
INTRODUCTION
Mi cro bi ota biofilms oc cur and per sist in both the en vi -

ron ment and in the hu man body; in the lat ter case
es pe cially in con nec tion with medi cal de vices. The pro -
cess by which mi cro or gan isms colo nize ar ti fi cial (e.g.
glass, poly chlo ride vi nyl, poly sty rene, sili cone) or natu ral
sur faces (e.g. epithe lial cells) in volves a se ries of steps
start ing with phys ico chemi cal in ter ac tion be tween mi cro -
bial cells and sub stra tum, fol lowed by cell ad he sion,
mul ti pli ca tion and dif fer en tia tion, lead ing to for ma tion of
the ma ture biofilm [7,12,14,16]. Yeasts are found in a va -
ri ety of natu ral habi tats. Some of them, e.g. Can dida spp.,
be ing a com po nent of nor mal mi cro flora colo nizes skin
and mu cous mem branes of mouth, up per res pi ra tory tract, 
in tes ti nal tract or va gina; the pre domi nant spe cies is Can -
dida al bi cans. These mi cro or gan isms can be re garded as
an im por tant op por tun is tic patho gens in volved in in fec -
tions as so ci ated with the biofilm for ma tion on mu cous
mem branes or in dwell ing medi cal de vices be ing an in

vivo sub strata for the yeast cell ad he sion [2,5,9]. A wide
range of bio ma te ri als used in clini cal prac tice have been
shown to sup port colo ni za tion and biofilm for ma tion by
Can dida spp. [14,18].

Sev eral mi cro scopic tech niques have been de vel oped
in or der to un der stand the biofilm struc ture and its physi -
ol ogy in situ, e.g. non- invasive con fo cal scan ning la ser
mi cros copy – CSLM [13,15,20,22]. In this pa per, we
pres ent data con cern ing the biofilm for ma tion at vari ous
phases of its de vel op ment in vi tro by oro pha ryn geal iso -
lates of C. al bi cans on a glass sur face un der static
con di tions, us ing CSLM. This tech nique al lowed to cal -
cu late the areal pa rame ters de scrib ing the ar chi tec ture of
C. al bi cans biofilm dur ing its for ma tion and matu ra tion. 

MATERIALS AND METHODS
Yeast strains and cul ture con di tions. Can dida al bi -

cans iso lates were ob tained from oro pha rynx of pa tients
with lung can cer un der go ing pul mo nary re sec tion. The
yeast sus pen sions were stored at -20°C in 50% glyc erol
and then cul tured on Sa bou raud dex trose agar at 30°C for
48 h; be fore each ex peri ment, the iso lates were sub cul -
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tured on Sa bou raud glu cose broth (fur ther called Sa bou-
raud me dium) at 30°C for 48 h. 

Con fo cal scaning la ser mi cros copy (CSLM) analy -
sis. The stan dard ized yeast sus pensions (op ti cal den sity of 
0.5 McFar land stan dard, i.e. 5 x 106 col ony form ing units
mL-1) in Sa bou raud me dium were pre pared. In or der to as -
say ad he sion pro cess, 350 μL of in ocu lum was added to
four of the eight- well poly sty rene cul ture cham ber and
then in cu bated for 1 h at 35°C, fol lowed by gen tle wash -
ing of the wells with ster ile phosphate- buffered sa line
(PBS) to re move non ad her ent cells. Next, to each well
200 μL of so lu tion con tain ing 0.1 mg mL-1 of con ca na -
valin A Al exa Fluor 488 con ju gate (CAAF) was added
and in cu ba tion was con tin ued for 45 minutes at 35°C. In
or der to as say biofilm for ma tion at early stage, 350 μL of
in ocu lum was added to four of the eight- well cul ture
cham ber and then in cu bated for 24 h at 35°C, fol lowed by
gen tle wash ing of the wells with ster ile PBS to re move
non ad her ent cells. Next, to each well 200 μL of so lu tion
con tain ing CAAF was added and the in cu ba tion was con -
tin ued for 45 minutes at 35°C. In or der to as say the ma ture 
biofilm, 350 μL of in ocu lum was added to four of the
eight- well cul ture cham ber and then in cu bated for 24 h at
35°C. Next, non ad her ent cells were re moved by care ful
well rins ing with ster ile PBS and then fresh Sa bou raud
me dium was added. Me dium chang ing and the cul ture
cham bers wash ing pro ce dures af ter over night in cu ba tion
at 35°C were re peated twice (a to tal in cu ba tion pe riod
lasted 72 h). Af ter this time 200 μL of so lu tion con tain ing
CAAF was added and in cu ba tion was con tin ued for
45 min at 35°C. All as says were car ried out in four rep li -
cates. The pic tures for plani met ric meas ure ments were
car ried out in two- dimensional scans at a mag ni fi ca tion of 
x 50. The plani met ric analy sis was per fo med us ing Im age
J. v. l. 36b, Wayne Ras band, Na tional In sti tutes of Health,
USA. The sta tis ti cal analy sis was per formed by ap ply ing
Shapiro- Wilk’s and Leve ne’s tests us ing Statis tica 6.0.
All tests were performed with a con fi dence level of  95%. 

RESULTS
Three pa rame ters de scrib ing biofilm for ma tion by oro -

pha ryn geal C. al bi cans iso lates - the areal po ros ity, the
length of edge line, the length of skele ton line, were cal cu -
lated us ing CSLM tech nique at vari ous phases of biofilm
de vel op ment, i.e. af ter 1 h in cu ba tion (ad he sion step), 24
h in cu ba tion (the early stage of biofilm for ma tion) and 72
h in cu ba tion (the ma ture biofilm); the over all in cu ba tion
pe riod lasted 72 h (Tab. 1). 

These pa rame ters showed a simi lar ten dency dur ing
biofilm for ma tion by two iso lates of C. al bi cans. The field 
of cul ture cham ber oc cu pied by yeasts in creased sig nifi -
cantly af ter 24 h, fol lowed by some what de crease af ter 72
h. In con trast, the areal po ros ity, in versely as so ci ated with 

the field of cul ture cham ber de creased sig nifi cantly af ter
24 h, fol lowed by some what in crease af ter 72 h. The
length of edge line and the length of skele ton line in -
creased sig nifi cantly af ter 24 h, fol lowed by some what
de crease af ter 72 h.

Ta ble 1. The pa rame ters de scrib ing biofilm for ma tion in vi tro
un der static con di tions on glass sur face by Can dida al bi cans
oro pha ryn geal iso lates

Parameter
The incubation time

h
C. albicans  C. albicans

CA1  CA2 
Areal porosity (%)

Length of edge line
[mm(mm2)-1]

Length of skeleton line
[mm(mm2)-1]

Thickness of biofilm (10-6 m)

  1
24
72
  1
24
72
  1
24
72
72

94.0±9.6
61.0±5.7
65.0±9.3
49.60±74.73
182.77±53.71
133.05±35.54
33.07±61.45
105.78±36.60
67.51±24.94
13.3

100±0.1
44.0±12.9
56.0±9.2
0.40±0.27
231.67±77.72
181.88±33.80
0.16±0.12
133.71±35.57
93.52±29.67
66.42

The thick ness of ma ture biofilms of C. al bi cans iso -
lates, con sist ing of only blas to spores, or blas to spores and
fila men tous ele ments af ter 72 h in cu ba tion was 13.3 mm
or 66.42 mm, re spec tively. 

DISCUSSION 
The for ma tion of biofilm by Can dida spp. has been

dem on strated on a number of abi otic sur faces. The over all 
or gani za tion of Can dida spp. biofilm is simi lar; ma ture
biofilms con sist of a dense net work of yeasts and fila men -
tous ele ments (hy phae or pseu do hy phae). All spe cies of
Can dida are able to form biofilm, but es pe cially this abil -
ity pos sess yeasts be long ing to spe cies Can dida al bi cans
[1,7,8,10,11,13]. In this pa per the non- invasive CSLM
tech nique al lowed to de scribe in de tails the struc ture of
biofilm formed in vi tro un der static con di tions on glass
sur face by oro pha ryn geal C. al bi cans iso lates.

It is known that mor pho logi cal tran si tions be tween
yeast cells and hy phae or pseu do hy phae is trig gered af ter
con tact be tween fun gal cells and sur face. As found by
other authors fila men tous ele ments may have an im por -
tant role in the struc tural in teg rity and the mul ti lay ered
ar chi tec ture of the ma ture biofilm, while di mor phism per
se may not be an ab so lute pre req ui site for the biofilm for -
ma tion by Can dida spp. [6,17]. As found here,  C. al bi cans
biofilm may con sist of only blastospores or blastospores
and fila men tous ele ments. On the other hand, the thick -
ness of C. al bi cans biofilm con sist ing of blastospores and
fila men tous ele ments is much higher than that con sist ing
only of blas to spores. Ac cord ing to the li terature data the
thick ness of C. al bi cans biofilms ranged 25-550 μm, that
of C. tropi calis biofilm – from 7 to 30 μm, while that of C.
parap si lo sis – from 75 to 125 μm [1,5,9,11,12,16,17,19]. 

The non- invasive CSLM tech nique en abled the quan ti -
ta tive analy sis of C. al bi cans biofilm de vel op ment on
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a g lass sur face at vari ous stages, i.e. dur ing ad he sion, the
biofilm for ma tion and its matu rat ing. The cal cu lated pa -
rame ters de scrib ing the biofilm de vel op ment, i.e. the areal 
po ros ity, the length of edge line, the length of skele ton
line, indicate that the mor pho logi cal re or gani za tion
within the biofilm oc curred dur ing its de vel op ment. This
may be due to some changes in the biofilm struc ture, e.g.
co ag gre ga tion or dis ag gre ga tion of mi cro colo nies [3,4,6,
21]. Ac cord ing to our data, yeasts within the biofilm con -
tin ued to pro lif er ate dur ing 72 h, but the pa rame ters of
biofilm ap peared to be simi lar to those af ter 24 h. Simi lar
ob ser va tions were de scribed by An des et al. [1]. 

In con clu sion, the pres ence dif fer ent types of C. al bi -
cans biofilm ar chi tec ture should be taken into ac count in
the as sess ment of the ef fec tive meth ods used in yeast
biofilm pre ven tion and its eradi ca tion.
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