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Antifungal Activity of Sodium Sulfite against Candida glabrata
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When Candida glabrata was cultured with sodium sulfite, the growth was inhibited and the cells were enlarged.

Scanning electron microscopy (SEM) analyses indicated that the surface of C. glabrata treated by sodium sulfite

appeared to be rough. The cell strength of C. glabrata treated by sodium sulfite was lower than that of untreated

cells. Transmission electron microscopy (TEM) analyses showed that the cell wall components might be decreased

by sodium sulfite. Sodium sulfite inhibited the expression of mRNAs which encoded 1,3-5-D-glucan synthase and al,6-

mannnosyl-transferase, but not chitin synthase. These findings indicated that sodium sulfite inhibited the

construction of cell wall by inhibiting 1,3-5-D-glucan synthesis and al,6-mannnosyl-transferase. Thus, C. glabrata

become fragile by treatment with sodium sulfite.
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ThEhR > M) 7 A, EmobiEHl e LCfibh,
IR OIS E R W E Th 5. Fexlx, Z
NE CHEEE T N ) 7 AH° C albicans DB 555 %
PS5 2 & il LC &7z 9 iR M) 7 A08,
C. glabrata \Zxf L T EEEEL R TOTHIUL, 7
B OPEEH & L COSHTREL & 2, 4l Hifthz S b
)27 50D C. glabrata \ 239 A HUEIEEZ T L7z
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1) &%

C. glabrata ATCC 2001, C. glabrata IFM 5489,
5501, 5510, 5511, 5512, 5515, 5516 45 &£ OF 5517 I,
TERFERWEFENEL Y — LD AFLE Ih
5Ok, 7 u—RHHT 27C, 24 B, HRE 9
BRAEL, FEBMHHE L.

2) HAE

HigEE - ~ 1) 7 A0%, SIGMA 4L X D EEA L 72
3) BB MU LD C. glabrata #EIEICRIFT

R

AR b U 7 A% C glabrata i (i
B 1x10° cells/ml in RPMI1640) (2%, ##EE,
37C, 5% CO, &t T TR L 72, BERORMIL,
ODeoonm P& L DB L7z, 72, WOREL,
T BHAEE T T L 7.
4) C. glabrata H#I35&EE DAIE

C. glabrata % (1 % 10° cells/ml in RPM11640)
(ZHEARER S R ) 7 A (AR 20 mg/ml) R
37T, 5% CO, 511 T C 24 BrRiRs 2 L /2. Kiastk,
% w0 PEE L, RPMIL640 55 i |2 F & S H 7.
2, 9 AEY =X (05 mm, Biospec Products
) =iz, MINI-BEAD BEATER (Biospec
Products £f) % H 25000 rpm T, 10 FRIULER L
72. 70k, EilFH oy o7 EE % ODggom TEE L
THE L7z, COMBEZ#D K LAT, 1HITEIZ
E3EH D ODason, fili 2 M52 L 72.
5) EEZREFIRME (SEM) fEir

C. glabrata @ RPMI1640 %% (1 % 105 cells/ml)
WCHGEEEF b)) v A (final 20 mg/ml) ZHNZ, 5%
CO, %M T C, 37C T 24 BERBE 2 L 72, Bk,
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6) ZEEEFHEMEE (TEM) @&iF

C. glabrata "% (1 x 10° cells/ml in RPMI11640)
|2, BAREE - - V) 7 4 (final 20 mg/ml) % Nz 37C,
5% COq 47T 24 REfR 212, WA EILL, #E
BFTHH L 720 T a8 2\ 2E LT AR
Sz ZoOEEE 2%MUBILA AI T AEHET &
ML, —80C &M T T, 2~3 HIFMLH L 721%,
IRFUBRICUM L. OFVAYEY R FA 7%
AW CEED R 2 ER L, FEfRY 7=V e 7 T U
etk 7 JEM-1200EX % 8 1 3 1 BAM SR
(JEOL #f) THiZg L 7.
7) C. glabrata $ifREESRRER mRNA OFEE

C. glabrata " (1 < 10° cells/ml in RPMI11640)
2, FREEE S b U 7 4 (final 20 mg/ml) 0%, 5%
CO,, 7TCSEMT T 24 pMREE L7z, g% WE
X L, # @ total RNA %, Purification Kit
MagExtractor (Toyobo) = i\ CTHg#L L 72. Random
hexamers (Roche #1) % total RNA 12/l 2, 70C T
34rIALEE L 72, M-MLV Reverse Transcriptase
(Ambion 1) & RNase inhibitor (Promega fI) %l
Z, 42C T, 1 W L cDNA Z /8 L 72 %
L7zvwi#fn o5 Elx, 7500 Real Time PCR
System (Applied Biosystems #1) % H\wCill%E L
72. mRNA O3 &1L, 18S rRNA [ZhF3 2 x5S
BHEd LTRHRIZERLL.

Fig. 1. Effect of sodium sulfite on the growth of C. glabrata

8) HEtHEMT

FEEAE R, Il FERREAECTIORL, Mel#
M1, Student’s t-test = FH\VTirw, P<0.05 = A&
Fd ) LHE LT

X B & R

1) C. glabrata D3EFE(CRIFTHEGRERST N 7LD

P

C. glabrata ATCC 2001 ¥RIZHifGEE S MY 7 A%
A, WO % EEE (ODgonm) 12 & DllE L 72, 2
OFER, WO HEGEEE > MY 7 A OREREN
ZHIFl 2N Tw (Fig. 1), FEEO#EREIX, C
glabrata IFM 5489, 5501, 5510, 5511, 5512, 5515,
5516 B £ V5517 B TRE® 541 (data not shown),
ZOBIG) C. glabrata TIK RO LN LHRTH
5 EDNHLPIIR ST,
2) C. glabrata D¥EFERREICRIF T EFREF U

LDHER

C. glabrata ATCC 2001 \CHiffEF b ) 7 A %00
A, WOMHEEZ WP T CHRE L 2
%, Wi M) v AL 72 C. glabrata (X, KL
BOWKICHAIARILL Tz (Fig 2). HEOE
BrllE Lz 2n, WS MY 7 A0 C
glabrata DFHERIE, 70+x14um (n=4) T, R
WLEER BRIE O EAE (35 0.6 um, P<001, n=4) &}t
BLC, AREICHIML Tz WhEE- - 7o
HUZ X 2 EMEDAE KL, C. glabrata IFM 5489, 5501,
5510, 5511, 5512, 5515, 5516 B L V5517 #ET b [F]

Sodium sulfite and C. glabrata ATCC2001 final 1 X 10° cells/ml) were mixed in RPMI1640 and incubated at 37C in 5% CO, for several
hours. After incubation, the growth rate was measured as absorbance at 620nm.
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Fig. 2. Effect of sodium sulfite on the growth form of C. glabrata

Sodium sulfite (final 20 mg/ml) and C. glabrata ATCC2001 (final 1 x 10° cells/ml) were mixed in RPMI1640 and incubated at 37C in
5% CO, for 24 h. After incubation, the growth form was observed by an IX51 microscope.

(a)

Fig. 3. SEM image of C. glabrata treated with sodium sulfite

(b)

C. glabrata ATCC2001 suspended in RPMI1640 medium (1% 105 cells/ml) was cultured with/without sodium sulfite (final 20 mg/ml)
in 5% CO; at 37C for 24 h. After incubation, the cells were fixed with glutaraldehyde solution for 1 h at room temperature. The cells
were then dehydrated in ethanol and dried to critical point. The dried cells were coated with platinum and viewed under SEM.

a: control cells (x15000). b : cells treated with sodium sulfite (X 15,000).

FEIZER® B 172 (data not shown). BERAL L 72 H 1k
DFEIEZ SEM THELALLEZ A, KL C
glabrata DEBIZIES DT o 7275, HAEEEF b
Y WALBR 7> C. glabrata ®$E1L, ERIRAKD
oLz (Fig. 3). ZOKE»S, HHEHEF b Y
7 578 C. glabrata OfaBERE & 125 E % 5- 2 T
% M REPEDRIE S 7z
3) C. glabrata #i35%E O AIE

HAEEE - bV 7 AMLER L 72 C. glabrata ATCC
2001 % AT A — AT L, BiEFHICiB s
BLWAENG 7 RERZHEL, She RERED
i L7, C glabrata ATCC 2001 ¥ % 75 A
Y — ZHLEE (5000 rpm, 10 ) L7234, AL RI%

MNTEPETEERO Y 37 B OED RKE
D DOT, MEREELAS 7 71D ODggonn % TXT
DOWEDHIE L2 EDF Ry EEE LTz, Rl
# C. glabrata 3584 \ZH3E L 72 & & O ODagonn T8
1£0.739+0.020 (n=3), HhEfk> ~1) 7 L0H C
glabrata e 2 AEE L 72 & & D ODagonm fH 1
0.759+0.005 T » 7=, HATEEF ~ ) 7 2408 C.
glabrata %, 1[0 HOMETHEEZR 186% (ODasoum
fii © 0.141£0.009) T, RAFE ORI 1 [0 H o 7
19 0.9% (ODagsonm T8 0007 £0.013) & Wi L <A
B HEEAEST L T /2 (P<0.001). Z DFEED S,
C. glabrata \ZHEAGEE S b ) &7 2 WLENZ X0 WA D
FEEDNEL o TWAZ ERHLE NI 572,
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Fig. 4. TEM images of C. glabrata treated with sodium sulfite

A3) A4)

B3) B4)

C. glabrata ATCC2001 suspended in RPMI1640 medium (1 X 10° cells/ml) was cultured with sodium sulfite (final 20 mg/ml)in 5% CO;
at 37C for 24 h. The cells were collected by centrifugation, and TEM analysis was conducted as described in materials and methods.

Al) —A3): control cells (x15000), A4): control cells (x30,000), Bl) —B3): cells treated with sodium sulfite (x10,000), B4): cells
treated with sodium sulfite (x30,000), CW: cell wall, N: nucleus, V: vacuole.

4) EHERF MY ) LR C. glabrata DEBEIE

FEEMEEC K 5 HFAT

WAEEE S b ) 7 LML F 72 13 RALER C. glabrata
ATCC 2001 kOB AL TEM THoz L, €0
R Fig 4 Al) —4) $7213 Fig 4 Bl) —4) I2FR L
72, WERGEERF N ) 7 WALEE C glabrata OAIEE D Y
RS, KW C glabrata L HERTIRT L7722 &
5, gl b 7 ZALERIC X0 HFERERE R D &
BN L TR R Sz 72, fiig
BIZHD HWROEE DGR M) o AL 72
C. glabrata TEH{ o TWhH Z &b, fiiaobskIC
LD HEENED EH LT b 2 g s
5) BHREES M) LAWIE C. glabrata DiARREES

BB% mRNA EHE

C. glabrata i X, Fio~rF v, FF B X
Y7V TRERSINTEBY, OCHL, CHS1 B L
FKS1 1%, al,6-mannnosyltransferase, chitin
synthase % L T 1,3-f-D-glucan synthase % <L

I—FLTWa, 810 Hifigigs ) 7 208 & 721
KALEE C. glabrata OMIBEES B b % K EEHR
mRNA ZFHE2E L, KR 217 - 7.
2 mg/ml WHEERF b 1) 7 ZALEECLX, C glabrata ®
JERALILFESD 5 L7 22 - 7278 (data not shown), 2
DIEETYH FKSI B £ 08 OCHImRNA FEH &, #)
fll & Tvy7z (Table 1). —75, CHSImRNA ZHl&
&, WDKK - BIEPSESE SN SRR )
LEREE (20 mg/ml) THIH S Nz o 72,

% =

C. glabrataZz £ O h vV FIEE L, Frhize EIA
EHL, OEEHEAGIERITIE0H 5. Frld,
SN E CICHAER S N 7 A 2% C. albicans O ¥E5H
A WHIT A Z &R IE LT E 72285, C glabrata |2kt
LTCORABRDREEZ R T 2IIOWTIEAHTH -
72, RWHZETld, @l M) 7 4@ C. glabrata |2
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Table 1. Expression of CHS1, FKS1 and OCH1 mRNA in
C. glabrata cultured with sodium sulfite

Conc. of Na,SO;

Relative expression of mRNA

(mg/ml)

OCH1

0 13.34£0.92

2 9.04+382 (NS)

20 6.95+267 (P<0.001 vs Control)
FKS1

0 1249 £0.56

2 731265 (P<0.05 vs Control)

20 333096 (P<0.001 vs Control)
CHS1

0 11.33=0.80

2 54.85+2759 (P<0.05 vs Control)

20 1690+ 1469 (NS)

C. glabrata ATCC2001 was cultured at 37C in 5% CO, for 24 h.
After incubation, the cells were harvested and the relative
expression of mRNA was examined as described in Materials
and Methods. Data present the mean=SE. (n =9.

F T3 5B 2 B MR R TR RE R 52 2 WO LSRR L 7.
HRERR T b U o 20, BRIESME T T SO, 7 A & F8 4k
L, SOFTAPHEEER ZR$ 2 & iiEan
TW5, L2 REETIE, BT )7 A HED
C. glabrata \Z I $ B %23 5720, C.
glabrata & HEREE T N V) 7 20%, FESMT TRIG
BT FORER, C glabrata OHGEILX, HEHTEE S
N ZREARA IR S N (Fig 1), ek
F MY AL, B ORERE 2 HE T 5 (2NaS0;3 +
0,=2Na,S0,) DT, C. glabrata DIEHEAHH] S 5
ZRE L TR OBRENPRZL, WOHKIERAS
FHEINTWD I ENEZ N T2, Hilglk)
N A THUER L 72 C glabrata \3EK L (Fig. 2),
ZOREORAKREH X, BH TIERED 5N Wi
FEL T (Fig. 3). ZOMEDNS, HWHAEET
% 2 & T C. glabrata WARHIIEEE D RIEZ 5 X2 2
L TV AT EEEAVRIE S 7z,

MIBEED BREEATE X T2 0 Eh %, H T AL —
X TOWERIRIZ R DM CRHli L7-& 25,
HGEEE I N ) 7 2L C. glabrata (X PRI 70 1 5
VR LCIRFICHE S, WA ES IZHE L2 TEM
HWT, WRNORERT 2 1To728 25, Mg
BN 2B OE G A HAEER T b AL
C. glabrata TlZE < %> TB Y, AR 55
HWo—212, WRIEHRIZ & ) EENES LA L T
LT EpREEsing: (Fig 4). 7=, gl b
7 LB C. glabrata WARKIZEE ORERE 7 7 =)V &

7 L VPRERIN S B GeEEDS, KRB R AR O M B
AN Z &5, WIS 2 559 2 B
WA LT B ReEsS PR Sz, C. glabrata O
JTBE B0 A B RE ST S HE AR - N ) 7 A2 XD i)
ENTVWALEZEEHLNIZT L7209, MigEESRIC
MboLEEFEO mRNA BHE2WELZ. C
glabrata ODMIEEEL, 13pD-TNVh Y, = F B
FUOXRF U EOEREFEIC LDV SN TG, W
¥ 72, C. glabrata OCHI1, CHS1 B & ¥ FKSI1 &,
al,6-mannnosyltransferase, chitin synthase £ £ OF
1,3-B-p-glucan synthase # I — F L CTw 5, 8710
AR MY 7 AMBERIZ X Y, C. glabrata ®
OCHImMRNA B &£ 1" FKSImRNA FEH & 23 #pifi] <
NTW7zh%, CHSmRNA B & X Hhgiz - b)) v~
2 2 mg/ml THEIZHEN, 20 mg/ml TN M
ZRL Tz, ORI, RS MY T A
1,3-B-D-glucan synthase 3 & ¥ al,6-mannosyl-
transferase 7 & OMNEEE SR B D 5 BERTEED
KTZFIEREI LTWHEEITRE SN, )’
WAAMEEE DR EMR T 25 X FERE L FHS
N7z, F7-, HEEES MY Y A4 T T C o glabrata
CHSmRNA 33lE»HinL 722 &5, CHS Ol
GATHREE S ) 7 AKX D HES W &8
BH & 2227 - 72. CHSmRNA SEHE AN ARiE - - 1)
T AL L 22N TSI L 7201, 1.3-D-7 v
YR VT Y OFANT LY BT L 72 EE D
EHEEEZROTODOISTIE BV LHLE L T
4. F 7z, HiEEES b 7 A0 L 72 C. albicans T,
BADOIKPEBIR I NV &5, C albicans T
EHAEER S N ) 7 A0 K AR A R HE ISR & T
WaWwdDEEZ SNz,

BTV WOBRRNOMAEL, RO R K &
HoTWAEIENHOLN TG, WEERE o /25
BEESANIBEICTIR S N TV B8, XD RERIRED
EHWHEERIORENLIN TS, KL T, KA
&, HERRER ) MU 7 498 C. glabrata OEGE & HAK
HEAIT 852 E RO L HAEERS b
U A3 ERENE LTHERHSNTWAYWET
B, BEEOH TREOTIFIIICHT A2 L b1
HECTH L. LoL, HEERS b 7 A3 & GE
DERE 75 C albicans * W T 52 LD TE 7
WO, 9 GRS M) A ORI TIE, Sk
24759 % Candida W %2 FET 5 2 LI TE 2w,
Wl M) v A BFMTHERATL LD L, Hilo
FHRTEFANC D FEN T B REERELR, FEmG
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