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Enhanced antibiotic activity of Xenorhabdus nematophila by
fermentation medium optimization with response surface methodology
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Abstract: [ Objective] The study enhanced the antibiotics activity of Xenorhabdus nematophila
YL001,and laid foundation for antibacterial active constitutents separation of YLOO1 strain, development
and application of such biological resource. [Method) YSG was employed as an original medium, and the
best carbon and nitrogen sources were identified using one-factor-at-a-time approach. A full factorial com-
posite experimental design and response surface methodology were used in the design of experiments and in
the analysis of results. [Result] Corn flour and bean cake powder were identified as the best carbon. The
optimal levels of medium components were:corn flour 9. 69 g/L.bean cake powder 76. 50 g/L,MgSO, 1. 07
g/L,(NH,),S0,1.79 g/L,KH,PO, 0. 63 g/L,K,HPO, 0. 80 g/L,Na,SO, 1. 25 g/L. [Conclusion)] The re-
sults strongly support the use of RSM for medium optimization. The chosen method of optimization of me-
dium composition was efficient,relatively simple and time and material saving.
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Wi FLAE 2 0E TE R CH L KOk BRI s AR R
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T RE 42 B AR DE R L 2Ry B PR R X i P L R ARF)
PR 20N F AR AT R S5 rhoo Bt
11,3 ARk REm AP s 95 B . NA B 57 5L,
FAF 3.0 g AR S. 0 g B IR I 20 g.7K 1 000
mlL,pH 7.2~7.4,

S b T S I SR 2 NBTA 85 9% 38, NA+ &k

SR PI A M (TTC) 0. 04 g+ R BE 5 W i
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FERNREFRIE . YSG R R 4L, Hh 5 g, AR 4R B
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.2/ &
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Table 1 Experimental range and levels of the independent variables
7K [NZ/(ge+ L") Variable

Level e X, Carbon source A JE X, Nitrogen source ToHLEL X3 Mineral

#K Step chang 3.0 20.0 2.0

—1.682 5.0 11.0 3.0

—1 7.0 24.5 4.2

0 10.0 44.5 6.2

1 13.0 64.5 8.2

1. 682 15.0 78.0 9.4

25 PR3 Joit kv R 5 HL X iy 1 A ) o B A Ak
X
=X, — X)) /AX;.i=1.2.3, .k,
Az AR gmISE, X, [ AR AE. X,
HHAE RO S E.AX B P K,
M 7 T I P ASE A 38 ) — R 7
Y:/JO—FZI_)/J,AI,»—FZ{:;/)UJCU—|—Zb,»,ﬂf,»2c
S LY B EE PE S by K RO b, b, A D, 4
R — I 2 ST e, BRI 2] (R R

1.2.5 % it 4 AT M H ¢ STATISTICA 6. 07
(StatSoft,Inc, Tulsa, USA) % I 38 47 814 Fn
T EST.

2 GRS
2.1 WREFEIER YLOOL Bk B M B R0
LA 7 0 B8 85 £ Y'SG B 7 o A 1l B Al

By Je AR AR RE IR SR 72 h s L i E YLoO1
BRI AR i IR G T I R AR DL T 6 A S R L 2,

®2 BIEFEIEN YLOOL Bk EE A

Table 2 Effect of various carbon and nitrogen sources on antibiotic activity of X. nemaatophilus Y1.OO1

e IR PUAETEME/ (U« mL- 1) IR PUBETE M/ (U« mL™ D

Carbon source Antibiotic activity unit Nitrogen source Antibiotic activity unit
% B Glucose 243.3 A 54 (1 % Tryptone 260.0 A
B Fructose 196.7 B & [ Proteose peptone 260.0 A
HEBE Sucrose 213.3 C K G Soyptone 256.7 B
FLB# Lactose 223.3D #H H I Peptone 253.3 C
7 2F B Maltose 233.3 E £ RE Beel extract 253.3 C
VEHS Starch 220.0 F TP Bean cake powder 213.3 D
Hil Glycerol 216.7 G EEEEHLHUY Yeast extract 210.0 E
E K H Corn flour 196.7 G H3 Btk Cotton cake powder 186.7 F
At Bran 160.0 H i1 4} Fish meal 160.0 G
JR % Urea 153.3 H

TE AR RS 52 B 7R 22 5 ik i i 35 K7 (P<<0. 01)

Note:; The same column followed by different letters was significantly different at the 1% level by Duncan’s multiple range test.

2 SR LU R O B DR I G AR T A 4
BRI P B e » R RO 22 280 T R A D — b R A 19
B AR IR B A B MU RS e . 285 5 TR A% A
A5 YLOOT B bR % I8 17 97 22 Ak U5 LA 5 K By O B
AR A IR YSG B 37k b i) e RE 52 0 HAlb
W B R AR L AR RE R B R SR 72 h )R U E
YLOOT T bk 2 I ¥ G BT 089 R BT 36 1 o 4 2R (3R
2) W] DUBRER F W A0 2 9RO 60T I B0 7 30
U s TR A B I HU R R X AT B T
TYRBAACRE S Ot E R R R et B 2 B
WY R TT R . B, LG PR AE S YLOOT
TR A T 0 R R 0 R

2.2 YLOOl EHk R ERIEFERML

TE R 0y Al DL KR H Rk i SRy
NRW, YSG By 5 5 HAb g o> F1E R R
RSM XF YLOOT B #k & % B 5= 4k 09 BC 77 B A7 16 4k
M) o7 T 18 T S g 2 R UL 3R 3.
2.2.1 ZRwEABERGMES T E 50N KPR
38U A I NAE Y SAR X #yRIAER

Y=264. 367 8 +9. 014 2x, +27. 572 4z, +
4,650 7y —11. 637 7x," —9.287 22," — 2. 801 lxy* —
7.487 5 x12,—1.662 5 xy205— 4.162 5 2525,

[ -1 AE TR ) N 25 1 G 6 B [l 00 2R 0 B 5 2R
W 4 FIEK S,
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Table 3 CCD plan in coded value the observed and predicted response
YU P/ (U « mL~1) Antibiotic activity unit
A S e X
ﬁggE N Cafg(o/f s};lxrcc Nitrf\g(ii i((jurcc %l\jlj}nn:rjl(g B E fﬂifﬂ’]ﬁ ﬁﬁ_ﬁ
Observed value Predicted value Residual
1 1 1 1 270.0 268.566 6 1.433 4
2 1 1 —1 270.0 270.915 2 —0.915 2
3 1 —1 1 230.0 236.721 8 —6.721 8
4 1 —1 —1 213.3 222.420 5 —9.120 5
5 —1 1 1 280.0 268.838 1 11.161 9
6 —1 1 —1 273.3 264.536 7 8.763 3
7 —1 —1 1 210.0 207.043 3 2.956 7
8 —1 —1 —1 186.7 186.092 0 0.608 0
9 1. 682 0 0 256.7 246.605 1 10.094 9
10 —1.682 0 0 203. 3 216.281 2 —12.981 2
11 0 1. 682 0 273.3 284.469 9 —11.169 9
12 0 —1.682 0 200.0 191.716 4 8.283 6
13 0 0 1. 682 260.0 264.265 6 —4.265 6
14 0 0 —1.682 250.0 248.620 7 1.379 3
15 0 0 0 256.7 264.367 8 —7.667 8
16 0 0 0 260.0 264.367 8 —4.367 8
17 0 0 0 263.3 264. 367 8 —1.067 8
18 0 0 0 276.7 264. 367 8 12.332 2
19 0 0 0 270.0 264.367 8 5.632 2
20 0 0 0 260.0 264.367 8 —4.367 8
x4 HASERPNEEHLE
Table 4 Analysis of variance (ANOVA) for the quadratic model
78 S o IR B -5 Al ¥ 75 FA{H P {H
Source of variations DF Sum of squares Mean square F-value P- value
[8] )9 Model 9 153. 25 17.027 78 30. 205 81 0.000 78* *
4 Residual 10 11.075 69 1. 107 569 15.374 41 0.000 097"~
KA Lack of fit 5 8.257 065 1.651 413 2.929 464 0.131 575
" 2% Pure error 5 2.818 627 0.563 725 4
BAE S Total 19 164.325 7 8.648 722

T AR DC R B R=0. 965 7; JE B R* =0. 932 65 M5 P E RELR?=0.871 95 * Fox 100 BEKF,

Note: Coefficient of correlation R=0. 965 7;Coefficient of determination RZ=0. 932 6; Adjusted RZ=0. 871 9; * * Significant at 1% level.

*5 HARHERBEEMEKRRE
Table 5 Model coefficients estimated by multiples linear regression (significance of regression coefficients)
RIS K S0 B 8 P 1A

Model parameter Parameter estimate Computed ¢ -value P-value
b 264. 367 8 61.592 08 0. 000 00"~
2 9.014 2 3.165 52 0.010"*
b2 27.572 4 9.682 57 0. 000 00™* *
bs 4.650 7 1.633 17 0.133 48
b1y —11.637 7 4.198 74 0.001 83"~
ba2 —9.287 2 3.350 69 0.007 357"~
b33 —2.8011 1.010 59 0.336 038
b12 —7.487 5 2.012 34 0.071 894
b1 —1.662 5 0. 446 81 0.664 532
bas —4.162 5 1.118 71 0.289 416

ik LY B KT
Note: * * Significant at 1% level.
}J\%‘:ﬁ 4 AT, EUH*%EEE/‘J F,=2.929 464<F ¢ =
3. 37 SR ARG 30 SR B L AR 2 56 PR 2% 0t 1t 56 45 SR 1Y 52 e

Kj(§F2:30. 205 81>F, , = 3. 36,12*%’3!?{ 99%
S KT 1 o105 23 4 W08 1 () 55 52 B
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by Doy SRR S 2 L 33X 3% W T KR L KT R R R U
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B ) P PR, o vk e /N 14 A8 4K TT 5] R B B T
PEA 2 R A o by AUAE 70 %6 BERK - 2 3, 31X nf
RE S i1 T AR S A — 2 R LR, 28 HI by, 1E

PR /(U - mL™)
Antibiotic activity

9520 W HE A K P L B3 L bus  bos AN L BEH] K
By SLPF R 5 T HLER 22 ) AR B AR T Bt i T
S AR

2.2.2 e @ AT R TR R NLAE Y X
TEHR X X X (X BRI X, 9 R,
X R TCHLER) AL Jle 1) = 4k 2 [ f oty T P51 K HG A —
2 SF-TaT B0 45 g 2 P HG AT DL DU S e 4% TR R B
EATZ 1] 9 52 ELAR X i A 820 R — S IR
I#] % 75 %7K F- MU STATISTICA 6. 0 A R a4 H
73 AN WIR 2R 52 HLAE P o 7 T e FL A R R A
GERILIE 1~3,
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Fig. 1 Effects of corn flour and bean cake powder on the antibiotic activity
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Fig. 2 Effects of corn flour and mineral on the antibiotic activity
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B R JCHLER A1 R DF R XF YLOOL TR Bk $T B 1 4 19 52
Wiy DAPEL 3 T LR M, JCALER i W AR L B 3 B
T A I e B 4G K, YLOOL T Bk Bt B 76 i 22 Jal 34
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Antibiotic activity
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Fig. 3 Effects of bean cake powder and mineral on the antibiotic activity

2 5% Pt 400G e I Y TR 4 T AR T [l I A Y A
FERSE A1 HOBE Y /) — R I R £ 34 o B ) T
P SN NS NTTR R N =S O N Gl = i R 1y
S s 4 FLAF T8, n] DLSRAS ih 1 ) fe KA
0.901 4—2.327 5 2, —0.748 8 x,—0.166 3 x5 =0,
2.757 2—0.748 8 x,—1.857 4 x,—0.416 3 x; =0,
0.4651—0.166 3 2, —0.416 3 2,—0.560 2 x;=0,

fi#e )5 FedS sy = —0.103 9432, =1.599 75505 —
—0.327 64,

WK AT Y (5 KA THE Sl .Y =285, 192,

HRAE 25 I 3R 5 % 1 [ 7% & 09 4 1 5% 16 A =, W]
TFR 3 AN 32 B 2 a4 KA 43 5k ik TR
(X1)9.69 g/L, &V (X,)76.50 g/L, LHLEL (X3)
5.54 g/L,

¥ C WL Ak o MgSO, . (NH, ),SO, .
KH, PO, .K, HPO, #l Na,SO, )& &, W & &5 57
FERE AR 7 o EOk A 9. 69 g/L, TRk 76. 50
g/L, MgSO, 1. 07 g/L, (NH,),S0, 1. 79 g/L,
KH,PO, 0. 63 g/L, K,HPO, 0. 80 g/L. Na,SO,
1.25g/L,

R ¥R S AR A SN A 5 S DA = R Y 48 AR
JE TR UE I, RO R B 72 h By 45 R LR
6. F 645 KW, YLOOL T& k75 LAk 5 14 A e 8%
FRIEIE IR U TG PE R 268. 9 U/mL, 5 i K40 w#
T P 1 U0 AR 4 30, TR0 5 S =2 (el B A R
U 0L P L 3% BT AR R (A Akt L 1B [l I A
il A L S b 2 % TR 2 0 A TR BT TR I M 1

F6 YLOOl BMABEFERIERBER

Table 6 Results of verification experiments

Ao PR /(U mL™H
Run Antibiotic activity
1 276.7
2 250.0
3 263.3
4 280. 0
5 283.3
6 260.0
I 268.9

Average value
3 i HITE

A 5 38 Aok B R R 0 2 Y XL memarophila
YLOO1 e P 4% 5 F 19 S5 A Al D A 00, Ol i 4= [
O A A e T A e I TR L R T B R
U5 AT HLER 9 S B L AT Ak, 3RAS T & 1
Bh 5 W B AR IC Ty 38 3 R 0 L SC 98 (E S I
A R,

UG Y 7 A 5 A T R R RIS R SR AR
%, Xenorhabdus spp. 1F 1. 0% & 9 i 8% 3% &,
ANFELE BB P T I A R R O Ry AR A
LB R 3 g K B 7R 3/ TSB 85 2 50 ]
VI SiE Y . T HomE W o™ AL w18 77 20K
RO % AN TR TR X 35 5 ) B 1 SR 4 AN AR TR ] —
WA PEAS [A) A A B BV S FR IR A — 4, TTE
I S5 A o B 52 k) T ol 150 0% T R 8, DA TG e AR
RS IR R B A ™ . BRI T A R E
TR L 38 Y PR RE I 0 2 U Ay R R T
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[F) 20 79 %k YLOOL Bl BRHT Bl 115 1 1) 52 Wi A7 — o 22 5
o IR 52 0 B O AL ER BN - LA B IR L Y
C/N &/ 3 AT RE R th T 35 A2 1™ A= 09 BT ) T
TR AW ARG Y = A 5 7 AU D)
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