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FEY) N A EL TR RE A 7 A 1 B AR M AR AR
Y, FEASEEE . AYmE . SR, IR
Giay, HZEAPE. dig . diefb. &
AR S A T T AR X A A W
MR, AT DDR X S E FRCR 20 . S5 B
A ACE ) o0 Ry BB AL & P AR R R 2 ik
BRI, REIZAE Y84 Y& it f e
7E B 45 it (Polyketide synthase, PKS)f#AL T 58
B, AR e, —KAE A PKS,
Bl PKS T, 5—20J5% PKS, B PKSII®, 2
BRI G2 8 T 1 BRI G WE, B ISR 7
TERZIRERE, % L5 i (Ketosynthase,,
KS). BtIL55 4 (Acyltransferase, AT)FIESL 24
& 11 (Acylcarrier protein, ACP) 3 MZ.LIhfiglliH
A, H AT SIS TPk e R A
51, ACP TG G B SRIRE , KS 4514
WA T REEAE M RN, KS XIRAEHEA™ PKS {4
RHTSIRAEST , EA BT Y, ks
Ik 24k A W el A A 4 44 K & 5 74 (Non-ribosomal
peptide synthetase, NRPS)fifb4& /%, NRPS Hifif
WLk (Adenylation, A)Z5H43EE . KR IAHE A
(Peptidyl carrier protein, PCP) %5 ) 15 1 45 &
(Condensation, C)Z5 #4184 %, = H L) C-A-PCP
I CHES, A Sk e B 53 e R FNE AL
PCP 45 #h) 18 71 57 76 G Jit ik #2 vh S 8] & v [f] 7
Yy, C 45k st ikEEIE s, K 2% NRPS
HIRLIRECR 3-15 4>, fiefm ATk 50 4>, BF—M
Pt TR — A S i S SRR BT A IR IS R S
PN GEfR R B EE b, PR pg B . HESUT 0
SRR e T R - AR L,

H A E N #E gt — S 2 A T T
WA FLTE 48, JEEET PKS #il NRPS JjBE LA
E MR, 5T FE SN REEAS
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YANHEAZ A R Z IR A5 1 . 2 Wang S5 ] PKS
SERE TR AR, I — kR AR A 0 P A BT
KT — AR ALY Penicitriketo® ., [A itk
M PKS F1 NRPS DIgEIEH 1) se e AT, ATk
SV 2 RN I R PR RT R AR AL SRR, R
BRI 1) 2R T 245 ARl A% 0 A K 26 Ak W 2 A k]
T o AW LML G2 I AT 25 p kL, -1 7
WA 8, HRHESSRES S ITS )P
PIRGRE SN, AT AT S s THiE S
A PKS Hil NRPS SEH (1 DB B MR , 00 H 7= A5 vk
AR IRE ST, S SN KR TE LA )
PRALRLEARHE , IR B T RE S 5 N
Az TR U A AR 18] R G 1 F 5T 5 E B S
i

1 AR
11 ke

1.1.1 AEYRES: . T 2016 4F 3-4 J1 A5 H 1% FH4
FHEAER | FEREmhE AR SRR R
5 BHPE T 22 BEAT 25 IR X, SR FHBEATLIRORE 1 U 4
AT RIS, e ATCTR AR Al (1] 5250 =5

T NA R

1.1.2 BEFREE. R PDA B3R 5T N AR B
oy E gt

1.1.3  FERG: HEIEHAH DNA F2B0H &
WFAL R ERHE A B F; DNA marker #l
2xTaq PCR Master mix ¥ FIt B At et A9
FHEATIRA T 5 BT BRI [m] il &0 Tt ot
FARAALRHE A 7] 5 pM9-T 24K F 52 49 T 7%
(CRE)HIRA R ; BUEHE H Spanish A #]; PCR
PGSR S A AR T A T AR

e
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1.2 ANAEEREPSEMLAL

W it B A AT 2 AR R AR AR TE B SRR kT
Ve, BT R, BBIAL 0.5 cm? AY/NBRIR AT . SR
W AR T REAL B . 75%Z BE S # 30 s,
KEKMEE 3 W 3%UCEHMRANR T 5 min,
KK MY 5 (30 s/iR); B T IR UELL Tk
5% o AR PR A ARTRAE S U1 1 T PDA P4
b, ¥ 25 °CHHIREFRAF P 5-10d, 3d/5U
SN L YJR T AWE B TR EEE,
PRELI o I 22 B AR BB B IR 0 BT A, &
LG AT N A ELE B Y . O T IRIER T
R, B 100 pb S5 e — U T3 R 2 181 T TR A
MICHK IR A 5 PDA 55555 I, 25 °C 8555 LLSIE
FIMH AR . R, AR o 2 2 R AR AT 1Y)
WA LR AR ECE T 0 B, 40853848 43 B 34
(A BRAREICE 5 73 B R S A SR 4%
13 WAERENEE

1.31 WHESFIEFRFENE : WA
TE PDA 3550 F G R AE - T 2R e K AR
R B BRBUR 2235 G R 35 3Rk, BRI A
LT BEZR . PRI AL A B A% SE AR AE
S5 CHR[10] A T N AR B 19125 2

1.32 ITS EEFHIM PCR ¥ M E5RAREH
Br: FH ECR L 20 DNA 2GR & 32 Iy A B
B A AR A JE R 41 DNA, LUl 5497 1TS1 (5'-TCCG
TAGGTGAACCTGCGG-3')#l ITS4 (5-TCCTCCG
CTTATTGATATGC-3) Mt kR E4T ITS Xis™
1 PCR #1414 Z 24 50 pL: 2xPCR mixture 25 pL,
ddH,0 20 uL, DNAtemplate 1 pL, 5#14 2 uL.
PCR ¥ #4514 : 94 °C 2 min; 94°C30s, 55°C
30s, 72°C 1 min, 35 f¥; 72 °C 10 min, PCR
PR IR 3% R A T AEY) TRECR RS
AR AT . WP RER TS J3 51 F H

GenBank ¥ %2 H 1) BLASTN B 416 £ Ho XAl 55
HEFFIRIEE 3BT, 4 5 80P 4 B A (Y T 41
&%, FfifaH Clustal X HEfTE8I YT, iz
Fl MEGA 5.0 {4k FH4B 274 (Neighbour-Joining)
WHRRAGKLER, WIERGERE AR, /30
IR N AE I R GR B ML SR 2R
1.4 WAER PKS fl NRPS B E KM A4

AP A FLRA TR RR E N 4 DNA AR, 43 31K
33514 KAFL (5'-GARKSICAYGGIACIGGIA
C-3'). KAR1 (5'-CCAYTGIGCICCRTGICCIGARA
A-3"1H AUG003 (5'-CCGGCACCACCGGNAAR
CCHAA-3"). AUG007 (5-CCGGACCATGTCGCCN
GTBYKRTA-3)"E17 PKS FI NRPS ThBe LA (17
PEFIR . PCR 47 18 {A %4 50 uL: 2xPCR mixture
25 uL, ddH,O 20 uL, DNAtemplate 1 uL, 5|¥%
2uL., PCR Y #4444 4. 94 °C 2 min; 94°C30s,
60 °C 30's, 72 °C 1 min, 35 ME#; 72 °C 10 min,
R [ESCR ) & B PCR 724, #itiE pM19-T
ULRH ISR T BRIk 54ifb/5 1 DNA H B, #%1k
E. coli DH50, i 2275 55 2 i e kIR BH 4 v e
HEAT PCR AN, DA -G 114 S 20 1T ik rh 42 B
ki, 2£ZE BA T AEY TREB AR MRS A PR 7 it
T . R BLASTX ZRIREATY PKS Fil NRPS
SEHFHNEAL S SERRIT A, AELRIEA 117 51 i )
PEHAT, NRPS THEEILIN A 25 Fsr s S Fm
K HITEZ 1 E NRPSpredictor2 (http://nrps.informatik.
uni-tuebingen.de/Controller?cmd=SubmitJob) i# 17
SR AR R 4 R R A SR, e R
SR8 9 R IR S P 9 ES %, (# Clustal X
AT A R H X, fe 28 ] MEGA 5.0 #{F
K 4B 42 = (Neighbour-Joining) F & R 45 kK B,
WRAE RGBTSR, AT NAEER PKS
1 NRPS B:[H 7 Be i 240 & & AL Fn =& 1k o
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2 ZERFAM

2.1 ATHHARREIHFELS FIFH

B 100 pL f5 5 — O TIE BER mE #E AT 25 20
ZUNTCHE KR A T PDA 5375 I, 25 °C #5397 7d
G, MR BB MA AR, AT PLAE
Sy BRI A AT N B, ARSI
S5 75 Y SR ) 3 T L
22 WHEEWENTESER

M 200 HRATZGAERLH L rp ALK AT 105 BRINA:
HEMEY, HorsRh 52.5%; 4ifb /50 HbiE
B SFHEARIA SR8 )5, AT N AR A
52 tk, HEKIESSR, Ea I REHAT AR
HA PR E N AE AR i B IEE,
RIER SRR BAUE SR, HEGRRE, 245
H H W % E TR w8 3 O BRI R
(Leptosphaeria) . - 75 5¢ J& (Ilyonectria) F1 i 1l J&
(Fusarium) B, iX 3 A& W A AT 25 HER N A B A
PLHAFRE, HALH R R ERTE PDA Fi3i 5t |
(Y TR V& R IE S SR IO S RRIE LA 1,
23 WHEERMWEEMRGELT N

S N AR LR TR A T S AR LB I A R
KR HS TS FPHIE B AT 2 N A B A T
Y5, PCR ¥ 453, 52 MRNA: ELR ¥ AT k15
1 2529 500 bp ZeA5 450, ¥rsIE 4R Ffe 2
GenBank, HJFHIE k5 KY522672-KY522723,
FIFH GenBank %ds 4 H () BLASTn 1 4: e Xt 41
G55, VRN RRAY [R5, B MEGA
5.0 AU EATZ N A EREMRRELEW, 46
MBS, # TERRNFIE R, HRGK
BRI 2)T LAE H, 52 SRINAE LAY ITS ¥4
HHEREER S ERE —, HERET 2 1
W, 74E. 13408, 1548, H74E09
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Figure 1. The colony morphology and morphological
characteristics of dominant genus of endophytic fungi
isolated from P. lactiflora roots. A, B and C represent
colony, pycnidia and conidia of Leptosphaeria,
respectively; D, E and F represent colony,
conidiophores and conidia of llyonectria, respectively;
G and H represent colony and conidia of Fusarium.
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(Botryosphaeriales) . Jiffl H (Agonomycetales), <
7 H (Agaricales) 4 &2 H (Capnodiales); 13 ~F}
5y 9 i 2 Bl (Aspergillaceae) . & @ &
(Trichocomaceae) . M\7R7EF}(Nectriaceae) . P& A
Bt(Hypocreaceae) . 178 45cF}(Massarineae), /)
BRI H Bl (Leptosphaeriaceae) . W5 BRI & Fl
(Phaeosphaeriaceae) . {l = Fl(Pleosporaceae) . V.
fafl 7C B (Didymellaceae) . 244 & B
(Schizophyllaceae) . JCffi#F}(Agonomycetaceae) .
#5175 JR v 18 B (Botryosphaeriaceae) Fl kL 71 25 B
(Cladosporiaceae); 15 4NJg@4r 9~ ih % )8
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Figure 2. The phylogenetic relationship of endophytic fungi isolated from P. lactiflora roots based on ITS gene
homology. The GenBank accession numbers of ITS sequences are given in the parentheses. The numbers at nodes
represent the percentage levels of bootstrap support (%) (expressed as percentages of 1000 replications). The scale
bar represents 0.050 nucleotide changes.

SO[RIPIAWOUORY SA[EILIETY

e0oe1a0 Kooy

http://journals.im.ac.cn/actamicrocn



1572

Ruixian Yang et al. | Acta Microbiologica Sinica, 2017, 57(10)

(Aspergillus) . 175 1 J& (Talaromyces) . #it 1t J&
(Fusarium) . -+ 775¢)& (llyonectria) . FL&7R7%)8
(Thelonectria) . =k f1 % J& (Cephalosporium) .
Acrocalymma . /) Bk & # J& (Leptosphaeria) .
Setophoma . %% #% 7 J& (Alternaria) . %2 #% 1 J&
(Rhizoctonia) . 2444 B J& (Schizophyllum) . 55 25
J& (Phyllosticta) . 2% s %% J& (Phoma) 1 £ 1t %5 J&
(Cladosporium),

52 BRAT 2N A BT TE & & 1 B 53 A A
Fefl W 1, Hrp 10 BRAT N A B EJE T/ R
JtE T J& (Leptosphaeria), FIr (5 EL A 19.2%; J&
F+ k52 )& (llyonectria) (U KR A 8 Kk, ATt
%2 15.4%; J& T Hikdtl)E (Fusarium) i kA 6
P BT i Fe ] 11.5% ; oAt T R R AR X b
Fie o B ¥ e 10% LA T, R/ ER IR W R
(Leptosphaeria) . + 7 5¢ J& (Ilyonectria) Fl #it ff J&
(Fusarium) XL 18 2y A7 245 #R38 N A: BT B9 48 3 Fh
B, SRS B A B OSSR — 3, %R

WA R RN, AT N A B TEA R R A
SRR, RBUE R i — 2P i BT A W T
KRR ) FLAH DA BRI 3= & A TR A BRI, (AR
IR FIH .
2.4 HAEEBEK PKS fl NRPS EEKMAM RS K
=P

FIF PCR 43 (1 )y 1 i e~ 25 9 AR L Hh A
T PKS F1 NRPS JyREFE R Y T bk , 9738 45 SRR
13 #RINAE EL & PKS THREIEIN, HPHME LR
25%; 8 KRN ELIE & 45 NRPS IhReE A, HpHME:
Fe Ry 15%; Horb 2 TRk Sy23 Fl Sy30 [F]i £
T PKS #1 NRPS HIREEE I . W49 K15 19 PKS T
REJE A rP ) KS S5 A5 5] 1 BEFT NRPS T g K]
H A SRR i B T s DN Y, L KS 45
Fay el 3 R - B K /N 7E 700-800 bp 22 [a], NRPS
DIRESEA iy A S5 HIRIE R | B2 242k 700 bp, PKS
FE41F1 NRPS J¥5117E GenBank H [ 4118 53¢ 5 L
# 2. M NCBI Eifls 29 BLASTX 444k

R1 NARBALERRHESS

Table 1.

The population distribution of endophytic fungi isolated from P. lactiflora roots

Taxa of endophytes Number of isolates Relative abundance/%
Ascomycetes

Aspergillus Sy1,Sy14 3.8
Fusarium Sy2, Sy4, Sy7, Sy8, Sy12, Sy21 115
Setophoma Sy3, Sy18, Sy29 5.8
Cephalosporium Sy9 1.9
llyonectria Sy10, Sy11, Sy19, Sy23, Sy26, Sy27, Sy33, Sy34 15.4
Acrocalymma Sy15, Sy16, Sy38, Sy28 58
Leptosphaeria Sy17, Sy20, Sy24, Sy25, Sy31, Sy32, Sy35, Sy36, Sy37, Sy39 19.2
Talaromyces Sy22 1.9
Thelonectria Sy30 1.9
Alternaria Sy40, Sy41, Sy48, Sy49, Sy51 9.6
Phyllosticta Sy44, Sy47, Sy50, Sy52 7.7
Phoma Sy45 1.9
Cladosporium Sy46 1.9
Basidiomycetes

Rhizoctonia Sy5, Sy6, Sy13 5.8
Schizophyllum Sy42, Sy43 3.8
Total 52 100.0

actamicro@im.ac.cn
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Table 2.

* 2
PKS and NRPS genes in endophytic fungi isolated from P. lactiflora roots

AAHIREANEER PKS #1 NRPS EH

Number of Amino acid Accession

Top BLASTx match (GenBank accession

Predicted binding pocket

Gene isolates residues number No.) Identity/% (amino acid substrate)

PKS Syl 276 KY629564 Polyketide synthase, Aspergillus ustus 139/268(52%) Not done
(KIA75874)

PKS Sy9 239 KY629565 Related to polyketide synthase, 213/239(89%) Not done
Rhynchosporiuma gropyri (CZS97698)

PKS Syl0 238 KY629566 Ketoacyl-synt-domain-containing protein, 201/240(84%) Not done
Coniochaeta ligniaria (OIW26903)

PKS Sy19 238 KY629567 Ketoacyl-synt-domain-containing protein, 199/240(83%) Not done
Coniochaeta ligniaria (OIW26903)

PKS Sy21 235 KY629568 Putative polyketide synthase, Fusarium 227/234(97%) Not done
foetens (ALQ32848)

PKS  Sy22 245 KY629569 Polyketide synthase, Colletotrichum 132/248(53%) Not done
incanum (OHW98789)

PKS  Sy23 238 KY629570 Ketoacyl-synt-domain-containing protein, 201/240(84%) Not done
Coniochaeta ligniaria (OIW26903)

PKS Sy26 238 KY629571 Ketoacyl-synt-domain-containing protein, 201/240(84%) Not done
Coniochaeta ligniaria (OIW26903)

PKS  Sy30 260 KY629572 Polyketide synthase, Coccidioides 164/263(62%) Not done
posadasii (XP_003067740)

PKS Sy33 238 KY629573 Ketoacyl-synt-domain-containing protein, 198/240(83%) Not done
Coniochaeta ligniaria (OIW26903)

PKS Sy34 235 KY629574 Ketoacyl-synt-domain-containing protein, 199/237(84%) Not done
Coniochaeta ligniaria (OIW26903)

PKS Sy44 240 KY629575 Polyketide synthase, Byssochlamys 145/240(60%) Not done
spectabilis (GAD98579)

PKS  Sy47 232 KY629576 Putative polyketide synthase protein, 165/233(71%) Not done
Neofusicoccum parvum (XP_007581405)

NRPS Syll 194 KY629582 Nonribosomal peptide synthetase 1, 166/194(86%) DIGFVGGIF-(lle)
Neonectria ditissima (KPM37793)

NRPS Syl4 238 KY629577 Nonribosomal peptide synthase, 205/238(86%) DVFAIGAII-(Phe)
Aspergillus ustus (KIA75709)

NRPS Sy23 251 KY629580 Similar to fatty acid transporter, 223/251(89%) No prediction
Leptosphaeria maculans (XP_003836794)

NRPS Sy25 248 KY629581 Similar to fatty acid transporter, 225/248(91%) No prediction
Leptosphaeria maculans (XP_003836794)

NRPS Sy28 234 KY629578 Nonribosomal peptide synthetase 3, 198/229(86%) --WLWNCEI- (Phe)
Pyrenophora teres f. teres (AEZ55900)

NRPS Sy30 233 KY629583 Linear gramicidin synthase subunit D, 201/233(86%) --WLWNVEV-(Asn)
Neonectria ditissima (KPM38180)

NRPS Sy38 237 KY629579 Nonribosomal peptide synthetase 3, 205/237(86%) --WLWNCEI-(Phe)
Pyrenophora teres f. teres (AEZ55900)

NRPS Sy39 229 KY629584 Nonribosomal peptide synthetase, 200/229(87%) DVAFIGSIH-(Phe)

Cenococcum geophilum (OCK98900)

http://journals.im.ac.cn/actamicrocn
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7531 PKS #1 NRPS ¥ H B ¥ 5\ 54 4k N 2 ZE R P 41
PEATRIIEPE T (3R 2), 25K, AT N AT
KS 25 a3 i 3 43 2 B R )3 47 5 L 0 T AT A ] U
PETE 52%-97%2 ], APk Sy21 5kl I
# Fusarium foetens 24 Mt 1 41 4 [] W51 4
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Figure 3. The phylogenetic relationship of endophytic fungi isolated from P. lactiflora roots based on type I
PKSs amino acid sequences homology. The GenBank accession numbers of PKS amino acid sequences are given in
the parentheses. The numbers at nodes represent the percentage levels of bootstrap support (%) (expressed as
percentages of 1000 replications). The scale bar represents 0.10 amino acid changes.
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Figure 4. The phylogenetic relationship of endophytic fungi isolated from P. lactiflora roots based on NRPSs
amino acid sequences homology. The GenBank accession numbers of NRPS amino acid sequences are given in the
parentheses. The numbers at nodes represent the percentage levels of bootstrap support (%) (expressed as
percentages of 1000 replications). The scale bar represents 0.20 amino acid changes.
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Fungal endophytes in Paeonia lactiflora and their secondary
metabolites

Ruixian Yang’, Lan Zhang, Biaobiao Peng, Chenggong Meng

Department of Environmental Engineering and Chemistry, Luoyang Institute of Science and Technology, Luoyang 471023, Henan
Province, China

Abstract: [Objective] To explore the biosynthetic potential of endophytic fungi isolated from medicinal plants
Paeonia lactiflora, we studied their population diversity and detected richness of their putative polyketide synthase
(PKS) and nonribosomal peptide synthetase (NRPS) gene sequences. [Methods] Culture-dependent method was
used to obtain endophytes from the surface-sterilized plant samples. Endophytes were identified based on
morphological characteristics and ITS gene phylogenies. PKS and NRPS gene fragments were PCR amplified from
genomic DNA with degenerate primers. The biosynthetic potential of endophytes was accessed by bioinformatic
and phylogenetic analyses of PKS and NRPS gene sequences. [Results] A total of 105 endophytic isolates were
isolated from P. lactiflora root tissues, yielding a total of 52 endophytic fungi through dereplication. The analysis
results of endophtytic fungi ITS gene sequences showed that they affiliated to 15 genera of 13 families in seven
orders, and Leptosphaeria, llyonectria and Fusarium were the predominant genera. Thirteen PKSs and eight NRPSs
gene fragments were detected in a total of 52 endophytic fungi. Some fungi amino acid translated fragments were
similar to sequences of PKS and NRPS involved in the biosynthesis of the antifungal compound in GenBank.
Analysis of the detected endophyte gene fragments afforded consideration of the possible bioactivity of the natural
products produced by endophytes from P. lactiflora. [Conclusion] This study demonstrated that the endophytic
fungi from P. lactiflora roots had great significant diversity and potential to synthesize bioactive secondary
metabolite, therefore, their natural products are worth of further research and development.
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