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[Abstract] Objective To determine the in vitro_production of virulence factors for Candida
(C.) tropicalis, including aspartyl proteinases, phospholipases and hemolytic-activities, describe the
regulation of virulence factors varying with time in C. tropicalis ,and analyze the differences in aspartyl
proteinases and hemolytic activities of C. tropicalis isolated from anatomically distinct sites.
Methods A total of 64 C. tropicalis strains weré spot-inoculated-onto bovine albumin agar, egg
yolk agar and sheep blood agar plates,respectively. Then the plates were incubated for 24,48 and
72 hour at 37 °C , respectively. The aspartyl proteinases,phospholipase and hemolytic activities ‘were
determined at each time point, respectively. Results' ~All the C.\iwropiclais isolates showed positive
aspartyl proteinases and hemolytic activities at each ‘time point, but no phospholipases activity was
detected in C. tropicalis. On comparison of aspartyl proteinases and hemolytic activities at different
time points, aspartyl proteinases activity at 48 and 72 hour was higher than that at 24 hour. During
72 hour, hemolytic activity of C. tropicalis increased. No statistical significant differences in aspartyl
proteinases and hemolytic activities of C. tropicalis were observed among different infection sites (P=
0.368 and 0.985). Conclusion The C. tropicalis clinical isolates in China have aspartyl proteinases
activity , hemolytic activity , but have no phospholipase activity.

[Key words] Candida tropicalis; Virulence factors; Aspartyl proteinases; Phospholipases;
Hemolytic activity

WEH e D REAN 4 IR 8 S iR 22

DOI:10.3760/cma.j.issn.0254-6450.2015.10.027
FE4TH - HFE HRPBE R4 (81301409) 5 [H R ARL 7 &KL 1
(2013ZX10004203-002)

PR B : 102206 Jb5T, Hf EIGESS T 2 il o U4 o 00745 ol T
A Y T BTy 45 ) R % B A S 0 . B PRSI TR D R s
WEMEF  S20% , Email : wuyuan@jicdc.cn

PEAG A RGN RO 6 2 (R 22 I8 B 1 2 B —
MEE ERHL S BOR T, Al TR R AR R
YL R R R PR 22 I R R 2 (HOE
AR AR FU B ZZ IR T 5 S AR R M R R A
AR LT, T A i 22 I B B B i A T B O AR F
fBeeePe bk —" o WFSERWI B 22 I B T ) o T
55— RSB N TA 5K, AL KA 2 WL A A



TPETRA TR 22 2015 4F 10 H 4536 455 10#]  Chin J Epidemiol,, October 2015, Vol.36,No.10

- 1163 -

(EE RS YL BRSPS . AT,
AN TR 22 e o 1 R R S 2 2 b T
(B2 PR B TR O T BAt {1 2 e B 1T 28 0 TR 1 4
FNIATERE . B B 22 e B TR 19 701 1 1] 5
SMFAEZESE U3 AN IS Y SRR o AT b EER S
Lk A 73 25 8 At {1 22 B B TR 5 7 SR IR AIE A T T
FLo AWFTORE NS Bl i 22 I B B ) 2R 1 R B NS 1
A ML T REBIFST

WS T %

1. S50 TR PR « WS AR AT (B 22 8% B TR I IR AR
64 1k, B0k A h B AP BEBE . BRRESY B A 8 ke
AL M (n=1) SR (n=3) HEMY) (n=5)Fi51
BRI (n=1) JEI& (n=1) JEI (n=3T) Wi{r
(n=3) JRW (n=10) .JHIE 53 WP (n=4) FIFFA ke
R A (n=5) . B & & B APLAUX 20C
(bioMérieux) A b % 5E F1 %% 3% [A] % X.(Internal
Transcribed Spacer, ITS) I J7 %5 5 by $Aits (ER 22 Ik 6
BA o B9 TR AR N BT (B 22 B T ATCC750 R €
22 BT ATCC753, 43K A SR E B R FR 2R
FEIE(ATCC) o S5 55 B P FH ki 0 29 (9 ] oxoid 28
H))-80 CI-AE

2. DRV A W o I A (i 22 e B TR EE T
SDA 5773k I, 25 CIF 5 48 h, PREUCA SRR 4k S 1
FhF SDA K FR3E | ,37 CHFE 24 h, WEEER, H
PBS ¥t 3 UK, il i PBS Ta& i o B il & 1Y) Tl A 53
SR 1) e T A0 ) A (A LY 8 B 5
JEFN=E B AE S 3738 ) 1, I K it g s

3. Tl

(1) 28 BT 0« DR MR B 22 1 X
10° CFU/mI (Aw0o=2.5) , TR P W AR I S pl TR
WA B A s R P R R AR I FE 37°C, 5% CO,
ZME R B 5% 24 48 A1 72 hE , 4 S e HL VR EAR
FCEVE +HULERR) HAR . H Pz £omE ARG 1,
PrZ=TH7% B/ (% +HUERR) AR,

(2) i B T T35 1 000 2 - % TR MR P2 R 22 1 X
10° CFU/mI (Awo=2.5) , FIT A M AR I 5l T Ak
WS A I OY BRI I #£ 37 °C, 5% CO. 5%
PR REFR 24 48 F1 72 hs , 43 ) e LT & L AR A
(7% +UUER ) HiAR . Phz /R Homs AR mEG P
PhZ =& ¥& AR/ (R +UI0ER) EAZ

(3) 3 I 3% P DU A - b AT A VR VAR B2 R & 1 X
10" CFU/ml(Awo=1.3) , TS W A8 W 10 pl
EBUS IR B R MR SR b 7E 37 °CL, 5% COL 44

THEFR 24 48 72 h T, 43 I H R 7 BN (TR
K VAINER) B2, FHZ Zn s st , HZ =14
AR/ (TR IR ) AR .

(4)7F S R BUFAE 539 . 55 Galan- Ladero
04> G bR . Prz.PhZ Fl HZ 4: — ] PZ 7R .
PZ<<0.41 FR/R = 8 116 PE 0.41<PZ<0.61 F/n
L35 1 5 0.61 <PZ<<1.00 o/ KEE S 1E 1 PZ=
1.00 FR/RJCEE TG 1

4. GEATEF5 T R SPSS 22.0 AT 48 124
b3, SR FHBRR MDY G357 B8 ) R 1A T e T2 4
i, % Kruskal-Wallis H 56 A1 Friedman M #6; 56 3
T4 kA ) He 8¢, R A Bonferroni 35 7547 0 1
HH . Rk Aa=0.05.

s R

b RGP 22 TR 1) 2 1 e T 0 S
TR P02 i T 1) 722 AR - 64 PR AT i 22 I B TR
37 G5 F I E 24.48 172 h)m , R &
FABERR 1035% 1 (11 1), AE A BB A4S I 3810l 1 it 1) 73
Whe PAPsZ g HEBSFE R (Prz (e 8/ , 75 1 i 2 ik
b, AT 35K (64.7% )i i 22 W BE I E 72 h Z IN B
HEPRIAE K, B B PR 5 17 AR TR (26.6% ) Y FR 1
FE T PEAET2 h Z PR B () 344 TR P 55 5 LA
(18:8% ) TR KRR TS PEAE 48 h 22 PN Bl fa] 3% K |, iR
PRI i Bt e ) A4 b R R 55 (BT 1A
K12). LAHZ A s bn (HZ BN, %5 I35 1 i
R ), TE 72 h N, I (R 22 B AT (BR 1 BR , ZRCT17)
F14) 5 100 % A 2 B s S < Ty 1 5 (1] 1 FEL 2) o 28
Gt 11 #Friedman MG I , AT I 22 T BE TR 7E A [
[B] 5 8 RA A R 2R TR AR LG PE 22 F A ST 2A
X (¥ P=0.000). JH Bonferroni & #F17 75 I} 4%,
P R 22 B T 7 24 h B Y B (B G PR T A
48 F1172 h A7 (44 P=0.000) , Iij 48 11 72 h ()
BT RE E 22 S TG B L (P=0.295) 5 #iii fix
22 FERETRTE 48 1 72 h BF A% LT 1 v F 24 h PR
s M 3% 1 (37 P=0.000) , 72 h B 435 I3 M 5 T
48 h B L% 1 (P=0.000) .

2. P A 22 IR TR 1 B 1 TG 2 AR 0 3 e
48 h s () 25 1 i AR R A (i 24 e B DA 2
PG A FE A, 22%00(96.88% ) B Rk F B H 45 2
FIBEETE (R 1), A 1R (1.56% ) #ai i 22 19 B T
F W A K A M (ZRCT64) I i & A B 3% Pk
(ZRCT28), LB 1. #AAT R 22 [ BE TR FE 48 h If R L
HE AR R v R RS R LR 2.



- 1164 - PSR TR A S 2015 4E 10 A 56 36458 108]  Chin J Epidemiol, October 2015, Vol.36,No.10

mPrZ 24 wPrZ 48 ~Prz 72 wHZ 24 wHZ 48 = HZ 72
2.50
2.00
1.50
1.00
siottitniitpiaitatatiitatotil
0.00
A
1.00

E 1.50

PrZ

2.00
2.50

24 h_FEAREE 48 h_FE IS 72 h_ {ﬁﬁ 24 h_ I 48 h_ W IMLE 72 h_ LG

48 h REABEY 48 h PEEAMIEY 48 h_mEAMEH 72 h_ ¥ ML 72 h_ S ML 72 h_ LS T
2 PR el bk IEIKIE]HTIEU i H’JEEI%%DFEII@ PE K H o2

R AL BE A [ )5 Fﬁﬁﬂ%ﬂamgﬁ% VA72 b B B ML TG P A o e i e 2 B T
BRI R RS ZA L%mﬁ %ﬁ P, 9933%3@&?51@2%@%&@%@
MRS PZARNK Gk &%Ewaﬁ@ﬁ@i’ = %#m i(éé? SV 1Bk (1.56% ) B i

u IV 6 _Fitw

LA Vb B G L

Eimw 100 0 0 0 BR 4%l ZRCT41 Fl ZRCT4T (& 1) o ity IR 22 19
S 0.61~1.00 11(17.19) 1(1.56) 8(12.50) BEAITE 72 WA R 1 L 2 DL P 2.
th 041~061 53(82.81)  62(96.88)  49(89.06) 3. 1B A AN [R] G A B (IR 22 I B A 2
= <041 0 1(1.56) 7(10.94) R A R IO A e« T A 9 A e o ) AV
BRAREE 22 [ BE TR (ZRCT28) S PRI 53 Bk (Prz=0.394) , %
T 1.00 64(100.00)  64(100.00)  64(100.00) T B TR M s 59 (ZRCT64) [k [ B kA
f 0o1-100- 0 ° 0 (Prz=0.626) , % A (T IR P 76 O A
Lo e z ’ SR A L PR R 0 P 2
e BER 8K A PRIARAS , HZ 4351 0.414 F10.655 , A
% 1.00 0 0 0 I TR ARG5S ZRCT60 Fl ZRCT41 , 7E3ZMT5E iz i,
s 0.61~1.00 5992.19)  1(1.56) 1(1.56) 17 P S 5 1 B B 22 % B TR ZRCT47 (HZ=0.344)
ok 041~061  5(7.81)  62(96.88)  62(96.88) HBE AL 21 H R YL B (] 3) o
(&l =041 0 101.56) 101.56) AT AR I i 2 SR (3140 ) , o

AT AN R R REL, 355 B 53 (%) HRRAS Sk VB B 48.4% , Lk MR (10 65) L 5



TPETRA TR 22 2015 4F 10 H 4536 455 10#]  Chin J Epidemiol,, October 2015, Vol.36,No.10

- 1165 -

0.7

0.6 [

sul - i .- -

041

03[

O PrZ 48
O HZ 72

Mg PRI HEY BTSIBRA BR

il WEECT R BENRY b

Y S
T AR 0B PSR B D0 K (Pas) AT PU MR (Pas) 5 AR AR/ IR DU Z A BRI BE 5 BT 46 b 00" s e e ok
ZAM R IAE AR/ IME s “O"FIRKT LS Ao B I RE A B fe s ** " 2RI T 3 A% DU o B B e s - Rz AL i bR EOR >
B3 ARG AR PR LZ I B T 19 B Pl T P A M

15.6% , HAMBEGL RO AR A I 50 o SRR AN
() TR I 22 8 BE TR 19 PrZ M= 049075 TR R Ak 5
R PrZ M=0.466 , 28 9 20 i 37 BE A HOBEI) RIS
¥, RIS E X (P=0.119) , WLIE 3 ; BEUHIIR
TWARAS B HZ M 43 514 0.481 F10.497 , i 25 AR T
(K3), £ Kruskal-Wallis H 5, & & 375 25 B A
(i) SR AN 1) A (I 22 1 B D ) RrZ FIEHZ 25 57 A
GiiteFE X (P=0.368 #10.985) , L& 3%

Wit

R A2 I 2 1l PR L e R e
i LA 5 B 1 NS A B 1 TR i A (R 22 T R TR
T E N E A AR ZE S BT WF I o {22 I B
B G PR ) B ) SO R S — , Z24E T 7E24 .48 .
72196 h10 S SERIFSE W 2 B i 24 TR T £
FI TG PE A 48 h I 18 31 e K TR A T 2E VBT 48 |
A Ay 000 e AT A 22 I T 1 ol T PR BT ) 1
AMFE T, P i 22 I BE PR 3R B RS R, S
Galan-Ladero % 7 ) #fF 5% 25 S R F£F — ;5 1M
Tellapragada %'l Deorukhkar 25 "' f) iff 5% H H &
IR MR I A S Ve . ARFRA R R 2
BT B 22 T B T (98.66% ) 45 BN Hp 465 26 14 Tl 16
PE, & 1R SR IR AR 1 B 1 R0 R S
Pk o TR HAD—SEbIF 5 v P I 22 I TR 1Y) 2 1 il
% PERL, U0 Galan-Ladero %7 B BF 55 v 27.59% 1Y
ARRF IR AR 8 U M LR TR R R I (IR R
F B 16 7 5 Franga 256 (O 5E B, 57.1% 1 #4111
22 ERE TR R IR v A R RS M LR TR AR R I
IR I e s MR SO R IR B S M . AT
Z[B] B 25 S5 a] S H T 45 I 9 b R VRO B AN [
MEWAGWAEY =B A RETEW.

Tellapragada <541 Costa 25" B 5% 41 & B ALY 14 34
‘e s P o P A PG 1 v P R T 0 B ke o
NN S S = S N I D PO VAl 2 4
7 (SR S 8 (1 It 05 R AAE S T 25 5 (R A7 5
PR PrZ ity M A T AR 7, [] B I 9 FH i 50 g -
WA {22 19 1) T 7 2 Pk 1) 2 1 S M B s
BT MLV RV SR 00 ) 25 34 R TE A A, PRI
FF G0 205 SReAE 7R 00 M 1 A0 (IR 22 I 10 TR 2 1 TS
e =8

TR TR AIE 0 A B B 7K A A 7 1R, 388 3 0 A i
T PR A T S 5 A Pk T L
AR R T, TR AR 22 % B DA AR 266 B R A
21 A ARG BT (1 22 P B T L S gl i
Y43 , Tellapragada 55 °/Fil Samaranayake 55 '’ (Y iff
G AL IR AR TR 2 T T 9 Bl R T A
KT, Deorukhkar 25 " 1 X A [7] e 5 14 125 Bk #
W AR 22 BERE TR A TS, R IAT 72 1K (57.6% ) R IR
W NS G 75 VE ; Galan-Ladero 2527 W 98 &% BRAE 37 C
SAFR I 24 WG, 71.4% 0 B R 22 B FE B 2 30
AR F KA BEAS A IE 4 (0.81<PhZ<<0.99) , (H %
W58 B () A9 15, B R IS I LR M R
Galan-Ladero 55 7 IA N 3X B A8 A0 J2 H AN W 2B Y TR
TEHETE T I N DTTE A B o

VRS L35 P i M1 2 T B T 7 A 5 1T 2R A TR I
1R IR R 2 B R T R A RE
R N A BT i B R DA AE , 2800 I T R
FI S 2R 0 i S A B YR AR BT & BT LU
375 PR 5 0 A I 2 o T A A S0 S i I LA g
) —AEERE . AR R L B R T
LY P ) B[] SO0 RGE — , A rh AR 22 9 B
B (BR 1 0E, ZRCT17) B9 MG PETE 72 h N 4 Bl s ]



- 1166 - AR T 2435 2015 4F 10 H 58 36 4%

%5104] Chin J Epidemiol,October 2015, Vol.36,No.10

FER T, DRI LA 72 s AR L 36 T A SRy i A
AR 22 BB TR LIS PR R . ASBIFR A SR i
22 RF R PR BN A LI, WA BT R, B R
L PERE T EAT IS PE T RS IR R BR A
£ 14k (ZRCT41 F1 ZRCT47),MFE’{I§LQZE$%%%I%
DAy RV AL A g Y AL A, LAY (96.88% ) Fvaly
B 22 19 £ B 42 2 DL o 25 I ML TG AR o AE Galan-
Ladero 25 " AR ST AL & BE 2240 (89.66% ) Fvifi ik 22
P b T 2 IR A I LI 1, S0/ TR SR B IR 7
MG E A MGV . 7 O AR AR IR AR A
VS I M A 58 B iR ) TR AR 40K A TR A, Al
RE S AHIEST TS R L1 (48.4% ) PR IRBR AN 5% 5 I
SN AEAWITTE b 3 B FAS ) TR B oL A R (i 22 1
BEG AV TG PHEBCAR L, A A 5% bt R P a)
LA ] SR B A ) A AR 22 I3 B T R (5 Ml 22 1 R
B LI PEATAE 22 5

& £ X #

[1] Jung SI, Shin JH, Song JH, et al. Multicenter surveillance of
species distribution and antifungal susceptibilities of Candida
bloodstream isolates in South Korea [J ]} MedMycol 2010, 48
(4):669-674.

[2] Chaves GM, Diniz MG, da Silva-Rocha WP, &t al.. Species
distribution and virulence factors of Candida spp. isolated from
the oral cavity of kidney transplant recipients in Brazil [J],
Mycopathologia,2013,175(3/4) :255-263.

[3] Mohandas V, Ballal M. Distribution of Candida species in different
clinical samples and their virulence: biofilm formation,
proteinase and phospholipase production: a study on hospitalized
patients in southern India[J . J Glob Infect Dis,20113(1) :4-8.

[4] Gacser A, Trofa D,Schafer W, et al. Targéted gene! deletion in
Candida parapsilosis demonstrates the role of secreted lipase in
virulence[J . J Clin Invest, 2007, 117(10) : 3049=3058.

[5] Kothavade RJ, Kura MM, Valand AG, et al. Candida tropicalis:
its prevalence, pathogenicity and increasing resistance to
fluconazole[J |. J Med Microbiol,2010,59(Pt 8) : 873-880.

[6] Wu Y, Zhou HJ, Wang J, et al. Analysis of the clonality of
Candida tropicalis strains from a general hospital in Beijing using
multilocus sequence typing[J ]. PLoS One,2012,7(11):e47767.

[7] Galdn-Ladero MA, Blanco MT, Sacristin B,et al. Enzymatic
activities of Candida tropicalis isolated from hospitalized patients
[J]. Med Mycol,2010,48(1):207-210.

[8] Pichova I, Pavlickova L , Dostal J, et al. Secreted aspartic proteases

of Candida albicans, Candida tropicalis , Candida parapsilosis and
Candida lusitaniae. Inhibition with peptidomimetic inhibitors[J].
Eur J Biochem,2001,268(9) :2669-2677.

[9] Borst A, Fluit AC. High levels of hydrolytic enzymes secreted by
Candida albicans isolates involved in respiratory infections[J]. J
Med Microbiol ,2003,52(Pt 11):971-974.

[10] Deorukhkar SC, Saini S, Mathew S. Virulence factors contributing
to pathogenicity of Candida tropicalis and its antifungal
susceptibility profile[ J]. Int J Microbiol,2014,2014:456878.

[11] Negri M, Martins M, Henriques M, et al. Examination of
potential virulence factors of Candida tropicalis clinical isolates
from hospitalized patients [J]. Mycopathologia, 2010, 169 (3) :
175-182.

[12] Meoralez AT, Franca EJ, Furlaneto-Maia L, et al. Phenotypic
switching.in Candida tropicalis: association with modification of
putative virulence attributes and antifungal drug sensitivity [J ].
Med Myeol;2014;52(1): 106-114.

[ 13 ] Tellapragada C, Eshwara VK , Johar R, et al. Antifungal susceptibility
patterns, in«vitro production of virulence factors, and evaluation
of diagnostic modalities for the speciation of pathogenic Candida
from blood ‘stream infections and vulvovaginal candidiasis[J]. J
Pathog,2014,2014:142864.

['14] Franca BJG, Furlaneto-Maia L, Quesada RMB, et al. Haemolytic
and proteinase (“activities in clinical isolates of Candida
parapsilosis and~CGandida tropicalis with reference to the isolation
anatomic sité[J]. Mycoses,2011,54(4) :e44-51.

[15] Costa CR;;Passos XS,e Souza LK, et al. Differences in exoenzyme
production and adherence ability of Candida spp. isolates from
catheter, blood and oral cavity[J . Rev Inst Med Trop Sao Paulo,
2010,52(3):139-143.

[16] Samaranayake LP, Raeside JM, MacFarlane TW. Factors
affecting the phospholipase activity of Candida species in vitro
[T]. Sabouraudia, 1984,22(3):201-207.

[171 Luo G, Samaranayake LP,Yau=JYY. Candida species exhibit
differential-in vitro hemolytic activities [J]. J Clin Microbiol,
2001,39(8):2971-2974.

[18] Rossoni RD,Barbosa JO, Vilela SFG, et al. Comparison of the
hemolytic activity between C. albicans and non-albicans Candida
species[ J]. Braz Oral Res,2013,27(6) : 484-489.

[19] Pakshir K, Zomorodian K , Karamitalab M, et al. Phospholipase,
esterase and hemolytic activities of Candida spp. isolated from
onychomycosis and oral lichen planus lesions[J]. ] Mycol Med,
2013,23(2):113-118.

(i H #91:2015-02-15)
(RS 7 E57)



