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Abstract; The purpose of this study was to identify endophytic strains from Ziziphus jujube and analyze the active compo-
nents of their metabolites for the development and production of drugs. Wild Ziziphus jujube plants from North Shaanxi
were adopted as experimental materials, and endophyte strains were isolated by approaches of tissue separation and
streak plate, then they were screened and tested on the bacteriostatic activity by adopting indicators of seven strains from
face-to-face cultivation in PDA media. The fermentation liquor of antagonistic strain was detected using thin layer, chro-
matography (TLC) and high performance liquid chromatography (HPLC) . The experimental results showed that a total
number of 121 strains of endophytes were isolated from Ziziphus jujube, including 49 strains of endophytic bacteria, 6
strains of endophytic actinomycetes, and 66 strains of endophytic fungi. Among of them, 54 strains (33 bacteria and 21
fungi) had obvious antagonistic activity against 1-7 indicative bacteria, accounting for 44.63% of the total, and six
strains (A-04, A-05, B-03, C-03, C-06 and D-04) had a broad spectrum of antibacterial and antibacterial activity
against seven strains of indicator microbes. Results from the analysis of TLC and HPLC showed that liquor in B-03 strain
has the same color band with the migration rate of Ziziphus jujube extract in R, value of 0.46, and its belonged to fla-
vonoids. According to 16S rRNA gene sequences analysis. The similarity between strain B-03 and Bacillus axarquiensis

was 99%. The strain of B-03 could produce flavonoids or similar compounds, which showed that the endophytes from Ziz-
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iphus jujube had the potential ability to produce new drugs of flavonoids.

Key words: Ziziphus jujube var. spinosa, endophyte, product of metabolism, flavonoids

T N 2B TRt E A TR BRI H N, A 5]
2 B 5 A0 WL 95 AE 1) — 2 3 A2 P ( Chihaoui et al,
2015; Mufti et al,2015) , 24 M1k E & BN
W AATE T M A b, AR RN
A AR U RN AR 2 R (Pandya et al,
2015) . WATE 5 25 HIAE ) 78 K 30 9 i m] gk A 2k
FErh— T H Y BT R R B SRR G R N
XTI A TE O B DA
Gy PU MRS Dy AR AR T B by — 5T,
YA N AR T B AR — 2 2 G M
TR 250 K NS TT S A B A Ml AR T A
7 AE D AR R E R & T, RIE
FARE BT I Ry F2 e, Hoh 26 & 6 KA N
MNAERIERE, X —F R WERGFANERES
JF & (TR RL, 2018) , Stierle et al ( 1993) HYHF 5¢
S5 R RN AR TR BB 7 AR 5 A T R A [) SR AL Y
HHTEEY L, Z 5, Bl 2 A A OC B i R 4 E n
A P A T v e S T | i R A5 ) R
BN A TR o AR B RIS Y R 519%
LAY (B LM%, 2012) , He el UL 25 R
PAAE TR LR T 1 B g B Oy TR AT EE R B O
INIERS

PR ( Ziziphus jujube var. spinosa) , H 2R

JRAE) R R AR Y R A2 A SR
O VEBSOT AR T, 255 15 25 A (B A% s (B 5
IS 2014) o ATAE R, OCT IR AT AR W s b g 17
PRI BT AR 22, 0 AR A o A= v 73 5 1 R
KA W) 5% jubanine ( Pandey & Sin,2008) , 154
Mk, RZ X BRI AR P TERR A 2
BRLRORAGS 1y J h (C 3R AR B, 2009) | 1
KT WAL A 245 F % M i P A T A T U £ DL
AHRIE , I, AT LLB AL B A R A AR O
A rR o B G 0 H A BT PR R B RR DR X
UAARI ™ Wy AT 10 20 B 5, DL O 5487 B4k
B T AT R R B B T v ) e
&R,

1 #HEF*

1.1 ##

111 BaRA e B A T M AR AR (L FE AR AE
W), F 2013 4F 4—11 H 172k H B PE 44 4E % 11 4k
GRS FURUE L, BORE J5 SR FE T 4 C
T,2 d WABRSEEE
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Table 1 Tested indicator microbe
Bk G S fifi 44
Code of strain Species name
F-01 KIGHFFE Escherichia coli
F-02 SO E BRI Staphylococcus aureus
F-03 V3 IERT B Salmonella enterica
F-04 Frig (OB AT ER B Staphylococeus citreus
F-05 18 R Shigella boydii
F-06 A2 BRI Staphylococeus albus
F-07 & ER T Monilia albican

1.1.3 iR 3 ER Bt () A RE
AR R 95 555 (2) S 8 240 25 05 B s 15 9% 3
(3) M IR I SR FREE; (4) SIRE IR 5, (5) KBl
R EL (6) B R TCHLER VE B 15 9% 5 (W I PR TE By
2 ¢,K,HP0,0.5 g, MgS0,0.5 g, KNO,1 g, NaCl 0.4
g,FeSO, - 7TH,0 0.01 g, Bifg 15 g, Z£1H 7K 1 000
ml,pH7.2) ; (7) BEREE B 97 3 (BEREHIZ B 0.25 ¢,
K,HPO,0.5 ¢, Bifl§ 15 g, 2818 7K 1 000 mL, pH7.
2) 5 (8) WAL IR F= 55 (PDA ANInBis) .

1.2 3%

1.2.1 RABW > B 544k

1.2.1.1 WARERM Sl AR 1553k
A B (53 E 45, 2016) , A E#RHH A 2k
KR, FEATIRAL B SR 5 U 95% 1A AR 12 3
1~5 min 5 CHE K MYE 4~5K,0.1% 0 T+ K= i
3~8 min J5 JCH K Mk 7 ~8 UK, 75% T K 12 1
3~5 min, THE/K P 4~5 AT R IH S, &5
ELBERE T YK 0.2 emx0.2 em [/, 325
PDA B ks R b Ptk 2 ~4 DA, T
(27+1) CHIBRFFERFE 2~3 d; WEM B O AL
W2 (%), P 0 Ab i 22, 385 1Y PDA
RigRdt LAk e 15 37 SRS X BT 40 8 1 V9 A R b
fraifk, 4k )5 742 2 PDA B b 4% 5 IR A7
) R, K 5 J — WK IV B4 TG B K O A E RS 3R 2
PESoxt B THIE R % 95 48 i B R 7 Ao e 3R T

B,

1.2.1.2 WAEFE M Bl SRS B 357k
TR £ 5 3 ok B 4 o 11 A 2 4 0 AT 0 22 (X
2EJEAE2014) 76 M TAE G R X R A8 A bk 1A 3%
THHEATIH 7, RIH RN AL, KR
HE M BHE T HERE T WAL 0.2 emx0.2 cm
BN, B2 B4R B AR ARG SR LR S G 15
Rigedked HEME 2~4 DHZ, T (27+1)°CHH
HEFE IR 2~3 d, FREEFRIE A AT UL TR R B, Bk
TS Pl 1A Vi 5 A HH I 35 R B a4k I 347 1R V% B
BHARMES, T 4 COKFBEHRAEH, ¥x)E
— W B T K IR A TR IR AR AR,
TEL I B R K I T R AOR

122 AABHREERMNZ  RHITALE AN
FE IR B AR B B P9 AR TR R P RR I R A R Al
AR B 1 P A TR B B A 7 AR R R TR 43 ol
PDA FAR b, Fr bR A KBRS |, 2 A 3R HR D>
HER, BT O KR M R IR, 8 T EIR
WK IR 55, IR 28 °C 7 160 r + min™ , IR
R FEAE 1 ~2 d J5, 2 KB A 20 it il 4
RE A S T PDA BRE; SR 5L b 76 R I i B
FRHE I KEMATILES (r=0.5 cm) 7EDUJH 4T
DUASFL, FH % 00 1 000 10 P9 A TR O T T T A FL
o DU ATCE KA T BE BT 28 CHIR KT R4S
RS 2~3 d T, WSS A5 AR R A A ), AR 4 1A
PEL AN A AR, P 220 5 R0 410 1 T A /D ( R 4R L
84,2016 K0HL%,2016) .

1.2.3 B WA RRAKKBER = Moy R R
PREL At Ak 15 P g A3 Ah T PDA TR AR & B R 3
B THEERER BIRG R IR IR (271)C 5%
160 r - min” R HHTFE 6~7 d 5, H 16 224
iUk, S M BN 5 BT P 4y, & BRI S R A
Mk CBR O TR IE T BEARIR AL I, T e % 78 K AX
R A 2 S mL 2247, TR 5 mL H BV A,
RWIARZE 0.22 pm W RLFLUE BRI 08, W46 )5 T 4
CvKF R A5 (BR324 ,2014)

1.2.4 2 EH(TLC) 547 Xt Ll B 15 2] A F
A AT TLC 43 BT, T S0 « H (8 1,
v/v) , PRy S 2% B f0 | 338 2 52 A6 TR 1Y B
AR i — 20 ik (M5 K AE2012)
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1.2.5 &k A8 &3 (HPLC) 547 43 B HU/b 2 2
T BV W PA R & R RCRD GO B T R R O, &
0.22 wm f AL U8 B 2ok 98 5, R 384T HPLC 43 A,
HPLC 43 H7 BRI 4514 : Shimadzu ODS C18 (A3 kL
(150 mm x4. 6 mm,5 pm) ,FEJ& 25 C, FshH R
.0 2% W IRIEW (v : v)=1: 1, # & 10
pL, JiEE 0.8 mL « min™ , Kl 1 260 nm (5K{ 5%
4 2012) ,

*2 PCREM#ZR
Table 2 PCR reaction system

X7 Reagent 50 plL
2xEs Taq MasterMix ( Dye) 25 ul
Pl 2 L
P6 2 L
}i#Rk DNA Template DNA 2 ul
ddH,0 19 ulL

%£3 PCRERMEH

Table 3 PCR reaction conditions

Tz

B 1o BT i
Step emperature Time
()
THAZ P Initial denaturation 94 5 min
AP Denaturation 94 30 s
iB K Annealing 55 30 s
FEAf Extension 72 30 s
ZXHE{H Final extension 72 3 min

1.2.6 B4k B-03 #9552 (1) FEEAFAE VL W
Pk B-03 RILIEFAEAF RN E ARG FRE L, 28 C
Fig% 24 b ESE SR R R TR R 22 R 6
PN B M R BHE R . (2) 20 % .
X} B-03 B #k 16S rRNA JE K | BL it 7 PCR 7 4%
(1IE 17 51 ¥ Pl: 5-AGAGTTTGATCCTGGCT-
CAGAACGAACGCT-3', &[54 P6.5'-TACGGC]’
ACCTTGTTACGACTTCACCCC-3") , PCR 2 v 1k %
KEAFULIE 2 TR 3, K PCR P34 =93k & 1

AT A TR B A R /iy, s )y 5 5
GenBank %4f & #E 17 FL X, SR ] MEGAS.0 8 {444
HRGHAR, S HT BE AR ) R SR B S ARIE, A
GenBank % 5% 5 ( TH855,2017)

2 R 594

21 BENEENIBEER

PR AR R AR E AT 0 AR T o i, A3 3 121 A
BEIRR . Hoo A 43 ) 38 Bk, 430l A €01~ C-
38, /5 0 B B BURY 31.40% , AR 43 B 3] 34
B, B R BN 28.10% , 25 2B 5 29 HE
07 B B R 23.97% , R SEH 43 B 3 20 #E
A LR I B N A R RS iR D
S ER BN AE H 66 KR, o5 SRR 54.55% , 4
T 49 R 5 S TEERY 40.50% , R T 6 Bk, A
Y 4.96% , AT WLAS B 58 AR AL v 43 85 1 i N 2R
HERZ MWK L E R,
2.2 MEFEENNELS R

PUIRTE PELE R R, R A R AR 43 85 19 121
PRI P A 54 MR —Fh ol Z R i R B A —
FE BN RIVE AT, o 0 P AR Y 44.63% , 3R 3 %
T 15 BRI AR B BB 25 5, B2 5 A
Al wEdirE, B#E S a5, A-04, A-05,B-03 ., C-
03 ,C-06 Fl1 D-04 iX 6 Bk N AT X 7 Fhds s 1w A
AN TR AR BE B 40 o 28R o A T bR 1Y 13.33% , 45
FRRWIX 6 bR AE T BA B B BT A = Y
Ptk HrhE R B-03 M RO &I W, i KA
Rl ELAR IR 2 35 mm, PRI GRS L35 AR i — 25 i 58 1)
[£17/ 38
23 TLC A& R

HZE AT (TLC) K 25 5 R B, B #% B-03 78
RA 0.46 Ab A 5.0 f 7 R 42 IO 0 68 A1 [R], 3 7%
FAY Y BB, KAMNET B8 @, 145 A W
B-03 P Ak HA BERS & ™= A= 5.0 T R TP AR ALY
b2 5 Y g
2.4 HPLC #S#&E R

2t oy B AR R B Y HPLC BE s,
T BRAE S AE DR B IF ] R, =5.015 min A0 — 32
BGOSR U AR TR R 2 41 A
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Table 4 Results of isolating endophytic from different tissues of Ziziphus jujube

Iy B R AL HCRE
Number of endophytes in different tissue
251 Sort
i3 E Ly R [k 9582
Root Stem Leaf Fruit Total strains isolated
P A 41 Entophytic bacteria 13 12 15 9 49
A BB Entophytic actinomycete 18 16 22 10 66
A i ZE T Entophytic fungi 3 1 1 1 6
Pk AT Total strains isolated 34 29 38 20 121
x5 NEBENHIKLETEOMEER
Table 5 Inhibition of endophytes against test indicator
M Bz
Antibiotic circle diameter (d, mm)
Sy B T bk 4 —
Isolation tissue Code of strain HEF8 7R T Microbe as indicator of inhibitory test
F-01 F-02 F-03 F-04 F-05 F-06 F-07
it A-04 ++ +++ +++ + + ++ 4+
Root
A-05 ++ ++ +++ +++ ++ +++ +
A-08 — ++ — ++++ ++ +++ —
A-24 — — — ++ ++ ++ —
A-34 ++ — + ++ — — ++
ES B-02 — + — ++ — + —
Stem
B-03 ++ ++ ++++ +++ ++ ++ ++
B-06 — + — ++ + —
B-07 — ++ + — ++ +
B-08 + + +++ + ++ ++ ++
H C-03 + + ++ ++ + + —
Leaf
C-06 + + ++ ++ + + +
Az D-01 — + — + — + ++
Fruit
D-04 + ++ ++ ++ ++++ + ++
D-08 — + ++ + — +

M MEBEAE “+” FR d<10 mm; “++7 F/R 10 mm<d <20 mm; “+++” FR 20 mm<d <30 mm; “++++” F/R d>30 mm; “—”
FoRTYE
Note: Antibiotic circle diameter “+” means d<10 mm; “++” means 10 mm<d <20 mm; “+++” means 20mm<d <30 mm; “++++"

means d>30 mm; “—" means none inhibitory activity.

TEARER IS 6] R, =2.015, 404y B 7E QR B OS] R, = BAWHA] R,=3.394 414> F fE{R B[] R = 4.986 4
2.375, 415 C fEQR BT IA] R, =2.952, 415 D #efr A —FZWE, Wk B-03 A KM Py (19 i IR
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FPARK 53 o FELR B BF ] R, =2.023, 4043 b 7E
PREA W] R, =3.398, 443 o 7547 B I ] R, = 3.
932,057 d fEAR FA I H] R, = 5.782 & A7 — B
Welde, FLATAN, 057 a 5 A b 5 D A 0f B3 I [
A5 d 5T o b 32 W R R )
T W0 IR Z R R RE 8 R B P A SO0 M T A
B A3 FRALL 1 25 A 2 ) o

2.5 E# B-03 NEE

2.5.1 BEFAEMEL  FK B-03 784 RFH & H ik
Bk R M BV RIR B R IE ] SRR
MG 5% 5 I 2 IO SR e R AR SR AR
s YL B M

2.52 »F% & HFE B-03 A 16S rRNA J¥51 ( %
fifi 5 KY848236) 55 GenBank %4 & #F 4T Blast [t
XA, 5 G [ 5 M 5 o B R AR 3 8 T 2 AT
&, H ' 5 Bacillus axarquiensis Gl =]
(99.3%)

3 A

AT 45 5 R B R AR 25 R s
PR i AR B, e rp — 30 4 N AR B R 7
o DL O B HL A S (R BE A% 3 2k A X
LRSS (2012) A9 P A B ELAT B0 TE I 2 1 5
RRE—F, XN HEYRENERES) Z
AL TR P, M O 3 EL A ) e R o B P 1 T
YL TR SR, 7 O A B N A TR T,
X A% G5 10 Wi 326 2% 1R 38 A R 1 aF — 25 oo ik | R B
R0 358 7 % FE AR, T 78 /0 12 SR AL S5 0 Y
AR,

FHEEE S (2003 ) & AR AT N AR B AT LA A v
T2 Ak 40 5 1 108 ZE 45 (2006) M 351 Jb BUjG i 2 v
SYESE 1 MR BB, R N R B AR B R
fil, X HE—E T2y N AE R R A S
1o 05 M o A R S AL & W R BE 1. RO,
H TS50 0 B P SR IO VR R I AR A R
SRR BRI, BB B-03 9 IR A I 7 W s 3
BT B 284k A, BTy 5 A LB A= f 2
FBIEAT P dlifk S e, DT 38 40 2 90 12 1 ik
PR =W ) Z R

ABTTER MR JE T o O A 3 25 7 ik
Xt 0 AT R s B AR [ SRR A 0 1 T
AT AR A = Myt AT 0 A, (R I R 8 I Al 3
ORI 0 RS YY) TR IE . I, I8 75 2
PATR LA 7 D PR A N A T HEA TS < (1) X%t
PR 5 S AT R A T A P A o A B B 3 D T R A —
BT 5 (2) AR B-03 KWW BT 25 1 o3 1Y ik —
WUHEE KB ER BOT L AL s (3) Wtk 2
M EAT 25 G, LA O 4 J5 R PN 2R TR A I A
FER IR G TG A B0 (AT ) 00 B AR AR X
TELAMRZ NI E AR, 25 1Y)
PR A= TR D — ST A Bl A ) IR R A AR G i T
T8 71 AR R R AN E

5%
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