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Advances of using Dehalogenimonas in anaerobic degradation
of chlorinated compounds and bioremediation of
contaminated sites

Yiru Cui'?, Yi Yang', Jun Yan!, and Xiuying Li'

1 Key Laboratory of Pollution Ecology and Environmental Engineering, Institute of Applied Ecology, Chinese Academy of Sciences,
Shenyang 110016, Liaoning, China

2 University of Chinese Academy of Sciences, Beijing 100049, China

Abstract: The genus Dehalogenimonas (Dhgm) is a recently discovered taxonomic group within the class Dehalococcoidia
of the phylum Chloroflexi. To date, Dhgm consists of three formally described species including Dehalogenimonas
lykanthroporepellens, Dehalogenimonas alkenigignens and Dehalogenimonas formicexedens. All isolates of these three Dhgm
species are obligate organohalide-respiring bacteria. They use hydrogen and formate as electron donors and chlorinated
ethanes (e.g., 1,2,3-trichloropropane, 1,2-dichloropropane, 1,2-dichloroethane) as electron acceptors in energy-conserving
reductive dechlorination reaction. Chlorinated ethanes are common groundwater contaminants in China. The unique metabolic
capacities of Dhgm strains implicate it may play important roles in site remediation. The recently reported Dhgm sp. strain
WBC-2 and ‘Candidatus Dehalogenimonas etheniformans’ strain GP are capable of dechlorinating certain chlorinated ethenes.
More importantly, strain GP can completely detoxify the carcinogenic vinyl chloride (VC) to ethene. These findings expand
the diversity of microorganisms involved in the respiratory VC reductive dechlorination and improve the understanding of
Dhgm’s ecological functions. Here, we summarize the advances in physiological and biochemical characteristics, ecological
functions and genomic features of Dhgm, with the aim to develop effective and sustainable strategies to facilitate the
bioremediation of chlorinated compounds contaminated sites.

Keywords: Dehalogenimonas, organohalide respiration, reductive dechlorination, bioremediation
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Fig. 1 Scanning electron microscopy images of several Dehalogenimonas isolates™*?*?!, Bar scale=0.5 um.
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Dehalococcoides meccartyi INA (KJ461493)
100| Dehalococcoides mccartyi CBDB1 (AF230641)
99 Dehalococcoides mccartyi BAV1 (AY165308)
100, Dehalogenimonas lykanthroporepellens BL-DC-9' (EU679419)
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—— Dehalogenimonas sp. WBC-2 (JQ599651)
100 [ “Candidatus Dehalogenimonas etheniformans” strain GP (KY777753)
Dehalogenimonas formicexedens NSZ-14" (KX274280)
93 Dehalogenimonas sp. enrichment culture clone CG3 (JQ990328)

68

100 100

100 Dehalogenimonas alkenigignens SBP-1 (JQ994267)
Dehalogenimonas alkenigignensIP3-3" (JQ994266)

Dehalobium chlorocoercia DF-1 (AF393781)
Dehalobacter restricts PER-K23 (NR121722)
100 [ Desulfitobacterium hafniense DCB-2" (NR074996)

100 Desulfitobacterium dehalogenana ATCC 51507" (NR044641)

100 [~ Sulfurospirillum multivorans DSM 12446 (NR121740)
84 1 Sulfurospirillum halorespirans PCE-M2" (AF218076)
_‘ Shewanella sediminis HAW-EB3T (NR074819)
49 Desulfovibrio dechloracetivorans SF3" (NR025078)
97 Desulfoluna spongiiphila AA1T (NR115979)
65 Geobacter lovleyi SZ" (NR074979)
91 Desulfuromonas chloroethenica TT4B (NR026012)
90 Anaeromyxobacter dehalogenans 2CP-1" (AF382396)

33 { Desulfomonile tiedjei DSM 6799" (NR074118)
100 Desulfomonile limimaris DCB-M" (NR025079)

0.05

B2 ET 16SrRNA EEFIIMRBMERFEREWN

Fig. 2 Phylogenetic comparison based on 16S rRNA gene sequences of strains from Dehalogenimonas and
representative organohalide-respiring bacteria from the phyla Firmicutes, Chloroflexi and Proteobacteria. Numbers in
parentheses: GenBank accession number; Numbers in branch points: branch support values; Bar length=0.05: nucleotide
divergence between sequences.
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Table 1 Genomic features of Dehalogenimonas

DNA G+C Protein

Strains Genome size (Mb) content (mol%) coding genes rdhA rdhB
D. lykanthroporepellens BL-DC-9 1.69 55.0 1720 25 6
D. alkenigignens IP3-3 1.85 55.9 1936 29 8
D. alkenigignens BRE15M 1.65 56.3 1795 31 8
D. formicexedens NSZ-14 2.09 54.0 2 165 25 6
Dehalogenimonas sp. WBC-2 1.72 49.0 n.d. 22 1
“Dehalogenimonas etheniformans” GP 2.07 51.9 2 006 50 4
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= RdhB 1y RdhA BES RIEMEILTEME, Bk
4~ RdhB J2 & AT AR Z 1> RdhA 185 5555z
DL K RdhA 5 4t i 5T B AR B A ML A R 4
— W

A 7E 5 B BRI T b A8 5 H T 3 A et
Jii b i, DepA PL T BR R Bt 1,2- SN ke
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Bt 48 R U TdrA il AR K R
K-1,2-ZH LB AN — B CerA 3R
IR — R RN 2 (K 2). BT
D. lykanthroporepellens BL-DC-9 W #k 3t R4 I 4tis
DcpA 119 depA JEH, WfF7ET Dehalococcoides
mccartyi KS FE#kAFI RC Bk (80 AH 43 5]
k1 95%#1 929%)°%. 7F BL-DC-9 Ak Ay SLH 4 I,
depA (2 mibnaE Dehly_1524) JZAUA 1 6 1oe%
HY rdhB FEHFAHLEAY rdhA FEHZ—. H57E
D. alkenigignens IP3-3, D. formicexedens NSZ-14
S50 b PR TR Y SR R R T R (AR
(FESI R LTE 92%-96%) ) dopA JEH M2, 44
2R = A It S S S D o VRS
D. lykanthroporepellens BL-DC-9 [ #£ dcpA JE A
EE R (AR 91%-93%) ¥4, #
B dcpA B¢ DepA 2RI Lifg R 1,2- ANk k4
W SRR A bR S, T 1,2- 8N b AL
A= WA 5 g W 1404951520 T AR AE I T B
P WBC-2 B #k 4 Y F e x-1,2- — 3/ &0
WA — A LW B, S5kA
Dehalococcoides mccartyi FL2 44k (1) Al [ 22 Fh
SRR TeeA (GenBank %55 : AY165309.1)
FEBN AL R 74.6% . 181 2 i BIr i 14 58 b
B B AR L RE A i W B O O @A R A T
S, X — R BE T AR AT DL o S
KA HEAEE . (H# L AT tdrAB 45290+ Fr kb iy
JH DR S5 M ST HE T tdrAB g\~ 23 Ao Ak ) I RIS
FAME, CerA J&7E“Candidatus Dehalogenimonas
etheniformans” GP B ik 7 %6 & H i) — 58 s ik )
PER P ity , 5 [ R — @ O I RERY TeeA |

F 2 Mied BRREE R KB R H I RE

BvcA (GenBank % %5 . AAT64888) M VcrA
(GenBank % 3. WP_012882535) 43 7l EL A&
83.3% . 56.1%71 499%[1) & ()5 51 IR, bk
GP AT LA A 3 ol 25 1 — & M 7E N ) Z P4
LG . 25 Bk, G v BR i TR R 2
R AT B A b 5 0 B340 i 5t i il 35 PR U A
ARFE— A58

4 Jilwn 2RO W B IRE A KXV R H
(g SN B

JI5E i B B 1) 22 R AT s L A AR
AR FRUSSSO g IS [ AT 111 AL
I Y IR 1 173 AR KRR S B9 20 k&
PR, Wi EAMEE 16S rRNA KL i 846, 78
65% KL L L 16S rRNA K&K H D1 %0 i i i
PUBREE O Bokk Z T I, I p P
S5 Y F K Z A A DL A D I U
A F RN, VR g e A TR T H R A
DATEA MLEUTS e A8 52 0 I 5 2 0 3t o 403k
P 165 rRNA JE PR DL R AH G 1 o il L ] teeA
verA 1 bveA 1E 38 TP RA8 &2 1 E A Yrbs
EWER, BFES B h s B — S LTS AR
A 3] 15 1 40 K TR A S AR 2R Hh B RN RG n fy
IRV e 2 S/ B 1B = (92 A
MR R BRM, BRRPETZ ZRMA LK
PR 25 T aR R . SRS ERULENR
Wi, FEAE — S LI ) DA A B A
T, A 3G N B8 ol B B 1% 26 b i B R Ry
A A S A L FR IR B TE e BRI IR R . B

Table 2 The reductive dehalogenases characterized in Dehalogenimonas

Name Reactions? Molecular weight (kDa) GenBank accession number References
DcpA 1,2-DCP—Propene 53.81 WP_013218938 [49]
TdrA tDCE—VC 64.06 AKG53095 [33]
CerA VC—Ethene 61.96 QNT77188.1 [16]

% 1,2-DCP: 1,2-dichloropropane; tDCE: trans-1,2-dichloroethene; VC: vinyl chloride.
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AT B B T ) AR B R S B R IR T
HHLE IS5 YH A, i“Candidatus Dehalogenimonas
etheniformans” GP kR R, RZAWEA
AT Gl 8 AR5 v A7 A 3G e B T A R
X — 28 A T BIPREEAE R AT 16S rRNA JE[A
WP &I, LR i A AR T DL & DU R
HJZ (0-25 m) ALEEIX (1 465-1 515 m) ¥k
BT B0 AT 16S rRNA JEH 51002 2
TERABR 1 R Af A 7 A A BILERTS G0, 0 b S
FEE ORS00 1 R AGER it 4 35 T B,

JI5E e B B AT 114 O — A~ B R R A R A
e A AC e R e 71 . D. lykanthroporepellens
BL-DC-9.D. alkenigignens IP3-3 #1 D. formicexedens
NSZ-14 T& Pk AT TR 52 Ff Jd S I fifk v B2 23 1l v ik
8.7 mmol/L. 4.0 mmol/L F1 3.5 mmol/L [#J 1,1,2-—
ROk, XAMER Z 34 P& HE 5 9L 3
R KA % E R X%, Chen £y 1 BT oY 32
BT, R AT I MH A W R Bk R S N 2 o ) A
TR, RAE R A BEEE SO0y AT R
Jid 1 B B 16S rRNA KL PR 3% DL % 43 in i o
100 %, [HIMF 1,1,2- = L hEA 1,2- R L heie )&
AL, schmitt 2 LIFLILHIY I (EVO) HI
FLERAE Jg Wy N JEC A 42 i 3% e P e 7 S5 B
Tt 1,2,3- SN RS Y 1 s Ak s 2 Y
XU R, TR 2 @b T Jetth T 7Ky
I T AR, B3 e P 3 P T S e A T L A
TR Hy 59 A 3R A= ik Ak e R B 2
I AW RFAHM T KEERRS, ES
HL - IRV B2 A TR BF, BRAIR S et v 24K (i
BRERER) FUHFESMHIR (i) AOUE , i
BT 16S rRNA L5 DUEOE I 2-3 4 $o 2%,
AR HAD A= W 2ok A XA L e PP o A 1 5
e, TR R s A2 2R,

A OGP B Al R R AR R R B
SR eATA A AR SR ALy, 18
A LTS Yt i) A48 52 b AR KW 7. (W)

% : 010-64807509

IF, BB i BRI TR BB At A AL 1 I R 20 R I
XoF S 5 il A AL SR A0 W 2R AT 180 G ) I SR A . A
Qiao Z5#T (A 1,2,4- =4 R A MR- AR 1
BRI R T, W SR TR 1,2,4- = S0
M 1,2-/1,3- ZF@MR TR SEAT A, T AT
Dehalobacter Wik — 45 A BUHY 1,4- 5K A
— SR TR, R R TR
XS ZE LR R IRATESH T AL G, BRI L
BRI AR B AL, 1075 B W DA 455 R 17 PR PR 7 Y
BB T 1 A L < P R 20 s 5, DT B o
WG RIS S R

SR AESEiYE2 Nzl NN & vy R VAT E S
191 C A5 45 Z2 4R B O8N T e i T 5 T v 8K
Witk g ir, JFHRAEENES YRR, H
X5 e P55 A L B Ak 0 5 i 1Y) BT R VA A5 31 5T
IR o I R TR 1 DR S DL IR S 5 i AT
RAFRNAEALKE , A5 IWF 5 5 Bt —2 e Jii i
1] B TRT A 30 T I el il PR R, R A A
b ERL TR A AR AR st AR B o AR A T H DL
TS A T O 1T ) T BB S ICITE B, YA
W g g A WA R AR A R B . R
KX Mo 1<l P A ) A B AR A T R S R AL R A
T R TIRANEIE , 30 EA LAY R A
PIIBE AR BT IR, AT A SR Ak A B A LA
15 i A R
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