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Candida albicans is an important human pathogen that causes systemic infections, predominantly among population
with weakened immune system. Cell wall structures of C. albicans are important to adhere to host tissue and evade to
host immune system. Among cell wall structure, the outermost fibrillar layer of C. albicans is of interest since it may
play important roles in antigenicity, phagocytosis, and adherence. The expression of virulent factors could be affected
by the growth conditions. The dynamic nature of the cell surface alters the physical properties of the fungal interface
with host cells and thereby influences adhesion to the host and recognition by components of the host immune system.
In this study, we investigated the effects of culture conditions on cell surface fibril expression of C. albicans by a
transmitting electron microscopy and SDS-PAGE. The protein fibril of C. albicans was expressed in the presence of
whole serum, however, the fibril expression was decreased in 25% serum and serum containing 1% glucose. Also, germ
tube can be induced by serum, RMPI medium, N-acetyl glucosamine, and 39°C culture condition, hence, the fibrillar
structure of C. albicans was detected only in serum-induced germ tube. The expression of fibril layer and the major
fibril proteins of 66, 47, 30 kDa were reduced as increasing cell concentration of intial inoculum from 2107 cells/ml to
810’ cells/ml. The fibrillar layer of C. albicans was expressed in serum early within 10 min, and the thickness of fibril
layer was increased according to the increase of culture time. When the fibrillar proteins were analysed by SDS-PAGE,
major protein of 30 kDa was maintained continuously during over night culture although expression of the other
proteins were various. These results suggest that expression of serum induced protein fibril is influenced by culture

conditions and is not related to hyphal transition of C. albicans.
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ok gt (1).

Zrjthte] 725 F AXEH B4 SFAE, 7t
ElEfol o] F-ZERt el 55 oA ] Qe T

23 dg8 3] C. albicans?] AEZEW EZ R laminin
receptor (28), compliment receptor (7), fibrolectin receptor (26),
mannoprotein (14), chitin (19), hydrophobic protein (11) 5]
HauElon o5 s Wy FolA %5 %
Aol F2& FXeh= Aom dHATh o)E AMExY
EAEE AHvhre] o158l ol Bile] 2dd
Aom AJFT Yol A B} =] A Yol 7
Aeokar A o (10).

ookl Hezt fibiil TFRES FUA,
eIz F23 o7t glom, of fibril 1%
wolut Fejsta] e wjek 3ol ofske] gk
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oAl C. albicansE& H&Fsto] fibril 72E2] O 2 1
R0l wale nwd vl 9ot (17), Ao o8
ol gty whebA] B Aol A e ohddk 21
o7 g Woldel A & fibrilo] WA= AS =
Abskgl o, ek thoksk wjok A0 Wl fibril 2o
H A& GFES FARRIH

2 A
Yol AHgsti o, Agel AHEsH7] dell & A2
] YEPD ®A] (1% yeast extract, 2% glucose, 2% peptone)
of st wg] wiker & A 22 (2000<g, 15%E)%
e FAS L Fod QkekEd (100 mM phosphate
buffer, saline, pH 7.4)Z 33] A3l A-8-3}30 )

2. NEZzsZol &3

C. albicans®] 4|3 YEPD v Aol 4] 3}2u}t nljok

sk A ikkFdom Mt dFAGV|E o]t
o 745 543 5 Aol AEFZSF 1}107 ~ 16

X10" cellyml7} ¥ =% HF3te] 7 Aol A3t

C. albicans®] ol¥ &A-S ¢]3}] C. albicans ATCC
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102312 25C YEPDOA &5 wjksk 5 olalkehzolo
2 AHsta AELEEE 2X107 cellsml ©|5t=2 93
E7]8%, YEPD, RPMI HJ 4], N-acetyl glucosamine HlJ*4|
o FF3to] 241F EF wiFate] Wold S AN
Atk

4. Fibril gd

Fibril 7-%& 23S 913
St 17 st =
(2000xg, 152)%= F718kaL Wzt Qitekgeiow + W
A 3 fibril 72 PR fibril LA 915 AR

2 AHgsgn
5. Fat M0

AAEn A o] A Methods for general and
molecular bacteriology W' (3)°l we} Al =}5kGlc). 2]
Thts 4T AtkEo s A3k 5 pH 749 Ql4ket
FHoZ FAH 2.5% glutaraldehyde &2 4ol A]
24X A 373, 5L 3 glutaraldehyde 8- o 2
AF F 2% 0s0, Ao Z 9087t F 1433 o] F
ek FEE 60% ollehEoll A F= ol ehe7hA] =314
o= 717} 1084 Aglste] ©@AIZ] % propylene oxide
&= 2|88l epon Nl Erjakdltt. Hojolt= U
o] 5 ALE-3}4] epon blockS- ultramicrotome (Sorvall MT-
5000; DuPont, Boston, MA, USA)S. 2 50~60 nm 7| &
Z8PA 3L uranyl acetate$} lead citrate = 3037t ©]F &
Mgk F F3 AxEw| % (JEM-1200EXIL, JEOL, Japan)
o= Axzde] 725 BE

6. MZ= 2|

L3 TR 100 Wl AR 440 Wz 348}
3L e37e]) lyticase (1250 unitml)E 60 pl o} 25C Al 2
ARE ERt REEAIL - 5000%<gell A 1087 94 2]

o
AL Feds AU IHde G 24

sl g
AT, A NE AL o0l H7bste] wh
4g 25ate] v 240 ALgaklc

$loll A Eele @ A-S Bradford W (42 A3}
qom, A71AEetE= A8} sample buffer (1% SDS,

5% B-mercaptoethanol, 0.02% bromophenol blue, 10% glycerol,



Conditions for Protein Fibril Expression of C. albicans

1.25 M Tris-HCL, pH 6.8)5 %< H&= 412 $ 100T
oA 283F H HEste] AlE& AR83lSTh SDS-PAGE
= Laemmli®] ¥ (18)2.= slab gelS AF8-31i= vertical
electophoresis unit (SE 600, Hoefer Scientific Instruments, San
Francisco, CA, USA)E A28t} 10~15%2] polyacryla-
mide gel= AHE8t] AF{7F Y= slab gel®] 9] EHA]
1 em® F 3 mA9] AFE &8 dAr9Esta, 95 &

HOZ tris-glycine buffer (pH 8.3)5 A&3}3 0} A

Coomassie briliant blue G-250 (Bio-Rad, Richmond, CA, USA).

o2 AMG F WehET acetic acid &3 o= TAY

se g WS Shelsgl.

1. Fibril &40 O|X|= 88 U ZTEHO Jet

C. albicans®] FHelzt 7zx= #Fsby] 98t C.

\!

P ..

Figure 1. Electron micrographs of the fibrillar layer of C.
albicans. A, C. albicans was grown in YEPD at 37°C for 2h; B,
C. albicans was grown in rabbit serum at 37°C for 2h. Initial cell
concentration was 2107 cells/ml.

Serum with
1% Glucose

25% Serum

Serum

Figure 2. Effect of glucose and serum on the expression of
fibrillar layer in C. albicans. C. albicans was grown at 37°C for
2h in whole serum, 25% serum, and serum containing 1% glucose.
Initial cell concentration was 2><10 cells/ml.
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albicansZ YEPDS} E7| @Al A] 2A17F vk
du)7d oz st Az, YEPDoA uljdst Azl A=
fibril 52 #Z3F 5= gIdlov, E7|E Aol njeet Al

o
o
)

2

A1t (Fig. 1). T3+ C. albicans®] &9 fibril 3o W]
e ¥ B 2] IS 2ARE| ste] E718
AHol| L=Fo| %7} HE== H7}slal C. albicansE 2X
107 cells/ml®] §E2 950 37°Co|A] 241 v dabal&
W AEEAS AP or BTt B8
ofgk Tl fibril 7+x2] o] FHE THTE 44 3
Algte] w9kt C. albicansoll A= WElo] Ao,
Ao F=FS 1% H718E C. albicansoll A1 %= T fibril
o] A= ATt (Fig. 2).

2. Liefet =122 Rk LORO|M2 fibril &

Wolk= FHol| oJate] friesw FH o]efelli= 39T
=X, RMPI HllA], N-acetyl glucosamine®l] 284 % =2
4 ). = AdolA e A Frye o
fibrilo] Woldt P A== ARNA Hi= ol
daglo]l Aol o8 wdEE AS FARH] $18k
= FAANA AR Fow £
A5 BESIIh Aol o8] fieEl wolao A
uk g fiprilo] 2 9o, RPMI 1Al 2 N-acetyl
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Figure 3. Expression of fibrillar layer of C. albicans in various
germ tubes. Germ tube was induced for 2h by serum (A), 39°C
(B), RPMI medium (C), and N-acetyl glucosamine (D). Initial cell
concentration was 2107 cells/ml.
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Figure 4. Effect of cell concentration on the expression of fibril
of C. albicans. A, Electron micrographs of the fibrillar layer of C.
albicans cultured at each cell concentration for 2h. B, SDS-PAGE
analysis of fibril protein obtained by lyticase treatment.

glucosamine 71l Q&) =% AL} 39T ko z Ao
71 drolel A= okl fibrilo] FEE]A] EATE (Fig. 3).

3. MESZ0| W T fibril L&

AZe] Fiee oty FAET opTt AlZEH A&
A 2 HZ4e] fibril RO =
C. albicans®] FHujUA] M| EFTol] wE fibril T e
W8S ool 7] $)3le] C. albicansE 2107 ~ 1610’
cells/mliﬂ FTER o] Aujoket T C. albicans] Al
¥ A S yticase® A 2]51] SDS-PAGEZ #-4
Atk Fibril 7325 AAEARE o2 vzt A3 &
A RS fibil TRES 2X107 cells/ml ©]3}2]

sl & HAE o 4x107 cells/ml ©]/d2] &
Al A= 7] Al FFsEe] 8107 ©0]de] oA 7
A E AT C. albicans EH 2] fibril THlE S A}
71 98k MAEE IyticaseS *2]3F] SDS-PAGEZE
1} A3} 66, 47, 30 kDao] F& fibril Yo]lom &

A FEEE AERH 9iES MxTE SRS

gl
Wil o] 7FAEQom 16X107 cellymle] EFEo|A=

o i

oX!
é H~l é 32 M
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Control 10 min
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Figure 5. Effect of culture time on the expression of fibril of C.
albicans. A, Electron micrographs of the fibril layer of C. albicans
cultured at each culture time; B, SDS-PAGE analysis of fibril
protein obtained by lyticase treatment.

H3] AAE A (Fig. 4).

HY 2FAIZHOf HE fibril 2

gAY o 7 Fei= C. albicans?] fibrilS B YAIZ el w}
?ji}é #2317] 98] C. albicansE 2<107 cells/ml
ZAste] 37TCAA vigstaA AIPEE A
= -?746}@ HAAFdN 4 2} SDS-PAGER fibril &d2
Aetoich AAraEn 7 B2 A3} fibril WS vl 10
THE WY A]2sF9l e, C. albicansE lyticase =
X2)5te] fibril =9 wradE okik = HjoFA] 7k whE
fibril The] W3} 15% SDS-PAGER 413+ A3} & Ao
o8l LEE = 66, 47, 30 kDa +L& THE T 66 kDa ©F
o wjok [0RRE B o] Az} 744E 90 47 kDa
oo wjok (A7HRE] L EY] A=fete] A% 4] E]
th whHel] 30 kDa e g 103E5E] 2413714
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T o gl Wy gl (Fig. 5).

kJ
lal

9 &5 Yol Afe] Aol S mHIT) (27). Zthte]
fibril & F2 3 A2 o= o] glo] dukAel [
v Ay dAHo gz 3 I

=
R EE L

=4 u
fibril 725 ¥ ¢ Qvk ey A ofs) T
S e bl dubAQl AR 3 5 A
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Zol WAE A Ut} (Fig. 3). Told FAS A, N-
acetyl glucosamine, A|3E5%, X5 AF 5, o2 7HA|
Ze 9GS wi=d (23), # Aol Az gt
o] & fibril-> ol FReb= BRIl Al <3|
ARE BP RS HojErh

o fibrile] A 27) AlFEFEF 4<107 cells/ml ©]
9] FZolA JAEHN ™ (Fig. 4) AEH S lyticase #]
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