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In vitro characterization of
biofilm  produced by Fusarium
oxysporum,  an  onychomycosis
agent�

Dear  Editor,

Onychomycosis  caused  by  Non-Dermatophyte  fungi  (NDMs),
such  as  Fusarium  spp.,  is  more  prevalent  than  previously
thought,  especially  in warmer  climates.1 Furthermore,  ony-
chomycosis  has currently  been attributed  to  fungi  organizing
themselves  into  a  biofilm  form.2 Biofilm  is  a complex
microbial  community,  highly  adhered  to  the nail  and  sur-
rounded  by  a matrix  that  provides  protection  and antifungal
resistance.2,3

The  research  group  has  been studying  the genus  Fusar-

ium  spp.  as an agent  of  onychomycosis  in  immunocompetent
hosts.  The  authors  reported  its  high  prevalence  in the  stud-
ied  region,  established  clinical  and laboratory  criteria  for
this  genus  as  a causal  agent  of  onychomycosis,  and deter-
mined  the  susceptibility  profile  to  the  systemic  antifungals
most  commonly  used in Brazil.4 Later,  the  authors  proved
that  Fusarium  spp.  uses  nail  keratin  as a  single  source  of
nutrients5 and began studies  on  the etiopathogenesis  of
fusarial  onychomycosis  based on  an ex  vivo  model using
sterile  human  nail  fragments.3

More  recently  the  authors  reported,  for  the first  time,
that  Fusarium  oxysporum  is  able  to  form  biofilm  on  the
human  nail  as  the only  nutritional  source.6,7 Also,  the
authors  describe  the  volatile  organic  molecule  2-Ethyl-1-
Hexanol  (2 EH)  as  a quorum-sensing  component  capable
of  modulating  such  biofilm.8 These  findings  were  relevant
to  confirm  the  etiopathogenesis  of fusarial  onychomycosis.
However,  it did not  reveal  the proper  characteristics  of  the
biofilm  formed  under  nutritional  support.  Thus,  the  current
study  aimed  to  characterize  the  in vitro  biofilm  formation
of  F.  oxysporum,  evaluating  its  natural  ability,  during  7-days
with  controlled  nutrient  availability.

This  study  was  conducted  with  F.  oxysporum  CMRP2925
isolated  from  a previously  described  onychomycosis  case.4

� Study conducted at the Universidade Estadual de Maringá, Mar-
ingá, PR, Brazil.

The  isolate  was  reactivated  to  confirm  its purity  and  iden-
tification,  before  assays,  and  was  cultured  on  Sabouraud
Dextrose  Agar  (SDA;  DifcoTM,  MI,  USA)  for  7-days  at  25 ◦C.
Biofilms  were  prepared  according  to  Galletti  et  al.,9 with
some  modifications.  A suspension  containing  1  ×  107 coni-
dia  mL−1 was  prepared  in  RPMI  Medium  1640  (Gibco,
NY,  USA),  with  L-glutamine,  sodium  bicarbonate,  0.165  M
3-(N-morpholino)  propanesulfonic  acid  (pH 7.2),  and  2% glu-
cose.  This  suspension  was  placed into  96-well  flat-bottomed
microtitration  plates  and  incubated  at  35 ◦C in a  shaker  at
110  rev min−1, for  7-days.  Every  24  h,  the  culture  medium
was  renewed  by  removing  100  �L  of  old  broth  and adding
the  same  volume  of  fresh  RPMI.  During  the  seven  days,
biofilms  were  evaluated  under  different  aspects,  as  pre-
viously  described.6,9 Briefly,  cell  viability  was  assessed  by
counting  Colony Forming  Units  (CFU),  quantification  of
total  biomass  by Crystal  Violet,  metabolic  activity  by  the
reduction  assay  of  tetrazolium  salt,  2,3-(2-methoxy-4-nitro-
5-sulphophenyl)-5-([phenylamino]carbonyl)-2H  Tetrazolium
hydroxide  (XTT),  characterization  of  the Extracellular  Matrix
(ECM),  and  visualization  of biofilm  structure  by  Scanning
Electron  Microscopy  (SEM).

Overall,  the  biofilm’s  characteristics  were  similar,  draw-
ing  a  parallel  between  greater  nutritional  support  with  RPMI
and  nails  only.6 In both  situations,  it was possible  to  show
that  the third  and  fourth  days  were  critical.  In  rich  medium
and  neutral  pH,  the number  of  CFU  remained  constant  at
all  times  (Fig.  1A),  since  the first  day,  with  an  increase  in
metabolic  activity  on  the  third day,  stabilizing  from  this
moment.  A  similar  profile  was  found  for  proteins  and  nucleic
acids.  Interestingly,  polysaccharides  were  significantly  con-
sumed  until  the third  day,  continuing  to  decline  gradually
until  the seventh  day.  On the other  hand,  using  the  nail  as  a
nutritional  source  had observed  an increase  in CFU until  the
third  day,  a high  metabolic  activity  only  on  the  fourth  day,
while  the increase  in proteins  and  carbohydrates  occurred
late,  corroborating  the  results  of  nucleic  acids.6 These  dif-
ferences  can  be attributed  to  the availability  of  nutrients,
with  daily  renewal  of  the RPMI  medium  (food  at  will),  and
the  fact  that  in  the  nail  (restricted  food),  the  fungus  itself
needed  a  period  of  adaptation.

In  addition,  a progressive  increase  in  the amount  of
biomass  was  observed  (Fig.  1B)  between  the first  and  third
day,  followed  by  stability,  which  seems  to  be associated  with
the  consumption  of  polysaccharides  (Fig.  2), a fundamental
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Fig.  1  Characterization  of  biofilm  produced  by  F.  oxysporum  on flat-bottomed  polystyrene  plates  from  one to  seven  days,  in RPMI
medium. (A)  Number  of  viable  cells  by  counting  Colony-Forming  Units  (CFU);  (B)  Total  biomass  by  Crystal  Violet  staining  (CV).

Fig.  2  Characterization  of  biofilm  produced  by F.  oxysporum  on flat-bottomed  polystyrene  plates  from  one  to  seven  days,  in
RPMI medium.  (A)  Metabolic  activity  by  XTT  reduction;  (B)  Quantification  of  Extracellular  Matrix  (ECM):  proteins,  polysaccharides,
extracellular  DNA  and  RNA.

Fig.  3  SEM  illustration  of  four-day  F.  oxysporum  biofilm  structure.  (A)  Highlighting  the structural  organization  of  the biofilm,  the
intertwining  and  compaction  of  the  hyphae  (500×); (B)  Higher  magnification,  showing  the  extracellular  matrix  produced  (2000×).
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component  during  the development  and  maintenance  of  the
biofilm.  Taking  into  account  that  the  CFU  remained  stable,
this  increase  was  attributed  to  the  large  production  of  ECM,
in  a  rich  environment.  The  increase  in  metabolic  activity
(Fig.  2) is  reflected  in protein  and nucleic  acid  synthesis,
mainly  eRNA.  Protein  production  appears  to  be  crucial  in
the process  of  biofilm  formation  and  support  of  the entire
system.6,10 This  idea  is  reinforced  by  the  high  levels  of XTT
and  eDNA,  from  the  fourth  day  onwards,  since  this  nucleic
acid  is  needed  in  activities  that  demand  cellular  energy,  such
as  the  construction  of  a mature  biofilm.10 The  biofilm  struc-
ture  begins  by  forming  a  cell  monolayer  and  within  seven
days  the  highly  complex  three-dimensional  structure  was
observed  (Fig.  3A  and  B).

Thus,  it is logical  to  assume  that  the  ability  of F.  oxyspo-

rum  to  produce  biofilm  is  intrinsic.  The  nutritional  support
seems  just  to  facilitate  the first  hours  of  its  formation,  in
addition  to  favoring  the  production  of  a greater  amount
of  biochemical  components  associated  with  the matura-
tion  and  stability  of  the  biofilm.  Therefore,  the  experience
draws  attention  to  the natural  abilities  of  this fungus,  pre-
viously  restricted  to  the environmental,  agricultural,  and
animal  interest.  Probably,  the natural  selection  induced  by
pesticides  facilitated  its adaptation  to  human  tissues.  The
authors  were  able  to  show  its  virulence  potential  (here  the
efficiency  in  producing  biofilm)  is  maintained  regardless  of
the  addition  of  nutritional  support.  This  behavior  therefore
allows  us  to consider  the genus  Fusarium  spp.  as  a  primary
pathogen  of interest  in  dermatology.
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