM), the phage
broth, LB plus SM buffer andB plusbacterial suspension  revealed an isometric head (~ 89 nm in length and ~78 nm
The tubesvere incubated at 37°C without stirring for 24 h. in width) and contractile tails (~ 55 nm) with a basal tuft
The coupons were prepared for analysis by the SEM attached (Figurel). Based on these morphological
(coupons treated with three phage titers) and Confocal characteristics, phage was assigned to the family
Laser Scanning Microscopy (CLSM) (coupons treated with Myoviridae accordingto the classification system of

high and low titers) as described below. Ackermang! and named vB_EcoNUFV017. Myoviridae
phages typically possess doubteanded (ds) DNA as
Phage effect on the biofilm their genomic nucleic acid. In addition, the genome size

The coupons were placed in 15 mL Falcon tubes with 125 of phage was approximately 44 kb (unpublished data)
pL of bacterial culture with 0.1 Odg and 1,125 pL LB =
broth. The control coupons were immersed in the LB, LB
plus SM buffer and_B plus bacterial suspensiorThe
tubes werdancubated at 37°C without stirring for 24 h.
After establishment of the biofilm, the coupons were
washed twice with PBS (pH 7.2) and transferred to the
tubes containing 125 pL of phage solution with high'¢10
PFU/mL), medium (16PFU/mL) and low(10' PFU/ML) BARES
and 1,125 pL of LB. The tubes were incubated at 37°C
without agitation for 24 h and the coupons prepared for
analysis by SEM (coupons treated with three phage titers)
and CLSM (coupons treated with high and low titers).

Scanning Electron Microscopy (BM)

The coupons were washed in PBS (pH 7.2), fixed with 2.5%
glutaraldehyde v/v in 0.05 M cacodylate buffer (pH 7.2) for
2 h and treated with 1% (w/v) osmium tetroxide solution in
0.05 M cacodylatbuffer (pH 7.2) at room temperature for

Figure 1. Transmission Electron micrograph of bacteriophage

S . ) . vB_EcoM-UFV017. The phage showing an isometric head
1 h. After cell fixation, the samples were rinsed thrice in sycture with ~ 89 nm in length and ~78 nm in width and a tail of

0.05 M cacodylate buffer and immersed in an increasing ~55 nm. The morphology of vB_EcoM-UFV017 corresponds to
ethanol gradient (30, 50, 70, 80 and 90% in water) for 10 the Myoviridae family. The insert show details of phage

morphology (head, tail, base plate and tail fibers). Virion particles

min per concentration. Finally, the sangplgere immersed were negatively stained with uranyl acetate for EM.

Advanced Pharmaceutical Bulletiz018,8(1), 8595 | 87



Ribeiroet al.

Biofilm formation with the highest titer. Cell debris was also obedrin
Escherichia coli formed biofilm on the polystyrene both treatmentsHjgures 5G5F and6B).

microplate in the LB medium at 37°C under static Debris and a greater number of dead cells were observed
conditions for 24 and 48 hours, with a tfadd increase near the biofilm in the presence of low titer of the phage
between these periods. At 72 hours, the biofilm mass was(10* PFU/mL) (Figures 5G, 5H anéC).

5.4 times lower thathat of the one at 48 hours (Figure 2)
possibly due to nutrient depletion and otffi@ctors (see
Discussion) The scanning electron microscopy showed
similar results to those of colorimetric quantitative assays
(Figure 3).
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Figure 2. Bacterial growth (A) and biofilm quantification (B) of
Escherichia coli 30 in polystyrene microplates after incubation in LB
at 37 °C under static conditions for 24, 48 and 72 hours. * P <0.05
and *** P <0.001.

Effect of thephage on biofilm formation il

The different phage titers decreasedEheolipopulation e 5

and those with 10to 1@ PFU/mL reduced the bacterial Figure 3. Scanning electron microscopy of Escherichia coli 30
growth and biofilm formation. The highest titer ?10 biofilng grown on the polystyrene surface under static conditions
PFU/mL) reduced the growth and biofilm formation in at 37 °C for 24, 48 and 72 hours.

90.0 and 87.5%, respectively, while the®ldnd 10
PFU/mL biofilms showed no difference from control
(Figure 4).

Escherchia coli formed biofilm on the polystyrene
coupon with large cell groups, a small amount of ECM
and the prevalence of viable cells (green color) when
incubated at 37°Qnder static conditions for 24 hours
(Figures 5A, 5B an@A).

Effect of thephage on biofilm degradation

The minimum dose capable of reducing e col 30

biofilm was found to be FOPFU/mL. The biofilm

formation dropped to 79.0% in the treatment with the
highest phage titer (2@FU/mL) (Figure?)

E. coligrownin the absence of the phage yielded a complex

biofilm with a predominance of viable cells (Figur@A,

. : . - 8B and 9A. The medium and high phage titers destroyed

]Ic\/ledlur_n an? high I'Fltethreat_ments(jjecreaseddthe b'fff)f'lm the architgcture of thE. coli biofil?n ig agtgjosedependenty

Soirnmf‘et'(;g"g fn dcgrlﬁa?I 2;32&3 Coﬁg;ﬁ’ﬁn I:rmeenl?;tt.)ers manner, revealing a predominance of dead cells (Figures
fdg d cell d staini b g tﬁ ireat t8C—8F and 9B. The low titer of the phage (A®FU/mL)

of dead cells (red staining) were observed in the treatmen exerted no effect on the mature biofibhE. coli (Figures

8G, 8H and 9
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Figure 4. Prevention of the growth (A) and biofilm formation (B) of Escherichia coli 30 in polystyrene microplates after 24 hours of exposure
to different phage titers (10°to 10°PFU/ mL) . * P O 0.05, ** P O 0.01 and *** P O 0.001 c
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Figure 5. Scanning electron microscopy of Escherichia coli 30 biofilm grown on the polystyrene surface under static conditions at 37 °C
for 24 hours. Control untreated (A and B). Treatment with phage with a high titer (10° PFU/mL) (C and D), medium titer (10* PFU/mL) (E
and F) and low titer (10° PFU/mL) (G and H).
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Figure 6. Confocal microscopy of Escherichia coli 30 biofilm grown on the polystyrene surface under static conditions at 37 °C for
24 hours. Prevention experiment: (A) Control untreated, (B) Treatment with phage solution with a high titer (10"9 PFU/mL) and (C)
low titer (10”0 PFU/mL).
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Figure 7. Growth of cell attached (A) and degradation of preformed biofilm (24h) (B) of Escherichia coli 30 in polystyrene microplates
after 24 hours of exposure to different phage titres (10°to 10°P F U/ mL ) . * P O 0.05, ** p O 0.01 and *
control.
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Figure 8. Scanning electron microscopy of Escherichia coli 30 biofilm grown on the polystyrene surface under static conditions at 37 °C
for 24 hours. Control untreated (A and B). Treatment with phage with a high titer (10° PFU/mL) (C and D), medium titer (10* PFU/mL) (E
and F) and low titer (10° PFU/mL) (G and H).

Figure 9. Confocal microscopy of Escherichia coli 30 biofilm grown on the polystyrene surface under static conditions at 37 °C for 24 hours.
Degradation experiment: (A) Control untreated, (B) Treatment with phage solution with a high titer (10"9 PFU/mL), and (C) low titer (100 PFU/mL).
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