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Bioaugmentation of Bioreactors with a pJP4 Receiving Transconjugant to

Enhance the Removal of 2,4-D
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(State Key Laboratory of Water Environment Simulation/Key Laboratory of Water Sediment Science of Ministry of Education, School of
Environment, Beijing Normal University, Beijing 100875, China)

Abstract: The paper first investigated horizontal transfer of a conjugative plasmid pJP4 to two pure strains of E. coli DH5a and
Alcaligenes sp. , and a mixed culture of aerobic granular sludge, respectively. With a pJP4 receiving transconjugant Alcaligenes sp. : :
pJP4 as the bioaugmented bacteria, bioaugmentation experiments were conducted in an aerobic granular sludge reactor and a biofilm
reactor, respectively, to enhance the removal of a recalcitrant compound 2 ,4-dichlorophenoxyacetic acid(2,4-D). Results showed that
pJP4 successfully transferred to E. coli DH5«, Alcaligenes sp. and the mixed culture of aerobic granules. For the aerobic granular
sludge reactor operated in semi-continuous mode and fed with 2,4-D sole carbon source wastewater, bioaugmentation with Alcaligenes
sp. : : pJP4 increased 2,4-D average removal rate significantly with an enhancement of 12% -1498% . For the biofilm reactor operated
in sequence batch mode and fed with mixed carbon sources wastewater, supplementation of the transconjugant reduced system start-up
time greatly from 16 d to 5 d. It is a feasible strategy to obtain special degradative transconjugants through gene augmentation and put
them into bioreactor as bioaugmentation agent to enhance the removal of some specific pollutants.
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Pseudomonas putida SM1443 . . gfp2x (pJP4: :dsRed) .

) , pJP4 2,4-D
(CLSM) pJP4 2 (efd) "0, dsRed
E. coli DH5Sa | Alcaligenes sp. gfp2x lacq
, IPTG , lac dsRed  Lacl
pJP4 Alcaligenes sp. : : pJP4 ,P. putida ,
, L pIp4
2,4- ,Lacl ,
(2,4-D)
; pJP4
. P. putida 2,4-D, LB
1 .
Alcaligenes sp.
1.1 1 .E. coli DH5«x
pJP4 L.
1 n
Table 1 Strains and plasmids employed in this study
P. putida SM1443 ; . gfp2x (pIP4: :dsRed) gfi2x, Rif', Km", lacl [17, 18]
Alcaligenes sp. ; ; pJP4 pJP4
Alcaligenes sp. pIP4
E. coli DH5a [19]
pIP4 IncP@ plasmid, td * dsRed Gm' Hg' [17, 20]
1) gfix ; Rif* s Km' s ifd* 2,4-D ; dsRed
; Gm' ; Hg'  HgCl
1.2 500 mL ,
pJP4  E. coli DH5« Alcaligenes sp. P. putida ,2,4-D
, , 200 mlL.
D P. putida E. coli DH5« (  MLVSS | ) 3.285 ¢/L,
Alcaligenes sp. LB 18 h, 0.559 ¢/L,
L@ 17% ,2 ,4-D 160 mg/L.
5 x 10°cells/mL. 3 [10] ) ,
/ 2mL  0.22 pL 30°C, 120 r/min. 0.22 pm
, LB 30°C 48 h. @ 4°C
, 1 mL 0.85% NaCl , 1.4 2,4-D
2, 1 min. ® PE ( ,1 em x 1
SYTO 45 30 min CLSM , cm, )
CLSM , ,
dsRed s . 2 R
1.3 2,4- 2 4L ,
D ( MLSS ) 1.7475 ¢/L.
2,4-D Alcaligenes sp. : :pJP4

, 11%.
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. , 6h, 33 h (], ,Alcaligenes sp.
:30 min; :240 min; 90 min; 1 s
30 min. 75% , 22 d.
(mg/L) ; 300, 2,4-D 60, 1(I) pJP4
150, 45, 33,KH,PO, 66, MgSO, - 7H,0 .C
15,NaHCO, 141.
1.5 , .
2,4-D (HPLC), ,
Waters 1525 ; Kromasil 100-5 C18 ,
Waters 2487, 285 nm, 71 Nancharaiah '
=85:13:2( ), TOL  Pseudomonas putida K12442
1. 00 mL/min, 20 pL. " ,
(LSM510, Carl GFP  DsRed
Zeiss) dsRed 543 nm, ,
BP 560 ~ 615 nm; g, 488 ,
nm, LP 505 nm; SYTO 45
, 458 nm, LP 47521, 2.2 2,4-
2
2.1 pJP4  E. coli DH5a . Alcaligenes sp. 2,4-D ,
Alcaligenes sp. : :pJP4
CLSM pJP4 2 . 5
, ,2,4-D 2 .
1 . Alcaligenes sp. : :pJP4 2,4-D
I(1) P. putida E. coli DHS« 1 ,
, 2,4-D 50 h ,60 h
pJP4  E. coli DH5« 28% , ,
1(1) , 15 h 2.3.4.5 ,
. E. coli
DH5« 2,4-D 3 ,
, 8 x107°°. 1.2.3.4,
; , 5 9.59, 3.25, 1.7, 7.55.
dsRed , 10. 83 mg/(L-h), 1498% .
dsRed . 28% . 12% . 54%  53%.
1(1) pJP4  Alcaligenes sp. 1 2,4-D ,
A SYTO 45 100% Alcaligenes sp. : :pJP4
,B , , 2.3 4.5
C s , Alcaligenes
Alcaligenes sp. sp. : :pJP4
1(1) , , 2,4-D
pJP4 , .Bathe '
2x107*. , pNB2

Alcaligenes sp. : :pJP4
160 mg/L 2,4-D

Comamonas testosterone : -

(3-CA),

pNB2



7 2,4-D 2155
A. dsRedfL A3 ); B. gfpBR A, C. ARIBEM
(1) BikipIPALEE. coli DHSorACESE S
10pm | 1 hum 20pm
( - « ¥
A SYTOASHE a3k B. gfpfR s A SYTO4S AN ; B. gh@ G
C. dsRedTA3E¥; D. A+ BRICEINE C. dsRedZ 1855 : D. A+ BRICA A
(1) pIPafEdlcaligenes sp. KP4 (1) pIPAYESF RIS 8 ik e 15
1 CLSM
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