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Abstract: Growth pattern and mycelia formation of two strains O (Oral isolate) and G
(genitourinary tract isolate) of Candida albicans in horse-serum, MSB and RPMI 1640
media indicates that the first medium promotes filamentation in both strains while MSB
initiates medium mycelium formation for O strain and RPMI stimulates the yeast
growth and low filamentation. However, RPMI| promotes moderate filamentation and
growth of C. albicans (G). The peak of mycelium production appeared between 15 to
4.5h after inoculation of C. albicans O and between 15 to 6.0 and 7.5h for C. albicans G.
the pH value of 7.4 appeared to be optimal for filamentation on MSB at 37°C for C.
albicans. O (Oral pH slightly alkaline), While, pH of 4.4 was responsible for highest
mycelia formation of C albicans G. (vaginal pH around 4.5) under same cultural
conditions incubation temperature of 37°C was concomitant with the highest germ-tube
formation by C. albicans O, on MSB at pH 7.4 while 34°C was optimum for filamentation
by C. albicans G. on MSB at pH 4.4. These results indicated that the pattern of
filamentation by C. albicans depends mainly on the yeast strain. The nutritional and
cultural conditions control the route of yeast dimorphism. The two C. albicans strains (O
and G) showed the same phenotypic switching when grown on solid media of MSB,
RPMI, horse serum and blood agar base, in presence of 7%C02 (anaerobic) and in
absence of 7%C02 (aerobic) conditions). However C. albicans G showed phenotypic
switching on chocolate agar (feet appendages in presence of 7%C02 and normal growth
in absence of CO2) while C. albicans O showed no switching under the same conditions.

KEY WORDS: Morphogenesis. Dimorphism. Gefm-tube. Filamentation. Phenotypic-
switching
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growth medium, temperature of
incubation and external pH values
{Evan ef al; 2004). C. albicans is a normal
inhabitant of the oral cavity, the
gastrointestinal and  genitourinary
tracts, where it persists in equilibrium
with the host’” micro flora (Odds, 1988;
Evan et al; 2005)

The induction of mycelia
development in C. albicans (Clinical
isolates) as influenced by some
environmental and nutritional shifts and
also its phenotypic switching were
studied (Gow, 2000). The present work
aimed to compare between two Candida
albicans strains {one was isolated from
the oral cavity of infant and the other
from genitourinary tract of pregnant
women) and their mycelia formation as
influenced by  growth  media.
Characterize their phenotypic switching
under 7%CQO; or in aerobic conditions

(Eggiman et al; 2003). .- . . ...

PR T RN I

MATERIALS AND METHODS
Organisms: Candida albicans isolates
used in this work were obtained from
the mouth of hospitalized children (O)
and the other from genijtourinary tract
of pregnant women (G) during routing
preoperative screening from Imo State
University Teaching Hospital Orlu Imo
state Nigeria. The patients showed no
overt candidiasis nor had they received
any form of antifungal therapy.

The yeasts were kept on
Sabouraud’s glucose agar slopes at 4°C.
Inoculates were prepared at 370C for 16-
18 h. The yeast cells were washed in
water, cenfrifuged and resuspended in
water (under aseptic conditions). The
number of blastospores/ml of
suspension  were determined by
haemocytometer counting and a suitable
flasks containing 100ml of broth to yield
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an initial concentration of  10¢
blastospores/ml (Evan, 2004)

Growth media and culture condition:
The three media tested for their
ability to stimulate filamentation in C.
albicans strains (O and G), were
modified Sabouraud’s glucose broth
(MSB). Comprising 1% Mycological
peptone (Oxoid) and 0.2%  glucose
adjusted to PH 6.8 and RPMI 1640
medium (sigma, MF0009) pH 7.4,

Media were warmed to Ihueir
incubation temperature betore
inoculation. The flasks of media were
then agitated on a rotary shaker (1.50
rpm) for 12h. The growth of the cultune
was recorded together with the ability
to from germ-tubes and
pseudomycelium (mycelium or
filamentation) during the incubation
period. v e v

Growth and Mycelial formation: At
intervals (1.5 h) during growth, the cell
concentration was determined as single
cell (blastospores) by direct count in a
Burke haemocytometer. Germ ~tube and
pseudo mycelium (mycelium or
filamentation) formation were measured
by counting the number of individual
cells showing a definite out growing
tube and expressing this as percentage
of the total cell population.

Effect of PH value: The influence of
different starting pH values (3.4-9.4) of
modified Sabouraud’s glucose broth
(MSB), o mycelia formation in the
Candrda albicans strains (O and Gj), was
tested. _

Effect of incubation temperature: C.
albicans, strains were allowed to grow
under the best pH value (7.4 for O and

R

3030 | Pugec



Uzoechi er ¢ 2015

Nigeria Journal of Microbiology 2015: 3029-3037

84 for G) that induces mycelia
formation and at incubation
temperatures of 34, 37, 40 and 459C.

Phenotypic switching of C. albicans
strains (O and G): C. albicans strains (O
and G) were allowed to grow in solid
media of M5B, RPMI 1640 (sigma,
MF0009). horse serum (Oxoid,
SR0035C), blood agar base (HIMEDIA,
MO89) and chocolate agar (HIMEDIA)
under  7%CO: {anaerobic) and
aerobically for 48 h at 370C thereafter,
the colony growth was described, either
as normal yeast growth or growth
forming feet appendages at the colony
edges (Yang, 2003).

RESULTS AND DISCUSSION

Effect of growth media: The pattern of
growth and mycelia formation of C.
albicans strains (O and () in horse-
serum, MSB and RPMI 1640 media
(Table 1) indicated that horse- serum
medium noticeably promoted
filamentation in both yeast strains
(about 97% for O and 97% for G). while
MSB resulted in only 52% germ-tube
forming cells in O strain. However,
RPMI constituents were not in harmony
with mycelial formation by the same
strain (about 11% filamentation). On the
other the hand, the last medium was
more conducive for mycelia for C
albicans G. These findings indicated that
filamentation of C. albicans depends

mainly on the yeast strain and to a lesser
extent on the growth medium
formulation. However, horse serum
natural ingredients of hemin, hormone
and other blood serum constituents
appeared to be necessary for germ-tube
formation and hence increased
pathogenicity for most C. albicans strains
(Casonova ef al; 1997; Cetinkaya and
Kiraz, 2005). Media containing high
levels of glucose (Winge, Lee’s and
RPM]I, have 2, 1.25 and 0.45% glucose,
respectively) and high phosphate (RPMI
and Lee’s 6, 2.5 g/] respectively) amino
acids and biotin ( RPMI and loe -
reduce the ability of C. albicans O to
form germ tube. In accordance wit’

finding that C. albicans strain could
respond to glucose, phosphate amino
acids and biotin starvation by activatine
hyphael development (Pranjapc .
Datta, 1991). On the other hands, C.
albicans strain G appeared to be in need
of complex media for filamentation
where horse-serum and RPMI medium
with complex components of amino
acids, vitamins, hormones etc. gave
detectable filamentation. The influence
of amino acids and vitamins for
initiation of germ-tube formation and
pathogenicity of some . albicans strains
has also been reported (Casanova et al;
1997; Ernest, 2000; Eggimann et al; 2003).
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Table 1
Effect of different growth media in germ-tube production in C albicans strains (O and G) incubated at
37°C for 12hrs

Horse serum medium MSB medium RPMI 1640 medium
Yeast  incubation yeast count % of cells forming .)'cm count! % of cells forming yeast count/ % of cells forming
Struin  peniod (hr) mi x 10° germ lube ml x 10° germ ube mi x 10° germ tube
L5 141 96.92 120 15.00 146 0.0
O 3.0 152 04.23 135 52.27 162 0.28
45 194 81.00 179 3944 218 3.07
6.0 262 73.89 240 29.87 278 10.67
7.5 480 71.70 430 17.80 491 9.49
.0 680 56.88 615 12.52 - 688 6.82
10.5 015 42.86 880 8.86 993 4.97
12.0 1200 37.16 1105 7.19 1270 397
1.5 120 95.60) 108 1143 120 16.58
G 3.0 149 45.12 140 15.71 141 37.76
4.5 175 92.68 164 14.02 205 4545
6.0 238 85.71 218 11.00 270 35.55
7.5 360 77.78 316 8.23 435 23.16
9.0 440 64.29 460 6.09 642 18.31
10.5 526 5429 689 4.21 904 13.67
12.0 720 40.28 913 3.28 1187 10.64

C. albicans strain O showed higher growth values than that of G strain, on the tested
media under the cultural condition. The peak of mycelium production appeared
between 1.5 and 4.5 h after inoculation of C. albicans O in horse-serum and MSB media
and between 3.0 and 7.5 h in RPMI for the same strain. As for C. albicans G, the peak of
mycelia formation in horse-serum and RPMI and media appeared between 1.5 and 7.5 h
for the first medium and 1.5 and 6.0 h for RPMI, whereas for M5B medium it was
between 1.5 and 6.0 h. the earlier mentioned results indicated that C. albicans
filamentation and its peak depends mainly on the yeast strain and on the nutritional
factors. The importance of nutritional factors that induce germ-tube formation by C.
albicans strains was reported (Pranjape and Datta 1991; Lee 2005).
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Effect of pH value: The influence of
starting pH value of MSB medium on
mycelia formation by C. albicans strains
(O and G) (Table 2), indicated that C.
albicans O failed to form germ-tube at
the acidic pH 3.4 and as the pH value
shifted toward neutrality (pH 7.4)
filamentation percentage increased at
the different incubation periods. On the
other hands, as the pH tends to
alkalinity mycelia formation decreases.
A pH range of 3.4 to 7.4 favoured the
growth of yeast (O) than the alkaline
pH. As for C. albicans G, the shift of pH
from neutrality to acidity favoured yeast
growth, and germ-tube formation and
pH 4.4 proved to be optimum for yeast
strain G filamentation and growth,
under the tested condition. As
mentioned before C. albicans O was of
oral origin, pH slightly alkaline, so the
optimum pH for myecelial formation by
the strain was at neutral pH value (7.4).
But C. albicans (G) was isolated from
genitourinary tract of acidic pH (4.5). So,
PH value of (44) of the test medium
favoured the best yeast (G) growth and
filamentation (De Benardis et al; 1998).

The peak of mycelium production
appeared between 1.5 and 6.0 h after
inoculation C. albicans O at pH range
4.4- 4.7(acidic). While it was between 3
and 9 h for pH 8.4 and at pH value of 9.4

Published by Nigerian Society of Microbiology

(highly alkaline) the peak appeared
between 6 and 12 h of incubation. These
indicated retardation of time of
mycelium formation as alkalinity
increases. However, the peak of
filamentation by C. albicans G appeared
between 1.5 and 4.5 h after inoculation,
at the different tested pH. It was
reported that the extracellular pH is one
of the environmental factors that
modified the physiology of the cell
(Saporito et al; 1995; Paranjape and
Datta, 1991). It was also reported that
the gene of cell wall protein is expressed
at a pH 5.5 and is required for systemic
candidiasis (blood pH is near
neutrality), whereas its paralogue gene
is expresses only at acidic pH (pH 5.5)
and is required for vaginal candidiasis
(vaginal pH is around 4.5) (Saporito et
al; 1995).

Effect of incubation temperature: the
influence of temperature range (34°C-
43°C) on mycelia formation (Table 3) by
C. albicans strains (O and G) revealed
37°C was optimal for filamentation by
the strains O, 34°C was so for G strains.
349C proved to be suitable for growth of
both strain, while higher temperatures
results in a gradual decrease in yeasts
growth.
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Table 3 .

Influence of pH values in germ tube formation in C. albicans strains O and G cultivated
in modified Sabouraud’s broth (MSB) medium at ph 7.4for (O} and ph 4.4 for (G) for

12h of incubation
1E R Temperature
34° 37 40° 43
Yeast Yeast Yeast Yeast
Yeast Icubation count! % of count/ % of count/ % of count/ % of
Struin Period (h) mlx i CFGT mlx 1 CFGT mix 10 CFGT mlx 10  CFGT
1.5 145 Q.00 120 15.00 118 12.06 104 4.87
O 3.0 176 7 135 52.27 129 t1.62 114 5.09
4.5 234 [5.0h 179 39,44 147 10.27 139 5.37
60 323 P td 240 29.87 2607 7.34 196 4.08
7.5 360 7.83 30 17.30 366 423 297 2.86
S0 a7 554 H13 12.52 580 274 489 1.84
10.5 Y15 4,06 s5i) 8.86 793 2.02 698 1.3
12.0 P30 2.86 [ 1tk 7.19 g 1.72 880 1.09
1.5 143 J5 4 130 13.91 121 9.84 114 3.60
G 3.0 196 A 182 18.43 16% 1492 147 12.05
45 287 it 268 18.85 248 10.88 214 9.34
610, 396 In> 384 15.10 214 9.55 289 796
1.5 4499 15.03 579 10.36 530 6.03 500 5.20
90 773 996 745 832 706 486 685 424
10.5 982 795 946 6.76 911 4.06 879 375
12.0 1300 6.23 1228 5.37 1200 3.38 1099 3.18

The peak of mycelium formation
by C. albicans (O) appeared between 1.5
and 4.5 h of inoculation. But for G strain
it appeared between 1.5 and 6.0 h of
incubation. It was reported by Kaur et al;
(1998) that germ-tube induction in C.
albicans strains may involve different
signaling pathways triggered by distinct
environmental factor which regulate
different or overlapped subsets of gene
systems controlling dimorphism. The
functionality of these path ways may
depend in both culture conditions and
the vrowth phase (Casanova ef al; 1997).
The intluence of incubation temperature
in dimorphism of C. albicans was
reported by many workers (Ernest,
2000).

The above mentioned results indicated
that the pattern of filamentation by C.
albicans depends mainly on the yeast
strain, genetic, nutritional and cultural
conditions control the route of yeast
dimorphism.

Phenotypic switching of C. albicans
strains M and G on solid media: The
phenotypic of C. albicans strains O and G
growth on solid media of MSB, RPMI,
horse-serum, blood agar base and
chocolate agar under 7% CO»
(anaerobically) and aerobically for 48 h
at 37 ©C, indicated that the two strains
showed the same phenotypic switching
on the first four media. However, on
chocolate agar medium feet appendages
emerged under the tested condition

Published by Nigerian Society of Microbiology
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(absence and presence of 7% CO») for C.
albicans O, while strain G showed no feet
appendages in absence of CO; and
normal yeast growth was estimated. The
two strains (O and G) showed no
phenotypic switching when grown on
MSB agar medium, either in 7% CO; or
in aerobic condition. So, normal yeast
growth was showed. They also showed
feet appendages (no  phenotypic
switching) when grown in both RPMI
horse-serum media, (under presence or
absence 7% COs). i.e the last two media
stimulated formation of feet
appendages. However, C. albicans O and
G showed phenotypic switching as
grown on blood agar base where they
showed feet appendages in presence of
7% CO: and normal growth in absence
of COz The above results indicated that
the two strains have the same
phenotypic growth in the tested media,
but differ only when grown on
chocolate agar medium where strain G
showed phenotypic switching (feet
appendages in 7% CO; and normai
growth in absence of CO; and strain O
showed no switching.

The phenotypic switching in colonial
form of C. albicans in aerobic of 7% CO:
and anaerobic condition (7% CO:) used
as indications for its virulent and
pathogenicity as well as, resistance to
fungal antibiotics. The strains isolated
from patient having candidiasis have
the ability for phenotypic switching
while that inhabiting healthy persons
lack this phenomenon (Casanova et al;
1997). Phenotypic switching is one of
the major virulent factors and has been
shown to be effective in defense of the
immune system, increase in adherence,
increase in  enzyme secretion and
decrease in susceptibility to antifungal (
Slutsky et al; 2005; Sell 2002.

Published by Nigerian Society of Microbiology
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