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The characterization of glyphosate degradation by Burkholderia multivorans
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Abstract: Long-term or inappropriate use of glyphosate may damage the non-target organisms and environment. Microbes
are important biological resources for bioremediation. In recent years, the method of using microbes and its catabolic
enzymes to remediate organophosphorus pesticides in the environment has shown a promising potential in application. It is
the main direction of research on organophosphorus pesticide degradation. This study aimed to investigate the degradation of
glyphosate by an efficient phosphate solubilizing bacterium Burkholderia. multivorans WS-FJ9 which was isolated from pine
rthizosphere. Strain WS-FJ9 was grown on the plates of nutrient agar ( NA) with different concentrations of glyphosate to

determine the tolerance of strain WS-F19 to glyphosate. Glyphosate can be used by strain WS-FJ9 as the sole sources of
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carbon, nitrogen and phosphorus, respectively. The degradation dynamical parameters of strain WS-FJ9 on glyphosate were
determined using low flooding quantity batch reactor method ( FBR). Plackett-Burman ( PB) design, central composite
design (CCD), and Response Surface Methodology (RSM) were employed to screen and optimize the main factors of strain
WS-FJ9 degrading glyphosate. The maximum concentration of tolerance to glyphosate for strain WS-FJ9 to remain efficiently
degrading glyphosate was 0.4%. The affinity constant (K,) of strain WS-FJ9 to glyphosate was 65 pl./mL and the minimal
concentration (S, ) of glyphosate degraded by WS-FJ9 was 21.9 wL/mL. Three key factors ( cultural temperature, glucose
and ammonium sulfate) for the glyphosate degradation by strain WS-FJ9 were selected using PB design. The quadratic
model for the three significant factors was established using CCD design and RSM with glyphosate degradation rate as the
target response. Under the optimal degradation conditions, the incubation temperature was 27.7°C, and the amount of
glucose and ammonium sulfate supplemented were 9.67 g/L and 0.50 g/L, respectively. The degradation rate of glyphosate
by strain WS-FJ9 reached 72.83%.

Key Words: Burkholderia multivorans; degradation; glyphosate; optimization

FH B (Glyphosate, i/ GPA) MFRA K, 244 N-(JBERR 11 2% ) H&R (C,HNOSP) i iy SE [ 1L #R 22 W
( Monsanto ) JF & () —FhA HLBEER R050] , BAT AR, A B8, 2 TR b Ak RAVEY) | el 45 AT
bR AR EA S AREE RSk B SRR A (E I BSOS 21t X SR R AR A W R P53 B A B A
FAARZR 2 SRR R 2 MBI oE O O £ A XD B9 3R B+ 8RB 509%—80% 1) 2%
HAETF AR B R R S g BRAE B A BT kB B H IR AR B 0 b K e e €6 MR BR B R ) I AR S 1 T
XS5 S B9 e I H IRl Xt A ) ) R R e R M P AN A R R L B A R S LA — S
#IVEM . Daruich &' JFuji &) \Dallegrave 2SI AT TR H B I, 45 R R B K 0 42
O H T S SO R M UG AR A i A 2 T RE MR S, S EUIR LA B S JCIE IE W K H . Poulsen 45" HFSE
TR R RE A% 27 18 N R BEBRAT E AR L 4R X ARG LI & & 8 i

APy A e 5 A BRI ) K ™ A R A i Ak SRR S v A FLBE R 25 i 5 1, E
7t RGBT 5, SR AR R0 A MLBE AR 25 A 1) 22 R SR J7 1), EA, 763K [E 2 A i Dol B A = H b
A BRI IR 23 B 07 E 1 0RO R £ IR T I 96 T )8 ( Pseudomonas ) 5 KT T8 J& (Arthrobacter ) | [ fF T Bl 1
( Enterobacteriaceae ) #3984 I} ( Rhizobiaceae ) 55 . 22 WA 78 28 /R 18 [C 5 ( Burkholderia multivorans ) WS-FJ9 &
PR A S 55 5 ZE AT A5 b DA AR AR PR 0 356 AR A5 09 1k v A5 A ot 200 281, 7 301 ) 0t 5 e B TR T W 2L 3l ) 2
AR AT (R A A KA G S aE . I IRITZ I & BAT LR YR A 255k B8 B9 D RE LA S i 783
B AN B R A 32 5 30 S MR PR 3R AT DG LA Rk 28 [ 3R K1 X B R I S S 3 A 2K, A TR R AT S
e I it T ) R A A A TR 28 A ARG SR P TS I TR Y NA P i T e WL X e Jl ) T
S 3 3 0 LB g Ry o — B DR | R R VAL, T T M 1 ) R B 5 SR PR 7 ) K R 7 1k
(FBR) W LR A R H W 20 ) 24 2800 AE BT B AR KRR PE R FE A Bl - B FH Plackett-Burman (PB) J¢
Central Composite Design (CCD) X565 X 5% i FL R o H B A O i) 8 AN R AT e i fb . wFoE 45 -]
SR D A A i T 0 S LA 24 % B 1) A= M8 S B AL BRI R B U5 RN 2 25 AT P AR AR P T R S S AR T
TRy A EEE
1 MR5FE
1.1 PR OH R N R b R A

AR AR R Z2 WA 708 SR 2 EC B ( Burkholderia multivorans ) WS-FJ9 BBk i A 5256 28 40 5 i 18 T 5, AR
T P SR R DB R L CCTCC (No. CCTCC M2011435) 1 o AR H iy 1T DUJR A TR AT R 2Y
FA P (5 30% ) o PHEICRR A 15 55 A8 D e — B DR (o R 5% < IR AT DL B SR ik ) | W — g 05 O — 2R
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1.2 WS-FJO BERRXT EH Bl 4 1 A2 A

P WS-FJO BBk m T & S H % 0.1% .0.2% .0.3% .0.4% .0.5% ,0.6% .0.7% .0.8% 1] NA “F-#z |-,
28°CHEFR 3 d, AR A KB
1.3 WS-FJ9 BbkAYME—mIE RIS

¥ WS-FJ9 BPRIEALS , R AR D 5 AR FD T34 50 mL NB WIARE #2509 100 mL =T,
28°C 200 r/min R EGFE 48 h, KBER( 4°C ,4629%g) B0 5 min, JC R A FEER K PE A4 3 W5, JC T A= B
ERK AT B BE A 1x10° efu/mL YRR . 435014 1 mL EEIEFN T 50 mL ME—BRIE | Pk — U FIE — 3
TREEFREE DA IR RUR sl it 55 92 56 45 A 25 I IR, 28°C 200 o/ min FEIRIR G SR 3 d, B0 )5 1
THCR ] HWANOSy #9506 FE T E 600 nm &b Y WOEE
1.4 O RERE R A I

B 1 mL B EREF T8 50 mL LUSH B E— BRI 3R 00 100 mL =M G2 = Arb i s
FAR IS R A7) ,28°C 200 v/min FEIRIRG 5% 3 d )5, FEAf R R # 2 S0mL 2.0 T A 0.5 ¢ JoHk
TP, R SM-650D F i 75 67 20 Bt i RSO A T AR B A R 20 min J5 50 (4°C ,4629%g) 10 min, B _E 3 7
FE TOAIUBE & i B S mL RO B R AR R RARCE T OLIC T A 9 mL AOVMRBRIR A | mL S 5008, HHLIHAE, &
THEREIEY A HETET pH HE 7.0, FE & 2 S0mL, & Bu & i B & 800 E RS 6
P BRI R = (M, -M,) /M, x100% (M, - 55 = WA MLBE & & M, 5 3 G A DL & B A LB & | =
MBS E-THBE S &) .
1.5 WS-FJ9 BbkREf R B 2h 715 2800l E

4 WS-FJO BEPRI TRB IR 1 %A e FP 2] NB ARG 772 | 28°C 200 r /min 354555 3 d 5,12 L
KB ( 4°C ,4629%g) B0 5 min J5 , B FH G R A= BEER KT PE 3 YOS IS 2 L JCHH Al ME— B R SRl 15 %
B2 N A A R N, B 28 CAHIRIGFRA P . sh 12280 e 2 R 2% 1 ik R FBR (I
KRR (B R S R A ) B, A AT B 4 1.4 TR AT RN RE (9 Bh 12 S B0 R S AR R

Smin = Ks x

¥ masx Gomas ~0
A, S, A BRR B (l/mL) 5 K A4 TR D638 5T 1 36 A 480 (wl/mL) 5y, R AN R R R 5 (mg/mg) 5
oo PR HEFE RS (A7) b AR SRR (A7)
1.6 WS-FJ9 B FRFESR 5 H BE PB XK Tt

PEHU I WS-FJO B RRRF i 50 H B 8 P&, R A Plackett-Burman ( PB) #1177 S 8547 ¢ B A% 5t 1) i
Voo WEBITANER 2 Fran , 8 AN & o ild it 12 YCSERG HEAT IV o3 A , 44728 il o S 7K (fIROK -1 1
P KA+ 1) SRR ol RO (IR Ao R SOk A e, A R ) A P EA R AR E
1.7 WS-FJ9 B bR A H 0 A2 550 S gk

K HF O E AR TT ( Central Composite Design, CCD) 32: %} 1 Plackett-Burman §ifi 1% H ) G 8 R 2% JE 4T
I, [ e HABAESCHE R R . oD B G a5 5 3 DO AR & 1 20 558, BN s Al 5 K
W (R A) o HIAE S SRR R IR KT AT LIS E R T A 1Y) A5 v kPR = ST AR T X T
A B A e B, IR RS Y FI A5 B D R AR (R?) #EATIFAL . LL PB 38 | CCD 1504 5 1) foe (R
IR HEAT WS-FJO TR BRRE A H Rl S etk %8
1.8 ol bir 5 Ak

K H Office 2003 F1 Design Expert 8.07( Stat-Ease Inc., Minneapolis, USA) Z4#:47 PB .CCD iR 55 % 11 %
Pa 22 5 o E MR (P<0.05) | [l 40 H K R 42 4
2 FHREHW
2.1 WS-FJ9 B B H By 52 1

NA P EFRCH RS BN 0.19% 35 5] 0.4% 3t 8 vh | BRI A= KRB A W S A2 4k | 3496 I A HE I A

http ; //www.ecologica.cn



6888 33 &

R REH RS ARSI, BRSBTS 5 2 FH IR ] 0.8% I BIRRANBEAE I (3R 1) . RUIZ AT
B2 IR PBEC T ( Burkholderia multivorans ) WS-FJ9 TR X H H A — € BUTR 32 BE 7, 4 5 H W& 20 0.4% ), B
PRAHE AR | U6 B B 55 H IR 52 A e RN 0.4% .,

F1 ZEMATERERE WS-FJ9 B3 EH BT 2%
Table 1 The endurable ability of strain B.multivorans WS-FJ9 to GPA
HH RS B Content of GPA/%
0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8

PARRAE R
Growth status of strains

A AR R+ R ++ A K+ B R IR

+HH+ +HH+ +H+H+ +H++ +++ ++ + -

;- AER

2.2 WS-FJ9 FRIBRTEME—f IR R ABE IS 7738 T a4 KR

WS-FJO [ M 7E LA B H I Ay Ml — B 6L 280 Rl U
WS DIRRIE R AR R 1 AT TR LA R R
SME—BER IR TR LR KR R R ek M
2 MR R S, I, 75 St h SR

0.5

Y-

7

03
DA e — BV B 7 3 ¢
[a)
23 WS-FJO HRIERRE T B2 117 S8 8 0l 7

JS N g B R I B IR AR AR B K A
FITERIA G A DL TS e A e a9 AL e 45 O1r
WK =65 pl/mL;y,, =0.31 mg/mg;q,, =1.625d™";
b=0.127 d°', JEMELRA 1.5 A, L1555 B,
multivorans WS-FJ9 [ A B H I A #5 PR BE (S, ) BIME R

ME—BEIR
The only
phosphorus source

M — R IE
The only
carbon source

e — SR
The only
nitrogen source

21.9 wl/mL, FRIZEE ] T e A ALY AR ) e B

PR SR A2 TS YA A IR R BT

2.4 WS-FJ9 TR BRI Ak o H R SCHERE M A 2% (9 B
Plackett-Burman % 5 % i1 J 45 R W 3% 2, R H

1 ZEATEREKE WS-FJ9 B 7E W E BB h E—%
B CRIRMBRIERE R ERRR

Fig.1 The growth status of strain B.multivorans WS-FJ9 on the
medium by glyphosate as the only carbon source, the only

nitrogen source and the only phosphorus source

Design Expert 8.07 F4%F 2 3 v i) [ fff S 504k 147 [l
53T, A3 20452 R R A el R 5k (R 3) . MR 3 AIE M, X,(WILA pH) Xs(FAHE) X ( (NH,),S0,)#*
A SR, T B P R R B IR0, R X, CIRUEE ) (X (RA9HE) (X, (((NH,),S0,) N EZ5ZM K 7, H 5t
FRAEL 535914 18.85% ,39.09% Fi1 29.01% , 17 Aty P 2 X mi 1o {1 e A 2 S AIREL S ), 28 5 DR 3R i , 75 38 AR
R AN W A O 2R PR RN )7 2 . Y =35.24+3.54X,-4.07X, -35.07X, , JTFEr Y Jg F0I0 () e fig 58, X7 i
ZAHIBRIE) P AE N 0.0007, P& ZB(R®) N 0.8705, P44 24k (adj R*) 4 0.8220, b 2% (C, ) A
14.30% ,KG B FE R 12.570 , R W2 A B e AL (1 R AE S 40 (1) S PRI L .
2.5 WS-FI9 [RRERE AR H B G R CCD X045 9 o 43 Hr

PR AR AR 4, B X X, CGRE) X (AR (X, ((NH,),80,) #4704 G301, 15 5
AR R TR Y = -284.45 + 24.50X, + 3.82X,+ 53.16X,+ 0.25X,X,-0.17X,X,-0.40X, X, —0.47X> -
0. 54X2—-44.49X7 | /N[ A5 5 Xof [m] YRR AR v g 1o {0 52 0 1 S B PR 0 P AR A . W3R 5 B, 3R X X%
PSR B 2R MK 3, T TR R X R X AN 3 5 TRV ER X XS XX e e sl SR o v 2k o A 85 5 X, X %o 2 sk
TZE B R 35 T X, X F X X AN R P (S 0.0001, e REL(R®) 2 0.9363, AL R EU (adj R?)
4 0.8790, B FREL(Cy ) N 1.78% K %5 B Ry 11.442 , F Wi BRI AT 3¢ 5 1 ) 5 B | BRHC AT 1) 2 1 S B A
Blo PRI, TR R BT R A 30 A T LA S0
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% 2 Plackett-Burman iR 3§ i& it R &R

Table 2 Plackett-Burman experiment design and response value

W ORAT A b4
1 1 1 -1 1 1 1 -1 -1 -1 1 -1 27.04
2 -1 1 1 -1 1 1 1 -1 -1 -1 1 25.4
3 1 -1 1 1 -1 1 1 1 -1 -1 -1 63.38
4 -1 1 -1 1 1 -1 1 1 1 -1 -1 40.27
5 -1 -1 1 -1 1 1 -1 1 1 1 -1 23.59
6 -1 -1 -1 1 -1 1 1 -1 1 1 1 49.43
7 1 -1 -1 -1 1 -1 1 1 -1 1 1 63.09
8 1 1 -1 -1 -1 1 -1 1 1 -1 1 59.54
9 1 1 1 -1 -1 -1 1 -1 1 1 -1 69.92
10 -1 1 1 1 -1 -1 -1 1 -1 1 1 67.32
11 1 -1 1 1 1 -1 -1 -1 1 -1 1 60.53
12 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 52.46

X, R, -1k 24°C 1 R 28°C 5 X, M0l pH H, -1 7 6.0,1 K 7.0; X, . FEFE -1 4 1%,1 } 5%;X,:100 mL =R, -1~ 50 mL, 1
975 mL; Xs M ZBE AL, -1 8 10 ¢/L,1 A 15 ¢/L; Xg: (NH, ) ,SO, A, -1 8 0.5¢/L,1 N 1 &/L; X, . 538, -1 4 160 t/min, 1 24 200 1/
min; Xg: GPA IMAR, -1 7 0.1%,1 7 0.4% Xy X,y X, : BIAHZE

£3 REEZRSEREWETHEEEST

Table 3 Partial regression coeficients and analysesof their significance

SES Il 5 2 % B (E S5 SR B %

Factor Regression coefficient Effect size Sum of squares Contribution value
U 50.16
X, 7.09 14.17 602.51 18.95
X, -1.92 -3.83 44.05 1.39
X5 1.53 3.05 27.94 0.88
Xy 1.16 2.33 16.26 0.51
X5 -10.18 -20.36 1242.98 39.09
X -8.77 -17.53 922.43 29.01
X, 1.75 3.50 36.79 1.16
Xg 2.70 5.40 87.53 2.75
Xy 0.38 0.76 1.76 0.055
X -0.099 -0.20 0.12 0.004
X 4.05 8.11 197.24 6.60

x4 PLOAGRITRER
Table 4 CCD design and response values

LA ES i E/ S PR{E Coding / actual value

N SBR{E/ % i‘@ﬂﬂ{ﬁ/%
experimental group X,/ Xo/(g/L) Xo/(g/L) Actual value Predicted value
1 -1/26 -1/8 -1/0.3 68.36 68.66
2 1/30 -1/8 -1/0.3 64.94 66.04
3 -1/26 1712 -1/0.3 64.55 65.86
4 1/30 1/12 -1/0.3 68.02 67.21
5 -1/26 -1/8 1/0.7 67.25 69.11
6 1/30 -1/8 1/0.7 66.48 66.23
7 -1/26 1/12 1/0.7 65.71 65.66
8 1/30 1/12 1/0.7 66.00 66.76
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LA G E/ S PR{H Coding / actual value SR % e, %
Number of Actual value Predicted value
experimental group X/€ X5/ (/L) Xo/(g/L)
9 -2/24 0/10 0/0.5 67.25 66.07
10 2/32 0/10 0/0.5 64.41 64.54
11 0/28 -2/6 0/0.5 66.19 65.21
12 0/28 2/14 070.5 63.01 62.93
13 0/28 0/10 -2/0.1 66.06 65.64
14 0/28 0/10 2/0.9 66.27 65.64
15 0/28 0/10 0/0.5 73.81 72.76
16 0/28 0/10 070.5 73.62 72.76
17 0/28 0/10 0/0.5 71.39 72.76
18 0/28 0/10 0/0.5 72.64 72.76
19 0/28 0/10 0/0.5 72.87 72.76
20 0/28 0/10 0/0.5 73.26 72.76

x5 HEBERUNEIERMAFESTER

Table 5 Model-fitting and variance analysis results of degradation rate

E 3 R R ¥y

Sources of variance Sum of squares df Mean square F P (F>Fa)
FEHI Model 216.69 9 24.08 16.34 < 0.0001
X, 2.33 1 2.33 1.58 0.2369
X 5.19 1 5.19 3.52 0.0901
X 6.250E-006 1 6.250E-006 4.241E-006 0.9984
X, X5 7.90 1 7.90 5.36 0.0431
X, X, 0.035 1 0.035 0.024 0.8804
X X, 0.21 1 0.21 0.14 0.7150
X3 87.30 1 87.30 59.24 < 0.0001
X2 118.49 1 118.49 80.40 < 0.0001
X2 79.63 1 79.63 54.03 < 0.0001
5% 2 Residual 14.74 10 1.47

FAUIT Lack of fit 10.92 5 2.18 2.86 0.1368
4li 5% 2% Pure error 3.82 5 0.76

KBS 2 Cor total 231.42 19
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Fig.2 Surface and contour plots of mutual effect for temperature and glucose quantity on the degradation rate of glyphosate
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Fig.3 Surface and contour plots of mutual effect for temperature and ammonium sulfate quantity on the degradation rate of glyphosate
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Fig.4 Surface and contour plots of mutual effect for glucose and ammonium sulfate quantity on the degradation rate of glyphosate
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