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Figure 1. Amplified KS domain fragment of U. longissima with
degenerate primers (KS3 and KS5). M: DNA marker; KS:
PCR product.
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Figure 2. Colony hybridization of genome library of U.

longissima.
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KS domain

TSTIP  CRAFGPGRINYFFKFAGPSYSIDTACSSGLAAIEVACQALWNGEVDTAVTGGVNVLTNPD

ATERR  CRAFGPGRINYFFKFWGPSYSIDTACSSSLATVEAACTSLWNGSTDTAVVGGYNVLTNSD

AFUMI CRAFGPGRINYFFKLWGPSFSIDTACSSSLATIQAACTALWNGDTDTVVAGGMNVLTNSD

PMARN  CRAFGPGRINYFFKFAGPSYSVDTACSSGLAAIQVACTSLLAGEVDTAVAGGVNVLTNCD

ANIDU CRAFGPGRINYFFKFSGPSFSCDTACSSSLATIQAACTSLWNGDTDMYVAGGMNVLTNSD

USPKS5 CRAFGPGRINYFFKFSGPSFSCDTACSSSLATIQ-ACTSLWSGDTDT-VEGGMNILTNSD
solkoloklokokokskokokok  kokok, ok kskkolokok kk L kk Uk ok ko skek ok skkk ok

AT domain

TSTIP  PQDHAHSAVITQLALVCTEIALAKYWSSLGVKPDVVIGHSLGEYAAMHIAGVVSASDTIFMVG
ATERR  PQDHAHSQVVTQLAL TGTQIALAKYWMSLGVRPEVVVGHSLGEFAALHIAGVLSAGDTLFLVG
AFUMI ~ PRDHAHCPVITQLALVCTETIALAKYWVSLGVTPDVVVGHSLGEYAALHTAGVLSASDAIFLVG
PMARN  EESYRHSPTATQVALVCVEIALAKYWQSLGVKPDVVVGHSLGEYAALYVAGVLSASDAISMVG
ANIDU  EKDYAHSPVVTQLALVSVEIALAKYWISLGVKPNAVVGHSLGEYAAFHVAGVLSASDALFLVG
USPKSS5  QQDRAHTPVVTQLALVCTEIALAKYWGSLGVKPNVVIGHSLGEYAALHVAGVLSASDTIYLVG

*, ok, ok dekskokskskok kkkk k0 ok, kekdekekok, k| ek, kk kL Rk

PT domain
TSTIP  TTTVQQIIEENFNGSAGTVIMQSDLMQADLLAAAHGHSMNKCGVVTSSIHADIAYTLGNY
ATERR TSTVRKIVEESFDGRAARVVMQSDLMQSDLLEAAY GHKMNGCGVVTSSIHADVGF TLGQY
AFUMI  TSTVQQITHEQYDGAAGSVVMQSDLMQPDFLAAAYGHKMNGRGVVTSSIHADIAFTLGEY
PMARN TSTVRRIIEETFSETSSTVVMRSNLMEEDFKAAAYGHRMNDCGVWTSSIHADIAYTLCEY
ANIDU  TSTVQQIIEESFNGSAGKVYMQSDMMQPDFLDAAHGHKMNGCGVVTSSIHGDIGF TLGGY
USPKS5 TSTVQQIIEENFQGSTGKVVMQSDLMQPEFLAAANGHSMNGCGVVTSSIHADIAYTLGDY

k kkk ok, k| . * ok k| sk kk k¥ kK sokkskokdeksk sk, | kk ok
ACP domain
TSTIP EAGLDLSDMEDDASFAALGIDSLMSLVIAEKFKTELD IKVSGSLFLDYET IGDLREWLDE
ATERR  EAGMEVTDLQDDAIFANLGVDSLMSLVIAEKFREELGVVVAGSLFLEYPTVGDLKSWLLE
AFUMI  EAGLGLSDLKDSASFSSLGIDSLMSLVISEKFRETLGVTVTGSLFLEYPTVGDLKSWLLE
PMARN EGALELSDLPDDAIFANLGYDSLMSLVIAEKFRDQLGYTVNGSLFLEYPTVGDLKAWLME
ANIDU  EAALELSDLTDDASFANLGVDSLMSLVIAEKFREELGVTVTGSLFLEYPTIGDLRSWLLE
USPKS5 EAAIELVDLQDEASFGSLGIDSLMSLVLAEKFRDELGVTVGGSLFLEYPTLGDLKGWLEE

* . L ko ok ok ok skk ckklokkiok, _kdok, k| ok skokookk, kK ko, kR ok

3. UIPKSS S5t B R m 53 47

Figure 3. Alignment of Usnea longissima predicted polyketide synthase (UIPKS5) active regions with five closely related fungal PKSs.
TSTIP: Talaromyces stipitatus PKS (XP_002482968. 1) , ATERR: Aspergillus terreusPKS (XP_001217072. 1) , AFUMI: Aspergillus

SfumigatusPKS4 (XP_751377.1) , PMARN: Penicillium marneffei PKS (XP_002144865.1) ANIDU: Aspergillus nidulans PKS (XP
_657754.1) . Amino acid residues conserved among all sequences are marked with an asterisk; variability between two amino acid
residues is marked with a dot. Highlighted regions indicate the catalytic amino acid residue in the active site.
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3 itie
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Usneaceae f2 4 J@AH A o £V 9, BRI AT AL 5C 3 [X
KR A i RO 25 ™ . BT, B2 MK
FA S 4 VR 2 HoA Ui <P 2OE B S AR R
A & 9, b k4 2 R (Usnic acid) , $7 5 8
( Ramalic acid ), E /K B H#t & B ( Barbat
icacid) =7 o ) HL A A R KA B R T
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Figure 4. Phylogenetic analysis of UIPKSS and other 31 non—reducing polyketide synthase. The alignment was done by using Clustal W and

analyzed with the minimum evolution (ME) method embedded in the MEGA 4. 0.2 program. A phylogenetic tree with 1000 bootstrap

replicates was generated and the clade number is their bootstrap values. GenBank accession numbers of fungal PKS used in phylogenetic

analysis were marked in brackets Usnea longissima UIPKS5 clade obtained is marked in bold.
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Tid o 5 T 4L K A B RO 2R AL S A A
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) R R (B 6) 5 F A1 &% B UIPKSS 5 LL | 3
Tl RN R AL ) 5 e KR FR A — > & A7 KSAT-
PT-ACP &5 3 1 28 Wil & I 55 DX A0 — A A I8t Jie s
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T TS 1567 FC) 245 e B8, AT 0HG 2 R A 7 0 ey B I e il
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(A) CK 2Tno 10lno  2Man  10Man  2Sor 10Sor  2Sur 10Sur

L

2Glu  10Glu 2Fru 10Fru

UIPKS

Tubulin e GHEE- GHES SRS s S SN GED S - S S -

(B) CK  02Gmi  1Gmi 02Asp 1Asp 0.2Gly 1Gly  0.2Ala  1Ala
UIPKS5

Tubulin

B 5. UIPKSS ZRERBERMPMEFRE LERRIEER
Figure 5. Gene expression of UIPKS5 with different carbon source and amino acid. A: different carbon source, CK:MYA basic medium, 2Ino:2%
inositol, 10Ino:10% inositol, 2Man: 2% mannitol, 10Man:10% mannitol, 2Sor:2% sorbitol, 10Sor: 10% sorbitol, 2Sur: 2% sucrose, 10Sur:10%
sucrose; 2Glu:2% glucose, 10Glu:10% glucose, 2Fru: 2% fructose, 10Fru: 10% fructose; B: different amino acid, 0. 2Gmi:0.2% glutamine, 1Gmi:
1% glutamine, 0. 2Asp: 0. 2% asparagine, 1Asp: 1% asparagine, 0. 2Gly:0. 2% glycine, 1Gly: 1% glycine, 0. 2Ala: 0.2% alanine, 1Ala:1% alanine.

atrochrysone synthase gene cluster in A. terreus

O-methyltransferase GAL4 regulator hypothetical
B-lactamase PKS hypothetical S-transferase
asperthecin synthase gene cluster in A. nidulans
hypothetical  hypothetical monooxygenase hypothetical

—«—_—_—H—h—*—
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monodictyphenone synthase gene cluster in 4. nidulans

transcription factors decarboxylase S-transferases

i e—y e ol e

[-lactamase PKS (mdpG) COA synthase epimerases
anthraquinones synthase gene cluster in U.longissima
hypothetical
f-lactamase PKS(UIPKSS) dehydratase
Ikb

6. UIPKSs EEESEMEREMELANENERNEFZ LR

Figure 6. UIPKSS gene cluster was compared with known anthraquinone biosynthesis gene cluster in fungi.
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ik RV NE 2 R RV SN VN B R i N
BB AW & BSR4k T 59 3R 08 5L DU BR FPIR &S
AR SI2 50 A 5 1 A 28 R SR A 4 KT SR T
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Isolation and charcterizaiton of a polyketide synthase gene
cluster from Usnea longissima

Yi Wang', Xu Zhou', Jae-Seoun Hur’, Juan Wang'

"Conservation of Rare, Endangered & Endemic Forest Plants, Public Key Laboratory of the State Forestry Administration;
Yunnan Provincial Key Laboratory of Cultivation and Exploitation of Forest Plants; Yunnan Academy of Forestry, Kunming
650204, Yunnan Province, China

*Korean Lichen Research Institute, Sunchon National University, Sunchon 540742, Republic of Korea

Abstract: [Objective] To isolate polyketide synthase (PKS) gene from medicinal Usnea longissima lichen forming fungi,
and identify the function of obtained PKS. [Methods] We used Usnea. longissima lichen forming fungi to isolate PKS
gene by nested PCR using degenerate primers and screening a Fosimid genomic library. MEGA 4. 0. 2 program was used
for phylogenetic analysis and RT-PCR was used to detect gene expression. [Results] We obtained a gene cluster
including non-reducing PKS (UIPKS5) , putative B-Jactamase and putative dehydratase from Usnea longissima lichen
forming fungi. UIPKS5 contained ketosynthase (KS) , acyl transferase (AT), product template (PT) and acyl carrier
protein (ACP) domain. Phylogenetic analysis shows that UIPKS5 belonged to non-reducing PKS group V, which involved
anthraquinone biosynthesis. RT-PCR analyses reveal that the expression of UIPKS5 was up-regulated by sucrose (2% and
10% ) and sorbitol (10% ). [Conclusion] PKS (UIPKSS5) , putative B-Jactamase and putative dehydratase were related
with anthraquinone biosynthesis in U. longissima.

Keywords: lichen forming fungi, Usnea longissima, polyketide synthase, RT-PCR
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