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H E: [#x] MLE RiEH HQB-1 X & A4 X % B (Fusarium oxysporum f. sp. cubense Tropical
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M e4. [4%]1 HQB-1 mﬁkﬂiﬁ%‘&\#éﬁﬁéﬁ Foc TR4 %47 4|4 F; HQB-1 mﬁkﬁi)b/\@}

SRBAR, TR A FAFRAKBER; 3 HQB-1 AHA MR B . R, TR, RFLRIERXF
(FLRAD), 23T KIUKIGAE 69 LR, £ 30%. 60%A T K F BS 69 2L T 345484 1-3, &F Foc TR4
A E A H 10.06%. 27.82%Fn 51.40%; EIFIE R R KA 3 SABRAE BN, KFHEE
sk, S 365 nm KK T EA R KEANE, Ak B £S5 SciFinder #= SDBS 13 & #4
et AT et i A & AL S M S A o -1- A BR (Phenazine-1-Carboxylic Acid, PCA). PCA
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Abstract: [Background] Burkholderia HQB-1 has good control effect on banana fusarium wilt
(Fusarium oxysporum f. sp. cubense tropical race 4 (Foc TR4)). [Objective] The active compound was
separated from the fermentation broth of HQB-1 strain, and the active compound was detected by
HPLC-MS to obtain the monomer compound with good biocontrol effect. [Methods] HQB-1 strain was
fermented in large quantities, and then the fermentation broth was separated and purified. The active
compounds were identified by HPLC-MS and NMR. [Results] The protein from fermentation broth of
HQB-1 strain had no inhibitory effect on Foc TR4. The catechol type iron carrier rather than hydroxamic
acid type iron carrier was produced from HQB-1 strain. HQB-1 strain fermentation broth was
centrifuged, concentrated and dried to obtain ethyl acetate extract (crude extract), which was then fully
adsorbed by macroporous resin column. The components 1-3 were obtained after eluting by 30%, 60%
and anhydrous methanol, and the corresponding inhibitory rate to Foc TR4 was 10.06%, 27.82% and
51.40% respectively. The component with the highest inhibitory rate was selected, and the yellow green
crystal was obtained through silica gel column chromatography. The compound had a maximum
absorption peak at 365 nm wavelength. The antibacterial activity compound was identified as
phenazine-1-carboxylic acid (PCA), after the comparative analysis of NMR spectrum with SciFinder and
SDBS information database. The minimum inhibitory concentration (MIC) of PCA to Foc TR4 was the
lowest, only 1.563 pg/mL, indicating that PCA had a strong inhibitory effect on Foc TR4. [Conclusion]
The active compound PCA isolated from HQB-1 strain had the biocontrol effect on banana fusarium
wilt.

Keywords: burkholder, HQB-1 strain, antibacterial compound, separation and purification, phenazine-1-
carboxylic acid
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10.0, NaCl 5.0,
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W R B I RAR IR S F R R CTRIRG S, &
ForRdw AR, EE 3K, FIFCROHEEZ;
PRl LL 40 °C e ZE AR AT R IE T Ky, BHAS
THEFE 40 °C T 2 h J5 & F TR FRESH.
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1001 100 m/z, 253 S50 b Rl 1 g it i 8
10-40 eV, i#il Mass Hunter Qualitative Analysis
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TR4 i fEHE R RAEE 2R .
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W 555E 24 hEEEFEAEEREL R 1.2 om 1)
W, mHRERE S WEERRS N
3.5:1, KB HQB-1 WMRAEA A SRR b a] o3l A
BRIRAR, REESA CAS Py Fe'', MM S8
FRELB O WK, 16 CAS KeIFAR FIE ks
ok, JFEEMFESMAT, FREEREKE
B Pk A RE T R

Armow K25 R 2 R, HQB-1 B & BRI
BBl —E NI (E 2A), FHARE
£ 15 min B TCAE L, FH] HQB-1 Hikk & MK
HEE LR R R R AR . m ARG IR 245 RN E

2B i, RVEIEEEAMARAL, £ HQB-1
BIRRA A S BRI

—EBLS, R EIR R 4/4, LT
05", £ 1 PRFMBRASEAE A 4/4, B
0.99-1.03 i), Pif HQB-1 itk m ALk —E it
PR AA LR IE B B AE KRB Ird: . JFIEm 8k
A ENESEy 8
2.3 HQB-1 HIEYRHIERRS B

Xf HQB-1 BMRAEERE L. Wedn, TH:, 3t
PA% 36 g LR ERIRE LY. CROERRB S
T RAUB AL A9 TE 73 BT, 7E 30% . 60% K2 oK
FERIVENE T 5404 1-3 (8 3). KL/ ME R

1 HQB-1 EHREEB AN 4R
Figure 1 The siderophore detection of strain HQB-1

HQB-1 CK H,0 HQB-1 CK H,0

2 HQB-1 FEHRF= R E R ZE BT

Figure 2 Detection of siderophore type of strain HQB-1
T Ar JLZEB RIS B SRl mRB BB eIl
Note: A: Detection of catechol type; B: Detection of hydroxamic
acid type
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#F1 HQB-1 Btk AERPRB AR TSN
Table 1 Quantitative detection of siderophore in
fermentation broth of strain HQB-1

B CK (4r) HQB-1 (4) AlA,
Dilution Ratio

4 2.483 2.507 1.009
6 2.536 2.529 0.997
8 2.456 2.531 1.031
10 2.528 2.513 0.994

e AVA BRSO, PR e
Note: The smaller the A/4; ratio, the higher the content of iron
carrier

M 10.06% ., 27.82%7F151.40%, FH] HQB-1 F#itk
77 T U0 R A ) A R v 1 A R v
BETH R iR

W2 3 s rEReAE)ZMT, LAS D/ H Bk R
ATRBEEVEMG, Horh 1:9 (MRFRLG)BEMEAR R I .2 43
3 W BRI TRTEYE . [FEF, E4H43 3 /9 TLC
2 LU AR SR TF I (G5 H B=1:9) A R JE T
AL, 7E 254 nm A —FHEVE FBES(E 4), HEN
ZBELSWETRE N HQB-1 WM& FEMR/E A £
BOGVEA Iy o WA o L T e 28 ALK BR AL
A, B TRERE, 52 3520 mg MYEEk
ik, R4 73.17%.

LA THRBC T B, HXF Foc TR4 11
B/NNEWIE N 1.563 pg/mL, [FBF, 5. 25 Fl
50 pg/mL WJE RIS Foc TR4 BG4 5555)
78.88%. 87.72%F1 100%.

24 MECEMNLEERRBT

LA ITE 200—-800 nm FY £/ MI IS G4
FW, ZALEYILE 365 nm PN HAT e KIRI00g
WM ZAL B WAk 2= S5 R ] BEAELE R R AL

ARV E MR AC A P 365 nm WOBIEK
MZERERY], MEE YR 5UOLH 2 R IF4
PEXR . UIROLECNALLR Y, MEAA YRR
W (ng/mL) R B A bR X, 45 I IH O R
Y=0.069 22+0.061 71X, Ht R™>0.999, EHHE
RS, i, Pz Rt 365 nm Eh
HPLC ka1

ZIN AL G PITE S SORAH 15 365 nm Rk
KT BACR RAF, a5 KW W s 174 O B I (1]
4 1.617 min, MPEEEW 5T+ 1) Q-TOF —Z ik
BB RFETE 2 DMORINE I, 433N [M-H] m/z
223.048 8 Fl m/z 179.058 8.

SIBUDO D am aka iRl BYI i L EI B NE AN
ER DR E AT CisHN2O,, FIR{E N
[M-H] m/z 223.051 3, SZMMEA m/z 223.051 2, i
Z -1 mg/L, /N 5 mg/L WALE L5 b eIy
W2, EREFEXT, g BB —4F
JERBRFRFERE R By T IEM-H] m/z 179.057 6, 5
Wy R IR S (s S AH I, HEIZ 6 7 AT RE FR AL &
W) Rk — AR I (—COOH) ML Al . AR SCHik i
IS AHCE R X b, WO AL S P Rl RE S My
1%-1-fR R (Phenazine-1-Carboxylic Acid, PCA).

B3 ARKERBERRTJESHNENR

Figure 3 Antifungal effect of fraction 1-3 eluted by different concentrations of methanol
T 1 30% MR 2: 60% M AEIRIbL; 3: JOKHIBERL; 4: Xfid
Note: 1: Eluted by 30% methanol; 2: Eluted by 60% methanol; 3: Eluted by 100% methanol; 4: Control
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B4 TW4A% 3 TLC HMER
Figure 4 TLC of subcomponent 3

AL E W) LR SR 25 SR an e 5.
K6 BT, RSN IT: "C-NMR
(126 MHz, CDCly) § 16593 (s), 137.42 (s),
135.11 (s), 133.24 (s), 131.75 (s), 130.28 (s),
130.07 (s), 127.96 (s), 77.30 (s), 77.04 (s), 76.79 (s)-
'H-NMR (500 MHz, CDCly) 6 15.58 (s, 30H),
8.98 (dd, J=7.0, 1.3 Hz, 28H), 8.98 (dd, J=7.0,

1.3 Hz, 33H), 8.53 (dd, J=8.7, 1.3 Hz, 28H),
8.64-8.34 (m, 47H), 8.38-832 (m, 28H),
8.42-8.11 (m, 60H), 8.32-825 (m, 30H),
8.09-7.97 (m, 87H), 8.11-7.86 (m, 90H),
7.27 (s, 12H), 7.27 (s, 9H), 0.00 (s, 6H), 0.00
(s, 7H).

76 '"H-NMR ., “C-NMR &g, 23514515 8 4
13 ANESPHES. K 5 TR, R o
7.30-9.00 X I 7 AR 5T, oy 15.58 Ab
(R Ok R R R 7 M, G UE TR % R A R R
(—COOH) Ml . 76 “C-NMR &g (& 6), dc
124.91-144.07 [XIHIK) 12 A UELLTF 5 F 0k AAINTE
Fl, XRIZS T rl e A XA = 254 . oc
165.93 4b (AU (B IR Al 26 IR A B 0 o0 F 4584 R A 7
Bk o [T, KRG LR B % 5 SciFinder
(http://scifinder.cas.org) 1 SDBS 15 & % #& /%
(https://SDBS.db.aist.go.jp/) 47 &G L XT, $Fiz
HTEVEL G % PCA (K 7).

[(dd)
8.53
F (m)
J(dd)||7.85
8.98
G (m)||E (s)
801 || 7.27 %Ss)
H D) BO] [AG)
K() A5 1.71] [0.88 | | 0.00
15.58
|
|
——J UhU!J'L_ ! | L !
6 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 -1

5 HENEYIZHELIRSE
Figure 5 'H-NMR spectrum of antifungal compound
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0 (s) 1(s)
144.07| | 133.24
M) || G(s)
140.03 | 130.28
K@) || E®) B (s)
137.42 |[127.96 77.04
P(s) J(s) || D(s) Als)
165.93 135.11 ||124.91 76179
L(s) || F(s) C )
139.81 || 130.07 77.80
N (s) H (s)
143.36 131.75

i «|HM4 ]

180 170 160 150 140 130 120 110 100 90 80 70 60

E 6 HME LS EIREE
Figure 6 '"*C-NMR spectrum of antifungal compound

% 2 O 96 FLIRBGRIMEIRI LA, Al &2 PCAFEIMZ MHERER MIC
41 PCA %} Foc TRA. BEDRI . KA AN Table 2 MIC values of PCA against pathogenic fungi

i JEL IR PCA ZH R 0.1%
BEWTER MIC {H5r518 1.563. 6.125. 1.563 F Pathogenic fungi  *&ML)  Carbendazim  DMSO
3.125 (£ 2), MKTEWEALIEL, £KH PCA M) (ng/mL) (ng/mL)
. e Foc TR4 >1.563 >3.125 -
FCR ISR Hik. HiP, PCA %f Foc TR4 i) *

PRI >6.125 >12.5 -

MIC A, 18 1.563 pg/mL, i PCA X Foc

Colletotrichum
gloeosporioides

© o IREEI A >1.563 >6.25 =
N Botrytis
X cinerea
AN BERE >3.125 >6.25 —
N/ Curvulatia
fallax
E 7 PCA HILFELEHN e - BEAITERCR
Figure 7 Chemical structure of PCA Note: —: No antimicrobial effects
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TR4 WP B . [FEE, 0.1% DMSO AbFEX}
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