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Abstract : Picornaviridae protein 3A is a non-structural protein of the virus. This article mainly introduced the characteristics

of 3A gene and its encoding protein,the role of cell protein transport and interaction with other proteins. ARF family protein

and 3A protein in the vesicles transportation synthetically discusses the interaction mechanism and so on.
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1.1 3AEHFIIERE /N RNA 55 3 3 H 4 b 5
—IE#E RNA 4, K/N2y 7.0 kb~8.5 kb, Hrf
AFE 5 8 E 415 X (Untranslate Region,5' UTR) HI
3" AR A X (3'"UTR) , 2N 41 5" UTR K 600 nt~
1300 nt, A —MRTE/NEN VPg,3'UTR K4
45 nt~345 nt, HEH 3" bR g X 2 AT poly A B
SERY X P #2218 S 5 A Y T 2 A
(Open Read Frame,ORF), Y45 # ORF 7£15 340
J ik 2 R AR B EE A BT G A 1
EABYR R AW ED., £Z2REDE N K
1/3 Jub 2 B 95 25 114 45 A8 26 (9 (P1) , 21 2% Bl 3 19 &K
Foo FIF 2/3 H9FE 5 W g A5 05 1 A Al 45 0 | B
(P2,P3), 322 5% 8 &2 il T 75 9 A G R 1 L1
B R SR AR A RS S R A T e kAT
ATl B A% R L A T A0 P9 A5 B 57 A 0 & AN
. SAFEEALT P3 X, i T 3 09 A [A) H 3 A
JPo A AFfE— R 25 5, PV 3A & A 261
Rt IR, A6 0% 40 1% 87 & LR 19 AT R 9% & (Duck
Hepatitis Virus , DHV) & & 279 ZH R, &5 93
GUIETR s DB L H 3A B Y C A i bb At 1 /)N
RNA R AR E K, BIL &G 459 v, vl DL 4w td
153 BILMME A [ AR AE OB #h , 7E
97 FE R IR AR LR B C LA 10 2 2
R B2 1 Bk I L2 5 B 6 C i BT B9 22 3 R
e 2 11 B A9 B 1 AR A1 S 06 L KRB 0% S AR E B R
10 R4 EN, 3089 T/ RNA 96 8 (9 3A L ¥
HIHE RN I35 R AR SF 10, 35 40 (1 25 S AR B TE C i
A 8 2 5 (EL 3 0 92 S S 2 4 5 W O AR K

1.2 3A BRI E AW /b RNA JEE 3A
HE e AR 3AB & (VI # =4 . 3A 1 3B i H
JE UL ZRARIRSAEAEY . 72 3BA A Cimkb A
— B AR A B K X, I L3k A B K X382 A Y AR 7
. k)% AFext FMDV 3 bk 58 & BL. A 6
A o WBUEE 2K R B B T 3 2K P B A P K 45
Fa) TR F 0 i B T 3 By R il ) i K
X Gonzdlez-Magaldi 25 A FIBFSE L3R BH T, 3A
I At X FR) T 28 3 0 2 B AR ST R SR K IX T
PV s h it — 2 3 T . 3A A EH C i
A 22 DEREEA A FK GBS, 3A X
o [ st EL AT 50 20 9 0 71X R 4 S A X 1) 45 A L
LR LA B A T i o L A O A A A AR b
B R L B T S e HEAE .

2 3AEHMINEE
2.1 HEABEEMEI e w0/ RNA K1
SAHE AT 5L R 2R AR N B M 22 )
(R XL 1) e iz D RE AL 45 T4 R TEN-B. 40 M A
FIL-6. [AIuA £ IL-8. FEAL M AL A1k
MHC- [ By SR A8 R F TNF 3244 %5 45 3 57 46 A 5%
(3 FH AN AE B T 9 F 0 S ik SR AL ]
SACHRE X PSS IR o) R 2R A 1 2R 1 R s FR R
il e AR T [ R AR X R R AT % #E B3
(Coxsachievirus B3,CVB3) 3A B H MWW F b &
BT A 2 DA P B I B g R R Y s
WAL R 2 e gl i A AR A T A 2 Y JB 1)
B e R FEAK (04 XL 1] 3z i B BEL BT o T 0k R ) 3 A ) g
SRR T M A T (Coat Protein T, COP 1)
Ak 35 11 1 (coat protein 11, COP ID AN E &Y
S IIE . COP 1 SR8 25 24 GTP fiff (Pro-
tein-synthesizing GTPases) {E i f) ADP #% ¥ 3L 4k
K+ 1(ADP-Ribosylation Factor 1, ARF1) ™ #% 5
iyt H e ARF-GDP fl ARF-GTP ) 1 I
502 COP [ # = 4L B I AR AR AROIE , B2 XL [n) 32
WAL, SA BN AR R i 5 s R g
S BFA $itEH 1 (Golgi-specific brefeldin A
resistance factor 1, GBF1) 454 2k BH Wr ARF1 [
W, 4R T8 COP | ARegh 5L 8 R I 15 &
I iz B g 0 1 . ElsWessels & 38 H A5 1 18 95
B SA E ARSI COP | ZE4 R E . mifE A
B 15 IR0 LS 7 1 I8 28 5 R B R B 2R 9 7 1Y)
SA ARG EOWis, 5hiERERRA
FRABL B S8IR A B » A B A B A e as i Zh g L (2
M N ik CVB3 3A #1H N i I UL 15 5
Mg ARAT T X GBF1 W45 4 fig J1 . g fHLBr ARF1
FR3E A, AT 753 H B A s e s il g 0y . AR
TEZJ5 B g8 ih X B 71 B flg i 2R 0 3A R
TEMEHEAFEZE ., % 71 BipiERE 3A EH
M5 7 A s BT A A AR A P Y Il 2R L K T 1Y
W EE 7 AR R AT T Y R . B I
71 B iE R 3A B H A B A E Az e n
ESp NS NI =P e VA = - 7l O N T
(8 T AR /N RNA 5 B 78 6 A7 6 1 119 20 Bk R A2
AL AT AT B L2 32 4 ) 2 1 Iz B 2 AE e 2k 1Y LA
T RE T2 A 3 BB A B 757 22 1 — 25 I BF 9T
2.2 fEH 3D REMMHMEIRE MKV 3A &
F7E B A OC 2 & ik 9 % T 55 GBFL/ARFL Al
ACBD3 456 1T U G5 - W05 | 240 i v 0% i B 15
WU EE 4-3% B8 IIIR ( Phosphatidylinositol 4-Kinase
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Class III Beta, PUKIIIR) Z£ 4 2 X N8 & 1K L, 4
1B W R or 1 2 Ak b BEOBE mE UL B U o R
(PI4P)MS2022) B 5 (45 3D Al 55 48 31 9t i 4k (1)
254G 145 3D J4A Bl s PR i = B, SE 1 T 4
S RNA 195 #) 5 #22 %) Jeffrey ]J. DeStefano
GNMFFE R YT, 3AB g8 fid it 3D 4 B G5 B,
I HASMAR 3D BA B EZAE . fEXT PV Y
g & 8. 3AB & H 0] DL E 45 4 8 3CD ik
H L ARERES IS SCD EAREBABEEME. Frid
AR 3AB EFIfEfE RNA ZHlZ &Y hER 3D &
AEER A EST . M SAB S EAS A A EE R
3A R B K X, LAl 3A EE H7E RNA & &
HAREIE B B, 5e s 3D B E BB IR AR L
FF WS R A S P

2.3 SAEMAXHELARMEN JESME M)
REAEAE S A R A B 2 X, 1k
7 RNA ARS8 HZ — /) 3A 1 HAEMN
FEMPEEIEFTEEZWEN. A KENREY
SA B LA Y R AE 2 3 BUR B RNA Bl
ZPH L, AT UL 3A 2 EE RNA Bl oCH . o
B K XA H A AR TR G, o 1y 5 45
AR EE RNA &2 A I i i R . g
HAEH 8 RNA K60 i #85 Br B b & 4555 51 2 AE
fH. 1E PV 3A # 1A 3CD & 111, George A %5 A
{5 FH g P 40 L SR B AR AR B SR R G b BB 3A A
fit 5 GBF1/ARF & [ 1E H 54 PI4AKR 2R L ¥ W
R ARAIIEE . KRBT BERY 3A HA
A RE 5 R B R 11 ACBDS3 B /E ] ok 554 PI4K}
B = I VAN T L7 N 1 S e el B VA
ML i A R SA 8 1 2 /D
RINA 55 4 2 i e 72 AR A2 ) 1 5 B

3 AEHSHEMEAMNMER

3.1 3A 5 3BMILEMEN /N RNAJKEE: 3A HH
R 5 52 G ARl o 1) ol 3 A ) S b D) B
H53BHEAAERVMNEKR. SAEHMIBEHR
HifR SABE AR N ZIReE M. EERI LT
I 3AB H [FRE LI B BT 00 B 0 Rk 0E 3D R G
fitgt . KR iFoE % B 3AB & (1 H 8 BB E K
SEVIRE . SAB MR e K F e PE S WA R S vk, AT
PIAE T DNA X RNA B4 L &% RNA F1 DNA
() 42 38 WU  IF HAZ TG tEASFEAE 7 M. figfli RNA
FEAfaE 2 3 RNA 8519418 k. X £ 3AB &HH
HAT R4 FAEARTEPES . 2k i 3A Fi 3B 4B
AN E A PE 3D RA B AR ARG, X

TE 9 5 BB 5E rh gk — 20 IS R S E A F T 3A
FH CoRummy 7 A2 MR 3B & H Ir 4 ) 3B+
THEH.ZIBFTEAAEILT S 3AB HEMIE M
R 5y FHAR WG . 3] 3A 5 3B H Ayt
F/E X T HZREBEEZLH0M. T /D
RNA J5# 3A 8 [ C i (9 22 JIH K L 02 75 HAZ R 43
FAEAR TG MO S A v F 3B+ 7 T i — 2 5 HE
{HA] DL 28 0 2 0% 0 M IE 8 R R W E 3A A
3B & 2 E AR

3.2 3A%EMHYE GBF1/ARF #HEAEM /) RNA
R SA R T R B HE I ] Y 32 2 e R
YR iz sz B T B . FEVLis sz Z R I T
P RSSO 3A B S (1 2 R
fih ARF K& 1 EHESY . ARF 25 [ 45 4 A
X SF . ARF H9 % b BB 98 #E A7 16 4 1) ARF-GTP
FITCITE M ARF-GDP #3500 | 24 ARF 454 GTP
Ja HON K i (19 o BRBE AT DL AE A B P T R P,
GTP-ARF 5 N 57 0 5 45 & J5 300G S 1 21 1 266 T &
BET L BT ORAMEE AN A RIN R MIES GTP-
ARF AHEJE B BN es o SRIGTEZ KRR | ARF 15
AR R D(PLD), S 30T 40 5 50 0 R 55 M b
e SRR RS T3 ARF-GTP & & ¥ sk
B S PUENL R k. 2 ARF IR A GTP By
W, HA Y ARE [FEEE iy GTP fig s 16 8 B
(GTPase-Activating Proteins, GAPs) 1E F A4 fig
ARF-GTP 46K ARF-GDP, )i 52 158 6 26
PR ARF 75 8 1A [6) #4148 2 46 02 400 i 1
WS LR, 3A & (18 o X GBF1 ) 3%
R ARF — AL TA G PER ARF-GTP R4,
MRS IR S 19 ARF-GDP Je ik 7= A4, 15 5% iU
EH AN B G, 3A EH Y GBF1/ARE M AE
FH e 2075 1 32 2 1 1 e as Bl Am o

4 B E

/N RNA J 3 AR 1 325 RERE 1 3 09 1 ol i
IR TEB SO JA I 5 A2 A B RNAL R R
RAPURA MR A it L. e g RE b SA
Jee ] 2o ey ip AL 1 3R 1 Ok S BRaE it GBEL #1fi] ARF
GER 1R TG AR 0 i 2 A Az s [ I OE 1 5%
4 GBF1 S P s 2 i 52 & R o8 i A B (9 52 1
AR AN BIRA ) o EE P ARAR T T ML S T L 3 A
E SRR LVE Cop e e A - (UR (VS I €]
B X 2B R A i 2 T RE 2BC S 3A IR
P[] P A 20 000 2 A28 2 A 9K T EL AR 4 AL 71
AW . 20 M B AT AR 2 microRNAs AR H Al



180 hoE N &

B

N

B e i 2016,32(2)

e £ A P RS ERER W/ RNA 55 3A
HEHINBELERN N RIENEE A it — L5

SE K

[1]Belsham GJ. Divergent picornavirus IRES elements[J]. Virus
Res, 2009, 139(2): 183-192. DOI. 10. 1016/j. virusres. 2008.
07.001

[2]Asnani M, Kumar P, Hellen CUT. Widespread distribution and
structural diversity of Type IV IRESs in members of Picornaviri-
dae[[J]. Virology, 2015, 478. 61-74. DOI; 10. 1016/j. virol.
2015.02.016

[3]Teterina NL, Pinto Y, Weaver JD, et al. Analysis of poliovirus
protein 3A interactions with viral and cellular proteins in infected
cells[J]. J Virol, 2011, 85(9): 4284-4296. DOI: 10.1128/JVL
02398-10

[4]Shi S, Chen H, Chen Z, et al. Complete genome sequence of a
duck hepatitis A virus 1 isolated from a pigeon in China[ J]. Ge-
nome Announcem, 2013, 1(4): e00451-00413. DOI. 10. 1128/
genomeA. 00451-13

[5]Gladue D, O’ donnell V, Baker-bransetter R, et al. Interaction
of foot-and-mouth disease virus nonstructural protein 3A with
host protein DCTNS3 is important for viral virulence in cattle[J].
J Virol, 2014, 88(5): 2737-2747. DOI. 10.1128/JVI. 03059-13

[6]Dunn C, Donaldson A. Natural adaption to pigs of a Taiwanese
isolate of foot-and-mouth disease virus[J]. Vet Rec, 1997, 141
(7): 174-175. DOI: 10.1136/vr. 141.7.174

[7]Ma X, Li P, Sun P, et al. Construction and characterization of
3 A-epitope-tagged foot-and-mouth disease virus[J]. Infect Genet

Evolut ] Mol Epidemiol Evolut Genet Infect Dis, 2015, 31c: 17-
24, DOI:10. 1016/j. meegid. 2015. 01. 003

[8]Ma X, Li P, Bai X, et al. Sequences outside that of residues 93-

102 of 3A protein can contribute to the ability of foot-and-mouth
disease virus (FMDV) to replicate in bovine-derived cells[J]. Vi-
rus Res, 2014, 191: 161-171. DOI.10. 1016/j. vir-usres. 2014,
07.037

[9]Gao Q, Yuan S, Zhang C, et al. Discovery of itraconazole with

broad-spectrum in vitro antienterovirus activity that targets non-
structural protein 3A[J]. Antimicrob Agents Chemother, 2015,
59(2): 2254-2265. DOI; 10.1128/AAC. 05108-14

[10]Zhang GY. Structure prediction and function analysis of FMDV
3A[D]. Beijing: Chinese Academy of Agricultural Sciences,
2007. (in Chinese)

KT DB R 3A R OSSN K S A s i (D] b at.
Hh I AR B 2 B 5 2007,

[11] Gonzalez—magaldi M, Martin-acebes MA, Kremer L, et al.
Membrane topology and cellular dynamics of foot-and-mouth
disease virus 3A protein [ J ]. PLoS One, 2014, 9 (10):
e106685. DOI: 10. 1371 /journal. pone. 0106685

[12]Jackson WT. Poliovirus-induced changes in cellular membranes
throughout infection[ J]. Curr Opin Virol, 2014, 9. 67-73.
DOI:10. 1016/j. coviro. 2014. 09. 007

[13]Choe SS, Dodd DA, Kirkegaard K. Inhibition of cellular pro-

tein secretion by picornaviral 3A proteins[J]. Virology. 2005,

337(1): 18-29. DOI.10.1016/j. virol. 2005. 03. 036

[14]Deitz S, Dodd D. Cooper S. et al. MHC I-dependent antigen
presentation is inhibited by poliovirus protein 3A[J]. Proc Nat
Acad Sci, 2000, 97(25): 13790-13795. DOI. 10. 1073/pnas.
250483097

[15]Dodd D, Giddings T, Kirkegaard K. Poliovirus 3A protein lim-
its interleukin-6 (IL-6). IL-8., and beta interferon secretion
during viral infection[ J]. J Virol, 2001, 75(17): 8158-8165.
DOI: 10.1128/JVI. 75.17. 8158-8165. 2001

[16 ]Neznanov N, Kondratova A, ChumakovKM, et al. Poliovirus
protein 3A inhibits tumor necrosis factor (TNF)-induced apop-
tosis by eliminating the TNF receptor from the cell surface[]].
J Virol, 2001, 75(21); 10409-10420. DOI. 10. 1016/j. marpol-
bul. 2008. 04. 016

[17]Wessels E, Duijsings D, Niu TK, et al. A viral protein that
blocks ARF1-mediated COP-I assembly by inhibiting the gua-
nine nucleotide exchange factor GBF1[]J]. Developmental Cell,
2006, 11(2): 191-201. DOI.:10. 1016/j. devcel. 2006. 06. 005

[18]Dorobantu C, Van Der Schaar H, Ford L, et al. Recruitment
of PI4KIIIB to coxsackievirus B3 replication organelles is inde-
pendent of ACBD3, GBF1, and ARF1[J]. J Virol, 2014, 88
(5): 2725-2736. DOI:10.1128/JVI. 03650-13

[19]Belov G, Van Kuppeveld F. (+)RNA viruses rewire cellular
pathways to build replication organelles[ J]. Curr Opin Virol,
2012, 2(6): 740-747. DOI:10. 1016/]. co-viro. 2012. 09. 006

[20]Wessels E, Duijsings D, Lanke KH, et al. Effects of picorna-
virus 3A proteins on protein transport and GBFI1-dependent
COP-I recruitment[ J]. J Virol, 2006, 80(23); 11852-11860.
DOI: 10.1128/]JVI. 01225-06

[21] Teoule F, Brisac C, Pelletier 1. et al. The Golgi protein
ACBD3, an interactor for poliovirus protein 3A, modulates po-
liovirus replication[JJ. J Virol, 2013, 87(20): 11031-11046
DOI:10. 1128/J VL. 00304-13

[22] Arita M. Phosphatidylinositol-4 kinase III beta and oxysterol-
binding protein accumulate unesterified cholesterol on poliovir-
us-induced membrane structure[ J]. Microbiol Immunol, 2014,
58(4): 239-256. DOI:10.1111/1348-0421. 12144

[23]Greninger A, Knudsen G, Betegon M, et al. The 3A protein
from multiple picornaviruses utilizes the Golgi adaptor protein
ACBD3 to recruit PUKITIR[J]. J Virol, 2012, 86(7): 3605-
3616. DOI; 10.1128/JVL 06778-11

[24]Sasaki J, Ishikawa K, Arita M, et al. ACBD3-mediated recruit-
ment of PI4KB to picornavirus RNA replication sites[J]. EM-
BO J., 2012, 31(3): 754-766. DOI:10. 1038/emboj. 2011. 429

[25]JHsu NY, Ilnytska O, Belov G, et al. Viral reorganization of
the secretory pathway generates distinct organelles for RNA
replication[ J]. Cell, 2010, 141(5): 799-811. DOI.10. 1016/j.
cell. 2010. 03. 050

[26 ]DeStefano JJ. Effect of reaction conditions and 3AB on the mu-
tation rate of poliovirus RNA-dependent RNA polymerase in an
alpha-complementation assay[ J]. Virus Res, 2010, 147 (1):
53-59. DOI; 10. 1016/j. virusres. 2009. 10. 006

[27]Gangaramani DR, Eden EL, Shah M, et al. The twenty-nine a-



2 kA FSE . RNABAE A LR AL B AEOHRHER 181

mino acid C-terminal cytoplasmic domain of poliovirus 3AB is
critical for nucleic acid chaperone activity[ J]. RNA Biol, 2010,
7(6): 820-829. DOI. 10.4161/psb. 7.6. 13781

[28]Fujita K, Krishnakumar S, Franco D, et al. Membrane topog-
raphy of the hydrophobic anchor sequence of poliovirus 3A and
3AB proteins and the functional effect of 3A/3AB membrane as-
sociation upon RNA replication[ J ]. Biochemistry, 2007, 46
(17): 5185-5199. DOI. 10.1021/bi6024758

[29] Belov G, Fogg M, Ehrenfeld E. Poliovirus proteins induce
membrane association of GTPase ADP-ribosylationfactor[J]. J
Virol, 2005, 79(11): 7207-7216. DOI. 10. 1128/JVL 79. 11.
7207-7216. 2005

[30]Dorobantu C, Ford-Siltz L., Sittig SP, et al. GBF1-and ACBD3-
independent recruitment of PI4KIIIB to replication sites by rhi-
novirus 3A proteins[ J]. J Virol, 2015, 89(3); 1913-1918.
DOI:10. 1128/J VL. 02830-14

[31]Sasaki J, Ishikawa K, Arita M, et al. ACBD3-mediated recruit-
ment of PI4KB to picornavirus RNA replication sites[ J]. EM-
BO J, 2011, 31(3): 754-766. DOI.10. 1038/emboj. 2011. 429

[32]Zhi H, Yang X, Yang G, et al. Hepatitis C virus NS5A com-
petes with PI4KB for binding to ACBD3 in a genotype-depend-

ent manner[ J]. Antiviral Res, 2014, 107. 50-55. DOI: 10.
1016/j. antiviral. 2014, 04. 012

[33]Destefano J, Titilope O. Poliovirus protein 3AB displays nucleic
acid chaperone and helix-destabilizing activities[J]. ] Virol,
2006, 80 (4). 1662-1671. DOI. 10. 1128/JVI. 80. 4. 1662-
1671. 2006

[34]D’souza-Schorey C. Chavrier P. ARF proteins: roles in mem-
brane traffic and beyond[ J]. Nat Rev Mol Cell Biol, 2006, 7
(5): 347-358. DOI: 10.1038/nrm1910

[35] Pasqualato S, Menetrey J, Franco M, et al. The structural
GDP/GTP cycle of human ARF6[]J]. EMBO Reports, 2001, 2
(3): 234-238. DOI: 10. 1093/embo-reports/kve043

[36]Wright J. Kahn R, Sztul E. Regulating the large Sec? ARF
guanine nucleotide exchange factors: the when, where and how
of activation[J]. Cell Mol Life Sci, 2014, 71(18): 3419-3438.
DOI: 10.1007/s00018-014-1602-7

[37]JKhan A, Menetrey J. Structural biology of ARF and RabGT-
Pases’ effector recruitment and specificity[ J]. Structure, 2013,

21(8): 1284-1297. DOI.10.1016/j. str. 2013. 06. 016

W iE B H#:2015-09-21 ;& E H #:2015-11-26

(L% 168 70)

[4]Bergman A, Heimer D, Kondori N, et al. Fast and specific der-
matophyte detection by automated DNA extraction and real-time
PCR[J]. Clin Microbiol Infect, 2013, 19(4): 205-211. DOI.
10. 1111/1469 -069 1.12153

[5]Han HW, Hsu MM, Choi JS,et al. Rapid detection of dermato-
phytes and Candida albicans in onychomycosis specimens by an
oligonucleotide array[ J]. BMC Infect Dis, 2014, 14 581. DOI:
10. 1186/512879-014-0581-5

[6]Robert R, Pihet M. Conventional methods for the diagnosis of
dermatophytosis[J] . Mycopathologia, 2008, 166: 295-306.

[7]Paugam A, Lollivier C, Viguie C, et al. Comparison of real-time
PCR with conventional methods to detect dermatophytes in sam-
ples from patients with suspected dermatophytosis[J]. J Micro-
biol Methods, 2013, 95(2) . 218-222.

[8]Summerbell RC. Epidemiology and ecology of onychomycosis
[J]. Dermatology(Basel), 1997, 194; 32-36.

[9]Bergmans AM, van der Ent M, Klaassen A, et al. Evaluation of
a single-tube real-time PCR for detection and identification of 11
dermatophyte species in clinical material[J]. Clin Microbiol In-
fect, 2010, 16(6): 704-710.

[10] Frealle E, Rodrigue M, Gantois N. Phylogenetic analysis of

Trichophyton mentagrophytes human and animal isolates based

on MnSOD and ITS sequence comparison[ ] ]. Microbiology,

2007, 153: 3466-3477.

[11]Brillowska-Dabrowska A, Saunte DM, Cavling Arendrup M.
Five-hour diagnosis of dermatophyte nail infections with specific
detection of Trichophyton rubrum[]J] . J Clin Microbiol, 2007,
45, 1200-1204.

[12]Wisselink GJ, van Zanten E, Kooistra-Smid AMD. Trapped in
keratin; a comparison of dermatophyte detection in nail, skin
and hair samples directly from clinical samples using culture and
real-time PCR[]J]. J Microbiol Methods, 2011, 85: 62-66.

[13]Kim JY, Choe YB, Ahn K], et al. Identification of dermato-
phytes using multiplex polymerase chain reaction[J]. Ann Der-
matol, 2011, 23;: 304-312.

[147] Verrier J. Krahenbuhl L, Bontems O, et al. Dermatophyte
identification in skin and hair samples using a simple and relia-
ble nested-PCR assay[J]. BrJ Dermatol, 2012, 168 295-301.

[15]Li HC, Bouchara JP, Hsu MML, et al. Identification of derma-
tophytes by an oligonucleotide array [ J]. ] Clin Microbiol,
2007, 45 3160-3166.

[16]Beifuss B, Bezold G, Gottlober P, et al. Direct detection of five
common dermatophyte species in clinical samples using a rapid
and sensitive 24-h PCR-ELISA technique open to protocol
transfer[J]. Mycoses, 2011, 54 137-145.

s B H#:2015-06-10; & B H #§:2015-10-12





