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Screening and genome analysis of a Pseudomonas stutzeri that
degrades PET monomer terephthalate

LIU Pan, ZHANG Tong, ZHENG Yi, LI Qingbin, LIANG Quanfeng, QI Qingsheng*

State Key Laboratory of Microbial Technology, Shandong University, Qingdao 266237, Shangdong, China
Abstract: [Objective] To screen and identify microorganisms capable of metabolizing polyethylene
terephthalate monomer terephthalate and analyze the catabolic pathways. [Methods] Collected samples
from Qingdao Xiaojianxi solid waste comprehensive disposal plant and screened strains capable of
metabolizing terephthalate using the medium with terephthalate as the sole carbon source; 16S rRNA
phylogenetic tree analysis was used to determine the taxonomic status of TPA3 strain; de novo
sequencing was implemented using the second-generation and the third-generation high-throughput
sequencing technologies; the terephthalate and ethylene glycol catabolic pathways and the related genes
of TPA3 were analyzed through amino acid sequence alignment; the genetic manipulability of TPA3
was verified by the reported genetic manipulative techniques. [Results] TPA3 was identified as
Pseudomonas stutzeri; it can metabolize 10.60 g/L terephthalate within 30 hours at 30 °C. After culture
and domestication, it could also catabolize ethylene glycol. The complete genome was composed of one
chromosome and three plasmids for a total genome size of 4.55 Mb. It was speculated that TPA3 strain
catabolized terephthalate in a classic way, and the ethylene glycol catabolic pathway should be similar
to Pseudomonas putida KT2440. The genetic manipulation technology of Pseudomonas could be used
for TPA3. [Conclusion] TPA3 strain could degrade polyethylene terephthalate monomers terephthalate
and ethylene glycol, and could be genetically modified, showing potential application value in

polyethylene terephthalate waste biological treatment technology.

Keywords: plastic pollution; polyethylene terephthalate; de novo sequencing; metabolic pathway; genetic
manipulation technique
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FUR PR T (Pseudomonas) 02 Xp4E — iR
AR B O MRS LSS 2 . B Sl xf
K U H R XU A B (TPADOY i AL 77 A 1,2- %%
-3 5- 3 H-1,4-—FRR(DCD), DCD #F—
ATEM AN TphB MR T 846 0 s AR
(PCAYEATALHI Y, Hor TPADO Hi LRk
W3 (TphA2) . A AL /INE 3 (TphA3) ik i il
(TphA1) 3 4Ll TphA2A3BAT Ry 4 iy 3
RIAH SR , B RN tph FERFE , 4 7E Rhodococcus
sp. strain DK17"* | Comamonas testosteroni
YZW-D"HI Comamonas sp. strain E6!'?1 75 ]
YE . BRI IR LA IR 2 2 R AL
B ANABIR R R AR IR L ROK B &= AT
Az 1) A e R R BT B R ) ARG i AR rh SCBEY vh ]
R . FTEARBHAEY T, PCA FH PCA
3,4-XUINE T  PCA 4,5-BUIN Al # PCA 2,3-
WU AR B £k T 34 I (cleavage) , TE BEAS [A] Y
Rt 4E . C. testosterone. C. thiooxydans
R. tataouinensis & B LI H P H PCA
4,5-cleavage 42" I sakaiensis . Pseudomonas
1 R. opacus WA PCA 3,4-cleavage &2,

M Paenibacillus WF|F] PCA 2,3-cleavage i&1%
PEAFARTY. HATHRAE A9 TPA M o MR A
PCA 3,4-cleavage 125 # PCA 4,5-cleavage i

F 1 E¥RFFR

ke PCA, FiARARIE TPA AR F A
PCA 2,3-cleavage 15 4% PCA.

R Z A Ve 8 e ik £ —BE AR B O T TR
1140t . #£ Pseudomonas putida KT2440 W, Z,
T S D RE TUAR Y S S5k ek A AR ST )
Jl5i 2 ik (Ped E/H) Al i J5 1 it %L i (Ped1/ald B)
A CRERR , 538 Bk SR A AL (G1cDEF)
AL A CETR . LFETR ] 2848 [A] i) s A2 0E A
e,

A FTENTT 55 /NI 74 [ AR FE ) 25 b
JREEREN, T L 1 BRAES = g R
MR AR . 2 P57, B RE N & i
AL 16S rRNA LN ¥ 1 FUXE, R it PR AR
Pl (Pseudomonas stutzeri), 1L H 4 de
novo WM FFFNGMAT, TN 132 B R A X 4 —
RN 2 — BERY R A FIAH DG BE R I TR o Pl B
MR A EREROR , BAMGER AL PET JKfigr™
W& m s M IMELAE ST, 38488 T —Fh AW
FORAE IR PET WG 28 T 1 SRS

1 #H57%

1.1 SEIEsr#
1.1.1  E#RFOBRL
AT B R AR FTUR AR 1 s o

Table 1  Strains and plasmids
Strains and plasmids Relevant properties Sources
Strains
E. coli DH5a F endAl ginV44 thi-1 recAl reldl gyrA96deoRnupGPSE0 Trans Gen
dlacZAM154(lacZYA-argF)U169 hsdR17 (rK- mK )A~
P stutzeri TPA3 WT This study
P. stutzeri TPA3-Atph P. stutzeri TPA3 deleted tphA2A3BALI This study
P. stutzeri TPA3::;phbCAB P, stutzeri TPA3 expressed phbCAB This study
Plasmids
pK18mobSacB Allelic exchange vector, oriColEl Mob+, lacZa, sacB, Kana (r) Lab Stock
pBBR1IMCS-2 Kana (r); broad host range; lacPOZ’ Lab Stock
pBHR68 pBluescript II SK™, phbCAB gene from Ralstonia eutropha This study
pK18mobSacB-Atph A pK18mobsacB derivative for deletion of tphA2A3BA1, Kana (r) This study
pBBR68 Expression vector for phbCAB in P. stutzeri TPA3 This study

<l actamicro@im.ac.cn, & 010-64807516
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1.1.2 5|4

A5 B S1anEk 2 Fr .
1.1.3 LB EHE

10 g/L 25 . 5 g/L BERERY . 10 g/L NaCl,
1.14 FHlEEFE

1 g/L NH,Cl, 1 g/L KH,PO,, 0.8 g/L
K,HPO,-3H,0, 0.05 g/L MgSO,-7H,0, 1.2 mL/L
SR B FIREW, 1 mL/L CaCl, BEE (5 g/L),
pH & 7.0, ZEWB/KELH] . )8 & FIRA W (g/L):
50 Na,EDTA, 20 ZnSO,-7H,0, 1.61 CoCl,-5H,0,
5 MnCl,-4H,0, 5.5 CaCl,, 1.0 (NH,)sMo; O,4-4H,0,
5.0 FeSO4-7H,0, 1.5 CuSO,4-5H,0.,
1.1.5 EBFZihik(g/L)

0.238 4-¥% £ FEWR & £ 78 R (HEPES), 100
T, 102.6 FEHE, BAUKELE .
1.1.6 iXFIFAN RS

XPRZ IR W H Sigma A ] %
BRI AU A OXOID 23\l 5 BfiEHE . R IR
HRMF N B-D-1-Fi 4R 1 ZL o ik mg 4
(IPTG)J H Solarbio 7~ Fl; JC4EL % FiR W A
H ABclonal 23 a3 JERIZH | JFoRH B 5) &
B HEEE RS DNA RS0l 6 (B O A DI H R
A= Ab B A BR S 7] (TIANGEN); PCR {4 H
B B H B A BRAE]; DYY-8C MUKW A
L AN—IXEST s AB104-S BUHL 120 B RE I
H Fin L MR A |l WM AL . A AR Y
W H HA B,

x2 AHRATRSEY
Table 2  Primers in this study

1.2 F#RIHIE

AT By /NI PG [V A R FE M 25 b TR AR
SEUIL P SR} i SR it B ] R S . BB o
T 5 mL BHEK P 4R, & R .
W2 ROE YR G, BASHE 5 gL XK
M 0.5 g/L BERER W ICHLEh BE R 5L,
30 °C, 220 r/min 5514 T 17 &E R IR . BUS 46
B SR AE LA 2R R Shy W — BB TR 1 B 7 A
PEATAE RIS FR . WAL TR e LI 28 —
iR Ay E— i 0 ) [ A B R R E SRk, Ar e
MR BN ERE 20% H W T
20 °C FRH#T
1.3 BEHREE

FHRARSE R 2 42 O S R BOE R 4,
16S rRNA KE K3 1514 27F Fl 1492R i 47473
F o B P52 TPA3 EARAD 16S RNA
I [HJ¥ 41 (GenBank J¥ %1% : MW711720.1)7E
NCBI | i#17 BLAST 437, #iERE. T
R TE AN 16S TRNA JE[H 41, ff ] MEGA
B, RHA ClustalW kb7 R 9 e st e
FeX 45 58, 2R neighbor-joining J5 ¥4 R 4t
LTS,
1.4 ‘MEEELE de nove MFF145 1T

WA RS 75 BB R AR, ik B AR RS
PRURRH A BR 2 wl b4 7 56 A 3R BORTIN Y . A

Primer names Primer sequences (5'—3")

A2F AATTCGAGCTCGGTACCCATGAACATTGTTACCGAC

A2R ATCCTGCCAGCACCCCTTGGTACGTCATCCGAGAAG

AIF CTTCTCGGATGACGTACCAAGGGGTGCTGGCAGGAT

AIR TGCCTGCAGGTCGACTCTAGAGGATCCCCCTAGATTTT
68F ATATCGAATTCCTGCAGCCCGGGCAAGTACCTTGCCGACA
68R CTAGAACTAGTGGATCCCCCCTTCTGAATCCATGACCAGC
27F AGAGTTTGATCCTGGCTCAG

1492R GGTTACCTTGTTACGACTT

http://journals.im.ac.cn/actamicrocn
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Qubit G E B UK DNA FE 5L A3, 1%
A B I B U5 2 P KA DINAL R 5 A1) S v o A
DB 46 AR S T SOl . ar BIRARR
[ DNBSEQ ¥ & F#14F Ht Nanopore -5 17
FEDIZHMN T o %25 0 ~F- 5 19 S s T AL B B
AR R IE, #4145 clean data FHTIL[R 414
B, AU I T, WAL & T RE T
Gt A L DA TN, X T g 35 PRI A 7 K
P i R, AN AR 45 T A SR IR )
AE SRS B
1.5 BRERERZSH FFEEL

FH 50 mL LB & AARRE 57 Fe 85 558 R 4 2 X 5L
13, S BIVKIAE 10 min, #RJ5 4 °C. 5000 r/min
20 10 min W T, FHTUA (4 H 56 22 ol vk
BRI 2k, )5 600 pL H1 SR ik T,
il 55 U R 2, 140 L/ s B2
AN 5-10 pL FURL(HR 2 100 ng/uL) 47 HLF%
AL R 1.2kV/mm, 200 Q. 25 pF.
BEJS A 900 uL LB Y535 58, K& 4555 45 min,
WRATUS AR BB AE 2R A LB [EMAFAR
1.6 tphA2A3BA1 EFEIFR

DL TPA3 TRARE R ZH R sid , 4 5 1%t
ATF/R Fl A2F/R 48 1 tph BN FE P45 500 bp
[ J5EF, W id E2H PCR 3845 1000 bp 4 F BE
Atph, ¥ H R Bk pK18mobSacB-Amph T
FERERR . gad 2 RIEVEELL, MEBR ph FEHE
Haa] 24 2 745 bp BIBRIE, B FNRTERF A H A,
1.7 FRIEHNEEE phbCAB

DLSZEG 2 K ) pBHR6S JFki AR, il
Sl % 68F/R P74 >k U5 T H A 7 A |
(Ralstonia eutropha)f) phbCAB J: R g 2
15 £ #5844 pBBRIMCS-2 #1715 %] pBBR6S
JikL. ¥+ pBBR68 L4k ZE TPA3 Wtkhier
PRIL,
1.8 JEYF0E= 4 B9 HE N

SR FH e RO €, 3 12 (HPLC) 2 ft G 0 %o 248

<l actamicro@im.ac.cn, & 010-64807516

THBRMZ . BUEFRE 1 mL, 13 400 r/min
20 5 min, PR W 0.22 pm SRR U85
15 HPLC Al o X4 —H R S Chs (it
FLEE AN 5(240 nm) A i SAH & 1% =31
LR 20%CME /K, Wi 0.5 mL/min,

FEWR A 40 °C; & PR Aminex HPX-87H 5
T 28 P Ak AR 22 P R I #5 A 0 , 3 ShAH R
5 mmol/L H,SO,, #i# A 0.6 mL/min, N
65 °C; RFRIELT RN (PHB)R A AN ik 46
Mo FREC 10-20 mg T RAF RNJRH, Kk
T 150 puL WeBif2 . 850 uL HEEFI 1 mL =4
ke, HEMEEIEF 100 °C s 1 h, [
NI 1 mL ZE58K , B ZLR AT )5 oy
J2 o 432 JE R BCR 2 A U TS 3 2 o
O Rtx-5 BANERE, BEEM RS
M 5% 5L | 95% H LR AR A bE, Rl #F A
KIGE TR, HEFEE | uLo AT 45

80 °C {8 1 min; 10 °C/min JHE E 120 °C, £
FAIFIE] 0 min; 45 °C/min JHEZ 160 °C, {48
FA] 5 ming #EAFE FHREE 250 °C, 4=, 43
TR 301005 AR IR R 300 °C, &I

8 40 mL/min, 25X E N 400 mL/min,

2 ZREM

2.1 BEHBTFIEFILEE

Zoad B My Al e R 13 HRAk
PR 2R R R TR AR , JLrp 2 BRI BRI
7 MR TAFE, 4 MROMZIERE . TPA3 BARAC
Xp T B R B RE J1 i o 16S TRNA JE K LA
BTSN, TPA3 DR 55 PG A BR R 7T 19 3 Ak G
FRART, PR HLUA 26 i PO R B (B 1)
2.2 TPA3 EHARHMNE_HERIZ _fE
B EE I

M LB 55725380 TPA3 Btk ZExR2E — W g
FERE, IR RAY) 6 h BYIERM, 78 20 h N
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100, Pseudomonas tolaasii (AF348507.1)

90

71 Pseudomonas corrugate (AF348508.1)
99 Pseudomonas brennerii (AF268968.1)
82— Pseudomonas migulae (AF074383.1)

Pseudomonas mandelii (AF058286.1)

-

Pseudomonas jessenii (AF068259.1)
Pseudomonas rhizosphaerae (AY152673.1)
99— TPA3 (MW711720.1)

Pseudomonas stutzeri (AF063219.1)

95 Pseudomonas mosselii (AF072688.2)
100 Pseudomonas putida (AF447394.1)
50— Pseudomonas monteilii (AF064458.1)

0.005 0
El 1 ET neighbor-joining 7775H7 16S rRNA RGEH L HI 5547
Figure 1

Topology of a neighbor-joining tree containing representative 16S rRNA sequences of various

Pseudomonas strains. The tree is based on nucleotide sequence homologies. Overall, 16S rRNA sequences of
TPA3 and 11 known Pseudomonas strains were included in this alignment. The alignment was calculated
using ClustalW. The tree was calculated with molecular evolutionary genetics analysis version X (MEGA-X).

(A)

12r -e-TPA-#0D,, 1%

10 F
1t 3
d 8 oi'—-_’_* ]
2 2
< 6F 129
& S

4 L

. 11
2 —/
0 C 1 L | 0

0 5 10 15 20 25

t/h

14

-o-EG =#-0D,

EG/(g/L)

t/h

B2 TPA3 RN & = FBER(A)FIZ Z B (B)15 35 £ Ay £ KNP AR Hh 2%
Figure 2 Growth and degradation curves of TPA3 strain in TPA (A) and EG (B) medium. Error bars represent

the standard deviation of three independent experiments.

FEZY 5.18 g/L WX AR HER, H RN
0.26 g/(L-h) (K 2). FAXFEO A9 X8 — H iR £
TR A AT AR R AR I . X R LT

TPA3 HHRAEGSTE 30 h INTHAE 10.60 g/L Ay X2
—HER, RERERE] 0.35 g/(L-h) (B 2 A).

TPA3 THARTE L ZRERE R B p AE K AR 2218,

o RYMe s, RSRE IR, W7E 30 h
W2 4.86 /L 2 1, R R0
0.16 g/(L-h) (& 2 B).

2.3 TPA3 BHkERFES
231 EREBFESR

i Fil Unicycler® 4k ik 1 L4l 2%, 1%
F] 4 550 314 bp K/hRyFEF L, Hrp BGISEQ
#5045 A Nanopore $¢45 &8 43720 1 153 Mb Fi
3 529 Mb, WFEEESBIEF] 253%F1 775%,
TPA3 BRI 1 AP O f 3 DTk
W, KNI A 4 415 884, 82 083, 50 192 Fil
2 155 bp, EfII1E GenBank H 1% 5 54 5N

http://journals.im.ac.cn/actamicrocn
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CP071899, CP071900, CP071901 £ CP071902.
Horr, Jefafk DNA B GC &l 63.58%, X5
ELARIE ) P, stutzeri FEFIZ] GC 5 1:(60.3%—64.0%)
Y,
232 EEINgESHT

K Glimmer ™ R {4017 3L R i, TPA3
B RRIE 2 P A1 4 247 D DIED, BN
4025 004 bp, (R4 BB 88.46%, Hir,
NEEILINA 3760 1, 487 M AREE M. K5
s P b FE X B S DR R LAk 3, L Hx #
COG Kdla v i) 3 410 N EER B2 R 25 41
RERIEH R 4). B, EEAPEE 60
AN RNA KK AT 12 4> rRNA £ [H . KEGG 434t
gERLEIR, A 165 L 41 DA 268
NN S SRS B A6 B L
WAL WA, TPAS ARG 58 8 (1 75 A 5
TR T ORI . ORI IR AR L b
AL FIFTF I R N iR AR 3L R . eAh, 5 A
FCIPA M —FE, TPA3 BRRILINA HA 55
MRS . RAHALFN AT A i B (AR
B, TPA3 HHREHFAHFEZANSESE
CUNER] . R A, L BE L BR)DUME ARG LR 7%
KW ETEA WG 7 HBA TER N TS .
233 MEZBRBRRGFEZESH

DU 5 FL S BE A 5% B M IS 2E 1) Comamonas
sp. strain E6 SR 10 28 — F R AU 2 1 S 2%
AT R IR T S L XS 43 (& 3), K IAE TPA3
W OkR o, J4H94 21250 . J4H94 21265 .
J4H94 21260 I J4H94 21255 H&[F 4 tith i) 25 1
755 TphAl. TphA2, TphA3 Fil TphB HA
B PSRRI (B 3)o 3xX LBk R 7R BE PR 41
MIHESN S ph JERIFEARRL, Xz D 5 i1 7 A
B, TPA3 TH kI AR 2 — H iR i g 1 (&
3), PRI |3 3 R 2 TPA3 P AR ARG X R —
R A G L Y . XK R0 F iRk iest

<l actamicro@im.ac.cn, & 010-64807516

#z3 TPA3 E#HERETRFZITR
Table 3 Genome statistics for TPA3 strain

Attributes Value % of total
4550314 100
4025004 88.46

Genome size/bp

Gene total length/bp

Gene number 4 247 100
Annotation number 4171 98.21
VFDB 382 8.99
ARDB 19 0.44
CAZY 98 2.3
IPR 3747 88.22
SWISSPROT 2071 48.76
COG 3410 80.29
CARD 3 0.07
GO 2 698 63.52
KEGG 2 802 65.88
NR 4155 97.83
T3SS 503 11.84
ncRNA number 97

Repeat number 202

Prophage number 10

CRISPR number 3

VFDB, virulence factors of pathogenic bacteria database;
ARDB, antibiotic resistance genes annotation database;
CAZy, carbohydrate-active enzymes database; Swiss-Port is
a database created by UniProt consortium in 2002; COG,
cluster of orthologous groups of proteins; CARD, the
comprehensive antibiotic resistance database; GO, gene
ontology; KEGG, Kyoto encyclopedia of genes and
genomes; NR, non-redundant protein database; T3SS, type
[II secretion system effector protein.

AR LA TR . 28 ik 2 5L W2 7 41 bE X 4
TPA3 B Wk A fEE 1 3,4-cleavage RARACH IR L
HIR(EK 5). JFILATRTE PCA 3,4- XN 4 ik
(PcaGH)WIVER N Z A3 b, HEA B-Fll 2 —
R i f2 E AT AR o I R IR AL = A g
(PcaB). M (PcaC). 3-5 48 IR I P R
fitf(PcaD). 3-%AfC W4T A 5 (Pcall)
DL K B-Mii . A e A Bif# RS (PcaF), 2™
Y1 R B IABLATEE A A 2 BEATEE A A TCA 1§
(& 3). FHXIEFSRKIEF P putida KT2440
1) PCA R EL R HEAT T 91 EEXT (3 5)-
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Table 4 Number of genes associated with the general COG functional categories

Code Value Description

A 1 RNA processing and modification

B 1 Chromatin structure and dynamics

C 267 Energy production and conversion

D 54 Cell cycle control, cell division, chromosome partitioning
E 306 Amino acid transport and metabolism

F 88 Nucleotide transport and metabolism

G 188 Carbohydrate transport and metabolism

H 179 Coenzyme transport and metabolism

I 199 Lipid transport and metabolism

J 253 Translation, ribosomal structure and biogenesis

K 267 Transcription

L 137 Replication, recombination and repair

M 222 Cell wall/membrane/envelope biogenesis

N 143 Cell motility

O 177 Posttranslational modification, protein turnover, chaperones
P 244 Inorganic ion transport and metabolism

Q 113 Secondary metabolites biosynthesis, transport and catabolism
R 361 General function prediction only

S 254 Function unknown

T 326 Signal transduction mechanisms

U 86 Intracellular trafficking, secretion, and vesicular transport
v 86 Defense mechanisms

w 36 Extracellular structures

X 25 Mobilome: prophages, transposons

Z 1 Cytoskeleton

234 ZZEREHEES

KEGG i R, & e IL R
it (FucO) R FLIE/ & T A M (ALdA) I AE T T
WAL AE L BERR o HX 53 b 2 B, TPA3 TR bk
WA X HANEE, &5 P putida KT2440 HAGHH{
B 2 —ARS AR . £ Tl T RETTAY I A
o b % W A P K5 11 T2 U3 L T (P e d B /HL) 1 i 52
T I S 1 (Pedl/ald B fiE AL 5% Ak ™ A2 O BERR o T
iR 28 B[4 7 2 PR S fL B (GIeDEF i ik ™ A= &
BERR VEATAC . BR T CEERRIG N, ZBEMRIAE ]
T i 2 R I % A (Gl AL 77 A T A TRl i
HEAT A o W AR R BUE B R

(Hyi) AL A R LN B R J | 2538 )5 (GIXR)
AR R . H IR 7 H I R I (TtuD)
HEACVE AR 72 2-BE IR TR , Bl 2E A rfus
Rt #R o AR (B 4), Gel. hyi. gIxR. ttuD
Il pyk BAEWISLEE SR RN gl B2 T HERK
B, WAHESR gol BRONFINRIRRE, P putida
KT2440 A feF]FH & ZBEAE 0 e — B PR gk 47 4=
KT AL IR Xt 45 5 L2 6.
2.4 TPA3 BRI AT E(FIRIEME

PR B, ©A MR B s A B E R R
T TPA3 BEMk, WIHEAT I A b A A h il
3Rk
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J4H94 21250

coon J4H94 21265
J4H94 21260

TphA2A3A1
_—

OOH
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Table 5 Alignment of the genes encoding enzymes involved in the terephthalate metabolism of P. stutzeri TPA3

Genes Locuses Functions Query Identity AA/%  Reference genes
cover/%
tphAl J4H94 21250 TPA 1,2-dioxygenase reductase component 98 39.07 BAE47088.1°
tphA2 J4H94 21265 TPA 1,2-dioxygenase a subunit 95 68.08 BAE47085.1°
tphA3  J4AH94_21260 TPA 1,2-dioxygenase  subunit 94 50.34 BAE47086.1°
tphB JAH94 21255 DCD dehydrogenase 96 48.60 BAE47087.1°
pcaG  J4H94 21330 PCA 3,4-dioxygenase a subunit 99 83.08 PP_RS24250°
pcaH  J4H94 21335 PCA 3,4-dioxygenase  subunit 99 88.66 PP_RS24255°
pcaB  J4H94 21300  3-carboxy-cis,cis-muconate cycloisomerase 99 78.62 PP_RS07125°
pcaC  J4H94 21290  4-carboxymuconolactone decarboxylase 99 92.97 PP_RS07135°
pcaD  J4H94 21295  3-oxoadipate enol-lactonase 100 70.99 PP_RS07130°
J4AH94 05815  3-oxoadipate enol-lactonase 99 68.08
pcal J4AH94 15800  CoA-transferase a subunit 93 51.15 PP_RS20550°
pcal J4H94 15805  CoA-transferase B subunit 98 54.59 PP_RS20555°
pcaF JAH94 21305  3-oxoadipyl-CoA thiolase 99 79.15 PPJ(SO7115b
J4H94 05810  3-oxoadipyl-CoA thiolase 99 80.95

a, reference genes from Comamonas sp. strain E6; b, reference genes from P. putida KT2440.
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Table 6 Alignment of the genes encoding enzymes involved in the ethylene glycol metabolism of P. stutzeri

TPA3

Gene Locus Function Query cover/% Identity AA/% Reference gene
pedE  J4H94 10925 PQQ dependent dehydrogenase 100 84.83 PP_RS13925
pedH J4H94 10895 Quinoprotein ethanol dehydrogenase 99 80.75 PP_RS13950
pedl  J4H94 09935 Aldehyde dehydrogenase 100 89.97 PP_RS13955
aldB  J4H94 17710 Aldehyde dehydrogenase 100 88.17 PP_RS02880
glcC  J4H94 02190 Glc operon transcriptional regulator 95 81.71 PP_RS19490
gleD  J4H94 02195 Glycolate oxidase FAD-linked subunit 100 87.80 PP_RS19495
glcE J4H94 02200 Glycolate oxidase FAD-binding subunit 98 71.55 PP _RS19500
glcF J4H94 02205 Glycolate oxidase Fe-S subunit 99 72.64 PP_RS19505
gcl J4H94 15335 Carboxylate ligase 100 78.11 PP _RS22315
hyi J4H94 15340 Hydroxypyruvate isomerase 100 80.46 PP_RS22320
gixR  J4H94 15345 2-hydroxy-3-oxopropionate reductase 99 85.14 PP_RS22325
ttuD J4H94 15350 Glycerate kinase 99 79.86 PP_RS22330
eno J4H94 07170 Phosphopyruvate hydratase 100 92.33 PP_RS08310
pvk-1 ~ J4H94 15355 Pyruvate kinase 99 79.57 PP_RS22335
pyk-2  J4H94 05195 Pyruvate kinase 99 80.87 PP_RS07040
glcB J4H94 18855 Malate synthase 100 81.57 PP_RS01890

J4H94 02215 99 67.08
maeB J4H94 02785 Malate dehydrogenase/malic enzyme 100 90.78 PP_RS26505
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Figure 5 The deletion of tphA2A3BAI1. A: agarose gel electrophoresis assay: lane 1: DNA ladder; lane 2-3:
PCR products of deletion mutants; lane 4: PCR product of the deletion type gene; lane 5: PCR product of
wild type gene. B: growth of TPA3 wild strain (WT) and deletion mutant (A¢ph) in LB and medium with TPA
as the only carbon source. C: growth curves (hollow) and TPA degradation curves (filled) of TPA3 wild strain
(square) and deletion mutant (circle) in medium with TPA as the only carbon source. Error bars represent the

standard deviation of three independent experiments.
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Figure 6 The expression of phbCAB. A: metabolic pathway from TPA to PHB; B: schematic diagram of
phbCAB gene expression vector pPBBR68; C: GC map of PHB product by TPA3 wild strain (lower) and

phbCAB gene expressing strain (upper).
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