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SUMMARY

1. Title

Production of a key pharmacophore from a phytopathogenic fungus Cladosporium

phler

II. Objectives and Requirements of Research and Development
Determine the fermentational features for the mass production of phleichrome,
Define the genes related to the biosynthesis of phleichrome,
Improve the strain to over produce phleichrome using classical as well as

molecular techniques,

Establish a more efficient protocol for the large—scale purification of phleichrome,
Find a better way to synthesize hypocrellin B from phleichrome,
Synthesize various derivatives of hypocrellin B and phleichrome for more

effective photosensitizer in PDT.

II. Materials, Methods and Results
1. Acquirement of PKS gene related phleichrome production
A. Genomic library of C. phler
B. Established rapid screening method of genomic library
C. Acquirement of genes related to biosynthesis of phleichrome

D. Characterization of PKS genes
2. Development of a method for titering of phleichrome production
A. Thin layer chromatography using agar blocks of solid media

B. Quantitative Analysis using spectrophotometer machine

3. Improve the strain phleichrome for the mass production of phleichrome



A. Established UV—mutagenesis and screening method of C. phler

B. Optimized culture conditions of phleichrome—overproduced mutants

C. Acquirement of recombinant strain and design of recombinant vector for regulation of
expression related to biosynthesis of perylenequinone

D. Molecular breeding through regulation of gene expression related to

perylenequinone of C. phler

4. Synthesis of inducers and establishment of fermentation condition for production
of phleichrome
A. Determination of phleichrome production by growth of C. phler

B. Establishment of isolation and purification methods of phleichrome

C. Research of metabolomics of C. phler

5. Synthesis of diverse derivatives form phleichrome

A. Semi—synthesis of Hypocrellin B

B. Synthesis of aminated derivative of phleichrome

6. Establishment of culture condition using agricultural waste
A. Search for agricultural products suitable for culture of C. phler

B. Characterization of C. phlei culture using agricultural crop

7. Analysis of biological functions of phleichrome
A. Toxic test of C. phler culture filtrate

B. Establshment of ROS generation test method for determination of ROS activity

of phleichrome

IV. Results of Research and Development
1. Acquirement of PKS gene related phleichrome production
We set up an ordered library of genomic DNA of C. phlei for retrieval of
genes related to phleichrome biosynthesis; we cloned PKS genes from genomic
DNA using degenerate primers for the conserved domains and obtaining the full

sequences of several PKS genes from three subgroups of fungal polyketide



synthase; we analyzed the structures and evolutionary relationship of these
genes with PKS from other filamentous fungi. Finally, we confirmed correlation

for gene expression related to the production of phleichrome

2. Development of a method for titering of phleichrome production
We have developed screening method for analysis of production of
phleichrome using solid media. Also we have established TLC method for

analysis of production of phleichrome using small amount of mycelia.

3. Improve the strain phleichrome for the mass production of phleichrome

We have established UV—mutagensis method using survival test of C. phler
and acquired several phleichrome—overproduced mutants. Cultured conditions of
mutants has been optimized. We have designed expression vector for genes

related to biosynthesis of phleichrome and acquired recombinant strains.

4. Synthesis of inducers and establishment of fermentation condition for production
of phleichrome

The 1solation and purification methods of phleichrome from the cultured
biomass of Cladosporium phlei were developed. These methods include the pH
adjustment of biomass extract for elimination of unnecessary metabolites, and
simple silica gel chromatography. The methods are efficient and cost—effective,
considering the isolation steps for phleichrome, its purity, and the adequacy for
scale—up purification in grams.

For the maxium production of phleichrome from the culture of Cladosporium
phlei, the diketopiperazine derivatives known as inducers in phleichrome
production were prepared, and their activity was evaluated. Our results
demonstrated that two inducers showed notable increase in phleichrome
production by 10 times more than in control case. The two compounds are
3—benzyl—hexahydropyrrolo[1,2—alpyrazine—1,4—dione and 3-—isobutyl—hexa—
hydropyrrolo[1,2—alpyrazine—1,4—dione.

We have confirmed the production of phleichrome for two synthetic inducers

based on leucine and phenylalanine on two strains (wild type, M35= hyper—



secretion mutant on nutrient—rich medium) and in different culture conditions.

5. Synthesis of diverse derivatives form phleichrome

On the basis of our successful production system, i.e. the maxium production of
phleichrome by application of inducing agents and the efficient purification protocol,
we extended our research scope to semi—synthesize diverse perylenequinone
derivatives which could be prepared from the phleichrome as a starting material.
First target material, hypocrellin B, an raw material for the further development of
photosensitizers in photodynamic therapy, was prepared via our synthetic steps.
The second ones are aminated phleichrome derivatives, which have shown the
superior photophysical and photochemical properties, have been prepared efficiently
in one or two reaction steps, and their photo—properties would be evaluated in the

near future.

6. Establishment of culture condition using agricultural waste
We have screened various agricultural products for mass production of C.

phlei and established culture conditions of C. phAlei using selected crops.

7. Analysis of biological functions of phleichrome
After harvesting the culture filtrate of C.phlei;, we performed the toxic test.

We also tried the ROS generation test using HPLC purified phleichrome.

V. Application of Developed Techniques

- Development of a method for titering phleichrome production

- Acquirement of phleichrome—overproduced mutants using molecular breeding
and establishment of culture conditions

- Screening of culture condition using agricultural wastes and application to
cost—effective mass production of

- Establishment of isolation and purification methods of phleichrom and
development of synthesis method of various derivatives from phleichrome

- Industrialization and commercialization of phleichrome
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ortho—naphthoquinone =& naphthalene %2 o]F3 HEE  (dimerization
reaction) & &3t perylenequinone 7%2 $AL2 1 WS 720 % Qlslo] Awsk
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o wjekstAQl WS Fal 53] wldEd C phledl ©HE #30lE co—culture¥d O
C. phlei® 3t t] B2 phleichrome? S FE3h= B 55 A3 9oy,
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A 32 AFNE A3

1. Phleichrome AJAte] #3l= FAA &R

7}. C. phler® genomic library A2t
(1) Genomic library A2}

2 AT A ATFolA phleichrome?} 2> perylenequinone®] Ag/del| ois}
= AR FHE Y3t C phlei genomic libraryE A ZstaAb st [9-10].
High quality®] fosmid library #|%& 29138te] Epicentre biotechnology2]A+2] high
copy oriV origing 74+ pCC1FOS vector (Figure 1)& A}&3t9iom  C phlei
genomic DNA+{= random sharing "2 &34 ¢F 40 kb 4= ¢4 =72 Zet
AREER T REEO1X library ] qualityE ZIsh7]9iA FA9R AdEgE 50719
fosmid clones®] DNAE 3|53t $of Eco72 Adasrs Aelste], oF 30-50 kb =
719l inserted DNAZEHEo] g &4 & & AJATHE A A, F7H4 o= 5
2912 AegE 10719 fosmid clone® fosmid DNAE 3]53}9] inserted DNA =7]
= g A3 77k A7t vE S g9 ¢ AT B Psd AFdasE A
2lgro 24 DNA ddEo] vefst deoz vebds g8 4 Sl (Figure 2). u}
g B A7) o A =E genomic libraryZF high qualitydo]l d5Hom 1

Fg57k B2 AYS A5 & Ak

(2) Ordered libray A&}
Genomic librarys 83 G4z} screening &S Hu fo|aA 4798k

fosmid library DNAZS E. coliel FAAstsle] dAASAS

ok

H3k - ordered
libraryE A ZFstazt 39Tt C phler®] A genome sizeE 99% F=35H7] & A

3 Q 3t library clone< ¢F 4606710|t}, o= ofefje] F2a o wet ALk Aot [11].
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N = 2= 3= clone? 4 (necessary number of recombinant)

P = Y3+ & (desired probability)
f= 4% DNA ##9 AA 34 DNAe| st

(fractional proportion of the genome in a single recombinant)

AR A LA,
yo  In(@-099) _ In(1-0.99)
4.0x 10" In(1—0.001)
In(1—
4.0 <10
—4.60517
= = 4605.17 = 4
00y — 4605.17 = 4606

w2t Genome sizeE B2+ C phlei®] genome sizeE 9 H4 A
711 40 Mb=E 7Hg3s& wl, dA|l genome® 99%E THAI7I7] S

clone? 4+ °F 46067)°]t}.

Ordered libraryE A&7 s A #AZE libraryE chloramphenicol (34
ug/ml) o] A7+E LB plated] 5x10%71¢] colony”’} Y94 o8] plate® Z9Hst &, 7}
7+9] single colonyE pick3lA 96 well plateo] HZEsFA . Yol AAFSE cloned
MRk oF 2007 22 F 4800719 single colonyE 5074¢] 96well platee] &

O 7MW AFA R odered libraryE A& 2444 819 o}
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Eco721 361

Hpa | 7630 L TT
Pei| 7483 >/ RP

Sca | 805
Apa | 6973
Bsal 6811

parB  CopyControl™  ,eqr BstZ17 | 1844

pCC1FOS™
8139 bp

~ Sac |l 2483
SnaB | 5632
BstX | 5086 /
EcoN | 3470
Afe | 4567
Fp T7 EC¢?2 | RP
(230-256) (311-330) f3i” (476-501}

200 250 300 350 400 450 500
| L | | | L | ! | ! | ! J

FP = pCC1™/pEpiFOS™ Foward Sequencing Primer 5 GGATGTGCTGCAAGGCGATTAAGTTGG 3
RP = pCC1™/pEpiIFOS™ Reverse Sequencing Primer 5 CTCGTATGTTGTGTGGAATTGTGAGC 3
T7 =T7 Promoter Primer 5 TAATACGACTCACTATAGGG 3'

Figure 1. pCC1FOS™ Vector Map.
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Figure 2. Quality check of C. phler genomic library.

(A) Fosmid of randomly selective 10 fosmid clones. (B) Digested patterns using

Pstl. M; marker, 1—10; fosmid clones, B; blank.
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Y. Genomic library? rapid screening WH¥ 4=

Ordered libraryS &&3lo] HU} w24 5242 screenings 3171 93+ rapid
screening WS 75359t (Figure 3). WA 1A} screening 293 93] 96 well
plate W¢] 967l cloness &%3ste] vl & fosmid DNAE 3|438t91 o 508 EF
sYF WHOoRE DNAS FHsklth §dx4 gRE fate] FH|g 5070¢] fosmid
mixed DNAE o] &3l9] PCRS E&A4 14} screenings 330H, o]& E& THF
AA7F vkl 3 AA= 96 well plates ©Al 8719 clonesE® 33l wjdf &
fosmid DNAE 3]st o™ 12 group?l fosmid DNAE o] &3] PCRE EaA 2
2} screening SFA Tl miX|Eto # S H F-HAX7} Qv FAH = groupd single clone
Zkzb & viekstel 8719 fosmid DNAE 3]stglown, o]F o]&3 PCR ¥
Southern blot analysis WS %E3}9] 3% screenings 335t HF clones &x

sFolth. ARHbA Rl library screening W vlwsloe] &4 3o Al Al vl §

[e] = & 2~
= 95T F Q]
A) INDIVIDUAL re e
PLATES - :
X Mixed 96 colonies
@, #2,#3, .., #50)
PCR
B) DIVISION ] : i
Mixed 8 colonies
! 12 groups
PCR
B) INDIVIDUAL B. .3 R
WELLS F ] i (e~ [ |
: ‘ ‘ 1 colony . o0 1 colony
isolation : | isolation
L W L= L A | ool

Figure 3. Strategy for screening of C. phler genomic DNA library.
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o). C phlei®] phleichrome A3 AdA FHAS W
(1) Library screening o] 23l perylenequinone? AFA #H {§AA r
Perylenequinone¥ # o|xtAM =S polyketide synthase (PKS)#h= A%k
of oaf el W= Fo® Huxolx glow, dntrow gole PKS FAxk=
domain® A Wt I A non—reducing (NR)# reducing®® Y% ™ reducings
t}A]  partially reducing (PR), high reducing (HR)% 274 SF=Z y¥t}
[9-10,12-14]. & A7 dA d+-8k= phleichrome® vERI7FAI 2 PKS -3 2t
ol Aot 2 Zoleta wdsiqltt. kA phleichrome A9 & F25 X
3t7] st 4 Rud 9 FE59 PKS F44 ¥lw#43to] conserved domain
=  wAslen, o  Fur s PKS A 7E domain?d
KS (ketosynthase), AT (acyl transferase), ACP(acyl carrier protein) %ol|A KS¢}
AT domain WelA degenerated primer pairsE |28t th(Figure 4, Table 1)
[15—18]. A|Z¥ degenerated primer pairsS AFE3stY] C phler A2 genomic
DNAZHE partial PKS 3z I3#H 30705 &H3¥Y. o] cloning3shy]
sequencing 48 A¥, A& & NR PKS, PR PKS, HR PKS 32 HHES 3
53t9lth (Table 2). ©]€A &H3& partial PKS FHARZFE AZs specific
primer pairg ©]g3slo] A AFddA A =13k 50712 96 well mixed fosmid DNA
= o= 3o 2479 primer pairs® PCRES 33ttt dHES X33t plates
4% % rapid screening WY O Z libraryE screeningdl¥] #HF single fosmid

cloneg =R 3ATt [19].
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A

gi 148675053 | B gi 198675252
gilLAFLTAEIS | o FilLEPLIAES
ghllsea4se1l | (B 241156996811
gi1145879623 | B i 114527963
giizozazeaas | @ i 1202422136

giIEELEG0E 9122164060
gi 1002853207 gil302659209
gi 1702507845 Fi 1302503845

i 150080729 Fi150080729

giI8ELEIED i 18216960
gilzizsasaze | (3 gil21zsasize
giigdaTezoss | B giizaz192008

g1 171002828 gi1T1002028

i IZREELEELD | JTGIEN FilEREELISLO

941189193405 | | Fi 1189193408
41115399718 glizozEsasis |
g4 1950208 | 911302507164 |
gii1786223s gilesasz2zs |
gilbosseozl | glilissesnie |
i 130307164 ' giigsozes |
gilI0LE34618 | B0l gillTEEE2E |
gilasaszzzs | fPERiey gilEnEsEREL |
gi11888549 i s Fillssssay |
gi 174275561 gi 174215568 |

gi|sT51004t =5 |QIYEAE. L

FEAER SIS 3 94123874643 |

91152850465 | PRERPY 941121714671
41121714871 gi 153050481

FLISI8204EL | 4 gi 1146324548 |
gi1242816071 | 11119485939
gi 296813904 g4 140806918

#i 190208915 | & 741303319795
g1 1302219798 Zi 1296813984
FLI245324548 | 4 giliz1T04224
Fi|119485927 | F gl 1242816091
gillt17o4zz4 | 0

gi152850485 |

Figure 4. Multiple sequence alignment of the KS and AT domains of NR— (A), PR—
(B), and HR-PKSs (C).

Conserved regions are boxed and amino acid residues used to design novel primers
are represented at the bottom line. Arrows on the top indicate primer directions.
The accession numbers for all sequences are given at left. Penicillium citrinum
MlcA (gil 23574643); Monascus pilosus MKA (gi|l 74275561); Aspergillus terreus LovB
(gi| 62510842); Aspergillus clavatus NRRL 1 PKS1 (gil121714671); Magnaporthe
oryzae 70-15 syn6(gi|53850461); Talaromyces stipitatus ATCC 10500 PKS1
(gi1242816091); M. oryzae 70-15 syn7 (gil53850465); Coccidioides posadasii C735
delta SOWgp (gil 303319795);
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Arthroderma otae CBS 113480 PKS1 (gil 296813984); Gibberella moniliformis PKS10
(gi]1 40806915); A. clavatus NRRL 1 PKS2 (gil121704224); Aspergillus fumigatus
Af293 PKS1 (gil 146324546); Neosartorya fischeri NRRL 181 (gil 119485939);
Arthroderma benhamiae CBS 112371 PKS1 (gil 302503845); Gibberella fujikuroi pks4
(gil8216960); 7. stipitatus ATCC 10500 PKS2 (gil 242792088); Penicillium
marneffei ATCC 18224 (gil212535122); A. fumigatus Af293 PKS2 (gil 71002828);
Pyrenophora tritici—repentis Pt—1C—BFP PKS1 (gi| 189193405); A. otae CBS
113480 PKS2 (gil296815510); Xylaria sp. BCC 1067 PKS12 (gil 22164068);
Verticillium alboatrum VaMs.102 (gi| 302422136); 7Zrichophyton verrucosum

HKI 0517 PKS1 (gil 302659209); Ophiostoma piceae TOPA45 (gil 145279633);
Cercospora nicotianae (gil 50080729); P. tritici—repentis Pt—1C—BFP PKS2

(gi] 189194635); Elsinoe fawcettii PKS1 (gi|l 156446811); Cochliobolus miyabeanus
PKS1 (gil 48675353); Penicillium griseofulvum pks?2 (gil 1888549); Aspergillus
ochraceus (gil 46452226); T. verrucosum HKI 0517 PKS2 (gil 302654618); Glarea
lozoyensis pks2 (gil 60686921); A. benhamiae CBS 112371 PKS2 (gil 302507164);
A. terreus pksM (gi| 950203); Aparasiticus pksL2 (gi|l 1762235).
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Table 1

Primers used in this study.

Primer Orlentation Domain * specificity Sequence Reference

KAF1 Forward KS GARKSICAYGGIACIGGIAC Amnuaykanjanasin et al, (2003)
KAF2 Forward KS GARGOCAYGCOIACTTCAC "

KAR1 Reverse AT CCAYTGIGCICCRTGICCIGARAA i

KAR2 Reverse AT CCAYTGIGOCCYTCICCIGTRAA ?

LC1 Forward KS GAYCOMGITTYTTYAAYATG Bingle et al. (1999)
L Reverse KS CTICCIGTICCRTGCATYTC "

K3 Forward Ks TIYGAYGAGCITTYTTYAA Nicholson et al. (2001}
K34 Reverse KS RTGRTTIGGCATIGTIATICC "

XKS1 Forward KS TIYGAYGCIBCITTYTTYRA Amnuaykanjanasin et al. (2005)
XKS2 Reverse KS CRTTIGYICCICYDAAICCAAA i

HR-F Forward KS ACTTCGACGCCCACGONAANGGNAC This study

HR-R Reverse AT ATCGOGGGOCACTGNRCNCCGTY This study

PR-F Forward KS CATCGCCOTCCACGONGONTGYGC This study

'R-R Reverse AT CATGTCCGGCCACTGNGCNCCGTR This study

NR-F1 Forward KS GGCACCGGCACCCARGCNGGNGA This study

NR-R1 Reverse AT GAACTCCTCCAGGATGGGNTCNACYTG This study

NR-F2 Forward KS§ CCCTCCTACACCGTCGAYACNGENTG This study

NR-R2 Reverse KS TCATCTCCACGGCGTCNCCNGCGYTG This study

Cppks1-F Forward KS AGCTGATCTCGTGAGCATCG This study

Cppks1-R Reverse KS ATGGGTCGTCTTGCCCTTGTCAC This study

Cppks2-F Forward KS ATTTCGAGCGTGTATGGLGA This study

Cppks2-R Reverse AT CGGAGAAGACCCAAGTCAAGC This study

Cppks3-F Forward K$ TCCTCATTGACGCCTGTCT This study

Cpphs3-R Reverse KS ACATCAAACCACACGAGGL This study

Cppksd-F Forward KS GCOATCCAGTTGAAGTTGCTGE This study

Cppksd-R Reverse AT ATCTTAGGGGGCGGACTGCTCT This study

* KS and AT represent the domains of the [3-ketoacy! synthase and acyltransferase, respectively.

Table 2

Summary of PCR amplifications.

Primer pair No.* PCR clones PKS type ®
(Forward/Reverse)

KAF1/KAR1 3 HR-PKS (Cppks4) ©
KAF1/KAR2 2 HR-PKS (Cppks4)
KAF2/KAR1 2 PR-PKS
KAF2/KAR2 2 PR-PKS

LC1/LC2 3 NR-PKS

KS3/KS4 3 HR-PKS (Cppks3)
XKS1/XKS2 4 N.D.

HR-F/HR-R 2 HR-PKS (Cppks4)
PR-F/PR-R 2 PR-PKS
NR-F1/NR-R1 3 NR-PKS
NR-F2/NR-R2 4 N.D.

N.D. No significant homology to known genes.
¢ Number of PCR amplicons of expected size that were cloned and sequenced.
b Type of PKS genes based on sequence homology.
¢ Indicates the specific HR-PKS gene out of two different HR-PKS genes.
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. #d FA% EAE AA
(1) Full-length PKS #2# &1

B Ao A= ok library screening WS Ea|A] FESE 4719 full-length
polyketdie synthase (PKS) 37+ Z}7te]l 7| EE& Akl oH, 4719 & C
philei®] PKS 373 F4879] full-lengthgtr ol AdFstlth. zkzhe] f-2d7kel] tfsA
12,841 bpe NR PKS, 11,239 bp% PR PKS, 19,312 bp% 16,469 bpe] HR PKS
A2 7IMES R o]l FAAY] odEHo|A= ORF F&+& ©]§3sto]
NCBI blast search® St A3}, Cochliobolus sativus (GenBank ID: HQ830033.1;

¢

mlo

84% identity; E value 0), Penicillium patulum (GenBank ID: X55776.1; 72%
identity; E value 2e—-139), A. clavatus (GenBank ID: XM001274945.1; 68%
identity, E value 9e——46), and Thielavia terrestris (GenBank ID:
XM003649194.1; 79% identity, E value 4e——42)2] fungal PKS &= &
FAME S Hole= AL Bl (Figure 5-8). o5 FdAES x# & CpPKSI,
CpPKS2, CpPKS3, CpPKS4etar g3}t

(2) #H 3 PKS fx7te] ORF £4

FH ¥ 4719 PKS %142l ORF region< #4133tk ORFU ol €43 intron¥}
exon® 7%, CpPKS1, CpPKS2, CpPKS3, CpPKS4 A&} blast searchA] 713
=8 GAME S W Pyrenophora, Penicillium, Aspergillus, and Botryotinia models
S Fuston BA T2 WMo FE= FGENESH eukaryotic gene prediction online
software (http://linux1.softberry.com/berry.phtml?topic=fgenesh&group=programs
& subgroup=gfind) & AF&-3FSlt}. olv] & PKS FAAE EUZE 2479 frames
w48k 2, splicing singal 5 (GTRRGT) and 3" (YAG) S EAE gskqlct
[20]. &RE 47§29 PKS FAx Y] =7]7F 36—117 bpell g = introno] &1
Zolgt AZtEo]xt; (Table 3). % full-length® amino acidE ©]&38Fo] z+7z}e]
PKS 427} 7FA domain structureE &Ql3lG o, o5 E&M 2zt F21x7F ojd
domain structure 53& Zr=x5 sttt (Figure 9). CpPKS1 %42 74
C—terminal region®lA TE domain %¢ZE°% F 719 ACP domaing 2Zrowm,
CpPKS39} CpPKS49% %o+ DH, KR, ER domain®} #Z2 F7}4<9l reducing
domaing #Y+=dl ©]= HR PKS 28 54 5 shubel &gt}
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(3) && FH#9 PKS 3 €7144E vl

C. phlei genomic libraryE ©]&3lo] A& 4719 PKS FA#A°e] F4 %= amino
acid suquenceE ClustalXE ©o]&3te] oju] &4#% & PKS /F%%2 amino acid
sequence$} H]a WAS|RTE [21]. thE FFo] 15709 NR PKS, 8712 PR PKS,
1370¢) HR PKSE ¥3Fst & 397§2] amino acie sequenceE 7}FA3I mutiple
alignmentE F33 0, 7|9 out—groupl.® fatty acid synthase (FAS)-F+7%
A5 F7FeFYF [9]. Neighbor joining methodE ©]£3l4 phylogenetical sequence
alignmentE 83 o, PKS F4229] 7] domain oA KS, AT domain H%#
A8kt [21]. A9 o® $2ls #3ole 37H4 PKS #3& 25 7M1 9
1o%  yelgew, 53] CpPKS1 #HA7F  E fawcettiZHFE 0 AAAEE=
perylenquinone Al %3l elsinochrome? A 34| #odlt= PKS F-AA9}F =

2 FAME S Hdth (Figure 10)[22]. w2k CpPKS1 +4 A7} phleichrome?] A3t

ol Befst=t 3ol Tash 4TS & Jlofgt oAkt

o
|

>\1

(4) C.phlei genomic DNAAS] NR PKS F#AA9] Copy F &<l

ojul o]de] H¥E H 3+ perylenequinone HH T =F
perylenequinone =22 Ao AHAH SR A#H| A= PKS FZ A7} nonreducing
PKS #382F group?! A& odd & AT webA 2 Ao+ PKS A3 +4
A gl A C. phleil| A phleichromes A= T o8t #-aE oA Zojetal o4

o] A= nonreducing PKS F3 2+ copy 5 &<213}31% Southern blot analysisE

o
i
%

T FAR 8 TS AdEs (Notl, EcoR1, Pstl, Hindll, Kpnl,
BamH 1, Clal)& A4l C. phlei genomic DNAE A2 & o7]o] gxd
nonreducing PKS F=FQ1 CpPKS1 F#ke] ¢k 600 bp J% ¥+= KS domain?
partial fragmentE probe #2]3}%] hybridizatione 33tk 1 A3} TE lane°l
A 22 e band Rbe #E S QlSlow olE FalA C. phlei genomic DNA

I AAG (Figure 11). whehA
C. phlell £A3l= nonreducing PKS #% A7} olw] &R E o] CpPKS1 2 A}qk

EAGTE s o FAA A gE APS $AHow FAsLA At

o nonreducing PKS +#Z A7} one copy¥dS &eld

v}

(5) CpPKS1722}+2] Promoter region ¥4
CpPKS1 #Ax ¥d =45 & O olsistr] fAsiA & A" CpPKS19 strat

codon®] 1.2 kb upstream sequenceE W43 S™, TSt transcriptional
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regulatorS Qg £ AArt  (Figure 12)[22]. ATG codonl ZHE 308
nucleotides upstreamol|*] TATA boxE &< & <+ QY. CpPKS1 F#xFg]
promoter region®|A multiple GATA consensus motifs$®} nitrogen—induced AreA
(Marzluf 1997) and the light—regulated WC1/WC2 (Linden and Macino 1997)
transcriptional activators® <£A& <1ttt CpPKS1 promoteri= B3F 1719
ambient pH-regulated PacC—binding consensus motifs (GCCARG) (Espeso et
al. 1997) 2} multiple cAMP—inducible C/EBP—binding motifs (CCAAT or CAAT)
(Rangan et al. 1996)& 2zt+= A& &9l sk, F718 =2 CpPKS1 promoteri=
Aspergillus nidulansellA  ©]u] <4# % 2= conidial formation—related BrlA
(MRAGGGR or YCCCTYK)$} AbaA transcriptional activatorE 7} e A
gl & = A
(6) gHdE FAAE] LI A}
7V C. phlei9 total RNA &x Z7A &5

= el 1, 2 AdEe] #RE perylenequinone 4 ¥ #RARe] TES
gel3l7] flelA C phler®] total RNAS X3t 3tk Total RNAE £ A+
ol F=2 AFEst= Wl phenols ©]&38to] FE8H= WY TRI reagents ©]
gato] FEsks W, F7HAE FA 18] KBSkt Phenole ©]&3tolA  total
RNAE F=s18ls A¢, HE 852 5 A= RNAQ ofo] WRAIRE RNAS] &40
A3 A TRI reagent® £53k RNAC] H]3jA o] Wo] "Hojx|= ZS AT
At} (Figure 13). WabA C. phlerd] total RNA 52 TRI reagents ©]-83}¢]
ot e Y] ym A Aol &8 2 ekl

ol

32

X

(W) C. phlei®] 18s rRNA §&AAF g1

C. phlei HFolA Fd2 2dES AT o internal control® A&
house—keeping geneg ¢7] ¢l primerE A Zsle] PCRS 3l th ok 830
bpe C. phlei 18s rRNA gene? frgmentE &FH3F O o]5 pGEM T—easy
vector®] cloning 3+$1th. NCBI blast search® %3& 18s rRNA F3dx7F A= &

RESE &AdT 5 AR (Figure 14).

(t})) Northern blot analysis® F3 #d FAX9 843 &<l



1IAdE A= 718w E o] €3 TLC (thin layer chromatography) & E3&
A C. phle7} 37FE°) whe}, 183l S A5F I THE phleichrome Aol xfol&
o}, B Ao A= Northern blot analysis® F8sl] wild

Hol #5291 M35, M459] total RNAE TRI reagents ©]&3lo] &

, 12, 15, 18 &<t 717} 7] %, total RNAE & 533l M35+

F9o] AL+ 6, 94A total RNAE & E3}o] Northern blot analysisE <16k T}
= gof A K13 house—keeping gene?l C. phlei®]l 18s rRNA gene< internal
control® AFE3F 0™ CpPK1 F4AF] AdHFES probe DNAZE ALE3fo] A3S 4

Bkt (Figure 15). oldell C phleie] 7ol W phleichromed 4td-S TLC

= A el E Wt AR 129 A AFst signals g1 ¢ QIglon, o]
& F3lA CpPKS1°] phleichrome?] EAdel #oidti= gened Holgtal o3t 4

At CpPKS3, CpPKS4, CpPKS59 & &1 A9, V8 juice media®l WT,
M453t55 6, 9, 12, 15, 18Y &<+ 217} 71 %, total RNAE 533tk 2H2t
T2 d¥E& probe DNAZE ARg3sto] AFE FHsAcH(Figure 16). T
RNAZQ] kel Eatal oW signal® &1 4 §llTth. PKS gene® copy+7F %°]
olg]st Ayt vERd Zojgt F%4

oA e wae shel & 2= gle Aozl wukste], 27124 0% Real time PCRS %3

L

t1 3 2749 Northern blot analysisE Za|Al:&=

ol

A Aol w2 selskyt EAlo o] S ¢ vH4e] Northern blot analysis®

_39_



Color key for alignment scores
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Figure 6. BLASTx result of CpPKS2 gene.

_40_

Accession Max score Total score Ouery coverage
EGP83620.1 polyketide synthase [Mycosphaerella graminicola IPO323] 3114 3114 99%
ABU63483.1 polyketide synthase [Elsinoe fawcettii] 2801 2801 99%
AER36016.1 polyketide synthase [Cochliobolus sativus] 2654 2654 99%
BAD22832.1 polyketide synthase [Cochliobolus miyabeanus] 2645 2645 99%
CBX98440.1 similar to polyketide synthase [Leptosphaeria maculans JN3] 2631 2631 99%
AEE68981.1 polyketide synthase [Setosphaeria turcica] >gb|AEE68982.1| polyketid: 2586 2586 99%
AARS0272.1 polyketide synthase [Cochliobolus heterostrophus] 2579 2579 99%
XP 001802212.1 hypothetical protein SNOG_11981 [Phaeosphaeria nodorum SN15] >gb|| 2572 2572 99%
XP 001933656.1 conidial yellow pigment biosynthesis polyketide synthase [Pyrenophora 2562 2562 99%
XP 003298917.1 hypothetical protein PTT_09773 [Pyrenophora teres f. teres 0-1] >gb|E 2140 2685 96%
AEH76763.1 polyketide synthase [Alternaria alternata] 2665 96%
BAK64048. conidial pigment polyketide synthase [Alternaria alternata] 2624 96%
AEE65372.1 non-reducing type I polyketide synthase [Peltigera membranacea] 1324 1924 99%
XP 001585805.1 hypothetical protein SS1G_13322 [Sclerotinia sclerotiorum 1980] >gb|E 1871 1871 95%
EHYS5015.1 polyketide synthase [Exophiala dermatitidis NIH/UT8656] 1831 1831 99%

Color key for alignment scores
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Figure 5. BLASTx result of CpPKS1 gene.

Description Jotal scote Query coverage

polyketide synthase, putative [Talaromyces stipitatus ATCC 10500] >gl 2760 98%

hybrid PKS/NRPS enzyme EqiS-like, putative [Aspergillus fumigatus A11¢ 2204 58%

EHKS9a94.1 putative Lovastatin nonaketide synthase [Glarea lozoyensis 74030] 2207 95%
xP Q031738351 lovastatin nonaketide synthase [Arthroderma gypseum CBS 118893] >g 2237 ese
lovastatin nonaketide synthase [Arthroderma gypseum CBS 118893] >g 2216 98%

hypothetical protein TERG_07361 [Trichophyton rubrum CBS 118892] > 2220 ssse

polyketide synthase, putative [Coccidioides posadasii C735 delta SOwg 2251 s8%

polyketide synthase [Coccidioides posadasii str. Silveira] 2287 58%

hypothetical protein [Podospora anserina S mat+] >emb |CAP65099.1] 2195 8%

hypothetical protein FOXB_00609 [Fusarium oxysporum Fo5176] 2212 99%

hybnd NRPS/PKS enzyme, putative [Aspergillus clavatus NRRL 1] >gb|E. 2199 8%

hypothetical protein ASPNIDRAFT_176722 [Aspergillus niger ATCC 1015 2182 s8%

equisetin synthetase, putative [Aspergillus clavatus NRRL 1] >gb|EAWO 2201 s8%

polyketide synthase, putative [Metarhizium anisopliae ARSEF 23] 2176 e

002850 polyketide synthase [Arthroderma otae CBS 113480] >gb|EEQ27577.1| 2188 88%



Accession Description Max Total score
XP 001557060.1 hypothetical protein BC1G_04310 [Botryotinia fuckeliana B05.10] >gb|E 1156 2290 94%
AAR90246.1 polyketide synthase [Botryotinia fuckeliana] 2288 9459
C€CDs4538 BCcPKS10, polyketide synthase [Botryotinia fuckeliana] 2133 8%
EGX83763.1 polyketide synthase, putative [Cordyceps militaris CMO1] 1093 2229 94%
ADF28668.2 reducing type I polyketide synthase [Peltigera membranacea] 0s6 2188 4%
XP 001806097 hypothetical protein SNOG_15965 [Phaeosphaeria nodorum SN15] >gb|| 1051 1908 87%
XP 001825712 polyketide synthase [Aspergillus oryzae RIB40] 1027 2006 94%
e unnamed protein product [Aspergillus oryzae RIB40) ) 1980 94%
EFQ35333.1 beta-ketoacyl synthase domain-containing protein [Glomerella graminic¢ 1025 2020 94%
XP 003296852.1 hypothetical protein PTT_07049 [Pyrenophora teres f. teres 0-1] >gb|E 1010 2044 96%
putative polyketide synthase [Trichoderma virens Gv29-8] 1005 2053 95%
PKSKA1 [Xylaria sp. BCC 1067] 930 1931 945
polyketide synthase [Thielavia terrestris NRRL 8126] >gb|AE062906.1| 213 1853 96%
polyketide synthase [Aspergillus kawachii IFO 4308] 303 1886 94%
predicted protein [Aspergillus terreus NIH2624] >gb|EAU35165.1| predic 907 1883 4%
' s 2 s “an suo wan 0 7
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Figure 7. BLASTx result of CpPKS3 gene.
Sequences producing significant alignments:
Max score Total score Query coverage
AAC49814. polyketide synthase [Aspergillus terreus] 1901 1501 96%
BAA20102 6-methylsalicylic acid synthase [Aspergillus terreus] 1300 1500 96%
XP 001215453.1 6-methylsalicylic acid synthase [Aspergillus terreus NIH2624] >gb|EAUZ 1894 1894 96%
AAKA48943.1 6-methylsalicylic acid synthase [Byssochlamys nivea] 1892 1892 96%
P22367.1 RecName: Full=6-methylsalicylic acid synthase; Short=6-MSAS »emb|C 1845 1845 96%
ADF47133.1 6-MSAS [Penicillium griseofulvum] 1844 1844 96%
xP 002564832.1  Pc22g08170 [Penicillium chrysogenum Wisconsin 54-1255] »emb|CAP98 1839 1839 96%
XP 001273093.1 6-methylsalicylic acid synthase MsaS [Aspergillus clavatus NRRL 1] >gb 1806 1808 5%
1 polyketide synthase, putative [Arthroderma benhamiae CBS 112371] >¢ 1762 1762 56%
xe 0031684131 6-methylsalicylic acid synthase [Arthroderma gypseum CBS 118893] >g 1755 1755 96%
XP 003019112 polyketide synthase, putative [Trichophyton verrucosum HKI 0517] >gk 1753 1753 96%
XP 002843666, 6-methylsalicylic acid synthase [Arthroderma otae CBS 113480] >gb|EE 1745 1745 6%
AAC23536.1 polyketide synthase PKSL2 [Aspergillus parasiticus] 1741 1741 7%
XP_003233703.1 6-methylsalicylic acid synthase [Trichophyton rubrum CBS 118892] >gb 1733 1739 96%
BAE65442.1 unnamed protein product [Asperaillus orvzae RIB401 1731 1731 97%
S o e e { ltlu xll» :tlu : Q-||l 50‘.- solas
auer ) RF 43
400 bindio site Ak AASALA
specific hits
Non-specific Acyl_transf_1 PRS DA KR_2_FAS_SDR_x s
hite Pks_aT | CKR2SRx
elong_cond_enzynes FabD e
CLF nalonate.ndch
cond_enzynes PLN02752
Ketoacyl-synt Ketoacyl-
superfanilies Aoyl transé_t superfonily | PRSOH 5 prebi
cond_enzynes superfanily

Figure 8. BLASTx result of CpPKS4 gene.




Table 3

Characteristics of PKS gene-splicing regions of C. phlei.

Gene Intron Size 5' splice site 3’ splice site
Cppks2 1 53 GTGAGT CAG
Cppks3 1 59 GTAAGC CAG
2 54 GTACGT TAG
3 50 GTATGT TAG
4 115 GTAAGT CAG
5 51 GTGAGT CAG
6 55 GTTCGT CAG
Y 33 GTAAGT CAG
3 39 GTGAGT CAG
9 36 GTAGGT TAG
10 51 GTATGT TAG
Cppks4 1 56 GTAAGA CAG
2 51 GTACGA TAG
3 68 GTGAGC CAG
4 56 GTAAGT TAG
5 49 GTCAGT CAG
6 51 GTGAGA AAG
7 53 GTATGA CAG
8 52 GTATGT CAG

Note that the Cppks1 gene is predicted to be intronless.
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isoamy! alcohol oxidase

Figure 9. Schematic organization of four PKS genes in C. phlel

Thick lines represent the ORF region of each PKS, in which the position and
appropriate size of putative introns are represented by short vertical lines. All
PKS—conserved domains were detected using the INTERPROSCAN program and are
shown at their corresponding positions in the ORF. Flanking regions other than the
ORF of PKS and neighboring genes are shown as thin lines and open boxes,

respectively. The size of the DNA sequence is shown at the top line.
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Figure 10. Phylogram of fungal PKSs inferred based on Neighbor Joining analysis of

the full-length deduced amino acid sequences.

Vertical bars indicate major clades, each of which represents the reducing state of

polyketides. Numbers below the branches indicate the percentage bootstrap support

for each clade. Three FAS genes were included as an out—group: Homo sapiens FAS

(gi| 1049053); Gallus gallus FAS (gil 1345958); Bombyx mori FAS (gil 2058460).

Bar represents 0.05 substitutions per amino acid position
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Figure 11. Southern blot analysis of C. phler genomic DNA.

Southern blot analysis of C. phlei genomic DNA for finding copy number of
nonreducing PKS genes. C. phlei genomic DNA samples are digested with 7 kinds of
restriction enzymes. The blot is hybridized with the probe that is a partial fragment
of KS domain of CpPKS1 gene.

lane 1; digested with Nof1, lane 2; digested with ZcoR 1, lane 3; digested with Fs¢
[, lane 4; digested with Hindll, lane 5; digested with ApnlI, lane 6; digested with
BamH 1, lane 7; digested with Clal.
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CpPKS1 promoter

308 (bp) =1(bp)
GATATATT ATCATG
| v v I \l/
‘ |
| |
L) '|I L] I I 1 I | LI I I J I ™ i I”“ my I
-1000 -800 -600 -400 =200 -1
Symbol Cotinaryed Numbers (Sites) Transcriptional factor Gttnes.of
elements activation
| GATA  2(-310,-734) h , ,
AreA & Nitrogen or light
WC1/WC2 regulatory genes
I TATC  4(-126,-370,-578, -1200) ' L L
' GCCARG 0 h _
PacC pH responsive
(Cys2-His2) genes
| CYTGGC  1(-1087) ]
V CCAAT  1(-1107) )
11(-36, -48,-81, -85, -145, =
v CAAT  -201,-523,-621,-825-1093, C/EBP SABIP Baiacinle
Genes
i -1106)
v ATTG 2(-611.-1023) -
’ MRAGGGR 0 Brla
(Cysz-Hisz)
’ Developmental/
YCCCTYK  1(-288) _ conidiation-
’ specific genes
CATTCY 1(-1073) AbsA
Figure 12. Promoter analysis of CpPKS1.

Promoter analysis of 1.2—kb sequences upstream of the putative ATG translational
start codon of CpPKSI in both directions, identifying a number of putative binding
sites for global transcriptional regulators such as AreA (nitrogen regulatory protein),
the WC1/WC2 complexes (light regulatory proteins), PacC (ambient pH regulatory
protein), and C/EBP (cAMP-—activated protein).

conserved sequences for recognition and binding of the conidial formation—associated

The CpPKSI promoter also has

BrlA and AbaA transcriptional activators in Aspergillus nidulans.

Definition of mixed bases: R = A or G; M = Aor C; Y = C or T.
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Figure 13. Total RNA extraction of C. phei using the phenol and TRI reagent.

(A) Total RNA extraciton using the phenol. (B) Total RNA extraction using the TRI

reagent.
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Color key for alignment scores
<40 40-50 50-80 B0-200 >=200

Query : | I ;
300 450 600 750

-
=1
%]
o

Description Max scory Totsl o Quary cuversgs

Aurecbasidium pullulans strain 33v1 185 nbosomal RNA gene, partial sec 537 3302 99%
Aureobasidium pullulans strain 29v1 18S ribosomal RNA gene, partial sec 537 3302 59%
Mycosphaerella punctiformis clone 29i small subunit ribosomal RMA gene 384 3328 99%
Davidiella tassiana strain CBS 723.79 small subunit ribosomal RNA gene, 583 3510 99%
Cladosporium sp. CBS 266.53 small subunit ribosomal RNA gene, intermal 582 3510 99%
Davidiella macrospora strain CBS 138.40 small subunit nbosomal RNA ge 3510 99%
Cladosporium cladosporioides strain MD-2 185 ribosomal RNA gene, part 3504 95%
Cladosporium cladosporicides voucher CBS:H-6933, H-6934 culture-coll 3510 99%
Cladosperium bruhnei strain CPC 5101 185 small subunit ribosomal RNA ¢ 3510 999%
Cladosporium bruhnei strain USN 11 185 nbosomal RNA gene, partial sec 3510 99%
Cladosporium cladosporioides strain STE-U 3682 185 small subunit ribos 3510 99%
Cladosporium uredinicola strain CPC 5390 185 small subunit nbosomal Rt 3510 95%
Cladosporium cladosporioides stran STE-U 3682 185 small subunit ribos 3s10 99%
Cladosporium sp. CF-25 18S ribosomal RNA gene, partial sequence 582 3510 99%
Cladosporium sp. 7F 185 ribosomal RNA gene, partial sequence 3510 59%

3510 959%

Cladosporium sp. 15F 18S ribosomal RMA gene, partial sequence

Figure 14. tBLASTx result of partially obtained gene fragment for 18s rRNA gene of
C. phler
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CpPKS1

TRNA

185

Figure 15. V8 mycelia were harvested at regular interval (6, 9, 12, 15 and 18
days) and RNA samples were prepared according to previously described protocol.
30 ug of total RNA was loaded on each lane. The rRNA was shown to indicate equal
loading amount. CpPKS1 was shown to accummulated at all time points except for
day 9 and peaked at day 12. The pattern was observed for all three different strains
(M45, M35 and WT) although in M35 strain only day 6 and day 9 RNA samples

were used.
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CpPKS4

Figure 16. V8 mycelia were harvested at regular interval (6, 9, 12, 15 and 18 days)
and RNA samples were prepared according to previously described protocol. 30 ug
of total RNA was loaded on each lane. The gel was blotted and probed with 3
different probes, namely the CpPKS3, CpPKS4 and the newly discovered CpPKS5.

There was no accummulation of the transcripts of these three genes in the Northern

membrane.
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Figure 17. Rapid screening using agar block.

(A) Morphology of WT, M35 and M45 under two different culture conditions (right:
V8 medium, left: V8 supplemented with glucose and malt—extract). (B) Thin Layer
Chromatography (TLC) of phleichrome extracted with ethyl acetate from three
strains under two different culture conditions. Comparing with the parental strain,
M35 is overproducing under V& culture condition while M45 is overproducing under
V8 supplemented with glucose and malt—extract. (C) Ethyl acetate extracts from 3

strains under two different culture conditions as seen on 96 well plate.
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Figure 18. Spectrophotometer rapid screening
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3. Phleichrome WHFAALS Y3 oF &5

7}. C. phler®] UV—mutagenesis AA] ¥ screening WY T+
(1) C. phlei®) UV mutagenesis 53} 74

UV  mutagenesis WHS T3 Hdd EAJAdWol=E GRSV $5Ho
mutagenesis 712 1A 3T Energye A7HE UEA FAS
15sec?] Z7l1o] 90% killing dosed Hol& ZO & <l ¥ttt (Figure 19) [23—24].

(2) UV (ultraviolet) mutagenesisE %3 mutant X

UV mutagenesisE AA] 3 & 50709 mutantsE FR3P L, o]= W.To| vlal red

pigment7} st Ho A= A& A5ttt (Figure 20).
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Figure 19. Survival ratio of UV—irradiated spores.

_54_



Figure 20. Colony morphology of UV —irradiated spores on PDA.

Arrows indicate the putative mutant strains showing the marked changes in the
pigment color. Note that the pigment color changes as the culture proceeds. Only
colonies showing the difference from others were primarily selected for further

analysis.
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. Phleichrome #&d EdWolA ] gz HA 3

2 AT = 1AdEelA ¥ UV mutagenesis® &34 o7 &xE 5079
ZoolA F PDA WA olA C phlei® wild type ol B3l red pigment7} Z&}k
A ®Hol= EAWolAd M35 #59 wild type ©#5° B3l red pigment7} k3t &<
Hol Al M45 w5 Aol thelA phleichrome 3% 235 913 vixE 438t
12 etk 1APAE AFE A FlE HA S wiAIQ]l V8 juice WA 9} $HA V8
juice viA| ol glucose®} malt extractE F7}Fst VEGM HIA| & o] g35lo] ZF ZolA|

ol 1544 ujeFsle]l dFS B3I O, agar plugsE 7181 ethyl acetate®l]

.

extraction $F ¥ thin layer chromatograph (TLC)#7lE &3t phleichrome 3AHd
S #AFAsAY (Figure 17). F7FH S22 VEGMHA oA EAEZ #F52 cultured}
o] F7]&mo] extraction 3t &, thin layer chromatograph (TLC)ZAZ/NE E3l wljok

o1 phleichrome AAMAIS ittt 1 A3, M35 #52 A% V8 juice HiA <
Al wild type ¥#FXT} phleichromes @Wol AAdstA Rt VBGM HiA |4+ wild type
X phleichromes o] AAsHA] ehgkom M45 2] A-f-ol= M35 9=
AU 2 V8 juice iAol X VEGM ®iA] oA phleichromes © o] AMAs= 7

Fzst 4= QIS tk(Figure 21).

ftlo

- - -_— - — —
fp Mg Mg © M, Mgy . Y T b Yy Y e M Y
Jday Goay Sday 12day 15day 18day

Figure 21. TLC analysis of wild type, M35, M45 strain of C. phlei on V8GM

media.
Days indicate sample preparations from the corresponding days after the

incubation. Lane C in the TLC plate contains purified phleichrome.
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t}. Perylenequinone ¥4 #&W F-AAY W Z2EE& $3 vectorA 2 AZT #F X
(1) 3AA| selection marker &<l
C. phlei®] FJA selection maker=Z AFE3H ¢ Qe FAAE & A% ot A
FATelA hygromycino]l 7hs g &lstt [2]. B bt 2A5FS Ak
St o B2 FF79Y selection maker? FHI7F Fodlttn #oI B AL
hygromycing A 23t t}E selection makerE A}l AF 3+ th WA geneticing vl
Aol kst wFE wgsidle A, oF¥W W ofye H HFELE BT

A #Rlsto] selection maker® A ¢ GlES Felskaitt (Figure 22).

(2) AR FEFAE Y3 over—expressed vector AF U AZg #F FH
CpPKS1 42k sAepdds skl phleichrome “AtFo] S7td =Rl o
5 AFst7] #8te] over—expressed vectorg AZ3FATE . A o] AP ATo
A kst whs 1t o] cryparin promoter 188 =719 Ak CpPKS1 /4
ZFe] open reading fame fusion$t ¥ hygromycin #A&4 selective marker”7} 4t
2]% plasmidel cloningste] HZE vectorE A ZsFA ) (Figure 23). 2p&o] o]& o] &
3tol  C phlei®] protoplastel] HAXZA|Z]1 hygromycin®] F7FE vl A] o A
selections}th. & 31719 FAAINAE IO, o]&5S hygromycin HjA o] 3=k
Ate & genomic DNAE g3t PCRS &34 CpPKS1 4AA¢ hygromycin

FAAT AAD S e

1o

at

ol

Foith #7148 0% southern blot analysisE 283l U},

(3) A HAxES 935
CpPKS1 F48AE ¥y FuW <l C parasitica®l heterogous expression ¥

24 CpPKS1 3427} tt2 #Fo) A% phleichromes A 7lsAo] =A== &

=

eterogous expressed vector A& W A F3g #F FH

olgtazlr &Rt WuF-Eay e A promoter® €# X cryparin promoter

1889 CpPKS1 %29 open reading fames fusiond}t®] geneticin # &4

selective marker7} A¢J¥®l  plasmid®l cloningdlel #HFE vectorgs AZsHth

(Figure 24). #%-¢] o]& o]&3slo] WhuF FaE <l C parasitica®) protoplastell

FAAGA 7] 2L geneticin®] FH7Fe wiAI A selectiondtAth. & 247019 A LA

= 93101, o5 geneticin WA 32} Althdt ¥ genomic DNAE 3431t &
A

CpPKS1 3 AFe} geneticin §A=}7} Ael= S ghels}

Jd'

rlr

[e)
= A
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25 uglml 50 uglml 100 uglml

F ...

Figure 22. Genetic test for selection marker
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Mot (43)

Over-expressed vector
12,280 bp

(7278) Motl

Figure 23. Over—expressed vector of CpPKS1

Mot (2392)

Heterogous expression vector
11,850 bp

Figure 24. Heterogous expressed vector map of CpPKS1
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2}. C. phlei® perylenequinone @ FAx ¥ ZHo| o3t 2 &5

(7}) Comparative genomics®l] &3 AFA A2 4 Z4 regulator F-3A &R
PKS transcription factor® ©oJu] 24#z ZEB2 fdA4S A&digy o)¢ld w4y
APl ol F82F phleichrome® WA xZo] 7hsdhs &lstaat sFlvk

[25]. H3 ZEB2 clone® A%, Gibberella zeaelX 7+3HA Wl E = 2,146 bpo

B —tubulin promter®} 1,048 bp® ZEB2 427} pCR—XL—-TOPO vectore] 4%

o9l 3ltt. (Figure 25).

(\}) ZEB2 %A} expression vector A&

ol A& ZEB2 #HAAE C. phleid] AU A1717] Y3l A expression vectors A ZFa}
At (Figure 26). o]l wyd AdAA 7P ZEB2 expression vector® 749
C.phlei 7} selection maker® A& = SQli= A AFAAFAA7E §l71 wZol <k

2.3 kb® hygromycin FAAE As3do)

() AxE 45 g2
orx & H 3t expression vectorE circular® linear F7FH4 HElZ C phler oFAE o

Fol @4 &S AEsdn 4748 dEAASAES hygromycino]l H7He A oA

{

selectiond}lt}. Selection iAo P& FAHAEFAZS genomic DNAE 3|53}
PCR= &M A Adoli-5 lsidlty. d34 0% circular formo 2 FAx<
o] F 7719 dAABAE &R = 9190 linear formO 7 FAME s F 1)
°of FAAGAE SR 5 AT FIHHOoR ol5 A IAMSAES] total RNA
£ %53kl Northern blot analysis® 3838t e FolH, ZEB2 FdA7}

phleichrome?] transcription factor@ Zrg3l=x=S &<¢lslux} 3t}
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EcoRI {325)

Pstl (467)
- Pstl (6351

B-tublin promoter+zeb2
6713 bp

Il Pstl (1928}

(3582) Xbal —
(3564) Notl—
(3546} Pstl

(3537) ECoRI Petl {3412}

Figure 25. ZEBZ2 expression vecotr for Gibberella zeae

=

6000

Zeb2+hygromycin
7745 bp

nNAMYcig

|

ke

T

xhal (3582)

Flgure 26. ZEB2 expression vecotr for C. phlei
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4. Phleichrome34HS $3 wazd 4

e

=2 543 9 =4 AT

7}. C. phlei 7o) W& phleichrome? & <% 2%
(1) 8%l d& C phlei A Fejaz

A& Ao A phleichromes sk AMIAE T C phler®] AEA HAngx
= st Baskal glod (Figure 27)[1]. ¥ A4 Aol wE phleichrome
Y

BB IR fekel NBATe] WP e Fasgor 20T HHLE

[ W T

A 15 E 229747 BRate] AES v @EAE A STh Phleichrome %% 4
7 olmz wjope #AS EAPL wAe A werAlzre] Fakate] mel A YA E
Aeh AaAAe] Z7e BRSO (Figure 28) phleichrome AR 244 0

(2) Ao WE C phlei®l phleichrome A= XA}

Fig. 29] plateZF ¥ 2 H#AIAE &FH 3} ethyl acetate?} =3 & 547+
SHAA FEAS Frste] Stow vlwstitt 1 A3 MAE] F2A8 N A4
o] Algto] Ao wet A3 Frtsty 12 AFE 543 Frbetr] AlAske] 17

=
o o]V FA Zasts A BASYL 14-15% vl AN AAE Mz

=

off

Aol o] HuAYS Fskdtt  (Figure 29A). T3 TLC (thin layer
Eoto] SR ANE s AYdFeon nlua &

chromatography) #A71=
T2 phleichrome¥} U3t E2<& &2ttt (Figure 29B).

ol
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Diameter (cm)
(5]

Day

Figure 27. Time—course profiles representing the growth rate as a function of
temperature.

The growth rate was determined by measuring the diameter of each colony at 90°
angles until no further expansion was observed. Error bars represent the standard

deviation of five replicates in three independent experiments.
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yF -
.“

Figure 28. Assessment of the colony morphology the color of ethyl acetate extract

from the agar plugs containing actively growing mycelia.
Numbers indicate sample preparations from the corresponding days after the

incubation.
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123 4356CT 89101112 13MI5161718C 19202122234

Figure 29. The color of ethyl acetate extract from the agar plugs containing actively
growing mycelia (A) and the TLC analysis of corresponding ethyl acetate extract
B.

Numbers indicate sample preparations from the corresponding days after the

incubation. Lane B in the TLC plate contains purified phleichrome.
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1}. Phleichrome?] &-&3Q ¢+EIAARAA 4y +F
(1) Phleichromed] E&2< UF BAFZAY 75

Phleichrome © 2 %-¥ °Fg]&X4 S 7}A] = perylenequinone AE9 33ES WA
57 9k HZA O 2 (. phlei® crude extractZHFE % ¥ phleichrome? t=74
AR FFHo] QFEHYoH, o]lF skl 1AL AHE EA HA Y AAHS
Hup g&40% NS g5 di" AAHES FFa3lth o] AAeME 1xd=
of ALY LH—-20 chromatogrphy ©AIE Ht} ISt hexane FEZ oAt
silica gel chromatography ©@7 2 def| 3t own, Ak 97 e A2} v Eo
theko] B2y EAS AASE anrt 959 1459 phleichromes 2] 5=t
71038k e}, mpx ek H2] whA|Ql silica gel chromatographyol A #Z# #7j&uje] A7
AFE E3lo] AfEfe] ZAS acetonitrile : hexane = 5 1 5 & 4|2 g8z
AAstAdth d3Ao® =2 % (C95%) 9 phleichromes W& FAlst= HHS T
=33t} (Fiugre 30).

(2) HPLCE ©]£3} phleichrome?] &% AR AT+=

Phleichrome © 2 F-E] ¢kg]&A S 7}A| = perylenequinone A9 33ES wHaA
al7] fleiM= EdEdE AEH+ phleichrome®] % Aol wi¢
TolM+= 49 phleichrome 25 A% i &olstA AF5E + A= WHE A

T%3%}9it}l. Phleichrome?] UV-—visible spectrumolA] #zd ofg] 34

f
=2
X
s
o
=
O

= F83%to] phleichrome ©]9]¢] =& A AFE FIFdorA HF Zod
phleichrome ] =&x°] g M E=E AFsHAtt (Figure 31). Phleichrome?] &%
94% o]’Fo =z YetwteH (Figure 32), 1xbd% A€ phleichrome AlR9] TEH
| et S Fdsadn. A8 el AFg-s HPLC system ¥ A7lx7e o
=

B=)

K}
kit
my i
At

o
=1

— HPLC System

© S 2100 Solvent delivery system, S 7131 Reagent organizer (Sykam, Germany)
— Reversed phase column

: Hector C18—Mb1002546, 250mm X 4.6mm, 5um, (RStech Co., Korea)
— UV—Vis Detecter

©'S 3210 UV—Vis detector (Sykam, Germany)
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— Gradient elution system
A = Acetonitrile with 0.1% formic acid (v/v)
B = H,O with 0.1% formic acid (v/v)
[ 90% B (0 min); 90% B (1 min); 0% B (20 min); 0% B (21 min); 90% B (26 min); 90%
B (33 min) ]
— Flow rate : 1mL/min
— Injection volume : 5ul

— detecting wavelength : 280nm

A A HHgoz Aol phleichromes AFE3Fo] calibration curved €433
th (Figure 33). o] A5+ o] & FE&9 phleichrome®] FZF A wi-¢ 8317
A&ttt 91 @A F acid—base A A GAZAE o] &35t phleichrome YA}
2] A¥= Table 43 2t ZF mutant® crude extraction A¥E WIS 2 M459]
phleichrome ZabgFo] 71 & Z& &lakglar, ol wef M452] F7H4 Q1 &
AA BAHS 3Tt M452] harvest ¥ mold 59.14 g © tisto] grindings
AL, o5 3l 57.93 g9 powdergs YUTE Powdert d#e] FEHAS F

ethyl acetate® F&3} 1, FEE] Ot 5 W AAH}AS /A phleichromes

42

o

At o]z phleichrome® UV-—vis absorbance spectrum®| 7]|& H1EAH
phleichrome?] Hoj &3 343 dX|st= S FAskdet [1]. 3% purifications
m}3l phleichrome> 7433] 58 A0 HAFARE, o]|Fof X3 = vpekst ol &
AEAY S 9%t starting material® AFE817] 98k U] 453t phleichrome
= R Fert ol &Rl HlA, wekA flash column & Abgste] F7pAQl
g S TS o] wf, &8N =2 chloroform : methanol = 9 @ 15 A&
sttt  (Figure 34). Flash columng AFE3t 28 #A7pA wpxjz dojx

phleichrome< NMR analysis& &3l &% &<2lstitt. (Figure 35)
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Grinding

Powder

o

Extraction Stirring with EtQAc for 24h

v v

{crude extract)

st Purification ) ‘Washing with 1N NaOH

I

Qrganic layer Waier layer

1
v

Neutralizing with 1N HCI

ﬂ_

2nd Purification | Extractwith EI0AC

v

3rd Purification ) dissoivingwith
Acetonitrile ; Hexane=5:5

v v

| Hexanelayer | Acetonitrile layer )

Figure 30. C. phlei® crude extract2%E 1£ %9 phleichromed Y ZFAA E2F
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UW-Vis Absorbance

ANTDITNE
T o Dl s
Lieen
=l ]
— L
-1
=i
LR e A b R R R B B R R
Figure 31. UV—Visible spectrum of phleichrome.
Peak= Ret.Time PhStart PkEnd Area Height Areat
No. (Crin) (min) {min) (mV)
il 1 12875 12787 1308 48629 10.44 052
.z 17.058 18717  17.975 8891333 1385.28 94,39
i & 18217 18155 18.308 18069 5,54 0.19
4 18575 18483 18692 #5693 17 85 0.70
- §  18.892 12775 19.05¢ 215542 4751 2.29
8 19900 19208 19417 86388 17,96 070
7 19576 19525  19.850 9153 370 0.10
i § 20850 20250 20493 104880 .28 111
‘ Totals! 9419887 151488 10000
| - m—— == .
‘ . ﬁu e

Fugure 32. HPLC data of phleichrome.
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Calibration Curve
10

¥ 3 4EaP5 = 149106
EREY -1

|2, BAS1NAY|

il 4.670581)

Arsa [%10°)
e

(35, 2391178)

1025, 1. 186065

(0125, DeE1057)

0 0.5 1 15 3 &5

=T [mg/ml]

Figure 33. Calibration curve data of phleichrome.
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Table 4. Extraction data of phleichrome

Extraction sample stock(mg) Extraction sample stock(mg)
M35-100920 27 GM-M35-110805 53
WT-100920 18 GM-M45-110808 20

M35-#22-100924 6 V8-WT-110808 10

AM35-100924 76 V8-M35-110808 14
A-Mycell WT-100925 128 V8-M45-110808 7

L-M35-100925 75 V8-WT-110823 261

L-WT-100925 53 V8-M35-110823 146

PA-M35#4-100927 16 V8-M45-110823 277

PA-WT#11-100927 8 GM-WT-110901 117

PA-WT#10-100930 8 GM-M35-110901 122

V8 WT#1-101118 10 GM-M45-110901 217

V8 WT#2-101118 8 V8-WT-110916 8

V8 M35#1-101119 8 V8-M35-110918 9

V8 M35#2-101119 6 V8-M45-110916 6

GM-WT#1-101122 16 GM-WT-110918 10

GM-WT#2-101122 18 GM-M35-110916 23

GM-M35#1-101123 7 GM-M45-110918 20

GM-M35#2-101123 6 V8-WT-111010 91

WT#1~2-110411 151 V8-M35-111010 75
M45#1~2-110411 97 V8-M45-111010 117
GM-WT-110509 261 GM-WT-111012 406
GM-M45-110509 293 GM-M35-111012 140
GM-WT-110509 20 GM-M45-111012 422

A: agar; L: liquid; V8 @ 20% V8 juice, 0.3% CaCOs3, 2% Agar, GM: 20% V& juice,
0.3% CaCOs, 5% glucose, 2% Malt extract, 2% agar

_7‘|_



J! L | L L
weet®  w. . i

Figure 34. TLC screening of Flash column chromatography
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Figure 35. 'H-NMR analysis of Phleichrome
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o. C. phlei AMA s A+
(1) Cladosporium phlei @F2 phleichrome AAF ZFUYZ 93t proline—based
cyclic dipeptide (diketopiperazine) AY #XE3 (inducer) ¥4

A 2AF-A AFEH-L phleichrome WEABARS 55317 93 inducer AR 98l

=3 2 FAEAE st skt (Figure 36). kst Boc—protected
amino acid 12 L—proline methylester hydrochlorideE A}-g3lo] & 2 & dAs
AL F, TFAR Aelste] TFA salt 3& 383t 39+ 35 5% NaHCO3;=2 A2
sto] #HFEZ diketopiperazine 4 & ~90% F5E= A Y. &+ T4 WA= &
3eAel wreHARA WA FHa F5EC] wom, o ¥ IAAE A HE
diketopiperazine X2 §Adol wi-¢- F&eA AEE F A= TAHAA ddHeR
i S he &3t C. phlei®] phleichrome FHtj A= F=8h7] 91%
Ao ded s gram @9 scaleZ Asto] FE AT olA AlFseh. T3
o] gtg=5ol "¢ 3% phleichrome A Fof &3E 7HS AT A3
A%z FAHQY. A $4d3  diketopiperazine induceri cyclo— (L—pro
—L—lew) ¢} cyclo— (L—pro—L—Phe) 2] 2% 3}3t&Eo|t} (Figure 37). ¥+ &49 +%
SAsta FAste] Ao, o] & F 3gdEe +4
8t4 data 5 'H-NMRS 2802 Yelfitl (Figure 38).

HAA Le W DKP=A] ZollA Cyclo(L—pro—L—Leu) ¢} Cyclo(L—Pro—L~—
Phe)+= #+* phleichrome?] Aits FAI71= =42 985t Cyclo(L—pro—L—

Lew) 2+ Cyclo(L—Pro—L—Phe)¥ Epichioe thyphinattil 3= 214 3530

o

2
E g
o
S

L ovjerd 2484 datad

o

(endophytic fungus) oA AAtE = A O 2| E thyphinas phleichromes A= C
phlei®} PP7FA R A4 7F FH 3 Eofobrolel FZobAu] (timothy) 2= ellA 4
sk wgol® AR vk & Aol A= phleichrome?] A &S 91e AW
Al 2J S ZA  phleichrome inducer®# &#A SQli= Cyclo(L—pro—L-Leu) 2}
Cyclo(L=Pro—L—Phe) 2] &4 S 7Esta, o] o] L3+ Proline—based
¥ teFgt amino acid®E  FASIAT [26]. 2§ inducer®M  &elA Sl
Cyclo(L=pro—L-Leu) 2} Cyclo(L—Pro—L—Phe)& A £3t C. phlei?t 2 E31A] &
C. phlei®] #ol& Agst=dlel T FAn dA7FA foJX diketopiperazine
induceri= ©J|v] & FIH7F dFE cyclo— (L—pro—L-leu) ¢ cyclo— (L—pro

—L—Phe) |t} (Figure 33).

rlr

Mlo
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Figure 36. diketopiperazine A€ 2 phleichrome At F+E=%EZinducers)d 34

Q o]
B -
HN MY
N N
H [

Q o)
cyclo—(L-Pro-L~Leu) cyclo—(L~Pro-L~Phe)
Chemical Formula : CyHjsN20z Chemical Formula : CyjHisN:0z
Molecular Weight : 210.27 Molecular Weight : 244.29

Figure 37. Chemical structure of diketopiperazine inducers.

(A) cyclo— (L—pro—L-leu) inducers and (B) cyclo—(L—pro—L—Phe) inducers.
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Figure 38. 'H-NMR anaylysis of 2 kinds of diketopiperazine inducers.
(A) '"H-NMR anaylysis of cyclo— (L—Pro—L—Phe) inducers. (B) H-NMR anaylysis of

cyclo—(L—=Pro—Leu) inducers.
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(2) diketopiperazine X4 % Spectroscopic data
(P Methyl 1-(2— (tert—butoxycarbonylamino) —3—phenylp—ropanoyl) pyrrolidine—
2—carboxylate (2a)

MeO. H

Boc
—
NH

mp: C; "H-NMR(CDCl3,400Mp): & 7.22 (m, BHH-2" ,3” 47 57 6" ), 5.27 (d,
1H,/=8.8l1z, =NH), 4.60 (m, 1HH-1" ), 4.45 (m, 1HH-5), 3.69(s,3H,—OCHy),
3.55, 3.15(m,2H,H-2), 3.05, 2.86(m,2H,H-2" ), 2.11, 1.88 (m, 4HH-3,4),
1.33(s,9H,—Boc);""C—NMR (CDCl3,100Mk): & 172.11, 170.47, 154.99, 136.24,
129.53, 128.14, 126.55, 79.37, 58.73, 53.08, 51.98, 46.63, 38.94, 28.83, 28.14,
24.69; ESI-MS (m/2) : cald for CaoHzsN205(M+H) 7:376.1998,found:377.3.

() Methyl 1-(2- (tert—butoxycarbonylamino) —4—methyl —pentanoyl)pyrrolidine
—2—carboxylate (2b)

mp: C; "H-NMR(CDCl3,400Mi): & 5.08 (d, 1H,/=9.2Hz, —NH), 4.44 (m,
2HH-1" ,5), 3.65 (m, THH—2,4,—0CHy), 2.17,1.98(m,4HH-2" ,3), 1.74 (m,
1HH-3" ), 1.38 (s, 9H,—Boc),0.93(dd,6H,/=6.3,17.8Hz, H—4" );
YC—NMR(CDCl3,100Mk): & 172.42, 171.75, 155.61, 79.41, 58.59, 52.11, 50.20,
46.63, 41.87, 28.88, 28.26, 24.83, 24.46, 23.30, 21.73; ESI-MS (m/z) : cald for
C17H30N205 (M+H) *:342.2155,found:343.3.
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(th Methyl 1—(—2— (tert—butoxycarbonylamino) —3—(4—hydr —oxyphenyl)

propanoyl) pyrrolidine—2—carboxylate (2c¢)

MeO. H

Boc
T~NH

HO N

mp: C; "H-NMR(CDCl3,400Mi): & 7.04 (d, 2H,/=8.2Hz, H-2" , 6” ), 6.67 (d,
2H,/=8.3Hz, H-3" ,5” ), 5.26 (d, 1H,/=8.8Hz, —NH), 4.59 (q, 1H,/=6.3Hz, H-1" ),
4.48 (dd, 1H,/=3.8,7.8Hz, H-5), 3.62 (m, 4H,H—2,—0CH3),3.29 (p,1H,/=6.3lz,
H-2), 2.98 (q, 1H,J=6.3Hz, H-2" ), 2.80 (dd, 1H,/=5.8,14.1Hz, H-2" ), 2.13, 1.91
(m, 4H,H-3,4),1.36(s,9H,—Boc) ;"> C—NMR (CDCl3, 100M): & 172.31, 170.94,
155.48, 155.43, 130.65, 126.94, 115.30, 79.95, 58.92, 53.25, 52.22, 46.86, 37.82,
28.92, 28.25, 24.79; ESI-MS (m/z) : cald for
CaoHzsN20s (M+H) 7:392.1947,found:393.3.

(&P Methyl 1—(2— (tert—butoxycarbonylamino) acetyl) pyrrolidin —e—2—carboxylate
(2d)

MeO. H

mp: C; 'H=NMR (CDCl3,400M): & 5.36 (s, 1H,—NH),4.42(dd,1H,./=3.8,8.5!z,
H-5), 3.85 (m, 2HH-1" ), 3.63 (s, 3H,—OCHj), 3.50,3.39 (m,2H,H-2),

2.01 (m,4H,H-3,4), 1.36(s,9H,—Boc);"’C—~NMR(CDCl3,100M): & 172.15, 167.17,
155.57, 79.31, 58.63, 52.06, 45.62, 42.76, 28.77, 28.10, 24.42; ESI-MS (m/2) :
cald for C13H2oN205(M+H) *:286.1529,found:287.3.
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(") Methyl 1-(2—(tert—butoxycarbonylamino) —3—hydrox —ybutanoyl)pyrrolidine
—2—carboxylate (2e)

MeO. H

HO

mp: C; "H-NMR(CDCl3,400Mi): & 5.43 (s, 1H,—NH),4.50(m,1HH-1" ), 4.36 (s,
1HH-2" ), 4.12 (m, 1HH-5),3.72(m,5H,H-2,—OCHz), 3.06(s,1H,—OH),2.20,
1.99(m,4H,H-3,4), 1.40(s,9H,—Boc), 1.16(d,3H,/=6.3Hz, H-3" );
PC—NMR(CDCl3,100M): & 172.47, 170.95, 156.07, 79.93, 67.40, 58.83, 55.57,
52.42, 47.24, 28.91, 28.63, 24.86, 18.45; ESI-MS (m/z) : cald for
C15H26N206 (M+H) ":330.1791,found:331.0.

(P Methyl 1-(2— (tert—butoxycarbonylamino) —3—hydroxy —propanoyl)pyrrolidine
—2—carboxylate (2f)

MeO H

HO

mp: C; "H-NMR(CDCl3,400Mi): & 4.56 (m, 2HH—-1" ,5), 3.83 (m, IHH-2" ),
3.69 (m, 4HH-2" ,—OCHz), 2.90(m,2H,H-2), 2.23,1.97 (m,4H,H-3,4),
1.40(s,9H,—Boc);""C—NMR(CDCl3,100Mk): & 172.89, 170.20, 155.59, 80.02, 64.18,
58.90, 52.59, 47.19, 39.11, 28.85, 28.28, 24.81; ESI-MS (m/2) : cald for
C14H24N206 M+H) ":316.1634,found:317.0.

_78_



(AP 3—benzyl—hexahydropyrrolo[1,2—alpyrazine—1,4—dione (4a)

HN

mp: C: 'H-NMR(CDCl3,400M): ¢ 7.28 (t, 2H,/=7.8Hz, H-3" ,5" ), 7.21 (t,
1H,/=7.3Hz, H-4" ), 7.15 (d, 2H,/=6.8Hz, H-2" ,6” ), 5.64 (s, 1H,—NH),
4.20(dd,1H,/=2.9,10.7Hz, H-1" ), 4.00 (t, 1H,/=7.3Hz, H-5), 3.53 (m,

3HH-2,2" ), 272 (dd, 1H,/=10.5,14.6Hz, H—-2" ), 2.25, 1.88 (m, 4H, H-2,3);
C—NMR (CDCl3, 100Mi): & 169.33, 165.01, 135.92, 129.21, 129.08, 127.49, 59.09,
56.15, 45.40, 36.75, 28.31, 22.50; ESI-MS (m/z) : cald for
C14H16N202 (M+H) 7:244.1212,found:245.2.

(o} 3—isobutyl—hexahydropyrrolo[1,2—alpyrazine—1,4—dione (4b)

HN

mp: ‘C; '"H-NMR(CDCl3,400M&): & 6.48 (s, 1H,—NH),4.07 (t,1H,/=7.8Hz, H-5),
3.96 (dd, 1H,/=3.4,9.2Hz, H-1" ), 3.52 (m, 2HH-2), 2.29,1.91,
1.48(m,7HH-3,4,2" ,3" ), 0.93 (dd, 6H,/=6.8,17.5Hz, H-4" );
C—NMR(CDCl3,100Mi): & 170.35, 166.20, 58.91, 53.36, 45.42, 38.49, 28.01,



24.55, 23.20, 22.68, 21.20; ESI-MS (m/z) : cald for
C11H18N202(M+H)+3210.1368,f0ul’1d3211.2.

(A} 3—(4—hydroxybenzyl) —hexahydropyrrolo[1,2—alpyrazine—1,4—dione (4c)

HO HN

mp: C; '"H-NMR (D;0,400M&): & 6.88 (d, 2H,/=8.8Hz, H-2" ,6” ), 6.68 (d,
2H,/=8.3Hz, H-3" ,5” ), 4.31 (s, 1H,~NH),3.82(m,1H,H-1" ), 3.31 (m, 1HH-5),
3.14(m,2HH-2), 3.01(dd,1H,/=3.9,14.4Hz, H-2' ), 2.81 (dd, 1H,J=4.3,14.11z,
H-2" ), 1.82, 1.60, 0.56 (m, 4H,H—3,4);""C—NMR(D20,100Mk): & 170.89, 166.76,
155.63, 132.26, 127.52, 116.18, 59.39, 57.38, 45.57, 38.21, 28.51, 21.66; ESI-MS
(m/z) : cald for Ci4H;sN2O3(M~+H) ":260.1161,found:261.2.

(Zh hexahydropyrrolo[1,2—alpyrazine—1,4—dione (4d)

HN

mp: C; 'H-NMR (D20,400Mk): & 4.17 (t, 1H,/=6.8,7.3lz, H-5), 4.02 (m,
1HH-1" ), 3.73 (d, 1H,/=17.5Hz, H-1" ), 3.40 (dd, 2H,/=5.1,8.3Hz, H-2), 2.19,
1.84 (m, 4H,H-3,4);">*C—NMR (D-0,100Mk): & 172.72, 166.80, 59.49, 46.35, 46.24,
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28.68, 22.60; ESI-MS (m/z) : cald for C7H;oN2O2(M+H) ":154.0742,found:155.1.

(Zh 3—(1-hydroxyethyl) —hexahydropyrrolo[1,2—alpyrazine—1,4—dione (4e)

HN

OH

mp: C; "H-NMR (D20,400Mk): & 4.28 (dq, 1H,/=2.4,6.8Hz, H-1" ), 4.13 (m,
1HH-5),3.98(m,1HH-2" ), 3.49, 3.34 (m, 2HH-2), 2.19,1.81 (m,4H,H-3,4),
1.17(d,3H,./=6.8Hz, H-3" ); "C—NMR(D,0,100Mk): & 172.63, 166.53, 66.75,
61.02, 59.63, 46.06, 29.06, 22.37, 19.32; ESI-MS (m/z) : cald for
CoH14N205 (M+H) *:198.1004, found:199.1.

(8) Phleichrome F+E=&322] &-&

(7P Phleichrome F+%%32 (inducers)? phleichrome At %= 84 H

olN

= ATeld= Al 2 AN A A"l Fd S phleichrome &9 24
S AsstaAr s AFE3E diketopiperazine inducert cyclo— (L—pro—L—leu) &}
cyclo— (L—pro— L—Phe) 2] 2% 3}gEo|H, o] 27t =523 PDAmb vjA <

H7Fete] phleichrome?] g4to] FL¥=A& #Qlsiint. 449 F=ds 5 uM,
s

219}

Z 7k PDAmb media®lA C. phlei wild type
5 1569 &b wiekst &, #59 2dF I A2 phleichrome B[S &<l
stk I A3, A7 fFE=dS HEE WAl Y] 2dE e Fesds F7FsHA
X 2 mycelia¥] 2 secondary metabolite?} o] A
AEe FA9g F AT (Figure 39). R4S 7 iAo 2L #59
myceliag 7FA 11 TLCE 3t A3}, 150 uMY phleichrome FE&25°] 74
WAoo #F7F 7FE B8 phleichromeS AAsE= 7S #Q1d = 9lglon o]=

EFfA FAdE cyclo— L—pro—L-lew) 2} cyclo— (L—pro— L-Phe)EZ=4o] C

S
ol
ofl
i)
PN
all
)
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phlei*| 4] At 2 phleichrome?] AAHS A= AS #ZS = A3t (Figure

40).

(1) phleichrome #H'd FFo|X ¢ cyclo—(L—pro— L—Phe) 84 HAF

A e FEEH o + 9 &&o] £t o AA = cyclo— (L—pro— L—Phe)
FEEZAS H71e PDAmbuIA £} V8 juicevf A oA oFA & #F9} phleichrome I}t
A 7 M35 #FE e 5, viA oA el A phlechrome BAMFS &Qls
At PDAmb ¥iAelA wjdE Al, 7 #5E5°] morphologyZt 5 ThEA W=
7

e &gddd 4 St phleichrome FEAE 7SS o, dAYZE #4]H
el

-

0

0|

rir

© 1™ pigmentation®]
U Ao He Ae 9T AdY (Figure 41A). V8 juice HiA| oA Hj kgt
TF5° - morphology”b AA WA= @43k o}, pigmentation©] ZF&tAl HEbt
= A5 AT 5 AT (Figure 41B). z+zFe] i #]el A myceliag 3]5°8to] ethyl
acetate®} WHSAIA TLCE E3lA phleichrome?] S &2ld Bkt BE w)
A9} oA phleichrome 545 Y%= Aol phleichrome?] “4to] S71E-& €
A% 4 AU (Flgure 42-43). 53] phleichrome FEE%& 100 uMods ¥4l
< Al ®Eth @o] phleichromes Aibst= AS 1T F A% ol& A
phleichrome +EAE 2o WA oY #F5 A AAUAT phleichrome ¢
#d 75 M359 4§, PDAmb vl Kt} V8ujx| oA wjst3qS Al phleichromes

gol  AMEE e BAT 5 Ytk FAHCE oE A7 go9g

d

spectrophotometerS E3l4 A 3}slo] phleichrome AFSS A3t = A do]

e el St
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cyclo-(L-pro-L-leu)

Control 50uM 100uMm 150uM 200uMm

cyclo-(L-pro-L-phe)

50uM 100uM 150uM 200umMm

Figure 39. Morphology of wild type of C. phlei on the PDA plate supplemented

with cyclo—(L—pro—L—leu) and cyclo— (L—pro—L—phe) inducer.
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Cyclo-{L-pro-L-Leu) Cyclo-(L-pro-L-Phe)

S

W

Cyclo-(L-pro-L-Leu) Cyclo-{L-pro-L-Phe)
S

N >
ST TS T

5 '\_ b o0 g Lo L i

51 dilution

10! dilution |

20 dilution

Figure 40. Phleichrome extraction from mycelia
(A) TLC analysis of the ethyl acetate extract of mycelia. (B) The color of ethyl

acetate extract from mycelia.
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M3|r1Fw

B o 50uM 100uM 150uM

Figure 41. Morphology of wild type and mutant 35 of C. phler
(A) morphology on the PDA plate supplemented with cyclo— (L—pro—L—phe) inducer

(A) morphology on the V& juice plate supplemented with cyclo— (L—pro—L—phe)
inducer
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Set 1-1) Mywycelia 1g +2ml Ethyl acetate

0.5 M total? pl spotting

- -— - -'- -
C : control{ purified phleichrome 10mg/ml)

* 2900500800099 0.5 ul* totall pl spotting (10 pg)

0 30 100 130 0 50 100150 0 50 100 150 C (M/ml)
1 1 1 1 1 I
120 150 15D

Set1-1) Mycelia 1g +2ml Ethyl acetate
0.5 p® total 2 pl spotting
C : controlf purified phleichrome 10mg'ml)

e I S e e B 0.5 W*Y totall pl spotting (10 pg)

0 30 100 150 0 30 100150 O 30 100 130 C (uAL/ml)
l 1 | I 1 I
12D 150 120

Figure 42. Phleichrome extraction from mycelia on PDA media

(A) TLC analysis of mycelia of wild type. (B) TLC analysis of mycelia of mutant 35.
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Set 1-1) MMycelia 1g +2ml Ethyl acetate

0.5 pl* total 2 pl spotting
C : control] purified phleichrome 10mg/ml)

6060 0000006 - 0.5 ul#! totall pl spotting (10 pg)

0 50 100 150 O 50 100 130 O 50 100 150 C {uM/ml)

1 I | I | ]
12D 150 12D

Set 1-1) Mycelia 1z +2ml Ethyl acetate

0.5 pl*M totall pl spotting
-

B el i _ _ .
C : control{ purified phleichrome 10mg/ml)

0.5 Wl totall pl spotting (10 pg)

0 50 100 130 0 50 100130 0 50 100 150 © (ool
l I 1 I 1 I
120 15D 11D

Figure 43. Phleichrome extraction from mycelia on V8 juice media

(A) TLC analysis of mycelia of wild type. (B) TLC analysis of mycelia of mutant 35.
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5. Phleichrome . ZH ¥ o}t 84 =419 A

7}. Hypocrellin B HH3HA

9] EAA| A A= +Fo| (Hypocrellabambuase) Z5E F
hypocrellin B& 3 ZAZA g 53 545 Holes EAZA 1 gyt
oty e} HIVE 23 Fufolei A S Holw, AL #3F 4 Ao L= a
protein kinase Ceol tfdt &S yeldo] A=A Fofo] wlg- Fddt ook $H =3
2 EZe ysxE9 FE5S w3 ity I8y hypocrellin BE #30|28FH F& 4
A8kl ARE-sk= Zlo] w9 A|gHA o] =2 hypocrellin BE] 3}8H2]Q1 /3] A7}
z1 3y ] of et

HAA7HA] 4 A hypocrellin Be] F7]3sH4 A HE 1

Ao 7 3ith o]y WS %3] hypocrellin B A4 9o+ starting

w

~143A == 7 o)Ak

o

material 258 #FEZ 2 hypocrellin B d&d 714 2 28 duyss Ags] 71

Yt w2 overall yieldE 7Fth webA h
A 9y Fo] =7H4) 98-S 3= phleichromeS P YEZHE] 3=%38}o] starting
material2 AF8-3}o] hypocrellin BE A3 (3H4) A2 1 DA7F vg FoH,
JA 5ol e 4o 7hsstths WHelA 718 171 AFA el Hlste] wi-g- A A
Aolt} (Figure 44)

AlRbol Ao #RE of

ypocrellin B¢

Non—protic solventE AFE3te] 4,9—-dihydroxy—3,10—perylenequinone core
(Phleichrome) 13 metylating agent® mild$t base <EA 3lollA RESA]A
4,9—dimethoxy—3,10—perylenequinone core 2= At} [27]. o] @A A Loz
$E 2v Rk o] AES] mildstlwol®E et 1 &0l FA4 ol solvent
Z7 4 base 27 ol theFst WstE Fol HA 9 WS oy w=dsiglt. 1 A

I}, 10% viwtold F&S Hi 75.8%7M4 29 F Qe v 2SS Ztt (Table

H1  yieldE HQ ¥ FHL  solvent®A AAE  acetones A5
A
7 4,9—dimethoxy—23,10 —perylenequinone core 2% 9= "W o|t} o] HF29
TLC ZYHZH A3} w2 crude productZH-E] productE #2l3t7] §ste] £
o Z71-& chloroform : methanol= 9 : 12 3}& column 8¢ TLC & 2 35t
= 29 NMR 4 spectrum< ZHz; o237 2t} (Figure 45—48).

°l% Lownol REigt W] £l e 22HE  4,9-dimethoxy—3,10
= W= AR o o] §kge TLC EYHH

olo

A

phleichrome 13} metylating agent?l dimethyl sulfateE KyCOs =2 3dFef A b

olo

—perylenequinone core 3 3$HA

[l

O]
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A9l wkeol crude productZFE productE EE3E7] st L8N FA

chloroform : methanol = 9 : 1% 3&}+= column ¥4 TLC <A 9 3lshE 39

NMR 4 Spectrum-> 2tz th33 2t} (Figure 49-51) [28].
HAAY7HA] ol 302 HE F3o] By wWHe| F#3to HFZA S = hypocrellin
3

B 4¢ & P

)

Figure 44. Semi—synthesis of Hypocrellin B from phleichrome as a starting material
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Table 6. Optimization study for methylation

of Phleichrome

Metylating .
Base solvent yield
agent
TBAF Methyl lodide THF 4.5%
K2COs3 Methy! lodide Acetone 4.8%
K2COs3 Methyl lodide THF 16.5%
K2COs3 Methyl lodide DMF 57.6%
K2CO3 Dimethyl sulfate Acetone 75.8%

Figure 45. TLC Mornitoring of the reaction from 1 to 2
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Figure 46. TLC screening of Flash column chromatography for 2

a0

0
v

(lawanling

ST

Figure 47. 'H-NMR analysis of 2
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Figure 48. * C—NMR analysis of 2

Figure 49. TLC Mornitoring of the reaction from 2 to 3
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Figure 50. TLC screening of Flash column chromatography for 3

ant

1
287

ithousan dths’
i
v | S — ST
21
=
192
Te—
s

W parls e MW 2 (0

Figure 51. 'H-NMR analysis of 3




1}. Phleichrome®] aminated §=49 34

T2 H=Y% FEAA Al ALY S FAoRE tYgkst FRe
perylenequinone A4 ¢ &3+, = hypocrellin, phleichrome, calphostin 52 <4
et Ee] FRE VB FxE St tpakdt 7 x2 WS 293 Az S Q)

t 59835 T3e SAHSE 3 Aol e FE HAMA AAE= HA hypocrellin

g FAE3H4 (photobiologic) 5%
ofell A&38kaL It hypocrellin B Z-¢- mlad £2 J3244 @42 Hole Zlo

2 AYA ghFel Eekal o] =4 A FeluA axjel AR Ble] oluA Y

(600—950 nm) A Wel F57F T ol A AL o tg JFEA =T =X

or31 (red shift window), B3t Mg &d ZAsteA A4 (F A2 hydrophobicity)
o] W& WS 7tk webA hypocrellin Be F3zAIZ A9 ¢t e £A
:_lécg 63:}\

= JAZ7IHA S BHeE 4 s gokdt 7% hypocrellin B FEAE

o

hypocrellin B AHA ZHH st =5o] Al&% a1 912, hypocrellin Be 54 &
4 $#1Alel sulfonation, amination, halogenation, metal ion complex 374 HH-g-& &
sto] TheFst MZE FEAE2 /o] I3 gtom, AR+ aminated AlDE] 3H
5ol AFAor A vk (Figure 52) [4][29].

o] 22 hypocrellin B fFE=Ao] &3t AFE vlgo R sto] & dg-7o] Rt
e 7«2 Eg 2D FAE= vk phleichromeE & Z4 2 o] hypocrellin B

2] thoFst amines

-

1}

13 A9} F A9 Phleichrome?] §%4 Ao 223131
At

oo

al,
3ol amino—substituted phleichrome? &Ast= A= F3) Fof it}

= W& sl v
&< solvent®A] GA¥ pyridine 3dtelA4] phleichrome®l cyclohexylamines RTelA]
75h  F<F  stirringdte] 4 1A HAEAHORE  cyclohexylamineo] EY¥
phleichrome 55 ¥+t (Figure 53). Whg A& AH S TLCE o8& RUEY 43}
9} W& E4A % crude productZH-E] flash columng AFE3le] product 55 E&)3f

= BAe TLC 42 a3 #uh ol TLC ¥ Flash column® €89 ZHL

1 % A, phleichrome 1 cyclohexylamines %=<]3}

hexane : chloroform : methanol = 4 : : 1o]t}. (Figure 54, 55) HEg A3} Ao
Z 3kekE 59 NMR 4 spectrum< U3 2t (Figure 56). o]F oo #dl= W
= O

£ AFE3}e] benzylamine, ethylenediamine, n—butylamine®} 72 tThoF3l amine

< phleichrome®] E%3t= W55 Al =3 ol Atk
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R-NH O O HN-R

(1 - CIr”
MeQ MeO
MeO " ~i MeO ‘Q -

R-NH O 0O HN-R
R =Me
CH,CH,OH
(CH3)5CHg
(CHz)sN(Me),

Figure 52. Amino—substituted hypocrellin B derivatives

Figure 53. Synthetic method to cyclohexylaminated phleichrome
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Figure 54. TLC Mornitoring of the reaction from 1 to 5

| ' -
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Figure 55. TLC screening of Flash column chromatography for 5
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2 173 150 135 108 7 st

Figure 56. 'TH-NMR & *C—NMR analysis of 5
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6. FHH7IES L3 wdkzA I

7}. C. phler’} %7V s3t 535 &4
C. phler= W% 323} timothy, £325%2 71X 3 EnfE, A2 A=3 7o) A
o] FAEAAN AR, FAE] Agito] EIE Stz dA 22 tAMEE L] A
of Ttk Zo® dEA Atk 2 AFeAMe 1AEE 7Ex TARE Ve R tiAEA
Eo| W& C phlei®] M7t dE 2FAIE]
glstaat shdvt. C. phlei M HA 3t wjA 9] 44521 V8 juice wRollE o] A
o7 EntE, AAekhE OYi gae
sttt 53] Evte Agake] A9, AA AT Qe oF 16.5%F AAStL low HT
Wonkgrs B wid gakge] Frketar Q7] wiiel iAo ® Au WA b 54
A, webA C phlei T2 digEAAbe] AFE3Ek

FH

. 52ES WA RN 25 24 g

>
<
o
at

E &3 &9 C phler v HA 3 viA e FE] V8 juiceo] 71
T Axd ErvfE, JAaguF 183 FES 5572 5 o F9E wiAd Fk
A2 H7bste] C. ophlei wild type 55 HlF Bl ErfE X AL

Ao HAg wiAZ AFS-E= V8 juice MANA zbetE @Y (Figure 57) 7
HlszakAl Agtem, s A AA AojuA] = Ao® Kol Ftt (Figure 58).
EntES 7Rk wix o} wixZHA 2 A g5 Hbe viA] A fAake 2l F
AEES BT (Figure 59). @& 71 wiA 8 Aol vhe HA 3 wixel
V8GM HjA| oA Aehs F@P 3 A Asker, g 55 50% (v/v) 9 nl&
2 92 XA 7HY =2 AT ES Bt (Figure 60). ¥ AToA & EvtE, 4
AokulF, FS et wiA oA A BAE T AFEC] AP AHEEHE F

Ash Ao RS B0 AFES A Aol A des Fd 2 g sl
E<R
o

= 9o
=]

(Figure 61). o2 EalA C phleid 58 5712 Bgato] 83 o] g8
G o9E MsAe gGgod, 207 @A o 77t s4% @7 uAeA
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Jday

10 day

Figure 57. Colony morphology of wild type strain of C.phAlei on the optimal medium.
The wild type colony morphology on V8 juice media, VBGM media supplemented with
CaCOg after 5day, 10day.
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A T30 TH00 T50

Sday
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Figure 58. Colony morphology and vegetable growth on the Tomato media.

(A) The wild type colony morphology on Tomato 30%, Tomato 30%
supplemented with CaCOs, Tomato 50% and Tomato 50% supplemented with
CaCOs after bday, 10day. (B) Vegetative growth of C. phlei wild type strain in
6 kinds of media (V8, V8GM, T30, T30C, T50, T50C).
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A R30 R30C R50 R50C

Sday
10 day
B Red cabbage
50
45
40
i5
‘E‘ 30 ——ya
E 25 —S—VEGM
3 20 e
=—R30C
15 SRR
10 ——RS0C

0s

oo
1 2 3 4 5 8 7 8 9 10

Figure 59. Colony morphology and vegetable growth on the Red cabbage media.
(A) The wild type colony morphology on Red cabbage 30%, Red cabbage 30%
supplemented with CaCO3, Red cabbage 50% and Red cabbageo 50%
supplemented with CaCOs after bday, 10day. (B) Vegetative growth of C. phler
wild type strain in 6 kinds of media (V8, V8GM, R30, R30C, R50, R50C).
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A C30 C30C C50 C30C

Sday
10day
B Carrot

50
45
4.0
35

E 30 vy

z 25 ~E=VBGM

2 20 = en
a0
1.0 500
0.5
00

Figure 60. Colony morphology and vegetable growth on the Carrot media.

(A) The wild type colony morphology on Carrot 30%, Carrot 30% supplemented
with CaCOgs, Carrot 50% and Carrot 50% supplemented with CaCO3 after 5day,
10day. (B) Vegetative growth of C. phlei wild type strain in 6 kinds of media
(V8, V8GM, C30, C30C, C50, C500).
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Figure 61. Vegetative growth of wild type strain of C. phlei on the vegetables

media.
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1}. Phleichrome?] ROS ¥4 ¥&3} 24 3 4 8444

B A= C phlelA] A E = phleichrome©| reactive oxygen species
(ROS) & TAA7I=AE &lstaat stk A7 phleichrome®] ROS 24& =
ARE A9 #E Barr AFstEE, olE  Fdsh] fsEiA A EEQ
perylenequinone  Al¥  &%<l  elsinochrome?] Aol A AFE3SE  nitro
blue—tetrazolium (NBT) testE 1 3}3°ov C phlei wild type oA AAH
phleichromes ©]-§38te] A stz sttt [30]. NBTE A%, gelo] gef upet 4
o] F2A W= 545 AU ol FdlA superoxide BAtS dpotet=t] AlRE-o]
H. o] EUZ phleichromee] HS WA W, AkA9l HE§3lo]A superoxide
(025 A €t olw A% superoxide’} NBTE A o 24 NBT7F &
FAS Y= formazan YAE WA fHol wE NBTE Mx ®stE Stdoz 73
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optical density (OD)Zt2 =74t o 2 M o]of that A3t e A3} 7fsodfis 2
Q3 4 itk oA gy ROS 34 272 EUlE GA¥ phleichrome® AFSH
=42 d#A Sl perylenequinone =A<l cercosporing FAAIEE o] NBT
test® Fasto] ROS S SAHs A4 A AS F7]12 ROS ¥8S ##
Ay, Uld Abdo] mF = AIRPo] A ypghe] whet gkel® NBTol &3k oF % Mol A

A BFEF o o] A= perylenequinone 259 Fx7b Z7)she] wlel o
w12

J

dg

stol A&t A 9A] e AE Yehdgl o H (Figure 65) ol A74dde| we}
pheichrome©] W} Alxo] =ZF% = Al7F phleichrome? X2 7)o ulgl ROS

BAF AN APFEO
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Table 6. Toixc test

E. coli 0.D (600nm)
Media 2h 4h 6h 8h 10h
NC LB:10ml+V8:40ml | 0.1506 | 0.4805 | 0.7896 | 0.8677 | 0.8906

LB:30ml+V8:20ml | 0.2909 1.3359 1.707 1.9357 2.023

12DAY | LB:10mlI+CF:40ml | 0.2531 0.6921 1.0178 1.0286 1.0454

LB:30ml+CF:20ml | 0.3451 1.2428 1.8268 1.9545 2.0164

15DAY | LB:10ml+CF:40ml | 0.2542 0.6947 0.9825 1.0172 0.9886

LB:30ml+CF:20ml | 0.3185 1.2301 1.8062 1.931 1.9843

18DAY | LB:10ml+CF:40ml | 0.2542 0.7156 1.0042 1.0042 0.9987

LB:30ml+CF:20ml | 0.3376 1.2627 1.8835 2.0217 2.0164

B. subtilis 0.D (600nm)
Media 2h 4h 6h 8h 10h
NC LB:10ml+V8:40ml | 0.1761 | 1.1366 2.223 2.4507 2.517

LB:30ml+V8:20ml | 0.5946 1.8268 2.3341 2.4082 2.4658

12DAY | LB:10mlI+CF:40ml | 0.3842 1.2456 1.7407 1.7236 1.6631

LB:30ml+CF:20ml | 0.663 1.5348 2.1072 2.2054 2.2601

15DAY | LB:10ml+CF:40ml | 0.4165 1.1294 1.507 1.4775 1.3278

LB:30ml+CF:20ml | 0.6392 1.5476 2.1727 2.301 2.3457

18DAY | LB:10ml+CF:40ml | 0.4073 1.2391 1.6654 1.5348 1.2446

LB:30ml+CF:20ml | 0.6727 1.5513 2.114 2.2413 2.2507
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Figure 62. E. coli of toxic test using culture filtrate of C. phler

B. subtilis
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Figure 63. B. subtilis of toxic test using culture filtrate of C. phler
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Figure 64. Color indications of reduction of NBT (560 nm) by illuminated
cercosporin and phleichrome.
Green characters and red characters represent cercosporin and phleichrome

respectively.
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phleichrome 10 uM, 50 uM

a2
=»= Ma 0,

0.18

=i Na,CO,
NBT

0.16
014
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Figure 65. Reduction of NBT by illuminated 10 M and 50 M phleichrome.

All samples were measured at OD 560 nm. Red lines and blue lines represent 10 px
M and 50 ¢#M phleichrome respectively. NasCO3 buffer, Na>COj3 buffer supplemented
with NBT and NaxCO3 buffer supplemented with phleichrome were used as negative

controls.
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1. 7He] =& &8

Characterization of a mutant strain of a filamentous fungus Cladosporium phler
for the mass production of the secondary metabolite phleichrome Min—Hee Yi,
Jung—Ae Kim, Jung—Mi Kim, Jin—Ah Park, Beom—Tae Kim, Seung—Moon Park,
Moon—Sik Yang, Ki—Jun Hwang, Dae—Hyuk Kim. 2011, J Microbiol. Vol. 49, No.
4, 680—683.

Functional Pentameric Formation via Coexpression of the Escherichia coli
Heat—Labile Enterotoxin B Subunit and Its Fusion Protein Subunit with a
Neutralizing Epitope of ApxIIA Exotoxin Improves the Mucosal Immunogenicity and
Protection against Challenge by Actinobacillus pleuropneumoniae Jung—Mi Kim,
Seung—Moon Park, Jung—Ae Kim, Jin—Ah Park, Min—Hee Yi, Nan—Sun Kim,
Jong—Lye Bae, Sung Goo Park, Yong—Suk Jang, Moon—Sik Yang, Dae—Hyuk Kim.
2011, Cilin Vaccine Immunol. Vol. 18, No. 12, 2168—-2177.

Synthesis of Versatile 1—Indanones and their Conversion to
1,2—Naphthoquinones, Key Precursors for the Construction of Perylenequinone
Core.Ki—Jun Hwang, Young—Min Shin, Dae—Hyuk Kim, and Beom—Tae Kim.
2012, Bull. Korean Chem. Soc. Vol. 33, No. 9, 3095—3098.
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Synthesis of Heterocyclic Chalcone Derivatives and Their Radical Scavenging
Ability Toward 2,2—Diphenyl—1-Picrylhydrazyl (DPPH) Free Radicals. Ki—Jun
Hwang, Ho—Seok Kim, In—Cheol Han, and Beom—Tae Kim. 2012, Bull. Korean
Chem. Soc. Vol. 33, No. 8, 2585—-2591.

Comparative proteomic analysis of chestnut blight fungus, Cryphonectria
parasitica, under tannic—acid—inducing and hypovirus—regulating conditions
Jung—Mi Kim, Jin—Ah Park, Dae—Hyuk Kim. 2012, Can J Microbiol. Vol. 58, No.
7, 863

Rapid screening of an ordered fosmid library to clone multiple polyketide
synthase genes of the phytopathogenic fungus Cladosporium phler Kum—Kang So,
Jung—Mi Kim, Nguyen Ngoc Luong, Jin—Ah Park, Beom —Tae Kim, Seung—Mun
Park, Ki—Jun Hwang, Dae—Hyuk Kim. 2012, J Microbiol Methods. Vol. 91, No. 3,
412-419

Biological function of a novel chrysovirus, CnV1—-BS122, in the Korean
Cryphonectria nitschker BS122 strain Jung—Mi Kim, Ji—Eun Jung, Jin—Ah Park,
Seung—Moon Park, Byeong—Jin Cha, Dae—Hyuk Kim. 2013, J Biosci Bioeng. Vol.
115, No. 1, 1-3

Expression and purification of an immunogenic dengue virus epitope using a
synthetic consensus sequence of envelope domain III and Saccharomyces
cerevisiae Ngoc—Luong Nguyen, Jung—Mi Kim, Jin—Ah Park, Seung—Moon Park,
Yong—Suk Jang, Moon—Sik Yang, Dae—Hyuk Kim. 2013, Protein Expr Purif. Vol.
88, No. 2, 235-242.

2. U ¢

£

P
s 94X

Improved Strains for Fungal Metabolite, Phleichrome from a
Phytopathogenic Fungus Cladosporium phlei. MH Yi, KK SO, JE Jung, JM Kim,
DH Kim.
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2010 St=u|AEATS] FA = 3]
2010. 10. 14—-15, Seoul, Korea, ¥~¥

Synthesis of 3-—alkylamino—1,2—naphthoquinones as the key intermediate for
the construction of perylenequinone core. BT Kim, CH Song, IC Han, SJ Bang, IS
Jo, KJ Hwang
2010. thgkstebs] 1063] &3], shadxs] 9l 7714 3
2010. 10. 14—15, Daegu, Korea, ¥X2~H

(A

Strain improvement for the mass production of the fungal secondary metabolite
phleichrome from a phytopathogenic fungus Cladosporium phler. MS Yang, MH Yi, JM Kim,
YS Jeong, DH Kim.

2011 26th fungal genetics conference at Asilomar

2011. 3. 15—20. Asilomar America, ¥/~F]

- Synthesis of structurally diverse perylenequinone derivatives. BT Kim, SJ Bang,
IC Han, IS Jo, KJ Hwang

2011. tigtsets] 1073 &3 9 s

2011. 4. 28—29, Jeju, Korea, EAH

Mutagenesis of Cladosporium phlei for overproduction of phleichrome and
investigation of its metabolism by moleular tools. KK So, NL Nguyen, JE Jung, JM
Kim, DH Kim.

2011 Asian mycological congress 2011 & the 12th international marine and

freshwater mycology symposium

2011. 8. 7—11. Incheon Korea, XF]

- Synthesis of a new class of taurine derivarives. BT Kim, IS Jo, SJ Bang, IC Han,
HY Kim, KJ Hwang

2011. thsts}ets] 1083] &3] 9 Shshis]

2011. 9. 28-30, Daejeon, Korea, ¥/~F]
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Observation of phleichrome overproducing mutants and investigation of tis
metabolism by molecular tools in Cladosporium phlei. So,K.K, NL Nguyen, JM Kim,
DH Kim.

2011 st=m]AEAs] HAgtE 3

2011. 10. 13—14. Seoul, Korea, ~¥

Production of a key pharmacophore—phleichrome from a phytopathogenic fungus
Cladosporium phler. KK So, NL Nguyen, JH Baek, JM Kim, DH Kim.
2012 =0 AREE A 153 APGAATE SRy steun 3

2012. 1. 5—6. Cheonan, Korea, T-5F% 3%

Report on the investigation of phleichrome production and polyketide synthase
genes from a phytopathogenic fungus Cladosporium phlei. NL Nguyen, KK So,K.K,
JM Kim, DH Kim.

2012. 3. 27—28. Fukuoka, Japan, ¥~¥H

- Synthesis of a new class of taurine derivarives as antioxidants. BT Kim, IS Jo,
MS Chae, KJ Hwang

2012. tiets}sts] 1093 &3 Y sh&du s

2012. 4. 25—27, Ilsan, Korea, X H

- Construction of new perylenequinone core, 1,12—bis((benzoylamino)methyl)—3,10
—perylenequinone. BT Kim, HY Kim, YA LEE, KJ Hwang

2012. distglsts] 1098 F3] 4l &3

2012. 4. 25—27, llsan, Korea, X ~FE|

Rapid screening of an ordered fosmid library to clone the polyketide synthase

genes of the phytopathogenic fungus Cladosporium phler. NL Nguyen, KK So, SH
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Yun, JH Baek, HY Ko, JM Kim, DH Kim.
2012 KSPP international conference

2012. 10. 24—-27. Seoul, Korea, ~H

Overproduction of phleichrome by synthetic diketopiperazines and cloning of
polyketide synthase genes in phytopathgenic fungus Cladosporium phlei. KK So,
NL Nguyen, YH Ko, JM Kim, DH Kim.

2013. e wAg=ers] Al 163 AP =t e g

2013. 2. 8—9 Cheonan, Korea, X ~FE]

Overproduction of phleichrome by synthetic inducers and cloning of polyketide
synthase genes in phytopathgenic fungus Cladosporium phlei. KK So. NL Nguyen,
JM Kim, YS Jang, DH Kim.

2013. 27th fungal genetics conference at Asilomar

2013. 3. 12—17. Asilomar, America, ¥~~F]

- Semi—synthesis of Hypocrellin B from Phleicrome produced from Cladosporium
phler. BT Kim, KJ Hwang, MS Chae

2013. tfstsers] 1113 F3 W gk s]

2013. 4. 17—19, Ilsan, Korea, X ¥

- Copper and solvent free, and rapid Sonogashira reaction using heterogeneous
Pd/graphine catalyst. BT Kim, KJ Hwang, JB Park, YA Lee

2013. tigts}ets] 1113 53 9 s3]

2013. 4. 17—19, Ilsan, Korea, > ¥

Application of synthetic diketopiperazines and cloning of polyketide synthase
genes for overproduction If phleichrome in phytopathogenic fungus Claodsporium

phlei. KK So, NL Nguyen, SH Yun, JH Baek, JM Oh, JM Kim, DH Kim.

2013. g=2Ereers] dAF3 9 EAStE TR
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2013. 4. 25—26 Daejeon, Korea, ¥*~F

Application of Synthetic Inducers and Cloning of Polyketide Synthase Genes for
Overproduction of Phleichrome in Phytopathogenic Fungus Claodsporium phlei. KK
Kim, NL Nguyen, YH Ko, JM Kim, DH Kim.

2013. International meeting of the microbiological society fo Korea

2013. 5. 1—3 Jeonju, Korea, ¥~F
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phlei®] phleichrome AAF F-Eof nx+= Fkof & +x2-2A47 AT AAE 4

e To% 7x ARE Aed Zolet 7.

v}, Phleichrome 2 ZHE kst &4 F=49 34
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