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Analysis of ROS Production Mechanism in Candida albicans Treated with Menadione
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(Received November 20, 2008)

Menadione shows anti Candida activity by promoting ROS production. However, the ROS production mechanism

has not been clarified. Thus, in this study, we studied the relation between anti Candida activity of menadione and
ROS production. Menadione inhibited the growth of C. albicans BWP17 strain, however, the growth of C. albicans

JMOZ strain was not inhibited. ROS production in C. albicans BWP17 strain was enhanced by addition of menadione.

The ROS production in C. albicans JM02 strain was also enhanced by menadione, however, the amount of ROS was
lower than that in menadione untreated C. albicans BWP17 strain. NDH51 is 51-kDa subunit of NADH
dehydrogenase complex I, and C. albicans JMO2 strain is deficient in NDH51 strain.

Rotenone, an NADH dehydrogenase complex I inhibitor, decreased the menadione sensitivity of the C. albicans
BWP17 strain, indicating that NDHb51 related to the menadione sensitivity of C. albicans. The expression of NDH51
mRNA was increased by menadione in C. albicans BWP17 strain.

These results indicated that menadione inhibited the growth of C. albicans by stimulating the ROS production

system through activation of NDH51 in C. albicans.
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Candida albicans (&, & NMZHMMEDH <, K
JERIRE, B, WHALE R EOMIEZR EICEE LT
WAHLEAERTH Y, HMAEREFERFO—>2 L L
THHSENTWA, 2 C albicans DEYIEE H v
VU F4E (candidasis) & W\, —fEIZEEE, N, [
i, BEh U TEICRE I NS RN VS E
(superficial candidasis) &, {HfL®, B, M, /O
ik, Bl 7 & ORISR A U RS U8
JE (systemic candidasis) [ZKBIE i, 9 H oI F
FEDFIEZRL, EHEALD S EEREIMKT L
BEOHNBE~10% mnEESbhTwah, 9 HEfk
NIZR A L7z C. albicans \E%EMAZIZHL Y A £
L, TEMEEESE  (Reactive oxygen species: ROS) 12
L BMALA P L ARRELEA P L AZZITRE S
N5, 50w N & iR L CRIERREIMET LA
BBV TH v I TIEORERLEINT % DI,
AAVEHZ RSP ISR RIBR AT, Fim (I
HERBAME) R EDPEREEZONDL. ¥ T8
FEDIGHEPCIT TN Azole REPMEH S NS, $72,
i 12 Amphotericin B b [l &1L 56 2 &L 25 5 7,
BhEd e EORIWEH 2 CAEHAHIR S NS, 2

Vitamin K (&7 Vitamin O—FETH V), HIASR
\ZFFE9 5 Vitamin K (&, Vitamin K; (Phylloquinone;
2-AFIV3-T 4 F)-14F7 FF /7 ) & Vitamin
K, (Menaquinone; 2-7 7 )V % ¥ )V-3- % F )b -1 4-F
TE¥ V) @214 b A, Vitamin K, 1,
FITH &, Vitamin Ko (X, BAEYHED
9" Vitamin TH 0, AMEWNOREAMEIZ & > T
bIEY N5, 0 ZnDAhc, AR Vitamin &
L T Vitamin K; (Menadione; 2- X F V-1 4-F 7
X/0) BHY, R EEBRELZ EOBE %
EyAHEY IO~ THLH, W

Z M F TIZ, Menadione 7%, C. albicans \Zxf L
THREEEZ R T 2 P& S, Z oD,
FIR TR SN 2MERA O L TR 25
W, b bLEMAKNROS FEICL - TH &k
ENDZEDPHLNIZE > TG, 61219

MERAOMBEIE, PUEWHE DR, i
WROFEHZEZER L7256, EROPERELIX
VEHRORL DHEANORIENEELREL > T
% . Menadione @ LB {14 AT X, PLEEFH
DF 72 R AR EAL 2 T § 2 R T RS BLIR R W
7%, Menadione |2 & % ROS pE/EREMEICRI L CREAM
BIEATII TN Tn e\,
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AKWF3ECTlL, Menadione |2 & 5 C. albicans B
N ROS EEAEBREDIRIT 2 T 72O THET 5.
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1. Bt

FEERI21E C. albicans IM02 ¥ (urad A:: A
mmmA34/ural A A imm434 hasl::hisG/hisl::hisG
arg4::hisG/arg4::hisG ndhbd1::ARG4/ndh51::URAS,
I b3 ¥ R 7 Complex I %3 5 NDH51 &
BT ORI ROZOHEKTH 2 BWPLT #
(urald A:: A imm434/urald A:: A imm434 hisl::
hisG/hisl::hisG arg4::hisG/arg4::hisG NDH51/
NDH51) %M L7z, C. albicans \dEEET 3 200
WARY 70— 5l (0.5% BEREZ F 2, 2.0% 7 )V
I—A, 1.0% X7 k) IZBWT2TC, 24 B
R HEEL, £ORK%, FEBRICHAL.
2. BE

Menadione (&% Vitamin K;) & O Rotenone (3 h2
> U7 Complex I FHEA) 13 Sigma #15% 7z,
3. Menadione (C& % C. albicans ¥E5EINHIzI R

C. albicans (1 X 107 cells/mL in RPMI1640 55 3th)
% RPMI1640 55 |12 #&% £, Menadione (Ff%iE
0, 0.1 mM in RPMI1640 ¥5#1) % #nL T 37C,
5% CO, Seff T CHEFE L, MM LM I & O’
% 0D620 nm (2 X 0 Hl%E L 7-.
4. C. albicans ®#A ROS DEE

C. albicans (1 X 10° cells/mL in RPMI1640 %5 )
|2 Menadione (H##E 0, 0.1 mM in RPMI1640 %
W) AL T37C, 5% CO, 5MF T C 9 Brfis &
TATo 7z, 2Ok, WG Z R K T 2 [0k E
L, MiniBeadbeater (&% 0.5 mm @ glass beads
% i Jfl; Central Scientific Commerce, Inc.) % ]\
TR LE %, B2 mEILL 72, ROS®E &
Peroxidetect % v b (Sigma t1#) ZH W THIE L
7z. ROS I3 H,0, ®ICHRE L, #ERITRL 7.
5. Rotenone #L¥2 C. albicans ¢ Menadione B34

C. albicans (1 X 107 cells/mL in RPMI1640 £5ith)
|2 Menadione (#%EF 0, 0.1 mM in RPMI1640 %
H) KO b3 K1Y 7 Complex I DHEHX]ITH
% Rotenone (IA&IRE 0, 5.0 ug/mL) ZE@HIMNL T
37C, B% COy ST T T ZAT, BEEMMG 1
BT & OWE % 0D620 nm 12 & )il L7z,
6. Realtime PCR%IC& % mRNA DEE

C. albicans (1 X 107 cells/mL in RPMI1640 £5ith)

|2 Menadione (##% % 0, 0.1 mM in RPMI1640 %%
) Z7ILT37C, 5% CO, 5T T 9 M2
BATo /2. FOf, Bl % ILL, Maq Extractor
-RNA- (TOYOBO #f) % Ml \»T Total RNA % ff#4
L7z, EHIZZDERE Cell-to-cDNA (Ambion £)
%\ T C. albicans cDNA library = {8 | 72, 1
=¥ % 1d, National Center for Biotechnology
Information (NCBI) @ Entrez ¥ A7 A %ZFH L T
R L7z, 2 OB % 2512 Primer Express % F
L C PCR H® primer % i%&l L 7.

NDH51 primer (& Forward primer & L C, 5-
TCGTGGAGGTGCTGGTTTC-3’, Reverse primer &
LT, 5-TTACAAGTACCTGGTTCCCCTTCA-3’,
Probe & L T, 5-CATTTATGAATCCGCCAGGTT-3
#fHH L7z, PCR Bt Z 2 X Universal PCR Master
Mix, 10 M Forward Primer, 10 xM Reverse
Primer, 5 M 20 X Human 18s rRNA, f{E# L 7=
cDNA 1 4L % &8 25 L O RIS THT - 72.
PCR &, #%1250C 2min, K2 95C 10 min L
L, D1t 95T 15 sec — 60C 1 min 40 cycle 17>
7z. M S L7z DNA & &1 7500 real-time PCR
system |2 & V) AT 247 - 72,

7. ¥REtALiE

55 N7 EEREE R, Student’s t-FEEIZ L 0t

FHLH 24T - 72,
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1. Menadione IC& % C. albicans ¥E5EMH

Menadione @ C. albicans ¥\ KT 2 %
FfL72. Fig. 1 T/RY X912, Menadione DEMNIC
£V, C albicans BWP17 ¥R O IEFEIZINH] & L7275,
NDH51 {5 F RIEMK TH 5 IMO2 FRIZHB VT
Menadione % 7N L C & W OIEFE I ZHIH] S e 22 o
7. 2D Z L5 Menadione |2 & A C. albicans 18
JEPNHISI RS IHICIE, S P32 KU T Complex I
Z 9 45 NDH51 O A EIFR L T 5 Z & 8
gZani.
2. Menadione 2038 & h 7= C. albicans E{&A ROS

DEE

Menadione |2 & % C. albicans DHLHETEMEIZIZ,
RN TEAESNS ROSHEGTL2HMEDHSH Z L
5, 61112 Menadione SLEE L 72 C. albicans BWP17
FR& IMO2 BRO RN ROS = % JLHaES L7z, 20
FE . Menadione WLFR L 72 C. albicans BWP17 ¥k D
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Fig. 1. Growth of C. albicans Stimulated by Menadione. C. albicans cells (1 X 10° cells/mL in RPMI1640 medium) were
incubated with menadione (final concentration 0.1 mM) at 37°C in 5% CO,. After incubation, the amount of C. albicans
was measured as the optical density at 620 nm for every hour until 12 h.
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Fig. 2. Effect of Rotenone on Growth of C. albicans Treated with Menadione. C. albicans cells (1 X 107 cells/mL in
RPMI1640 medium) were incubated with menadione and rotenone (final concentration 5.0 xg/mL) at 37°C in 5% COs.
After incubation, the amount of C. albicans was measured as the optical density at 620 nm for every hour until 12 h.

Table 1. Amount of ROS in C. albicans Treated with
Menadione
Menadione (mM) — H:Os (M)/ 1 X 105 cells
BWP17 0 1.35 £ 0.05
0.1 6.30 = 0.04
JMO2 0 0.71 = 0.03
0.1 1.42 £+ 0.08

C. albicans (1 X 10° cells/mL in RPMI1640 medium) was mixed
with menadione at 37°C in 5% CO, for 9 h. After incubation, cells
were washed twice with sterile water and disrupted with a Mini-
Beadbeater (diameter of glass beads, 0.3 mm, Central Scientific
Commerce, Inc. Canada) . The amount of ROS in C. albicans was
measured using PeroxiDetectTM kit (Sigma-Ardrich).

ROS 4= (6.30 + 0.04 xM/1 X 10° cells) 1,
Menadione 2L L 72 JMO2 #£ (1.42 £ 0.08 xM /1 X
10° cells) IZHATHE (P<0.001) (28l Tz
(Table 1). ¥ 72, Menadione RMLEL C. albicans
BWP17 #£® ROS & (1.35 = 0.05 M/ 1 X

Table 2. Relative Expressions of NDH51 mRNA in C.
albicans Treated with Menadione

NDH51 / 18s rRNA

Menadione (mM)

BWP17 0 14.99 + 1.44
0.1 31.17 £ 2.00

C. albicans (1 X 10° cells/mL in RPMI1640 medium) was
incubated with/without 0.1 mM menadione at 37C in 5% CO, for
9h. After incubation, the relative expressions of mRNAs were
measured as described in Materials and Methods.

10° cells) & X, Menadione RMWLHR C. albicans
JMO2 ¥k @ ROS AR IIAE (P < 0.001) 12Kk
THY, TNHOHEENS, NDHAL IE ROS FELE
12 5- L, Menadione (& NDH51 O PE(L % 4 L C
ROS FEA: # M STV B A etk SHEER S 7.
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3. Rotenone L8 C. albicans M Menadione B4

Menadione |2 & % NDH51 D& MEAL & HuEE i 7%
EOBBREHLPICTAEHT, I XFYT
Complex I OH%BE % A4 3 % Rotenone ¥ T C.
albicans BWP17 ¥k = WLEL L, C. albicans ®
Menadione (24§ 2 &z ko2 b 2 Hll & L 7.
Rotenone KR IN#E TlX, Menadione O H#l# T
C. albicans BWP17 FR OB 1335 L < i) S 7z
7%, Rotenone N IN#EETIx, Menadione THIIH L T
b C. albicans BWP1T ¥k O BEFH T HIH] & e o
72 (Fig. 2). T O#EE 25, Rotenone (12X D
Complex I 2SANTEMEAL & 7172 4K 7 T 1 Menadione
DRWN RIS N W E PSR o 72,
4. Menadione & & © 7= C. albicans NDH51ImRNA

REEDZEL

NDH51 @ F #%S Menadione (2 & % ROS 4%,
Menadione (23§73 % C. albicans D& 2 %
5 zTwhbZ Db, Menadione DALELIZ X - T
NDH51 ZEHIZ E DRk AL & 5 D& fllE L
7z. Menadione fl# L 7= C. albicans BWP17 O
NDH51mRNA 33l & &, RUHED C. albicans
BWP17 R CO3EBl& & B L T, AEIZHEML T
W7z, ZOFEERD S5, Menadione 12 & A Hl i 2T,
NDH51 8 3l % 31 S & T 2 W EEARIE S 1
7z (Table 2).

Z £

C. albicans | HH A EGERH O —> T, WA
TRIEREREAME T L 72 B 12k LTI, BFICHEBER
AERZG I ERISHEEER & LTHSNTY
A, ) Coalbicans (2 X A EEIEOBEICIL,
Azole AFTEHIEDTFIH STV 5 A%, ik A7
ZOOBHY, WEROMERE L IIEHAORL S
HRNOFIFER, FrlzeiGEEORIEPREL % -
TWw5,

Complex I % /%3 % NDH51 {5 1% KIH S &
72 C. albicans IMO2 #k & £ DB TH 5 C.
albicans BWP17 £k Menadione (2%t 4 % &4 %
Mgt L7-& 2 A, Menadione (X C. albicans BWP17
MROHETE % BIH L 7243, C. albicans IMO2 FRIZH L
TlL, BHEIGIRREE RS e »ro72. (Fig. 1) Z
DFEFRE D5, Menadione DL ~ ¥ FiG IS B
\&, NDH51 DZEHPLETH H 2 LRIk I N7z,

Menadione 2307 » ¥ ¥ {EMEZ R TR & LTH

A ROS BEDMIIAME SN TnEH I L L, 6121
C. albicans JM02 ¥ ® Menadione &5 P25 v» &
L5, C albicans O ROS FEA |2 NDH51 25F 5
LTWa i getEd R S e,

% 2T, NDHb51 DA HEAY ROS FEEIZH B T G- 2
TWAPEDPZHAL 22T 572912, Menadione
ILE L 72 C. albicans BWP17 #k & JMO2 ¥R H &
W ROS & &l L7z, £ DF5%, Menadione LB
C. albicans BWP17 #RIZ B 1 %5 ROS A & (&
Menadione ARAMLEE & HEL L CH 55 ICHEIML Tw»
727%, NDH51 A3/K48 L 72 JM02 #k T & Menadione
DEMZ & % ROS EA RO, RBIMFEDOK
2fEREE CTH Y, NDH51 A% Menadione {2 & % ROS
FEANAEN IS L TWwaA I EHLRIZE 5
7z (Table 1).

F 72, NDHb51 2SK$EH L T\ 5 C. albicans JM02
HTD, ROSEEDVROLNTWVDL I NS, C
albicans @ ROS #4213 NDH51 5B 5- L 22 Wik
BOHOHEAETHLEEZ LN, 512, C albicans
JMO2 # % Menadione THI# L T® ROS A &3
N4 52 &5 5, Menadione (&, NDH51 JEATE
P ROS BEAEREIE I LT, RS2 21EH O
HbHZeNEZBNI., LA L, Menadione WLH
L 72 C. albicans JM02 #& ® ROS F 4 & (&,
Menadione KM D C. albicans BWP17 £ ROS
A L ARECTHLZ LhD5, NDHSL &4 & %
VRS CREE S D ROS DL & ¥ FIEMEN DM
HAdR» 2 LR S 7z (Table 1).

Menadione |2 & % NDH51 % 4 L 72 ROS JiE A #%
#% A%, Menadione DL » ¥V FIEMEICE S L Tw»
LIENEHLPICTAENT, ST NYT
Complex I OFEEA] T % Rotenone % Menadione
& 32 ¢ albicans BWP17 BEI12 0 2, Menadione
DPCRETGE TR E DR AL BN B D & G L
72. Fig. 2 127k 7 & 9 IZ Rotenone S INAE & KRB0
% b9 4 &, Rotenone JEAEFE T Menadione #il
WEE T X, C. albicans BWP17 #& @ 38 5 1%
Menadione ARFHHE & L L THF L L HHI ST
V7273, Rotenone f-7E F CT? Menadione fll#{ T,
C. albicans BWP17 tROIEFE I H] S Lz 2o 72,
PLED#ESE,S, I b3 KUY 7 Complex I ##RE
AN S TV B IREETIE, Menadione LA » Y
TR I N W EHL N E o
72, ZOFERPS, C albicans IMO2 BRIk L T
Menadione 2SPLH IEHE 2 R E 2 WH B & LT, C
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albicans JMO02 #& T 13 NDH51 K IH IZ & o T
Complex I 2SEFEL TV W2 L AHEEE X N7z,

NDH51 @ 4 475 Menadione |2 & % ROS 4 %
Pl v U EEICEE R 5 2 T D i RETE SR
SNAbHZ &5, Menadione L L 72 C. albicans
BWP17 # NDH51 mRNA %3 & % Real-time PCR
WX WlEL7zE 25, Menadione iRINEETO
NDH51 mRNA 3§38l %%, Menadione FRIMNHEE & It
B L THEBEICHEKRT 28R05 5172 (Table 2).
Z N2 XY, Menadione (Z1E C. albicans ®
NDH51 5Bl 2 NS 2 1EHDH 5 Z LS
Mo 7.

VL EDOREE DS, Menadione 2S7R$HLHEEH 1%,
Menadione {2 & A NDH51 BB = 0B inls, C.
albicans DWARN ROS FEARER 2 HHEL S, 2
M2 X DHEEINL 72 ROS AW ICkEEL 5.2 Twb 2
WL THIERIENEZEVPHLNIIR -7,
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