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AL DU RE LA R R R T e SR T AR
DUBEZR 202 DUEE v i 8 B A W o 2 — - 2 (P
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Yot i 5 A A U0 0 s M E AR AL
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Table 1

BRZF]D . TS-200B 18 i 48 PR CE R AL SR A IR A
Al BSD-400 5235 55 SR A (L i Pl szl A BR 2L W
BT ) RE-200 ARYJie #% 7 S A3 1t 2% B AR

B EZAEEMEZREEER

Tested gram-positive and gram-negative bacteria

H1 344 Chinese name

HLT X4 Latin name

A2 A Bacteria types

i R ARV R B A R Staphylococcus epidermidis (ATCC 12228) G™*
Jili ¢ 58 B A A Klebsiella pneumonia (ATCC 13883) G~
FE4E K TR Enterococcus faecalis (ATCC 29212) G*
22 Tiif ) 253 1% B L 1 Pseudomonas aeruginosa (ATCC 9027) G~
2 A B Acinetobacter baumannii (ATCC 19606) G~
Ak 2 AT B Bacillus subtilis (ATCC 19659) G*
4 TR O A R Staphylococcus aureus (ATCC 29213) G
T B TR T Micrococcus luteus (ATCC 4698) G+
i P 4RV Ak 4 B B A R T Staphylococcus aureus (ATCC 43300) G
T & AT Bacillus thuringiensis (ATCC 10792) G*
EGT” B EPHMER LG 2R . Note: “GH 7 :Gram-positive bacteria,“G~” : Gram-negative bacteria.

fr A PR A 7)) DZF-6020 H.25 T4 (1 g —1H R
IR A BRA @) HP4500 g brAY (Jb 5T 48 % 2 Bl A=
WHEAFRAED S,
12 AEEALAPNBRZEERNFE

PECRE 5 T A - WL DU BE R B A, B85 25 AE (it
SRR ELE T A0 CER TR AR T8 B i 5 i 0
(FifLE AR 0.27 mm) , FE R T &AL L 1 2 50
(g/mI)fINA TR B S T3 500 W A 30
min, 28 98 R W 4 L LS TR AR OR TR 41 2L R B R
B, o BGE &R H 4R TR TR f# .12 000
r/min 0 10 min, B IERE BT L LA B 4l
LR SR HEREAE X IR

a3 25 1 . Agilent 19091S-433 & 4045 #: (HP-
5MS 5% Phenyl Methyl Silox,30 m X 250 pm)
THEARF MR 100 °C ,4£F% 3 min;3~15 min,
M 100 °CFFZE 280 °C 515~20 min, JiEE R 280 CAR
AR :20~35 min, A 280 ‘CFHZE 310 °C ;35~40 min, Ik
FEARFF 310 CAAE, #EFECREE R 310 C. 8N M
4l 2050(99.999 %0, Wi A 1.8 mL/min, #EAf i
5 gL,Kﬁﬂfﬁo

SR HAAH IS (GO ARkt o A6 I 180 b DL R
R AL M I RER o0 i e DR SRR TE A
JREMWE 9 1.13,2.25,4.50,6.75,9.00,11.25
mg/mL., 735l ARG 25 B AV E A S B AR
R 6 W, T SR A X bR A 22, A F .
nV

m

R, C RSN U % 2 b me/ g3
n R R ) R me/mLs VO A

AP AR B, mLsm N K [A] 41 22435 3K B 5 5
iH.g,
1.3 NEENSBERE

AL DL R 4 Bk 2 T Uk 1, 4 00 Uk SR BN T
BELT5% L WEIRL 5 min; TR K PE 5~7 ¥, K 9%
WL BN IR 8. W A1 P I B2tk T
2 mLJG P K R I S R VR TR M R IR A B
(2842) CHiFR 7 d, R R £k i gl fb 35 15 5 o
RS NSl b Y P A T B s B A LB B R O,
28 °C \180 r/min K557 24~48 h, $ PN A 1 3 H 4
DNA J#iH,27F  1492R 51 ¥4 B 41 4 16S rDNA
JPH) L, ITST ITSA 519444 5w 1TS Jy 41, 97 4 >
Y3 RSB S B2 F DU R 45 SR AE Gen-
Bank f1 17 BLSAT 4341, 3613 5 R bR R A 16S
rDNAITS JF4 . 3% ] MEGA-X 7.0 8544 vh 4 48
BEWENEEHMAENRE LT,
1.4 NEBERE~YWMEZENE

ia B Y #ok " Wak 4 FhoN A BE ok AR i
PR A B NG M BC 4 RR kAR e I
(100 mg/mL); ¥ HEX A (AFTHFFER) M
PEXT B ZH (DMSO ¥ ) » il 5 910 6 B HL A BLAR =
20 mm (1) ] W8 = B8, 10 ~ 20 mm S AL, <10
mm R 2 38 o AR RO I E 4
ol A A TR IR AR 7 0 R A 3 R ) /N A R T o R
J¥ (minimal inhibitory concentration, MIC) il & />
T B s W B (minimal bactericidal concentration,
MBCO) , & FH P X BZH (i A 100 pg/mL &N %5
F) L A ER 3 W1 MIC #IMBC fH™,



%6 #i WA GE . WAL DURETE M R A 5 0 AR TR R AR P A 5 29
15 HIESWH P BT R S A T T = N BE 43 i 18

I BR 5 F SPSS 19.0 B4 #4788 1404
PLSEIE +hpfE 22" KR, P<<0.05 XREF T E,
P<0.01 FREFWEE,

2 HBREH

21 AEAHELAHTHNBERZEE

3 AR R B UL BE R 2k RR L E R B 4y
WA 15.77.57.27 pg/mL, 1% 2] & ¥ [ 13 7 #2
Y=900.30X —49.25 (R*=0.999 6), E&H N X 2
1 1.13~11.25 mg/mL &MEX R B ESGH T

1.79.0.78.3.20 mg/mL,ﬁfﬁ*ﬁﬂ@ %ﬁiﬁiﬁm
SEAS W, TE B AR AR [k R Ay ol 97.6 % .
97.4%.98.1 % , AT A5 A 25 RSD 43 51 4 1.18% .
1.7896.2.70 % » 2 B SOM 60,335 325 o] e S8 85 4, E
R 2 Fr7R SR (335 1 A ) 81 38 b DL R dfg 25
et R S & 35 2.24£0.17,0.94 £
0.13.3.994+0.10 mg/g, BLWI AR AL h Il E: 5 2
GEHAARENHES. RS ER S B R Z I
S AR I L DL RE R B R O 2R 1,78 1,

P g . 45l ) — 8 R E2E 8 LR R HER TS B 4.24 £%
F2 HIENBARALGFNEFEZEE

Table 2 Content of peiminine B of different tissue of F. hupehensis

441 W0 BV B/ (meg/mL) W3 /%% IR B (22 /% 4y fr i/ (mg/g)
Tissues Detection concentration Recovery rate RSD Average content
%25 Bulbs 0.8940.07 97.6 1.18 2.2440.17b
1t Flowers 0.3840.05 97.4 1.78 0.9440.13c
M Leaves 1.60£0.04 98.1 2.70 3.99+0.10a

L ARRNG FRER IR 25 B3 . Note: The different lowercase represents the significant differences.

22 HERLEERRGEAEMUE

P AL DL BE 4 Bk b 2 B 1 Bk A A S
(BM-X-6) il 3 #k N /£ H I (BM-Z-1, BM-Z-3,
BM-Z-5) K 5 9 16S rDNA H1 ITS FF 41 #E 47 9 19
WP, 3RA% H 7 5 B s X 4 53 5 oy 1447,
596.590.618 bp, HH Blast ¥k 5 NCBI %t % /%

B R AT R LG KT 38 BBORE B =98 06 1 T Rl L i
i MEGA-X 7.0 8/, &+ Bi‘%?zt,ﬂﬁﬁmjdwfﬁ
flit @ N AR T R G & & M (AT 1 000 IR H
Kl , Bootstrap {E>80/)%.QHEI/JLJA1'§WB A
0.5(F 1. 2).

| Pseudomonas helmanticensis (MK070159.1)

lPseudomonas sp. (MG266378.1)

]

BM-X-6 (MZ477239)

Pseudomonas fluorescens (MK774791.1)
Pseudomonas costantinii (MT712231.1)

Pseudomonas sp.Fa3 (AY131215.1)

0.5

B 1 ETF 16S rDNA
Fig.1

K BMEX-6 AR AN 1 7 51428 28 £ GenBank,
RIS MZ4AT7239, fy 8T 1 15310 D1 BF A A 4R R
ARG LA WAL, BMEX-6 5 5% 5 5 & (Pseudo-
monas) N 2E 2K Z it , o BM-X-6 5 Pseudomonas

sp. (MG266378. 1) /5 4 A8 10 M f% 5. 29 99.03%, 5

Pseudomonas laurylsulfatovorans (MK734314.1)

Pseudomonas sp.BR3-13 (EU853185.1)

Pseudomonas vancouverensis (KF424309.1)

FHHENSHLENEBENERATRELEWN
16S rDNA phylogenetic tree of endophytic bacteria of F. hupehensis

Pseudomonas helmanticensis (MK070159.1) Fll Pseudo-
monas fluorescens (MK774791.1) 55 7 51 A5 ALl 11,43 1)
IRF] 98.38 %6 Fl 98.95 %4 5 e Al LL 9] 46 5 BM-X-6
W E Ry Al BRI T )R B B O i 44 O Pseudomonas
sp. BM-X-6,
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1

Aspergillus versicolor (KX776009.1)

Arthrinium rasikravindrae (KP269008.1)

-
il

Aspergillus austroafricanus (MK267449.1)

Aspergillus sp. BX (KJ567464.1)
Arthrinium phaeospermum (KJ780759.1)

Arthrinium sp. DBF15KW5b (AB985778.1)

i

Aspergillus sp. HLS109 (FJ770064.1)

BM-Z-5(MZ477232)

BM-Z-1(MZ477229)

Aspergillus tabacinus (MH911388.1)

I—Aspergillus carneus (KM458808.1)

]
L
0.5

BM-Z-3(MZ477231)

B2 EFITSFIMENBEINSNEERRGZLER

Fig.2
¥ BM-Z-1.BM-Z-3 . BM-Z-5 iX 3 Ff P9 24 B
P18 5 51 42 52 B GenBank. 3K 15 & 55 4 5 by
MZ477229 \MZA77231 \MZ477232, MK 2 REK
BRI, 3 kN A S & E R (Aspergillus) 1§
TEAEWERB (Arthrinium) fr 7L R R, @3
b XF, BM-Z-5 5 Arthrinium
(KP269008.1) F¢ 51 FH U e 25 . 2 98.05 %05 BM-Z-
15 Aspergillus versicolor (KX776009.1) %% £/~
B 5 A0 MR e, B S Aspergillus tabacinus
(MH911388.1) & Jy — % ; BM-Z-3 5 Aspergillus
sp. BX (KJ567464. D4 24P o MR MER i, H 5
Aspergillus carneus (KM458808.1) - —H& , it 4h
BM-Z-1.BM-Z-3 i J& T [f]— 73 3. 5 bl LK
BM-Z-5 )20 % 7€ g 15 22 90 %5 16 8 B kL R H w4
N Arthrinium sp. BM-Z-5; % BM-Z-1.BM-Z-3 %]
A Uy I TR AR O 0l a4 Aspergillus
sp. BM-Z-1,Aspergillus sp. BM-Z-3,
23 WEBEREZRGE=WNEFED T
N 3 PR BARY Bk 4 R R W] L 4 RN A TE
AR B 10 BRI TR A AN [R] A9 400 587 36 1 L 410
AT P A B R U BH 0 PR R BRG . Aspergillus sp.
BM-Z-1.,Aspergillus sp. BM-Z-3, Arthrinium sp.
BM-Z-5 } Pseudomonas sp. BM-X-6 iX 4 Fhik 9/t
=W a3 % 203,91 Rk B A AR R A ) A4
(ME B HEZ =10 mm), HF Arthrinium sp.
BM-Z-5 R AR 7 0 0T B G e 25 LA B8 A0 AR 9

rasikravindrae

ITS phylogenetic tree of endophytic fungi of F. hupehensis .

PRI R A B A IR T AR A 3 Rk G
R =¥y, B Arthrinium sp. BM-Z-5 IR F AR5 7
Wy BEX T 28 52 B8 17 (10.90420.56 mm) | 4> B {0,724
BRP(11.56 +0.36 mm) | B # 730 BR 7 (10,07 4 0.49
mm) S RS E (11.9440.21 mm) UL K B A it 4t
A2 R T HY 4R P4 bR 4 v 0 4G BRI (10,67 £ 0.24
mm) 5 5 At R B AR T SIS 0 R
P Aspergillus sp. BM-Z-1 5 Pseudomonas sp.
BM-X-6 R AR 7= Hxt 2 Fh 3K o A 3 i
FH MR B f5e 78 5 I Ah BT A 0 O 2R TR IR AR T
X IR 2= 4 ZE AT TR A R A p /R

SR PR A 4 R 1 a0 — 20 000 7 A W v B
R T Ak 92 1) g /DN 410 P B i ik (MO i e /)
AT B R EE (MBOMHE, 25 R 5K 4 frs, R 4 7]
LA B LA 3 R R AR 7 W, Aspergillus sp.
BM-Z-1IR AR = W% 95 25 42 2F AT R A i i 1) 00
il R, H MIC {50 0.36 mg/mL, MBC i} 5.83
mg/ml, Aspergillus sp. BM-Z-3 I A 7= 9 %t Al
R IR AT PR L % R R T BR B G RO g by, H
MIC {H 4 0.50~ 1.00 mg/mL, MBC &}y 8.04 ~
16.08 mg/mL.,Arthrinium sp. BM-Z-5 R A 7
Pyont it 98 5 TR A L 4 R €5 2 K A L R O TR T
o] 2 AN )R TR T Y 4 P bR A B 60 A 2 3K R A R
0 9% o L 2 MIC {538 1.59 mg/mL, MBC {84
12.76~25.52 mg/mL,
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Table 3 Inhibition zone diameter of secondary metabolites of endophytic of F. hupehensis mm
R B bR B s A M 4= B Endophytic fungi WA 40 Endophytic bacteria
Strains Positive control BM-Z-1 BM-Z-3 BM-Z-5 BM-X-6
fili % 5 E AW K. pneumonia 18.65+0.69b — — 10.90+0.56a —
SO AERE S. aureus 12.324+0.34a — — 11.56+0.36a —
FEEEIRT E. faecalis — — 9.474+0.37a 10.96+0.11a -
Wi B ZE AT B. subtilis 14.94+0.35b 16.18+1.15¢ — 9.46+0.07a

BE s Bk A M. luteus

Iz LT A

B. thuringiensis

T FF 4 7 PR 4 60 7 4G R T
Methicillin-resistant S. aureus
2 Tt ) £ AR £ 7T
P.aeruginosa

i FFY 460 P4 b 2 e 7 4 1R 7
Methicillin-resistant
S.epidermidis

fifd & RN ENAT T A. baumannii

12.55+0.52a -

10.14+0.11a 14.77+£0.58b

10.7840.32a —

13.67£0.01b 11.4041.29a

11.90+4.81a —

— 10.0740.49b -

16.9240.54c 11.73£0.56a 14.964+0.44b
— 10.67+0.24a -

9.5620.35a 10.6320.43a —

14.3840.88b 10.947£0.43a —

— 11.94+0.21a —

TE e — 7R 7R T 0 VR 8 P PR AN B 5 TR — AT R OR RN S R R R 28 5 .35 (P <C0.05) . Note:* —”

represents that no obvious

inhibition zone in the test concentration range; the different lowercase represents significant differences in a raw.

x4 HWEENBRNERREZRESUHRNMERERENRNRTERERE
Table 4 MIC and MBC of secondary metabolites of endophytic of F.hupehensis mg/mL
/NI TR BT R IR MIC /N T BRI MBC
b3 T R P2 4 T Y| Y| AR i)
Strains Endophytic bacteria Endophytic bacteria Endophytic fungi Endophytic bacteria
BM-Z-1 BM-Z-3 BM-Z-5 BM-X-6 BM-Z-1 BM-Z-3 BM-Z-5 BM-X-6
WO ARE S. aureus - - 1.59 — — - 12.76 —
HHEFRA E. faecalis — — 1.59 — — — 25.52 —
50 2ERUFF 1 B. subtilis - 0.50 - - - 8.04 - —
g‘;li:jij? 0.36 0.50 1.59 1.95 5.83 8.04 12.76 15.60
ik P 46,4 bk o Ji¢ 78] 28 35K 1
Methicillin-resistant — 1.00 1.59 — — 16.08 25.52 —
S.epidermidis
il S AN AT A baumannii - - 1.59 — — - 12.76 —
e RN AR IR IS e B Y BB 6 MIC 8 MBC, Note:“—"represents that no MIC or MBC in the test concentration range.

3 i #

AL DURE A Sy B 1X T8 b 24 B L A P s A&
R ABH 2 JH BB A AN SR JH 895 25 T 4E L i 45 A 245
PETERMO B & 0 EH TSR B, W) AL DR
ARHLA RN R L& E2EFE R, I AR
Y=k T O T Y N Ol
o3 Y HA v Y A W R P Ay A 2 TR
FIAE A 22 TF A0 {8, 7T g 7 46 DUREBE IR 9 2555 T &
A T A LS

DA AR TR 2R T T AR R A A
SREATRDWIDZ— . HYWNEREESHY
R P3[R 2E AL i A R B T R BRI A
R AR B R ] — Y R A R A B PN AR 2
AR R L R AN A )2

EH L DU BE ooy B 1 BRI

Pseudomonas sp. BM-X-6, 1 ¥ 7 2% il % B Ar-
thrinium sp. BM-Z-5,2 ¥R i % & Aspergillus sp.
BM-Z-1.Aspergillus sp. BM-Z-3, [F#f,X 3 N
A T JE A e T DL RESS CH R e A Bk A e ) A
kL,

2 HIAE ) 55 AR 9 00 9 2R TR 22 TR A7 A 52 2% 1Y
AEBKRFET A Y EE B SR 4m
WP RE AR B B AR R S R T
FAHY B B A0 RO AR AR RS
TR S5 R R U] WAL DUEE b g3 By RS W AR ELTE
DA A= AR AR A 5 ) B R A E R R
K#ES. H Arthrinium sp. BM-Z-5 R F A ™
Py B ), ELUG 55 =2 BH R 4 T A0 4 o 0
BRUA FEBREBK TR L 5 2= 4 2 FOAT B L T PP AR T AR R
7 20 K TR R B 2 R AT B L 5 AR BRI R
TR, A EM R LI NAE P EEEN 1
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A AR P X e B R BR T 0 e B LA R
AT R S5 A MG S N R M B E
1R T 52 900 5 T 0 < B 00 2 BK A R K AT R A —
SE AR R 5 DR 5 T 20 M E Y 1 bk ot
X ] el B I AT 4B A €0 AT 2 R B AT L AT i Y 4
HIRE I . SR AR PR 2 A WO 5 v o3 B A4 Bk
PN A T 3 SR P 4G B PN 2R T R TR TR — L (H
AT R 9 P 11 22 S K A S R U AR )
VIZNGTE G

J5 A HE— 20 A i AL DU RE T A i 2L
PR 2H 0 P R R R 4 RR N AR R O SCBE TS Y
Az GO 1L DU RE rh DURE R 2 25 A WAL & W A= )
R R R B 0 R O sk L P A T A
P R B R AT 0 M R LU O T R
TUATC R 245900 % ke v B TS 245 1R 4R 1 2 5 K
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Active components of Fritillaria hupehensis and
secondary metabolites of its endophytes

YUAN Mingyuan'?,LI Yu',TAN Xuhui',LIU Yu'?,FANG Xinyue' ,RAN Yalan®’, HE Meijun'

1.Institute of Chinese Herbal Medicines , Hubei Academy of Agricultural Sciences/
Enshi Com prehensive Test Station of National Traditional Chinese Medicine Industry
Technology System s Enshi 445000, China ;
2.College of Biological Science and Technology s Hubei Minzu University ,
Enshi 445000,China ;
3. Agricultural and Rural Bureau of Enshi Tujia and Miao Autonomous Prefectur ,
Enshi 445000,China

Abstract Endophytes induced the biosynthesis or accumulation of the active components of the
host medicinal plants, making the production and distribution of these active components different in
species,organs,tissues and growth stages. F. hupehensis was a geo-authentic crude drug in Enshi area
with a long medicinal history. Peiminine B was the main active component in F. hupehensis, with its
functions of anti-colonic cancer,relieving myocarditis,alleviating lung injury and etc. We use gas chroma-
tography (GC) to determine the content of peiminine B in bulbs,flowers and leaves of F. hupehensis to
explore the content of peiminine B, the composition of endophytes and the antibacterial activity of its sec-
ondary metabolites in different tissues of F. hupehensis. The 16S rDNA and ITS sequencing were used
to identify the species of endophytic bacteria or fungi,respectively. The agar diffusion method and double
dilution method were used to study the antibacterial activity of secondary metabolites of endophytes a-
gainst 10 strains of bacteria tested. The results showed that the content of peiminine B in leaves of F.
hupehensis was the highest with (3.9940.10) mg/g,which was 1.78 and 4.24 times as much as that in
bulb and flower,respectively. Four strains of endophytes were isolated from F. hupehensis ,identified as
Pseudomonas sp. BM-X-6,Arthrinium sp. BM-Z-5,Aspergillus sp. BM-Z-1 and Aspergillus sp. BM-Z-
3. The secondary metabolites of three endophytic fungi had stronger antibacterial activity than Pseudo-
monas sp.BM-X-6. Meanwhile Arthrinium sp. BM-Z-5 had the broadest antibacterial spectrum, which
showed moderate antibacterial activities against Klebsiella pneumoniae ,Staphylococcus aureus » Micro-
coccus luteus s Acinetobacter baumannii and methicillin-resistant Staphylococcus aureus (MRSA). It will
provide a reference for expanding the medicinal parts and effectively saving resources of F. hupehensis
and will provide a novel way to alleviate bacterial resistance and develop new antibacterial drugs.

Keywords Fritillaria hupehensis; peiminine B; endophyte; secondary metabolite; antibacterial

activity; medicinal plant; new antibacterial drug
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