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Isolation of Myxobacteria Carrying Soraphen Biosynthetic Gene Clusters. Lee, Chayul, Hyesook Hyun,
and Kungyun Cho*. Myxobacteria Bank, Department of Biotechnology, Hoseo University, Asan 336-795,
Korea — Polymerase chain reactin (PCR) could be a simple way to screen new microbial strains producing use-
ful secondary metabolites if their biosynthetic genes are known and candidate strains to be screened are avail-
able. In this study, we have screened two myxobacterial strains, KYC3047 and KYC3076, carrying genes
appeared to be biosynthetic genes of soraphen A, a potent antifungal substance, out of 50 cellulose degrading
myxobacteria using PCR. The two strains were identified as Sorangium cellulosum based on morphological,
physiological, and molecular biological characteristics. Both of the strains produced substances having strong
antifungal activities as expected against Candida albicans, a causative agent of candidiasis, and Colletotri-
chum acutatum, a causative agent of anthracnose on pepper.
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Soraphen A¥ phenyl side ringS Zt: 18-membered
macrolide polyketideZ. HNH|F Sorangium cellulosum So
ce26004 25 275 IH3]. Soraphen AX 7}23} Al
=22 799 acetyl-coenzyme A carboxylase(ACC)E &
o] H o2 AaEAIRH18] Al EellE S FA| o} A=
+ A EA Z10E 2ohort SEAIGNAM ot teratogen
BE 23 Fakgo] o] o o)A} AjHow st
HA= AUTHS, 6]. AFES] ACCE A BiAlolA] P4
A A4S s AR v, B, oF 539 e A
W X84 e 323 T40)7)% sld1, 19, 20]. 28]
9], soraphen AX= ACCY)] W3t 53 A&7 B
ACC® 2H8712F 17 |l Al=2-¢ ACC AsljA] Aol o
T AHZ AF8P7) = geH15]. Soraphen AT FHIAE
< "= Syngenta BiotechnologyAF2] 17" o] o4 s.
cellulosum So ce262ZHE F24=o] G7|Mde] LA =
d(8, 14], o]EE FEH FAHAEEL o)g3le] Ao
obd WM AFAS Fr=shr| = sidnt2l]. & 92
A%l soraphen f+EA S A3 E slg)om[s),
SlellM = HZ7HA] soraphenS- 381202 3= AT
7} A= 9le7,9,10). 1, 299 S, cellulosum So
ce262] soraphen A A FAATZL oF 54kbell AA
soraphen coreE TH=3= F 709 type I polyketide synthase
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83 o|AAMEES AR Pl ES] B SeiEl
A7ARe 28 o] Fasle}, A EHsl o] xfAt
ARz ARA FA2E 8 e Al FEERY
AU (PCR) 2J3] GA 331 o AHAMREES AYAks)
e 2T v

£ A7elXE soraphenS Akl FW) EAFT F o]
o] RIS FHa)r] 915 A WA AR B AT
Ale] S| Bkl A 214 B=13E S, cellulosum 4555 ©)
A2 2 PCRE 53} soraphen A A FAAES 2= T
F5 Ao, dojal 15 AR AT A4S
FAbstodet.
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Aol AR HAMFES 21C ZEE]o] n|YEH-
AA L7/ S oA BelEgen, FAxA 9
TAA]-239] el HAMEed-S FA A=HT Q=
Tt ezl BAMFANE QelME Candida albicans
KCTC71213% AEdeta 44 Zedo) o8 =
Colletotrichum acutatum ACYSJO01[2}S- AM&-31ie}.

AE HHX| 2 HHQF =

AT ARl whokell= ST21P = VY/2 B3]
A& ARSI o, oA AR AARS ¢l = CSG/1
WA E ARE-3tel el 18] 3 C albicanse] Y A ul oFol| =
Sabouraud Dextrose Broth(SDB)E AM2-8}5] 1l La|ujofe



nutrient agar(NAYS AR&-5lic)

ST21P X = 0.1% K,HPO., 0.002% yeast extract, 0.1%
KNOs;, 0.1% MgS0,4-7H,0, 0.1% CaCl,-2H,0, 0.02%
FeCls, 0.01% MnSO,-7H,0, 0.1% w4488 1% gt
AL I8 iR (ST21)$]el] Hit8t 333%] (AVANTEC No.
D Lelipel EH1eREH13), o) vlsklogale 2eg
100 mg MnCl,-4H,0, 20 mg CoCl,, 10mg CuSOy, 10mg
Na;Mo0Oy4-2H,0, 20 mg ZnCl,, 5mg LiCl, 5mg SnCl,-
2H,0, 10mg H3BO;, 20 mg KBr, 20 mg KI, 28] X 8¢
EDTA Na-Fe** salt(trihydrate)Z @o] AZ3kdch. vy2 #)
A& 0.5% Baker's yeast, 0.1% CaCly-2H,0, 500 ng/L
cyanocobalamine$ g o] A X3 H13]. CSG/1 Wi A (pH
T4ye VAR FATY U BTN Tk
WA 2 2Bl glucose 0.5 g, soluble starch 3 g, raffinose
1 g, casitone 2 g, MgSO4-7H,0 0.5g, CaCly,-2H,O 1 g,
K,HPO, 0.25 g, vitamin By, 0.5 mg, #]eFd 448 4 mLe
gol Eulstsdet. old] vk Agd2 2E Y H,S0,
10 mL, FeCl;-6H,O 14.6 g, ZnCl, 2.0 g, MnCl,-4H,O 1.0
g, CuCl-2H,0 043 g, H3BO; 0.31 g, CaCl,-6H,0 0.24
g, Na,MoOy-2H,0 0.24 g% ol A sl

A BF 32°C uljof]ellA] wiokslgi on], o] wy
2 200 rpm 2 ZldabHA] wjeksloict.

Soraphen g FHXE EfAd

Ligon ol 2l B39 S. cellulosum So ce269] soraphen
A AFA FAAE 9714 9 (GenBank accession number,
U24241)% o831 sorA9} sorB F3AF F24-912 2424
PCR 558 4 )= F %9 oligonucleotide primers-&- v
Zktste] FAsIIT(Fig. 1). 28|31 o] 5 oligonucleotides
< primer® 313, AAA|F2] A DNAS F3o= 3}
o] PCRE 4343k ¥, PCR AFE-S 813k 24 soraphen
AP FAAEE 2= A2 #5281 Oli-
gonucleotide 5-GCTCCACGCAAGGICTCCCT-3(C155)}
5-TGGGGTCGGCTGTGAAGAGA-3'(C156)2 sorA 54
2ke] F2HE-9] 422 bp(PCR1YZ 5F3 = 9= primery
o] a1, 5-GCCCTCTCGCTTTCTCTCGC-3(C157)ya 5™
CGGCTGATGAGGACGAGGTG-3'(C158) sorB A2
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ZZH59] 452 bp(PCR2)E 553 4= 9l= primerdo|ch(Fig.
1).

16S rRNA &AL 7|MLel B4

16S rRNA 44} DNA: R F oz el Feld
414 DNAS 822 313, F 719 oligonucleotide 5'-
GAGITGTCCGGCGAG-3'(27f), 5-AGAAGGGGTATCAGC-
3'(15251)5 AME8le] SE30h. PCRE F3l 55% DNA
k12 Solgent Co.(Koreapll 2]3|3ld DNA 37|1449S 4
Al G71Md AA ] A%l DNA oligonecleotide:=
Rainey 5ol 2J3] B Z& ARgsidvi(1L, 16]. AAE
A7) 9-& =)= National Center for Biotechnology Infor-
mation(NCBI)®] GenBankell 5353}9.2, KYC30473%
KYC30762] GenBank accession number= Z+ZF FI176770
Z} FJ176771°] %} 16S rRNA AR 97| EA o=
Clustal W 278171 AR5l

ol

JENSIE] SHZA

SAdA E el Nikon ECLIPSE E600 $1/43:x}3in]
A& Abgetdon], A= AAAY Fe= Nikon
SMZ1000 S}A|&n] AL ALeslodeh, % oJAFS Nikon
D50 TAE FlelelE Akgste) odsigdn},

0

MojgM 2Xo| &

ST21P Hi Aol A} 7 zF wl kgt AHNAH TS Amberlite
XAD-16(Sigma) 1 g2 T3 CSG/1 ¥i=] 50 mLell A&
Blod 32°Coll A 5U7E Zek wjokstadet. wiek &, XAD-16
ZRINRS- 3)5p38le] 2FE 33] A)FST, 2 mL methanol
2 33 9 FEslt. 2elal 32 BT gl F
Wk AxA1Z] F-, 1 mLe] methanolel] o] -80°Ce]] H.3}
et

PCR2

10 kb

Fig. 1. Physical map of the soraphen biosynthetic gene cluster in S. cellulosum So ce26 and the position of the PCR fragments used
to screen the strains carrying soraphen biosynthetic gene-like clusters. The map was deduced from the reported sequence in the data-

base (GenBank accession number, U24241){8].
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Soraphen H&Hd FEUXE 71X[D U= HHMZ EHM
Soraphen A= AEE 92 Rl HMNH S. cellulosum
So ce26oX A FH |AHARER 733l T &
de] 3] macrolide polyketide©] TH3]. S. cellulosum So
ce26%] soraphen A AFA FAHATZ-E vl= Syngeta Bio-
technologyAtell ]38 2= o] G7|Mdo] AR =1
[8](Fig. 1), ¥ AFoIXE o]&8 HEE 7]MkeE o|n] B
A7Eol FelA Felgt AEz o BajA] HAATF F
FEE5E soraphen AP FHAZE 7RI Q= A=
TE Bt st o] & Y8 WA BaH s
cellulosum So ce269] soraphen A A FAAE 9714
A& o83t sords} sorB AR FH-9E 7+ PCR
%% + 3l F 49 oligonucleotide 55 3HA 8o
primerZ AH&-313L, FEjgl AIMT 2 44 DNAS
F¥L= sled PCRE T3F-22M4 soraphen F3HA] %ﬂ
g 7 A2 15 A8lA) sl B o
°ﬂ 3 = Fed 5005 AER A HA Xé"""ﬂ
ol A3l A=tk F 42 primers AMHESle] PCRE 428
g A3} Fig. 20014 HE<l vle} o] w3 KYC30473
KYC3076%] #A DNAE 5322 AMEE HhgolA] o
23k 5279 PCRI3} PCR2 Z7}o] A=},
3A|9k o]& PCR AHEE<] B]E<]2Q]l PCR $F2] A3}
2 AR A 7FsA R EAElER o33 7EsAS i
AE}7] $1351] AAE PCR AHE2] DNA 714 9& 24
slgeh. 1 A3, C1559F C156 oligonucleotide® PCR
primer®. AM-5}3, KYC30473F KYC30762) %13 DNA

ELAY Ve GTCTCCCTCCCCACCTA

Fig. 2. Screening of myxobacteria carrying soraphen biosyn-
thetic gene-like clusters by PCR. Genomic DNAs of KYC3060
(lane 1 and 2), KYC3047 (lane 3 and 4) and KYC3076 (lane 5 and
6) were used as DNA templates to amplify the 422 bp internal
DNA fragment of sorA gene homologues (lanes 1, 3 and 5) and
the 452 bp internal DNA fragment of sorB gene homologues
(lanes 2, 4 and 6) by PCR. KYC3060 was a negative control. M,
DNA size markers.

N

FHHoF A]—&‘G]-OC] dojz] F PCR &ZH(PCR1)Y2 B sorA
2 %7& Holm, C157%} C158& PCR primer® /\}%—6]-0:]
deix] PCR ZZHPCR2)E sorBY] S7HH-914 8
g 31%11:} Fig. 3914+ KYC30273 KYC3076«]
PCR1 G7|H9S S cellulosum So ce26 sorA 42} S7F
20, & 8,890 H71%E] 9,294H4 9717} (405 bp)]
A3} vl wgt A& Bodo). 283 Fig. 40ll4E KYC3047
I} KYC30762] PCR2 971 9DE S. cellulosum So ce26
sorB FAAL F7H5-9], & 327594 9713E 371684 4
717kA] (442 bpy2] A3} v1gk 2e Xvh F Figureol

%

CCTTCCAGCGCGAGCGCTTCTGGC TCGATGCCTCCAAGGCACACGCTCEREM
LR CCAGTCTCCCTCCCCACCTACCCCTTCCAGCGCGAGCEC TTCTGGC TCEATGCCTCCAAGGCACACGCTG
LRSI CCAGTCTCCCTCCCCACCTACCCCTTCCAGCGCGAGCGCTTCTGECTCGATGCCTCCAAGGCACACGCTG

] CCBACGTCGCCTCCGCAGGCCTGACCTCGACCGATCACCCGCTECTCGELECCEECGTCCCCCTCGCES. 9023

KYC3047 CCGACGTCGCCTCCGCAGECCTGACCTCGACCGATCACCCECTGCTCGGCGCCECCGTCCCCCTCGCTE
LM CCGACGTCGCCTCCECAGGCCTGACCTCGACCEATCACCCGCTGCTCEECGCCGCCETCCCCCTCECTG

So_ce26 SeCeer T

GGCTTCCTCTTCACAGGACGASTCTCACTCTCAGAG
LS LK C CGCGACGGCTTCCTCTTCACAGGACGAATCTCACTC TCAGAGCACGCGTGGCTCGCCGATCACGTCGTC
LR DRI CCGCGACGECTTCCTCTTCACAGGACGAATCTCACTCTCAGAGCACGCGTGGCTCGCCEATCACGTCGTC

*CGTGGCTCGCCGATCACGTCGTC ERNES

So_ce26 TTCGGLACA\.CCATCCTTCCGGG&ACTGCCT‘I‘TCTPU}\GCTTGC\,CTGuTCGTGGC\. £ TCGCETCGECC 9169

K¥C3047 TTCGL:CACACCCATCCTTCCGGGGACTGCCT‘I‘TCTCGAGCTTGCCCTGCTCGTTGCCC@TCGCGTCCACC
SO T TCGGCACACCCATCCT TCCGGGGACTGCCTT TCTCGAGCTTGCCCTGCTCOTTGCCCATCGCGTCGACC

KYC3047 TCGACACCGTICGAAGAGCTCACCCTCGARACCCCCCTCGCTCTCCCGCCTCAAGGCGCCCTCCTCGTCCA

el L CGACACCGTCGAAGAGCTCACCCTCGAAACCCCCCTCGCTCTCCCOHC TEAAGGCGCCCTCCTCGTCCAEERE]

LS S TCCACACCGTCGAAGAGCTCACCCTCGARACCCCCCTCGCTC TCCCGCCTCAAGGCGLCCTCCTCGTCCA

EEBeEFYGC TG TCEGTCEEGCCTTTGGACGACGCAGGACGAAGGCCACTCTCTCTT
S N GG TG TCCETCEGECC TTTGGACGACGCAGGACGAAGGCCACTCTCTCTTCAACGE
LRI GG TG TCCGTCGGECCTTTGGACGACGCAGGACGAAGGCCACTCTCTCT TCAACHKC

ALY 9294

Fig. 3. DNA sequence alignment of PCR1 fragments of KYC3047 and KYC3076 with the internal DNA fragment of sorA from S.
cellulosum So ce26. The numbers on the right of the sequence indicate nucleotide positions in the sorA gene. Conserved residues are

inverted.
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LI T T TCTCTCGCTCAAGCCCTCGGCGACCTCERICCTCCAEGEECCCTTGTGEGTTICTTCACGLGCGGCGCCGTRERE
e P T T TCTCTCGCTCAAGCCCTCGECGACCTCGCCCTCGAAGGTCCCTTGTGETTCTTCACGCGCEGGLGCCET]
legexii 3 T T TCTCTCGCTCAAGCCCTCGGCGACCTCGCECTCGAAGEGTCCCTTETGETTCTTCACGCGLGGCGCCET)

EERSVIIC TCCATTGGACACTCIGACCCCCTCGCCCATCCCGCCCAGGCCATGACCTGEGGECTTGGGCCEGUETCITC RN
I L HEC TCCATTGGACACTCCGACCCCCTCGCCCATCCCGCCCAGGCCATGACCTGEEGCTTGGECCECETCETC
REEMRIC TCCATTGEACACTCCGACCCCCTCGCCCATCCCGCCCAGECCATEGACCTEGEECTTEGGCCECETCETC

EEBIGGCCTCGAGCACCCCGACCGETGGEGAGGICTCGTCCGACGTICINGCECTCEGGTCCACGAEAGCECCETGEEREM
GG G o TCGAGCACCCCEACT GGTGGGCAGGGCTCGTCGACGTCAGCET TL:HGGTCGACGAAAGC GCCETGEGE
ESSENEIGGCCTCGAGCACCCCGACCGETEGEEAGEGCTCGTCGACGTCAGCGC TGEGGTCGACGABRAGCEGCCETGE

ELSEA e CCCGCTTGCTECCGECCCTCGCCEAGCGCCACGACGAAGACCAGCTCGCTCTCCGCCCGECCGE
KYC3047

KYC3076

Al Y3554
ACCGCTTGCTCCCGGLCCCTCEGCCCAGCGCCACGACGAAGACCAGCTCGCTCTCCGCCCGGCCGGCCTCTA
CCBCTTECTCCCEECCCTCGCCCAGCGCCACGACGARGACCAGCTCGCTCTCCECCCGGCCGGCCTCTR

LRI GC TCGCCECRTCETCCECECCCCECTCEECCATECECCTCCCECECECEACTTCACGCCCGGAGGCACCEREY
ISR CGCTCECCECTTCETCCECGCCCCECTCEGCEGATECECCTCCCECGCECGACTTCACGCCCGGAGGCACT
IRLEMIICGC TCGCCGC TTCEGTCCGCGCCCCECTCEECEATGCECCTCCCGCGCECGACTTCACGCCCGGAGGCACC

So_ce26
KYC3047
KYC3076

ATTCTCATCACCGGCGGCACCGGCECCATIGEGCECTCACGTCEGCCCGATGECTCGCTCGAAEAGEGCGCTCEIEN
ATTCICATCACCGECGGCACCEGECECCATCGECGCTCACGTCGCCCGATEGGCTCGCTCCGARRAAGGCELTC
ATTCTCATCACCGCGCGGCACCEGECECCATCGECGCTCACGTCEGCCCGATGEGCTCGCTCEGAARAGGCGCTC

So_ce26 ATQAGCC 3716
LS4 M A GCACCTCGTCTCCATCAGCCA
ERLEMHI N GCACCTCGTCTCCATCAGCCA

Fig. 4. DNA sequence alignment of PCR2 fragments of KYC3047 and KYC3076 with the internal DNA fragment of sorB from S.

cellulosum So ce26, The numbers on the right of the sequence indicate nucleotide positions in the sorB gene. Conserved residues are
inverted.

A M2l upe} ko] KYC3047# KYC30769] PCRI 9714 Vegetative Fruiting
L So ce269] sorASt 94% FUsIglerm, PCR2 9714 cell body
AL sorB AR e} 95% FdsAT) ol A=
KYC30473} KYC30767} S. cellulosum So ce263 upzt7)
A& sorAS} sorB A4S ¥3Fs1= soraphen AFA 541
S 2= Y 7EsA o) - B8-S WelFgit) DSM14627
S2@%g0| 53

A A -2 %L—zr%%ﬁi o] F8h, TP E AAA E
Qoke 2% o4 EepAEoE A9H Syel AU,
Zb, Ag d of o 2] FHeje} Aol ofsl] EFHTH12].
W3] S, cellulosume AEZ QS FU3l eb4h1 03 o] 8-
dle Ak 5 Sl HAATo|nR AER 91 Ha) 5o
e 83 7]5e] "ot Soraphen A FAARE 7}
132 90& Ze® shs #5 KYC30473 KYC30762- T+
F 28] JAAMTE AFR e B 53o] 9 Ao
Fol¥l AFolvt. F 15 25 o7, cellulose crystal,
cellobiose 5-2 Fd3t ebhd oz ojfsled A2 4= g)
2003 % ) SR A BT Qs §
cellulosum E-2] 2 M E] Ak(swarm)o] A=) 2] KYC3076
Foll sl HAAUE el Fig. 59lME KYC3047
I KYC30769] MES} 2RAA) w458 Hojd), T 59
N E= BT Sorangium 470) 43} Polyangiaceaest S
ol ArERe o], A= S, celludosum 572 At 2 Fig. 5. Vegetative cells and fruiting bodies of the type strain of
“Felfiwt. Fig. 6ol A= KYC30473 KYC30769] 16S . cellulosum, DSM14627, and the isolates.
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—— Stigmatella aurantiaca ATCC 251907 (DQ768127)
Myxococcus xanthus ATCC 252327 (DQ768116)
Melittangium lichenicola DSM 2275 (DQ768126)
Corallococcus coralloides DSM 2259 (DQ768120)
Archangium gephyra DSM 22617 (DQ768106)
Cystobacter fuscus DSM 22627 (DQ768109)
] Plesiocystis pacifica SIR-17 (AB083432)
——I: Nannocystis exedens DSM717 (AB084253)
Haliangium ochraceum JCM 113037 (AB016470)
Polyangium vitellinum P1vt1 (AJ233944)
——— Haliangium tepidum JCM11304" (AB062751)
Polyangium thaxteri Pl t3 (AJ233943)
Chondromyces apiculatus Cm a2 (M94274)

Chondromyces crocatus Cm c6 (M94275)
Sorangium cellulosum DSM146277 (FJ457641)

KYC3047 (FJ176770)
04 KYC3076 (FJ176771)

Fig. 6. Phylogenetic dendrogram of the isolates based on 16S rRNA gene sequences. The sequences were aligned by ClustalW[17] and
the tree was constructed by the neighbour-joining method. Approximately 1,450 nucleotides were used for comparison. Escherichia coli
ATCC 11775 (GenBank accession number, X80725) was used as an out-group (not shown). Scale bar, 0.01 substitutions per nucleotide

position.

RNA 747} 47|A 98 BA3E A8 Ryey, F 75
BT 8. cellulosum®) 35059 S, cellulosum DSM14627
(1212} 16S rRNA 42t 97195 99% FLETS B
ot o]t FulH, A, EAYEH EAS) 7238}
of B A= FF KYC30473 KYC30762 AE2 Q.
2 FalA AAAFQ S cellulosum S Z FH 5} )
KYC30473} KYC3076> 2+t 77| % o| A3} ¢hAl 2] wte)
A #E" #2165 1RNA 542 @71 D] 100% &
d3}A] 942m, Fig. 35} Fig. 49X Bgl5o| sorAS} sorB
F7IMEE 100% TUsA] goms M2 gE 332 3
Gl

22|FFE0| SrTEN 57

Soraphen- 7423t Szl A4S zk= ot} wlaia
T 5 KYC30473 KYC3076¢) 4] &4 = A A= o]
soraphens AP FAAlEM F 5= B3] =
T L 2 EAE AR Aoldt o2 EIsly) 913}
of & ATelME F 759 wdFEES AR, )%
o] tFE F 3= C. albicans®] AR A s3h=x
FALste] Mgkt 1 A3 Fig. 7oA 2.4 whe} o],
KYC30473 KYC30762] wieofF2E9] C albicans® A=+
< A AeEE Fd 5 i) =, 2See &

Fig. 7. Antifungal activity of the culture extracts of the isolates
against C. albicans. Paper discs absorbed with 20 pL of each cul-
ture extract of KYC3060, KYC3047, and KYC3076 and then dried
were placed on a NA plate spread with C. albicans and incubated
3 days at 32°C. S. cellulosum KYC3060 does not produce antifun-
gal substance. The paper disc absorbed with 20 puL of methanol
and then dried was used as a control.



W= C. acutatum® RAAE A3He Felsigdoh@s) B
ol k). welA old A= FF KYC30473
KYC30760A &8 FA-xE0] AA] soraphen AEHA
AR 7R o] g =S HedFEr.

£ A7l ME PCRel o3 50759 AE2 e FajA
HAMFoze] xF 274 soraphend] AIA A}
2 Holx FARE /M= F AAANT S cellulosum
KYC30473 KYC3076% Asiai=d|, Aa)ad =4} At
F T BT A S 3AE 2 EAS RS g
sldch. A E 5ol el As= 3FF AA] soraphen AS
AAV=A], = o2 soraphen FEAZ A=A 7L B
Ad 7], soraphen BAFFTE =W APA 47k
239 AR AME Aol

Fr&3t o AHAREES AT rlAEe] He Said
d7Ake] el =i} EAMulgo] Pash 53] AAMTF
2} gl o] XHARREE QARS: 913 woFFRA o] 71E
I, = AARFE S 74U W) di Az FF
o] o) o8 @2 ko] QFHY Fx|9t PCRS E3)
TFE ADES & A7 A= BRE s o xaakEe)
AP AR 3 AR 2=A de A$ PCRS
T ol E o AHARIES Al A2 #FE st
A A £ 9)ES BoiFgich

2 o

A RSl deix QT ©AE FH FFE0 &
B UE 7ol FHEAANES(PCR)S 83} 0|zt
PAREES A A28 w59 o) glojA] 7h9iE)
Hhgel g 4 glvh £ QoM FRELANS) 2
3 50T AEZ e Kl HAAFaEE 7=er 3
A 84 soraphen®] AP FAAZ Hol= A4S 7}
A T HAATF FF KYC30473 KYC3076S A83)s]
ot 2|3 et Aejehy, EAES EAld 94
ol FFEL S cellulosum® EAZPS, F 5= o=
AN Z S F 88l Candida albicans®t 1%
W& $s= Colletotrichum acutatum® 748t 843
AL 7= S Akl

ZAtel 2
2 Q7E 8ab)e 2147) ZEEjo] nlAEFAA
247147P0A13 BT 27 QT am) )
AR Aol el FAHRFI.
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