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FEAENEEN S BEERMETMNEEE

WEE WAL KR E¥E
(ATRE R 2= m Rl #2208 Wp B 453007)

W E: AH TR B EMNIRME (Rehmannia glutinosa Libosch)¥ 2 & WA H 3t 130 4k, @45
67 hamEA . SO MRAE A I3MAEKE . AR XHITH . &L EHNARAF LD FMHALKA K, &
Waf K Ie Fo P AR SR K T i 8 R 3 AR AR EARERLAMEAGANET. 2RV ES
WLES . AP A AL L E AR 16S IRNA 7] ME, X 8 MEH N AW ABLIE BeymE, 5 5
Y Pseudomonas fluorescens. Pseudomonas thivervalensis. Pseudomonas chlororaphis. Pseudomonas
koreensis Fn—A~ R Z AP LA R HARMUME, 3FiX 8 ARE M A A B HATRIALEE. REAHIEF iR
Fodn B LT B AR, 45 RAYEN G LEEFR Y Ao TR LB bR M 3 R FEIAZ st 3 AP ALK A AR
Fa R JE Mm% Ec9706 ELA W HI4EA . H P 2-2 F B AR (Pseudomonas chlororaphis)¥i @ ¥ iY & V&
A&k, BA T 2T LME.
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Abstract: Using the methods of plate cultivation, 130 strains of endophytes were isolated from Reh-
mannia glutinosa Libosch, including 67 bacteria, 50 fungi and 13 actinomycetes. From them, 8 isolates
of bacteria were selected due to their high and wide antagonistic activities to the tested microbial
strains, Escherichia coli, Staphalocolcus aureus and Aspergillus niger on the plate confrontation. The 8
active strains of bacteria were classified to genus of Pseudomonas and shared the highest identities re-
spectively with 5 species including Pseudomonas fluorescens, Pseudomonas thivervalensi, Pseudomo-
nas chlororaphis, Pseudomonas koreensis and one unidentified according to their morphological,
physiological and chemical characteristics and 16S rRNA sequences. Active products were obtained
from the 8 strains through liquid fermentation and further extraction by different organic solvents. Ac-
tivity studies indicated that the extraction products from all the 8 strains using ethyl acetate or ethanol
exhibited significant inhibition on the 3 tested types of microorganisms and esophageal cancer cells
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Ec9706. Among them, strain 2-2 had the highest activities of both anti-microorganisms and anticancer

showing important value of development.
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S P b R R TR, AR 3 i i R AR
I TR Z Al

PRHLEE AR 1 g, $ M B D7 ik oAb B,
FE TG B B BEAT A S D R R N EA T RS, I R G
IS RRARAE 3 PR FRILTAR b, [ E 3R D5 i
AT 35 R P4y B 24k
L4 MEEMENEETGE

EHK G HT R (Escherichia coli) . 415 B % BR
W (Staphalocolcus aureus) ¥ 2 i 25 (Aspergillus ni-
ger)VE A i P P A T 0 e A (6K B b o PO v P 2
DRI 11 U 358 R FH P 20, R B bk ) B2 AR 13
10°-10° CFU/mL, 157040 T4~ B B A R 97 3%
FZJE, ¥ N AR SR TR B, 37°CH:
F% 48-72 h, WLEAMTA P . T FCTE N A T 1Y 0 8 R
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1.6 EHABFYRENMEIE
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Be AL S o/L WP BUA W (pH 7.0 24, AR %),
FIA KB 4CR R FIEH 2248 K s Rkl it & e 7= i)
PRI, 20 BT A 400 1 S0 SR o 41 T T ) /Nt
7 H, LT A A 5OCR R FH I R A T T RS,
B Tl 28 4 P 35 1 ) B S A% B 1 2 20 A PDA
IR BT AR, R A 2 i R R JC T AT AL
AT E AR 5 mm MR, G THERE L, 7 dEW
ST TR ELAR KN, LIS IS H: 40 53 %) S ke B, e
AN R RS

TR A = OoF BRF- A B Vi BLARS — ¢ I T Al T
T8 ELAR)/X BEOE A 75 EAE < 100%

ARGk HEE R R Ec9706 A4
HEATHT IR SE 5T o AR A K Y Ec9706 B4R
AT 0.25%JHE HEEHFHAL 1 min, B0 UCHE 40,
TE 96 FLH Hhz BE A FL.ZY 5000 441 i i HEA T b
IMASEFRWOFE CO, B F- M h . o EaRis Y
J 453 FH pH 7.2 Ao 9 2% b3 43 90 Fic il B 200 mg/L
MV, TR B AR T 85 #e /AL 50 pL ARG 5%
12 h % 96 FLAR Y, 4kZkEsE 2-3 h, BABEWER .
BF P X REZE ARV RE 1 5 i 35 9%, DA JR) Sk 0 W R 4% o
WA TEPEY BV T . TR B 5 ST T T 37 2440
BE SR 111 B2 <8 o N 7 P/ v i

N & TR OB & ol (e ch i = SR DK
MOt + A i A 4 i ) x 100%

1.7 EMEE

Wil 5 R RR AT RV R WSS . 22 Gy
o A A AR AR I E AT 16S rRNA (14" 48 A
J¥. RH 16S rRNA #5149 27f (5-AGAGTTTGA
TCCTGGCTCAG-3") #l 1492r (5'-GGTTACCTTG
TTACGACTT-3")% B & ¥l ik k4T PCR #3511,
PCR F=¥2eaifb i i g A= T AR TR A R w1
Ffo R4 16S rRNA JF54228 GenBank - Hif5 7
1541 . HM057099 (3—7). HMO057100 (3-8).
HMO057101 (3—-10). HM057102 (3—11). HMO057103
(3-14) . HMO057104 (4—4) . HMO057105 (2-2) Fi
HMO057106 (Y3-3)

XTI RREY 16S rRNA J¥51iE1T BLAST LbXT, i
BT, #IFH MEGA 4.1 B R Ge 1L R
MRAEHFARAVIES . A ILFFIERT 16S rRNA J¥51]
30 235 R A TR PR 1Y) 43 S LA

2 SRE5®
21 MHEREEMNSBIREEERNEENY

Wik

P BRI BT aR, R 3 FPOAS ) B 5 3,
Xof K % F I R A 2 S At 2 P R R g P
AT . LRI T R . R B AR T
130 Bk, fU45 67 BRAHTE . 50 RRECTEFI 13 BRI
Ho e e vp 43 2 B A 105 Bk, b 25 #RGE 1),
XoF 43 5 1) P A TR 3 e S A R R S 56 1 AT R T P
AR, SR 2,

x1 THENEENSBLERER)

Table 1 Isolation results of endophytes from
Rehmannia glutinosa Libosch (Strain)

e PR MR A

Microorganisms Roots Leaves Total
il 7 17 10 ;
- 7
Bacteria HE 36 4
H FkE 16 6
O 50
Fungi w5 26 2
AT pEs 4 L
Actinomycetes HE 6 1

HE 2 HRTAL, DA ES A P A T b R X
PR R Y — Fh B Z A S PUSCR IR 31
BR, R E N AR Y 23.84%, Hib 15 Mok R E
AT, 16 #ok AR =B, htkrl I,
A 1 B A R 0 e R U TR 1 M P A TR O R
AT P AR TR 23 B AR, H TR A AR TR A
SR EYR U 2 T b, R AR AR g3
FIEEN AR BB R 2 THFrh, XWizS
M 32 S0 58 SR W) o A 1 ) A A7 37 Pl 19 B g
FHOG . HJE, QSR 53 25 2 B 36 P P AR T AR TR
FEB A, T (24%) FTHR AR (22.9%) H Y EL 191 35 A A
225, B N AR TR R R N I 2 (A B R R
Bk, ATk s A vk b, R AT R4
B3 2 K TR A3 I A o = T B R R PR B AR
&, RN R R AR, mtka WL, X e
A TATEAE AR VT I AN 1 1 1 P9 A A2 25 7 4
RGE, AR A G W R A OGS
TP DAL A TR P B R P 2R W i RS oA A
e A

FEIX 31 BRIGME P AE TR, X 22 [ S R B
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P DA R 8 DR A s A R B kA 8 Bk,
ST BRI 6.15%, (A FEPUSCRE R 25.8%.
TP DA AR TRDRE R AT TR L 4 €6 75 28 35K o R 25 TR 1Y)
T RCR 24 ) WL 1
22 EMRNEEMNEEREUBTEREMEE

Xof 3K 8 PN A TR 2R ek 2 QY | AR O A
SR B A AR G, 25 AR T/R o DA 8K BR 119
A PR, Y oFFR . B = QYL ]

M ORE AL B Al AN ARG . AR ER IR BE P |
MR ERE . ASBES A VE M, X SRR A
Pseudomonas (15 i 1 J@ ) i) S BB AE D 43
PR BE 7= A B IR IR W . F — 2B XA AT
16S rRNA ¥ AP, IF24 BLAST X5, &
B AT R IE B B G A AP R TE98% A L, i
H 5T T4 A A I 25 R s 4 — 5k, B TR
i T e A R

*2 MHERNEEN 3 MEKEMHOERER

Table 2 Antagonism of the endophytes from Rehmannia glutinosa Libosch on the three tested microorganisms

Hitks Kiatre  ewGmakyg BillE 317322 KItrE SR EEaRE Rith
Strain No. E. coli S. aureus A. niger Strain No. E. coli S. aureus A. niger
1-2 + + - 3-1 - - +
1-6 4+ A = 3-2 - + -
1-7 + + - 3-6 - + -
1-9 - 4 4 3-7 4= LS i
1-11 - - + 3-8 ++ ++ +

Yi-1 + + - 3-10 ++ ++ +
Y1-2 - + + 3-11 +F ++ +
2-2 A AHF A 3-14 Sinis A A
2-8 - = A Y3-3 Sinis A A
2-9 - - ~ 4-3 - ++ -
2-10 - A 3 4-4 Sinis A A
2-13 + + + 4-7 - + +
Y2-5 Siais + = 4-8 - A A
Y2-6 - + - 4-13 - + +
Y2-8 - + + 4-16 + + -

Y4-1 - + -

TE: o+ BRI RL -+ SEIMGIE A — JCam o .
Note: +: Inhibited; ++: Strongly inhibited; —: No Inhibition.

1 ABEENEEMEECAENRE. KABTEMRBSHNHIHR

Fig. 1 Inhibition effects of the isolated endophytes on the tested microorganisms

H: A GEOHAERE; B: KIBHFE; C: R,
Note: A: E. coli; B: S. aureus; C: A. nigar.
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Table 3 Morphological and physiological characteristics of the 8 strains of active endophytes

%**%&, 3-7 3-8 3-10 3-11 3-14 Y3-3 4-4 2-2
Characteristics
LS . . P . e i i e
FFAR FRIR JSLARIN FRIR FSLARIN FFAR FRIR FRIR
Cell shape
o FLE. . R M. ORI R, FLE . YRR, ORI WE. ORI WE. FLE . WE. B, .
- %f*ﬂf L, B B B W, PR .hSdE DR B
CONYCHMCIETSISS  Shgpmr  hMF HEEF SR hEET 5 MGEF RS
EEEE%’%’E/Q/G‘ G o o o - - o o
Gram stain
SR + + - + - + + -
Protease
N iR + + + + + - +
Lipase
TER _ _ _ _ _ _ _
Amylase
Hfubig + + + + + + + +
Catalase
AN + + + + + + 4 4+
Oxidase
I WE K a 5 5 5 5 a 5
Glucose fermentation
AR 5 + + + + + + + +

Nitrate reduction

RGRE SN RIIX 8 BRIE TN A T 23 ] 5
PRIEE R 5 DRRIE—E, 55 Pseudomonas
fluorescens . Pseudomonas thivervalensis . Pseudomonas
chlororaphis . Pseudomonas koreensis Fl—~AREFN,
i 2 frs o

WAk 3-8, 3-14 1 3-10 #B5 Pseudomonas
Sluorescens RAE— &, FHIMEILE] 98%LL I, Hrf
3-8 1 3-14 1) 16S rRNA J¥FIA 16 Mg i 22 51,
3-8 il 3-10 Z M4 19 BRI 2251, 3-10 F1 3-14 2
A 23 ALY 22000 o EATTER T B B T e 4
T A — AR AL, RE A% 77 AR S 1 (0, 0 i € 2% T ol
EEMAE M, XIESE Pseudomonas fluorescens )
BURVRRAE o ARG Y h T BAT AR W A T
HERZHITE . Kass S NFATE 2003 4 K LAY
—BEE AR (CHAO BY PE-5)A] DL — SE R ) O AR £
Z A EEW Fusarium, Pythium D) J—SEHiP) £
A0, (R A DAY R AR R R HLEE H TS 2
RIERE, WASIR] R b A5 B9 0T 58 IR 98 2 B n] BE7E
JUor T & #EE, BITETS EAEY ST R EEE
PUAE T B 1k B 7EARMUER B 25 B R W) I
PO A S Ay B A S, R A - S ER rh g
i 7 R T e A A 3, BEL LR G S s A 1 1 S
RE A% 7 A 0k HoAth + AR W A 15 5 e, il

TN 58 470 A 2R B A A ) o A s S A
P AT, G A 1 R R A T DA 2o B R
EPUERGEIRE R, TR B IR SRR R
Yiryr, TR B AR Hire &z i T
Pttt 24578 LUK vb T T30 7 46 60 3 2 IR
P TR RGBT o

R Y3-3 1 4-4 P8I Z [ AH2E 8 hddk, EA]
Y Pseudomonas thivervalensis BAE—iH, FHRIEIR
F| 99%. X PIRK I R LA B2, — e
f 2R B A AR AR 58 2 — B, I HAT 5 1% 20 1R ) 5
AR o IR TR )R 5 SO G B R  TR Le B
g —Fh, 0 2 H L I RY Thiverval i€ 44 o
TP 22 BB bR B RS ST AR R U,
T WL RE ) N AR T, B G Rh TR 5 R Y O &R
LR HAB G A Py Bt i B 5E AR 2D

T ¥k 2-2 Fl Pseudomonas chlororaphis B AE—i&,
FRRIPEIL S 99%., HE & 2E W6, SRR ™4
MR, 5 Pseudomonas chlororaphis F51E—
B ITARR AT ST R BRI E W T A W 5 B IR
T ARG YRR, F B L P A R B A R
AR A e I R R R BUE L, AESE R B
FOXTHR T | ARAE . RO (% B0 T A AR A i 4 A
FU9-201
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100

@ 3-8

Pseudomonas sp. WH12 (FJ262367.1)
@ 3-14

Pseudomonas sp. VET-8 (EU781734.1)
® 3-10

Pseudomonas sp. 4 C7/16 5 (EF540490)
— Pseudomonas fluorescens (DQ473439.1)
® Y33

Pseudomonas thivervalensis (EU221402.1)
® 34

Pseudomonas sp. AF76 (EU680976.1)
@ 3-7
99 Pseudomonas sp. PsA (AF105379.1)
® 22

68

60
97

79
100]

100

100' Pseudomonas chlororaphis (F1652608.1)
@ 3-11

100 Pseudomonas koreensis (GQ368179.1)

Cellvibrio japonicus (NR 028836)

Psychrobacter nivimaris (NR 028948)

— Acinetobacter sp. TK006 (GU201827)

100 L Acinetobacter sp. CCGE2015 (EU867305)

—
0.01

B2 iR#E 16S rDNA £ KFFIMER 8 HIFERNE R ARG
Fig. 2 Phylogenetic tree of the 8 strains of active endophytes established by the full length of the 16S rDNA sequences

B R 3-1 Fl Pseudomonas koreensis RAE—iE,
AR 98% . ILAEHRXT Pseudomonas koreensis
AT TEAR A, A & ek FAR Y b g A
Pseudomonas koreensis {5 fp*4,

R 3-7 ANRESAEATHE R RAE L, (H)
ARG ARARR T LR 4 AFh . 5 IRl Ak
Pseudomonas sp. PsA 4385 A AR PR 3

HI L B ml I, PR RAR I 8 BRINAE T,
KRR SHEP N A AHOE, R PN Tl 8wl
MY h AU . BB, 2RI
N FHAR A b 8 v 3 o o 0 e PN A T ) 41
2.3 EMREENRELXESDINERRAR

Fe JEAP RS IR TIR, KX 8 BRI T N A T
AT WA TS T R T 7 ) ) B i okl 4 o K 269 1
Wy I3 %o R T R 4 B € 7 2 TR T ) 400 o S8R LR
4, X BRI RSO WK 5.

MFE 4 T LA Hh, 8 RIS P P Az T A8 K I8 7 0o
<5 L 000 2 K TR R I T T A A [ R 4T o 4R
FH, v 3-8 4501 2-2 5 TR R A A 3 i 400 ) 25 SR
WG, EATTAE R T T R 4 60,7 2 Bk TP AR
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A B B AR ik 2 21 mm—26 mm, [F]RFFE 5
T LU 2-2 5 TR gl 1 0 o 2SR A f
EXT RO AR L, IHRIAR] T 55.87%. SR ETE
A 2-2 SR 3-7 SRR & PR A K
W 2218, 5 d $E Al N AR REIE iU+, W4
RO, ERREHEEZE,

FT 4 S ERIEMEMN A E A B ik 48 & aY 0 R
& B B 1E mm)

Table 4 Inhibition effects of the fermentative products
from the 8 strains of active endophytes on the tested bacte-
ria (The diameter of inhibition zone was indicated as mm)

i RIGFF 4 B (AR A IR A
Samples E. coli S. aureus

3-7 17.5 7

3-8 26.0 21.0

3-10 17.1 16.0

3-11 15.6 16.1

3-14 17.5 17.8

Y3-3 7 15.5

4-4 16.9 16.0

2-2 22.0 26.0
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Table 5 Inhibition effects of the fermentative products

from the 8 strains of active endophytes on the rested strain
of A. nigar (After S days’ cultivation)

peg  JHRIE bR FRNIT
Samples D1arpeter of Inh_1 bition Growing state
colonies (mm) ratio (%)
22 KRS
0 24.00 0 2&22;&
P4 1wig,
3-7 12.00 45.83 ?éi;ﬁ:
3-8 19.50 18.75 HEERS,
i ’ ’ filF A KRS A
P4 2,
3-10 17.00 29.17 zi{i;xw
3-11 15.25 36.46 HEERS,
i ’ ' filF A KRS A
7 IR
3-14 23.25 3.13 z;;zﬁ %,
Y3-3 17.50 27.03 HEERS,
i ’ ’ filF A KRS A
P4 2,
4-4 20.10 16.20 zi{i;xm
2-2 10.60 55.87 HAERRS,
i ’ ' AREAE AT

24 EEFMHRBERRHAR

Fi BEAP RS R TR, AR I T A AR
TR KW Eco706 £ 9 40 M 47 5 g ik
5y, Z5RIER 6,

BB I, 7E 96 FLAREE IR HAT
ORI AN )RR B % . AR ST, Hohak
RIS 2-2 S EE I LR O BRI Y A 2 B
PP (1B 3)o HLARIZ A IR Q0 T ST 3R G B A 2o A 2

R B BB R VR, SRR R B R,
10 BT IR IR IE B AR KB . AS TR A A T
WAE TR R REPE, ABFGE T 2-2 5 BRI 22
M B ARAS T 7 A R ELAE BT B R T P
RE 7], UL EA B W EZ M E.

M 6 HRT LUF Y, ASTRIE B OGS M
I ARATFRE AR K, A T R 1) A Y B 2 B J LT #65
BeA MR v, W LR Sl L AR B R A
UM TG, E A Z A B R 22 iR
P N A T 7 A AT R ) I L ) S A R X PR R
b, U AR R, X 8 HRIGETEN AR
KX Ec9706 £ 5 g A i B R A
14.5%34.2% 1 2-2 S NAE R R R S BE T £
FEHCH X Ec9706 B 45 9 40 L 0 I i R e i, 43l ik
£ 32.8%F1 34.4% . T1EHI & 1E W i Tk ik i rp
O 2008 A LV ) AR 25 i, DRI o 4l D HEBR AT
HLEE RN 2, [ B ZE DL pH 7.2 BIBEIR 2% vh i /E A
BF 1 Xt %) e B 7 b, 0 R OO 3 R A R A L L
U, ANEAR T V% LB R 1%, WE 3A FiR. X
S 2 SR B T 43 5 1 0 1 DN A TR 1 e T ) B
Fhfh S22 A PR R AT

ST B R — AR PTG PRSI, Rt T
AR BN H R I A RARBEAR, 9 — 0 THER

XTI LEE PR N A R R R IR L RS L R
Py I i I LA B ik e A4 M R ) 45 S 5 T E AT TR
[Ehe

3 22 SEHRABKCEZERRIRMN Ec9706 & EREMMAIHIKR

Fig. 3 Inhibition effects of the acetic ether extracted products from strain 2-2 on esophageal cancer cells Ec9706

WA YR B: AR OFRIEIY).
Note: A: Control; B: Extracted products in lipid soluble phase.
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F6 SIEMNERRERARATIRIIN Ec9706 &
EREABIIEIR (G R A 5 MLEF IS R TE, %)

Table 6 Inhibition effects of the extracted products from

(6]

the 8 strains of active endophytes in different solvents on
esophageal cancer cell Ec9706 (The values are average
from 5 views under a microscope, %)

B AIMEHRIY)  ZRRCTRIEECY)  CREERIY)
Sramls Ether extracted  Acetic ether ex-  Ethanol extract
products tracted products products

3.7 X 145 15.7 (8]

3-8 b 17.5 17.2

3-10 T 15.0 18.9

3-11 b 18.2 22.8 [9]

3-14 g 25.6 323

Y3-3 I 25.6 28.9 [10]

4-4 13.5 28.5 30.2

2-2 7o 32.8 34.4 [11]
3 R -

AHIFSE 25 A ) A i vh 4 B R4S 8 BRTE
WA, BT AR X KIBFFE . & A
2] R TR R R 1 F AT R A AR, X Ec9706 B4
Ui AT — e PG P H 2-2 5 R BR (Pseudomonas
chlororaphis)BT AN A« EC T T MRS 1% P B o BH I
HA B\ EME.

FE A S B 8 MRS M P AR TR 48 e s TR
Miw A, HaET 5 DARPF, X ke
AR I E I SIERURS I BRI EN PR 30 1 S SR 54
RERS - A HiAE 2R, (B2 R ULk A MV b 3 rh 43 25 1Y
I, A A DAk [ sy ELAG e Mo e 1 4k Y 4R 0

% 3 Wk

Zhang Y, Proenca R, Maffei M, et al. Positional cloning of

[13]

[14]

[15]

[16]

[17]
=

=

(1] [18]
the mouse obese gene and its human homologue. Nature,
1994(372): 425-432.
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