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Screening and identification of polyketide and non-ribosomal peptide
antibiotics from endophytic actinomycetes of Sophora alopecuroides L.
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(1. School of Agriculture, Ningxia University, Yinchuan, Ningxia 750021, China)
(2. The Key Laboratory of Plant Pathology, Ministry of Agriculture and Department of Plant Pathology, China Agriculture
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(3. Breeding Base of National Key Laboratory of Natural Gas Conversion, Province and Ministry Common Construction,

Ningxia University, Yinchuan, Ningxia 750021, China)

Abstract: [Objective] Screened positive strains which had PKS I, PKSII and NRPS genes from
19 endophytic antagonism actinomycetes strains of Sophora alopecuroides L. and preliminary
identified types of antibiotics produced by them, which could also provide research methods and theory
on rational development and use of endophytic actinomycetes from Sophora alopecuroides L.
[Methods] Specific amplified 19 endophytic antagonism actinomycetes by primers of PKS I, PKSII
and NRPS genes for screening positive strains. Then 7 kinds of antibiotics were used as contrast and
preliminary identified antibiotics produced by positive strains which had PKS I, PKSII and NRPS
genes by TLC and HPLC methods. [Results] The rates of positive strains of PKS I, PKSII and NRPS
genes were 47.4%, 10.5% and 21.1% respectively. The fermentation broth of 9 endophytic
actinomycetes had a peak respectively which had the same elution time with medemycin, the
fermentation broth of strain NDZKDSg had four peaks which had the same elution time with
medemycin, acetylspiramycin, teicoplanin and oxytetracycline respectively. [Conclusion] Strepomyces
of endophytic actinomycetes from Sophora alopecuroides L. were rich sources of macrolide antibiotic,
aromatic polyketide antibiotics and non ribosomal peptide antibiotics. The testing results of molecular
fingerprinting and chemical fingerprint chromatography were consistent, and the methods of TLC and

HPLC were founded in this paper were convenient, rapid, sensitive and had better repeatability.

Keywords:

Endophytic actinomycetes of Sophora alopecuroides L., Polyketide synthase,

Non-ribosomal peptide synthase, Molecular screening, High performance liquid chromatography
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1.1.3 fEEwREMR: &l R (Medecamycin,
MDM) . Z i iER: 2 (Acetylspiramycin, AEM),
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CAAC-3"™1; PKII-KSF/PK Il -KSR: 5'-ACCGGCT

GCACSTCSGGSCT-3"/5'-ACGTAGTCSAGGTCGC
ASAC-3"1, NRPS-A3/NRPS-A7R: 5-GCSTACSY

SATSTACACSTCSGG-3'/5-SASGTCVCCSGTSC
GGTAS-3"* iy FigLE T A48 W4 o
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121 HFEFREREZEEEYH DNA B93RE:
LETH DNA BIHEENS % 22 U 45 P i i R i A
Lee 254 ARBUE DNA P 34 Frolgs,
B2 50 mg BEARMIA 500 pL & A A E G 1xTE i
WOSBEBEAWE N 2 g/L), A 37 °CHR K
120 r/min 203 1-2 ho fLA 20% SDS 50 pL M
Mt K (MK 20 mg/L) 5 pL #8734 1E4] 1 min, A
55 °C fHIR 4B A 30—60 min, A 500 pL A4
15 5 R A W (R R 25:24:1), IR 1R 2T,
12 000 r/min 5.0 10 min, FiFREER, MR
3. SRJE N 500 uL 5PN EE . 80 uL 3 mol/L 4R
H1(pH 4.8-5.2)Z i & 10 min P4 F .12 000 r/min
B0 10 min, 2R VS, 7N 500 pL 70% 0,
FEUEE 2 1K, 12 000 r/min fIGIR 5.0 5 min, 77 OB,
FLos iR TS A 30 pL #B 4K % f# DNA,
20 °C fRA7-EH o

1.2.2 KM PKS T . PKSTI . NRPS E[F F & :
AR Z (25 pL): 2xPCR Mix 12.5 uL; 5%
(10 pmol/L)#% 1.0 uL, ; 4 DNA (30 pg/L) 1.0 uL;
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FIAFZEAT %) 1 ming 72 °C 2 min, 30 PMEH;
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123 FEFAERZEMAMEEK LB G &
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B0 15 min, K EVERORBEIA S FHCE s 4 °C 117
T, B 22 10 mL 80% A A BT Bt 7%,
8 000 r/min YR E.C> 10 min, HU [T EL2S WA 5
FNERJG 5 Z B OUGETAA R HIERETIE, A
SRR R CEAEI3 I, WU LR CRJZTE 50 °C
SN TR 2R R AR A 2 2-3 mL, HUB
JE45r%E 24 1.5 mL B0 T, B BRI 28 KA
P 50 °C IR 2 T8, B THEA -
DEE I 500 pL F EEfif 2 5 it Je FH 0.45 um
PLUEIBLTIE, 4 °C 1RAE .

124 MEZRRERSROEH . I 25 mg
PrAE bR, I BERCHI AL 5 g/L AR EREIR
4 °C WECIRAE, [l DL R B BTk, I

FH 0.45 pm AHUBFLIEREE IS, VE ARG
1.2.5 TLCER&N &4 : LA G #10.3% CMC-Na
B, AR TSI 105 °C HEAE5 1L 30 min; &
5 A - 1101 (R L) s TLC B 54
W )2 A SRR RS , R HBZER R ZE L B,
1.2.6 HPLC A& &44: HPLC AR 1: JatH:
0.1%HIR-HEE(7:3); R : 261 nm; Fi&:
30°C; Jitif: 1.0 mL/min; #FFERE: 10 uLo KR
Toreg Rkl O Begies s . il R R RS hIT

HPLC /KR 2: Jisht: 0.1%85MR(A)-ZIE(B);
BB EE VR FLY . 0-10 min (10%—40% B), 10—13 min
(40%—-95% B), 13—-15 min (95% B), 15-20 min
(10% B); %K . 261 nm; FEiR: 30°C; Wiik.
1.0 mL/min; #EFFERE: 10 pLo AR T B ks
MZ MR whifs . WHARMTRER,

2 HR5456
2.1 PKS I .PKSII#1 NRPS £ [ R+ B #kiFiE
X 19 AR LTI e M O A R A AT
PKS I . PKSII fil NRPS J:H Y4, A 11 MRk
PHAZERON B, £33 T4 700 bp A9 HARSA (K
1), SESHALRT.
19 BRI 17 HE THEREE, 2 R
FREFERERE. hi#k 1M, &4 PKS T KK

1 PKSI. PKSII#1 NRPS EF AR 1 E
Figure 1 Amplification figure of positive strains of PKS I, PKSII and NRPS genes
Note: A: Amplification figure of PKS I ; B: Amplification figure of PKSII; C: Amplification figure of NRPS. M: DL2000 marker; a:
NDZKDS,s; b: NDZKDS46; c: HMIKDS 6; d: YWZKDS3; e: NDZKDSgo; f: NDZKDSys; g: NDZKDSgs.
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Table 1 Identification and antibiotics synthesis genes screening of endophytic actinomycetes strains from
Sophora alopecuroides L.

i . N _
Sl?rfii Acc?si:No‘ ClosI:—itﬁ t;/[fl:ftrain Similafji:(;t}r/i (%) _— L =
YWYKDS)o KP053722 S. anulatus 97.6 i = -
XKIKDS 3 KJ128973 S. lateritius 98.2 4 = =
XKJKDS;s KJ128979 S. scabiei 97.9 F = =
NDZKDS46 KJ506712 S. werraensis 98.5 4 = =
BTJKDS; KP053715 S. lienomycini 98.1 1= = =
YWZKDS; KP053721 S. eurythermus 99.1 4 + -
NDZKDS4s KJ506726 S. mutabilis 98.7 i = s
HMIJKDS;6 KP053717 S. paradoxus 99.6 4 = =
NDZKDSss KP053718 S. capillispiralis 97.8 = = s
FJJKDS;3 KJ128974 S. violarus 99.4 = = 4F
NDZKDSgo KP053719 N. dassonvillei 99.4 1= A 4
FIYKDS, KJ506714 S. plumbiresistens 99.2 = = =
NDZKDS4; KP053716 S. fulvissimus 98.7 - - -
YWZKDS, KJ506708 S. olivaceus 99.1 = = =
FIGKDS3 KJ506710 S. werraensis 98.8 - - -
YCZKDS, KJ128982 S. eurythermus 97.6 = = =
YWZKDS, KJ128982 S. scabiei 98.9 - - -
NDZKDS; KP053720 N. dassonvillei 99.2 = = =
FJYKDSs KJ506707 S. fimicarius 98.9 - - -

Note: +: Positive; —: Negative.

AR TR R AT 9 Bk, BHIES A 47.4%; %4 PKS
ISR TR TR TR 2 K, PEPERN 10.5%; &
A NRPS FEMZWE RN 4 Bk, FHMEZRN
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[ F1 PKSIT 3£, Fkk NDZKDS,s [ HA PKS
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PKS T . PKSII il NRPS %K, X 3 BRIEMR AT fiE
Az 2 FhE R 3 FRRALRPUAE R 1 ARBE R R A
10 B THERERE, RA | HRE TG RIKEE.
2.2 TLC EMNEEZ F RN A ML E B E K~
S RRR

DA i 85 R (MDM)PRIERE iAo IR 28 TLC
RIS 11 B BH A R A O A AR R AR e (1A
2). MDM [/ Ry {4 0.49, Hitk NDZKDSq .

YWZKDS o, BTIKDS,. XKJKDS;s I HMJKDS ¢
M EBER P 1 ADNBESM R 049, TERE
YWZKDS;. NDZKDSgs. NDZKDS,s, NDZKDS,s
HAH —NEES) RefH5 MED [ RefHA 0.01 1)
W#E, BRI Z ShE R NDZKDSgs . NDZKDSq
YWZKDS,o 1 BTIKDS, [ & Bk HH A — B,
[ ReA 052, W15 I & —F sl o AR i ik A=A G
7B

2.3 HPLC E#N T 5 F P4 A gk = BRI B A
FERERLR

231 0.1%BER-BEEREMNInESR: FIHOB
2R 2 (AEM) . 1 8 R (VNM) RIS T(TIL)
FRUERE AR XS IEXT 11 BRI T HPLC Al (&l
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B2 NIHEETFRERKELABREREGIEE
Figure 2 Thin-layer chromatogram of fermentation broth of 11 endophytic actinomycetes strains from
Sophora alopecuroides L.
Note: 1: YWZKDS;; 2: XKIJKDS;3; 3: NDZKDSgs; 4: NDZKDSgo; 5: YWZKDSo; 6: TIKDS;; 7: XKJKDS5; 8: NDZKDS46; 9: NDZKDSys;
10: FJ5JKDSz3; 11: HMJKDS]@

TIL. 4 HPLC ¥ 4k NDZKDS,s (%] 3B)f 4
WA 1 AR PR ]S VNM ARAERE & 1 D
BHE—2, nTRIE WX AT =4 VNM; BB
YWZKDS; (&l 3C)Fll NDZKDSy [ & B th &4 —
AR PRI ) 5 AEM bR AR i 0 i P 7] —
2, FTURIE AN 2 BRIP4 AEM; {E150E
E Y72 NDZKDSqo (1 3D)1 A& TR H 2 NI ) e it
Bf a1 43595 AEM A TIL bRfERe i B e i i) — 2k,
FH LG T A FI W B R AT TR A5 2 Rl &
4tk = 4, B bk NDZKDS,;s . YWZKDS; #il
NDZKDSgo 1 & B 1 #A — AW 1) 6 M B[] 2y
4.45 min (& 3 1 a Fi7R), W12 HIBE—FP o A S0
PR AEAR =4

232 0.1%MEER-CRER AN E R FIHZ
HZEMDM), 7R (CAM), WUHFE(TC), +7H
R (OTCYFRIEREMAE AT HRXT 11 AR #E4T HPLC K
W, 4 FBRAERE A WP OTC. TC.

MDM., CAM (& 4A). % HPLC KRR 11 £
BRI NDZKDSes Al FIsJKDS; #MHAY 9 #R TR
1) 4 TR TS A — I R I 1] 55 MDM B i
A PR Tl —3, W] LI 9 bR #RRE ™
4 MDM, [RILZAMERE YWZKDS; (B 4B)f) K i
WA PR BR R ] 53500 5 TC BRI & A
CAM  FRifERE S BRI ] — 2, B125HIWTZ E pk
Al [A] i 74 MDM , TC F1 CAM ; i #k NDZKDSqo (£
4C) 1 K B ik A — MR VR ] 5 OTC Arif
FER AU ] —2,  Hh ] DA 2P FI i ik i)
[EH =42 MDM #il OTC; itk BTIKDS, (K] 4D)f
REEE A — IR R CAM FRifEAE Y
VR (] — 3, AT LA A5 40 Wiz o ik vl ] B A
MDM #l CAM . Bt Z 4@tk YWZKDS; |

NDZKDSgo Fl BTIKDS, ) A T H A 2 AR B8
JREHSHTE] 4393124 14.25 min #1 15.10 min (1 4 H1 b fil ¢
FIE7R), B2 W2 P R B o3 AR A A AR )
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Figure 3 HPLC chromatograms of 3 antibiotic standards and fermentation broth of 3 endophytic actinomycetes strains
from Sophora alopecuroides L.

W A: 3 FPLARARES
S ARARAARB =)

B: NDZKDSys; C: YWZKDS;;

D: NDZKDSgo. 1:

TIHEE; 20 LBUBIEGE; 30 BERT. a0 W

Note: A: 3 Antibiotic standards; B: NDZKDS,s; C: YWZKDS3; D: NDZKDSg. 1: Vancomycin; 2: Acetylspiramycin; 3: Teicoplanin. a:

Unknown component secondary metabolite.
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NRPS 5 [K 7wk B 324300 47.4% . 10.5% F1
21.1%, BEIBHMER R 57.9%,

i 2k TR ) B 5 147 (Streptomyces) s R FR SR
T 26 G 05 75 IR SR R 25 A0 6 0 1) o = 1 TR

PR ARG R 11 ARBEYETE A 90.9% Y T BRAT
J& T55 55 14 % (Streptomyces) , 1% 5 SCHERIRIE AT

AWFFE Hh % & (Nocardiopsis) kR >, H
A 2 R, BRI NDZKDSe [REEAT PKS
I . PKS I F1 NRPS J:[H, FHLIHE R KHE
(Nocardiopsis)t.i] 7= A= KIFNEIE . 5 EFREAIEE
Rk Z RS 2. 1 I BF g b UV bk
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Figure 4 HPLC chromatograms of 4 antibiotic standards and fermentation broth of 3 endophytic actinomycetes
strains from Sophora alopecuroides L.
M A AP FERMES; B: YWZKDSs; C:NDZKDSg; D: BTIKDS,. 1: +#EK; 2: VWUHEK; 3. FillHEER; 4. whimE b

o B ARARAEACHT ).

Note: A: 4 Antibiotic standards; B: YWZKDS;; C:NDZKDS¢; D: BTIKDS,. 1: Oxytetracycline; 2: Tetracycline; 3: Medemycin; 4:
Clarithromycin. b and c: Unknown component secondary metabolite.

N 7 7 I - S S S e
2B DI bR YWZKDS, 1R A fig &7 X s/
=y S — s LA E, ATt
1Tt — R AR & o
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DI AES RS+, B IRFEB LAV R A N
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FYy, HA R RIS AR N IR EE A E
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HHE, XIS REAE T B TSRV AR P
W R E BRI
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TN R R R RS A M 2, TEIZ 5%
PF R RREAS BRI 43 o 2 ) 1 FH — G - P
JEFFHI, AELE AW TEIRR Fm i e 24— S -
BB 11:1 R FFRSCR .

ARG AT 7 FipiE R, FWEE, 4
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