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KZ FHEREASMONAET, HiEERI R B F I E FER, [Fk] b2 FAERKE A
AT ZBNAER, BiL R &R A E &4k (thin-layer chromatography, TLC) /% i& /= % B £ 4L
S AE, JFRA NaNO,-AINO,); e &k 2 £ 4 H B 42, AR FR B & A F47F a4kt
FE Rk ipE FEEAAB A EN., (LR E2FHEE 4RKZZRALT, P 3IHRAA
AAE, | MAAREDE, BABESFRoTAEANFH FH L5 5% T H Botryosphaeria sp.
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B e AFRENF A 72.85%+0.66% (ZC026). 57.01%+0.89% (ZS042)F= 85.36%=+0.75% (ZC026).
88.17%=0.15% (ZS042) (P<0.05, n=3). ZZ105 2 F 2 K fat H A f L K AWM BE A wHERD. [4
#H] MLEFABRET B E 4 KT HRENESMONER, EFPA—MHRANEDEH. XALHE
HIEFAE RIS WG E FRAET IO TR, €A AHH 24 A AL A= A6 TF L A=tk 47 42
BT AE,

KEER: LEFA;, AAH;, RWRELSY; RAALTHE;, WHFR

Isolation and identification of flavonoid-producing endophytes
with antioxidant and antibacterial activities from
L oranthus tanakae
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Abstract: [Background] Loranthus tanakae has rich flavonoids with good pharmacological activities,
whereas the studies of the flavonoids are limited because of the shortage of plant resources. [Objective]
To isolate and identify the flavonoid-producing endophytes from L. tanakae and study their antioxidant
and antibacterial activities in vitro. [Methods] The flavonoid-producing endophytes were isolated from
the twigs of L. tanakae and screened by color reaction and thin-layer chromatography (TLC). The total
flavonoid content was determined via NaNO,-Al(NOj;); colorimetry. The biological activities of
flavonoid-producing endophytes were preliminarily evaluated by experiments of scavenging free
radicals and inhibiting bacteria in vitro. [Results] A total of four flavonoid-producing endophytes,
including three fungal strains and one bacterial strain, were screened out and identified as
Botryosphaeria sp. (ZC020), Phoma sp. (ZZ105), Nemania sp. (ZS042), and Pseudomonas sp.
(ZC026) based on morphological and molecular characteristics. ZC020 and ZS042 had higher total
flavonoid content, which was (44.58+0.72) mg/L and (31.98+0.18) mg/L (P<0.05, n=3), respectively.
Notably, ZS042 produced the same flavonoids as L. tanakae. ZC026 and ZS042 exhibited excellent
antioxidant activity, which showed the 1,1-diphenyl-2-picrylhydrazyl (DPPH) radical scavenging rates
of 72.85%+0.66% and 57.01%+0.89% and the 2,2'-azino-bis (3-ethylbenzothiazoline-6-sulfonic acid)
diammonium salt (ABTS) radical scavenging rates of 85.36%+0.75% and 88.17%=+0.15%, respectively
(P<0.05, n=3). ZZ105 had inhibitory effects on both Gram-positive bacteria and Gram-negative
bacteria. [Conclusion] Four flavonoid-producing endophytes were isolated from L. tanakae and one of them
was a bacterial strain. This work provides a new resource for the production of flavonoids by L. tanakae and

a reference for developing and conserving other rare and precious medicinal plants and materials.

Keywords: Loranthus tanakae; endophytes; flavonoids; antioxidant activity; antibacterial activity
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bS5 4 R F AR} (Loranthaceae) 5 27 4=
JEAFAAEY), AT TR AT E A
Ko RS RTAZY, AuRiiE . BB, B
MREFDRL ., SCHRR AR AEES . RS
VTR, Ak o AR BRSP4
Kim %5 2004 415 YO ik A0S 27 A A2 1oy
ITHH5E, B %E T R -3-0-0-L- RAHET
(alpha-rhamnetin-3-O-a-L-rhamnoside, ARR). #i
B % -3-0-a-L- AT . R % -3-0-0-L-
SRS AL 25 8 -3-0-a-L- U B X 4 Flis
PR A9, Ik BLHS 200 A8 40 0 2 (/)
0 e A549 . BPELJE SK-OV-3 . Rz Ik
SK-MEL-2, X4 RS0 XF498 H14h 1 I
HCT-15) EL AT 4 25 25 F0 i 4 0 % e
Hap At R, JERFA M F LN 2
BAE G, SR s 10.58%, o
ARR AR S BB EA 70%0), HF5E R,
ARR G40 NF-«B i B0E Nref2 i B, Xt
g £ M (lipopolysaccharide , LPS) i T A9
RAW264.7 Hii i i) 2 5E S 1w & 45 R AT Bt 2 245
HERY, i FACR A 0 3 A4 T M F AR
X PRI RIS B R U™ R, AR
Wik D, TE—SE X B PR R, R AR
PRl R A PR ) A, AR X b SR A AR
AT THARE I fEM R, RBJLRF A
A & N A TR R

A T DL R AR G RAFAE T 18 E R NER
HAVFIR AN, (HAS 218 32 18 B B 8 1Y
BES, e 325 AR 2 8 AT RE A TE K F
AR ER, RN AEEA G RIS
P TS PR A A A S T T, SR EE R
ARG ET . Rk, R N R 4 4
SUrp oy B L G 70 PR A BT ) P AR TR R A ke LA
S 24 PR ) A K D2 12 s I 2K 268 46 D DL 5 |
P2 B = T2 B0 R Y A AR S5 ) R

AL, BEC AR . B 2R Tl 458 1)
PRI, R AFsR R, — 2y A i i A
FENE SRR G, e AR S Y Y
AHWEHBI BTk, kA Gentiana
straminea Maxima. [ N 4z EL TR AJ 2R 772 Z 0 KSR
KWy, BIEFAHE ., MRS
£ Seetharaman %' J\ Passiflora incarnata L.
o3 BE AR 7 B BN B b BRI BRI PR A
Yyis A& ¥ (FChR)AY N 4 E I (A, alternata
KT380662 . C. KT373967 #1 C.
taiwanense PI-3 KX580307),

KT R ERHE Y N AR 7 TH BB
A AR I — S o F AL S aF A N AR TR B 5T
BN SR A B a4 AE B — bR A A
B o AR AR R B TR O M N AR BT B BR
Alternaria alternata'” . 75256 b 55 35 A i
RS MR FERT G, G i L DA A TR O 0 7 B A8
b &WHERIEIT S, DAL RT AN
FRBEIR AR 2 AR

1 #RE5xF*

1.1 #&

2020 2 9 H, ML T rh EREPE A R B 5K
IR R R R T AR T AW
fEFRA %, KGFEMBEAETE 4 °C & H .

KJFF i (Escherichia coli) (ATCC33694) , %753
AT (Proteus hauseri) (ATCC13315) . Al 254
FFEi(Bacillus subtilis) (ATCC23857) . BIMGIEVHI TR
Fi(Salmonella paratyphoid) (CMCC50094) 14 5 {7,
] %4 BK 1 (Saphylococcus aureus) (ATCC25923)
LI PG BB 2 A P S G = Al
1.2 EERXFIFNE

1/2 MS 532 3 CR & HEMEFI3E) . Ezup £
ALK 2] DNA #li# X0 & . 4S Red Plus ##2
e a3 (10 000x7K %53 ) F1 Taq PCR Master Mix

capsici
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(2%, blue dye), A4 TAEY TR(EIF) M AR
/N ) ; DL2000 Marker ., #5 % [ 4% 68,3205 £ A 40
P4 A R 2H e BB &, H AR RoR (B RY)
AR A 11 %R B 2- =5 Ak R
(1,1-diphenyl-2-picrylhydrazyl , DPPH) 1 2,2'-
IR - . (3- & R I e e b - 6 -l 118 ) — e £k (2,2
azino-bis (3-ethylbenzothiazoline-6-sulfonic acid)
diammonium salt, ABTS), Jt &5 EYF

BARAR . B4, Nikon 2Ad; 48k
HEETE, RIS A PR A E 4 A S
B G i R g, bt TN B A BR 2
Al fEIRIRG A A AR R SR, IR WA
IR E A BRA Al 4K 2T R R AR SRR
R S LT i o3 HE T R AN, FRER AR
FHE AT

1.3 EFHE

1.3.1 SEHRERERERE

IR BAIR Hi IR B (CDA)S % SCHR[ 11 TRC ]

W IRBUR R #£ 5L SDA (g/L): FH K 10.0,
% 40.0, FE 20.0; pH 7.0-7.5,

1/2 MS FEREEIR EE FR 5L (g/L): 1/2 MS K557
FECOR S RERERIBUG) 2.3, FEME 30.0, BUAE 8.0;
pH 5.5-6.0,

1.3.2 MEXKAMAERE

S P PO R SRS, e IR B
B IR FE(NA) BB R A B 37 5L (NB).,

14 AEEMSEES4L

BUB i 0 Rear AR 4%, K A A 2
1 30 min, FTCHZ MR R KT, A
F ARG IR K e 3 W, o IEAtR T
KAy o SRIGHIR A 75%Z (1 min) . 2% NaClO
V(5 min)EA T RTE K . TR K e geA
a5, R B AC P S A ) ks TR 1-2 em
P/NERZH L, I 5 B e Pl 28 ] A i R ik
b, BAEEREER 5 HSK ., KT EERE
M & T 27 CCIERIEFRAR 535 . M52 E

FEE B0 TRV B, R s A I TR A
AN T ) L B B A R 4 o P o, Al 3T 4 A
BRIk B TR AP alifh, HEA U H B E R
—Pkk. Zifb)E TR T 4 °CIR A

IR, T 8O- 25 R TRk A6 & a7 AR 1Y
PAERE, BEE T 2 NXTHERAl. —4UH R e
HROVEN RS AT BN iR R S —4
FA B Je — R ek B TG B K B T AR R A o AR
2 KT BE AL AR 8 TC AT T A P A 4, I aT L
Wi AR B R R A AR N AR TR
1.5 FEIEELESYEKIFIE
1.51 HAEREBABEES

W A B AT B 1 I S 75 A AR TR 4 B R A
B E R AR R b, 27 oC RIS & R HEA TR
ERESR 3-7do WA ER : B 1 cmx1 cm 47 B
fE N A B 4 A E B TR RS 3R
27 °C. 160 r/min 514 FHEIR EBESE SR 7 do N
AT . AR IR PR — IR A, R TR
IREE R B s 2L, Nnsiis)h, 27 °C.
160 r/min 54 T~ K K BERE SR 7 do
1.5.2 #HiHRNHE &

PR A LR P TR A 5 R T R A il 0 B
PO A 2 TR B A S R VRG34 °CL 5 000 r/min
B0 15 min 43 8 o R BER T e 25 kAL 1 50 °C
e 2 IR AR oy 22—, SR 2 A AR
MR BRI 3 K, AIF2B0R, 50 °CllE
WAR 1S O TR CBR)ZHEIY . 5 mL HEE2Y,
JEH 0.22 pm 2FPERR LT UE, AT 4 °CH .
153 HEXCEMERERMN

H T R L - MM R B () A7, e — &R
Gk 8 S A3 M B AR A A Y e A e

R -BE R RV . BURFINE 1 mL FiE
A REERY , RIS TR R 3—4 T,

FeCly JZ i : BURFIIVE 1 mL 2=,
A 2% FeCls i WU -

NaOH S : HURFMIE 1 mL 24,
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A 5% NaOH ¥ 70 £ -

AICL; [ BRI T84ty b,
1% AICI; L3, T 365 nm 55N T WL
1.5.4 Thin-layer chromatography (TLC)% I

P NAE TR O R SRR B, X RE S

AU A A2 B BTIRAE Al , FETT 3R] — S e - P

FRR(17:2:1, RFEL), BEFIN 1% AICL Z
BEIR, 365 nm 2EHMT FMER .,
155 BEFESEHNE

K B N AE BB HEFP R 100 mL B 14
BRI (gL, AT, AEEIRERIR
[ 27°C, 160 r/min 557 7 d. FESLHIASR] 1.5.20

TR 2 T $2 B 0y 8 8 T & il o
NaNO,-Al(NOs); t ik T iTAl . B, %
FRAE 20 mg 7 T X B & T 50 mL A&,
FH 60% & B i 72 75 - F B 25 mL %M 3] 50 mL
EMT, MEBKRBRERZE, B, B
BEHR 0.2 mg/mL M T XIS . 7€ 25 mL
HEMHPHIMA 0.1,0.5,1.3.5, 7 10 mL
FUTXRESIA, SRJE A 1 mL 5% NaNO,, &
& 6min, fIA 1 mL 10% AI(NOs);, #+& 6 min,
JIA 10 mL 1 mol/L NaOH, )5, i 30%Z. 1
HWIRESR, #AIEHE 15 min, 7£ 510 nm A
EREVWHIICREE . LIEEE N ARFR(Y), i
VR B O AR AR OO E B 1 2R B . R TR
B B EARPRMER R E , A 3 4
FIXT . 2 BROP T BR o il G 5345 it 1 1 )
T

S P T = (O AR R > R < H
TRARTFR) R B A AR x100% .
1.6 FEIANEEBEE
1.6.1 FEEEFETE

PR AR 2 Bl 2= O[] A [ 44 SF- Al | (CDA |
SDA. 1/2MS)T 27 °C#55% 12 d. WELHI0 S TE
PR IEWARHIE, IRV EAE . Bt . ZEAIE
Bo PN AEEFEEZ TR A L, AR mR

W TR AT s W RPN A A TR T R
J, A 2 FR g R S A X e T g £
FHRIABETE 10x40 PLEF T WS TR 22 K A1 i 10 1E
. WE, R CEREETFM) DR Ak
FC 2R GE 20 0 2 A0 )L 0 sk 2 P A T R AT 4025
1.6.2 HTENFEE

A FLEFE S AT 100 mL ARG R 250 mL
M 27 °C. 160 t/min 3537 12 d. 4 °C.
5 000 r/min 50> 15 min YCHE B AT AR AR
SIS BORY , R EF AN AE BRI L 240 DNA
KA B B N 4 DNA R BUAH] A2, 7
BN T &% S 1A B X (ITS) A i A 51 4 1TS|
(5'-TCCGTAGGTGAACCTGCGG-3") fl ITS4
(5'-TCCTCCGCTTATTGAATGC-3") k174 1 .
WA 4] DNA AYHEBCR F 40 i a2k X
AP H &, JFHAMEE MG Y 27F
(5'-AGAGTTTGATCCTGGCTCAG-3")F1 1492R
(5'-TACGGYTACCTTGTTACGACTT-3") 414"
B4 PCR Jz WK % (20 uL): Taq PCR Master Mix
10 uL (2%), b . FI#5149745 0.8 uL (0.4 pmol/L),
DNA #4%(5 pg/mL), Jo B AZE K #MFE % 20 pL.
WA FLIE PCR W55 : 94 °C 4 min; 94 °C
30s, 51°C30s, 72 °C 1 min, 35 PM§¥; 72 °C
10 min; 4 °CHRAFF. WAEAIRE PCR W 55AF
94 °C 4 min; 94 °C 30 s, 53 °C 30 s, 72 °C 2 min,
30 PMEFR; 72 °C 10 min; 4 °CI#£FE, PCR 91
PR A T AR TR (T e A R WY
B0 120 B 81 7E NCBI BLAST | R4 7 Hext
0T, TN EAMLER S F, i MEGA 7.0
AEFN neighbor-joining JFE1 TR Hr, Hyg:
REGERK BT E .
1.7 REEARYNRELEES T

FES A TA] 1.5.20 JGK ZOBEV i B fb A FH
PEXTBR(FLIRIMLER, Vo), ¥ MR R B
PHAEXT B 2= 7 FPk BE (0.0, 0.2, 0.4, 0.6, 0.8,
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1.0 A1 2.0 mg/mL)#EAT 2 Rl AT P
1.7.1 DPPH B HEFMRFEMERNE

K FR B DPPH #3K (25 mg), F 100 mL
Je/K 2 BV R % 0.25 mg/mL DPPH-Z, i
W, FEAETE 4 °CUKF % . 4% 100 uL DPPH-
CEVS AN 100 pL 6 B2 AR I 00 A B AR AR
th, 37 °CHEYEHFHE 30 min, 7E 517 nm Ab+
OD f, FALI A 3 ATt B EhR%E
HEARX N HBHRER%)=[1-(A—A)/A]*x100,
A, Ay 100 uL DPPH ¥ 100 pL JG/K 2
FERYOERE, AR 100 L DPPH &5 100 uL
o BEAE SRR B I ROE R, A R 100 pL A6
FE BN 100 pL Jo/K ZEEM G
1.7.2 ABTS BHEEBRFMHERNE

K56 FREL 78 mg ABTS ¥R, fIA 13.2 mg
W HEREN, WaiKERZE 20 mL, 4 °CROGIRAT
16 ho 7E#F1T ABTS H HHIERR LI Z AT, Tk
LIS ABTS [ B 20 FE A 0.700£0.002,
SRJE, K 800 uL ABTS ¥ 5 200 pL A6 FE b
WHOR A% E 10 min, WL 200 L G
TIABEBRAR T, 7E 734 nm AT OERE, A4
SLIGHA 3 AT BRI AN
R (%)=[1-(A—A1)/Ag]¥ 100,
A, Ay 800 uL ABTS ¥ 200 uL oK 2
FEIR & 5 WOGEE, A 800 nL ABTS K5
200 pL A6 FEERE SR A J5 OB
1.8 NEREHERYIEFEED

FREHEAC 9 B0 (K-B )P4 HLAR Y B %
[ R R 3 N A LS N E AR S IR
I R W (KA . & R BRHE ., SEa
I BRI . Al L ZFFRAT TR RN B 4 FE VDT IR TAT)
SR RN, 1x107°—1x10" CFU/mL M3 7 1%
W o #4200 pL AN B 7 N A 20 mL NA 35
FRIEH B P9 A BT IR VR U S A

HAEHU(DMSO) T, BL i Bk A 50 mg/mL /Y
W . TERW IS, FHRA 50 uL FEah i
B 6 mm JE 48U S A AN B B AR . &
N B R AR AR R 40l Dy o 2 IR B TR R A
22 PR BA I B 0 BE X R, DMISO Sy B X6 e
FEASLIRHBE 3 AN FATXTIE 7E 37 °ClEER;
FER PGSR 12 h J5 , WEESFF 10 S5 AH WL 4 700 18 el
KN,

T o L I e N BRIR
100 pL NB #3830 A Bl b Al 19 2 A4~ fL
(1-7). B 100 uL FEVERE R 1 S AL, BA)E
B 100 pL A 2 5oL, DIUb2HfE, %208 R
2 7 54l FREWLUREE N 25.000, 12.500.,
6.250. 3.125, 1.563. 0.782 1 0.391 mg/mL.
R AR R G A JC I NB B R AR R E
1x107°~1x10"* CFU/mL. ¥ 100 pL i3 5 7
R RAALIIRST, JFAE 30 °CHiFE 24 he
P NB 35323 A4 B A O EXT B 24 h
Jei . FL A SR T I AR S e /N B R
FEMIC) . K s Jodi i A= K I RE 2 (50 ul)
TEJCH NA AR EIRA, JFF 30 °CHEHE 24 h, F
M b TCAT AT A 0 A A 04 B fE e B Sy e /N AR T
W (MBC), BAMMEEREE 3 LFRESEIT L
ARG R

2 BERXR504

21 IBRFEFEMAERNS B SIFE

i1 I 3 il 43 25 355 7 5 DA b 52 B 26 1 i AL
SR I B 112 BRIV A FRR, A Y
WARERR S, mEaRLE 1. RiEEa
ML (% 2) A2 3% 5 (thin-layer
chromatography, TLC)Z3 4 (Il 1)) 45 5L i %
4 PR R 25 AR A 0 AR TR (Z2C020
7ZC026. ZS042 fl 2Z105), Hi& 1 "] %1, Wi
AICL BAFG, 4 DNFEEHEDESLINET
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YRR AN R R JEE B0 8 (BB AT, SR WD i
HAY 4 BRI AL ISR . 28042 HPRAY
HLSE P55 5% BEALE S A6 HA TR R AR |

F1 LRFLEPRAEEHNIBER
Table 1 The separation result of endophytes from
Loranthus tanakae

Type of Strain No. Total Isolation
B — B B G ORRER, R Z2S042 medium frequency (%)
CDA ZC001-Z2C031 31 27.68
PR AT 7 5 b S 5 AR A ) A [R] 25 7R B B 2 Ak SDA 78032-7S075 44 39.08
a8, 1/2 MS 77076-727112 37 33.04
x2 EMHAEARVEBEERREER
Table 2 Results of the color test of strains crude extracts
Reagent 7C020 7C026 75042 27105
HCI-Mg Yellow Yellow Brick red Pink
1% AICl; Violet fluorescence Blue-green fluorescence Blue-green fluorescence Blue fluorescence
2% FeCls Dark yellow Yellow Orange Yellow
4% NaOH Brownish-yellow Light yellow Light yellow Light yellow

1 FHReEam A JERFAELE; B:
ZC020 HL#EY; C: ZC026 Hl#EH; D: Z2S042 Hl
$E¥); B: 27105 MW . ik FriEh 2S042 W
PREVHLEEY) 5% BT RS 8RR, Bt — By B
EESERS I

Figure 1  Thin-layer chromatographic analysis.
A: Total flavonoids of Loranthus tanakae; B: Crude
extract of ZC020; C: Crude extract of ZC026; D:
Crude extract of ZS042; E: Crude extract of ZZ105.
Arrows were used to indicate the yellow-green
fluorescent spots with the same migration rate and

the same color between the crude extract of ZS042
strain and the control substance.

KF NaNO,-Al(NO;); He ik gy 2= T hnitErh
£ (Y=0.183 4X-0.000 6, R=0.999 4), FFLEILH:AL
EIE T IR 4 ABRRR AR H R TR 5 4
RE/R, W 2C020 MR BH & RiE, N
(44.58+0.72) mg/L; ZS042 Y=z, Fou e &y
(31.98+0.18) mg/L (P<0.05, n=3); ZC026 F1 ZZ105
(9 B R S RE R 5 #1000 mgL, 43
“H(3.65£0.36) mg/L FI(1.46+0.14) mg/L (P<0.05,
n=3).

22 FEEAEEHNEESER

Fik 2C020 (GenBank 55> OM232081)
P75 TE CDA it FAER AR, iR 7 d A%
HAIAF] 60-70 mm. WIHHHAAAAREZ, |
Jo TR 2238 A R A, TR TP R (AR S R
o TR22A7 B IREE M, NS RREE, A L,
2B 22 BRAS IR 5 TR TR 22 B A R 2
&, 7 RIPEERGRIE (K 2). HITS FA7E
BLAST RS RBUHCHER ITS JF¥51, H
MEGA 7.0 BB E R G L B (E 3).
g8 B W oK, W Bk ZC020 5 Botryosphaeria
dothidea (MT919156.1) 1% 7 5] iz FAH AL 325 3]
99.27%, LZAGWTE . WIKES ITS FFo150 4T
58, ¥ZEVkwI 4 %% A Botryosphaeria sp..
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2 NEHEEZC20 MESHEREMESE  A: Wk ZC020 IEIHFHE; B: ik ZC020 & ity
fiEs C: Btk ZC020 18 22 i UE K (400%)
Figure 2 Morphological characteristics and micromorphology of endophytic fungi ZC020. A: Surface

characteristics of strain ZC020; B: Reverse characteristics of strain ZC020; C: Micromorphology of hyphae
of strain ZC020 (400x).

77 L|— ZC020 (OM232081)
Botryosphaeria wangensis voucher HGUP191039 (MZ541935.1)

% ‘{Botryosphaeria wangensis voucher HGUP191015 (MZ541934.1)
Botryosphaeria auasmontanum CBS 121769 (NR 136992.1)
94| 58 Botryosphaeria scharifii IRAN 1529C (NR 111719.1)

Botryosphaeria corticis ATCC 22928 (DQ299248.1)
9rBotryosphaeria fusispora MFLUCC 10-0098 (NR 121552.1)
—— Botryosphaeria parva ATCC 58191 (FJ545228.1)
Botryosphaeria obtusa ATCC MYA-4192 (EU331083.1)
Alanphillipsia euphorbiae CBS 136411 (MT592029.1)

100 T Alanphillipsia aloeicola CBS 138896 (MH878642.1)

P L Oblongocollomyces CBS 121775 (MT587319.1)
0.05

100| |5

3 WEER ZC020 MARFAER /X EMECTF R 1 000 X bootstrap 73 M FIr il , L B/R KT
50%AME ; bR 0.05 N iFEfLIE B #R7HEE & Botryosphaeria auasmontanum CBS 121769, Botryosphaeria
corticis ATCC 22928, Botryosphaeria parva ATCC 58191 /1 Botryosphaeria obtusa ATCC MYA-4192;

outgroup A Alanphillipsia euphorbiae CBS 136411 . Alanphillipsia aloeicola CBS 138896 #lI

Oblongocollomyces CBS 121775

Figure 3 Phylogenetic tree of endophytic fungi ZC020. Bootstrap values>50% based on 1 000 replications
are shown at branch nodes; Bar, 0.05 substitutions per amino acid positions; Botryosphaeria auasmontanum
CBS 121769, Botryosphaeria corticis ATCC 22928, Botryosphaeria parva ATCC 58191 and Botryosphaeria
obtusa ATCC MYA-4192 were used as type strains; Alanphillipsia euphorbiae CBS 136411, Alanphillipsia
aloeicola CBS 138896 and Oblongocollomyces CBS 121775 were used as outgroups.

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



3806 A 2 AR Microbiol. China

#iHk ZC026 (GenBank %558 OM232080)  IRERME S M, 2 [CYLfa )G Sarfn, % i
W74 TE CDA ¥t FAER GG, iR 7d ek e [IREIEATR (K] 4). HEIL 16S rRNA JEKFHI7E
729 20-30 mm, YRR, AN, Bl BLAST R&EH THEAMXMEWNREREIFH], A
oA ER G, TR, FRE/NMT  MEGA 7.0 BIFHAHEEMERFE L TR A 5).

.‘ T

e

B o e

4 MEHE 2C026 MESHERBMMPESE  A: Ktk ZC026 IEEFHE; B: Ktk ZC026 75
fE; C: Btk 2C026 BT 25 18 (400x)
Figure 4 Morphological characteristics and micromorphology of endophytic bacteria ZC026. A: Surface

characteristics of strain ZC026; B: Reverse characteristics of strain ZC026; C: Micromorphology of strain
ZC026 (400x).

83|l Pseudomonas koreensis S4T10 (MZ612855.1)

rNAA s s EAAAAAAN

98 ﬁ» Pseudomonas koreensis JH18 (KF424274.1)

97 || Pseudomonas moraviensis (HG000013.1)
9Pseudomonas moraviensis PSB34 (HQ242747.1)
Pseudomonas putida ATCC 12633 (MG708344.1)
Pseudomonas fluorescens ATCC 13525 (NR 114476.1)
Gluconacetobacter hansenii ATCC 23769 (AB166734.1)

100
100

100 ———————— Azomonas agilis NCIB 11693 (AB176838.1)
L Azomonas macrocytogenes (AB175662.1)

Zoogloea ramigera ATCC 19544 (VMEK01000025.1)

—

0.05

5 MAEME 2C026 MAZGHMK 0L EAET N 1 000 K bootstrap 73 M IrfHE, ALER KT
50%FH91H ; FR R 0.05 AL EE B ; ArvfE TRy Pseudomonas putida ATCC 12633 F1 Pseudomonas fluorescens
ATCC 13525; outgroup & Gluconacetobacter hansenii ATCC 23769, Azomonas agilis NCIB 11693,
Azomonas macrocytogenes I Zoogloea ramigera ATCC 19544

Figure 5 Phylogenetic tree of endophytic bacteria ZC026. Bootstrap values>50% based on 1 000
replications are shown at branch nodes; Bar, 0.05 substitutions per amino acid positions; Pseudomonas putida
ATCC 12633 and Pseudomonas fluorescens ATCC 13525 were used as type strains; Gluconacetobacter
hansenii ATCC 23769, Azomonas agilis NCIB 11693, Azomonas macrocytogenes and Zoogloea ramigera
ATCC 19544 were used as outgroups.
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ZER IR, WR ZC026 5 Pseudomonas koreensis
(KF424274. 1) e 9 B RAR MR B 99.03%, 25
BHE . BIATESH 16S rRNA KK FHI0 5
B, BRI % E A Pseudomonas sp. .

itk ZS042 (GenBank 55 OM232082)
VA TE SDA ik FA KRR, 557 7 d WK H

iK% 50-60 mm. RIFHLLIE, BTHbE, H
KRB RSO I A6, KRR,
RTINS SR W2 AR, Aok, £
BOA 22 R s T A 6). HLITS JF
Y7 BLAST RGEHRBUHICR /Y ITS FP31, H
MEGA 7.0 4R HaA B R G R (A 7).

6 WHEEH ZS042 MESHTEREMESE A: Hik 2S042 IEM4FHE; B: Hkk 2S042 35 1 k:
fE; C: Btk ZS042 T 22 B HUE & E (400x)

Figure 6 Morphological characteristics and micromorphology of endophytic fungi ZS042. A: Surface
characteristics of strain ZS042; B: Reverse characteristics of strain ZS042; C: Micromorphology of hyphae of

strain ZS042 (400x).

B7 WEEE ZS042 MREAKEABEM 453 EAECTH 1 000 IR bootstrap 43T FriHE, ALB/R KT
50%ME s AR 0.05 I HEILEEES s FRuERE i Nemania abortiva ATCC MYA-4108; outgroup S~ Daldinia
caldariorum ATCC 36660 . Daldinia concentrica, Creosphaeria sassafras CBS (127876 . 144984)Fl

Kretzschmaria deusta CBS 288.30

Figure 7 Phylogenetic tree of endophytic fungi ZS042. Bootstrap values>50% based on 1 000 replications
are shown at branch nodes; Bar, 0.05 substitutions per amino acid positions; Nemania abortiva ATCC
MYA-4108 was used as type strain; Daldinia caldariorum ATCC 36660, Daldinia concentrica, Creosphaeria
sassafras CBS (127876, 144984) and Kretzschmaria deusta CBS 288.30 were used as outgroups.
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gELE R, FKE ZS042 5 Nemania bipapillata
(MT908613. 1) ¥ 5 e KARRUE A 96.47%, £5
EHTE . HIEIEEH TS FHHE A, %
PRt A % 5 A Nemania sp. .

W, MO . WERNEE TG EAA,
M TAGRMSW, FEEEHOEREROA
FK @, SRS B . HLZI0k, A8,
ZROH 22 BRAE IR 5 AT AR (K 8). LTS

JFAITE BLAST R 48 H AR BCH AP JE 19 TS J751,
I MEGA 7.0 AR A R G R B (K 9).
R BN, Wk 272105 5 Phoma moricola

iRk ZZ105 (GenBank % 5%5 4 OM232083)
HVEFE 1/2 MS Kigdk FAER BN, #5398 7d

K HEAAIKF] 30-40 mm., FEIEEREEHE, Bt S

fits C: Btk ZZ105 W22 BRHUE R (400x)

Figure 8 Morphological characteristics and micromorphology of endophytic fungi ZZ105. A: Surface
characteristics of strain ZZ105; B: Reverse characteristics of strain ZZ105; C: Micromorphology of hyphae
of strain ZZ105 (400x).

9 WEEHEZZIS NRFEER /3 ERECT R 1 000 1K bootstrap 43 H ir i3l ; #5R 0.05 4
LIRS ARMERE & Phoma odoratissmi CGMCC 3.17488. Phoma herbarum ATCC 12569 F1 Phoma
laundoniae ICMP 10843; outgroup “& Xenodidymella glycyrrhizicola CBS 684.97 . Allophoma alba CBS
120422, Allophoma tropica CBS 436.75 F1 Allophoma siamensis MFLUCC 17-2422

Figure 9 Phylogenetic tree of endophytic fungi ZZ105. Bootstrap values based on 1 000 replications are
shown at branch nodes; Bar, 0.05 substitutions per amino acid positions; Phoma odoratissimi CGMCC
3.17488, Phoma herbarum ATCC 12569 and Phoma laundoniae ICMP 10843 were used as type strains;
Xenodidymella glycyrrhizicola CBS 684.97, Allophoma alba CBS 120422, Allophoma tropica CBS 436.75
and Allophoma siamensis MFLUCC 17-2422 were used as outgroups.
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(KX065025. 1)1 7741 e KA X F] 99.80%,
LTS . WIRIESA ITS FAamE R, %
IR ARWI A S S Phoma sp. .
23 AERERMERYMENEN
PUANEE S TE 0.2-2.0 mg/mL Vi J3 7 [l Py 247 )
DLW ER DPPH H H1 4L, I HAZas v S AE ik i 2
IEAHSC (K 10A) o B4 Al 7535 = e )2 (2.0 mg/mL)
) DPPH H W BRBRIN 96.76%+0.11%
(Ve). 72.85%+0.66% (ZC026). 57.01%+0.89%
(ZS042) Fl 31.75%+2.05% (ZZ105) (P<0.05,
n=3). ENTHY 1Cso {535 °4(0.83£0.05) mg/mL
(ZC026) . (1.24+0.02) mg/mL (ZS042) .
(5.2240.25) mg/mL (ZZ105)F1 0.10 mg/mL (Vc)
(P<0.05, n=3), ZC020 MY EFRIEH 10%.
BAE I TE R B E (2.0 mg/mL) F Y ABTS
H 235 BR R AR N 88.42%+0.72% (Ve) .
88.17%=0.15%  (ZS042) .  85.36%=0.75%
(ZC026) . 67.18%+3.74% (ZZ105)F1 50.00%-=+
2.07% (2C020) (P<0.05, n=3). 7£ 2.0 mg/mL

HF, ZS042 1 ZC026 1Y) ABTS H HHILIERR%E S
BUIR IR 1) 175 B SR BE AR ] (] 10B) o 33k BB A iy
[ 1Cso {43 3 47(0.19£0.03) mg/mL (ZS042).
(0.05£0.01) mg/mL (ZC026). (1.20+0.07) mg/mL
(ZZ105). (1.89+0.14) mg/mL (ZC020)F1 0.11 mg/mL
(Ve) (P<0.05, n=3).

Wi 2 MR R, Witk ZC026 F
ZS042 ELATARSR BT AL TG, 1V b E LR
HAERET), HGH#E—LH5E
24 HNEREMBRYBINEEN

TEARBFE T AR 22105 HAFU R E 1.
PRIRR ZZ105 X85 2 FG PH A TR A B 2R A 1. 4
B0 2 R R A % A TR R 5 SR VDT R
WL AT TEAT R A M EIE R, R G R
RFI IR 1), 22105 HIRYT &
SARTEAE B . R ZEYD 1] G TE A4 v A A BR
B MIC #1 MBC {H4r%124 3.125 mg/mL #l
6.250 mg/mL; XAk B ZEAAT R Y MIC #1 MBC B
43914 1.563 mg/mL Fl 1.563 mg/mL .,

—a— V¢ —e—7C020 —a—ZC026 —¥—Z7S042 ——77105

100

80

60

40t

Clearance rate (%)

20

0.0 0.5 1.0 1.5 2.0
Concentration (mg/mL)

& 10

B o0

80

60

40

Clearance rate (%)

20 f

0.0 0.5 1.0 1.5 2.0
Concentration (mg/mL)

FEINNERNBBHEFERENE  A: DPPH A mHILERIEM; B: ABTS A HILERIE

Figure 10 Free radical scavenging activity of flavonoid-producing endophytes. A: Activity of DPPH radical

scavenging; B: Activity of ABTS radical scavenging.
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Figure 11 Antibacterial activity of crude extract of
strain ZZ105.

3

WA TR A A B AR Y o 2L 4 R
gy, TEREPIRIE . N HACE R AE K T R E
EEAEM . AL RURRAE RV 45 #3227 A
YN B s, HASGERZ .
BELEM ZRER R U718 1993 48, Stierle 251
MREFE A o g it —Fh N A B, R BLH
AL DA™ A 5 25 324 0 A8 6] 0 B0 i e ) Jo 25 42
B, Ja AT E N AMIF SN B3 AR P N A HL R
FRAYEEY BT . AL UL S A A B
R RE R, Ok S € Sy B AL R P iR A T R
IssE, ikl 4 L EA P E RIS Py
PERINAETE, H @bk 2zso42 a7~ 5L R4
P AH R 28 7R 1 8 P 28 B 7 TR AR T 5 R0 1TSS
5, 16S rRNA FE[E P51 53t 93 BT, 4 Bk 55
S8 % % A Botryosphaeria sp. (ZC020), Phoma
sp.  (ZZ105) . (ZS042) #0
Pseudomonas sp. (ZC026).

Tang %> )\ Conyza blinii H.Lév HH 4355 i
— B A S HO B N AR L CBLL, G B 5

Nemania sp.

1R (50.78+2.4) mg/L. ASCHE KR 2C020 5
ZS042 1SR o Ay , 530k (44.58+0.72) mg/L
F1(31.98+0.18) mg/L. M HETHIMFFLE R AF ,
FRATTTR 1 1 A HL A v 255 BURE 7 1 N AR TR
WK, AReW R TR, FFEdE— BT

B H1 HE7KF T w2 iR B e A A B A R S
A mioe R, RATRE BRI, H
o K TR T RS Mol S e A W 4y F
(DNA. RNA. HAFAR I FERAKMLEY), M
TRTHAS N R A AR . 2 ZORN o B 3 40 58 9T T i
P B0 b 5 7 A 4 B P R A i
Pseudomonas sp. ZC026 £ 4 ELi# Nemania sp.
ZS042 TEIEFR ABTS H W3R
PréAALRE T . ZC026 FR I H 5 I R TG
ICso 4(0.05£0.01) mg/mL, H:IKJE ZS042 [I1Cs,
>4(0.19+0.03) mg/mL]. M4 HF ST, Tang
SRS T PR HER P A2 U CBLI2 A9 ABTS H
A FLWEBRAE f1, H 1C50 H(0.240.01) mg/mL.,
AT UL, ZC026 FI ZS042 HyFi AL RE Ty A%
i, BRI ERWIRRE . GaummEs
Y& MU EALTERE, Z2S042 ELAA 5 i i R
FACE Y& i B m A ARG R, T L
A LA AR R R B A B, (AR
2B BR o R W 2R A S Y B

MEEEAKT 7 mm B MEER. K
F 7 mm /NF 10 mm FPRE; KT 10 mm /)
F 20 mm H g ; KF 20 mm My P, 1
AT, N A B Phoma sp. ZZ105 X 424 |G
FRPE B A0 5 22 QR MR B 3 A e . Hodh &7
SARTE AR ARG IE VD TR X ZZ2105 K2
RPN R, Al AR R AN 4 BT R g 3K T
XF ZZ105 HE=Y R ML

25 L& FI R W P 1 325 9 v RN A ) 22 R
PRI IR, DA B SR TEUR P ISOIRAE 0 61 6 )
BRI ER . R KRR Yl
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Yy i R, ELUERIBCRI 78 . S YA
o, PRV R BRI A SRR
Sy, IS AR R A AT
Heo AN, S A i AL S B IR,
B E Z, WAETUR A T A R A e
RS, I RBOX bGP s it T8
ARAR, WA AR AR, 8 i it
o 2R AL S YR RN

4 Gk

BN S 2y A AL S 5 A v oy 15
B 4 Bl ECE N AT, LR — bk A P AR
NP . A TE A S oy T AR S e R B
X 4 #£ %45 5 J& T Botryosphaeria sp. (ZC020) .,
Phoma sp. (ZZ105). Nemania sp. (ZS042)
Pseudomonas sp. (ZC026). H:H, Fkk 2C020
M ZS042 ME KA G T RE R, Wk
ZC026 Fl1 ZS042 HATIR 38 iy bt A AL 16 14 , ZZ 105
FIH R AP PR E . X TAESRAN T X
FHAT WA ARV R NG, IR FAE
B G PR TR

H i =4k 210 9 AR R b S S A A e
AR R TIGFER, AT GRS &
WE SR AR A S TR 2R AL S R A7, DA NGX
SRR AR E Z WA Y, JFIRE XL
AR TR S AT DM s A 527 A AR K sl E v AR AR
UIEZ/IINE 2848
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