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Abstract: In order to obtain phthalic acid esters (PAEs) biodegradation strain, a bacterial strain capable of growing with
PAEs as the sole carbon source and energy was selected from contaminated soil and named as SD2. The 16S rDNA obtained
by PCR amplification and the construction of molecular phylogeny trees can be identified as Tsukamurella sp. The degrada-

tion of DBP under different temperature, pH value, and rotational speed conditions was investigated. The degradation abil-
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ity of the strain to DBP was determined by high performance liquid chromatography. The results showed that the optimum

degradation condition of SD2 is temperature of 30°C, pH value of 9 and rotational speed of 150 r/min. Under this optimum

condition, SD2 can completely degrade 500 mg/L DBP within 72 h. The intermediate metabolites, butylmethyl phthalate and

phthalic acid, were detected by GC-MS during the degradation of DBP, and phthalic acid could be further completely degrad-

ed into CO, and H,O. To our knowledge, this is the first report about the biodegradation of PAEs by genus Tsukamurella.
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DMP ); €28 — W2 — 2l (diethyl phthalate, DEP );
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TeHLER R #7 % . K,HPO, 5.8 g/L, KH,PO,4.5 g/L,
(NH,)SO, 2.0 g/L, MgCl1,0.16 g/L, CaCl, 0.02 g/L,
Na,Mo0O,-2H,0 2.4 mg/L, FeCl; 1.8 mg/L, MnCl,-2H,0
1.5 mg/L; ¥ pHAEJH E 7, 121°C 5 /K # 20 min,
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200 mg/L 4R —HIiR — (2- 23) &g [ di-(2-ethyl-
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LR — W R B T fiE (mono-n-butyl phthalate, MBP ),
200 mg/L J& JLZ & (protocatechuic acid, PCA ),
200 mg/L 487 — H i — F =ik (diisooctyl phthalate,
DIOP), 200 mg/L 4% —HI[i2 (phthalic acid, PA) /{41
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CAG-3") f11492R (5'-TACGGCTACCTTGTTAC-
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%4 10 x PCR buffer 5.0 uL. 10 mmol/L dNTP 1.0 pL.
25 mmol/L MgCl, 4.0 uL . Taq i 0.5 uL. 5|4 27F
1.0 uL. 5[#1492R 1.0 pL . DNA ##y 4.0 uL, HATAL
43R ddH0 0 S 454 : 94 C TS 1 5 min; 94 °C AR
P£30's, 60°CiE K 30's, 72°CHEMH 90 s, 3 35 MEEFR;
72°CIEAH 10 min, 4°CLRAF . HUS.0 pL (4 5 N 2EA T
BB WHEE R K . G WEHE I (polymerase chain
reaction, PCR ) J W (7 A Fh B 4R A I SE AL,
I3 MEGAT7.0 3 {4 Hh i 4B 421 (neighbor-joining )
WERGERBR . N TP W0 5 1
AHFFEH A5 5] 1 16S rRNA KPR 5 %1 38 2o %k g
EzBioCloud ( https://www.ezbiocloud.net/ ) FIIZH B A% =X 7
FIEAT T AR X
1.5 DBP KM FfERT

BB M T2 47 50 uL DBP (% 100 mL TCALEL G 35
WG 9R 7 d, B0 (%3454 10 000 r/min ) 5 min,
HIpH H 7. ¥4 0.02 mol/L i Na,HPO,-NaH,PO, 5%
PRET 3 Uk, AR TRIA THEIE D o IR 1 mL 7%
W, MRS [ S5 116 500 mg/L DBP 1 JCHLER 1 37 3k
iR
1.6 BMEMBBIESTE
1.6.1 FFomaz

WG G SR R S, 258 % 50 mL
THEBE LSS, IIA 10 mL 28 2 fg, 5.0 (N
6 000 r/min) 5 min; WAEG WA Z LR, A 10 mL 2,
1% LA WOKAH 1R, IFFRR IR A DL 24
T8 P A — s, P B 25 2 10 mL, Fi B
2 e BE Y 1/5 5 FH e 0RO €835 4G & DBP 1Y 5%

[ AE=N
[ESEENC)

1.6.2 &ARE &AMt

{632 4% 4 SinoChrom ODS-BP (4.6 mmx200 mm x
5um), HEWY35C, Viggmmm: Vx=9:1, Jiiidl
0.5 mL/min, K& K 228 nm, #EFE A 20 uL.
1.7 SRS
1.7.1 M43

B R IR 2 BRI AS 2 50 mL JCH B0 R, in
A 10 mL 2R 2T, #5.0 (5% 34 6 000 r/min) 5 min,
WCEE A HLAH AR, 10 mL 202 2, 1 5 UK AR
LR, AR IR AT AR 25 o A 38 AU v #5
T, FHAGESER IE C b E 25 2 10 mL, 7 B 2 Rk
FER1/5,
1.7.2  &A8RE S+

Thermo Trace DSQ I &% Jift i 16 FHAY 25 1F -
1) WA IR E } 60°C, L 20°C/min FHE & 220°C I
{84 10 min, BE )5 L 5°C/min FHE % 300 °C I {4 54
5 min; 2) B FIFIRE R 230°C, &5 k15
3) #EFE FR S 260°C, H2 R R 280°C, i N
1.0 mL/min; 4) #E#EHA 1 pl.

2 HRESHN

2.1 PAEsKEMEE SD2HSNBE N FEMFERE

iAo A HROULEE 1 T WL 2 BT b SD2 7Pl | 5
FLE, VRO, RIS AR, HURS, M,
ANFEH], FEAPAR, 2 RPHE (181 1), e <, o
HEE

E1 HEkSD2HE=REBLER(x100)
Fig.1 Gram staining result of strain SD2 ( x 100)

AR SCR F PCR Y™ 44 AR A5 T 18 #k SD2 11 16S
rDNA J¢ 51, ¥ B A 1378 bp. il MEGA 74k
4 Clustal W 4 H: 5 GenBank 1 2 I B #K 4 16S
rRNA FEH 7813647 H g, 48 J5 H neighbor-joining 14
ERAGREW. SR EMW, SD2 5 Z R I 16S
rRNA JE KA UM ik 99% (& 2) o [l 78 8 1%



%56 1]

FTIEAE BRI T A 07 08 N HO S84 — VR — T IR B AR E T 5 573

EzBioCloud % FbXF &5 5 i 7, A1 SD2 fc AR ) Hif

T T AE R AR A R, Hop SD2 A
Tsukamurella tyrosinosolvens DSM 44234 FA{DLE N

100%, Fll Tsukamurella ocularis HKUG63T 1L K
99.85%, LA A AH LB S T 96%. PRIUL AT L]
FE SD2 J& TH AT o

100 | Tsukamurella conjunctivitidis strain HKU72 (NZ_VIGX01000043.1)

65 Tsukamurella conjunctivitidis strain HKU72 (VIGX01000043.1)

| Tsuk

ella sputi strain HKU70 (NZ_VIGV01000020.1)

100 1 13y kamurella sputi strain HKU70 (VIGV01000020.1)

100 | Tsukamurella conjunctivitidis strain HKU72 (NZ_VIGX01000042.1)
Tsukamurella conjunctivitidis strain HKU72 (VIGX01000042.1)
87 Tsukamurella sputi strain HKU70(NZ_VIGV01000019.1)

100 * Tsukamurella sputi strain HKU70(VIGV01000019.1)

67

Tsukamurella asaccharolytica strain HKU71 (NZ_VIGW01000032.1)
Tsukamurella asaccharolytica (MK583683.1)
Tsukamurella conjunctivitidis (MK583684.1)

100 |Tsukamurella sputi (MK583682.1)

SD2 (MT448915)
10

E2 FE#kSD2H 16S rDNA FHlHHE Rk BHRIME

Fig.2 16S rDNA sequence analysis and phylogenetic tree construction of strain SD2
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W) s A R R 1 R . R AT
W, SD2 /] LAA LY HAETS Qe IR vh & i
f) PAEs 241k 4% (111 DMP, DEP, DBP % ), {H JG35 A
FH 43K 1 PAEs (41 DOP) . [lfF, SD2 X EZL 1y
PAEs B W) YA ) (11 PA PCA) HAT—%E
IR HEE S . X TR & SD2 HAS K PAEs K AR 5™
Yot 4= ik B e

R 1 PAEsFEMEEIIE SD2 FIRHI 51
Tab.1 Substrate utilization profile for strain SD2

Substrate Utilization Substrate Utilization
DBP + Toluene +

DEP + PCA +

DEHP + PA +

DMP + DIOP +

DOP - MBP +

E: YR FTALK, TR FRRAEK,

Note: “+” indicates that strain could grow, and “~” indicates

that strain could not grow.
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2.3.1 Anks pHAEXT B4k 5% DBP 9%
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Fig. 3 Effects of initial pH on DBP degradation by strain SD2

FE pHAE K 4 ~ 8 15, Jffi v 5% B4 DBP (1) 1 it e 5
G218 N RS, Bk Z218, 6 DBP Y R AfAF ]
Z M. TEVILG pHAE A 9 B, DBP sk E°h 0,
7K DBP T 258 A, AR AT LA RGP . 7ER)
U pHAE K 10 B, AR AR K 22408, FLXT DBP (1 F i
FZ 20 . BRI R m U E A KR EERER
Z—, AN[F) pHAE AT LASE M Jl 0 355 P4, DATTIT 52 Ml 1 A
fift DBP fUREF7 . H L] UL, SD2 % DBP (1) ik pH
EH 9. L MRTEIRIRE 254 F T LUE K, HEGEH
Ffig DBP, [H]i, #14k pH {H AR TR B A= K LA
K DBP i
232 A4EiR AT R R DBP 9% R

DBP Sy ME—fi , 7Ei 53518 2530, 35, 40 Al
45°C, pHAE ] 7, 533} 150 r/min (i 2648 PR 1555
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Fig. 4 Effect of initial temperature on DBP degradation by strain SD2

FE 25 ~ 35°CH}, DBP L34S | # SD2 5¢ 2 F#fift,
PRETT DL R AR, BB & RGeS . 7E£30C
fif, DBP [ i i iR %0 0, %78 DBP B 58 2B i -
It 35 CHE, BRAMRAE R BN . Bt e )
AR P E B R 22—, TR 4 52 i il A 15
M5 Wi (A o 4 2B K S B A A L R T . fR
AT L, %R RIS AR 30°C A A IR E R AR K, HIE
fi%t DBP [ RE )8 o TR EE L 24| SD2 iy A=
DBP ) & fi#

233 kAT H A% DBP 890

L)L DBP Sy il —fc U5, 76 B R 30°C, pHIE R 7,
B A3 9k 0. 75, 150, 225 t/min (4 55 0F T 63 1595
3 d, R T bR A DBP RS2 IR IR 5 BT .
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Fig. 5 Effect of rotation speed on DBP degradation by strain SD2

FEFF 1L, SD2 X DBP [ (19 RE S 4058 , Bivk nl
PUIEH A o Bl F e 138 0, SD2 7S )% il 41

X R i DBP (1452 0 25 04N, DBP 3R] LAY A,
TEANR LT AR ARRE R AR K . S H AL A L,
oI B DBP (1% 344 150 r/min.
2.3.4 AT EH ML DBP 4% R

L) DBP S ME—fi 5, ZEIEE R 30°C . pHE R 7.
B3 150 r/min (9 54 TG H59R 3 d, 05 12,
24.36.48.60. 72 h B HURE o 1555 BF [B) ) TR R B i
DBP [H52 M QK] 6 I/ o

600

Concentration/(mg-L")
Ny I
S S
S S
T T
/I/
——

%\i
\.
ok B |
1 " 1 " 1 " 1 " 1 " 1 " 1
0 12 24 36 48 60 72
Time/h

Bl 6 t&IrRTEINT SD2 BEfE DBP HISMN
Fig. 6 Effect of culture time on DBP degradation by strain SD2

TERGFRRII], TR 9 A S DBP 1Y [ i 3 B2 4
PR, SD2 ] IR HRAI ] DBP 42 BEAYRRIR . £ 72 hitf,
DBP A] LU 56 4 i, 7853 U1 SD2 J& — bk i 2 b
f# 1A
2.4 RBF=MaIHT

i 3 S g e F{Y ( gas chromatograph-mass
spectrometer, GC-MS) ¥l DBP [#fi# i #2 R By r=4), JF
55 BHR 0 S5 B 2R HEAT XS AT, AR SD2 [
fift DBP 12 h Ji5 , 7 L5 B2 I [A] (Fpi2H 23 AR 2] 1 B
W Fe FABL T 75 B[] ) 247 9.40 min A1 8.10 min A A5
| 7 DBP FI4RR — H 2 T FEH i ; SD2 F¥f# DBP 36 h
Ji , FEAREREHR] N 5.69 min BHGIN#] T PA . i N
7R

LR VA bk SD2 FES# 12 h 5, T UK 3] DBP (1447
TE. Z WPk SD2 [ 36 h e, vl LUK 2] PA , i i
Wi, TEREAR 36 h T, [k B2 #a 1122, AT i
ST PR SO A BT b ] e R — R TR R R
PA, 1] SD2 X [ i 4848 — HIRR T £ H IR A1 PA Y RE )
B8, NI B R A28, B 72 h 5 JLT- 38
K 5] DBP Je Ho[a] 4, B DBP & JL-F- 8 5¢ 4
Rk
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Fig.7 Mass spectrum of dibutyl phthalate and its metabolic product
() ARR—WER =T B e i ; (b) AR FER TR F B 09 Sk 5 (c)PAWIRIEA
(a) Mass spectrum of dibutyl phthalate; (b) Mass spectrum of butylmethyl phthalate; (c) Mass spectrum of phthalic acid.
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A= YIRS PAEs /K fife T A2 AR 28 — R PR, I
AR PA L T TR ff: PA A2 58 AR fiff ot
H—A BRI EA AR A IRY)) T A0 25
AT, % BEARSE R PA LA K 22 A1) PCA,
FEASTT UHED 2 DA g b5 56 4= % DBP.,

3 g

NP S = I A (N vt DA R E 59
PR, 85010 T 15 K DL RIS AR IR Ve 1 1 K
2 BORSTTE vT RE f% PAEs IORFSE AR £, (H
&= H A KT EAE AR YRR TR RS A 2, L
A H R RS BB AR B o i 122, AR
S UKHGE 1% R RIS KA PAEs V5 S I pEoE .

A TR ZE A T 1) A ik A e B o e 7= W ik A 1
G3HT e A A3 i 1t — R BB 98 L DBP Sy —
TR IR FTRE VR A= K 949 SD2. 48 PCR 4 1A 45 3] L
16S IDNA JF 53 F RGE K EW, 7 KM SD2 55
ZFPFE IR Y 16S rRNA HE A L =35 99%.
e, WA SRR N A TR . SRR ) g
B &R, TRk SD2 AT LRI Z A0 H UL PAEs 281645
Yy, JE—AREENS ) 12 WM PAES (TR BR . A 55 A
B AE 6.3% (high performance liquid chromatography,
HPLC) il %E T SD2 (RSP RE, A BL T SD2 Xf DBP
1) F A B 25 F - IR R 30°C, pHAE R 9, e R
150 r/min, TEIZEAESRMFT, SD27E72 h AT LASE4:

K fi#% 500 mg/L (% DBP, 3% W12 W1 i 2 76 i B P 21 455
A, I EA BRI DBP [EffGE )] . il GC-MS
ST AT RI AL HEWT, SD2 5 DBP S i A WL A ] 7 )
FABE R T W EEHIPA, 455 Y 156 ]
HI, PA & PCA Jfgwk SD2 [ f#, Ti/R SD2 0l LA5E 4
F%fi#% DBP, Jf-4 1- 58 rh PAEs % 4k CO, AT H,O, [F]if
AP IS . T — 2PN I L T A A R AL
AT, 308 o 58 DR 20 R St 20 7, 3000 A G P o2 f
DRI 000 2 A DG A Bl P BT, A J L4 I T A Atk
HERl .

SZ, ARG B 2 1 AN TR B R TS T R
U, WS P, 78 St PAEs B b fa) £ Cit =y vh e
T EEEN, XGRS B —ER
WA 7, [l ik — 204 K T PAEs A= W R fif 1R 955
FERFE N R RAT DL R s 3, T AR 2%
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