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B OE: ARAKREASEFHRERKENR 1,4-—"2)%(1,4-dioxane)4) 75 £, AFFRTM 1,4-—"B)x 75 &
T KT, @ity £k, 5 FFE —4k 1,4-— 8k & KM E #k DXTK-010, 238 & F UK.
16S tRNA A B 57l tbaf A B A F AL BE G fr o £ Hm % ;u? Wfﬁiwb i R B AT B
(Aminobacter aminovorans). A7 4 R &, AR BRI # 7, f£20-37 °CA pH
5.0-8.0 T aeH KM 1,4-—"8)%, FHE LI LW, £ 30°C. pH 7.5 Kﬂ'ﬁFTF"fﬂ% MAcRAE. &£
kT, ZH AR 24 h A T A TEM 200 mg/L 49 1,4-—"2)%, & K ik 3£ 9.367 mg/(L-h).
B Ak DXTK-010 &F 1,4- =Bk 694/ 3h /) 5 KA Monod F A2 #4780, H R KSR F (Vi)
# 0.224 mg 1,4-dioxane/(mg protein-h), F4aF=KE (Ko)# 41.350 mg/L, QWHL)I$(Y)7(7 0.130 mg
protein/(mg 1,4-dioxane), 5 SR8 4 4EME A AL, DXTK-010 4E AR A EMBRAKR, ¥ AT AH
B 14-—BROEARTR. 2ARANFBTLEOELARMEIE | FIREERR 3 MR,
LB AT R EA, FIR e BB AL F) 4R Ao B B 1@@%E]m SREMR 1,4- =Bkt A hHE L
B. AFFR A DXTK-010 R A T 1,4- =805 245 53R T ik Kk,

FHIE: 1,4-—"B)%; MEREKEATE (Aminobacter aminovorans); ¥ B & i B F; AR
40
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Abstract: To address the potential pollution caused by the carcinogen 1,4-dioxane in aquatic
environments, we isolated a highly efficient 1,4-dioxane-degrading bacterial strain, designated
as DXTK-010, from the groundwater contaminated by 1,4-dioxane. According to the
morphological characteristics, the phylogenetic tree established based on the 16S rRNA gene
sequence, and the whole genome sequence, we identified DXTK-010 as Aminobacter
aminovorans. This strain demonstrated robust degradation capacity within a temperature range
of 20 °C to 37 °C and a pH range of 5.0 to 8.0. Furthermore, single-factor experiments indicated
the optimal degradation conditions at 30 °C and pH 7.5. Under the optimal conditions, the strain
completely degraded 200 mg/L of 1,4-dioxane within 24 h, achieving a maximum degradation
rate of 9.367 mg/(L-h). The Monod equation was adopted to fit the degradation kinetics of
1,4-dioxane at different initial concentrations, which revealed a maximum specific degradation
rate of 0.224 mg 1,4-dioxane/(mg protein-h), a half-saturation constant (Ks) of 41.350 mg/L, and
a cell yield of 0.130 mg protein/(mg 1,4-dioxane). Whole genome sequencing revealed a
circular chromosome and three plasmids within DXTK-010. Functional gene annotation and
analysis underscored the significance of the propane monooxygenase gene cluster and alcohol
dehydrogenase gene in facilitating the efficient degradation of 1,4-dioxane by this strain.
DXTK-010 outperformed the existing degraders for 1,4-dioxane, expanding the strain resources
for the bioremediation of 1,4-dioxane pollution. This study provides a theoretical basis for the
practical application of DXTK-010 in the remediation of 1,4-dioxane pollution.

Keywords: 1,4-dioxane; Aminobacter aminovorans; single-factor experiment; degradation
kinetics; whole genome sequencing
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I EK LR 2B 28 e Bom PR

1,4- ZWEBELE K IR I o 10 )32 70 A F o
SAEbE, EslRafmEEE! mEt e
KU AN i ] 0TV 7 Py 1 A [ R 2
FHREYICH, A DA 4 40K HAE A K R
FIE SERIEE A 50 pg/LM", i 35 [ PR f
B SR K Y 1,4- T WE A £ B TR R N
0.35 ng/LUS, BT, HRAER 1,4- 08
PERTE R CEE . T 14-ZI8LeRe ka4
HE AU C-O HE RS AE(360 kJ/mol)fiff
TG G KA B AR KE LUK A 8 L B . R
BRI o 50 VR 1 g A R PO RE S A i s B
1,4- W8 kE , HAFAE W5 Yo XU HLAE RE A4k
AR R . HI, AR AR — R
R AR H AT R AR Bl B
S 1,4- T BEBEAR BT 7

H & B 1,4- Z W8 be B T 20 €0 20 3R
(Rhodococcus ruber) 219 — 498 C be it
- & (Pseudonocardia dioxanivorans) CB1190™!
PIK, FARFEXS 1,4-—RELEMBUE DIt 5
PURIET TIRABFERY . HRTE Y 1,4- ke
R o B O PR, SR R IRFE
(Pseudonocardia)®’ . £1 3k J& (Rhodococcus) |
% 2 L & J& (Pseudomonas)®” . # AT H &
(Flavobacterium)*® | 43451 B J& (Mycobacterium)®
S, MZT, EERBATER 1,4- B i
T, L0 AT 1 JE (Xanthobacter )Y | B JE I 14
J& (Afipia)°! | K3l kT 5 & (Acinetobacter) |
[ 05K 7 J& (Azoarcus) ™ 1AE HUR LD, (EAFSE
TR E AT E A T A0 A R A B
OB ) R DR R O B il O F S0 0 T BB 1,4-—
W BE T A= W e AR ATL T N 4 v B R o 22 G T
o B LA-TNELer A AR, SR RPIG
FE I 3k R T T I T AR B 4 1 (soluble
di-iron monooxygenases, SDIMOs)*>, 4%
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thn/dxmADBC, prmABCD . tmoABCDEF JE[Al#45
A WO Sk R/ — e B 4 i (tetrahy drofuran/dioxane
monooxygenase, THMO/DXMO) . N %54
lif(propane monooxygenases, PrMO)F1 B 2K B i1
Al (toluene monooxygenase, TMO)Z:353¢1 - ¢~
Ak 2- 32 A R I F T A BB C-O $ . S5 2
R fifead A2 K B AU (alcohol dehydrogenase)
Ji% i S i (aldehyde dehydrogenase)Fl Z R SH AL,
fiti (glycolate oxidase)ds, J& il £ I 2 (glyoxylate)
S e B P ABE AR AR sk B 5
(L D TR AL AP e B 2 7 0V, T Sk
IR T IO P v 2 A R R T e 1,4- e
MAEMIEEEORM S W Sl L, sk
—AZ IR E AT A 1,4- S A TR PR B
U5 S LA D BB LA

AT 1,4-ZWEBETS YL b T KA A
IraE LYk e, AT RS RER 1.4-
TEEBE MR AR . XX R R AT TR
G AP S, I8 o B R R A S T HAE
NEEZ R L] 5 R N e S R B S
T, 2RI T L bR B A KA R R
ff B 1R . AN, RSN T S
TRE L 20 B, XIZ RS 1,4- ZRE LY
R EL N S Rl i AT TR, AR s
AP FE T 1,4- " WELE R R A D BRI A
WNIRA T il H A W e AL pL ) S 4k T 3
X o

1 HE5x=

1.1 o8
1.1.1 &,

RAER U HEIEPR2 1,4- 8BTS YL 3
TOKEEAR, BHABRTLREAST, 4 CRAT
sk BYCH A, L BV HEAT TR PR Y A R IR O
K, FARFEALAET 4 °COkKAE .



KIA F | R 14T IR E R 5 B R E MR R AR AT 3725

1.1.2 EFHFHE

LRt ER BE 3% 3 (minimal salt medium, MSM)
(g/L): B H M MSM B2 3L w5, gkt T
ek, LR BEER | B5ER 4> MgSO0,-7H,0
0.20, CaCl,2H,0 0.02, FFUSIfdER o= it &l
1.00, 4tk ZaE4W 1.00, FHEK 15.00-20.00
(X AR FR 5L, T pH & 7.5,

MEICR AW (g/L): S ATCC
I #b FEFH(ATCC Trace Mineral Supplement)!*”
HEATECH, JF#EAT TG, MnSO,H,0 0.10,
Na,MoO,-2H,0 0.02, H;BO; 0.01, FeSO,7H,0
1.00 , ZnSO47H,0 0.10 , CuSO,5H,O 0.02 ,
CoCl, 6H,0 0.02.

e RS W(g/L): S8 ATCC 4k K #b
FHI(ATCC Vitamin Supplement) 47 HC 6, I
AT TG, MR 2.0, ERERILMSEE 10.0, K%
50, EWE 2.0, HilkE 5.0, WL 5.0, iz
BRAS 5.0, 4iEE B120.1, XEILFKHR 5.0,
WS- 5.0,

Luria-Bertani (LB)3% 57 % .
FRIERLH
1.1.3  FERFMNE

B 1,4- TREBE(TEIK, 4 >99.8%) I
H Ptk BAR A R G A R A\l A el
H r sk iR A PR \) 5 @R £6 (phosphate
buffered saline, PBS)Z% tfyi W H FE 2Rk K /R B}
Al Bradford 8 vk B2 e 70 &8 A At
MR ERARA A ; 407 DNA HREUAH
A B FEAYRR A F . HA T R
Mrat, WA E 258 Bk FR A

IXH%: BSOS RS, LR ARA
ml s ANPGRS BB RO A B
ANE] R R EOHL, UARTEAE] BT
EG, M EREIEARERA; /60
T 26, FEERCHERBHE A w]; gkl =
PN AL, AR HEGORALRHBC A FR A |l e i

Z: I8 H B LB B

&: 010-64807509

WP, FENRL2EZRM A F]
1.2 753
121 EHHNESLE. 7EAULMIFE

IS5 mL R KAEAT% 100 mL JC # MSM
R B0 KA HEIE D, WShn 100 mg/L /Y 1,4-
TR A ME— BRI IFAE 30 °C, 150 t/min |
ITEERF . B 1K 5% E L5 IRl
BB A5 100 mg/L 1,4- R A9 MSM 15
FREEh, M EERR. &5, & 6 A
B 2R, 19 B0 DLPR R 1,4- B8 ke
M) T -

¥ 1 mL AR AT PBS 2% il b1 5
MRS 107, 10, 107, 10°, 1077,
107° fERIR R R o SR K T R VR 20 I U A
T A 100 mg/L 1,4- " BELE ) MSM B g [ 4
AR EL, IR 30 cCHEIRSEFRARIE TR, Hige 5 d
Jo PR H B G 0 SRR % O i P AR ) 2 A 2
1,4-ZRELEREFR MR, 15 H w54 DXTK-010.
1.2.2 BEHRHESEYE

W O VR AR B A 1,4- VR e 0 N A T R
DXTK-010 7€ LB Zifig F-H Kk, 30 °CliFF
2-3dJE, PREBCKERAFERETE, FH LB ik
R R IR XN, 4 °C. 5 000 r/min
B3 min, FF I, FPBS 2P 2 Ik,

BA TR AR U VE I 2218 A 22 B PR R - NG i I
TEW(2.0%/2.5%), FTHHHEEME .
1.2.3 HFEAEY 16S rRNA RFELERRZLE
S

W B % X EUI Y R /& DXTK-010 4%
HEZH T DNA $2 U & T IHEH DNA, LIgH
P DNA J#it, k#5149 27F (5-AGAGT
TTGATCCTGGCTCAG-3")F1 1492R (5-GGTTA
CCTTGTTACGACTT-3")%f 16S rRNA %t [ )51
HEATY 4 . PCR RUWAKR R (50 pL)idk FHHPREE Pfu
DNA AW . PCR 444 95 °CHlAE 1
5 min; 95 °C7EME 30s, 54 °CIE & 30s, 72 °C

D<: cjb@im.ac.cn
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FEAf 45 s, 30 DEF; 72 °CEEAf 10 min,
10 CCEMH AU . 2% B A 5E A R Tk AG DU 2
fbJ5 PCR =Wy i b ifg v A YR A B ] 3k
fF e, B3R R 5 s 2= NCBI i
(https://www.ncbi. nlm.nih.gov)*{# F§ BLAST #f
73, (i f MEGA 11.0 8 fEH 5 AL B
B, JELI4B R (neighbor-joining, NI ZE R 4t
KA
124 MEREEZENIERERNKERE
oA T AT TR R T 5 PRI AT 78 DXTK-
010 #EFP 2] LB WAKRE TR 3G 1% % 2 X4
1, 4°C. 8000 r/min .0> 3 min WHERELK, FF
VW, H PBS G2 bR 2-3 IR Fa H
PBS R R, BN FEAR R R, A
TR %% i ODgop AN/ T 0.050, AR TE 4 °C
T RAFHEE N (0-14 DfEH .

DXTK-010 RIS IIRAE: BT S 50%
FIHIHLL 121 W E A TC R 254 T A TR A, IR
FT-80 cCryvkAth, BHRIAGRAE 1-2 4, [H]
B, 12 TR PR AR 6 T A A T PR A P
72 D12l A oL (PR SR 5 CGMICC
No. 25780).

1.2.5 INEEEZEHE 1,4- IR GPERREE N
=AU

B AL ) DXTK-010 FAf#IE 218 5%
AR T 30 mL 19 MSM B 3# K & b kA7
RfR S0, B RTBUREINGE  1,4- Wk A 300 Ay ik
B, BFSTIRE (0. 30, 37 °C). pH fH(4.0.
5.0, 7.0, 7.5, 8.0, 9.0)HI1,4- " MELzvkF Q2.
50, 100, 200, 400, 600, 800 mg/L)%} [ fit
PERERYSZIA , JFiE4T 1 UK Spiking 5255, g1~
Bk 3 ANEL, FREREKBELHSHE 1,4-2
WELE 1) MSM 15 5 5428 I 0 I

XPAIRI A3 41 R B AR R ) 22 5, A IBM
SPSS Statistics 26 #AFIEAT R ZR I 225047,
FEIEAT I 220 M 200, X B R4 T O 25 5 M 4y

http://journals.im.ac.cn/cjben

Mr, TEREE T ZE, E5 Tukey K30 IEF T
HF e, X P {17 Benjamini-Hochberg
KIE, P<0.05 Bl AR EEER .
1.2.6 BEkkXT 1,4- 18 k2 09 P IR 1 e

TERAER AT, % DXTK-010 AR
DL 5% B R R L 2 Rl 2 30 mL MSM B3 32 3L
W45 B AR 1Y) ODgoo 294 0.080, JIIA 50, 100,
200 mg/L Y 1,4- " BEBEAE MBRIR, 7E 1,4- 08
Jot 56 4 W ARt I T IS I v B Y 1,4- kg
#EAT 1R Spiking 5256, & I EBURE I 80 4% 1,4-
TRELGEVR E VS ODgooo HUH 200 wL BV IR
i 0.22 um JEME)S, 5 200 uL 5 R R4
TRBAERL, —20 CARVRIGEIBA A, R,

I ODgoo FYIM 5« HX 700 uL #E 5L T Hefa
Mo, AN THAE 600 nm Kb E2EK
PR S B R A I B A= D AR A O . A S 5
W3ANERE, IFEREREREA 1,4- 20800
MSM 53R HeAE 25 o0
1.2.7 14-ZIEERBERHINERE

K Logistic #ERIMI(1)], BRI )
T RRIEN(2)] — i sh e R [0 (3)]
X DXTK-010 [ i B AT 9 45 B2 R 50, 100,
200 mg/L Y 1,4- ke K i ol 1 2 i e kA 74U
A L) Spiking FEfEsh 122 &b TG, 2k
iR RNk B (C) SR RI) Z M R R . R
FH Monod B [ (4) PR ALG TUAE P HU R A %
V) SIRYIEEE(SZ B FR, PAfr 1,4- 08
P FEI T AR DXTK-010 B8 13K B3 1
fifE TR PR B0 A L (YY) o B e A R A
Origin 9.2 /4,

BTy B AN s

C=Cp +(Crue =Cprin) /[1+(t/15)"] ey

K, C ERINYHEE(mg/L), Crin 2/
I 2% i e (mg/L) (Crin=0), Crax N WG IED)
WP (mg/L), t 2RI (h), tos H Crax 15 i
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J 2B N B[ (h), b AR R tos
A 2R BEIS A ).

C,-C=kxt 2)

In(C, /C) =kxt 3)

K, C ERNMYHSE (mg/L), Co&¥Iih
JIGWIH BE (mg/L), t 2 S WL ] (h), K Ok Sz 5
HE R me/(L-h)].

V=V_ xS/(K,+S) 4

X, VAW R L RE R [mg
1,4-dioxane/(mg protein-h)], Viax J AP H K
FL R fi# 3 2% [mg 1,4-dioxane/(mg protein-h)], Ks
AR BU(mg/L), S Ry B — BRI PR P
J¥ (mg/L).
1.2.8 14-ZIBEKREREN KR E K DXTK-
010 EESERNE

K T AR 838 - KO B AR T 2% (gas
chromatography-hydrogen  flame  ionization
detector, GC-FID)K il 1,4- —HEkeufk &, (Y AsHC
£ HP Ultra2 (35 5300k, DUS AR, )
SERIHE 2 mL/min, HARFRFFHE 2 40 °C,
PERE TR 120 °C, Al #3300 °C.

DXTK-010 & #k 49 & F & & W & >Rk
Bradford & [ B A &, 2k 5590t
JEEETHAE 595 nm AbEHCRROEREATHI fl A
PRy
129 EtkeEREEFFIRNER D

7E LB Bfig-FHe b kU 34 R 479 DXTK-
010 BT & 5 1 2 LB IR M1 AR 29 R B % 2= %)
B, 12 000 r/min .4 °CES.0> 5 min YXBEF A,
I 3k A 4 R A TR R LR 2 w] S B BR o
T EAT o R AL JE A+ 0 a5 R 4N
(sodium dodecyl sulfate, SDS) ¥ 41 Bt % [H 41
DNA, 7606 BTG M Feafi
Xt F =ACK 2By Nanopore /7 Al — A J5 332 B,
Hlumina MR, 73534 34 B 7 3250 - A
FIEM T HALR DNA  SCHE il 45327 G ps) 2

&: 010-64807509

Fe SCHE, aliAb s 23 e P 29 oK AL = AR A3
AW R, A5 2 s iR B 2 8
GUPPY 5.0.16 # {41 fastp 0.23.2 F {41 ug 15 51
AR, AT Esdsntr. [/ Flye 2.9
B o U8 I ) =4 Nanopore Z i 2H 25 i = ot
T 114 20 TR 35 R 21 B2 (contig), $2& f#FH Pilon
1.24 454G A illumina EE 215, AR
KWK mENA ., &5, 5% H Minimap2
2.24-r1122 K PEH BWA 0.7.17-r1188 /R4
BEBOMIR L B 5 DR S8 LA BE DR 21 R A T LU X,
J1{di FH Samtools 1.15.1 A% depth T H.LX 2 000 bp
B E D gt = AP A i
TREE o 0T A L DR 20 e ey s DR AT BR
AT

X 2 3 i B Bk DX 4HfdE ] Prokka 1.14.6 Hff:
W Prodigal I3 [H 4t )3 41] (coding sequence,
CDS). Aragorn %f tRNA, RNAmmer % rRNA .
Infernal Xf miscRNA #4750, FH R 4
circlize 2340 X T A5 B A BE R HA5 D . R
2 PGB . 5 TEE R4 i B% BE (guanine and
cytosine, GC)J A b F R 2H 45 44 1 B ifE 47 4%
o, il WA K. ff A UniProt
Knowledgebase (UniProtKB). H #BHEA 5 It
20 A Bl 44 (Kyoto encyclopedia of genes and
genomes, KEGG) . & [ 74 {4 (gene ontology,
GO) . & M it K % 43 A A (protein family
analysis and modeling, Pfam). [&]J5 2 3% #%
(cluster of orthologous groups of proteins, COG).
i 6 B 5 3 o B TR 3R 38 W IR 0% o i 5 AR
(tumor immunotherapy gene expression resource
family analysis and modelings, TIGERfams), &
7% J¥ 5| (reference sequences, RefSeq). JEIURE
15 7 51 8046 2 (non-redundant protein sequence
database, NR)&EEA 1356 K] J&E D HE 1 B .

ffi F JspeciesWS Hl GGDC 3.0 f 14 #

D<: cjb@im.ac.cn
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DXTK-010 1442k K 2H 7 471 55 Ho A e A 787 F) 4
I R ALy 5 AT 7 YR AT R — BUPE (average
nucleotide identity, AN H1%{ 7 DNA-DNA £
2% (DNA-DNA hybridization, dDDH)Z>#71,
i 1 BLAST B i fk DXTK-010 7B i iy 56 bk
i 5 24 FC 21 3R 1 (Rhodococcus jostii) RHAT |
P. dioxanivorans CB1190, % Z4¥C ke 35
4y K FF B (Mycobacterium  dioxanotrophicus)
PH-06 55 B A H 2 R0 Y O SR B fin 480 19 2 1 7
GNP T ST, T EERIRIEAER # ] Mauve
BB B BE Aminobacter  aminovorans  strain
DXTK-010 (423 K 20 7 91 5 1,4- —WEJe b Ak
R. jostii RHA1 71 P. dioxanivorans CB1190 A4
LR 3 9 A 7 b o T

2 BRS04

2.1 14-ZIZIEPEBEER DXTK-010 7 E 5
FASEHHE

LR o Eai eI 1S B —ARAR IS
RUFEAR 1,4-—RELEMTERE, 5 DXTK-010,
Pk DXTK-010 7£ LB Biig AT B 2R v
TEAFHEWE 1A PR, HEAZ 1.0-2.0 mm 1)

e SUS100 3.0 kV x30.0k

Y W%, R . &S, WIERIN
ANEY . B, WK LB AR R4
K24 W /A ZXEOW, U ODgoo M 0.5, F14
H1 5% WL 2 14 bk DXTK-010 A9 20 fitg 52 #FHR (an
E 1B fiR), diEREZ 1.0-1.5 um, HAEY
A 0.5 pm,
2.2 14-ZIEKEPEREE K DXTK-010 U E
574587

¥ DXTK-010 WFHRIF152M 16S rRNA
FER P S 1E GenBank HHHEAT HEXT, [R5 T
99% I T8 K 1y 51 14 A i AT 7 )& (Aminobacter)
5 A. aminovorans strain DSM 10368 ) [q] 514
12 95(99.78%), 2.5.2 "l ANI FI dDDH 4347
FEHPF, A Hs 248 A aminovorans
strain DXTK-010, &M ARG L EF MWK 2
JiR
2.3 & DXTK-010 f&fi# 1,4-"IEIRAIE
M (] 2=
2.3.1 BEXE DXTK-010 f&#Z 1,4- 12k
pp-A0]

B bk DXTK-010 7E 2037 °CYE NI REAE B
SRR 1,4-WERe, HRR s R i A
b1 B AR [F (P<0.05), FEfEMZaE 3A Br

1.00 pm

|||||||||||

1 B DXTK-010 WEFEMBEMFSHE A: LB PR EARVEIEE. B: AR TWEAES

Figure 1

Morphological characterization of colonies and bacteria cells of strain DXTK-010. A: Colony

morphology on LB plate. B: Morphology of bacteria under scanning electron microscope.
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505 ot 4O
4 <) 5 N-n\
ninobacye, aminoye, / i \\/ Nyz551 (09437707 .
ra z
718 Strain [B7 (KJ68931] 1) i/ - \\,/ Aminobacter SP- strain Y
o
o) oS
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,5100 ) '\ /\ :
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Figure 2 Phylogenetic tree of strain DXTK-010 based on 16S rRNA gene sequence. The number of

bootstrap tests was set to 1 000. The bootstrap values (%) are shown in branching points. The serial
numbers in parentheses correspond to the GenBank accession numbers of the 16S rRNA gene sequences of

the strains.
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A_ . 20°C <40 + 75 _ =2 mg/L 200 mg/L
) 30 °C $ e 50 80 e «50mg/L -+ 400 mg/L
E | =37°C S 410 =90 E 1000, 100 mg/L 600 mg/L
= 120+ 2 | a——3—34 44 o !
£ 2 1.0 fe—=t"y—siti—a—] g | > 800 mg/L
= 100 [ 88 13 5 4 g . T 2 s00t :
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A: JRJE.B: pH.C: W5 1,4- WLk

Figure 3 Single factor influence on 1,4-dioxane biodegradation by strain DXTK-010. A: Temperature. B:

pH. C: Initial concentration of 1,4-dioxane.

/Ro TE 30 °CHY, HFk DXTK-010 fY 1,4- —WELERk
fifp i, AEREEE BN 2.637 mg/(L-h),
Spiking P& B B iz B R GT 1,4- e bk i i
4 4.505 mg/(L-h). 7 37 °CHY, R ) R figek
KON 2.261 mg/(L-h)F1 4.094 mg/(L-h), K
T 30 CCI AR (P<0.05), MHELZ T, YiEg:
TRBERE S 20 °CIF, Hikk DXTK-010 FURRAE J13%
SRR, RIS 0.964 mg/(L-h),
Spiking J& YRR H %N 2.622 mg/(L-h).
2.3.2 pHXE#k DXTK-010 [£fZ 1,4- — 1B /RHY
Al

B Mk DXTK-010 BEAS7E 4L ¥E pH 3 [l N (pH
5.0-8.0) LA 1,4- ZBELE g ME — Rlk 5 58 42 B fif
100 mg/L % 1,4-—Féke, HEEmZ&uE 3B
Fis. 17EpH A 5.0, 7.0, 7.5, 8.0 I&MET,
Bk DXTK-010 X 1,4- Wk i b5 fire 80 5843 5]
31125, 1.849. 2.637. 1.637 mg/(L-h), fF1EH
FXER(P<0.05), Hr, 7EpH Ny 7.5 0, HARR
WA R I, TAE pH o 4.0 F19.0 iF, 1,4-—
W 14 et fige 52 1) 7™ E AR (P<0.05), oAl 4 42 )
174 0.005 mg/(L-h)F1 0.092 mg/(L-h).
2.3.3 BEkk DXTK-010 S ARG RE 1,4-=
I8 1o ) P4 FR 1k

Bk DXTK-010 f4 1,4- NSk 5 A 1 2 il
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HUIR 1,4-WELe R BRGSO I
INEH(E 3C). FERTIRYREE SN 200 mg/L Hf45 ]
A R RRAiE I B R R d % y 4.523 mg/(L+h),
1 Spiking R M BE AT 15 9.367 mg/(L-h), &%
i T A ) BR R BE T AR R (P<0.05) . Bl
Wik 1,4-ZRELEHRBE YIS N, Hitk DXTK-010 4=
KH 3R 2 W W Ak K o RIXT AR KR A By
B, 7E 2-200 mg/L BIWI 4G 1,4- W8k vk 32 3 il
M, Witk DXTK-010 ¥JRETE 3 d PRI I8 4 %
i, I LR A 232 B ) 46 V0 ok B 38 fin 42
o BRI, HAIGRME R INE 400-800 mg/L
i, itk DXTK-010 76 0-3 d 4= K IRk
B, (BAERES I 3-6 d, LR H R 5 K
Yk BEYE N R o #E Spiking FEAEBYEL,
Pk DXTK-010 FE3H 0 i PR R, X —
AE NPT R TS vl i 9 1 P 3 R — 3
2.4 E DXTK-010 ZEMIEEETIARE
RE 1, 4-Z BT HOBE R H 2
HRMEAMT, Wik DXTK-010 X A[F)
LRHRBE(50. 100, 200 mg/L)iK 1,4- Mk i fi
ik R g A KR I 4 FroR . T AR
DXTK-010 HieguliEam ], sk AXEER
WIH 2 1,4- 08kt 0 2R f# . 50 mg/L 41 i B fi
076 32 h NEM(E 4A), 100 mg/L HATE
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40 h 52 (K 4B), i 200 mg/L 4 7EZ) 43 h
WK 4C). TEXTECA I, 4 T A3 4k
B 1,4-ZIELE R R IR B oK. A5k
JiE 20 B fiff 2 R ODgoo fEL 351 R 0.111
0.139, 0.210, 7& Spiking S25erh, AIEIHEEH
B 1,4- " WELEITE 24 h INSE PR, FEARZAS
IR ODgoo fEAT B K 2 0.129, 0222,
0.333,

i Logistic A5 7Y ] DL 45 47 Mo 4% A 5 ik
DXTK-010 7ERI LA 50 mg/L B[ 0-34 h,
WA HE 7 100 mg/L ) 0—40 h FIH) 4 He fE
J5 200 mg/L WY 0-43 h B4 KB B 1,4-
CREBERE R AUE AR K Z R R(E 4,
BSHLER 1) X Spiking FEAF Y B Ak ith
2, BB ) FRERIA] ARG Hu e iR 1,4-

THEBE AR SN 15, ARG N Bl 15 Y
N 2 H R K B A A T B e T R
P58 T B bk DXTK-010 Xf 1,4- 0
BERBE MR SRR EZ MR R . &
50-800 mg/L (1) 1,4- " TE v BE T [l A 95 i it
R 5), IR R AT G B — SRR BRI EL
ANAEAETE YAl () 550, BT R A Monod 5 8
A DL s 3 R R Bk DXTK-010 % 1,4- I8k
MRS 1 .l T, e T R KHURE
fiff T 3 (V max) F1 2P 10 FVR JEE (K)o 7 T b
DXTK-010 fARAEEL RS 1,4-—REBERAIH
Rk, LA RN 5 BN, BERRIAEOR FLRfig o
(Vi) N 0.224 mg 1,4-dioxane/(mg protein-h),
VAR TR (Ko 41.350 mg/L. [RIF, ZHffr=%
(Y)is#] 0.130 mg protein/(mg 1,4-dioxane). Hf &

A » 1,4-dioxane concentration B « 1,4-dioxane concentration C « |,4-dioxane concentration
S - ODg S - 0Dy, S - ODg
2 - Logistic model g - Logistic model g - Logistic model
E -~ Zero-order reaction model g - Zero-order reaction model %’ - Zero-order reaction model
= 70 ‘= 140 = 280
© ] © ~
S 60} @ . 0.14 E 120} @y 0.25 Z 240} quirs 0.36
5 50| Spiking -4 5 S 100}.5Piking_4 000 o B 200 ,.SF.’;!“P%/Q 030
2 4017 51 0.12 Q% 2 80| T i - & £ 160 024 §
S 20 LS S ety (058 313 o Joasd
2 10 o Joos 22 M 3 {010 g 40 8(1)2
2 2 2 0 . » o {0,
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Time (h)
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Time (h)

4 & DXTK-010 ZEREFH TR EMERE 1,4-ZIBRAEBAERLZ A Wik 14-—
WELEH L 50 mg/L. B: #I4G 1,4- —BEREHEE 100 mg/L. C: #If 1,4- FELEHE 200 mg/L
Figure 4 Degradation and growth curves of strain DXTK-010 for various concentrations of 1,4-dioxane

under optimized conditions. A: Initial 1,4-dioxane concentration of 50 mg/L. B: Initial 1,4-dioxane
concentration of 100 mg/L. C: Initial 1,4-dioxane concentration of 200 mg/L.

Fz1
Table 1
strain DXTK-010

BE#k DXTK-010 #J Logistic 28!, ELXRNFHINFEREM—FR N HERINESH

Kinetic parameters of Logistic model, zero-order reaction model and first-order reaction model of

1,4-dioxane concentration (mg/L) Logistic model

Zero-order reaction model First-order reaction model

tos(h) b R? k (mg/(L-h)) R? k (mg/(L-h)) R
50 19300  4.654 0.984 2.340 0.999 0.079 0.950
100 26.876 10481 0.983  4.360 0.981 0.086 0.928
200 30.750 14.030 0915  9.596 0.993 0.093 0.909
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Pk DXTK-010 FHLAHE M ERELL 1,4- 20858 N
M — Bk 5 A K A R A7 410 B 1 Monod B 8y ) 2%
SRIAT TR (3 2), B EAE R 1.,4-
BB RE T -
2.5 [tk DXTK-010 & EFEAERS 7
2.5.1 H¥k DXTK-010 f9£EFEMF, A%
yS&-JESEim

JF Nanopore F1 Illumina il & - 5 X} & #k
DXTK-010 #F17 T @JEH M T . 4%/515 5]
PPk DXTK-010 H58EIE R, sh— KN R

030

o g% .

0.15F
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Figure 5 V-S kinetic fitting curve of 1,4-dioxane

degradation by strain DXTK-010.

Specific 1,4-dioxane degradation rate
(mg 1,4-dioxane/(mg protein-h))

5286 596 bp HIFIR YL ALK (GC & &4 63.67%)
A3 ASSERE TR, ORI R GC &4 5N
383 674 bp F1160.82% . 44 229 bp F161.30%L) &
36 325 bp Ml 62.57%. Yeta ik — AR P F IR
JE164.3X, =AM PR B 169.2X
Pk DXTK-010 Yefafikpy ik HABEEamE 6 fr
TN o X 2H 2 I ) 4 ik R A R A T 25 I TR
A, ASE AL 5 544 4, AESGS
XA 115 14,
252 ET2ERHEFFINE DXTK-010 4
o 2R

X} Aminobacter J& £ E] ANI #1 dDDH £
AR A 7), Wk DXTK-010 S5k
A aminovorans strain DMFA1 FlE#k A aminovorans
strain KCTC 2477 fRIEME S, H ANI {5
5124 98.52%F1198.45%, dDDH {43514 90.10%
Al 90.10%. TMiEk DXTK-010 5 Aminobacter
niigataend's strain MD1 #1 Aminobacter sp. MSH1
f) AN {43510 84.43%F1 84.25%, dDDH {H
A3k 29.7%F 29.7%. Btk DXTK-010 Sfff
JHE AT T (A, aminovor ans) B 7 2 BT Y 352 1% G Ik
M5 5 (ANI>95%-96%, dDDH>70%), J& T

&2 Bk DXTK-010 F1E B RERIFERELEER Monod REFN NHFESH
Table 2 Monod kinetic parameters of strain DXTK-010 and other reported 1,4-dioxane-degrading bacteria

Strain Vinax

(mg 1,4-dioxane/(mg protein-h))

P. dioxanivorans CB1190 0.083
Pseudonocardia sp. N23 0.230
Pseudonocardia sp. D17 0.223
Afipia sp. D1 0.263
Mycobacterium sp. D6 0.139
Mycobacteriumsp. D11 0.179
M. dioxanotrophicus PH-06 -
Azoarcus sp. DD4 -
Rhodococcus aetherivorans 0.0073
JCM 14343

Rhodococcus ruber 219 0.208
A. aminovorans DXTK-010 0.224

Ks Y References
(mg/L) (mg protein/(mg 1,4-dioxane))

91.80 0.090 [48]

79.90  0.323 [48]

59.70 0.223 [29]

25.80 0.185 [29]

20.60 0.185 [29]

69.80 0.179 [29]

78.00 0.160 [49]

- 0.104 [50]

59.20 0.031 [51]

0.015 0.240 [41]

41.35 0.130 This study

—: Not reported.
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Size: 5 286 596 bp — n g o z
GC: 63.67%

ouopsT 09T

¥
! 1100
ks a00k, 130k 120K

@ GC % (average: 63.67%) = GC skew = Depth of illumina (average: 164.3 X) = Depth of nanopore (average: 169.2 X)
= CDS = TRNA = tRNA Coverage of illumina; 99.99% Coverage of nanopore: 100%

6 FaEFRGAEE HARINKK R BB, EEATIGEE; B E, ERAFHM GC
g B, EEAPIIE GC skew H14k; SEPURE, — AP HRE REREGE; BHE, —
AR P R B TS AR B s SN EE, JBR T 3% 5K i TR 4 i X DA BCIE 45 RNA X (rRNA
tRNA), PINANHZFRR, SN2CRIERE, WER A

Figure 6 Chromosomal genome circular map. The first circle, genome sequence information; The second
circle, the GC content curve of the genome sequence; The third circle, the GC skew curve of the genome
sequence; The fourth circle, the second-generation sequencing depth and coverage information; The fifth
circle, the third-generation sequencing depth and coverage information; The sixth circle, the coding region
(CDS) and the non-coding RNA region (rRNA, tRNA) in the reference genome, which are represented by the
inner and outer layers, with the outer layer representing the positive strand and the inner layer representing
the negative strand (inside-out sequence).
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3 Amionbacter aminovorans strain KCTC2477 100
'+ Aminobacter aminovorans strain DMFA1 [

8l DXTK-010 2
5 Aminobacter sp. MDW-2 L 00

05+ Aminobacter sp. SS-2016 '
+ Aminobacter sp. SR38 H 85

8} Aminobacter sp. NyZ550
Aminobacter sp. MSH1

Aminobacter niigataensis strain MDI

Amionbacter aminovorans strain KCTC2477 ;?)0
Aminobacter aminovorans strain DMFA

DXTK-010 =70
Aminobacter sp. S8-2016 50
Aminobacter sp. MDW-2 H

Aminobacter sp. SR38 30
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Aminobacter sp. MSH1
Aminobacter niigataensis strain MD1

B 7 Aminobacter BE#kiE A ANI #1 dDDH 234  A: ANI{E4#7. B: dDDH {f4H#r
Figure 7 Analysis of ANI and dDDH of Aminobacter strains. A: Analysis of ANI. B: Analysis of dDDH.
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[A]—##F, HA A, aminovorans strain KCTC

2477 (5 A. aminovorans DSM 10368 [f]#) 5% 4%)
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Figure 8 Upset diagram of common and specific annotations in the general database of coding genes.
Common databases gene annotation statistics are on the left side; Shared and unique statistics are on the right

side.
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. C|Energy production and conversion
. D|Cell cycle control, cell division, chromosome partitioning
B E/Amino acid transport and metabolism
. F|Nucleotide transport and metabolism
. G|Carbohydrate transport and metabolism
. H|Coenzyme transport and metabolism
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Figure 9 Genome-wide functional annotation and analysis. A: COG classification. B: Pfam domain
classification. C: Gene ontology classification. D: KEGG pathway classification. E: NR note.

% . FIF Pfam S5FI8 0 80 IR AR R HEA T transp 1) A IE R Z T RE L N 45 M 8 . GO
TR, A 4 691 NUIRe RSB IR, 5 KRG T 3 707 AIIREEEE, 5 CDS 1Y
CDS 1) 84.61%, ZFIEMF5125E H(AJABC tran) ., 66.87%, FMAEDELFE . T IEe R4 i
GEAE KR 2 RE M N A 4 (BBPD_ 4 3 MHEEUE T TIL R . 76 KEGG 1R %4
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Kp, A 1754 DI RER, 5 CDSHA) Aminobacter ciceronei F—%(

31.64%., B RE RENTESATE2REM 2,62 BE#K DXTK-010 P& 1,4- "B TR TIAE
R 7 (elobal and overview maps), ikt — ERFMKEHER ST

R I (amino acid metabolism)., /KL PEATH R DXTK-010 [ 2 e 36 8 7 B i
Y1} (carbohydrate metabolism) A4 B K - M 4 TENE TR ctg 2 KRBT EZEN, WifF—1
H: Z AL (metabolism of cofactors and vitamins) /& 3 SDIMOs [ P4 e 5 4 A JE 4 %
s FCP R R B RS IS G5 5 (PrMABCD). — 1 NAD-+HOHR A B Al 2
e T DR 2 BT e A AR 2 esh, g (AU — B RIER(groEL), 4nf 10 fr
KA A YA T IR B R A 1 18 1 (butanoate INo TNBEEINAAG AT AEAL 1,4-ZWELEry 2-72 5
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PIEE = . =W NGkl . — Bt acid, HEAA)]. PNGEHUINE RS P fiEfb HEAA
FIGHY LD, 3 5 M AT 087 AN Bl f %k R M R B9 2 SRR A 2- 3k L S -2- R 3k &
FEPEAHDC, i NR R, Xk DXTK-010 [ I3 (2-hydroxyethoxy-2-hydroxyacetic acid)Fl 1,2-—
A AT T AT B, R YR R ¥k 25 FEIR (1,2-dihydroxyethoxyacetic acid),
o TE55414-CDSH, A7 5521 ANTRESEN I d o R O A AL O T BR 0B B R

TE NR B kg, R 99.59%, (oxalic acid). Z —-J(ethylene glycol)FlZ Bz
A 53.09% % 3L [H 5 Aminobacter J& # 5% , (glycolate), FikE DXTK-010 7EYL ik ctg 1
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Figure 10 Gene cluster of propane monooxygenase in Aminobacter aminovorans strains: DXTK-010, DSM
10368 and KCTC 2477.
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M A iR B SE A (fre Ml oxc), HIMEGHES A 5575
fiff(formyl-CoA transferase) 1 & [ il g A JIi 52 i
(oxalyl-CoA decarboxylase) 1] DL ¥4 B iR 1 £k it
R, AL W R (formate acid)Fl CO,. IH4h,
FoA A A 1 22 P 0 S . I S RN T
MR L EESE[H (aldh, adh AT glc), S0
it o S It R 2 T PR AR AL TR 0 —RE RN £ BE R A
R CBERR . 456 & BE TR AT 38 I (glyoxylate
and dicarboxylate metabolism, map00630)4;-#7,
Fitk DXTK-010 A1 aceB/glcB i f3E iR &
Bl (malate synthase)-5 £ BiR [z W A= B%(S)-3F
MR [(S)-malate] i A = R IR 1 ¥4 (tricarboxylic
acid cycle, TCA cycle), WA L gol Zmf
B W5 R B [ T (glyoxylate carboligase) .
garR/gIXR 4 fh 14 VS A1 R >} ¥ 18 )i it (tartronate
semialdehyde reductase). gck At 4 H 7 354 it
(glycerate 2-kinase)AJ4EF T, 2-W§ MR -D- 1
i iR (2-phospho-D-glycerat) # A M [ fi# )z v A=
BN AR (pyruvate) fi i A =R RIE IR . ARG
BUUBIETE Je B 3, $EDN R Ak DXTK-010 X
1,4- 8L A R AR AN AT 11 B

X F DXTK-010 [a] P51 e ey A8 =X 7 e (1)
Y154 19 A. aminovorans strain KCTC 2477 Fll
A. aminovorans DSM 10368)3 Al 2H 13 B #4743
M, TR e B Bk [ A7 7 3K — B 4L
FEH (B 10), h J5 22 fif i e #T 1 Fh B 51
(A. aminovorans)f 1,4- T E [ A v g 28 o B
LA

BLAST Z R R HIZ L N REE R 5 1,4
TRELERRAHE R jostii RHAL A1 P. dioxanivorans
CB1190 /3 F SDIMOs £ 5 J& (group-5) ) N 5
Jor 4 il i DR R I S 1k R/ I e B i 4 il
FETE BV R E R F (R HE 2 FE 1R w5 v v T
60%), I 2 A il Y S BE TR IR DRPE T R T ML
dioxanotrophicus PH-06 #{i7 F SDIMOs %5 6 Ji%
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(group-6) 4 A ot B fim 42 Tk A5k L] BT G 5 Tl 11%) 2
PR R USME (F 3). i3 JE P LR R o0 B, TR P
DXTK-010 5 R. jostii RHA1 #1 P. dioxanivorans
CB1190 fAfE—E itk FK, BT R jostii
RHA1 F1 P. dioxanivorans CB1190 2 [a] {3tk
PERFR (B 12).

3 Wik

BTG 1,4- R8RS I AFAE TR
W, PR K AR A R BRE . AHIE ST A
AR 1,4-TRELETS Y s i T OKFEA
ZE EYME . B aifb SR —rREELL 1,4- 08
Jot Ry WE — i 5 L P45 35 IO 14 58 1 B A TR B, 48
Y E 44 A aminovorans strain DXTK-010,
JHi T 1 J& (Aminobacter ) 2 4 > F& FA I 44U
SPREASCATE R o TR R A9 . MR T
H. MFFERE, LA MR e T a2
B H R LASR , — S AT T s B o1 i ELA R fi
5 A 4 3R At X A A0 B (R
PO R PT . 2,6- AR EL Y. KZ
Ja PR G BRI P RO S ) A
71 He SOV L M HAT B 8 - EAE 1,4- 08
b w el B R N, HENNZ R R X 1,4- 08
bt A TEARIRE 1 o A58 A aminovorans
strain DXTK-010 % 1,4- Wk 14 25 20 b5 fift fig
TESE T 3 — T .

Pk DXTK-010 7E4 58 PRSI EE . pH LA
SR FE T B 1A R4 3 I N R A e
J1o MIETF 30 °CHI37 °C, £ 20 CIREZEE T
TSR K BB B iR & 7E Spiking FEF# By
B, LA-THELEBE MR RGP T R, X2
B TR A IR EE 20 T bk DXTK-010 4B K
DLJC 1,4-WEIGE R A OGS I 16 1k, DT B AR
THXE 1, 4-ZBEBE AR MR AR 1110, (HUR R Bk
DXTK-010 4/37E 20-37 °CHAF T PRIFE = 1K
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%3 ®BI# RHA1., CB1190. PH-06 5 DXTK-010 fJ 1,4-—IE kp& iR X 52 EE 8 A 4B 9 BIR M & 3 EL 4%
Table 3 Pairwise comparison of essential enzymatic protein between strain RHA1, CB1190, PH-06 and
DXTK-010

—

Key enzyme component Hydroxylase Reductase Hydroxylase Coupling
a subunit B subunit protein
Group-5 SDIMOs Gene name prmA prmB prmC prmD
PrMO in DXTK-010 Number of amino 555 352 352 122
acid residues
Group-5 SDIMOs Gene name prmA prmB prmD prmC
PrMO in RHA1 Number of amino 544 370 368 113
acid residues
Amino acid 64.68 43.47 43.07 44.33
identity (%)
Group-5 SDIMOs Gene name thmA thmD thmB thmC
THMO/DXMO Number of amino 550 351 395 125
in CB1190 acid residues
Amino acid 60.41 44.57 38.86 41.75
identity (%)
Group-6 SDIMOs Gene name prmA prmD prmB prmC
PrMO in PH-06 Number of amino 512 343 363 105
acid residues
Amino acid 37.05 36.28 27.16 24.72
identity (%)
& @@Q QQ@ @@Q @@Q @@Q @@Q S & QQQQ S S QQQQQ @QQ QQ@Q @@Q QQ@Q S & @@Q QQQQQ @Q@
AN \Q \‘: q)% ,\f) ,bQ ,,)‘: b‘b bfj “P (_J‘: ‘oQ b‘: ,\Q ,\5 %Q %(') QQ o’%
_ L LI L 1 TR | |
: (L I N O

12 [&FEE# RHAL. CB1190 71 DXTK-010 Ay 3214 o 4f
Figure 12 Collinearity analysis of strain RHA1, CB1190 and DXTK-010.

i % MR DXTK-010 ZEHPE R S5 RAREIR  1,4- WEELe Rl o R R MiZEW G 1,4-—

B RN 1,4- B S AR AR R, T
TERL SR Y pH FREE(pH 4.0 8K, pH 9.0 &
7o) HP 37 2T B R g AR AT S W) L X R
JE AR, A, R R R A B B A A 5 T A
AEYIEERTEE, PE— AR R K, B8
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WELEH BEAWTIE I, kK DXTK-010 fy9A4= K 4E
B A, AR TR Z BS, 7EWI G
1,4- IR ve FE >k 800 mg/L I, 3—6 d 14 [ A ik
FA[ k%] 8.149 mg/(L-h), HAETE /& H K
05 43 ok St BT Xt PR IS )3 7 A IR s e fe ok o
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KA. Sei FHPUIFIT R UMM AR Afipia sp.
D1 #i1 Mycobacterium sp. D6 ERTE 15-35 °CTlL
BRI AT SE4 R MR 1,4- ke, (HRRM R 2R
BE R4 K, Afipia sp. D1 7E 25 °CH} DA K&
Mycobacterium sp. D6 7E 35 °CHJ B #k i 5 i 5
RS T, Inoue ZEPINF—HEARZ 2 WK
IREEAE A W M ) 1,4 W8 e Ko A T R 1 Tk 21
BRI (R aetherivorans JCM) 14343 HIiF5E 320,
PR ] DATERL S8 R il B (5-40 °C)FI pH
[l (4.0-9.0) 5 T A RERE M ig v, HA mHIGR
PE R BR PR, H L RE R R A R T Bk
DXTK-010 7£ 5 Fa iz i BREE 4511 T HA Tt 52 1
FFEMERE ST, JRBLH S A SR T ) o
Wl R LW e, ERERE R
30°C, pH N 7.5, WA A 50-200 mg/L 1
0T, Wk DXTK-010 £ BLE A5 0 R
e, KM E, AL A Logistic 15
RUARGF stk X — s i #, WARAE A8
(1 1,4- B PREE A7 A B R Y A
A 1 Spiking [ A [ B 19 S 55 P i A& DXTK-010
I R A o R T AR R R N 3l 12, &
PRTEIZ B B o] AR R 1,4-—BEBe £ il 3 B
GBI, RO R R E S, SRR E
ToK, FEAR R AR RS AW py 1S K
Mz ALK . 76 5 Ak DXTK-010 A i (9 52 50
AN, dEid Monod FREILE IR S EOCR X
FE B bk DXTK-010 5 H Fi 2 73 25 H AR L 1,4-
W Ay M — Tl 5 P A TR N 1,4- R 1 R A
WA, L PR R DXTK-010 9 5 K F R i ik %
Vinax -5 Pseudonocardia sp. N23 1 Afipia sp. D1
HAIE, T TR B R T A Al R AR,
Hi, fU$E Parales EPVTE 1994 44 B
P. dioxanivorans CB1190, Z itk &4 M1k
WF5E e IR AR ERE, Yamamoto 2183 2
T Hk P. dioxanivorans CB1190 7£ 30 °C N Y Vimax
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A 0.083 mg 1,4-dioxane/(mg protein-h),

i I NAM Y, 2843 T DXTK-010 HY
SEREFEN P, 253 ANI FI dDDH 4 #r ik — 4
N T % R MR i B B AT T8 (A, aminovorans) .
HEEIE R 40 Mr s, DXTK-010 Hkk& A £ 4
BRIz 5. ARSI EA Cn
LD DL R e e I SR A DG I B, X AT RE 2
R A R R e ) s G Al . RERIMEARE RN
s, HRL ctg 2 FAFTE—4H 58 B N BE S
ARGEEINGE, BT — AR, T
WA E— AR AN, XERENATESY
TZEHAT 1 4- 2R r A R . NS
A 4 D, S RlENLE 2-5 AN o
L pronA S fish) . PR e BRI 4t 3 i T2 4
(f prmB Zif). ke 2-Bhn% i B WIL(H
prmC % i) LA K P9 e B i 4R e 48 16 2 1 (/R
prmD %ifi%). Mahendra 2% A 56 UF T B 2F 4
AT (Mycobacteriumvaccae) JOBS5 #4 A9 A
Jot BRI ST X R AR 1,4- —WELE A AE A . Hand
S O7HE ) R, jostii RHA1 FF#545 (19457 T SDIMOs
555 TG DY e B0 AR TR T BT H A Y 6L
F SDIMOs 45 1 FEALek B4 i %t 1,4- 8
BE AT HRIFEAFRE /. 5 R jostii RHAL,
M. dioxanotrophicus PH-06 #1 P. dioxanivorans
CB1190 %Al B fin 4t 1) 28 19 17 S R A T HEXT, 7
Pk DXTK-010 Frais (b s 45 SDMIOs
55 S TERGMERSS 6 10 I N Be B i A B AN 2R 5 R R Y
LUK/ R LI AR R B R A R, JRAR
P 7L BB R ARSI PN e B A B
TR BN i (SDIMOs) 1 55 5 151
X} #k R jostii RHAL, P. dioxanivorans CB1190
1 DXTK-010 A7 3R ILLe M3 Mr, R IAHAER
F R jostii RHA1 FiI P. dioxanivorans CB1190 2
AT HeA s 4k M, DXTK-010 H5X —#2
A LR M AR X AR, 2B DXTK-010 7E ik 1% )&
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7 5 R josti RHA1 Fl P. dioxanivorans
CB1190 ZWfAfE—E 2R, HstteretkAfF
E— 22

S DU IR R/ R A B i 4 AT D 6t
PR RETE 1,4- ZREBe R g HL I 5% o (%) SC AR
M, XNTRAPR R DXTK-010 B2 RERH
PEE T HEAl . Vainberg ZEVIBFE R, TUAR
R BRI E B RE S XS 1,4- e S HAR AL B9 34
mESEATRI AL, TR 2-38E-1,4- 08, TR
W EE A ALy HEAA ., Deng %5:POsiiF
5277 M. dioxanotrophicus PH-06 H {7 F SDIMOs
%6 RIS BE A BT 1,4- R85t LA 4EY)
AL VE, AR 2-R e L 1,4-
TRELEI R, JFRINE] HEAA yrhiE ).
Mahendra Z£1°1% 3 A% P. dioxanivorans CB1190
REff 1,4-—08G=4: T HEAA. LW, LR
ME R ] =Y, BIRE K P. dioxanivorans
CB1190 i 1 DU & 1wk il / — W8 g B i 420 1l 5 i
LA-TIEbeRIG R EAL, (HHBERASLE 14
PNt B AR D 5 R Bk DXTK-010 [R]J& T
SDMIOs 57 55, XF 1,4- W& LE ) 1 38 o
A F] —EVE Y. Grostern Z5F7ME IR T R bk
P. dioxanivorans CB1190 %I 1,4- &y [E 4k
L, o de  1,4- &b 1 Sl 1 i 4
MR AR, 1 8 1 e IOt 0 Il 0 58 2 il
PVER, AN CRERR . CRERRAE Ry 5 [a]
Yy, Aldk—aE i PSRN Ris R e — 2
28 3ok T T RS T Tt T2 1S ot 2 e R 36 o W 1
TE A R GR A2 —) s R4l SRR IR G i G
TWHAE R R GRE ), mAHEANZRIRIGIF .
Wang 2725t 1,4- - WELERAS# T Xanthobacter sp.
YN2 B98I HY 5 SR R A0 B ) LA GE 2o 5 e
e SN A ff 1,4- —BEEETE /N oy ] 7= )
AN RGN . LG UL EOFSE, HEN bR
DXTK-010 HAF1E—45CHE R 1,4- —WERefafip

http://journals.im.ac.cn/cjben

fRIGHEE, LA SDIMOs 55 5 15 1 8 e 5 i 42 il
AL E AL R 2-F2FE-1,4- 8L Rk 5, B S 7E
CBEW A . SN N . LI IR AR AL Bl Y 1
RF, S8 1,4- 208 BETF IR 2 )5 31 B v ]
Y CRERR I RE Rt . $5E , l AR B
MR AR, Zl SRR G W . CREMRR
g P A R AR S N e Tl
AT TR T2 30 25 e A Y 0 e g S SR R A DY T
MR i AN IR BRAEFA L 2

e RV A DR R AE S B ] v S AR T2 )
sRALEOR, (HIE H AT SE IR R T S 00 28 AR
DK i B ) e 6 AR A 52 S . AR I Se s
g, AR R AR EOR SO E] 1,4-—
WEIe T YK sl oK, Bl [ E LR
KA B A D) U0 . Pugazhendi 57T
W5l s w8t —hk 1,4- W8 BeFE AR 1
%] AT B4 (Rhodanobacter) AYS5, 7555562 #iA
PSR R S N e, X BRTE AR 5 d
N SEREMR T Tl E K H s 263 mg/L 1) 1,4-
TGS, JRSEEL T ARG K . Da Silva 7Y
I ] E K Z R SR R P, dioxanivorans
CB1190 JE M AEYp s fbtt, JHUEEH] 1,4- 8k
R KA, SR P. dioxanivorans CB1190 FASETE
RES, XS T HAETS O LISy R oy
AR . Li V220K R bk P, dioxanivorans
CB1190, M. dioxanotrophicus PH-06 FI Azoarcus
sp. DD4 D) 1:1:2 (4 Fe TR & 2 BRI 78 N B23%
HEIRGKEER I 1,4- 08k, TETEATSE 6-9 d
5, TS IE AR A BRI A HE KR R KA, iR
2 PR DX B I I A2 s e R K, 1,4-
WEAE R v 2 P TR B (B 0.38 pg/L), AHALT
P. dioxanivorans CB1190 FI M. dioxanotrophicus
PH-06, Azoarcus sp. DD4 H.AG 58 = 1% PN [ 4
IAHZE M, BESAE A SRR . 1A,
Isaka 25UV i) FH 98 e 2 A G0 3L A TR BR- Afipia



KIA F | R 14T IR E R 5 B R E MR R AR AT 3745

sp. D1 Wy T R ias RS, Z RS
i UL 1,4- ZWEEE/E N ME— BRI A BE R, JF
BN AR BRREAL T ) 1,4- R8BI S PR
Tk, G4, Lippincott Z5U7°TF]
FHN e A= Py BRI T IR JZ 5 K2 A=)
MK, JfiEd 5] ARk Rhodococcus ruber
ENVA425 1A psmit, 7636 N5 g2
%2 3L b (Vandenberg air force base, VAFB) 24 5
Hetth B R 2 S K Z A T — A N e - A W
FRG; LIEERRY, ZHRBEWE A R
FEAR 1,4- " WEEE B RUE K. X Bs T RALE
EHARAEABL 1,4- WL y5 ey 5y oK
H1 o BSRA Y5 AV B TE bR A B A A= 1y 4k
PRGN AETE S RS TR T 1y i
Ji&, ARSI R g FH v R AT B A A B A PR AR K
i TG KA BEE R . PR, X v AU R TR AR 1)
BRSNS . BT, BFrisdEn 1,4- ek
F& i 7 75 IR A. aminovorans strain DXTK-010 E
AHE RN, TEESmscsh, st
— RN BRI A B DI RE AL, AR SE PR
1,4- RGeS Y K SRR 3 4F
BB T A TR R 1,4- L
WIREfRRE T, RIGELRAMISE 1,4-ZHEBEAY L
A= 0 TR T o A AL T R 5 A O BB R AL T 255
JE SR BETOR E— B W1 prmABCD ik [ Y
YERIOLE, I RIZRERTE 1,4- R8LESLBRTs

B A 7 T
4 Zix

ABFFEN 1,4-ZRELETS e 1R KA H 43
BRI —RRAELL 1,4- B8 Le A ME— R IR A K 1)
Mt WA R bR DXTK-010, 5 THRE 1,4-—
WELERE M AR TR IR, IR4R R T XA IR 78
15 Y A ) e ik TG AR

Pk DXTK-010 7Ei &/ 20-37 °C. pH A

&: 010-64807509

5.0-8.0 Fl 14-ZEELEWI UG EEy 2-800 mg/L
MIZCF T R RAT R fR R RE . W R
ZK WG T DXTK-010 AR 1,4- LAY i
WA W 30 °C, pH A 7.5, 1,4- "Mk
HIR MR E R 200 mg/L.

TEE 414 F , DXTK-010 A LAZE 24 h 4
SEA AR 200 mg/L 1 1,4- I8k, B S 0F5%
FW, WPk DXTK-010 784 K A B B &
Logistic #i5 , fij Spiking W& M Bt T4 ¥
BIERE, FFEERN S TR

Monod 7R A] LA AT Al iR TR bk DXTK-010
TEA R BE T (R B0 J1%, Bk LuRefi
KK 0.224 mg 1,4-dioxane/(mg protein-h), 2}
PRIV BE R 41.350 mg/L, ZHfl7~ 24 0.130 mg
protein/(mg 1,4-dioxane), B DXTK-010 X
1,4- W8 Be BA L 5 1Y A e

Bk DXTK-010 X 1,4- 4% (14 [ i 7] G
HHER )8 T SDIMOs 45 5 1 1Y N 4t B 4
B LR . AR IL . ELARIEE . &
FEfR AL EE N S5 A 0C . 25 |, DXTK-010 /&
R 1,4- W8GR A, A SEBRKIR 1,4-
TSV Y A BN AT o
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