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Study on gfp Labeling of a 2,4-D Degrading Strain and Its Detection in a

Wastewater Biotreatment System
XIONG Wei-cong, QUAN Xiang-chun, MA Jing-yun, WANG Ran
(State Key Laboratory of Water Environmental Simulation, School of Environment, Beijing Normal University, Beijing 100875, China)

Abstract: A 2 ,4-dichlorophenoxyacetic acid (2,4-D) degrading special bacteria Achromobacter sp. was chromosomally labeled with a
green fluorescent protein gene ( gfp) using a mini-Tn7 transposon delivery system. The growth status, fluorescence expression and
degradation ability of the strain before and after labeling were compared. Methods to quantify the strain in different biotreatment systems
(activated sludge or granular sludge system) after inoculation were also investigated. Results showed that the labeled Achromobacter
sp. and its control strain demonstrated a similar growth pattern and 2,4-D degradation ability ;: both of them could completely remove 2,
4-D of about 100 mg/L within 103-112 h. The labeled strain could express fluorescence stably during the course of growth and
degradation with fluorescence intensity/D,, stabilized at about 4 500. For an activated sludge system bioaugmented with this labeled
strain, its abundance could determined through direct measuring fluorescence emitted by the sludge mixture, for it was linearly
associated to the percentage of the strain in the range of 0-75% (R’ =0.9952). For a granular sludge system bioaugmented with this
strain, fluorescence of the sludge mixture could be measured after homogenous pretreatment, and the percentage of the strain in the
range of 0-42% was also linearly related to the fluorescence intensity emitted by the sludge mixture (R* =0.980 1). Overall, this gfp
labeling method based on Tn7 delivery system can be used to monitor specific bacteria in a biotreatment system.

Key words: green fluorescent protein ( gfp) ; 2,4-dichlorophenoxyacetic acid (2,4-D) ; activated sludge; granular sludge; degradation
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8 M REARINAF 1 bk 2,4-D BEM A gfp 1

B AL P K A Py Ak 1 3 G vb 0 R I T vk 1865

GUHIE A Z2 WL, I H DL e P B E i T RS
FLON TSR K A W) Ak B R G R S A W i R
BRI 7, AW LY 2,4- A KA LR (2,4-D)
NAERIAL A& Y, L 2,4-D 5 % i # Achromobacter
sp. A H BB, 230 BT Tl mini-Tn7 %% 3 R G046
Agp W1 HIEVRVE T JE Y RO AR TR T
PET5 U8 FUBORL TS Jfe 22 4 r i SR 4G DN 7 1%

1 #85F*

| PO G VANZE 7 ST R CRIEA UE YRR/ R BT o

i 3% JFi ki pBK-miniTn7-gfp2 {f F7E E. coli XL1-
Blue 1, 1 3 P,y IR KSR TN (1,45
A R R YU AR K8 3R P s 3 By kL pUX-BF13
RAFAE E. coli SM10: : Npir W1, 4 A & R P LE R T
FE 55 30 5B pRK600 {R4E7E E. coli IM105 th 454
SR R PR X 8 TR B P A R K E Y Soren
Molin 18+ 18 3% .

2,4-D & R T Achromobacter sp. H A< 52 46
2 O A B 5 1 P TS U A AU RS K AR BT UL
TGV BUE BB AR 0 767. 2 pm, A 5286 % B FR 15
F ;LB HiF 4k (g/L) :WEREE S, & H K 10,NaCl 10,
VA pH E G 7.0 ~ 7.2 MMN G HL 45 8% 7% 3%
(mg/L) : Na,HPO, 1419. 6, KH,PO, 1360.9, MgSO,
98.5,CaCl, -2H,0 5.88,H,BO, 1.16, FeSO, - 7H,0
2.78,7ZnS0,-7H,0,MnSO, - H,0 1. 69, CuSO, -5H,0
0.38,CoCl,+6H,0 0. 15,Mo00, 0. 10, J7 pH {58 [l
7.0~7.2.
1.2 1 FE

K To7 lAEX HR R W EST 2¢p 1 LK
ABREMT O FrT BYE Achromobacter sp. , # ¥
Bh ki pUX-BF13 (1) E. coli SM10 . : \pir, 5% 5 B i
ki pRK600 [ E. coli JM105 , K #EiZ 3k i b E. coli
XL1-Blue £ 30°C F 4" 45 18 h. QBUY 15 411 ik 4
BRES 1 mL TREGHY 1.5 mL g.0 %8 %, PBS I
3. OWMUEHE I 4 BRIF A 50 wL TREFM 1.5
mL B0 TR IR 2. @ F K S 9 T 5 &% il 1
FIRR A WO AL B B (0. 22 um fLAR, B AR 25
em) {1 2 70 A5 78 G FL B I b, o 3R AL D Rk T
TR LB - | ,30°C K5 3% 24 h. @ HUFL g
IR A A TEHE KB 10 mL B0 48 g s 2 1, 4%
1 min. ZR50H RS 0 IR AT B 2L 2,4-D Sy o — i
JE(2,4-D ¥ J# N 500 mg/L) 35 100 weg/wL &R
PUAERM 6 pg/pl % KK MMN AL £ F #i,
30°C HE IR 4 /N T 7 5, Pk IBCER T V% 7E AL 100

peg/ WL RHUAERM 6 pg/pl @R R LB i I
W2k 3 kafife.
1.3 HA gfp B9 PCR G

35 L i ki pBK-miniTn7-gfp2 ) DNA | Achro-
mobacter sp. Fl Achromobacter sp. -gfp W &K 20 DNA
HHAR, GFPE #l GFPr 51 #y, 4T PCR ¥ 1. GFPf
M GFPr F¢ %1 43 5l & 5'-TTTCAAGAGTGCCATGC-
CCGAAGG-3" #1 5'-CTGGTAAAAGGACAGGGC-
CATCGC-3". PCR JZ B f& % (50 plL) #% 4T 28 7> fi
#:Tag (5U/ul),0.25 pL;10 x PCR Buffer (Mg*"
Plus), 25 pL; ANTP Mixture (4% 2.5 mmol/L), 4
wL; M DNA,1 wL; 5|4 GFPf f1 GFPr, 4 1 wL; G
B MilliQ 7K 38.75 wL. 2 b i #2 S 94°C Fi A% P 10
min, J5 25 PMEH N 94°C 251k 30 5,62°C 1B k 60 s,
T2°CHEAH 90 s, f 7 72°C LM 7 min. PCR [ WK 4
1% By HeHE 8 I vl vk Az DN, 7 86 I AR & 4t (Infini-
ty3000, 32 [ ) iM%
1.4 Achromobacter sp. 1
FeEL

i1 HiJ& W) Achromobacter sp. ¥ 15 J5 , % F R
R Bt ) & 4 B KL R 4 DNA (EZ Spin Column
Genomic DNA Isolation Kit, BBI). L) 3% K 26 & DNA
JRE AR, 27F F0 O 1492R i 51 ¥y, Bk P 51 5'-
AGAGTTTGATCMTGGCTCAG-3" #l1 5'-TACGGYTAC
CTTGTT ACGACTT-3',i#47 PCR ¥ #4. PCR % I {k
% (50 pwL) A4%: Tag(5 U/pL),0.25 ulL;10 x PCR
Buffer ( Mg®* Plus ), 5 pL; dNTP Mixture ( 2.5
mmol/L) ,4 uwL;##g DNA,1 uL;5[#) 27F,1 pL; 35|
¥ 1492R,1 pwL; G MilliQ 7K ,37. 75 wL. J2 b 44
79 :94CHUEE 3 min ,94°CZZE ¥ 1 min, 57°C3E Kk 30
s, 72°C ZE {1 2 min fEFF 30 WK, Ik J5 72°C #E i 10
min. PCR 74 5R JH 1% 35 IR AR B8 I v, Dk A6z 00, IR 4
SR R T
1.5 Achromobacter sp. 1
TR R OGS O B

£ 250 mL HESE R i A 150 mL LB 53736, K
W )5 42 B Bk Achromobacter sp. 1 Achromobacter
sp- -gfp , BERE 3 AP AT AR IR B 30°C e
150 v/min B£8R B 8 SR, E I HORE S mL ) 5E
D (600 nm 3 KT 0B ) I 3
T J A W it o L e

HiJ5 16S tDNA J¥ %)

e A R e A

1.6 Achromobacter sp. 1
fife i e T 9 ' A A I

B 1 B )5 H) Achromobacter sp. ¥~ 55 J5 il 5 H
AR 7E 250 mL B HEIE L HOIA 100 mL £ s K



1866 AN 5

B 31 %

A2, 4-D iAW, IS RS, 1 2,4-D RSy
100 mg/L, B Bl 100 mg/L, & A FE 5 i 3 A4
AT ERHRAE S mL 3 0,45 pum [ R £F 4k 5
SE 2,4-D B BV L. A O AR b OE I RORE S mL 0 E
Do FIZE G JEE

A R K 4 ( mg/L) : Na,HPO, 1419.6;
KH,PO, 1360.9; NH,Cl 200; CaCl, - 2H,0 104.37;
MgSO0, 79.7;NaCl 8.42;KC1 0. 67; 5 pH {55 [l
7.0 ~7.2.
L7 3% s U R UKL S U8 & 4e b AR il | Ak
Achromobacter sp. -gfp B 78 M K & &= A ) J7 v

B 1 J& W & Bk Achromobacter sp. -gfp ¥ ¥ Ja
il 5 B TR AR 43 ) 1w 35 R U AR G AN UKL VS 8 &R
4 v BN Ta] 2 10 B W, o A 1 B B ROR 2
NO0% . 10% . 25% . 50% . 75% . 100% , &4~ FE 5
803 AT IR A D E IR AW Dy, A2
S E . O6F TR AR T B B ORL TS U8 R ST ] I 20
TR A WA J5 78 D oo RN 2E S0 R BE . R 155 18 1Y 1%
% 21 32 AL (IKA WERKE Disperser T10 basic, 38
) 3B Ry S WERE 60 s. e Ah BRI A, SR L
RO W % 8 ( Confocal Laser Scanning
Microscopy, CLSM ) %% gfp 1€ 1 115 U6 S ki 15 e
RGP RIBHL.
1.8 p#riik

PG R B9 E R H 23 7 9606 11 (Hitachi,
HA) . g @50 E H R I & K S 488 nm, 42
W Ky 510 nm. Dy, B I 7E 2R 58 50 23 5600 B2
(Varian Cary50,3E[H ) , 3% K 5 600 nm. &% 0,58 Y 5
F ) 2 35 1% L % F] CLSM ( Carl Zeiss LSM-510, 7
[ ) G, A B O 488 nm, LPS0S nm Y £E. 2,4-
D e B SR ] = AR @ 3% 4 A (HPLC) ( Waters
Breeze, 35 [ ) ; (4 1% #F & Kromasil 100-5 C18 i ; %
SR A%, S Ol Waters 2487 3 K 2 285 nm, i 5
AR B K UK G IR (ARFREL ) =85:13:2, il
1. 00 mL/min, #E#E 20 wl.

2 ZBRESH

2.1 gfp i A Achromobacter sp. H) 5 il
Achromobacter sp. i Tn7 4 AE#EAT gfp 1

J& , F CLSM X HOARSe i Bt AT A, ki )5

PR TR PR BE 8 &t B S8 B 2R (900 S5 2R NI 1 i,

WAL ENRIC L. 8 T #E— LR gfp B &4 A

iZ®, L E. coli XL1-Blue ( & J& i pBK-miniTn7-

2/p2) 1) DNA (Achromobacter sp. Fll Achromobacter sp. -

gfp BRI 4 DNA Sy BEHR , XF gfp #6471 9719, gfp-
PCR ZGIRWEBE LUK MR & 2 fis, k1 WY
T BR Achromobacter sp. (¥kiE 5. 6) ¥l A 3| gfp , b5
it )5 Y B Bk Achromobacter sp. -gfp (VKB 1. 2) Fl gfp
e FE (UKIE 3. 4) TR gfp K, R/ 25 300
bp, UL gfp T4 A B #k Achromobacter sp. .

E 1 CLSM # il Achromobacter sp. -gfp W gfp FixE K
Fig. 1 CLSM observation of green fluorescence protein

expressed by Achromobacter sp. -gfp

VKB M:Marker (DL2000) ,3kif 1. 2:Achromobacter sp. -gfp,
VKIB 3. 4:E. coli XL1-Blue( & iki pBK-miniTn7-gfp2) ,
YKil 5. 6:Achromobacter sp. , Yk il 7 ; 144 %) I
B2 gfp-PCR BAE #8 ik KL B8 ik B
Fig.2 Agarose gel showing PCR products of the PCR

reaction targeting the gfp



8 M REZETRAE .1 Bk 2,4-D BRI 1Y ofp 1 BOHAEIR K A 0 A0 30 28 48 b R s 0 vk 1867
NTFEET HIE A R R A0 AR A, ool

Y 27F F1 1492R ¢~ 8 Achromobacter sp. #l /i\\§

Achromobacter sp. -gfp ) 16S rDNA, 15 F| 1 PCR = 6000

WA ALIR W T I 45 5 28 WL RT, Achromobacter sp. o e dchromobacter

5 Achromobacter sp. -gfp El/‘J *ﬁ {u FTZ ﬂ\j 999, , U‘é‘ Hﬂ % 4000 |- —— Achromobacter sp.-gfp

Achromobacter sp. 1 W5 16S rDNA ¥ %I 4% ¢ ® 3000

—. 2000 F

2.2 Achromobacter sp. 1 A JE A KA K 1000

B L oL R R B
Achromobacter sp. 1 HI 5 B AR K R an & 3 ke H/h

Jos N T VR T BRI I AR K AR A

— 2 HRA L2 6 h A5 A B KL R
B gfp B9 4 A I &5 (8 9 Ot Y R Gk WA X
Achromobacter sp. W A K F¢ E & B 5 m. 7F
Achromobacter sp. -gfp A= 1 i #2 v, BE 5 252 b K N 5]
W6 A 2 38 B S 3 5 B G 1R 5, a8 4 TR,
W29 628 H R 5 15 B F2 i KA.

25
20+
1.5 F
=3
g
&
1.0 -
05 —=— Achromobacter sp.
—o— Achromobacter sp.-gfp
0 1 1
0 10 20 30

i [/

3 Achromobacter sp. t712 Bl J5 B9 4 € #h &

Fig.3  Growth curves of the labled strain

Achromobacter sp. and its control

2.3 Achromobacter sp. 1 T B AR vk R R i o
(L WS eE 3L gl
Achromobacter sp. 1 Ao P 2,4-D Fkdn
K5 fir7s. 2,4-D FI6 HEE S 100 mg/ L, P T HR AR 22
I Y K29 65 h i S W) J5 O 46 i 2,4-D. i),
Achromobacter sp. K1 Achromobacter sp.-gfp 43 5 1E
103 h 1 112 h ¥ 2,4-D 5. 4 Ak, ZH
BRARICHT S XF 2,4-D MR R R AR 1 )5
BRI R 7 [ A 1o i TP RE 55 S b G I B B Y 90O R 5
(nl&l 6) , H 225t /Do, B E 724 S00 42 A7, BB
BRI UE W PR IK K B E , 575 e W ik
JE RAUEI R A KRB BEE RN K. gfp BIHEA RISk (4

ERFEPIRREFER

Fluorescence emitted by the labeled strain

B 4 Achromobacter sp. tRi2 Bl g
Fig. 4

Achromobacter sp. and its control during growth
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2, 4-D¥RfE/mg-L!
f=a) «®© 8
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1
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1
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Fig.5 Comparison of 2 ,4-D degrading ability by the labled

Achromobacter sp. and its control
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4000

[
~ 3000 |
i
7
® 2000 :\M//_
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i ]/

6 Achromobacter sp. ¥Rri2 B J5 P& f& 2,4-D
SRR R R
Fig.6  Fluorescence emitted by the labled strain Achromobacter sp.

and its control during degradation of 2 ,4-D

g
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B 31 %

FI A A A0 A S A ) AT 2 8 96 8 LB
WEEA 2 oy X — 2l gfp 19 BOR B 1L B Fr
PRICH T H R S Bk WA REA 20 R
A T30 b 10 B T AE 0 b R G b IR AR AT T A R
R MUE AN s IR gfp HR A T AR IC T A Bt (R
e, — i gfp HRRERS AE i5t 7%, (ELHS ofp BEPL ML A0 A FF
B i T A G €0 4 v AT B 2 X RE AR T T Y A G R B 2
P T LSS R, 0 Abbey 45K gfp 4 A 2 KR
PCB ) B% fi# W Ralstonia
eutropha H850 1) 4 €& K | JF 17 ¢ 6 3¢ Ot & H b5
ic, g W4 A 13 45 i W Ralstonia  eutropha
H850g13 [% it PCB 1) §€ /1 k¥ Ralstonia eutropha
H850 2%. A 9% % H Tn7 #fi A B #4745 10, 38 3
mini-Tn7 5 P T 5 G004 afp 4 DUIR A e 6, 1 £
FERE A E anTnT ,au'Tn7 78 glmS FE R BT Iff, 5250
YT HTEE A 16S rDNA 74 LR 47— 2, XF
2,4-D 1R R I AR — B, A KRR R AR AR
[ P A0 HA 7 5 R T To7 48 AL 23R4T gfp BUE W
1 , W3R A5 T A LAY B 5% 45 SR 6 4 Barnes
20 ] Tn7 3 A ¥ kR id Pseudomonas
aeruginosa , gfp W 4 A B A 5 W H A KR M
Lambertsen i‘f%[m .Koch %[26] BB 5Tt 3 B Tn7 46

( pentachlorobiphenyl,

A X AR S i 48 A 7 AT DUEE AR gfp 7R AR W AR
AR R R R RS R8N S e AR W i AR
R 1 R S o 1 A

2.4 MES e AOWORL T R R G A8 ik W
Achromobacter sp. -gfp B AV IR 5 F0 € 1 46 )

JR K A W A B AR G AR Y AR RO ES EBEy
FEF AR R A 2 By X A5 40 £ Xt
b T A TR AR A I R T U8 AR G R A AR K R T
PRGN THT gfp MEHENT AR 5FME
P 1 DA SR B R R A U Ty 9

FARIC B Achromobacter sp. -gfp £ 2 1 P V5
PR G5, CLSM fig i Dk il 21 & 45 v i i pk &
B &k 0, SEIAT AR I TR A R A BRI RS
TR 15 V8 TR IS A 25 6 T8 A A, An &l 7 9o (B AE A
TO B RS CR 0 ~75% S LN, gfp 1 26 KK F
552 0 B R A A R R AR DG (R =0.9952) (A
Pl 8). MiZbr ic B 5T i 5 5 > 5% B, i 30 4R
B AT AT AT RE R R A TE R A R ARG AR
TRAWARZR 500 SRS U & AR IR R AR R 2=
SETEC W, 7R — e R W E BN, m TS R R
G gfp 1 MRS, AT DL GE R B I E TR
B W B R S (A AT A

(a) Achromobacter sp. -gfp DéN6FRIRNE M ; (b)) TEHETFIE; () BN
7 CLSM #& il iE 1475 R 4k & b Achromobacter sp. -gfp B R i%E B4

Fig.7  Monitoring Achromobacter sp. -gfp present in an activated sludge system with CLSM

B AniC B Achromobacter sp. -gfp £ 0 2 UKL V5
e & Gt )5 , CLSM 3 B B 2 6 I 21 22 4t v iz i dk &
ISR 0 520, S IR BR 1 T 0 507 B R (TR )
BUIR B W B D 9 G i B, e LG 5 1
SO A R (Bl A 44 ih) . X T RE 2
PR Sy UKL 75 8 R K A R R e b U E M ik TR K
AR, 25 18] S5 o0 PR ot . 0K 175 1) 1 PR S 370 5 6 202 D't
SRR e ' % PR T I S 7 A A R A 22 R TR S VR T

P 54k Ak R T A O B 7E BRAC B B4 4K
N0 ~42% W5 B Y, gfp (93 3K 7K S FBR I B R
BABTFAELPEM IEM E X R (R =0.9801) (K
9, T b 10 T 5 A 4 B > 42% B WU 11 B0 4 A
5 U8 2R GE A L, IR TS U8 & S rh bR A B R
SR T i T R R T R, X 5 R e
F B 24 SR A A LR 3 A . b IR BIE ST T, X T
BV A 5 ) B K A W b B R B 1) R R B —
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B AL P K A Py Ak 1 3 G vb 0 R I T vk 1869

Wogfp 1 BIEBUAE SN AT 2 A Ak B S
- D R MR ik B T S SR R S UL W 1

A

1600 |
1200 |
q
2800}
ol
ke
=)
400 y=17.942 7x + 106.439 7
R2=0.9952
0 1 1 1 1 1

1 1 1
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RCE RS %
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Fig. 8 Fluorescence intensity plotted against the fraction of

the labled strain in an activated sludge system
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Fig.9 Fluorescence intensity plotted against the fraction

of the labled strain in a granular sludge system

FEl SN A OG22 5 DL gfp O 4 A 2 DR IR K A
Py ik 312 B8 b 0 S AR W R AT B AR I T 5T 441
W McLaughlin 2677 % 2 % % & K B (4-
chlorophenol ,4-CP) [&f# & Pputida CP1 1 P. putida
ACa)T  JEHMBENGE TS I R G b # AT AR YR Ak,
XF bR A0 B TE 2R G0 TP R AT RS N A ) 43 A AT T B
7%. Eberl 2800 P. putida KT2442 1 J5 0 £)75
PEVS P WF TR IC T 7E I P15 U8 P AR AR O, K
K 22 Hbn 10 4N T RE A8 il A 3135 Y2 224K . Olofsson
2= 12915 B gfp 1 E. coli F1 S. marcescens 4 & , O
FERRIC I BT 15 U8 22 4R 0 2 B, 45 R SR B 40 g 5%
TE P 5L 7K A X 20 BT B A T T U 2R AR AR .
Leung %BM W TR A shY) T. thermophila %t 1

P Moraxella sp. G21 [Hfi & 1E . X L 5 2 22 )2
X RE S AR M IEAT T RN 2 R AR IR . AR5
R AE— o B S N 8 A O R S e
ZIA] () AH G 56 & BE 5 92 B AR S AR B g e
iRl

3 #ig

(1) FIJH Ta7 4 AL T LLSE BT 2,4-D B fif 1
Achromobacter sp. W) gfp 1 ,1  HiJ5 16S tDNA f#
G HF — B, B R M AR — B, A KRR R AR
.

(2) % F ¥ Jo e A o ) 9 PR TS R R B, ) Hovh
Behnbric e n , nl o B I E TR A RO 5k EE X
AR AL R HE AT A, A b T R B 0 ~
75% WIS HI N, gfp 1Y IBIKF5 %005 10 T 0 B )
BERPERIDE (R =0.9952).

(3) T 5 Jo W i 9 R 95 908 &R 4, 1) o
BOMARIC B IR, T 2O IR AT R A 2 Ak AL S
T 22 VB A VD S BN i b I B R AT A
I, FEARIC P BT &L 43 50 0 ~ 42% (a1 N, gfp 1
Fh KO 5 bR I T Y R RS Bk MR O (R =
0.9801).

B P BOR K7 Y Soren Molin 1 -
&% 3K
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