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Isolation, identification, and degradation characteristics of a DMP-degrading strain

XU Wei-hui', LIU Shuai’, WANG Zhi-gang'*'

(1.College of Life Science and Agroforestry, Qigihar University, Qigihar 161006, China; 2. Key Laboratory of Urban Agriculture in South
China, Ministry of Agriculture, Guangzhou 510640, China)

Abstract: To isolate a dimethyl phthalate (DMP ) -degrading strain, the soil that had been exposed to long—term plastic pollution was collect-
ed and used. The DMP-degrading strain was screened out using selective media method, and identified by morphological, physiological, and
biochemical analyses, as well as 16S rDNA sequence analysis. Moreover, the degradation characteristics were studied. The results showed
that the DMP~-degraded strain was classified as Paracoccus sp., named as QD15-1 and belongs to Gram—negative bacterium. The substrate
utilization tests showed that the QD15-1 strain could utilize phthalic acid esters (PAEs) pollutants, such as DMP, dibutyl phthalate (DBP),
diethyl phthalate (DEP) and diethylhexyl phthalate (DEHP). When DMP was the only carbon source, the optimized conditions of the
QD15-1 strain were as follows: pH, 8; temperature, 30 “C. The degradation kinetics of QD15~1 were studied in varied initial DMP concen-
trations under optimal conditions; the results indicated that degradation of DMP conforms to the pseudo—first order kinetic equation, and the
half life of DMP was shortened as the initial concentration was increasing up. Importantly, PCR analysis showed the QD 15-1 strain to con-
tain PAE—degrading genes, such as the phthalate dioxygenase gene (PAphtAb), and 3, 4—dihydroxy—3, 4-dihydrophthalate dehydrogenase
(PAphtB). Liquid mass spectrometry showed that the intermediate metabolites in the minimal medium included o—benzene dicarboxylic ac-

id monoester and phthalic acid. The DMP degradation pathway in the gram—negative strain Paracoccus sp. QD15—1 was speculated to oper-
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ate as follows : DMP was degraded into o—benzene dicarboxylic acid monoester, decomposed into phthalic acid, and was then further degrad-

ed by the above—mentioned genes. These results indicate that QD15-1 is a high—efficiency DMP—-degrading strain, and it is expected that

the strain QD15-1 could be used to clear DMP pollution in future.

Keywords: dimethyl phthalate; 16S rDNA; degradation kinetics; degradation gene; intermediate metabolites

AR5 — H R fiE (Phthalic acid ester, PAEs) 3 # Fx
VEBRPR Eg , & — il IR, AR | KT A WA
UG, g Bl AR S 20 550 RN R A 700 1 5 om 321 3
BER S Z o, PAEs B UEBH B =S E Y, B
PAEs B I A6 T 253 KRR+ LR IR B A T, I
TESIAE ) 1A Py FR BES | 5 208 3 B W i e NS
faRR .

PAEs 76 J0 45 0 H U2 H R R OR 5 B AR FE
fiff , TR LG ) P A A 400 5 i 1= S R 55 v Y PAEs 2 281
RWF TR o ] [ G BRI oK AR R U R
WS (DMP) 4B —H iR — Z K (DEP) 4R —
1% — 1% (DNOP) 3 Fh PAEs #ff 5 by FR 88 40 S 5 605
Guiplen, ARSI i AT ST & B DMP AT el As R - 4
SR 55 ) - 3B T 1 DA R o AR ol B
A=) DX ZR G5 R RN ) RE AU TR 50 A U2 T )
ZHREMERARS, R AR REYIBEZ B,
L, -3 = 3% i DMP R i 18 T M B2 . AW LA
1 55 SORLE S W b 35 1 R T e R
K fif DMP 1) T AR I 55 SL4 4k | B 7E 20 B B DMP
BIPLFATRFN , A4 i i) el B R P R A T2 )
A T g i DMP 15 G F1 4 458 A5 W48 52 i 0F 5% 25 00 Jik
itk

| MRS

1.1 kg RE

T TC R A £ - CaS04+ SH,0 4.0 g, FeSO4+ 7H,0
7.0 g, FeCl; - 6H,0 7.0 g, CoCl; - 6H,0 0.2 g, NaMO, -
2H,0 3.4 g,CaCl> 2.0 g, H,0 1000 mL,pH 7.0.,

FERHTCALER (MSM) 55 97 3E : KbHPO, - 12H0 1.0 g,
KH-PO, 1.0 g, NH.Cl 0.8 g, NaCl 1.0 g, MgSO, - 7H,0
0.5 g, R L EAME AT 2 mL, H,0 1000 mL,

LB 5 3% 3k . & 1 10.0 g, B2 BE Y 5.0 g, NaCl
10.0 g, H,0 1000 mL.
1.2 DMPEBERNSBSEE

A A7 55 SR 30 1 i R b R o R 2
FE,FRS ¢ LAECT 4 50 mg- L' DMP () MSM 15 3¢
W P HEA TR B R T WIS 7RI 30 °C L B 130

remin” (SR HEFE 3 d, B0 mL R RS A
100 mg- L' DMP [ MSM 35 32 3L h 48 8215 57,3 d 5 A
45 100 mg- L™ DMP 5 MSM 15 35 3Lt I 1 mLL 74 ¥
PERE] & 150 mg- L' DMP fit) MSM 1 57 5k rp 4k 22 1%
F%, DAL AT RE 5%, 30 d 5 B B R 5 A9 DMP
WK F) 500 mg- L7, K5 3% 30 d J5 , BL 0.1 mL 1 75 i
FEURA B A MSM 15 95 5Pl , 30 CH5 92 7 do Bk
TEAN (] TR7 V6 T 785 10 BL TR Vi 42 2103 6 1) MSM 35 i Al
RHE RIS R . B I A AR IR 2~3 IR, R
(i) P 42 T R P BB At AT 2E A 7 7 21 G £, IR DG
e i e WA, B2 B I B SR W o Sl R Y 1 B
P VR B B Al A A5 3 00 AN PR 4 A LB R AR R 9% S
TR SR L3 d SR IR B0, 3 R DLTE PR AT
FE =20 CHIVKA TP £

16S rDNA J3 41 53 #7 : {1} Ezup A1 =X 4t 747 & K 41
DNA #4285 & (4% 5 : B518255) 2 B DNA, PCRJ”
ok AT A gl Y, 27f: (57 - AGAGTTT-
GATCCT-GGCTCAG-3" ) 1 1492r: (5' - TACG-
GCTACCTTGTTACG-ACTT-3"), i1 ¥k T4,
PCR JZ Wi 1A % 20 pL 7 : 10xEx Taq buffer 2.0 pL.2.5
Mm dNTP Mix 1.6 L. 5p 27f 0.8 wL.5p 1492r 0.8 plL.
DNA Bz 0.5 pL.5u Ex Taq 0.2 pL.ddH,0 14.1 pL.
PCR [ W 55 : 95 C 22 ¥k 5 min, 95 CAZ 1 30 s,
55 °C 305,72 °C 90 s, 24 MG, 72 CHEAH 10 min,
PCR 7= 48 1.5% By e 58 e v VKA D, R FH SanPrep
FEC PCR 7= 4l 4k 1550 & 4l 4k PCR 729, i% bk 55
H AV B R AT B FINT . D45 5 7E NCBLiY
GenBank B4 22 51T Blast FL X, 485 B 551 4]
TEE o 2 B4 L H1 43 28 7 TR R A 16S vDNA 751, R
FAIMEGA 5.0 {4 ISR R L B
1.3 DMP FEFEE £ K B BE AR R 5

40 R BRI E) 150 mL 7545 500 mg- L™ DMP [
MSM 15 F5 5 b 7E 54 34 130 v+ min™ I 30 CHY 251
THEFE 3 d, BERR 12 h R ODeoo, JFHX 10 mL TR
B0 B ETE R CTRZE B, ¥ E )2 A P E R 75
&, ) FH v 500 £ 1 DN o i 7 R R A ) DMP ik
JE. ARSI E R 3R,
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27 Chen %" W71 IR U 8l 1253 B R H Sig-
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f F Ezup FE 2040 5 3 K 20 DNA 323050 5 (G
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Ji7s o DARE SR A DNA SR 23 54 AR AR R
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K HAr 44 QD15-1, T Bk QD151 J& — bR 4F 41
AL, £ DMP Sy ik —fiic Y5 T RE U 1 MSM ~F- Al P V% T2
BRI B ZL A, R R | % 55
WA 1a.

TEGF BB T B AR, JOZEA, 22 e
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Figure 1 Colony of strain QD15-1 and microscopic observation

R2 BEHRQDIS-1 BB A4
Table 2 Physiological and biochemical characteristics

of strain QD15-1

i H Item 255 Result i H Item 250 Result
G kLY a s - AR K i +
U R R - PR A i -
TE B K firp i 5 - | L7Sh v +
PRI + TR 5 -
1B SART.L - A2 R -

T+ 3R B S, ~ R B SO

*1 BT PCROMHEEFSI M
Table 1 Genes and primers used in PCR analysis

Gene Gene ID

Forward primer (5" to3 ' ) Reverse primer (5" t03 "' )

phtAb 24956689
phtB 24956685

ATGAGCGTTGAAACCGATC
TAGCTGCCGATGAAGTCCAT

TCATAGGAATATGGCCAGATTC
TCAATGGCCGTTTTCAGG
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R4 16S rDNA 3 /7 45 5 Al GenBank Ff £ % 5%
PIAZTT IR 7 A AT [R5 LA, BB AR QD15-1 5
Paracoccus sp. CY-b28(JX997853.1) %5 ) [m] Y5 AHAL) B
}100% , 3% FH MEGA 5.0 8 {444 2 & ok QD15-1 119
16S tDNA R 48 K& B B (K 2) |, T 3 bk 1B 8 5 4y
HE AR A AR AEFI 16S rDNA LK 241 207, 4 T Bk
W% 4 Paracoccus sp. QD15-1,

2.2 DMP &7 B H9 4 < B 28 R ELXF DMP B b % 380 iz

W #k Paracoccus sp. QD15—1 B 4= K il 28 1z X
DMP ¥R OLUNIEL 3 7 o Bl R BR QD15—1 1
{EL (ODgoo ) 3 M7 38 55 , 5 SR L P ) DMP & i MR 1
PR QD15-1 32 A 2] 15 37 55 12 h P9 BV A% W e {34
KAR/N, e B PR QD15-1 Z5 5 /0, I Bk 1 bk
PRI 7 J , I B HH P DMIP B8 fife sk 36 /1N, 12~48 h /2 TR
PR QD15-1 By XA AE R, I B R QD15-1 4 K
THIH, TR ODeoo < T, 15 5 5 H DMP v FE T

201 -@— DMP
- O 1500 s
S 15f P
g 4400 £
e g
§ 1.0+ 1300 g
2 g
g 4200 §
Z osf :
1100 2
kS
s}
U n . . " . . 10
0 12 24 36 48 60
Time/h

B3 Bk QDIS-1 44K B &R Ext DMP R B fE B 2
Figure 3 Growth curve of strain QD15-1 and the degradation

curve of DMP

AU, H N RERIRARE . 48~60 h, B Pk QD15-1
A HE A BRSO B, IS B P TRV P RO {1 ik B
15, ODgoo A 1.64, FFORFFFEE RIS R R IA R
IR K, IR RS R 5 DMP R RS A T, &0
60 h 1535 , {35 5 vh DMP ¢ i M 500 mg- L' F [ 5]
50.16 mg- L™, B2 4 89.9% .
2.3 FEFRBERR QD15-1 X R R HRE M B 7

K535 3 d e W AR /N T R IS 7
AEJT, BARE QD15—1 RIS R P i 1 e an 2 3 F s
FFE QD15-1 884 H DMP . DBP .DEP .DEHP . PA F17]
2 095 by W — Tl 5 A EFE MSM B 97 6 v A K
AHERH PCA FIERE A T A o
2.4 B pH X E#R QD15-1 £ KB

AN pH TR #R QD15-1 A=K B2 i an i 4 T .
M 490 LUE H B QD15-1 RERSTE pH 6~9 i [l
WK 7E pH SZF T, R QD1S-1 ARRIEH K
7E pH 7 FlpH 8 5514 T , B K QD15-1 i A X5 A K
ARG IR [A] ZE L F pH 9, HLAZE pH 7 Fl pH 8 244 F , I Ak
QD15-1 X HAE K 3G a1 o3 3200, 76 pH 8 I 5%
14 F B ODeoofie K, IR, LA DMP by ME— B U5, T Bk
QD15-1 4= K fwiifi pH 4y 8.

&3 EHRQDIS-1 7l ARMEIA L
Table 3 The test of strains QD151 using the substrate

137} FIE B 137} FIITE B

Substrate Utilization Substrate Utilization
DMP ++ PA ++
DBP + PCA _
DEP ++ glucose ++
DEHP ++ sucrose -

T+ ARAE AR 5 + 0T UM s A BERI

201 Grodonia sp. HS=NH1(KF688474.1)
12 Acinetobacter sp. strain SN13(KX670538.1)
20 - Arthrobacter scleromae strain C21(KF039748.1)

100

Microbacterium sp. M65(KC464863.1)
I- Streptomyces sp. FZ90(KF848954.1)

Paracoccus pantotrophus strain NBRC 14567(NR_113662.1)
Paracoccus pantotrophus strain NBRC 102493 (NR_114120.1)

49 Paracoccus pantotrophus strain ATCC 35512(NR_026457.1)
21| Paracoccus sp.QD15-1(KX702234.1)
88 | Paracoccus sp. CY-b28(JX997853.1)

0.5

—_—

E2 EFQDI5-1 FIHEXEE A 165 DNA FI R BSIEREIHRER L R
Figure 2 Established phylogenetic tree by neighbor—joining method , based on 16S rDNA sequences of QD15-1 and the related strains
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Figure 4 The effect of different pH on strain QD15-1 growth

2.5 REIREXE#K QD15-1 EKMZEMm

ME 5 s LUE 1, B bk QD15-1 BB 8% 78 25~
35 CRX AL HE N A K, 5557 12 h )5 BBk A B
KM, 76 25 CF Bk AT 504 K 30 59 ODeoo 211K
35 CHMF T R A KRB 5 TR, 30 CHAMF TR
BRI B KT ODoo fi 5 , 32 WIFE 30 CH BT B
QDI5-1 My A K B et B IL, DL DMP Jhy ME—fi
U5, BARE QD15-1 Feadi AR KR B R 30 °C
2.6 EHkQD15-1FEE DMP B 1572

WE 6 frzs, 15357 60 h J5 Bk QD15-1 1] B K
HB4> DMP, R fift 26 6 45 %) 4 DMP ¥k B 9 F1 %55 (100,
200,300,400, 500 mg - L") ifif 384 &5 , 43 5} 80.0% .
89.0% .89.6% .91.7% F197.0%. [F) i} & kk QD15-1 [
fit DMP £ & — 28l J12 e

InC=-K1+A (1)
A C 2 DMP Bl B[R] 3G K AR AR B2 o Sy 35 5t
6], K A —2 a3l 12 5B, A R 80, DMP AL W) [ fif
B2 T T IR F Ty R A

201

Absorbance/ODgo
5

0 12 24 36 48 60 72
Time/h

B 5 AREIREIEKQDIS-1 £ KK
Figure 5 The effect of different temperature on growth

of strain QD15-1

RWIRERFFIR R
5001
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-¥- 300 mg- L'
300 F 400 mg- 1!
—& 500 mg- L™
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200
100
op__, . . . ’ )
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Time/h

6 AEIXI%E DMP iR BEEXTE#k QD15- 1 FEREEE N HIR MR
Figure 6 The effect of different initial concentrations of DMP on
degradation ability of strain QD15-1

In2
R (2)

2 4 BRI T QD15-1 76 A [6 9] i DMP ¥ Ji
(100~500 mg- L) T WY KA 3l 124 J5 B2 . DMP A=W
R S ok B A & — R 2 0127 T R (R>0.9) o B
DMP % 5 3G, FEf 52 J0AH 0 3 4 02, I 2.17 d 4
550.84 d.

2.7 BEIREENTIA

PN QD15-1 f4 JE K 21 v 7 18t 2 A4~ e A 6 1AL,
JPas R B, — NS K Ry 577 bp, MLEE T 5]
5 Arthrobacter keyseri 12B 1 & BiL A4 41 8 — H i i XL
T AR PR/ NI 5 1 [ U5 A DL w3 35 92% , i Bk R 7E
Genbank [1) £ #} J 6 5% 5 2 « PAphtAb (MH040800) -
A — AR A FE K R 1008 bp, LR F 515 Ar-
throbacter keyseri 12B H1 & BLI) 3,4- —FH-3,4 — &
AR T H R I Ut ) [ U A DL E Ry 88% , 1%k K A
Genbank [ 44 PR S 85 5858 : PApht B(MH040801 )
2.8 FEMR I =M R B IA R AR R E RO HE

I Ta H A F Y, DMP R U6 {8 75 0,335 ] o (i 52
(RIS 18] 24 3.50 min, 75063 b HB AR 163,

tip=

R4 B QDIS-1 X RREHN4ER E DMP £ Wz
HNFEFHE
Table 4 DMP degradation kinetics equation in different initial

concentration by strain QD15-1

B gL SR R E R

Initial concentration Kinetic equations T /d R
100 InC=-0.317 3x+5.247 8 2.17 0.931
200 InC=-0.519 3x+6.075 2 1.32 0.930
300 InC=-0.508 9x+6.125 3 1.35 0.922
400 InC=-0.605 6x+6.523 9 1.14 0.928
500 InC=-0.828 5x+7.108 6 0.84 0.920
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Figure 7 Standard DMP(a),PA(b) and PCA(c) chromatograms and spectra

E 7h o 5 s PA B 06 (B E €8 3 ] HP R B B B RD L, BT BN B g JL AT A W o, T OR BB TR 2R 5.0

0.81 min, 7E 63 F H B FHEIE R 149, K 7c BoR min, W ) G TERFAE W A 149, 5 PA I RREIEW) &, 1

PCA ()W 78 (5335 ] 3 B8 A s 8] 1.26 min, JL7E B8 R L i PA A A, RIIL, K 3R 22 A A S R

i B P RRAEIE R 109 FI 153, MR 8 AT I E MM A5 L AT DMP £ R A oA VR T 1 S K A

AR QDIS-1 85353 dJa  fE ik B A 1 A AR IR R BT SRS T AL A PA AEAR PR
AU B 5 T 5, PR BRI IR] R 1.62 min, Ho FRRAE 14 PR AU 4L 56 (K] (PAphtAb ) F1 3, 4- — 8 86-3,4-

H 149 F1163, j1 AT %0, DMP A] RE AR i 1 4B — /iR LR R i S L X (PApht B) WIAE IR it — D %

PR T A A BEf# AR QD15-1 B FE 1.62 min bt it

A —AN UM I, 6 B DMP ] 78 0 44 R K e 3

PRI R LR | (FL R i B ARZ o RIS, ZE 4] 8b

HA BT 2N e, O/ B B 1] 43 53104 0.63 min Al ARG 53 B T — R AE A DMP A5 Ay Ml —fik

5.0 min, H: A O B 1 [E] 47 0.63 min, 0§ 16 3% FFAE AR PA K B R , 22 %8 %€ N Paracoccus sp. QD15-1, 4
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7
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M ] /min

3 4 5 6

LB R . SEAEK, KT Paracoccus sp. FEf#TS
Yoy B0 55 PR TE AR 22 , 4 4 B ER B HPD-2 g % 1
R Z IR IR A B g R ok SR A4y
BT — R T IR ARG R A 1) I BR B MXX-04, BERS LA
TRANE A — R T A BB N 95.3% . AHE
% W B BR Paracoccus sp. QD15—1 BN 15 37 FE vp ik B
A 500 mg - kg™ (1) DMP [ fi# 3] 50.16 mg - kg™, B i 5
h189.9% . JIHIT I A F S 56 2% B L i A B RE A
DMP ,DBP . DEP Fl DEHP %5 , 55 B4 18] 5 551 i 57 45 IR
FApL, L0 2 Y A B FF B HS-B1 68 43 1 L BBP
DMP.DEP.DBP .DEHP % PAEs 2 4b4 4 Wl — B¢
JEAE MSM 15 97 3 vh 242 K o Zhang 2509 W] JEE Jfe Hp i
TE e LA PAEs by il — B 5 A 4 B B bk Sphingomonas
sp. XJ1o 48 80 K 3 A2 I 3 T Y 1) - 398 v 0 ke
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Figure 8 The chromatograms of 3 days non—inoculation strain(a) and after inoculation degrading strain QD15-1(b)
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