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Abstract: Cupriavidus sp. DT-1 was a 3,5,6-trichloro-2-pyridinol (TCP)-degrading strain which could transform TCP to
2-hydroxypyridine (2-HP). Liquid-mass spectrometry (HPLC-MS) was used to detect the degradation products of 2-HP, And the
methods of triparetal conjugation, quantitative real-time PCR (q-PCR) were used to evaluate the remediation effect of
TCP-contaminated soils by the degrading-bacterium. Results showed that strain DT-1 was able to further degrade 2-HP, and
sequentially produced nicotine blue, maleamic acid and fumaric acid, until it was transformed into the carbon source that could
support the growth of strain DT-1. Pilot experiment showed that inoculation of strain DT-1 remarkably accelerated the elimination of
TCP in soils. The degradation rates of TCP in inoculated soils were 94.4% and 86.7%, while those in uninoculated soils were 20.4%
and 28.4%, respectively. Green fluorescent protein encoding gene gfp harbored strain DT-1-gfp could survive in soils for more than
35d. The results of g-PCR showed that inoculation of strain DT-1-gfp significantly improved the recovery of bacterial community
abundance in the TCP-contaminated soils.
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FF HBE— 0 b 3 B 58 42 B TCP 23R! Rl
WS H TCP MR 2-HP MARHHE &2, AR
2-HP (¥ )i 2L B 72 AN 2.

KSR T WAk DT-1 0 WA R 95 25 bt
TCP A1 2-HP ¥ F#f#, %5 th 2-HP BRGS0,
SEG T S OR A T Y B BR DT-1 B TCP 156
AR ISR RN gfp PehRIC MRS TR
W,454 qPCR 56 98 T Wbk DT-1 Xf L3
TCP [FIR A e SLAF TG RE 1, VAN B BRI X TCP 5 4%
TR AEE TR

1 MRETE

1.1 REA R

TCP (411]%99%) . 2—HP (45 £99% ) [ — 5k
A BR 2 7 (i), JC B K BC TR 10g/L [k
48 JE . TR (HPCL 20) F1 HABR FI(AR 203 [
Wb 2R A IR A R (P E ).

WK Cupriavidus sp. DT—1 NS 53 3K
#3:E. coli SM10 (4 pir) pUT- mini-Tn5-gfp (Amp"),
E. coli HB101pRK2013 (Km"),PowerSoil DNA
Isolation Kit i 71 £%,qPCR AH IR H 7 5 4 it
PRI B2 7 (R ).

LB #5537 (g/L):E Ak 10.0,B48EE 5.0, NaCl
10.0, pH fi 7.0.2&AH Eh #5573 (MSM)(g/L):NH4NO;
1.0, K,HPO, 1.5, KH,PO, 0.5, NaCl 0.5, MgSO, 0.2,
pH {H 7.0.FCHI L 357255 T 121.3°C K1 30min.
1.2 B

IR DT-1 7€ LB 577 4£(30°C,180r/min) 1 15 7%
RIREUH, T E i 6000g 250> Smin WA AL H KB
) MSM ¥EW 4Nl 2 K, JFE B EIKREL 2x
10°CFU/mL. 75 W 1A 5 972 5 P 3EA T PR 56 1), 400
BRI 414 1x10’CFU/mL.

1.3 & kK DT-1 %} TCP il 2-HP 1) [%fi#

B AR 56 2 I 7E S 50mg/L TCP A1 500mg/L
2-HP ] 100mL MSM HgbAT X560 21 F: 00 5 A 1T )5
T 30°C,180r/min 1537 24h, % 2h WedE 3mL £ 5,
5E TCP 1 2-HP WK EE A A A 3 4.

1.4 BARAKEN E

KA IR VER IR AR, 2 BT ECRE 1mL, 10 586
JERRBEARAT 10710 WL B 0.2mL ¥ A1 £ LB °F
B, 30°CIER B 77 48h L £ H V& EAE 30~300 f°F

BRIAT VL.
1.5 ALE YIRS

SR 1o OO (3% v (HPLC) K L B i b TCP
(R i KR (BmL)YE 15000g F 250 10min, 357§
o 0.2um FALIEIE A VR T8 5 A i# T 2mL a4l
I HC % SPD- M20A KAME I #%(190~800nm)
Al Agilent C-18 #E(250mmx4.6mm, 5pum) ) 5
LC-201A Ry 0AH il (S 34T 23 B S Bl AH A F R/
7K(80:20,V/ V), £E K. 25°C R LA 1.2mL/min [¥) 0 14 %
KKK 230nm.7E 0.1~100mg/L ¥4 X [a] A7
b il 26, #f 2 TCP 3k B A% 3 B (LOD) Ky
0.016mg/L, & f& fi (LOQ) i 0.057mg/L. £ 0.1~
100mg/L ¥ &35 Fl L [ 0 96.5%~101.5%, FH X}
FrUE 25(RSD) A 1.10%~2.84%. JH [RIFE 1 J7 3246
2-HP W5 IR EAE 0.1~100mg/L 2[RI EE ST brvte th £k,
A KA1 RSD 43934 94.6%~103.8% F1 1.37%~
2.66%,LOD & 0.021mg/L,LOQ 4 0.075mg/L.

PL 500mg/L 2-HP Ay ME—Rdii ks 7% ik DT-1,
SE I WS MRS AE B, 15000g 2520 10min, 3
2 0.2um £R4EId PRSI Y8 S5 AR TR AR T ImL
o, i afi /g o HPLC-MS 43 #7 (Finnigan TSQ
Quantum Ultra, Thermal, USA), | i 1§ 55 3E4T
BRSBTS HL S, 0 T A 30~400m/z IR 2541
R, % 52 2-HP [0 74
1.6 Wk DT-1 X} L3 TCP [y F4f#

TR 56 T IR R AN A3 ik B O s KA
T el Al Kb MR AR B2 TCP AR =33 R B KT,
i 4 2mm 50 ok B 20g #5h,105°C T4 24h, 1
SE R )5 7K SR LG A 1 3 5 R
T £k PR FAR IR A B A I e ML,
SRR it R 0 R 1 WL 1.

F1 HIREEGABS IR

Table 1  Selected characteristics of the soil samples
. Koy BE O APUR K" Na*
RS pHEE 8
(%) (%) (%) (cmol/kg)  (cmol/kg)
AT 6.4 144 013 227 0.13 0.17
A H - 6.9 13.9 037 446 0.18 0.24

PIEREAR(200mL) A 100g + 4450 TCP
BRI S0mg/kg R A IS E AL DT-1 11
MSM $5375E 4.0mL, AR E 21 13107 41 /g 143,
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SRS DT-1 ) MSM 15753 (4.0mL).
TR AR 30°CTEB AT TR IR, PR, B B4
SE R INTC R K R AME AF 5d Wt 5g I RE Sk
1T TCP ¥ 5 3 b FL 4557 35d.
1.7 Kk DT-1 1 gfp prid

it 9 A gfp FEPRUE T H T I H (1 40
M fee A5 F 1 A bsac ) 2 — e s Y -3 M A iz
A AN AT Pk ERE DT-1. E. coli
SM10 (A pir) pUT- mini-Tn5-gfp 1 E. coli
HB101pRK2013 43 5I7E LB 5577 FE Fp 55 9F 12h.6000g
S L Smin WAL L, T B /K DR 2 UOF EL R
3 PRI AL SmL,6000g 5.0 Smin, [ 20uL LB
BRI R IR A B R TE IR 5 T LB F
W 30°CREFE 24h, FAEHE 6 /K Ui - T B 41, 4
T 100mg/L 2% % #Z AR AIBE 21 LB
B _1,30°CEF 7 24h Ji KNI R A8
1.8 I E A kL

¥ 1g LIEVRAE omL CEK BRI,
WA AR A 107 B 0.2mL FiBEWOIAAT T LB 1
B E,30°CHEFE 48h, B T AMT MR, G vl At 4%
(SRS I M2
1.9 ZOGE R PCR T

qPCR S 347 3840 1 425 A 2 T BP0 T
RFERIINEAEY) DT-1-gfp X+ 340 B B0 (1 5%
Wi, BRI 13 S DNABEAT 98 2 &/ PCR 40 7. 1Y
0.25g AUk TG 1F T3 i, R ] PowerSoil DNA
Isolation Kit 7l & FE L 13 51 DNA.1.0%Z5 i bt
Je H ik RS W, IF O kR 4y O O BE 11 (ND-1000,
NanoDrop Technologies, 3 [E)J 5 JL i & 146 5 5
{RAET-20°C.qPCR K WAKFR U1 R :2 x SYBR Premix
Ex Taq 10puL,10pumol/L - FiF5I45% 0.5uL, 4R
DNA 1.0uL, G X FE/K  SuL. AnifE il 28 M BFANFE
T 3 WA E A AR .qQPCR N TS 14
338F (5’~ACTCCTACGGGAGGCAGC AG-3’) I
518R (5’~ATTACCGCGGCTGCTGG-3"), ] IV 4%
94°CHIAZYE 2min,94 CAEME 308,55 CiR K 30s,72°C
FRIEN 308,35 MR,
1.10 i ik 2

RIS EE AL ] SPSS 18.0 #4742 #r, K o
K 2% )5 2543 M (one~way ANOVA)FIXS 15 (Duncan)iz
% T LA R 36 25 Ab B 1) 1Y) 22 ¢ Wil 7 M (P<0.05).
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()RR B /N TR/ B TCP w8, 26 W] 2-HP B bk
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W), CASR IR ey A 2 PRI A 7 ), T J B

R B, IR kK Ralstonia sp. T6 Cupriavidus sp.
P2 Fl Cupriavidus nantongensis X1" ] [#fi# TCP Jf 7™
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2-HP AR EE I )4 3.55min (B 3 H A 1) %
FIBEFE DT-1 6h Jo, B5 7R AL B e AR 0 oA A I 21 3
Pk A4, PR B I 1] 230 4 2.19, 2.68 F 3.53min (4]
3B).H—>4 2-HP (£ W] 18] 3.53min), 73 & RS 4
JLREMR =) AEBFP 100 FRRF Sl ARSI 20 P A Ak &
W, — PR B I E) Ol 2.20min, 55 6h WCAR FRRE i Pk
DR Ak S AR ], 55— ol i AR 7= 400 Ok B 1 [
4 3.05min (K& 3 H C ).

It 4 B S DR B R ) 28 3.5 5min (1947 )5 5 5t
TAL B T m/z =94.08 [M-H] , 5 2-HP 114> 1 & T4
VERC(PE 4a). 0/ B ] 8 2.68min(m/z=249.10 [M-H] )
LAY byl % kel T, el i IR 5 B
TEAOAL hy W5 10 X UL 2-HP B4 T 2,3,6-—
FEFENEE (2,3,6-THP), It — D fE A A 5 N Ak
BT T 1K — AN AT N R R B )N
2.19 F1 3.05min ({5 Ny 2,3,6-THP (¥4 7= 4,
I3 A SR BN BR (m/z = 114.08]M-H] ) (& 4c)FI1E
FARIR(115.10[M-H] )(K 4d). %45 LR HE K DT-1
X 2-HP (1] FAF 845 5 Rk Nocardia sp. (PNO) i
2-HP (A3 ARAR [P 33 1 A 2 P A P b
BLC ISR S5 AT S5 I B R DT-1 Bef# TCP
e AR WA 5 BT,

= P P P
Cl N OH C| N OH ClI N OH N OH
l HO  HO
HooC HoOC A OH _ N
COL+H,O rrreree \t - ﬁ — —0 o
P R S
COOH  H,NOC HO” N H N

OH OH
K5 WEHk DT-1 F#fif TCP FICSHE1E
Fig.5 The complete metabolic pathway of TCP degradation
by strain DT-1

WFFT 3 W, BEWS K 2-HP B4k 05 (4 5 (1 40 14
a1 oAy 25 G B T AR R T 2 P YT 4
DT-1 F#f# 2-HP BACH ™4, 148 Hh B ad A0 R I
2-HP Fff = A1 2 b [ AR 2 — Bl s (49 it
Jeul T X e — RIS TRk DT-1 %
fift 2-HP FIHLH.
2.3 K DT-1 %) L3k TCP #1 2-HP ¥ F#fi#

ik 6 s, 755 50mg/kg TCP A el 13 v,
PR FE DT-1,8:9% 35d J5 TCP W K %3
2.8mg/kg (FEMFH 94.4%), Ko B i ) LEFE 10~
30d 2 I8 FEAAR AL 2-HP iR B ARAR, B AU

9.8mg/kg. KM 2-HP =4z Ji5 il 37 B [ il A1 AR 4 Fl
() L35 R, 20 20.4%0) TCP 7E 35d I H 2R Bk, 3% A7
Kl 3 2-HPAR [ L3k TCP AR5
12 1] 1 S AFABL AL F T 5 o 1 i 1) 5 i 2. (86. 7% ) s
I F 12 7 1 38 (94.4%). R b 1 R I -4 TCP
(1) B it 6. (28.4%) g T AR HEFD DT-1 (42 el 4 43¢
(20.4%).3X 7] fig & tH T A 3 g S s,
(GEC R 2 G/ I SRR Sl S PE WA EEY
35 A VRSB TR AR DT-1 (%0, 1% 45 R W
BIFE DT-1 AN S R 3 R v 1 2L 4% B A
TCP [Hfe ).
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Fig.6 Degradation of TCP in campus and farmland soils by
strain DT-1
a. bt b R o XA TCP KL, & 5 DT-1 )5 4%
o TCP R, A 4570 DT-1 J5 g8 2-HP WL, m XA
T HErh 2-HP WK

2.4 TEFEDT-1 9 gfp brid MR

h T ISR AR DT-1 AE L3 b A7 1 L, 4 ¢
bR gfp S NBER N MR TR L 4
) DT-1-gfp. & 7 A w#k DT-1 fl DT-1-gfp 7£484+
IR KR LA PR DT-1 JE6PE, I DT-1-gfp
RGOSV gfp FENAEFEM DT-1-gfp i
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AL,
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Fig.7 Colony of strains DT-1and DT-1-gfp under UV light
(A)DT-1; (B) DT-1-gfp

TRER A LB “PAR LT B SR 9%
20 R IEDOLBIEE FMEER RO, R g
FEIERERE DT-1 pfa s ist il Fmul o 4 JL R,
WAk DT-1-gfp HIFEME S BPE DT-1 — 8k, FE R
TRERAEDBE L5 R ARAE 2, 7T TCP V5% +
HMAEYIE S 3R 2 WEFN G FE DT-1-gfp (£ 13
A R LB R TR AN IR Tl 1x10'CFU/g
T8 T 7d B R SRR A K R TR TR
2w AN R A BN 7~21d, i T R R A
AP T S8 A T DT-1-gfp HIZ5E, H 11
20 T T U 9D, FLAR S A P T R
bel 138 21~35d, H 40 B A R de e, BT R R
B DO IR AE IR IR B T PR A 4 IR R W,
WAk DT-1-gfp BENSIE N K 2410 1 HERES JF vl 773G
SRR I )R R 3 A B A H.

R2 EHRDT-1-gh EREMRETIEFHIE
(x10°CFU/g)
Table 2 The content of DT-1-gfp in campus and farmland
soils(x10°CFU/g)

T ERA 7d 14d 21d 28d 35d
KebEl 4% 11.91+1.43 7.13£1.92 3.68+1.38 3.19+1.82 2.89+0.98
RHLE 11.02£1.37 6.34+1.05 2.47+1.11 2.69+£1.04 2.12+0.95

2.5 [ B AN B R

VN0 TCP [Py -8 40 58 16S rRNA #5 1%L
FEARTR B TR B G 2% T IR i -3 (R 3),% W]
TCP XJ T 35 A= 9y BA7 W 2 1 B V78 I TCP+
DT-1-gfp AL FEF) 16S rRNA $4 DUSCAE P Fh 38 1) 15
FEATHI(7d) 38 B AR T UL TCP (a3 kA

WIRAFAE Bt DT-1-gfp £8 L3 ) 2 AN TCP
BEEARATE FHLVS N T DT-1-gfp 11358 v 40 1 i 2 4
ETEAE 35 A0 56d 4 53 IG5, 1% 4G R R
TCP [ PENY DT-1-gfp HIREMEAE I T 2 89855,
20 U0E S5 A8 Bt T oxet v e E b R AR S
A3 AT AR Tt A g BT ) A IS SR R
AEV& S5 M R 52 0 R I AR PR T, Je Sk LAt O ey
L TT T I, LI vy B g v (2 9 00, F P4
et

%3 TCP RE#H DT-1-gfp 3 HIBMAE K E MMM
Table 3 The content of DT-1-gfp in campus and farmland

soils

g = AN 16S rRNA FJ¥ (X 10" copies/g 13E)
g A
% 7d 21d 35d 56d
) X R 6.45£1.22a 5.3242.03a 6.45+1.22a 4.45+0.97a
Lidir!
. TCP 2.68+0.52¢c 3.37+1.24b 3.68+0.52b 2.21+0.70b

TCP+DT-1-gfp 3.56+0.74b 4.87+0.45a 4.81+1.28ab 3.89+1.06a
- X 10.28+3.26a 11.3242.77a 10.44+2.04a 9.31+2.72a
. TCP 4.55+2.13b 5.98+1.65¢c 5.66+1.12b 3.61+1.54c

TCP+DT-1-gfp 5.14+1.36b 7.43+2.63b 8.14+0.56ab 7.21+1.87ab
L ) BB 5 A ) B R 7R AN ) Ak B8 ) 2 550 391 5% B 5K

FH T 0T e B A LA AR 24 (1) B ) R0 2% 11, DL B A
WA AR R IR B3 A ML AR 24 19 11 32 75 SR AN T 48 o
XA I N T TCP 7E3R 5 Fh A 2. TCP K
S0 ZUH R T AR B AR T AR ) AR
HISOIE T TCP B S, AU FHAG T TCP A5 1) %
fift SN T BRSSP R AE I DL K A A LA
W1 B g 1200 A A 245 % B oo B 455 38 ol 1) ¥ e ik
— 0.

FEF R B 16 v G 3 AR G ST SR IS (1)
JRE BB 5 [l 24 3 BT A AR B AR — R
B I A AR T B0 AT B WNR N, 3 A
IS P45 JeFR I (3 U #8) 8K, TCP 76 358 )2k
YIBEFARIIE S ARIE 1/, 22 B 5 AR AE B AR5 e
TIRAEYNE ST 7 T AL TCP AR A5 YL ik,
WFFT T AN FIPREE R i A M xst SRR AR A 5 S IH B
Pk DT-1 BENE A (B fig K AR -3 h 1) TCPZE TCP
TR IR AEYME 2 rh HAA RN R ).
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