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Effect of initial pH on antimicrobial activity and metabolism of
Xenorhabdus neamatophila strain YLOO1
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(1 Research and Development Center of Biorational Pesticides , Northwest A& F University ,Yangling , Shaanzi 712100, China;
2 High-Tech School ,Yangling ,Shaanxi 712100, China)

Abstract; [Objective] This study aimed to provide theoretical basis for improving bacteriostatic activi-
ty of Xenorhabdus neamatophila YL0OO1 strain through investigating the effect of initial pH on its antimi-
crobial activity. [Method) Antifungal activities of fermented liquid and ethylacetate extract of X. nemato-
phila YLOO1 under different initial pH values of 4. 5,5.5,6.5,7.0,7.5 and 8. 5 were measured using
growth rate method,agar diffusion method,and biopsy method. The differences in metabolism of ethylace-
tate extract of X. neamatophila YLOO1 were also analyzed using HPLC and LC-MS. [Result] Antimicrobi-

al activities of fermented liquid and its ethylacetate extract were improved with the increase of initial pH.
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Fermented liquid of YLOO1 exhibited highest inhibitory effect on mycelia growth of Magnaporthe grisea ,
Phytophthora capsici , Botrytis cinerea s Physalospora piricola ,Alternaria solani , Alternaria brassicae ,and
Bacillus subtilis at pH of 8. 5. Ethylacetate extract of fermented liquid exhibited high inhibitory activity a-
gainst Botrytis cinerea with EC;, of 1. 29 mg/ml and against Bacillus subtilis with antibacterial zone diam-
eter of 14. 65 mm. The therapeutic and protective effects of YLLOO1 on B. cinerea were also improved with
the increase of initial pH. The protective efficacy was higher than therapeutic efficacy. HPLC and LC-MS
revealed that the production of metabolites was regulated by culture conditions. The metabolites of organic
extracts from X. neamatophila YLLOO1 had significant difference at pH values of 8.5,7. 0 and 4. 5. [Conclu-
sion] The initial pH significantly affected the antimicrobial activity and metabolism of X. neamatophila
YL001,and alkaline condition was conductive to produce active substance.
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6.13 g/L, & H ¥ 21. 29 g/L, MgSO, 1. 50 g/L,
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KA HPLC™ K& LC-MS 43 #r R [F w146 pH K
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.5 pL., LC-MS {& & #% H Thermo ion trap LC-
MS %4 (Thermo Scientific, USA) , & i T./E H
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YA B EReE. pH 8.5 BF YLOOL BBk & B2 it F199.28%. pH 4.5 5 pH 8.5 if YL0OO1 % %%
TR RE L RE G A BRMBURE B 05 T L 3 A K B LR X K R T R I S B R T O 3 A P 2 B
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A 100.0%,91. 34%,100. 0%.,100. 0%,97.84%  tophila YLOO1 % [ AE AW B 15 ME 9 ) 7= A
K1 AEHIE pH &4 T Xenorhabdus nematophila YLO01 & B 3w B B &H I H14E B

Table 1

Inhibitory effect of Xenorhabdus nematophila Y1.001 fermentation liquid on growth of

plant pathogenic fungi with different initial pH values

A ) 955 T LT il 2/ % Inhibition rate

Plant pathogenic fungi pH 4.5 pH 5.5 pH 6.5 pH 7.0 pH 7.5 pH 8.5

e
H ""‘“"ixfﬁm . 15.83+2.00 ¢ 26.86+4.51d 34.69+4.27 ¢ 61.78+3.52 b 61.3644.06 b 99.28+0.05 a
Alternaria brassicae

e e e
i ‘?K%% . 7.224+0.06 ¢ 35.61£5.77d 54.84+0.58 ¢ 60.7140.60 ¢ 70.2840.17 b 97.84+0.17 a
Alternaria solani

S oy
i ﬁ(hﬁ% 0.00=£0.00 ¢ 74.4740.12 b  100.00+0.00 a 100.00£0.00 a 100.00£0.00 a 100.0040.00 a
Botrytis cinerea
?%MEE‘EE 15.38+5.06 e 23.2643.05d 73.8843.05 b 76.9243.01 ab 81.22+3.02 a 53.67£3.01 ¢
Clomerela cinyulate
K2 AL
Curvularia lunata 26.78+3.00 ¢ 41.944+4.01 b 70.47+5.01 a 69.06+0.29 a 68.14+2.01 a 71.02+3.56 a
(Wakker) Boed
?ﬂﬁj{ﬁlfﬁlﬂ . 8.62+3.41 ¢ 9.77+3.45 ¢ 63.51+3.11 b 58.914+2.09 b 64,08+4.05b 87.64+4.32 a
Exserohilum turcicum

S

NI 24.2142.23a  15.9642.89 b  11.8241.74 b  12.8442.32 b  11.63+2.33 b  10.84=2.66 b
Fusarium graminearum
AL 38 250 T
Fusarium oxysporium f. 15.48+3.00d 18.43+4.02 ¢d 25.3145.20 be  20.15+3.01 ¢d 30.71+4.09 ab 37.3543.01 a
sp. vasin fectum
PR AR A A5 I . 6.98+0.09 ¢ 70.9340.05b 100.00+1.28 a 100.0040.71a 100.00%1.00a 100.004+0.79 a
Magnaporthe grisea
i WIT SR ==
PRIBUBE A7 7 .. 15.60+0.20 e 13.50+0.90 e 39.24+1.24d 72.9543.00 ¢ 85.3440.34 b 91.34+1.00 a
Phytophthora capsici
SR LU .. 2.39740.06 d 5.8240.09 ¢ 36.83+0.04 b 100.00+1.36 a 96.1440.29a 100.00+1.82 a
Physalospora piricola
WAWBRE 0.00£0.00d  0.00£0.00d  35.52+5.01b 39.5543.02b  30.52+2.68 c  98.58-0.35 a
Sclerotinia sclerotiorum
i A A 52 34.36+4.24d 30.08+4.04 d 45.2145.10 ¢ 45.794+4.01 ¢ 57.47+4.05b 69.16+4.01 a

Verticillium dahliae

2.

T« AT B 5 e A A /NS 52 8 5 AR (DMRT 8005 25018 Po.os KV E2ZREE . K2 [,

Note: Different lowercase letters in each row mean significant difference at Py o5 level by Duncan’s Multiple Range Test. The same for Ta-

ble 2.

2 AE#%E pH FH T X. nematophila YLOOT — MEI/EHZE SR . 78 pH 8.5 W60 pL KEEHAE

R B o TR 4 TR A D U4 AR

F A8 b Jm Xof Al 25 ST TR 4 4 1 B AR A E 21, 00

MR 2 W LLAE W, W& ¥ 6 pH T &, mm, MINE S5 R AT LLA H YLOOT & W v T
X. nematophila YLOO1 J ¥ W XT A8 ) 9k It 40 71 1) = [ PRV 40 v B A B ny AR H
R 2 AEMEE pH &8 T Xenorhabdus nematophila Y1001 %& B it Xt 4% IR 240 & 89 30 %) /E B

Table 2 Inhibitory effect of Xenorhabdus nematophila YILLOO1 fermentation liquid on bacteria with different initial pH values
o B 41 7% 8 4% /mm Inhibitory zone diameter
Bacteria pH 4.5 pH 5.5 pH 6.5 pH 7.0 pH 7.5 pH 8.5

?ﬁ/{kﬂi}ﬂﬂ'ﬁ 0.00£0.00 e 1.70+0.12d 4.404£0.06 ¢ 8.40+0.06 b 8.4040.03 b 9.50+0.17 a
Bacillus cereus
i Hzf—}ﬂﬂ‘% . 8.40+0.12 ¢ 9.60+£0.17 d 19.404+0.06 ¢ 19.50+0.03 ¢ 20.2040.06 b 21.00£0.29 a
Bacillus subtilis
o A%P‘F‘]@ﬂ:@ . 0.00+£0.00 f 0.80£0.06 e 7.70+0.12 ¢ 7.30+0.12d 8.10£0.06 b 9.204+0.12 a
Bacillus thuringiensis

S g e
E%@A@fﬁlﬂ 0.0040.00 e 1.80+0.06 b 0.904+0.29 d 1.30+0.06 ¢ 2.00-£0.06 ab 2.274+0.15 a
Erwinia carotorora
oA Rl Jeb g g T
AR B 5 5 1 . 0.0040.00 e 1.3040.06 d 8.404+0.23 ¢ 10.70+0.12 b 12.80+0.29 a 13.2040.06 a
Pseudomonas syringae

g u N==3=-
KR L A 1 0.0040.00 d 1.5040.12 ¢ 2.60+0.12 b 2.40+0.06 b 3.23+0.20 a 3.40+0.03 a

Xanthomonas cam pestris
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M1 ATA B W iR pH & XL nemato-
phila YLOOL % B WX 7 ik AKX 55 95 1) B 16 a5 Rl 42
TR & A BT T K e A T AR R
16.83% ~44. 81 % . ¥ K F 50 % , HLAK T XF [t 24 51
(50 Y0 JEE #1000 £5380) WYIAI7 VE A (83. 22%0) s 4
T KR R VE ] R 45, 17% ~89. 54 %, Hi
7E pH 8.5 B LAy VE L F 89. 54 %0 . = T XF BRZG 51
(PRI VE I (78.69%0) . RFE#IL pH F YLOO1 %
TR VAR 6 At ¢ 8 o 14 YR T AR RIER B 4 A A 22
S 45 Ak B T K B 0 AR P R AR TR YT AR

100

O3 97 4 A Therapeutic effect; a
OfRF1EM Protective effect B3 _%_b
80 T
c
2 —
2B
< 2 60 d
B 8 e b
Bz be
52 40 < 50| ¢
=
d
201
0 I | I 1 I I )
pH4.5 pH5.5 pH6.5 pH7.0 pH7.5 pH8.5 JF&EA
Kb Procymi-
Treatment done
B 1 AFE#EE pH 24T Xenorhabdus nematophila

YLOOT % e 0 XoF 7 i I 85 99 114 B 1 R0R
R AP AR A R NG S8R (DMRT ) 75 2%
IIMTAE Po.os/KF L2522, K 2, 3
Fig. 1 Inhibitory effect of fermentation liquid of
Xenorhabdus nematophila Y1.001 on Botrytis cinerea
with different initial pH values
Different lowercase letters mean significant difference
between same efficacy at Py o5 level by Duncan’s Multiple
Range Test. The same for Fig. 2 and Fig. 3
2.4  X.nematophila YLOO1l XEEi& Z B8 Z EEI=R EX
M EHMREBROBIERR
& 2 AP BEE VAR p HA TS X, nematophila

YLOO1 & B £ T2 & TR 2 B (2. 5 mg/mL) X} 3
T B 1 7 6 RCR A 2 4 v . 5 A BN b K
FIRMIRITVE R 3. 9126 ~39. 94 %, ¥MKF 50%,
HARFXT 25 (800 Z W R 1 mg/mL) IR I7 1E
FH (56. 63%) 5 X % i K B 0 R B4R A
14.81%~61.22% , o h £ 4] s pH 8. 5 B R4 4E
FHEF S B3 61, 22 %6 o AEATIG X6 BE 25 500 1) £
YEHI(72.86 %) . ANFEHFILG pH &4 T, YLOO1 %k [
W L TR TR 4 B X 7 it K 256 1 3 7 VR F AR 97
VE R AR AE 25 5o 45 A 3 X 38 99t 2 25 93 10 DR 47 4 FH AR
TIRITAER .

toor O 97 1E H Therapeutic effect;
R 3 ¥EH Protective effect
8ok a
2 b [F
§ IS 60k q be a
e §
EE s & b -
8 C
=400 cd
= f e de
20
f
0 1 1 1 1 1 1 ]
pH4.5 pHS.5 pH6.5 pH7.0 pH7.5 pHS.5 Z iR
qb B Carben-
Treatment dazim
B 2 ARG pH &1 T Xenorhabdus nematophila

YLOO1 % B £ 1R £ Tk 42 By ) 385 i 0 2 1Y) 7 36 48R
Fig. 2

Xenorhabdus nematophila Y1001 fermentation

Inhibitory effect of ethyl acetate extract of

liquid on Botrytis cinerea with different initial pH values
2.5 X.nematophila YLOO1 REER Z B8 Z BEIR B
M EHRBRANEN
H1 3% 3 AT LA R FE W) 46 pH 254 YLOO1
TR AR K I VR £ TR £ TR 412 U XoF 98 80 K 25 9 T T 24 2
KA N FERER G AER, P w4 pH 8.5 i,
LR TG B U 0T 2 301 I 5 o T ) 4000 48 A i e
ECs, 24 1. 29 mg/mlL,

£ 3 AEME pH &4 T Xenorhabdus nematophila YLOOl EBER B ZEEIENY N EMAERENSE N

Table 3 Toxicity of ethyl acetate extract of Xenorhabdus nematophila Y1.001 fermentation liquid to

mycelia growth of Botrytis cinerea with different initial pH values

s pH R ECso/ 95 % BAF XA /(mg » mL™ 1)

Initial pH Regression equation (mg » mL™1) 95% CL r
4.5 y=—1.102+2.000x 3.56 2.83~4.80 0.995 5
5.5 y=—0.903+1. 825x 3.13 2.43~4.42 0.997 0
6.5 y=—0.775+1.836x 2.64 2.05~3.80 0.970 0
7.0 y=—0.532+1.931x 1. 89 1.50~2.63 0.979 8
7.5 y=—0.334+1.684x 1.58 1.23~2.32 0.978 8
8.5 y=—0.185+1.653x 1. 29 1.00~1.93 0.943 9
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X A 2 SR TR 0 1 A P B pHL ) 396 o2 a1
pH 8.5 I, Z TR £ 15 & HA) Xof Al 50 2 6 AT T 1 490
Bl B2 14. 65 mm, i = T pH 4. 5 I 2. 45 mm,
FUTHPE AT USR5 YLOOT Fry 4 o 6 4
2.7 AE#E pH T X. nematophila YLO01 & B
BRI~ MHNES

ME 4 v DLE L, A R B4 pH A4 T,
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Differential metabolite profiles of Xenorhabdus nematophila Y1LOO1 fermentation liquid at pH of 4.5,7.0 and 8.5
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TR EA A S 25, 5 pH 7.0 fil pH
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Table 4 Relative contents of main active substances of Xenorhabdus neamatophila Y1.001 %
Wt pH ZIEREY 2 f 151k 26 Al £ 4
Initial pH Rhabduscin Nematophin Indole6 Indole7 Indole8
8.5 100. 00 a 100. 00 a 100. 00 b 100.00 b 100.00 b
7.0 88.38 b 33.29 b 131.92 a 151.81 a 156.50 a
4.5 3.39 ¢ 5.40 ¢ 45,51 ¢ 2.71 ¢ 10. 85 ¢

TEpH 8. 5 I 2% 1 M B 5 i 4 4R 100, 00, [ 81 Bl Ja dr A R /NG AR (DMRT )78 Po.os KV B R EZ R

Note: The active substance contents at pH 8.5 were regarded as 100. 00. Different lowercase letters in each column mean significant differ-

ence at Py o5 level by Duncan’s Multiple Range Test.
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Fp G ple 3 A EAC I = ng R R FE, AN isnA L isnB 4
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