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BE: BRRLERS T ELARGH LN ENEREE R, AN E K. AF%E Dbk 7 3LE
# Xanthomonas arboricola pv. pruni A8 7, KA TR = N E A 0 E F 0f 25 R 3 2 A 10 %
TER R A E, KIEH QH-16 W #EH AR & E, #it 16StDNA F 7 47, &AM SR, Bk
Wb Ao T AR, K N R E Y Streptomyces globosus. BRI E XX £ FAE R R @ K 4 A
HRIFNANEAER, TR FARATIL o I 2 b R A7) W A0 4 S8k 14 mm; A EFRATH I B &
ik 24 mm, KA BER EBERBE R QH-16 KB Yt R, BieAEEN. B &2 HE 6%
(PLC) VL KTEIH G & A S &a R e4, SRk, o 5 ob oy il e & i 2Rk A4 b 4%
—FE T .
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Identification of Actinomycete Strain QH-16 and Structural Analysis of Its Active Products

LI Zhitian "%, CAI Shulin®, WANG He®, YANG Haiqing®, ZHAO Juan?, LIU Dewen?, LIU Ya', ZHANG Dianpeng >
(1. School of Food, Shihezi University, Shihezi 832000, China; 2. Institute of Plant and Environment Protection, Beijing Academy of
Agriculture and Forestry Sciences, Beijing 100097, China; 3. Forest Pest Management and Quarantine Station of Beijing, Beijing
100029, China; 4. Beijing Pinggu District Fruit Office, Beijing 101200, China)

Abstract: Antagonistic actinomycetes can produce bioactive compounds with high commercial value and great
application potential. In this study, Xanthomonas arboricola pv. pruni was used as the indicator bacteria, and five
antagonistic actinomycetes showing inhibition action on pathogen by dual culture assay were screened and strain
QH-16 presented the highest antagonistic efficacy. Strain QH-16 was identified by 16S rDNA sequence analysis,
morphological observation, cultural and physiological characteristics. The results showed that strain QH-16 was
identified as Streptomyces globosus. The filtrate from ferment broth of strain QH-16 could inhibit Fusarium
graminearum and Bacillus subtilis, with inhibition bands of 14 mm and 22 mm, respectively. The active
ingredients of the fermentation products were extracted by solvent extraction and purified by silica gel column
chromatography, thin layer chromatography for preparation (PLC) and preparative analyzed by nuclear magnetic
resonanc, the main active product in the fermentation products was identified to be dibutyl phthalate.

Key words: Xanthomonas arboricola pv. pruni; actinomycete; identification; active product
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WATTE, ABAFAE B A Y . R, MRS A AEASANE . AR e AEPa EoR B
B IE BTG RO E R BB R A AR B ORI, IR R e A SR R IR
TR RS BUMEY), BT 2 MR RIER . KRB P B, TR B
K, BERAIPORE AT EEMER, R AR IR, R A AT AR IR
PARHIIZ) 22500 A3 Fh, I HATFEHUSPERIZ) 16500 B, £EIXEEREHY B AT 10100 Bt (45%) 721
TR Nk, SRRSO IRE . % M ILTT YR T 10 450 2 5 S 9 L2 2 B[ P AN (75
bk, 41244 Higginbotham F1 Murphy' "4 B 1 — B4l 4 3 (0 I AT BRI 114, 22 DNA 2848 o i 8
PESTEBER W 80% A RIPEYE: TN P40 3 — MRk B, IR A AR b 4 B s 15 51
SRR X SEC NIRRT DY 2741 AR =1 Hh A 23 88 Sh G it €6 R AR A R X B AT 4 38
HAMSIE R R T lE . A SCH R PAROM IR A O A RSS2 rh 7 128 00 Wk 4 B8 44 2 L 1 H AT
TR B RO B AR, WA S0y 1 A5 05 T 8 S0 S AT, 0T 2 T R A T 4 B 3 1
PPN, RAEILEE R, T A Y AR AR 2 R AN ST R B 5E B o
1 #MRI5RE%
L1 #ilEEk. BFE
LL1 (X EH WSS QH-16. XI-39. XJ-35 Bthdbnt iR MORLF Bl P R4 SR B 5P B 07 A=)
Biva Wt ot s b dt, MOHSEA I AR B SRASBIRR: A AKF I Botrytis cinerea VU AL B
Fusarium oxysporum f. sp. niveum- 5455 I B Strawberry anthracnose~ NZ W J& W5 B Fusarium oxysporum-
R TJIREW Fusarium graminearum~ K KB B Exserohilum turcicum- BE# 8995 W Monilinia fructicola-
VG R FR ] Acidovorax citrulli~ R 5.8 AT & Bacillus subtilis~ KWk & Escherichia coli< Be40 &1 % L%
Xanthomonas arboricola pv. pruni, VA EBFR H1 AL ARMEL = BER P /AP PR CR 50T 58 T A= B Ve it 52
Vit
112 fkE R PDA BiHEUH FHRPORE, WK SRR TR, A B s 52
FTHZ 0L (AR % o URD (RS SE T U, RS MR F R K — S 1900, Wk
YW R G B R dE . SIRBUIRIE IR AL . WA — R R BRI AL . A B BEE B IR BY
IRk, TERBIRERIE . A BUIRRE IR IR . DR E R RIR AL . WM BRI IR . A - E
BRI
12 5

A H] AN LH-9100 CIERt AU B & AT IRA D, AN IS Agilent 1200 (SE[E Agilent FHYAT
BRATD B %A Develosil ODS-HG—5 (HARFA L% 5 RERFEZHT T HIREE A 200~300 H
(H S T RARD , #ZENTH TR GF254 (G S b TAHMRAR]),  Hl& 85822481 H 4T
#i PLC Silica gel 60 F254 (BRyAL THAA AT | Hede 2 K X RE-5000 C FHFHRFESLE WA RAFAD
Varian B G FLHL A R, WO Gl B F R O (i ol CE 298 b il A IR A |
FAb A o A 2 2 e o Hr 4
1.3 M ERYIHiL

CABCAN B 28 AL R (Xap) A HIRRER, SR PSR IR0 b 3 T AR MR 2% B i ) R B RS LR P 5T
P A a T T S B AR 85 PRI TR R AR IEAT F B S PN E o FEPURZ M T PDA B2k b, BT
28 CRIIFHINEIR 2 d, KERIIETR 24 h OBRAR w1V % L e (Xap) BV JCRUKFRRE 5 48 o B2 T

PR DU AR b, DOAEERS IR X, 28 CHEFE 3 do WA ELRIEHURER % 3 IRFE L, W
SRR o

14 Bk QH-16 BIEE

141 BEAFEAA KPR, BER QH-16 #f T K — SR IEE b, B K55 35 BHEAN
Rrgpdih, AT 28 CHHBIGFM NI 7~14d, 7E 6% B PSRN H LM A EH LIS
FEAA .
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142 BERFAEREBEMT  JES% ARME e T U G %e Ty 12,
1.43 Bk QH-16#7 16S tDNA 75 AT I 40 1 PR A B A7) S B Ak QH-16 [113E [H141 DNA J&,
FIH] 16S rDNA 1514 243F: 5'-GGATGAGCCCGCGGCCTA-3', A3R: 5—CCAGCCCCACCTTCGAC-3',
TR AR QH-16 f#) 16S rDNA J¥41#ET PCR #71%, PCR &4TFEA: 95 CHIAEYE 5 min; 94 CZAZTE 1 min,
60 ‘CiE-K 30s, 72 CiEf 45, 4L 35 AMEFA; 72 CHEH 10 min. FTF 4 b b5t R — R 4 1y s vl ik
TR AIN S . HAR PP HI3) F3F NCBL Wk, BREEE & AR A%, ) MEGA v.5.0 SIFHEE R4
REW.
1.5 Ekk QH-16 £ B KH S &

K 500 mL FEH R BERS IR0 BE0R 200 mL, R 6.5%, 28 C. 180 r/min FEIREEFE S d 5,
R IR HE Dol e MEpE AN g, ST MALIERE (0.22 pm) JELRARM LIEH, &H.
1.6 Ekk QH-16 HEILHIN E
1.6.1 EEMEEANZE 75 PDA AT OB /S 5 mm 19 1.1.1 P AR ECE B ~EAGA 2 B 4% 5 mm
FIALA$HTAL, BB ER%E, a0 IAEBRALH N 100 pL 5 BER Bk QH-16 MBI, BE KM
WA AXTIE, 28 CHEERFE 3d, MRS, SAMCEER 3 K.
1.6.2  ZAEAPE SR E U b s A SR FH BIG PR AT FL32: o 4 100 uL 5 75 40 B B B VR ST A T B
24 9 em [ PDA B3P b, ARG H B AR 5 mm FALESAE AR PO 3T 40, BUHERIRZE, &b /i AEE
NEFLHA 100 pL Z80 JER B R QH-16 MBI . WE ARBM BB X, 28 CHEEIEFR 2d, W
g, HAMRIES 3R
1.7 HEYREIRIS BREWETE
1.7.1 WE AR 1wk QH-16 K =ML AL SRAT KA 60 L, HISEAATRI L8 LBEAHL 3 1K,
AL 35 CORKAT, F3MHIEY 5.719 g, B T-20 CIKFAIRAE-
1.7.2 BEREEN 2 RAERAITYL 08, RN EARKN 2.5 cmX60 cm. FEAEAFA
200 mL, 1V EFE, H 6 FiAS IR D MEREA T VR, 2 A i s SR OER=10:1 (V/V) 440 mL,
Al LR OWE=5:1 (V/V) 360 mL, 100% —% H %t 1000 mL, 5P EE:HEE=5:1 (V/V) 600 mL,
ARG HEE=2:1 (V/V) 600 mL, E L HEE=1:1 (V/V) 600 mL, FZHMENTREEEVER, &)
138 6 N1y o VAR TARIT ALk e 4173 (A is ok, 419 T1 A Bem i s va i .
1.7.3 #IERHEE BNt AT ZHRS M EEEA S T, RAGISEZ EE— 20 sai,
DAAT e : 208 SWR=10:1 N JETFA, B 50 543 BN A R AL AT BTG PR e, SRAT (400 B % 1 41 55
TI-1,
1.7.4  #I&MEHAAE /DSOS AR B AR TERRE S, 0.22 um A HLFLIERSS U8, 1REE
BB (O R HEA TR 4% o TR BIA A 70% (033 FEE 4 30%7K , A3 K 2 254 nm, AL 2.5 mL, LA 3.5 mL/min
DM 120 min.
1.7.5 MEEEAOEHLEE SIS T1-1 TR (NMR) 454 8008 PE Xt FT A3 40 5
HEAT A K HERT .
1.8 BRI RAIHNEIE N E

B 100 pL S Bk B 7 AL B (Xap) BI510RAG T EHARA 9 em () PDA 855356l b, HE
125 mm FALASAE PR OFT AL, BOHIRIRZE, fEBUIRAL A 60 pL H AR A &4, wE PR
NI, RCE T 28 CIERLIEFRAER R 2d, MK S 3 K.
2 SZRE5SH
2.1 % E QH-16 B EEMHRELE

DARKGH 1 28 AL B (Xap) AE NIRRT, KHSPBO IR 9532, 5 Jb st i ARMRL 7 B A P - 4 BR 5%

PRY T AE T VAT S R R E R 85 BRI B R AR AT I P IR I, LIk 3 Moa W RS BUE BB
k(B 1), Hrh Rk QH-16 B ek, £1h 46 mm.
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1 O BEEERIRRE Xap BINEEE

Fig.1 Inhibitory activities of antagonism against pathogen Xap

2.2 EtkQH-16 I TE

WM RLY], Wk QH-16 fhm 537tk b, WigAEKER, "ERLERMEN, EANEL
E, WeRRER (B2 o HEK QH-16 HMIEAFRFRILR R 7~14d 5, KIWHARK—5.
I, WIAME-RITAZE ok PDA. CHLER—VER B MR- R X 7 Phasasdt I, WK,
SN ERE G, Al (Wit , SAERLZ BRI G KA K E; EFSRF
M- R R R L RAE, R E (R D o Wbk QH-16 REE R A M. FLBE. H
W WA RERE . AR RS, TCVERI A B TR CRILNE: RS AR AR B AR
RER, TCEARRIRE (R 2) o W4 FEE A S 2RAE RN, #v RERKER (B 3) . EdFs)

A: 10X20: B: 10X40
B2 B QH-16 BIFZSHHIE

Fig.2 Modal characteristics pictures of QH—16 strain

F1 MELEE QH-16 FIE IR IS FRIFE

Table 1 The growth status and culture characteristics of actinomycetes QH-16

Figrdk A RARBE e E2A K R 22 NG EREN S
Medium Growth status Aerial mycelium Substrate mycelium Soluble piement
1 IG5 55 953 Gaoshi No.1 agar +++ wh A o
SR CHENIE Sucrose czapek’s agar +++ KA A s
HARE—R 14 25U Glucose asparaginge agar +++ Wk o I 48
R Bl TR B 35U Glucose yeast—extract agar ++ 5K i &
YER BT Starch agar +++ Y e 48
P BFATIENE Tresner agar ++ % AR ki &
¥ PDA +++ 52K AR i)
TeHLEE—VER BEHE Starch ammonium agar +++ B A &
B A M- B IR Yeast Extract Pepptone +++ B K A (R

W “H 4 47 RIERRAERI R IR,
Note: “++ and + + -+ mean the growth condition normal and very good, respectively.
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HOE R BT e R

37 4%

PEXE, TR QH-16 SEABER R S. globosus fEF— R 3 1, HASVERBER R LZH-48 AHLUE
N 99.74%. HEFEEFRREIE . ABRR AL, 45 REYIE K QH-16 HYREFRRF A A= B IE 5 1% 5
R RIEALR A, DI, BE R QH-16 S 7% [ BE R 14 .

%2

Table 2 Utilization of carbon source and nitrogen source of actinomycete strain QH-16

ML E E Kk QH-16 BLiRFIFIR A A

BUEFIH Utilization condition 459 Results ZFEFIH Nitrogen sources £ Results

H# B Mannitol — THERET KNO3 ++
W% Glucose ++ LB Beef extract +++
FLBE lactose + MfREE (NH,),SO4 —
Hul glycerinum + M5 Peptone +++
FfRiAf Bl arabinose ++ P REKY Yeast extract +++
ABE Xylopyranose ++
LB galactose —
IhALEE sorbitol +
fZ=HE rhamnose —
HEWE sucrose +

W “— L+ A RN AERRBA . R R R

Note: “—, +, ++ and +++” mean the growth condition bad, normal, good and very good, respectively

Streptomyces virginiae strain CS-15 ( MK951694.1)

Streptomyces yangpuensis strain CYS92 (MK942697.1)

Streptomyces flavotricini strain WMF20 (MN527248.1)

Streptomyces amritsarensis strain YNF42 ( MT071185.1)

Streptomyces erythrochr omogenes strain 3-45 (LC413951.1)
95

Streptomyces racemochromogenes strain WR18 (MN733122.1)

Streptomyces toxytricini strain 173518 (EU570696.1)

56 Streptomyces olivoviridis NA05001 ( LC033613.1:232-1393)
Streptomyces katrae strain BAB-2876 (KF853113.1)

97 | Streptomyces globosus strain LZH-48 (KX865136.1)
QH-16

3 MEZkE QH-16 HARFZLEH
Fig.3 Phylogenetic tree of actinomycete QH—-16

2.3 Bk QH-16 HEILAINE

PIPE QH-16 75 PDA P F 02 A i i B0 gt B A S 4 00 JHG R IR R A 8k ) Bt PR 40
W eIk 14 mm, S A0S B AN B AT 5508 11 mmeo R BOIR TARET FLI2:00 5 L % B o) e K B AT 1 Ak
(1R 2R 22 G S R AR S P AT e A — e (R AT T B, B At A P 2 LS B R A BT B 31 mm, R P JICRE 2 1R
(RO P ol 20 mm,  RHAS B 28 B AT B I B 22 mm (6 3) o A WL, AR QH-16 HfF BRI iR
R
24 FHEYMHNSBESAUER

60 L KIFFIRL L% LBEMAE, WURIRAEIFHIED 5.719 g WeRIZE o 20 5 AN [FIC LE e M3k A 746
FEVEME, $e M gn S KRR Tk e, S 2 ENTBCRIIN, B5 TLC R oMT 4558, & A1 [H]
BES 1~2 %, 3~4 %, 5~32 4. 33~37 %, 38~41 %, 42~46 %, 135 6 N4y, 4RIkFidh T1.
T2. T3. T4. T5. T6, MWLHVEEIEPERN, T1 HAAMEIELE, T2, T3, T4 T5. T6 4153 LW ETE
(K4 o TI Gz, BERRIRESE PR 2T, FREHN 13230 mg. T1 £ TLC il
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I 2 ANEAHT, HODB AR, RS E 2 ENrit—2 i, 5281415 T1-1 F T1-2, fWpiEtE
K T1-1 HATHEETE, T1-2 TCIEETE. 419> T1-1 LR G AT O RE 614, JAai R m itk &4,

WA T1-1 N ek BT, HO RIS S0 "H-NMR (500MHz,CD;0D) (|8 4) , PC—NMR (125
MHz, CD;0D) (] 5) , 'H-NMR (500 MHz, CD;0D) ¥#i (% 5) 3t @R 5 MAfE S, 6:7.72 (2H,dd,
J=5.7,3.3 Hz, H-2,5), 7.63(2H,dd, J=5.7,3.3 Hz, H-3,4) , 430 (4H, t, ]=6.6 Hz, H-1°), 1.73 (4H, m, H-2"),
1.47 (4H, m, H-3") , 0.99 (6H,t,J=7.4Hz, H-4) . 74 C15%5, 6:169.27 (7-COO) , 133.55 (C-1,6) ,
132.32 (C-3,4) , 129.84 (C-2,5) , 66.63 (C-1°) , 31.70 (C-2) , 20.25 (C-3’) , 14.05 (C—4") .

%3 Bk QH-16 MEFEE
Table 3 Inhibiting activity of QH-16

1878 Indicator FEPUH % Inhibitory zone (mm)  F5EPUIG M Inhibitory activity
L T K EZIR N Botrytis cinerea 11 +
Fungi VU )KAS 2590 I8 Fusarium oxysporum f. sp. niveum - -
TERERIATR A Strawberry anthracnose - -
NZSHRIEIRE Fusarium oxysporum - _
ARBWEI VIRV Fusarium graminearum 14 ++
T K KPR R Exserohilum turcicum - -
R 55993 T4 Monilinia fiucticola 10 +
4 PG )RR B Acidovorax citrulli 20 +++
Bacteria K ZE AT I Bacillus subtilis 22 +4++
KIVi¥F i Escherichia coli - _
kA P % FLIB 1 Xanthomonas arboricola pv. pruni 31 ++++

e =7 RORTAWTREYE: “+. 4+ s T BRI N G 8~13. 13~19, 19~24, 24~30 mm.
Note: “~” showed no inhibitory activity; “+, ++, ++4, ++ 4+ showed that the inhibitory zone were 8~13, 13~19, 19~24, 24~30 mm,

respectively.
4 HARYEREERSER
Table 4 The result of crude extracts after silica gel column chromatography
VeI LLA] Elution ratio VeiAF! Elution volume (mL) FEAhE Sample tube ST Antibacterial activity
Fiifg: LR LHE=10:1 440 1~2(T1) +
il LR =511 360 3~4(T2) -
A 1000 5~32(T3) -
TR =51 600 33~37 (T4) -
ST =201 600 38~41 (T5) -
AR F R =101 600 42~46 (T6) -
e 7 FOREIEEE; =7 RN LIMEETE.
Note: “+” showed antibacterial activity to Xap; “-” showed no antibacterial activity to Xap.
%5 diftit598 '"H-NMR, "C-NMR #(#& (CD;0D, 500/125 MHz)
Table5 'H-NMR and “C-NMR data of purified compound (CD;OD, 500/125 MHz)
No. Jdu/ppm dc¢
7 169.27
1,6 133.55
34 7.63 (2H,dd) 132.32
2,5 7.72 (2H,dd) 129.84
11" 4.30 (4H, t) 66.63
21" 1.73 (4H, m) 31.07
33" 1.47 (4H, m) 20.25

414" 0.99 (6H, t) 14.05
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) L o S
] N LA 1)
0~ o~ L —_ - |
~ 7
g & g S A .
il o Al A n
3 12 11 10 9 & 7 6 5 4 3 2 1 0 1
f1 (ppm)
B4 BEUEYH 'HNMR i
Fig. 4 '"H NMR spectrum of purified compound
[ v ol <+
N w) n 2 =3 i)
o ool N 5 A<
= hcfags 8 = 82
T 7 ] T 9T
m—-.-Lm SOV LRI SR e
(=3 D DD < 0 O O
< S o =~ N
— — n n < [ e B o
220 200 180 160 140 120 100 80 60 40 20 0
f1 (ppm)
S5 SBELEYH "C-NMR iZ

Fig.5 '"C—NMR spectrum of purified compound

et SCHRAT B, RBLSAL A A A AR IR T BRSO 8 IS e AL A
A K HIEE TR (E6) .
25 HEFEMEMENELS
T B IR AR ET FLIE e S = T1-1 1)
SR, W) T1-1 B gk 2 L vs B e I
FAEH, Hrh B A AIHEE (B 7

3 iR

AT TR RO IRE 97 328 IR B 4 1
2L R R A BRSO E - M QH-16, it
TEARFIEM S B2 M %, A BEAREG AT 16S rDNA

Ee6 SPE_FEZ_TEHIZME
Fig. 6 The chemical structure of DBP
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B7 BYEREIEES
Fig. 7 Antibacterial effect of the prepared products

A8, 1 WAK QH-16 KV [ 5ERE 1 S. globosus. ZFEARTIARE = Px 52 [CBHME B . 5= KB
PRI IT TR B I A VE D, BRI, AT A D BURRTE PR B AR TR A R AR . T A AT 05T I
WA 9o st AR RZERAT U IR e AP e I R R T R R R R LB S SRR Sk
Mk vV 2 FLIw R AT IR, (AT Wk b 1 2 L A5 DU P R A DGR A
AWFREAI . TERAT T 2% 2L 2 E AT BCRIE 1 i £ A (i S50 IR, DR IR R )
FEHL. A IS B A WD e = S50 o B2t NMR BN, i i T =4 b A58 — g —
TR ABIE R T HRAE T ATEL MRS IR, S kRO bl R 2 g R
AR, LAERER AR MY EEZ IR I, SRR IR R T MR AR IR, TR R
TR, TR E S AR AR R T IR AR BN AN R 22 00 TR IR R T IR R S IS
ARIE . 1 = PO 2 7 25 K R 2y B AR 51 17 FhRARF=4), oo AR IR — T Fg, JF
3 3k S B B A R T TR KT 4 (R A ER TR R IR 2 A B A S . ok R AR
FEXT T A p AL T 48R R — T W, UE T O 22 e R D B R BT AR, o KRB AL
R RN SR B AT DR IR . DR ey i 2 R MOAF I L—9 "y B % T PLmis v
AN A PR TG, TR ELGE S i BT AN AR LA A - Roy SRR ST R WABE R S. albidoflavus
321.2 PEAR AR IR R T NS B 2 PQBH P A =2 BB v S BRATS  BE TR S. cerevisiae B I EF Aspergill
usniger. £ (12511 Curvularia pallescens Y BATESRIGINEINEIT o IHEE POV 57 R BLAE e DR 4R
AN Pseudomonas stutzeri (No. DN7) B4 —FHER — T a4, HOHRS S AT 1 Bacillus subtilis
A AR B0 Pseudomonas aeruginosa ELATESRAN P . Ramesh 1 Mohanraju®® % B A 4 & 64
TR 17 ol J5L R FLAT 0BT s B b g PR 0 1 462 YR — T I - Ahsan S5 PTABERE T KX 852460
B =Y rh oy B EIAR IR TS, X IASZA%TE Rhizoctonia solani BSRIANHIEM . HE, H
H AR 7RV R B 27 s AR = 2 s Al A 43 3 48R — R IR — T R (R AH JGHRIE
AHIE I8 3L 73 5 07 126 75 B B R 1 RV R B AR TR QH-16, M B RR IR A I =4 h 4y B Al A 43 23 M =
QIR ZFR TR, AR 2 B R R A A AR 2P RN, R T AR T R E R,
A JE ARSI R TR QH—16 A ™ W) HABBTIR o3 1R 70 B9 4584 % 5 DL A TR) AR o

2 % xx #f
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