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Germ Tube Formation of Candida albicans in Corn Meal Broth Using
the Non-Slip Slide Glass Incubation Method

Sachiko Nakamoto

Department of Medical Technology, Tottori University, Institute of Medical Care Technology,
Yonago 683-0826, Japan

Candida albicandFO 1385 yeast cells dominantly develop germ tubes in a dilute corn
meal broth at 37°C. For germ tube (GT) development the broth concentration is optimal
at 75% of the original, and the inoculum is optimal at 1B cells/mL. Incubation proce-
dures were compared and the non-slip slide glass incubation (NSSI) method was found
to be more available than the tube incubation method or slid-covered slide glass incu-
bation method. The GT formation was completed in 1 to 2 h in the NSSI method and
clear-cut GTs were observed under optical microscopy. GTs were formed in all 111
test-strains of C. albicansbut not at all in other species ofcandida Therefore, under
optimal conditions, the rate of identifyingC. albicansis 100%, demonstrating that GT
detection with the NSSI method is a rapid and reliable identification method. The
humid NSSI method is suited for continuous observation of a GT. The initially formed
GT elongated to resemble a true hypha, attaching no chlamydoconidium. The hypha
subsequently dissociated yeast-like cells.
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Since the germ tube (GT) is a characteristicansis required. Thus, efforts to evaluate or
morphology observed only i@. albicans con- improve the medium to achieve rapid GT induc-
firmation of GT is available as a rapid methodion has not yet ended.

for identifying C. albicans GT formation was Corn meal medium is usually used for the
first reported by Reynolds and Braude (1956)ormation of pseudohyphae or chlamydoconid-
They observed yeast cells transforming intéum of Candidawith the slide culture method,
filamentation (germ) tubes in human bloodjn which fungi are inoculated onto a small piece
sera, plasma and cerebrospinal fluids. Sincef corn meal agar medium placed on a slide
then, many substances were reported as Gilass for culturing. Therefore, observing GT in
inducers, such as serum (Taschdjian et althis agar medium did not seem rational. How-
1960; Mackenzie, 1962; Andleigh, 1964; Dolarever, the use of corn meal broth made it possible
and lhrke, 1971), egg white (Buckley and Udento induce high rates of GT formation, which led
1963; Andleigh, 1964)N-acetylglucosamine to the development of a rapid clinical mycol-
(Simonetti et al., 1974), proline (Holmes andogical method for identifyingcandida In this
Shepherd, 1987), ethanol (Pollack andtudy, using corn meal broth as the medium for
Hashimoto, 1985) and peptone (Joshi et alGT formation, simple and rapid practical condi-
1973a, 1973b). Among them, serum is utilizedions were evaluated to obtain high rates of GT
as the most potent GT inducer in laboratoryormation by establishing an optimal concentra-
studies. However, all the present methods fdion of inoculating fungal solution or an optimal
GT induction have been, so far, time-consumeoncentration of corn meal broth.

ing when the urgent identification &. albi-

Abbreviations: GT, germ tube; NSSI, non-slip slide glass incubatigntifie for germ cells to reach at 50%
of original; TI, tube incubation
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fungal solution was placed on a sterile slide
Materials and Methods glass, and the slide glass was placed in a wet
Petri dish without a cover glass. The Petri dish
was further sealed with a vinyl bag, and the
fungi were incubated at 37°C. Meanwhile, the
C. albicanslFO 1385 was used as the standard’| method was carried out as follows: 1 mL of
strain. In addition, the following strains of the same fungi specimen was transferred to a
Candidaisolated and identified from clinical test tube and dipped in a 37°C-water bath for
specimens were also used in this study: 11lihcubation.
strains ofC. albicansand other species @fan- Cultured specimens were collected at vari-
didaincluding 8 strains of. tropicalis 9 of C.  ous time points, and fungal morphology was
glabrata, 4 of C. parapsilosis5 of C. guillier-  observed in an optical microscope to calculate
mondii 2 of C. lusitaniag 1 of C. kekyr 1 of C.  the number of cells with extruding GT per 100
kruseiand 1 ofC. lypolitica Fresh fungi cultur- given yeast cells and the rate of GT formation.
ed overnight at 30°C with Sabouraud 4% dexMoreover, the GT formation rate determined in
trose agar were inoculated into the corn med@0% calf serum solution was used as the con-
broth. trol.

Strains of Candida

Medium Results

The corn meal broth was pr'epar.ed as foIIowscOn ditions for GT formation
corn meal agar medium (Nissui Seiyaku Co.

Ltd., Tokyo, Japan) was modified to prepare th€igure 1 shows GT formation rates wherf 10
broth; it was mixed with cold distilled water, cells/mL of fungi were suspended in various
and continuously stirred overnight at 6°C in aconcentrations of corn meal broth and incu-
cold room. On the next day, insoluble compobated at 37°C. The maximal GT formation rate
nents were removed by filtration, and the fil-was obtained by culturing in 75% corn meal
trate was autoclaved for use as an undilutelroth, because of undiluted or overdiluted broth
corn meal solution. resulting in unsatisfactory GT formation. Fig-

ure 2 shows GT formation rates wherd110°
Method of GT formation

Fresh fungi were inoculated into various con- 100
centrations of the corn meal broth to establish
fungal suspension. That is, one loopful of fungi
was mixed with a 0.2 mL phosphate buffered
solution to create a dense fungal solution.
Then, this was mixed with 1 mL broth to create
a fungal suspension for incubation. The con-j
centration thus prepared was approximatefy 10 ©

cells/mL (Nakamoto, 1992). Moreover, various 0 , ,
1 2 (h)

a?e

50

formation r.

concentrations of inoculating fungal solutions
were prepared based on this formula for prepar- Incubation time
ing a fungal solution. Fig. 1. The mean GT formation rate in various

The 2 different incubation methods wereconcentrations of corn meal broth. Seven strains of
comparatively evaluated, that is, the non-slif. albicansincluding the standard strain eells/

slide glass incubation (NSSI) method and th&L €ach) were inoculated into various concentra-
. . ions of corn meal broth, and incubated by the NSSI
tube incubation (Tl) method. The NSSI methoénethod at 37°C.0>, 25%: A, 50%: @ 75%: M,

was carried out as follows: $Q of the above 1ggos.
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cells/mL fungal solutions were incubated inthe mean GT initially observed. Along with the

75% corn meal broth or 50% calf serum. Wherxtension of GTs, yeast cells gradually appear-
10° or 1@ cells/mL fungi were incubated for 1 h ed after a 2-h incubation and were recognized in
in 50% calf serum, GT formation rate wasspecimens after a 20-h incubation period (Fig.
100% in both concentrations of fungal solu-3c). In contrast, GTs formed during incubation

tions. When 19cells/mL fungi were incubated in 50% calf serum grew to true hyphae with the
in 75% corn meal broth, GT formation ratesdevelopment of a markedly small number of

were 91% after a 1-h incubation and 100% afteyeast cells, perhaps blastoconidia; moreover
a 2-h incubation. Meanwhile, when“€ells/ chlamydoconidium was not observed (Fig. 3d).
mL fungi were incubated in 75% corn meal Figure 4 shows fungal specimens cultured
broth, the number of fungi in specimens was toby the Tl method. Fungal clusters were formed
small to observe, and the results could not bley aggregating mutual GT-forming cells among

calculated. scattering yeast cells in culturing by the TI

method.

Table 1 shows the relationship between con-
centrations of fungal solutions and GT forma-
Figures 3a and b show fungal morphology whetion rates during GT formation in culturing by
10° cells/mL fungi were incubated at 37°C for 2the NSSI and Tl methods in 50% calf serum.
h by the NSSI method in 75% corn meal brottsing my own experimental conditions, more
or 50% calf serum. There were no morphologsatisfactory GT formation was generally
ical differences between fungi incubated withachieved by the NSSI method than by the TI
both media, and synchronized GT extrusionmethod even when the optimal concentration of
from yeast cells were observed. Figures 3c arfdngal solution was roughly established by
d show fungal morphology when the saméncreasing it 5 times.
specimens were incubated by the NSSI method

for 20 h. GTs formed in corn meal brOthQua/it of GT formation test usina cormn
continuously elongated becoming similar to Y g

. : meal broth
true hyphae measuring several times as long as

GT formation in a total of 142 strains 6an-
%) dida and related yeast-like fungi was tested by
I the NSSI method using 75% corn meal broth.
GT formation was observed in all 111 strains of
C. albicansonly. The mean GT formation rate
was 82.4% after a 1-h incubation, and GT for-
mation with sufficient quality was confirmed
under a microscope. Moreover, there was no
GT formation observed in strains of otlt&an-
dida species, although there is some concern
regarding the small number of strains tested

Morphogenesis

GT formation rate

0 1 |
0 1 2 M (Table 2).
Incubation time

Fig. 2. Relationship between concentration of ) ]

inoculating fungal solution and GT formation rate on Discussion

culturing in 75% corn meal broth or 50% calf serum.

C. albicans(10° cells/mL or 16 cells/mL) was  GT formation is a morphological characteristic

inoculated into each medium, and incubated by th . - .
NSSI method at 37°C. 50% calf serugn: 10° cells/ 6f C. albicans and it can be detected in a rela-

mL or 16 cells/mL fungal solutions. 75% corn mealtively Shor_t time When GToformation i§ acc.el-.
broth: A, 1P cells/mL fungal solutionm, 10° cells/  erated by incubation at 37°C in a solution simi-
mL fungal solution. lar to serum containing abundant nutrients
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Fig. 3. Morphology of C. albicans IFO 1385 inoculated into 2 kinds of inducer solutions, 75% corn meal
broth and 50% calf serum, and incubated by the NSSI method at 37°C for 2 h and 20 h. a: C. albicans
inoculated into 75% corn meal broth at a concentration of 10° cells/mL, and incubated for 2 h. b: C. albicans
inoculated into 50% calf serum at a concentration of 106 cells/mL, and incubated for 2 h. c: C. albicans was
inoculated into 75% corn meal broth at a concentration of 10° cells/mL, and incubated for 20 h. GT extended
like relatively short true hyphae, and the small number of yeast cells were observed in the medium. d: C.
albicans was inoculated into 50% calf serum at a concentration of 108 cells/mL, and incubated for 20 h. In
contrast to culturing in corn meal broth, well developed true hyphae-like fungal morphology was observed
together with diffused blastoconidium-like yeast cells, while chlamydoconidia were not observed in the
medium. Bar indicates 10 pm.
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Table 1. The mean GT formation rate in 10 strains
of C. albicans inoculated in 50% calf serum at
37°C: relationship between concentration of inoc-
ulating fungal solution and incubation method

Incubation Concentration

Mean GT forma-

time of fungal tion rate (%)
(h) suspension TI NSSI
(cells/mL) method method
1 1.4 x 108 90 95
2.7 x 10° 84 97
4.1 x10° 68 96
55 x 10° 54 95
6.8 x 10° 44 97
2 1.4 x 108 97 100
2.7 x 10° o1 100
4.1 x10° 79 100
55 x 10° 66 100
6.8 x 10° 53 100

Fig. 4. Fungal morphology of C. albicans
|FO 1385 inoculated into 50% calf serum, and
incubated by the TI method at 37°C for 2 h.
Bar indicates 10 pm.

(Taschdjian et al., 1960; Mackenzie, 1962;
Andleigh, 1964; Dolan and lhrke, 1971;
Nakamoto, 1996). Meanwhile, chlamydo-
conidia, another morphological characteristic
of C. albicans, are formed when C. albicansis
incubated in scanty nutrients, corn meal
medium, at a low temperature between 25 and

GT, germ tube; NSSI, non-slip slide glass incubation; TI,
tube incubation.

30°C. Inthis case, the corn meal medium used
was applied as agar but not aliquid for studying
chlamydoconidial formation, whereas few re-
ports have been published describing chla-
mydoconidial morphogenesis even in corn meal
liquid medium (Takagi and Nagata, 1962;
Vidotto et al., 1986; Nakamoto, in press).
Moreover, no report has been published regard-
ing GT formation in corn meal broth. Sincethe
composition of corn meal broth was the same as
that of corn meal agar medium, commonly used

Table 2. GT formation test in 75% corn meal broth at 37°C by the NSSI method

Strains Number Number of Mean GT formation rate
of GT-formed strains (%)
strains 1-h Incubation 1-h Incubation 2-h Incubation

C. albicans 111 111 82.4 [44-100] 94.1 [74-100]
C. tropicalis 8 0 0 0
C. glabrata 9 0 0 0
C. parapsilosis 4 0 0 0
C. guilliermondii 5 0 0 0
C. lusitaniae 2 0 0 0
C. kekyr 1 0 0 0
C. krusel 1 0 0 0
C. lypolitica 1 0 0 0

GT, germ tube; NSSI, non-dlip slide glass incubation.
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for chlamydoconidial detection, except for When the developmental process of GT-
agar, GT formation has been overlooked. Ifiorming cells was observed, GTs observed at
this study, it was confirmed that high rates othe initial stage of culturing were morphol-
GT formation were achieved when yeast cellggically similar to those observed during GT
were incubated at 37°C in the corn meal brotinduction by serum (Fig. 3b), demonstrating
though diluted to some degree. Concerninthat at least morphologically similar GT could
the concentration of inoculating fungal so-be induced in corn meal broth. These GTs ex-
lution, which influenced the efficiency of GT tended like true hyphae without chlamydo-
formation, it was already reported that theconidia after a long-term incubation (Fig. 3c).
extension of GT was more accelerated at Burthermore, dissociated proliferation of yeast
lower concentration of fungal solution cells was gradually observed after a 2-h incuba-
(Mackenzie, 1962; Nakamoto, 1996).tion. Considering the unexpected consistency
Gunasekaran and Hughes (1977) reporteldetween the time that dissociated proliferation
that satisfactory GT fornten was induced in of yeast cells started and the time that the GT
10° cells/mL fungal solution after incubation in formation rate reached 100%, nutrients contain-
a chitosan trypticase Tween-80 agar mediungd in a limited medium became rapidly insuf-
while Strippoli and Simonetti (1975) alsoficient. This phenomenon might be related to
reported it to be between 38nd 16 cells/mL  the findings thalC. albicansgrew to yeast
after incubation in a medium containit\y  phases when incubated at 37°C in common
acetylp-glucosamine. It was also reported thatmedia. From the results obtained in this study,
GT induction was achieved by culturing yeastt was speculated that GT formation and the
cells with sera at a similar range of fungaldevelopment of true hyphae transiently occur-
concentration, and further increases in the comed before the development of the yeast phase
centration of fungal solution resulted inwhenC. albicanswas incubated in 75% corn
decreased GT formation rates and inhibited Geal broth at 37°C. However, further detailed
extension (Mackenzie, 1962; Joshi et al.experimental models were necessary to analyze
1973a; Nakamoto, 1996). In this study, thehis hypothesis. Meanwhile, it was recently
optimal concentration of fungal solution inreported that whe@. albicanswas incubated in
the corn meal broth was establéesh which corn meal broth at 23°C, short pseudohyphae
was similar to those reported in previousvere aggregated and radially arranged in three
studies. However, compared to GT inductiordimensions to form clusters of specific hyphae
by serum, it was confirmed that increased funwith chlamydoconidia on their external tips
gal concentration (fcells/mL)resulted in (Nakamoto, in press). Therefore, despite the
slightly delayed GT formatioand decreased same media componen@, albicansshowed a
GT formation rate. However, regarding GTtemperature-dependent induction of the mor-
formation during induction by serum, it wasphological phase, which was considered differ-
reported (Nakamoto, 1996) that the initialent from the dimorphism observed on culture in
velocity of GT formation after a 20-min lag common media. In general, corn meal broth is
time was 4.25% per min, and the time for gernan excellent medium for the development of
cells to reach 50% of the originalggy was 33 hyphae. However, it can be speculated that the
min. Among many reports regardinggl morphogenesis of. albicansusing this corn
(Walkeret et al., 1984; Pollack and Hashimotomeal broth has led to GT formation and the
1985; Sevilla and Odds, 1986; Holmes andubsequent development of true hyphae without
Shephered, 1988), Sevilla and Odds (1986)hlamydoconidia when the incubation tempera-
recorded the shortestat 40 min. Therefore, ture was initially established at 37°C, while the
a further reduction of g was recorded under morphogenesis of. albicanshas led to the
optimal conditions. In this study, it was con-development of pseudohyphae without GT
sidered that the rate of GT formation in 75%ormation and the subsequent formation of
corn meal broth was as good as that in serumspecific fungal clusters with chlamydoconidia
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when the incubation temperature was initiallyrapid identification ofC. albicansby confirma-
established at 23°C. tion of GT.

The Tl method and the slide glass incuba- Under optimal conditions, GT formation
tion method are commonly used for morpholwas tested by the NSSI method in various
ogical observation o€. albicans The slide strains. As a result, the quality of identifyiGg
glass incubation method is usually carried oualbicansafter a 1-h incubation was 100%. The
by placing a drop on the medium with a coveGT formation rate in each strain ranged be-
glass. In this study, though GT formation couldween 44 and 100%, which allowed no doubt in
be observed by the TI method using corn medhe evaluation.
broth, aggregation of GT-formed fungi occur- These results concluded that corn meal
red as shown in Fig. 4. Therefore, evaluation dfroth could replace serum, which was common-
the GT formation rate was markedly difficult.ly used for GT formation test, and that the use
Concerning the slide glass incubation methodyf corn meal broth was far more advantageous
though satisfactory GT formation was observethan serum with regard to cold storage, cost
in the fungal solution around the edges of thefficiency and biohazard safety.
cover glass, poor GT formation was observed in Because the NSSI method is technically
the middle of the cover glass. Therefore, it wasimple, this method facilitates the rapid diag-
considered that contact with air was necessanposis ofC. albicansinfection.
for GT formation even in a limited specimen of  Finally, the reason why GT was formed by
fungal solution. Moreover, since the mediunremoving agar from corn meal medium remains
easily evaporates in the slide glass incubatioto be clarified. Further information is necessary
method, observation of a long-term culturing isabout culturingC. albicansby adding agar to
difficult (Nakamoto, 1994). To improve thesethe optimal 75% corn meal broth.
culture conditions and to increase contact with
air, | employed the NSSI method, in which a _
cover glass was not placed over the fungal Soh@cknowledgments:l wish to thank the Dean and

. . . rof. Masumi Ueda, Dept. of Medical Technology,
tion on the slide glass, but the slide glass WaPottori University College of Medical Care Tech-

sealed inside a vinyl bag to create an envirorpology, for his appropriate advice and valuable sug-
ment with high humidity. As a result, a long-gestions in this study.

term incubation experiment lasting for 1 or 2
days became possible. In the NSSI method,
when a cover glass was first placed on the slide
glass before microscopic examination, cellsy Andleigh HS. Rapid identification @andida
diffusing in the fungal solution were observed albicans Mycopathologia 1964;23:81-84.
across all areas under the cover glass, but thefe Buckley HR, Van Uden N. The identification of
were no fungal clusters due to aggregated GT- Candida albicanswithin two hours by the use of

. an egg white slide preparation. Sabouraudia
formed cells observed. Therefore, this culture 1963:2:205-208.

condition provided an advantage, which3 polan T, Ihrke DM. Further studies of the germ-
facilitated precise evaluation of the GT forma- tube test foCandida albicansdentification. Am
tion rate. In addition, it was revealed that the J Clin Pathol 1971,55:733-734. _
NSSI method had an advantage in maintaining Gunasekaran M, Hughes WF. A simple medium
hiah rat f GT formation even th h several for |sol_at|on and |der_1t|_f|cat|0n di_:andlda albi-
_g rates o ; ormation € .e O_l“'g se _ea cansdirectly from clinical specimens. Myco-
times the optimal concentration of inoculating pathologia 1977;61:151-157.

the fungal solution was used without strictly 5 Holmes AR, Shepherd MG. Proline-induced
establishing the optimal fungal concentration in germ-tube formation i€andida albicans role

; i« Of proline uptake and nitrogen metabolism. J Gen
comparison to the Tl method (Table 1). This Microbiol 1987:133:3219-3228.

ﬁ”?'ing may_further facilitate Cllinical myco!- 6 Holmes AR, Shepherd MG. Nutritional factors
ogical techniques. On the basis of these find- determine germ tube formation @andida albi-
ings, the NSSI method is markedly useful for cans J Med Vet Mycol 1988;26:127-131.
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