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Isolation and identification of endophytic fungi producing
quercetin from Houttuynia cordata Thunb.
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(1 College of Veterinary Medicine , Northwest A& F University Yangling s Shaanxi 712100 ,China ;
2 College of Veterinary Medicine s Huazhong Agricultural University sWuhan s Hubei 430070 ,China)

Abstract: [ Objective) This study explored the presence of quercetin-producing endophytic fungi in
Houttuynia cordata Thunb. [Method] The endophytic fungi in Houttuynia cordata Thunb. were isolated
and cultured by tissue block method. After separation and purification, the mycelia were collected to detect
quercetin in their metabolites by TLC and HPLC,and the yield was analyzed. The quercetin-producing en-
dophytic fungi were identified by morphology and ITS sequence analysis. [Result) Nine endophytic fungi
were isolated from different parts of Houttuynia cordata Thunb. and the strain YXC-G1 isolated from
roots had the ability to produce quercetin. It was Acrostalagmus sp. and the content of produced quercetin
in the mycelia extract was 8. 296 mg/g. [Conclusion) One quercetin-producing endophytic fungus YXC-G1
was isolated from roots of Houttuynia cordata Thunb. , which could be used as an alternative strain for
quercetin production.
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M LEER 2R A LR A 2 s e B, B
fire B T R e R DR A L AR B Ik % A TR B
PR WEFE R M R (Cs HL O 2 g 7 v
— A RE SR RS Y. RAYURRE DR .
B PR PO T B N R D RESE 2R AR
WEEAE A B AR TG K e et
—FhEAR A AR AL S T IR 2 0 i
BN IS T AR B GO LA SR R . AR
H ARG Wy b 23 28 B2 WO B 3R A7 A 7 AR A =
DL T 205 2% 45 ) R, A kg =+ 4% — OB 1) 7T 3R I
B3R 7 5 s i N AR R, B S B S
X,

BBl AL ALY N A B BT £ 2
TE T8 PR 1Y 53 85 % 5E | 2 RV 0 B B AR ™ 37 1k
S5V 5 0B SR T Ao P Ay B4R F 3 822
WAAERE. R T 19 MR . NAEEREME THEY
HA N ARIF A T EA K, WS Z gt
AR T e N TR AT A 5 Rk 4
O % BRI B B RIS PE R N AR B . Taluk-
dar A5 R e G B M — Ak T I 1 R AR
W (Colltotrichum coccodes), Khalil 25 o 58 %
B RR B A A LT Y — SRR bR B 7 A ] A
i ALY A KBS EY B RE . BESE R MY
WA B EBA Z RO Re AT DU SR ) AR Kk
A RAE Y BP0 i B S S 1E A R SO
R R 5 A i 7 TRt MR v 4 O T L
A W R P AR L DA P SR AS S A L 2
AT 25 A s R B a2 AR W
7N — 8 A A LT A AR A R K R
W B0 R0 A O AR AT AR 4 s A B — R N A
FLE GHOL, B8 nf U™ iz 30 s B E g 457 A
JRRAE TUAH 2 G g 10— Bk AT 7 S b 3R B R M R
SRR N B GS-65 vk A5 RV AL AR £
o3 B — R A R B AR B DZ11, 8K, H
B A OGN A LT 7 M e R B R Y 2 L T A A R
ARV S A A T At 25 F R Y P9 A
Wik Kz 28 A AF 50 20 6 DL R . AR IR 06 BE B A R R Ry
WFFERT G A Hb 43 5 1 7 W B 3R B 2R LR R T
=% fN R % 8] B® X (internal transcribed
spacer, I'TS) J3 81 3B X FLaE 47 %6 5, DU R it iz R
B2 PR T e Mt R 24 AR (B A HiE B 41 T B
A

Py S A R S LA X EELY 3
[2

1 MRS ITE

L1 # #

IR A FOAE R BT A g 2 X, BE AL R X
10 #R, EBRRm¥E -, RE 48 h N ENEHF,
TP 4R P8 AE AR AARR K 2= B ) B 2 B A ) 2 &

FEALE  FH RO A5 (3£ E Waters) .
PCR 3[R " 3 1 (3£ [H Biorad) . FR-200 4 4k ] I,
BAR M R G (g H ) CEPS604 o A it f Tk A
(R BT o M Bz o Am v S I e 24 4 A 4 1
K5 BT, 4l =>98% , DNA BA M1 )24k
M A€ HEAEYHEARARAR, HE PCR Y1
WA ITST M ITS4 14 H FE o 4 0 B A4 9 Bl 4
AR E] . SO AR s i R R A, A AL
R Ry A At

R D S ) M B IR % 3% 2 (potato dex-
trose ager medium,PDA) . B84 200 g, # % b 20
g EE 17 g . ZBE Tk 1 L,121 CE Rz KE 35
min, ¥ & E 50 CHNAH % Z MR K% 200 mg.
.2 BEENELEEENSB4USRE

R FHEH Uk | 43 500 ORI fif £ R R AR L 25 it 4
21, TR K Mk 3~4 3 s TR 43 K 2L UT AR 0. 5
emX 0.5 em X1 em K/NAY/NBE T 36 M T 75 09 B
FRIL . 3 3 Fh R [A) 9 7 i L 0T #3001 D1
T8 75 % B VE 2 min, Jo R K Mk 3~4 3
@ o 0 1% R A0 E UE 2 min, JC B K Wk
3~4 i ; QM 75 %6 L BEEYE 2 min, 5T 5340
1% RE RN 2 min, TR KoPPE 3~4 8, 47
JE B 3D 4 J5 2R T PDA 8535236 1,20 °C
WEOEREFE 7~10 d. FFI5 B B A0 DA 56 7 HE A
Je LR 100 40 B A B AR ) L BN BT R T %
BT PDA B9 3E BB T AR S0 F kA7 8%
IR UMY H LR ERA BRI HER 3~4 K
SR — B R R IA B 24 A K A Sk 2T T B
JB 5 5 D) 2 W R ASUDURE , 40 B3 1 9 JC TR A T g 2 3R
TET (1% B A B 1T A R PN A R

TR U 2K B 22 PRBOAS [) B 25 1 22 il
st 4R PDA K32 3E kAT aifb )5, 5% 4 %) PDA
BT .20 CHFE 2~4 dARTET 4 CUkAs .
1.3 BEEFMEZNEEENIGE
1.3.1 &BEFANAARALRBRGHE ¥
Baifb i N B R T PDA 53R 3 .20 CH:
215 d, FIHCE 22,45 CHET L FREC L g, A 10



138 PHALR AP K222 4R CA SR B 2 B

%52 %

mL P R VR A5 VL B8 A5 B 4 30 min.4 000 r/min
B0 10 min, b WK ED A B 22 5 HUH, T TR 6
Tk CTLO) F & OB AH €35 (HPLO A

1.3.2 TLC#&n  HHZEERE A5 pe/mL it
B R VA VR A3 0 SRR T R A, R R (V (L
B * VIHER) : VEERAK) =8:1: DRI,
20 g/L AICL, W W, LB s g6, 15 e B
1B (REAED ) 20 0 26 7 M B2 R N A LT

1.3.3 HPLC#n @Ak C (250 mm X 4. 6
nm,4 pm) @ 3EFE, Waters-2489 58 A& I 2% , 43 R
30 °C, Kl Kk 360 nm , U 3 A S B - A R 4 L
0.06 Yo BEfR (PRFLLL 60 = 40D, N 1. 0 mL/min,
HERERE 20 pL,

KA FR A B ARUE S 1 me KT 1 mL H
BRI R, I 1.2.4,6,8 F1 10 pg/mL AIH
B Z AR UEV I, 0. 45 pom BFL U8 AT U8 S5 B 20 pL
HERE . DU B 2R b o T ST i R R Ol B AR AR
(X)) TR YA BR (V) 8 8 et &R, g7 11 A
Ji AR . WP 22 B IORCGHERE 0 06 T AR AR A [m1 09
PR TR S P R S
1.4 BREFHEZNEERNETE
LAl BASF SR A S LT 06 BE T 15 08 AR E 17
R g% R BU B 22 R T PDA R5 3R 38 1,20 °C 85
It 3~5 d, MR K TE A L SR W VR FRIE . SR A
F N AR EUTH A R AT UL L il SR R B S
B TR ARRE . R B BRIk P
T 2 77 i B2 2% TR AR 1 o e b Ao
4.2 »F4AHF RANKE CTAB LS H#EUE
PR 20 DNA, DUAE B B4z, #) A PCR & 1 4%
AR, E @M% 1TS1 (5-TCCGTAGGT-
GAACCTGCGG-3") #l ITS4 (5-TCCTCCGCT-
TATTGATATGC-3") Xf 4> % ¥ 1# DNA fJ 5. 8S
rDNA-ITS J3 5 #4797 34, Jf 1% & B PE X (DNA
BEHR A ddH, O) FIZs (1% B s AR 2 B B 50 pL
ddH,0), PCR Nk &N 50 pL, & 45 F .
DNA #itl 1.5 pL, E RS9 4% 2 pL.Ex Taq i
25 pL,ddH,0 19.5 pl., PCR [ &1 .95 C Hide
P£ 5 min; 96 CAEME 30 s,52 ‘CiB Kk 30 5,72 “C LEAH
1 min, 33 NG ; 72 C ZEAf 10 min. 4 C 77,
PCR W) 28 1 06 Byt i 8 e vl vk e 0 5 o 647 DU P
FIH] NCBI ¥4 2 v BLAST #8547 )% %) e Xt
Pk [A) U5 MR8 = 9 1TTS 750, AL 3 MEGA 11
P 3R G R M 0 A 50 7 i R 3R TR R A s AT

BRIk,

2 ZER 550

2.1 BREENEEENSIBL4L

3 FIOR AT 5 0 25 A0 X BRI 06 45 SR oR . ik
OF @ b B J5 202U 8 A R, R A
UG+ 17 7 1 A 3 I 20 2 e Ji] PRl TG v b K, 6 B
THFRBOR RAF. R I QX FE f0H 2 5 2517 N A4
FLTR 4> B 45 SR O R ROAR 2R rp & B AR ) 3
PR AR . 2 Bl & o8 YXC-G1, YXC-G2, YXC-
G3.YXC-J1,YXCJ2,YXC-J3, YXC-Y1,YXC-Y2,
YXC-Y3,
2.2 BREENEEEMN TLCHTHEN

K TLC X b 34 TR Mk 1) B 22 B2 BOR R T 43 47
S5 R, YXC-G1 fl YXC-J2 Y B 22 38 BURK 5 it
FZbRES P I T B (RD R 0. 8 IR €
BE A5 (B D S 0125 00058 3 2 B 1L TR S8 LTI 7 M e K
T 2 JF At A1 R 119 TRT 22 42 IO Hh 4 R A Hh i e 3%

A 6 ==

A B A (&
b i
AL Wi ZRRUE R B, YXC-G1 T 22 452 U 5
C. YXC-J2 W21 BUH .

A. Standard quercetin; B. Mycelium extraction of
YXC-G1;C. Mycelium extraction of YXC-J1.
BT B R b A A R R YXC-GL K
YXC-J2 B 22 -G TLC 73 b
Fig.1 TLC analysis of standard quercetin and
mycelium extraction of Houttuynia cordata Thunb.

YXC-G1 and YXC-]J2

2.3 BREENEEEMN HPLC 447

A HPLC #— 2 Hrd bk YXC-G1 F1 YXC-
J2 WP 2 BE IO 45 3L 7R L Wt B2 ZR AR ME S AE 5. 43
min H I IEE ., YXC-G1 HZ I BEAE 5. 428 min
Aoy e, B TR RS0, 55 hm 1 i (9 O BRI (] AH 3T
(P 2) 57 YXC-J2 B TR 22 38 B0 Hh oA ) 80 4 6 0
T W YXC-G1 PRI T 22 S OB P & A &R i
R Sy £ JU B P A R RN AR L
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DI B 25 A5 o S IR Y R MR R N RS AR BR pg/mL M R TR R S AR BT R,
(X)), W AN YY), BLERP TR Y= Mg YXC-G1 B 22 42 BOW i 0 i B0 1 348 131
93 118X +39 368.R*=0. 961 4, £ 1~ 10 mAU, &35 HE 22 P 588 8. 296 mg/g.

2401 A

i Y& /AU Absorbance unit

0.60F L

0.00 ) -
6.00

8.00 10.00 12.00 14.00

I [f]/min Time
0.012

0.008

0.004

W W £/AU Absorbance unit

4.00 6.00 8.00
I []/min Time
AN R FARAE S B YXC-G1 22 2 HUH .
A. Standard quercetin; B. Mycelium extraction of YXC-G1.
B2 i B 22 b ofi i A0 IR B YXC-G1 i 2 3 BUR 19 HPLC 40 #7
Fig. 2 HPLC analysis of standard quercetin and mycelium extraction of Houttuynia cordata Thunb. YXC-G1

2.4 BRERNEER YXCClHEESELE 2R (] 3-A), HEEMBUR, gt ., Ak
YXC-G1 7€ PDA B =5 E ¥4 Kl E N IG5, A 1 A6 RIE B (K 3-B) 5 & %
3.5 mm/d, 14 d UG A K B B b i i AR (Acrostalagmus sp.) WY J@ PARIE .

Koo B L B B K B L e O TR s TR R

10.00 12.00 14.00

A. YXC-G1 H 7% B. YXC-G1 B %,

A. The colony of YXC-G1;B. The hyphae of YXC-G1.
Pl 3 o DN AR A RS RN B 22 (MBS (B R 20 pm)
Fig. 3 Morphology of endophytic fungal colonies and hyphae of Houttuynia cordata Thunb. (Bar=20 pm)
2.5 BREENEER YXCClHNAFEMFELERE ITS F B 2 502 bp(El 4,
WP 45 R WoR WAk YXC-G1 9 5. 8S rDNA-
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2000 bp

1000 bp
750 bp

500 bp

250 bp

100 bp

M. DNA Maker 20005 1. FIHEXS I8 52,3, 25 [ X 18 5
4.5.6. YXC-G1 iy PCR 7=,
M. DNA Maker 2000;1. Negative control;2,3. Blank
control;4,5,6. The PCR product of YXC-G1.
B4t RE g A R A 5. 8S rDNA-ITS J3 51
I R B BRI LUK 43 BT
Fig. 4 Gel electrophoresis of amplified 5. 8S rDNA-ITS
region of endophytic fungal samples of
Houttuynia cordata Thunb.
BLAST %5 8 78, YXC-G1 14 5. 8S rDNA-
ITS ¥ 51 15 55 T {td J& 38 JZ-172 #1 BT 31 (Gen-
Bank 45 HQ637290. 1) FYAHBIEE K 5] 99% .,
5T 5.8S rDNA-ITS J#41, % YXC-G1 5 11

DHAWFE B E T RE KT 0. 4R (B 5) 3R
WL Wb YXC-G1 58 T8 JH1E 12172 R A —
3o B SR E Z T B TR 8 (Acrostalagmus
sp. ),

33’

AR5 SR FH 2 T8 25 15 0o £ I B A ) 20 2Lk AT
S04 B, R HTZH LB IE L PDA B 57 0 £ 1 75
A R AT 2 B A AR 5 8 TR . LU0 L M A R
AR TR N T TP 2R 7 O B DR BE RS 20 B 45 2 N AR
HE L EFGENHES AL A ER ., MY HN
TE 75 AN G T RE T EOA TR TS Gt 1 o) BT AR T
PRANEE 23 5 S T AR R IR M. A X 56 XA 4 A
A ELR O BRI 2 Ao R R £ R SRR B Y Al
FHBEAT R B 25 SRR BLLL b 2 F i 3 500 1 2 AR
B 37 HE T A 2R T TS B S BEORIE 23 B AT B A R
Sy VA A O LG B BR 23 B 75 00 £ A O3 B
LA AR AT & TR BOR RAF. 3 4h . T
7R AT 38 3ok 2 3 A RS ) U R L T B I TR)
KA BE 23 2R FE AR 20 P9 AR LT L 50T B I RS [ T fE
A AR AT B ROR - 7 B R AR T REA BT AR, R
T T IR 1k X 0 e ) s 2 9 B 1 [ 8 AT 1
Pt — I E

19 #5 57 T f4 J& 3% WIMSCL 1325 Acrostalagmus luteoalbus voucher MSCL 1325(KC461515.1)
E 19 25 95 T 0 J& 35 18 Acrostalagmus luteoalbus (JQ387575.1)
[ 25 95 Tl s JL 18 Acrostalagmus luteoalbus (JQ387574.1)

M558 8 B Nectria inventa (DQ093685.1)
¥ 55 0 {8 B EPTV-1 Acrostalagmus luteoalbus strain PTV-1 (GU813970.1)

YXC-G1
{ AT JE BT Z-172 Acrostalagmus sp. JZ-172 (HQ637290.1)
55 15 71 )& U I#100457 Acrostalagmus sp. 00457(JN851702.1)
{ 19 25 55 T 4 J& 34 1 E-000535895 Acrostalagmus luteoalbus strain E-000535895 (JN545827.1)

AL H H L #O0Y 1207 Hypocreales sp. 0Y 1207 (FJ571797.1)
AL 14 H % Vega449 Hypocreales sp. Vega449 (EF69454.1)

KR B HLE Verticillium luteo-album (AJ292420.1)

B 5 R P AE BT YXC-GL 9 5. 8S rDNA-ITS J7 41 & 4t i fb At
Fig. 5 Phylogenetic tree based on 5. 8S rDNA-ITS sequences of endophytic fungal YXC-G1 in

Houttuynia cordata Thunb.

MK IR W) rb 4 B B Bz 3R 0 TR 3fE L A7 7R
AR AR T A AR R R AR o A5 TR AT A AR )
Hh B IO B 2 AE A T SR R O TREARL ) 9 A
B AT L A 22 ol O A AR5 v A A TR
CREARL Y A 0 0% A o) - B I SR L AR AT
Ty T IR A 77 S i BN KRG I K il —

P FEGEIR . A OV RRAE T S h 4 o
O3 S A B M B 2K B D Wy S5 A N A T
B Ja R A a R T SRR T R A Y A R R R
(1 UL B AT b AR RS A A b 43 B A9 B —
PR AR OB DZ1T, HE R W P B0 A Bz 3R B vk 2
0.418 mg/L . {H [ A i A WL JJ 5 A A= 0T 7 i B
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FAARAE . A0 M fh R w4 A A R
A B L @A TCL M HPLC X3 8 Wk YXC-G1
HEAT 6 P 7= B o A & PR AR I N AR BB YXC-G
HA 74k K R A BE T B 22 T i R R R 8. 296
mg/g. @EHAFM 5. 8S rDNA-ITS 41 43 B %
L YXC-G1 b 55 T4 J@ B0 BT, TF B £ J)R & vp
FR I e R AT ER P AR TR AR Ao B TR R TR R 4 i
PR R 2 1 Tl A 7 R T R T 2 R T R
T Ao J v A 1 &

AR TLC A HPLC 6 I £ JI %5 b (4
B Z L, Horp TLC AR 8 2855 w8k, vl LAY A5
PR R R AR L EZ T R AR PR L EL S B B
ZEIRL T HPLC $ S vl R sl Lt — 4
i 3 H 7 AR 2K 9 AR LT S TR R AT e el e R
THE I R 7 S A UL 2 Fhor s, Al LI
P22 R R AT R R A . A5 R,
YXC-Gl W2z &AMk R, - 25 m, X6y
PR R R A G L 5 e O T EAT R MR R T A 5 AR
i 3k AR Ak & W T 2R IR SRR — 2 R T g
PRI 10 7= L O Tl AR R 3 A 7 B A R A Y B
AR

YN A LT AR — RO FE Y A SRR, A
B JF 0y Fn s RS FgE R B SR
Az LB AT DA S A (R Y 2Ot 2 R R L AR
DA R AT B0 57 TR B8 A 7 LR S ) B 24 T B0GE M 25 4
I3 25 BF & R A0 25 0L R R TR R — A
B LA R 2L P A BT Tl X 40 A R v L
A E B AR A B S R P R A
TR BB AT 56 L 2 15 0 £ 5 Y T 388 1 A7 AR
AT 05 R BT o — 20T R
0 JJ R 7 ) AN R A L 2 A A 0 9 R
A (R BIF 5T 5 30 43 2 i 0 0 55 04 285 FHAR (L, R o 25 TR 1)
T & A AR BB i BT 5% LB S O ik

44 ik

AR B AR B AR R T 9 BRI AR LT SR
285 R ACRR 2 iV X LT A 2 R O HE AT A
W6 E YXC-GL I 22 % A Wi & o™ i o
8.296 mg/g; BRIV ARFAE M ITS ¥ 5 73 #r . B %E
YXC-Gl HETIHE (Acrostalagmus sp. ) B, 45
SR, IR B AT M R BN AR B
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