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Isolation, identification, and biodegradation characteristics of two phthalic acid esters—degrading strains

PAN Qi', SUN Shu', ZHOU Zhen—feng"*

(1.College of Resources & Environment, Qingdao Agricultural University, Qingdao 266109, China; 2.Qingdao Research Center of Rural
Environmental Engineering, Qingdao 266109, China)

Abstract: In this study, we used enrichment culture to screen highly efficient bacteria for remediation of environments contaminated by
phthalic acid esters (PAEs). Accordingly, we detected two PAEs—degrading strains (RXX-2 and RXX-3) in soil samples. These two
strains were identified on the basis of morphological, physiological, and 16S rDNA sequence phylogenetic analyses. Furthermore, the degra-
dation performances of the two strains were investigated under different conditions. The results showed that RXX~-2 and RXX-3 were
strains of Sphingobium xenophagum and Pseudomonas anguilliseptica, respectively. The optimal conditions for PAEs degradation by strain
RXX-2 were pH 8, a temperature of 30 °C, a shaking speed of 175 r-min”, and a strain dosage of 1.5%, whereas the optimal conditions for
PAEs degradation by strain RXX-3 were pH 7, a temperature of 30 °C, a shaking speed of 175 r-min™', and a strain of dosage 1%. Under
these optimal conditions, strain RXX-2 degraded 71.43% of di—butylphthalate (DBP) and 52.85% of di — (2—ethylhexyl) phthalate
(DEHP) after 5 days, whereas RXX-3 degraded 98.98% of DBP and 62.96% of DEHP after the same period of time. Our study indicates
that these two strains have potential utility as agents for the bioremediation of PAEs—contaminated environments.
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SR H R ER (RIFR PAEs ) J2—R A TA A
MG W, 32 2 PR ARG S50 Fn R Ak 5], 2 30k AE 7
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e | - 58 [ I U8 S IR R A B 2 43 B
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[16]
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17-18
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sp."!, Ensifer sp."”'| Pseudomonas putida™ ., Chryseobac-

terium sp.”"'. Mycobacterium sp.””'\ Xanthobacter sp.”'s

H T [ AP AS ) b s 3 AR A PAES ¥R B2 K-
R ZH L AEAE B 25 S T B 4 HEE 1Y) PAES [
it TEE PR BE A5 EA BR, UL, )5 b 2k — A i ik
R RLT TSN PAESs FEFR TR, 0 PAES V5 LR B8 42 4RIt
TRy 4 W AR

Y FARR R — Tl (DBP) FHAR AR — H iR —
(2-Z 22 ) R (DEHP) J& H Fiy 3 = + 5 fK 44 rp
i B 2 Fh PAEs 1k & P97, A SC ik £ DBP Al
DEHP1E R HARTE Yed , N 3 i 5615 2] 2 % PAEs
e AR R T RXX =2 F RXX =3, il 1) JE AR W8S A i 2
1k 2 16S tDNA JF7 51 43 #7 45 F- BOS AR 4T T %02
IR R IR 5 55 57 %5 5% T BARRAEAS W] 1) A8 24
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1.1 KRIE#HHY

DBP #1 DEHP I [ It A 2 8 PHE A BR A F 5 5
ROBORE G35 534 T TR 28 ik 4l , AR 4
PaRTEL

A E R MRS IR 2R 3.0 g NaCl 5.0 g
FE M 10.0 g, H,0 1000 mL,

JCHLER B % 2 . K,HPO, - 3H:0 1.0 g NaCl 1.0 g,

MgSO. - 7TH,0 0.4 g NH,NO; 0.5 g.CaCl, 0.1 g FeCl; -
6H.0 0.01 g, H.0 1000 mL.
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AT 5 T R i 32 b R0 VD T R R AR R B
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Tl B A i TR R I W, i A E DBP/DEHP
5390k 50 mg - L7 JCAILER B 752 W b bk 4R 5 B 97
7 dJF AT — AL AR, B AL A W 4 5 DBP I
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FI| I SPSS 21.0 X i 8% iF 47 B PR K 7 22 40 Mt
(ANOVA) DLHfE AR AL FRZ 2 18] Y 22 53, i & Pk
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Figure 1 Colony morphology

TP RN, A —BAE 0.5~0.8 mm; RXX-3
WY& RFEE , (e, 2RS4 5T, R,
e, EAR—MAE 0.1~0.3 mm.

R B A 0 A A 6 e R K 2 Ak e fit v ) A
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R AW N e A R N N T =l SR 7 S
RXX-2 1) A AL 30 2 BH I | B bR RXX-3 1 AL
R B
2.2 BEHREI16S IDNA S FEE

28 165 rDNA B Flt 55 7€ , I 22 1l 18 Rk RXX-2 Al
RXX-3WRZG K BM (E2) ., 457 £, RXX-2
5 & 5 R Y ¥ S B2 % (Sphingobium xenophagum )

R 1 2HRBEARE RO 4 TR A A AE
Table 1 Physiological and biochemical characteristics of two

degrading strains

LitEﬁIﬁ H RXX-2 RXX-3 ﬁx%\lﬁ H RXX-2 RXX-3
Test item Test item
2L 2B Galactose - - 4 Bl Glucose + +
{62 izt Tryptophan - - ‘H #2 5 Mannitol - -
HEFL T Indole - - JULEE Inositol - -
AR Pyruvic acid - - 11ZLEE Sorbitol - -
PR Citric acid + + 250 Rhamnose  — -
ffb A - - HEWE Sucrose - -
Hydrogen sulfide
WK Urease - - %5 ¥ Melibiose - -
A % B2 Arginine - - [T hi7 4 Aladdin + +
#6542 Lysine - - PR EL Nitrate - -
552 Omnithine - - | AL Oxidase  + -
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FEARUE 35 31 1009% , RXX =3 L5 68 W i B2 6L L 147 ( Pseu-
domonas anguilliseptica) P FFIYE 5 2] 98% , £545 TR Pk
O TE AL A 3R AE AR ARFAE K 168 rDNA J3 511 73 Hr &
WIS BbR RXX=2 RXX=3 43514 B S 5
Z I 18 (Sphingobium xenophagum ) F1118 W I A PA-HE T&
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2.3.1 pHXFRIPRFESAF PAES (150
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15 pH=5~9 WG BN, BEW) 46 pH JH 5, T8 Bk RXX=2,
RXX=3 A= K A5t K PAEs B fif 52324 12 3 5 8 K Uk
AN B 2 Bk B A T A0 dRc i pH 2R PRI A AN T
FEWI Uf pH=8 Z5 14 T B bk RXX -2 1 A= 4 1 [ fifk e
fiz5ik , DBP Al DEHP [ fif 453 5| 1A 51 32.5% H127.7%,
M A AR RXX =3 7E0) i pH=7 5514 T A 1 F1 R A BE )
158 , DBP Al DEHP [ i 43 il ik 1] 98.8% H125.3% .
WE—2 081 K B, TR AR RXX =2 78 H P A B (pH=7
8.9) Z&1F T X PAEs BB A3 B2 8 TR 26, X
5 3CHR[26 4138 B ZLER 7 (Rhodococcus sp. ) FALL , 1% T

BRTE H D Bl (pH=7 . 8) 45 1 T A= K & fige IR 1 #¢
£, L R AT BE S PAES 78 B A o A2 o 2 A i 40 oK
TR D LS R SRR YR P T BT, T I Ak RXX -3
1 P PE G R T (pH=5.6.7) 454 X} PAEs [ R fi R
825 5 TR 2, BB 2 MR 1A 43 B 3E TR TR R
BRFREE A PAEs {5 Y18 5 .
2.3.2 X R AR S PAES (19 520

VL X T R B % PAEs (9 5% UL I8 4. fy 1 AT
L, TE R SRR O 15~35 CHE BB, B bR RXX -2,
RXX -3 it A= K4 N2 PAEs Y [ fife 28 Bt Ui BE 1 T v 42
PRAEHE KI5 /N . AR RXX =2 I RXX -3 119
B3 AR KL 23 91 25 °C 30 °C, T EE iR (15 C)
2 B30 52 W R AR I A R TS A AR, S IR T
30 CHY, PAEs [ fif 5 15 1) f i {HL, 0 A ARk RXX -2
X} DBP 1 DEHP P& fif 5653531 ik 31| 46.6% F131.2% , 14
¥k RXX-3 %F DBP 1 DEHP [ 843 5 ik 3 97.7% F11
43.7% , 4R B 4k 22 T+ 28 35 CI, DBP Fl DEHP (4 [
i 2RI 0 AR T 30 CARMF. i BILG Hopth s 3
5 TR AR LEAS [RD IR B 45 18 T B PAESs I 4518 — 3K,

67 Pseudomonas anguilliseptica(JX177685.1)
05 J‘E Pseudomonas anguilliseptica( AF439803.1)
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RXX-3

Pseudomonas anguilliseptica( MH185879.1)

100
56
20

Sphingobium xenophagum(NR026304.1)
RXX-2

Sphingobium xenophagum(AB986067.1)
Sphingobium xenophagum (J¥459960.1)

B2 B RXX-2HMRXX-3HRELEW
Figure 2 Phylogenetic tree of strain RXX-2 and RXX-3
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Figure 4 Effect of temperature on degradation of PAEs by strains
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Figure 6 Effect of inoculation amount on degradation of PAEs by strains
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