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Many domestic cases regarding soil and groundwater contaminated by volatile organic
compounds have been reported to date. The most frequently detected volatile compounds in
these cases include the two most pervasive chlorinated solvents namely Perchloroethene (PCE)
and trichloroethene (TCE). The six-year project will be proposed for bioremediation of the
PCE and TCE contaminated sites with the following three aims: (1) Assessing the efficacy for
natural attenuation of the contaminated sites; (2) Isolation the indigenous bacteria for
bioaugmentation; (3) Assessing the efficacy of biostimulation by high-throughput metagenomic
technologies. One of the most key points for assessing the viability of bioremediation
technology is that there are microorganisms with the potential to degrade contaminants. Any
single microorganism cannot complete all the metabolisms to degrade contaminants, and only
complex bacterial communities can perform all of the metabolic pathways to biodegrade
contaminants. Therefore, the key step of bioremediation technology is to predominate bacterial
communities’ variation and metabolic pathways, and bacterial communities are also the
indicators for natural attenuation. This year's plan focuses on: (1) Development of on-site soil
and groundwater remediation strategies; (2) Screening and site assessment of methane and TCE
co-metabolizing strains/groups in the weathered soil of mud volcano; (3) Using the third-
generation sequencing technology, chemical analysis, biomolecular analysis, and phospholipid
fatty acid analysis methods to understand the current situation of the remediation of
contaminated sites and discuss the follow-up remediation strategies; (4) Using Biolog
EcoPlate™ combined with bacterial composition and metabolism analysis to provide a method
to evaluate the metabolic mode and efficiency of on-site remediation of pollutants. This study
completed the integration of the metabolic results prediction of Ecoplate and high-throughput
sequencing analysis, which can effectively provide the bacterial information of the
contaminated sites and the follow-up remediation strategy. The study investigates the
methanotrophic bacteria and the chlorine-metabolized bacteria in mud volcano samples. The
results will be the research basis for the microflora addition test of chlorine-contaminated sites.
The study found that there were more methanotrophs and chlorine-metabolized bacteria in the
samples collected at the beginning of the eruption. As time went on, the methanotrophs were
still found in the sample. In addition, the KEGG metabolism prediction for methanotrophs
and chlorine-metabolized bacteria in mud volcano samples found that the proportion of
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metabolic genes is relatively high in Jiaxian and Hualian mud volcanoe samples which can be
used as a reference for subsequent research. Based on the two-year site study, the biological
and chemical remediation sites carried out high bacterial species diversity and chlorine
metabolic genes. In the follow-up, we will evaluate the effect of microbial electrochemistry for

bioremediation.

Keyword : bioremediation, functional groups of indigenous bacteria, trichloroethene (TCE),
perchloroethene (PCE)
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SR SEER N a AR TR 3-SR S A R R
oRRE AR e a TR S8R Sk R B0 2
(Biostimulation) 2 2 #» 3 i* (Bioaugmentation)? fE 3% o3 T -k ¥ 7 & 7

o - A PR GAEE RS- RS o - LB TR T F -%éﬂﬁvﬁ%’@ e
PERE fp TR I Bed b p KA R LAY A A R R SR ¥
(Lee et al. 2008) = # 4= o> jE# 5 A ;)%}%mmqﬂ AT RRME S T RS
2 B R AL e L AEF S BP R pIBd e B B B R R R0 4*}’%&1_1* (R
fRicd 2 FAEGERIERRY o3 BE L FAAFRT LinwE s i & ﬁ%ﬁ e 7]
% (Sphingomonas spp. ) ~ & #& ] (Alcaligenes spp.) ~ =3k 4 (Rhodococcus spp. ) ~

|

1| ﬁ-
|

bl

=
[ 3
(“

e

=}

%

LR ‘mg}
(Methanotrophic bacteria) % ¢ fﬁ% % (Etheneotrophlc bacteria) » * % i RF ‘w ];ﬂ » H
Dehalococcoides /it s 4% f2 5 ¢ FRET B Ly B4t BRE BB TF UG
R —%a%im$% E OGBS RN E 2 B R A R T
R R W E LY A& RS T Y (Cometabolism)g 5§ 2T e ME ARG 5 0 2
* rﬁ#d&i FWEPFRAEBRIRA P TREy B WL AL R T IFL g By
PEASREI RN FEL f\émr\;}f; WAL LT RRREEEE g By P d
Mrfaad > &a T A AS R EF P REfRL AR ERL FT RYp o VO BER
PALERARAP T G R ER P RERF LR VAL g 2 )
Dlde: i FHE i oaF g TR E L H G4 AR S P RF Y Ay A RE RN
T R R TR A B B2 BBIEE S TY BB AL L PRk e ’f,—.:;
* % '% j2(Bennettetal. 2007) e #x 2 P BUnB e g & RSy BE R R
é?W%%i%%ﬁ%%i%ﬁ’é*‘@%iﬁi%nm%gﬂﬁﬁ%JQHQﬁM
“ﬁ'%ié’%i%?fj.%%ﬁ%gﬁ%fiﬁ o T AT RAT AT FBREF IS E Ry B HER
BoOREFENRERE R SEAT AR LME A P > i B F
FORE 2 R ACHRAE
c - ERPEFT AR

B H 2 ] b (Pseudomonas spp.) ~ %t & ] 4 (Dehalococcoides spp.) -

L

=g

- ERERE M EE P A TR R Aok - 0T o SRR AR R RS
T2 o FmFa R EE o FR(TR)SE a2 M AR B TRk A5% 456
(Dehalococcoides spp. 2 Dehalogenimonas spp.)£2 7 it 14 % 32k F](chloroethene - reductive
dehalogenase (vcrA),  alpha subunit of alkene monooxygenase (AkMO), epoxyalkane
coenzyme M transferase (EaCoMT), Soluble methane monooxygenase (sSMMO), particulate
methane monooxygenase (pMMO)#p B 2 Flehs Bl 5 3 5> % Z(AD)H-1t - TF 2 4 & 9
7 42.9%%%35%%’5{3}‘% 3 AD B3 20%2% 40% 5573 ]?] & & 14 5 (Dehalococcoides
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spp.% Dehalogenimonas spp.) ° 7 I¢ 7 ic A Flentg @] > TF 2 55 14.3-85.7%
WRIF®HE > @ AD B 10-40% o I $ > & TF e TR A 0 5 28%2% 32%H R A6
ol > 2 12-52%¢7 B3 iR R Flte R T 0 Apste B AD B TR A e
LERCIRIE 7 S

AFTEGFAERREE20BRAIBP <~ FAFMY c2FZELETH A IT(HR
AU EEFRIBE TRERAZ THIERA 23X THF 0B FERL) 25
AP EZREBRREEREY s e TEE o AT 7 #1518 QIIME #4827 ASV
4 HEiE 7 Greengene A 7| TR WU ¥ 15 chig % 4 = ¥ (phylum) 2§ (genus)h4 58 F 8¢
TR R (genus)BE B LA E § 206 B 1RIFHBOTRET ) 206 B2
‘w ﬁgg o fe 50-80%2 Bl E NS ST bt F A E P2 B

‘.3;

B4 5] & (1) g i E f2 Ff Desulfuromonas  (2) . #2 7§ Pseudomonas (3) 4&i# 7
% Streptomyces ° 1‘533;%;?}%‘%:}? Do A FVBAAE S e 16s R B G RGARITZ e
PR A F P ETERYRSFR -SSP VR AP “f TE A E o
3 7 % [F] Methanosphaerula » 3% F/pat » 48 v WAk » 1 & & TF_A43 ehpe T k¥
MFR ¥ bR e 773 B h? =y & 7 Methylibium ~ Methylobacter ~ Methylobacterium -
Methylococcus ~ Methylomonas -~ Methylosarcina - Methylosinus ~ Methylotenera -~
Methyloversatilis 9 i g% » 2 Z_ik 1t 5 1% 2+ 0t b o g BRI F ¢ % h iz
FaC iy AR REFHE
FrERREARY VBT RYREIT LA R ITE e FrEfRR S 5 e
FWECFARFRY ORGE RPFLER £ 0 B RAFRILLS AEfRE L
CEPHaEnFR ARIBRET IR FCFEBI O B ARAF Y

Dehalococcoides spp. %2 Dehalogenimonas spp. ¥ & 5 & i fdp #3002 B & 54 i i

T W R o ot b o 70T 4 R Mycobacterium A & (A7
z

‘ﬁfg

¢ 4 i Jn %t &) fi% (chloroethene-reductive dehalogenase, verA) i¥ & 5t g it 2 Ak Flig 53
i (Adrian and Loffler, 2016) e ¢* *t » 5 & i 45 L crdn ¥ LiwpF ok if 4 3 ¥ %
7 & (Sphingomonas spp.) ~ & #& ] i (Alcaligenes) » = 3% 5 (Rhodococcus spp.) ~ B H #
7] % (Pseudomonas spp.) ~ 7 = ¥ & i j (Methanotrophic bacteria) 2 2 f ¥ % B
(Etheneotrophic bacteria) % - d < )l?e#?, o AT WEMFFARET G ‘;ﬁ? e
ifrd e LA ET L REMA N blde D A s %ﬁ%(Mycobacterium spp.) °
7% 7 (Rhodococcus spp.) ~ # 1% ] /# (Xanthobacter spp.) » # 3 & & f| * JTF e H 4§ fE
(alkene monooxygenase)* ¥ ¥ =5 #if fis M #& 43 fiz (epoxyalkane coenzyme M transferase)

BEFFLHE L2 RS BE 2~ CoA PR (Allen et al,, 1999; Krum et al,
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2000; Coleman etal., 2003) o F]#* & & £ 3 12 % 7 B 4v ¥ fi¥ (alkene monooxygenase, AKMO,
etnC)% Tk ¥ =54 i+ M #& 45 fis (epoxyalkane coenzyme M transferase, EaCoMT, etnE) {¥

P

1) “p«?]'éf?fi z ’fﬁ EfRehE o A TR R o s AT T 538 NGS At

FERIEAMARDG A HTSER LR AR EE B RRIZ 2T L FonanTh
B FERIE SRS iR TR R AP AN S E R0 E)EE

Ecoplate 12 % AT F %R 7,\/{5’“ s ERAE S & FEEANEERE NS -FZ}? °
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AFETEEC &SR e E R U PRI R E S L TPRGR 0 8
TR FAoTREATT O BRI ERR 0 S SBEF I RRF T AT R
@%ﬁ’pmz>?§$?§%miﬁ4i¥:zL%"$ﬁ4#a1Ji§b%‘

S

FefoLl2zaew 2HRBAEF > g L2 &0 R 12-2 2
PRI FHRAT 0 ¥ - FoKKIRR G 1Smo ok A IER K 1530m 0 % 2 kR
R 3040m o p S 2R T M T ASH RS R LR S
VB B Az TR e ERFEERY SFRF I E4 Y 2153 2 piefs

b

=¥

BORER AL BER 110 £ 50 AW AL FRE A Rak(F ¢ FARM %
;m@ﬁﬁ%’@ﬂsgﬂﬁ%%iiCmmm9ﬁﬁl*%ﬁﬁﬁ’%”ﬁﬁiﬂm
HoIROGRITFHREZFALF "ﬁ\ s FP o ARM AT T R D E o e 8
5P ARG FHE LK 10k TR A B R R AR RFEFTPEE P

2 QA/QC FEsn #¥BEF = A ETAAMRE  TRAFFTRIARGEL AT 2 R%
BRLPATE L B o MERE 10 A T okH A AP THRE B TRER R 6.2
115 22 %R > k=Rl % 4817 2 5619 2% > pHE A4 & 56-72 2 & > 4ak § & ~ DO
“L?%&ﬁ%ﬁT%;ogﬁaxﬁﬁmafﬁﬁ, A g E AR FEA T
SR TR B TR AR A T R o gttt AT BT 110 £ 9 Y 1823 p R
BEEY - AT A HR RN B 120 F > B A d T k(13-
S5O L - BIERLAR AR AG TR X3P E M BIEEA; T AT
B 10 0 2-18 2 FF » A ¥R B M #TR2 6 v 2 2 fu R 8 v 2 i FHE > Rt
W iR A 2320 BAMEA > B3 A N EBEHRE60 B EHEA - 2
ERADe 2372 AMALF B RE%RGE D ﬂ‘_ﬁlf‘?fﬁf“?4\1&%‘%%%‘"&3‘\%&3&?%%
Ao E o Al b R AR FAPM R R B e Rk o Ak 1P R
T ORI R ATEEONEE L AT 0 ¢ F T PR A 772 (PLFA & R)) -
FZ R AAI(TGS) s # APM PB4 172 ¥ R E A7 0 > g oh s 0 AR (7
F=37 3 ’éﬁfﬁ(Dehalococcoides spp. ~ Dehalogenimonas spp.) % # it 1+ 25 F](vrcA ~ entC ~ entE ~
mmoX ~ pmoA)PCR i8] °

21



L1 RERGESAFLGE AT

sample id sample type sampling date PLFA analysis chemical analysis DNA(TGS)
SBW#01-upper soil 2021/9/19 v v -
SBWH#01-middle soil 2021/9/19 v v -
SBW#01-deep soil 2021/9/19 v v -
SBW#02-upper soil 2021/9/18 v v -
SBW/#02-middle soil 2021/9/18 v v -
SBW#02-deep soil 2021/9/18 v v -
SBW#03-upper soil 2021/9/18 v v -
SBW#03-middle soil 2021/9/18 v v -
SBW#03-deep soil 2021/9/18 v v -
SBW#04-upper soil 2021/9/18 v v -
SBW#04-middle soil 2021/9/18 v v -
SBW#04-deep soil 2021/9/18 v v -
SBW#05-upper soil 2021/9/19 v v -
SBW#05-middle soil 2021/9/19 v v -
SBW#05-deep soil 2021/9/19 v v -
SBW#06-upper soil 2021/9/19 v v -
SBW#06-middle soil 2021/9/19 v v -
SBW#06-deep soil 2021/9/19 v v -
SBW#07-upper soil 2021/9/20 v v -
SBW#07-middle soil 2021/9/20 v v -
SBWH#07-deep soil 2021/9/20 v v -
SBWH#08-upper soil 2021/9/20 v v -
SBW#08-middle soil 2021/9/20 v v -
SBWH#08-deep soil 2021/9/20 v v -
SBWH#09-upper soil 2021/9/23 v v -
SBW#09-middle soil 2021/9/23 v v -
SBWH#09-deep soil 2021/9/23 v v -
SBWH#10-upper soil 2021/9/23 v v -
SBW#10-middle soil 2021/9/23 v v -
SBWH#10-deep soil 2021/9/23 v v -
SBW#11-upper soil 2021/9/22 v v -
SBW/#11-middle soil 2021/9/22 v v -
SBW#11-deep soil 2021/9/22 v v -
SBW#12-upper soil 2021/9/22 v v -
SBW#13upper soil 2021/10/8 v v -
SBW#13medium soil 2021/10/8 v v -
SBW#13out soil 2021/10/8 v v -
SBW#14-upper soil 2021/10/3 v v -
SBW#14-middle soil 2021/10/3 v v -
SBWH#14-deep soil 2021/10/3 v v -
SBWH#15-upper soil 2021/10/3 v v -
SBW#15-middle soil 2021/10/3 v v -
SBWH#15-deep soil 2021/10/3 v v -
SBW#16-upper soil 2021/10/3 v v -
SBW#16-middle soil 2021/10/3 v v -
SBWH#16-deep soil 2021/10/3 v v -
SBWH#17-upper soil 2021/10/2 v v -
SBW#17-middle soil 2021/10/2 v v -
SBW#17-deep soil 2021/10/2 v v -
SBWH#18-upper soil 2021/10/16 v v -
SBW/#18-middle soil 2021/10/16 v v -
SBW#18-deep soil 2021/10/18 v v -
SBW#lout soil 2021/10/16 v v -
SBW#3out soil 2021/10/16 v v -
SBW#4out soil 2021/10/18 v v -
SBW#8out soil 2021/10/17 v v -
SBW#9out soil 2021/10/17 v v -
SBW#10out soil 2021/10/17 v v -
SBW#1lout soil 2021/10/15 v v -
SBW#12out soil 2021/10/15 v v -
GMO03-11M Water 2021/8/5 - v v
GM10-11M Water 2021/8/5 - v v
GM17-11M Water 2021/8/5 - v v
N00431-7M Water 2021/8/5 - v v
N00430-7M Water 2021/8/5 - v v
GMO02-11M Water 2021/8/5 - v v
GMO05-9.5M Water 2021/8/5 - v v
GM15-11M Water 2021/8/5 - v v
GM18-11M Water 2021/8/5 - v v
GM20-11M Water 2021/8/5 - v v
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2. A&

Dehalococcoides spp. (Cheng et al., 2010)

(1) ™ 60mL & F#L? % % % » B~ 10g tk 42 » 25 mL bicarbonate-buffered mineral salts
medium( z 0.2 mM L-cysteine, 0.2 mM sodium sulfide and 0.5 mM DL-dithiothreitol) - #x+
* black butyl rubber septa 2 aluminum crimp caps % 3 > * “Fg e £ 7 4r 10 mM lactate
and 55 mM PCE -

(2) A PCE & TCE 3 & F 2 24 20 (s > 1 10%5 7 |18 e &4 > 12 20mL g P

% 7 ® > 2z > 10mL of mineral salts medium(z 7 50-300 mg/L ampicillin, 0.2 mM TCE,
10 mM acetate and 500 000 ppmv hydrogen) - i& {7 = =t dilution-to-extinction series and agar
shakes °

B) TE BEEEATRAIRME R A > VRREER B & TCE R § E o

(4) %% @E42¢ > 12 160 mL & 5 #L % % F » 4 100ml mineral salts medium(z 3 0.5 mM
TCE # PCE, 10 mM lactate or 10 mM acetate, 500 000 ppmv hydrogen, 0.05 mg/L vitamin
BI2 % 2% ofinocula > & 2 85 ¥ 3t 30°C # i & o

Dehalogenimonas spp. (Maness et al., 2012)

(1) 14 butyl rubber stoppers % aluminum crimp caps 225 mL x F¥{ = % % o & F#L7 7
10 mL titanium-citrate reduced anaerobic basal medium( z 0.05 mM acetate, pyruvate, and
lactate) » B8 15 mL 5 B P ik 8096 H2/209 N o

(2) Fg @ 4e > iBig f 77 1,2-DCA & 1,2-DCP & 1,1,2-TCA > # # 5 0.5 % 15 mM 4= 4
ER o

(3) ¥x? % » 03 mL A FBHFCHVv/v) > E2HY £30°CH &322 N% > LT
§ Ao A o

(4) % VGRS CRPIEfF AR H R GCRIEF L RBERAS 0 JIY B E
BREGRFHEELY hE FER -

Ethene-degrading bacteria (Etheneotrophs) (Chuang et al., 2010)

(1) ~40 mL 3 TR A& § 40 mL 2 34k A eiBiRia f2% > v > 60 mL #d @32 %
Ao 160mL & FH s B R oS B3R AR (pH6.9, 7 288 mg/LKNO;, 120 mg/L
KH>PO4, 200 mg/L NaxHPO4, 100 mg/L MgS0O4, 20 mg/L CaCl>-2H,0, 40 mg/L KCI, 246
mg/L NaCl, 3 mg/L FeSO47H20 ™ 2 ImL crjicE £ R &%) e & piR & e (7
mg/mL ZnSO4-7 H>0, 2 mg/mL MnCl>-4 H>0, 1.5 mg/mL H3BO3, 5 mg/mL CoCl, 6 H20, 1
mg/mL CuClz-2 H>0, 1 mg/mL NiClz-6 H20 and 3 mg/mL Na;MoO4:2H20) °
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(2) #er 2% A ik R 5 2.85mM o HMHLF 5 22°£ 1°C T A 63-64 % > Fipz 2 ¥
Z 3620 §) o 1% EPA ;2 5021A B~5g® BIRG B A (100 ul) - A 47 Va8 ik
i?](flame ionization detection)(2 *f i? £ )fr# ¥ 5 & i?l(thermal conductivity detection)(% %
F fv%CO2 k&Rl E) -

() ¥k xR 60 X S FATERF FAY AT CO2-RIT FHERELF RSE
Mo

Methanotrophic bacteria (Methanotrophs) (Kwon etal., 2019)

(1) # * Nitrate Mineral Salts (NMS) media 5 & > ;2 & * 32 % L - B~ 40 mL ¥ & Kk ~
2 A 40mL 2 3R M e iR is 2R 0 4o » 45mL @ = i 0 Nitrate Mineral Salt (NMS)
medium - ¥ & FAEHEA 5 100mL > # * 160 mL & ¥ s 7 E > R A E R

(2 FHERFEBREI N7 =F M (15ml> 0.67mmol) > 4 FFAHEINE FEE Y
109% (vol/vol) 1™ 'z 5 &8 > RS & 37°C T %5 1 3 2% > #1121 260 rpm &

Q) HRFRFEFES 100123293 ETHEREANM)R £ -

(4) B*EF - XA TFRBZAPEFGLIARIF - ABAA BRI WBEIAY &
»E R E (1) PEE - R D EBPRER 0 BT AA%KE

Dehalo group bacteria-Anaerobic bacteria (Yohda et al., 2017)

(1) # * Anaerobic mineral salts medium & # = 2 & * 33 % /i » P~ 3.6 mL ¥ T Kk
tha & E 3.6mL 2k AR SFAR B IRIB IR i Zz 7 86.4ml 3 & /% 7 100mL 3t
BELY o BELC P BL SRR T AR IR DY ERBE o RARME R FF

Rz A AT R g R F]?é?,"]?"vf{@‘-i%‘i%“?u’i’i BB o
(2) KIEEAFIHBPESmL et BT F o £ SmLend § o &4 » TCE # H 47400k
Bs100puM > Rig3EN20°CEEEZ 1II2HFRFAFZTEEX)-

(3) #ps AR P02 3G TCE 2 RE By B A A- A4 > L 95 BHFER
oz B A 0 RIS E YRE 4¢3 4 (90% N2-10% H2) » £ 14 3% L4152 A 3 -
3. Bk Ap ¢ # 2 (high performance liquid chromatography, HPLC)

MRS HBERBHE B REFIEF AR B R T 4 T A KRS
B BATiE AL SRR A AT B iR AR K AT o R AR 2 ADIEAE 12 5-100m 1Y
HBAPE At o R F] LR R RIS B < s 1 F %ﬁé ® @ﬁzﬁ‘%‘lﬁ
AR BB AR o AR RGRIRBR A A ST FREPORTE  BRE AT ot
FeRAPREATIE Y RHRRIL A GE%I B 10% iR n 2 22 kA2 d 2 F A4
Y Ak IR LR

26



# 48 ¥ #(Gas chromatography—mass spectrometry, GC-MS) 7 # 7 #4217

BTOREARE & W REEERT AT A9 2 %gﬁuﬁz L RN
BREF o AFRHIARFAIPFEL 12 5 2% 2 F & TR 5 2% 0 VOCs 7 1Y
NIEA W785.55B kP # g 5 it G5 P> 2 — g FRAF PR ITTHRZIES
Wiplo M= 22 B FFM G PP 2 R A BB E L N R F FREE TG Y
WEERTUENME ARG ORRF I RO P E - FEREREFRE Y 0 FRF
ARG R BT U E F e RE D BRSSPSR R 2T
»EARARERY I BEANEE - FRCEF AR TR e S TR K
BRICEF A B EFApEFTRHRZ R FRFFH At &y hFpy o £ 1
FRPEPRES DI RPFIPHBRRETEZDREIARIIFRS - F A TR
Agilent Technologies 7890A Network GC system » 4 17 ¢ ++ © Agilent 122-1364 » DB-624 :
60 m x0.25 mm p /& > 1.4 pm %% > p K 6 % Cyanopropyl-phenyl > 94 % Dimethyl
polysiloxane ** ¢ &4t ¥ 4if * § R # B -20 ~ 260°C & ¢ B & o F ¥ & © Agilent
Technologies 5973 Network MSD / 5975VL MSD » % 4 45 # [F] 40 ~ 350 amu - 4 45 i# 5
4.58 Scans/sec » § ii » 25ng GC/MS & BB E 7. 4744 ¥ (BFB) pF» & Z iy A 2

PEE F2 BFB Fi o i @222 a2 d R L5430 B« (s

-
A5M REFEBSE Grn 0 % 144 g RERZ > 250mL 4 385 k¥ > 4 r 210 mL
0.5M & & f*4ppip» % pH 2 3 4> =83 500mL
2. H4piR & 3 P~% (Onephaseextractionbuffer) : #-z% & -~ 7 R RIFH A E r 2 12
1:2:08 #fppr-=3 R E
? f#/® ¥ (Methanol/Toluene) ;R & 37% « ¥-7 fRe2® 31 111 MF I RE -
4.02M & % i* 47 (Potassium hydroxide, KOH) ;3% : #- 0.5611g Z % i 49;3*% 50mL
TR RE e
5. & ¢ =/% 7 (Hexane/Chloroform) /R &/ /% 1 -2 2 = g Bt 4011 M= R
g °

6. 1M fispe + # 57417 mL /kfEfe 2 45 kR 83 1L«

%

LB~ 4g Ajache 2 RSB Wl g Y .
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2. %> 19mL AR EZ P2 o 347 PR RIFEBEGR =1:2:08v/v/v
(one phase extraction buffer, chloroform: methanol: phosphate buffer=1:2: 0.8v/v/v) >
@k BF S L PE o 2 2,500rpm A 10 AABE D R B I AR R o b BRE

Ao B SAer 8mL FERERRTL Y BCER S0 R FRSI S

2 iR E e s TAmL & Pfc S.0mL REFRE F BRTARIEL P o
AR - Adh o> wkFE 18 ) PF o

3BMARIBL DT RBIR (FOR) TREREY O FRE IS FREL o B
B ERE T -20°CF o

4. #rgErE = 250pL & Fowin o EH L FAPF Y (silicagel) FE KT E 0 2t
FEAFRTE X o FFhr SmL F FHERAAAFEAITEAL o £ A N4 » S5mL
FARHABITE S =0 o B8 r SmL " FRkse k47 ¢ » T f gt =0 g o
PEEEARY T LA R F R AR R o U F F ® T BRATE S 0 wkpE gt -20°C
¢ o

~

5.4vx 1mL "A8/? $R&A% (" "% =1:1v/N) 2 1mLO2M & § 1t 4v
Bt (B F MR R CRERT B (votex) RFIR 353 0 10 35°CHE kR -KiE 15

A

o

&

6. 4cr 2mL Be =g FREBK (LR FT =411v/v) 2 03mLIM fr 3
RAKE pH & o 4r » 2mL & H-K{E votex 30 F) o 14 2,000 rpm Hro T A 48 o K-
4 ‘}%‘in’?ﬁi FARRATRE AR EHL o P FEBF 2 0> 0§ F ORI IRIE F 1wk
g3 -20°CT o

7. 02 150 uL 7 + 4 p&® By (19 : 0) (bacterial acid methyl ester mix CP, 47080, Sigma
Aldrich) e =w 3t - * F 4p & 47 & - L % F @ Bl F (gas
chromatography with a flame ionization detector, GC-FID) fe #% MIDI % & 35 %] it 48 > »
¥R &L Py £ o

8. Heg¥ Adven? A it s FFTEFRFERER (19:0) 24pHF T A
s W ]G P fE R AL

9. #* g45 £/% 0.25mm ~ 60 m & 2 Thermo TR-5 column » §*7i § # 5 % § » i1
EL L it 4 8 R (spit mode) o

CEREEIEHASER L T0CES - A a0 FRF A4 30°CHE L 160°C

EE LA 25°CHS 2 280°CH 4 15 ~ 48 -

12, Fqipphz bt MRk Rt HARE T S AR (T AmEky BB
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BLP) o flbplidicm ML 1 2 a A B K& iso- ¥ anteiso- Pl4E; BAEE {8 REL

c 2t Au L cis 2 trans R 10Me R ARG ApEck T B 5 -7

7 s cy &1 % F %[ '= (cyclopropane) S o # 77 | F i (i AP 4ndk) o
13. & fcs 335 2 % % & PLFA (Willers et al., 2015)

a Hw ﬁ%}‘%i % -115:0, al5:0, 15:0, 116:0, 16:1w7c, 17:0, i17:0, cyl17:0, 18:1w7c, cy19:0

TR
b. E § = B | F(Gram-positive bacteria)- 115:0, a15:0, i16:0,i17:0 2 al7:0 ;
C. & I (Gram-negative bacteria)- 16:1w7c¢, 16:1w9¢, cy17:0, 18:107c, cy19:0;
d. =& EF (Actinomycete)- 16:0 (10Me), 17:0(10Me), 18:0 (10Me) ;

E ]?]1“7 (Arbuscular mycorrhizal fungi, AMF)- 16:1 o 5c;
f. E | (Fungi)- 18:20 6, 9¢ ,18:109¢;
g. & A ¥ 4= (Protozoan)- 20:4 w6¢

6. PCR (RT-PCR, qPCR, PCR)’P@ 3l

CUMCARMEEEE O pcRamplfication ENEEEEE
(Ex: Adh, DhaA, Adhl) Bui& [ BEEE
1Ef1916s rRNA 3Rt Primer DITI'H'I'I'I'I'I'I'I'
LLLLL ¢

Templates of bacterium »

from environment : -

{ERIEEM R
ERERR

TITITTITITITIIT
(AR RRRRANANN

OO 4

. \\
\

cDNA

DNA/rRNA mRNA ﬁﬂ% AN

B 5~ PCR (RT-PCR, qPCR, PCR)# i 7+ %

S 4 FRE f2 2 qPCR R TR (B 5)
BEm R PR 22 kA DNAY 4B~ )[%v'“rfr 2. qPCR program i i* i {7 2 $57 - k¥ F™ & >
Dehalococcoides ™ 16S TRNA #k #1121 2 7 i 1 4k F](bvcA, verA, tceA) iF 2 Fp g 4
17 5 Dehalogenimonas 2 16STRNA 2 Flia s & 47 ; 475 ¢ TF % F]E] | 12 alpha subunit of
alkene monooxygenase, AKMO (etnC), epoxyalkane coenzyme M transferase, EaCoMT (etnE),
particulate methane monooxygenase (p)MMO) pmoA gene % Soluble methane monooxygenase

(sMMO) mmoX gene i & & 47 °
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@ pER o 2022#3% 24p + =

8. #AF LI 4f2H2 RNA 5538 F @& 2 # i ¢24 F) mRNA

fm EF]‘ RNA % B~4]%* Sigma GenElute Bacterial Total RNA Purification Kit > 3 im# 5}?
SRB - @ RP L FPNARR] o B3 B4F 00 F RNA ] #* Pro-tech MMLV-RT-KIT
llﬁ Pe i R df 1T42 R o B~ 50 ul o F) RNA 4c » 2.5 ul <9 Random hexamers > #c % 65°C >
RIPAE: I 1 SR WA I 7 4v 20 pl =7 5X Reaction buffer ~ 2.5 pl <7 Rnase inhibitor
10 pl 57 10mM dNTP Pre-Mix ~ 2.5 ul s MMLV Reverse Transcriptase ~ 12.5 ul 3 DEPC
water » I 14 pipet i 3 (% % Tk AEiT)o B fs F PCRSE 2 25C » 10 » 45 ~427C »
60 ~ 48 ~70°C > 10 ~ 48 > i T2 & RNA ehK #5450 #-F 42 & e cDNA 2B % - #F
AT A AR F12 E 1 o BRE FT % 0 Dehalococcoides # it |2 2k Fl(bvcA, verA, tceA)
T % enmRNA #+ 2 & 4~ 17 ; Dehalogenimonas 12 16S rRNA L Flfi s 2 47 5 453 ¢ 71:
*% f# 7P 2 alpha subunit of alkene monooxygenase, AKMO (etnC) % epoxyalkane coenzyme
M transferase, EaCoMT (etnE) i¥ % 4 47(Behrens et al. 2008) -

9.5k £ ¥ Z_F& (Next generation sequencing, NGS )4 7

L NGS a1 ERHE

Operate by National Yang-Ming University, llumina MiSeq System, 16S V3-V4
Amplicon — - -
pCR | PR || PCR | | Quantification, Library degencration Seqencing | | g,
(Mix Single*3) Clean PCR Clean Notmalization, and o  and D-u
' Up Up2 and Pooling MiSeq sample loading Filtration

EEAMRD T ‘

HEEE PCoA IR

B 6 ~ NGS F % & & 17 i 47§
[llumina Genome Analyzer #-# ~ DNA 3+ = 200-500 bp 77/ 5 £ > >+ 33k F & &
% (Adaptor) {5 BE5$3TF § Adaptor 3 4F B 7 ehf & o B84 PCR 3 g1t K 19+ £ 61
TRFM O R A 7S 2 DNA B 2[(K 6) -
A3 A A1 * Illumina Miseq & % €% 4 47 > 1 & 12 Standard V2 » & {7 2 X 150 =
TR T UK 4.5Gb/lane 1 P e FALE 0 &2 fg‘q‘-’& o4 73R 16S TRNA £ %] o
R NG R Y- BN B R | T E L FIH-DNA £ fr¥¥(contigs)iE
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T % :}&&”rﬁﬁ B3R = MR Flo % = 2 N F 4 4 B 47 f8 @ K e gene training
sets K AEPP T (T A AT o A E A TIPSR ~ # Al R A T2 Bt
Pt H 5 COG & KEGG ¥ 44 FREZFVRIEFT L LT o I opF 16S
rRNA £ #1¢¥ ehV3-V4 2. % B 7 % & & 22 MacVector 6.5.1 <11 Primers & * #2 5 % 3+ 31 5 »
I3 7 BLAST v- i éiigE 40 & — 4353 o fm FI(L6STRNA) 7K F]51 3 2K 3540 1 16S
Amplicon PCR Forward Primer : 5'-CCTACGGGNGGCWGCAG-3' ~ 16S Amplicon PCR
Reverse Primer : 5'-GACTACHVGGGTATCTAATCC-3">- NGS #_& ey #-i8 (747 9 i &
ér i » ¢ 7 : Paired-End Merge > i@ 4% = reads ¥ | = & 16s Amplicon & 7|12 %2 Data
Cleaning » 2 “f Quality # £ &4 & WA 7| > rFgifkis Froyrant rEtt o FE SRR
% @ 12 < & (University of Michigan) ¢7 Dr. Patrick Schloss B [f B %
(https://read01.com/Nxooa.htmlmothur)#< %8 2 Dr. Robert Edgar #7# % 2. USAERCH i %8
i {7 operational taxonomic units (OTUs) 5 7|3+ & & 8g & 47 > 1 2 & * Qiime2 i& {7
amplicon sequence variants (ASVs)# & & 47 » L 1 * Ap B St g R e T g B )0 2
WEEY wprt8ed 2 L33 0P g 2opF MEREARPISE I Y o
NGS E£#F %% 73 1. ¥ OTU~ASV # & & 7i& 7312 (OTU/ASV Annotation) ~ 2.
P 8% % &% (Alpha Diversity) ~ 3. #& & & = f8 4 £ ;= (Beta Diversity) ~ 4. &5 4 17
(Heatmap) ~ 5.3 #F 4.4 45 ~ 6. 1% Mega6.1 $c 4 (7 F B M50t 444 45 < i NGS
AT R BEP ABEATMY wLiT, 2 d PoptEy B FERE et NGS 4

MY 847 o

10.% = # Z_F (Third generation sequencing, PacBio system) 4" #7

Pacbio system #-{t  16s-DNA amplicons > ** % # ¥ F 3 & % (hyerpin){s BEF> 4
7 Adaptor 3 A& B 7|y B oo E@#ﬁi‘ PCR 5 tg i 18 <« & enTA T30 0 8 g il
37 = B DNA B Z|(B 6)° ~# 3 4 41 * Pacbio system & & A 4 7> i & )2 Standard
V2 7R TS 3 V8T 0 ¥ R E 4.5Gb/lane 11 F AR E 0 B R R $ 0 47 AR
] 168 TRNA & F] o FERI N4 256> ¥ B X2 hh 7| TR R & F#
DNA £ 43 (contigs)i& {7 +* $3 > o 47fF o0 vm- HH DA F - 52 B2 3 kﬁ%ﬁ@ﬁ 4
P f8m K¢ gene training sets K FFR|vC $ T BT I AT o FEE AR Flep HEE -
P RMATM Fant )i £ 52 COG & KEGG ¥ 44 TR EEF I RIEF S
FEAHT o 1% wF 16SIRNA A F] > £ 274 47 » ‘wF(16S IRNA)A F1 2 £ 315 %3+
4o 1 27F (5'-AGA GTTTGATYM TGG CTC AG-3'"), and 1387r (5’-CGG CGG WGT GTA
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CAAGGC-3") » NGS % A ey #-i8 (747 fh X i » ¢ 7 : Paired-End Merge » it & %
% reads ¥ ¥| = & 16s Amplicon % 7|12 2 Data Cleaning > 3 “,/TT Quality #.4 & 4 & 5
F 0 EE RS A FTeND FEE o & 8 -2 * B & 12+ & (University of Michigan) ¢ Dr.
Patrick Schloss B 5 B % c(https://read01.com/Nxooa.htmlmothur) #it #2 2 Dr. Robert Edgar
1B % 2. USAERCH #c %8 :£ {7 operational taxonomic units (OTUs) B 7|3 & & & 4 47 » 14
% i * Qiime2 i {7 amplicon sequence variants (ASVs)# f 4 47 » £ JI * 4p B sit i
FEBIMA FEMRRY Rt EES > 2 L2300 ReF URER KPS
Bzt o 2 2R AT AR S BRSOF/BE N -

PERAEESEF 1. % OTUASV & 4 B 5]ie 7 32§12 (OTU/ASV Annotation)
2. ¢ % &7 (Alpha Diversity) ~ 3. & & F 4= {8 £ £ 3= (Beta Diversity) ~ 4. R 4
17(Heatmap) ~ 5.3 85 54~ 17 ~ 6. 11* Megab.l Hf& 74 AR Wi a7 o 1 it
NGS A 478 sk?» P A FAFHY v &ire d ¢ wmm@pEy B FE@mE L4 NGS
AR T B AT o
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S
(-) FHFaErl SBERLH
AT BSOS e X R R 2 AR IR A2 Ecoplate & 47 ©

Ecoplate 3% d 31 /87 FaUREHAT 2 > a4 SIBATY » 6 ~55 > ¢ 7
T Ak % %7 (amino acid) ~ ¢ i 5 (carboxylic acid) ~ & & 4 #f (polymers) - @@z»? (amines)

fi= %8 (phenols) ~ & -k i* & 4= g (carbohydrates) - 3tk & $303iE 6 551 & gl &
€B»Tm¢ EREE 5§ ERCRT R AR>S RS R S P SR> N 4 o
A IW03 (70m-~3m 2 6m A7 > & 642 BRI & F R L it i
%247 (amines)#? f= 2% (phenols) § e 1t o AT L I HBE Ffp 2 AT E T &
F A0 T L FRTR— aeﬂf}i/)ir X &T—f - %wf* A &ﬁg Rd i;ﬁx}, E“é@'tt°

E 'Jf" o /r; 54 o
3R T AR 0§ R (PICRUSY) *¢ A7 3 ¢ % 23]

? FiFR I TCE ‘Ja&i‘f"s&T 2 i,%;ﬁi}‘»\;iﬁﬂ} fo TCE *% faerfic 4 4 355 74 a0
ik s Bk 4eB] 7 477 o 199k KEGG #b > 973 + RS A KL~ B R
AR R T o el R TY B 4R N BHE T Y 0 Pk i i (ascorbate) B 4 (aldarate) i
S 5 g (galactose) © BHfe TCA 787 T2 i 0 B oA A BELZ AL 5 %
dr e ”Lrp & AP AR RIR LY o M & fa(arginine)feif .'17 f% (proline)  FE_ 13 2
AL R N  Er I L i o -7 il i SRR (glutathlone) E3
E ﬁi’i(pheny]alamne) ~ 4 % pa(glycine) ~ 3% & ﬁ&(serlne)'fr@ka fit (threonine) °
P oo B9 fde3-6 FiFad iR AR 0 0-1 K iFend EEoT BB mﬁta
oot £ SR A

Categorles Super pathway Sub pathway

o e i o ) s e e o S e o

. |

[ . Methane metabolism r

: Energy metabolisms ! 4 9 meter depth
. I Carbon fixation pathways in prokaryotes L

. mmmmmmmmeeseceeccce——- 3-6 meter depth
1 . Chlo and chior

: Xenobiotics biodegradation ! " — ® 0-1 meter depth
} and metabolisms : e |

E : Bisphenol degradation [

: G Other amino acid metabolisms i_ RS -G,:,,:t;.;n: ,:.;“L;,;m- r

o E I Y e T O]

! b - Glycine, serine and threonine... r

[ v E

< g Amino Acid metabolisms ! Phenylalanine metabolism

. ' 1

' g : Arginine and proline b

QO F | e e e e e

P2 Lipid metabolisms £ o e Slycsrophiospholipid metabolism. :

2 ' A bate and b

' J

i : Citrate cycle (TCA cycle) P
- ! 4

: \ Pentose phosphate pathway :

1 4

i Carbohydrate metabolisms : Fructose and mannose metabolism

$ \ Amino sugar and nucleotide sugar...

1

i ! Galactose boli

. 1

|

. Starch and metaboli

s g e e e S S I

0 00002 00004 00006 00008 0001  0.0012
KEGG pathways abundance (% of reads)

Bl 7~ BRI * 4o TCE *# 3 S 3H4p b chim F 357 ¢ KEGG Rl s e g 2
B S HIRR A
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LR 2022432 24p F = 10:27

4 S R A BRLI T BT - AR R 19 R O f R R -
6 it THR A RR 01 A el fsfﬁwi S
ETREIRP A 0T A oA T c O mIiFR B HT 2R H
EEREE 36m fr 0-lm i EES - F A3 (chloroalkane)’ffi [l sl
(chloroalkene)~ ffi= (bisphenol)fr ¥ 7 fi& fiz (benzoate) "% jZi& [T~ & ¥ i3 & 0917 1k
Rz BIER o 1 0-1m 2R A 0 3-6m e 9m o Rk L £ F ok
AR AR RIEER M B2 BEBD0-ImER S HEP »3-6m fr 9m
FRAEL G A PR R ety TR HR A (R8) -

(A) (B)  o00s
0.0025
m Charbohydrate metabolism 0.00045 4 W Benzoate
0.0004 degradation
0.002 . . "
é ¥ Lipid metabolisms S 0,00035 4
2 3
& 0.0015 S 0.0003 4 w Chloroalkane
§ B Amino Acid metabolisms 2 0.00025 - and
£
-5'; 0.001 % 00002 4 :hlurn:ll:.ene
-
..g O Xenobiotics biodegradation S 0.00015 4 egracation
- and metabolism ® Methane
0.0005 0.0001 1 metabolism
W Energy metabolisms 0.00005
0 0 A
0-1meter  3-6 meter 9 meter 0-1 meter 3-6 meter 9 meter depth
depth depth depth depth depth
Samples Catagories Samples categories
(C) O Charbohydrate metabolism (D)
:Epild m:t?:nllsmsbo“ m Benzoate degradation
mino Acid metabolisms .
W Xenobiotics biodegradation and metabolism ® Chloroalkane and Fhluroalkene degradation
O Energy metabolisms 0 Methane metabolism
0.0025 0.0006
% o0.002 0.0005
2 @
z B
& o.0015 2 0.0004
2 >
£ E
s £ 0.0003
2 0.001 4 ]
Qo o
=  0.0002
0.0005 + ®
0.0001
0- - B - 0
& o & & & & & & &
of K o b o L A o
o & @ & & & of o o o W
& & Q & & Q«P Q-:x\ K g 4\“‘\" q@%’ d"‘&l & > 7 QP»,, 'n‘“\,, ﬁ,
& »r o Sa‘.\/ & A a7 Yy > & & < < < Q“x Q“\ & & <
of & o % £ & & o of A ] ',5;\/ A S-S RS A - 2
CIEE T R A L E T T F T o oF T P P S
O @ ® 9 9 9 9 9 9§

Samples name
Samples name

Bl 8~ (A&B) 7# I 1 #iF & 0 KEGG i ifr TCE * j#ip Mk joen¥ &
(C&D) 2 #H# 57 KEGG g imfe TCE ' f34p M ik fZen® &

RN m‘m;;—]fg,rm:ﬁ T %% KT 0 R & 7% Flavobacterium) ~ +: #/f
(Clostridium) ~ %. 5% s (Desulfotomaculim) 5 i+ £ % (Nirospira) + 5 & 51
(Acidovorax)fr B H 2 ﬁf]f%(Pseudomonas){L;’? TCE #ts it m b ip M 2 H -
w9 ORFER L EAET P L T R RS S GRS
IApie o A SR B Thdlicr B A P A I SRR Ao £ % H e /) B (Sphingomonas)
g k& TCE ff’f%fw% ¢ AR S A kR A F L AP o TCE "% 248 B # it
# F] PCR 4 47 ek 1 & BE 7 verA fr pmoA 2 Fl i 40% ik 2 7 B o A&
oA 20%‘30% fe 10% =t & ¢ %8 5] AKMO 4= EaCoMT(etnC etnE )
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FidpE R oo 2022837 24p ¥ = 10:27

FfemmoX A F (% 2)-

Acidovorax ' 3

Flavobacterium

Pseudomonas

03
Clostridium I 5
Sphingomonas
Desulfuromonas

Nitrospira

Desulfotomaculum

Bacillus
> > > > > > > > > >
B b b B B B B B B b
| 5 N R I, 1% = &
w B 6 G o 9O wm S w 9
’_:‘3'\ /8 - W é: ‘e -S lC« ;:,' o)
& 5 § g 8 § &8 § 8 4
Bl 95 B 23EHE S & TCE "% f24p M o0 2 d B

# 2PCR #p| 2 & ¢ 372 TCE *# jZcnr i 2 7]

Alpha subunit Epoxyalkane particulate Soluble
Chloroethene-
of alkene coenzyme M methane methane
Name of genes reductive
monooxygenase transferase monooxygenase monooxygenase
dehalogenase(vcrA)
(AKMO)(etnC)  (EaCoMT)(etnE) gene (pmoA) gene (mmoX)
0 to 1-meter depth soil (n=3) 1 (33.3%) 1(33.3%) 3 (100%) 1 (33.3%) 0 (0%)
3 to 6-meter depth soil (n=4) 1 (25 %) 125 %) 0 (0%) 2 (50%) 1 (25%)
9-meter depth soil (n=3) 2 (66.7%) 0 (0%) 0 (0%) 1(33.3%) 0 (0%)
Total % of PCR detection
4 (40%) 2 (20%) 3(30%) 4 (40%) 1 (10%)

rate

SOERASNES 2 AGE LS LR ELEDT B E - BURT AR
145 *# 3 ¥t Biolog EcoPlate™ 3 31 i 4 & (4 [ B foffipl#* i 2 28 77 A 45 o
%@ 10 ¥ - 4245 Pearson e4p B [LiRIE S % o 3 I F & 4 2.0 Biolog EcoPlate™
AFA* &2 KEGG «p Fl 8/ B i o B % 4P > A RMd p i Efen
#P o BpEs ~ & %% (chloroalkane){r & * J‘T"' % (chloroalkene) "% % c¥ B &7 7 f¥ 4 i
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g pER 02022837 24p = 10:27

(i-erythritol) ~ L-## % f&(L-arginine) ~ ¥ ¢ "<(phenylethylamine){- y-23 L7 B (7 -
hydroxybutyric acid) &tk &7 - f|* B pigfd o 2 &t &5 & TCE 2 ¥ R 2
Fengd i idp Bl hdicr EREIZAT A 3 ¢ o

_— - omm
-1.00 0.00 1.00

ﬁ\ﬁf—,d%—::_rﬁ?ﬁrim

Glycyl-L-glutamic acid
D-Mannitol
®® D-Cellobiose

] |
2998 ® o-D-Lactose
09 999099 N-AcetylD-glucosamine

p-Methyl-D-glucoside

Tween 80
Tween 40
Putrescine
@ @ y-Hydroxybutyric acid

D-Xylose
L-Threonine

®® % ® L-Arginine
Pyruvic acid methyl ester

» D-Galacturonic acid
D-malic acid
2-Hydroxybenzolc acid

® ® ® ® D L-a-Glycerol phosphate

o909 ® LSerine

OO0 9 %0 99 ®® L-Asparagine
a-Ketobutyric acid

a-Cyclodextrin

Glycogen
Itaconic acid

i
Pentose phosphate pathway
Galactose metabolism
Arginine and proline metabolism
Ascorbate and aldarate metabolism
e = = o Bisphenol degradation
o Phenylalanine metabolism
g Amino sugar and nucleotide sugar metabolism
Fructose and mannose metabolism
Carbon fixation pathways in prokaryotes
Chioroalkane and chloroalkene degradation
» @ « » o » Glutathione metabolism
Starch and sucrose metabolism
TEERE Glycerophospholipid metabolism
© L Benzoate degradation
Citrate cycle (TCA cycle)
Methane metabolism
ses e 0 c Glycine, serine and threonine metabolism

® ® ® ® A4-Hydroxybenzoic acid
@ ® © @ Phenylethylamine

EN X
&

® 9 ® o ® D-Glucosaminic acid
® %

©® ® ® ® ® Glucose-1-phosphate
9999 ® i-Enthritol
® 9 9®®® L-Phenylalanine

o9 9920908 ® D-Gaactonic acid-y-lactone
@

9000

LJPH%H__EL_&
XX
o
e e e
o °
°
seseccen 00
ceseecce HOO
AR ERER
® 00 0 0"
EEEEER
o
R R
o
A EEEE.

B 10 ~ B AL F 22 TCE " f2 A SHp b il s it @ 222 2 B 59 2 B wFHE T
Biolog EcoPlate™g# Jji 4] * it 4 2. A¥ e7 Pearson Ap R 1|33 % o (=d fr

¢ ulE T L ARB e f AR R A MBS ) foppd RAEATA RSN 1 &
)

o)

o
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23 2B EF B TCESBEYR2ZB DAL ESPM Gicr &

Met 1,2-
Growth hylb  cis-1,2- Trichlor Dichlo Meta/ Dimet
conditi enze Dichloroet oethylen roetha Paraxy hylbe
on Phylum Genus ne hylene e ne lene nzene
Bacteroid  Flavobacteri 0.12
etes um 3 0.590 0.487 0.497 0.388 0.406
0.60 0.887* 0.901* 0.899*
Anacero Firmicutes  Clostridium 8 0.853** 0.887**  * * *
bic )
Desulfotoma 0.14
Firmicutes  culum 6 0.167 -0.171 0.203 -0.097 -0.126
Proteobact  Desulfurom  0.06
eria onas 8 -0.398 -0.219 -0.341  -0.167 -0.171
0.47
Nitrospirae Nitrospira 2 -0.032 0.048 0.042 0.109 0.100
Proteobact  Sphingomon 0.64 0.865* 0.933* 0.937*
eria as 2% 0.831%* 0.935**  * * *
Proteobact -
Aerobic eria Acidovorax  0.118 0.081 0.087 0.082 0.085 0.089
0.12
Firmicutes  Bacillus 9 0.023 -0.271 0.079 -0.200 -0.223
Proteobact  Pseudomona 0.04
eria s 8 0.507 0.353 0.388 0.230 0.251

**,_ Correlation is significant at the 0.01 level (2-tailed).

*, Correlation is significant at the 0.05 level (2-tailed).

STFEREEH A PEFA SR RS

RB* @ gag@;g

15 (PCA) #tA B k74 1* TCE M opFp e ® Bigr L S5 kR frd &
AFAI 2 Bl o BB 1557 c B9 cnF BB HRABHE  WaH
B AR R R e e R W NN T S 5120 &
e ~TCE~ & ¢ %ifrz ¥ Fin@ e &4k > @ ¥ 4 o Biolog EcoPlate 2 & gik
FI* AT Mo & PWOL 4o TW03 2hih 65 o Om i Ao 482 % (£ 1
B 5P AT o R H a4y ot H e 2 OBl G 2 UK T B ) R R R
HEN0-1miFER I HEE LY BT o
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# 4 TCE "% f2 % ¥ B £ Biolog Ecoplate 4 TR | * 2. B chg f Sk4p b e

Flavobac | Clostri | Desulfotom | Desulfuro | Nitros | Sphingo | Acidov | Baci | Pseudo
terium dium aculum monas pira monas orax llus monas
Pyruvic acid
0.224 0.051 -0.383 0.155 0.413 -0.039 -0.053 0.079 | 0.173
methyl ester
Tween 40 0.015 0.306 -.692* 0.156 0.071 0.260 0.268 -0.054
0.611
Tween 80 0.224 0.190 -706* 0.224 0.228 0.134 0.207 0.217
0.487
a-Cyclodextrin -0.536 0.133 0.082 -0.159 -0.151 | -0.263 0.674* 0.200 | -0.360
Glycogen -0.297 0.195 -0.083 -0.044 -0.289 | -0.183 0.952%* -0.229
0.175
D-Cellobiose -0.413 -0.323 -0.262 0.479 0.559 -0.296 -0.282 0.156 | -0.466
0.780*
o-D-Lactose -0.310 -0.205 -0.281 0.648* -0.174 -0.323 0.176 | -0.439
*
p-Methyl-D- -
-0.362 -0.283 -0.404 0.231 -0.086 | -0.458 0.152 -0.267
glucoside 0.396
D-Xylose -0.227 -0.158 -0.077 0.088 0.363 -0.125 -0.183 0.371 | -0.193
i-Erythritol -0.388 -0.244 -0.214 0.702* 0.544 -0.272 -0.222 -0.519
0.095
D-Mannitol -0.414 -0.007 -0.069 0.010 0.124 -0.249 0.117 0.168 | -0.257
N-Acetyl-D-
-0.205 -0.425 -0.288 0.347 0.426 -0.400 -0.357 0.146 | -0.266
glucosamine
D-Glucosaminic -
-0.240 -0.176 -0.164 0.344 0.137 -0.176 -0.127 -0.350
acid 0.247
Glucose-1- -
-0.187 -0.454 -0.467 0.584 0.236 -0.534 0.015 -0.248
phosphate 0.391
D, L-a-Glycerol -
-0.385 -0.086 -.642% 0.570 0.429 -0.337 0.352 -0.407
phosphate 0.269
D-Galactonic
-0.398 -0.421 -0.254 0.554 0.582 -0.389 -0.368 0.176 | -0.519
acid-y-lactone
D-Galacturonic -
-0.433 -0.072 -0.323 0.269 0.072 -0.319 0.486 -0.449
acid 0.194
2-
Hydroxybenzoic | -0.292 0.185 -0.173 -0.032 -0.176 | -0.202 0.921%* -0.216
0.090
acid
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4-Hydroxybenzoic acid | -0.286 0.221 -0.380 0.386 0.598 0.161 0.097 0.074 | -0.370
v-Hydroxybutyric acid | 0.188 0.302 -0.629 0.579 0.554 0.226 0.054 -0.428 | -0.068
Itaconic acid -0.153 0.480 -0.266 0.032 -0.080 0.104 0.958** | -0.232 | -0.166
o-Ketobutyric acid -0.286 0.106 -0.252 0.018 0.114 -0.135 0.521 0.104 | -0.224
D-malic acid -0.151 0.413 -0.472 -0.030 0.207 0.309 0.220 -0.111 | -0.094
L-Arginine -0.080 0.274 -0.552 0.612 0.716* 0.190 0.076 -0.149 | -0.301
L-Asparagine -0.194 0.178 -0.586 0.435 0.560 0.129 -0.136 -0.164 | -0.337
L-Phenylalanine -0.570 -0.306 | -0.084 0.752* 0.794** | -0.302 -0.273 0.344 | -0.621
L-Serine -0.409 0.175 -0.594 0.396 0.451 0.062 0.114 -0.219 | -0.424
L-Threonine -0.237 0.123 -0.300 0.098 0.419 0.104 -0.157 0.169 | -0.196
Glycyl-L-glutamic acid | -0.309 -0.148 | -0.109 0.530 0.331 -0.355 0.331 0.079 | -0.433
Phenylethylamine 0.003 0.231 -0.443 0.318 0.577 0.236 -0.092 -0.009 | -0.112
Putrescine -0.178 0.226 -0.547 -0.002 0.032 0.159 0.147 -0.377 | -0.125
**, Correlation is significant at the 0.01 level (2-tailed).

*, Correlation is significant at the 0.05 level (2-tailed).

AT FER O PICRUSE 4 47 % *0pE T BHEAE P W2 eniiBhg s> 2P 1 %
Bor o B A I EESY oA AR ERSY D ERA FEE DR
Pt FE R N BHOE F K4 o F BT AT RIEF SR ios SIS RS
BU R T AR A ek T AEE Y O E 5 (B 12B) £y A% ,ﬁr‘ﬂi:rﬁ 9m
FRE&ET c S5 T B KRG TCE ## 37 Mk ® TCE ' f2# i k2 f hg
B g HSBEES ottt s ARRIV A S A BRRT o B A K 2 A o B TR
P g ARBRAHREERERL A i""’:’]‘i v e B ey £ R SR S 4 (R
3-5A) =B 3P % TCE S 4 BS & » i~ g AffcttiRiE &5
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SR TR 0 ¢ HE Lff g feioF e RA ) vt iR g AR LB T e TCE

S

Foom y-IEA TR L BT v-5 A7 i (GABA) AR S enivd v o
By g prkT > b5 o-fk v - pggE i Sglaapk (TCA h%k) & &4 3
‘E“fr’sﬁf‘;" e Tiﬁi\*‘iiliéjm o gL ob IFPE,J\/},%Igs ¥ ,}gzm;& Z*J}f&ﬁ ,u,fflj-li"_-}ﬁ}g\i i g#;,
RAFEET B F R (Semboung Langetal., 2016 ) A3 34 435k T
rEG S B L g o F o tde y-ig AT Bend |t & R TCE "3 f22 /5 (%

Rlzfrd RFTEfR) RRF D AP
#2075 2 TCE " f3 > J T+ B R W & BAZLMEEH T o £
TCE /3 % end ji 230dh 4 ¢ & o+ =4 - ’Lx AAE T R AR
R AT 2 B FE R o F 0 H LS T R AT
M2 R R E RE o &_A%tﬁ.ﬁi % + > Heetal. (2002)" 27 ¢ e B &2 4
ERERTFIERIEKAFRARE gt 2 AP H o BB 5@3‘”
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AT #d ERERLE S ECEADTREFDERIHREL > AT B
BFEL s n;\ %#;Jf@,*v':‘ Journal of Hazardous Materials (IF:10.588) » p #v & & F d1iK
(B 13)> ~ F48 P 5 Depth-resolved microbial diversity and functional profiles of

trichloroethylene-contaminated soils for Biolog EcoPlate based biostimulation strategy e

5y : '; . \ HAZARDOUS
s v Y Journal of Hazardous Materials g
E. ,;‘L, "'L . Volume 424, Part A, 15 February 2022, 127266 ﬁ;;*l

Research paper
Depth-resolved microbial diversity and functional
profiles of trichloroethylene-contaminated soils

for Biolog EcoPlate-based biostimulation strategy

a:b,lj

Suprokash Koner . Jung-Sheng Chen & 1, Bing-Mu Hsu ° & B, Jagat Rathod ©, Shih-Wei Huang %, Hua-Yi

Chien & I', Bashir Hussain * b, Michael W.Y. Chan ®

Bl 13- 3% 54 4/

(C) BLREPALVLAFEAEFZHEH FREAL TS

Bkl SRR F W7 madE £ ¥ K kR % (Dimitrov, 2003; Milkov et al.,
2003; Etiope & Milkov, 2004) o *# 7 7 L A &4 FF LV LR 3d 2 7 = SRR TR
% o AOM(Anaerobic oxidation of methane) & #ig /& F_ Ak L L P & & a5
T3 2 &% wmF(archaca) B 0 A BT M m § A’&j—p B e w FARLAL 5
ANME(anaerobic methanotroph) + M f] iz 5 & 1k ¥ AT F T 7= & ANME j# :
ANME-1 > £ 3 #y#-2a > -2b fr-2¢c ¢ ANME-2 % ANME-3 - ‘w ?ﬁ'ﬁﬁln\ Rl e
Desulfosarcina v Desulfococcus f chzn e @ 1B & fo 4k 3% & &2 ANME-1 {- ANME-
2 vimpEZ T AR MBI . AT H¥e DS *\/f“ R 3 U5 I R N “’P‘:]
AEZFERAT  AEA PSSR 497 c HP B2 5 235 MR be 7°
Desulfobulbus ~ Desulfuromonas ~ Desulfotignum » Methanosarcma *Methylophaga % -
TL FBETE 8 R i > £ 3 Methanosarcina ~ Methylophaga % Meth-
associated bacterla *H"“ F oW iR LR 2 B 0 195 2006 & F £ 3T Appl
Environ Microbiol + F 5 i Methanosarcina ¥ %18 & ## i&i¢ & ¢ F & - L4p
% 7 5o #4 hF b (Heimann et al,, 2006) « ¢ ¢F > R pF A A & F IR D8 2 W 7
B B3 RF A RS MEAS LY R RAY sfwf YL IRT vz AR
BMEhs e Flv TR fHEEme £
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FidpE R oo 2022837 24p ¥ = 10:27
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Geofilum HhZ% BAFRES = Sunivaniz FEESRORES muncultured SRESIEE
W Blii28_wastewater-sludge_group m Algoriphazus [FAEEE mFulvivirizz SIRTEEE
mlunztimonas ¥ EREE m Marivirza SIESRES m Nafulsella mg@g%@-ﬁ%
m lentimicrobivm SEEER = Rhodohzlobacter 4] B 1I2EE m OM27_clade OM27-3E1E
Desulfurispirillum IR iiEicE S ® Chloroplast E4g8e ® Geovibrio HILEE
m Desulfotignum BRITEZES m Cesulfatitsles IRIEES m Desulfovibrio [RTIEB
m Bradymonadacese %EE‘EE m Desulfuromonzs R EREES m Geozlkalibacter HIERE S
® Acholeplasma EE SR Anzercbacillu: TS REEE Salipaludibacillus mm,%%ﬂ@fa =)=
Erysipelothrix 2] 12 E Deflwiitaleacese_UCG-011 | Caminicella EXXEENERE
= Deﬂw»o;ulfaubacteriﬁ;tf‘ﬁﬁﬁ!’igﬁﬁg m Fusibacter (R 18H S -Tep«dlbacter,mﬂﬁ‘fz?:..g
malicliphiles BIEZERE m Serpentinicellz IBRESEE mTindzlliz EEFTES
m Thermincolz ZKFER m Dehzlobacter R R EEEB BRH-c83 i
Desulfofarcimen H{LIKE R m Dethicbacter 5= CEE w Desuffitibacter IR EIIEEE
mSymbiobacteriuvm EEEE m Pelosporz ZHREES mSM1A02
.\_NCOCEUH; FEEHRER m Henddelz FHERES mSzlinarimonz: BEEESRES
‘Devesiz EFETEEE BRH-c57 p— Thalassospira iﬁCPE@ﬁE'.
Porphyrobacer EREE Sphinsomonas HEEERERE Oceanimonas B X ERES
mAlishewanellz EEREE ® Bowmanelz IZEEE ® Lacimicrobium FLEES
Alidiomarina B EREE wm ldiomarinz S IEEE B m Marinobacter JE12E B
mComamona:s X EREE m Hslomonz: [EEERES m Marinospirilum SIZeE B
®m Marinobacterium SRS W Saccharospirillum FEIREE S mPseudomonas RERES
m Alkslispirochsetz BIZNFEE Candidatus_Marispirochacta ZZEIZHEEE[E w Salinispira EBIEIZTEEE
Sediminispirochaeta B2 E R m Spirochaeta_2 822 wSumerlzes HISNES
mVerrue-01 FEEB-01

(B)
B 14 ~ & L 04 A AP ¥ 5(A)PCOA RI(B) 2 & B

pork s Ay STAMP i A 477 b B A ¢ ) b R fo kT o
R % it ( ] 15) %% &P > @ H e 7/ (Halomonas)fri4 ’]‘EF F}@%(Marinobacter)
TERLERFTI?P FPRR A 2P TR FLAR TP 2RAEFRRAY B3 o
7% ;%,ml Pl hlhe BREREEFEF T PROBEHE A E}%(Marlnobacter)
B ¥ #¢ 7/ (Pseudomonas) ~ % {& ?}@7’ ~ /4 % H 2 7/ (Oceanimonas)fr¥ 5k 32
(Pelospora) e 4o frk A2 F 3 g F L R > T2 v P ¥ R A~ 4o
AV FE o R AEPWRAP o FEEOT I GIEET S o



s PR 95% =R &R
I Initial period [ Mid period 95% confidence intervals

| =]
EEfIERE Halomonas F I —— < le-15 g &
J812EE Marinobacter F : O 5.92e-3 3 g
! S
0.0 28.2 -20 -10 0 10 20 30 § Q

Mean proportion (%) Difference in mean proportions (%) =

LEBIPIE (%) EEBIPIE=R (%)
LS =5 95% =38 @A
Bl Initial period [ Long period 95% confidence intervals

———@®— 1.36e-3

/B12EE Marinobacter _
EEBERE Halomonas F

|
I
I
| —e— 3.07e-3
I

E=3
o
508 g s L o q S s
REERE Pseudomonas F [ O . 0.031 ¢ g
S H
BHERE MarinobacteriumF — ® 0.039 %’, =
! =
BEBREE OceanimonasF —o—i 0.047 ; 4.
| Q.
PYIE Pelosporar ] 0.047
|
1
0.0 28.2 —20 -10 0 10 20 30
Mean proportion (%) Difference in mean proportions (%)
EEBISIE (%) LEAIPIEER (%)

ﬁls‘mb%gfi&if‘/}*?g}({ =N = v B,t,l,a\*fr)

O Ll - B B 4 4241 ¢ B R L Lt B 45 pc(Liu et al,
2009) o JE_& FrF L Lk A g T AY B B > T O ERET AR ZEE AR 0 0 Bildodih 3
*Wﬂﬁ.%*@Uaa$’?ﬂﬁﬁﬁ%#$%@mmm2m$oWﬁ,9%
4 2 iF RAET ARRE 4 A mzm.‘é»’*ﬁ‘ﬁ}i’* 227730 S I ?‘rﬂf‘”ﬁ‘”
ARl g o K TR R 0 kA B ':’”fi PRy E
iR AR RA S E A A EE e AP SR LR (41‘”
Desulfurispirillum = Desulfofarcimen ) ¥ % a; EL B R R e ]?](SRB) RiE T Py
T4 4 &4z (Jiangetal.,2012) o Jt b > ¥ - JEAT 3 2P > B P g4 4
w4 3 ¥ Desulfurispirillum ~ Desulfofarcimen =2 SRB 577F 4P B
(Jiangetal.,2012) o FH| 0 e BfcH "q B2 F & 2 b i B IR F R E
B8 F W) o AQME LR il Ba{rm PR R 6 AP T R A S RaE (Lalman
etal, 2001) > FJpt e dA~ B2t LWFERT =R ﬁi v s ]?:]mﬂ")i-g
M A pE oA bR )'1’2}’:%4‘—4;“_ LKA FHE AT ZFETET At frd "
BT ApEaaft R { B (Pareek etal,, 2000) o ¢t “h > B F FAEfo A pEE fRE A
7 (4= Methanosarcina) 1ie* T » f % rﬁ%"%ﬂ‘%fr#\#{%g FRES P ez
% (
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‘:‘ i

e
1=
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i

<k l,l\ ‘?Q.E

Winter et al.,1979; Tang et al., 2008) o % i 7T 7 3 B> & £ PR R &5 ¢
AT RIRE FI AERT RS %;*ma“fgf,ﬂﬁﬁrﬂqy%ﬁ HAZ ik T
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Dehalogenimonas, Desulfobulbus, Desulfomicrobium, Desulfurivibrio,
Desulfuromonadaceae, Desulfuromonas, Desulfuromusa, Methylomicrobium,
Methylomonas, Nitrosomonas, Nitrospira, Pseudomonas, Flavobacterium > 2 # ¥ A
A CLHS th #329AF R i WiwoF > @ Pseudomonas £_ik+" & 5 /2
- » H = 5 Methylomicrobium » 3F % = [}?ciﬂ#ﬂ Pseudomonas 1>+ % % ¢ TF L
fRZEY 5 oo H Py 1;-] B ® 1P citronellolis #8413t PVC ehd $7 %5 f2 249 5 »%
(Giacomucci et al., 2019; Triandafillu et al., 2003) o Methylomicrobium )/ R 4% % 3.
g A3 ¥ ek AR X HF 5 pMMO AT & &R 4 224 47 #7u @
M3 sxentE iR F 4 & 4 (Han et al, 1999; Mattes et al., 2015) - R SO
Methanosarcina #A{ 3% % 7 115 »ck-F ¢ ’fﬁ 4 4% 2 f2. — (Heimann et al.,
2006) - # 5 Methy 40 B 562 SRB F/B > R & it 5 24 7% e U IR EAE
PV AR ES DR SR PR AFTRE 5 LTE(WSD ~ WST)
&ﬁxi SRR EIK /R GIE - 3 S~ o S Tﬁﬁ A a2 R FEHAPM z*;ﬂ»j‘ﬁ—]m

SRS D B LS SSRGS G R T AT e H e R
RARGFEMEREKR RIS 52 aRHER -

100% -
90% - Flavobacterium
80% Pseudomonas

0] n
0% m Nitrospira
60% - )

® Nitrosomonas

50% -
40% - lrl\n/lethylomlcroblu
30% A ® Methylomonas
20% - m Desulfuromusa
10% - Desulfuromonas

0% =

»%%%@@x‘» y &
C/\) ‘2‘“5‘2:5 \)62» %é@&éb

Mud volacno sampling site names

Relatrive abundance of TCE degradation
associted genus (%0)

CL-A: ¢ # ~CLHS: ¢ #/8 A ~DKS: *x/g-k ~HKS : /] ;E-k ~
JS:® i ~LGH-F1 : § =Y F1~LSla: %4 1% ~WSD-7: & .78 7 %~
WST-H: & 178 885 - YNH-A: &4/ - YNH-B: #7% %% ~YSJ-Bl: ? &}
B 16~ 7 ik VL d? 3 & St M RS 6

A7 R * KEGG# 3t F#F ¢ 12 TCE *% f24p ¥ 2k Fl(pmoA-amoA, pmoB-

amoB, pmoC-amoC » mmoX, mmoY, mmoZ, mmoB, mmoC, mmoD) % > & % 4c[§] 17
o7 0 @ JS 2 LSlai& 8 FF L 3 methane / ammonia monooxygenase subunit
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A, B, C and methane monooxygenase genes * m DKS ~ LGH-F1 ~ WSD-7 2 WST-H
2 % methane monooxygenase genes > |} 1195 KEGG % enif# 3 > fipt ik
VLR AY S BEARE LR A SR I (B 16) > mE JS P kA Z LSla v B
FAEMSFERLGA T - ER(FZE)EBRE AL ARV LAY
Hrd fr BL 2 s B AR MBS B o

CL-A: ¢ # ~CLHS: ¥ 34 ~DKS: 4 gk ~HKS: Jif-k

0.03
0.025
0.02
0.015

0.01

0.005

Foe & & €
o &F & & O

Abundance of methane monooxygenase KEGG orothology(%o)

s y & & E
d SI
F V& &

Mud volacono samples
m K10944 methane/ammonia monooxygenase subunit A [EC:1.14.18.3 1.14.99.39] pmoA-
(] ?(nl]8945 methane/ammonia monooxygenase subunit B pmoB-amoB
K10946 methane/ammonia monooxygenase subunit C pmoC-amoC
K16157 methane monooxygenase component A alpha chain [EC:1.14.13.25] mmoX
m K16158 methane monooxygenase component A beta chain [EC:1.14.13.25] mmoY

m K16159 methane monooxygenase component A gamma chain [EC:1.14.13.25] mmoZ

JS: " i ~LGH-F1: 22X F1~LSla: 2.1 15 -WSD-7: & L8 7 5 ~
WST-H: % 178 8%, ~ YNH-A: %%/ - YNH-B: #7% % ~YSI-Bl: " & &
W17 Y L#E+s¢ KEGGIER| " = E § § 524 A 7 6/ H

13495 TCE 4p M "% f24p M /) 2 45 T A FIenRd B8 2 45 > & * pearson 40 B 11
T MBEfER LA ? TCE "% 2 F/p B3Rl 20 i A T2 BFenpf o> B %
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g pER c 202230 24p 2 = 10:27

4o@) 18 #757 > % 13 B # i FH ¥ Methylomicrobium 2 Methylomonas 7% & &
# 3 * 2 methane /ammonia monooxygenase subunit A, B & C transcribed functional
genes (pmoA-amoA, pmoB-amoB, pmoC-amoC)fr methane monooxygenase genes
(mmoX, mmoY, mmoZ, mmoB, mmoC, mmoD) #. 95% i3 o R BT > T I AR >

ﬁ;%jxvﬁméﬁﬁﬁ@Aiﬁﬁﬁ%ﬁjﬁgﬂ’ﬁﬁwiﬁéﬁiﬂ
(Lontoh et al., 2000; Nakamura et al., 2007) o F]gt » AF7 7 305 B8 F 3 %’K#’t =

AF LD CT R RN LEARBEELE VT A2 4 RS kR

row min row max

D
<
g = E @
g = = g - E c »
S28288545288%
E2C20EESESSES
SEZEEZESSTIEEES
22222228028 ¢ 8
HHEIEHEEESEE

L0 OO OO O ==

dooooZ=Z2oocono=2azZid
BEEREEENEEEEEN pmoA-amoA
EERNENNNEEEEN pmoB-amoB
BEREEENNEEEEEN pmoC-amoC
EEEEEREEEEEEE mmoY
EEEEEREEEEEEENE mmoZ
EEENEENEEEEEE mmoB
EERNEEEEEEEEN mmoX
EEENEREEEEEEN mmoD
EEETEC T R ol

W 18 ~ & Flgr Ffb st 4 47 W
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(Z) $§F BrRAPLAFLES

AP gL ERFEANCE 10 BATH TR A B g F T 4#@%@6,
LR ZEICEFEZTFILEFE 22 IE(I,I,I-; z ’%,1,1,2-3 ¢ i=:1,1-- %
v /- N s P a2 a2 — S A
(2 ~’:TF;1,1-: % e0%=:12-- % ¥;12-- i l4-2 F FoFEe g R : F2 3 ¢
(F )& T REE-12-2 F o {'17‘;6 ¥ ?;: I P I S
A v . A v A v £A = > Ve / A = ~] 2
1,2-: IS RS U ‘{TF) TEHT AS =7 AR g 5 AP
FAFWREEFHR(AZ) A RFAP S L2 F 2120 F =
FLHE g0 ’ffv iR 447’3:‘1é.GW02‘GW03‘GW10i':‘E_‘_"i4“ i T
H R IE 1’.5]"3{11 SRE ¥ GWIS 2 N00431 i v 2 5 FIR=
% ¢ Yk RAZHR(0.0597 % 0.0638ppm) - H #E Mz &t EFR 5 ARES M
BLER »ion v X RRIFRRM G 92 TR F e v ToRAIET HRRIF]

MAERERSZ AP AR N F ORI g RS LA
55 5 ToRY KT REAE M FER A
g BERS R ST RS R GWO02 | GWO3 | GWO5 | GW10 | GW15 | GW17 | GW18 | GW20 | N00430 | Noo43L
FHEE | TR | N
B E (5-2) | (3= %) 110/4/22| 110/4122| 1104122 110/4/21] 110/4122| 11014121 | 11074121 | 110//22] 11004121 | 11014121
FEA - - m 11 | 1 | 1025 ] 105 | 105 | 7 9 | 15 | 62 | 7
K - - m | 5291 | 5066 | 4817 | 5109 | 5619 | 5230 | 4968 | 4.940 | 4884 | 4675
oH ; - - 56 | 66 | 72 | 590 | 6 | 62 | 65 | 65 | 65 | 57
EC : ~ |umholom] 1640 | 828 | 1820 | 906 | 1550 | 1160 | 885 | 1070 | 943 | 550
DO - - mgL | 03 | 06 | 05 | 04 | 05 | 02 | 14 | 07 | 06 | 02
ORP - - mv | 54 | 115 | 113 | -147 | 154 | 134 | 222 | 958 | 234 | 221
R - - NTU 40.2 241 70.2 76.6 31.6 118 99.6 73.6 40.4 621
i - 15 mglL | - | 103 | - - - - - - ~ | 286
T - 625 mgl | - | 123 | - : : - - - | 265
F it pe - - mg/L - 0.63 - - - - - - - 2.92
3 ¥ - 0.25 mg/L - <0.05(0.04) R - R R N N N 0.21
LA 10 5 mgll | - ND - - - - - - ~ | <L00
A 100 50 mgl | - ND | - - - - : : T <400
R - 10 mgl | - 1 - - - - - : | 149
111-4¢%= 2 1 mg/L_|<0.0100|<0.0100] ND |<0.0100] ND |<0.0100] ND | ND | ND | ND
1,12-= % ¢ 'z 0.05 0.025 mg/L {<0.0100|<0.0100|{ ND |<0.0100 ND |<0.0100 ND ND ND ND
11-§2% 0.07 0035 | mg/L |<0.0100] 0.192 | 0.0284 | 0.0358 | 0.00366 |<0.0100| ND |0.00422| ND |<0.00100
11— 5= 85 425 | mg/L |<0.0100] 0.152 |<000100|<0.0100] ND |<0.0100] ND |0.00109] ND | ND
12-- % % 6 3 mg/L |{<0.0100|<0.0100|{ ND |<0.0100 ND |<0.0100 ND ND ND ND
12-5c= 0.05 0025 | mglL |<0.0100[<0.0100] ND |<0.0100] ND |<0.0100] ND | ND | ND | ND
14- i % 0.75 0375 | mglL |<0.0100[<0.0100] ND |<0.0100] ND |<0.0100] ND | ND | ND | ND
E3 0.05 0.025 mg/L |{<0.0100|<0.0100|{ ND |<0.0100 ND |<0.0100 ND ND ND ND
T 0.05 0025 | mglL |<0.0100[<0.0100] ND |<0.0100] ND |<0.0100] ND | ND | ND | ND
i % 1 05 mg/L_|<0.0100[<0.0100] ND |<0.0100] ND |<0.0100] ND | ND | ND | ND
% "%E ) 1 0.5 mg/L |{<0.0100|<0.0100|{ ND |<0.0100 ND |<0.0100 ND ND ND ND
i 0.3 015 | mg/L |<0.0100|<0.0100] ND |<0.0100] ND |<0.0100] ND | ND | ND | ND
12~ £ ¢ % 0.7 035 | mglL | 0.632 | 1.52 | 0.0222 | 0.742 | 0.0275 | 0.104 |<0.00100] 0.0883 | ND |<0.00100
[ 7 35 mg/L |{<0.0100|<0.0100|{ ND |<0.0100 ND |<0.0100 ND ND ND ND
EEES 100 50 mg/L_|<0.0300[<0.0300] ND |<0.0300] ND |<0.0300] ND | ND | ND | ND
“ i % 0.05 0025 | mglL |<0.0100[<0.0100] ND |<0.0100] ND |<0.0100] ND | ND | ND | ND
3 0.4 0.2 mg/L |{<0.0100|<0.0100|{ ND |<0.0100 ND |<0.0100 ND ND ND ND
T % 0.05 0025 | mglL |<0.0100[<0.0100] ND |<0.0100] ND |<0.0100] ND | ND | ND | ND
kS 10 5 mg/L |<0.0100|<0.0100] ND |<0.0100] ND |<0.0100] ND | ND | ND | ND
F-12-- & ¢ % 1 0.5 mg/L {<0.0100|<0.0100|{ ND |<0.0100 ND |<0.0100 ND ND ND ND
S iy 0.05 0025 | mglL | 00382 0459 | ND | 0.0685|0.00235| 0.0161 | 0.0597 | 0.00528 | 0.0165 | 0.0638
& 0.02 0.01 mg/L | 0.0889 | 0.0108 |<0.00100| 0.112 |0.00104 |<0.0100 ND ND ND ND
i SNy Y 1 0.5 mg/L {<0.0100|<0.0100|{ ND |<0.0100 ND |<0.0100 ND ND ND ND
A WA HERER T K G ARE(S - &)

FEF WA TR EARER T KE R

ERIEE(E - &)
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(z) ~#HA F12 EcoPlate & #5% %
Bk S m A A A TR RIS R Aok 6977 o AERITA Bakand B
~ o “f 7 B 41 Dehalococcoides spp. *t » B ts 3 i (N HA T2 Dehalogenimonas spp.
BAEN Ak TR AT RS ﬂmr‘—]g]ﬁg, AT 6P F- BEA
% 1! epoxyalkane coenzyme M transferase (EaCoMT)4p B 2 F](entC gene) o AE R
FTAFhR et BRI EEET - ER O3 X T RABRSEEETERE AFTF
AR S ERIMAG R EY PREBOERDRMN ) F AR T
AR LR B IUEILG R L R AR 0L R S LR L
B o JEPIF R BB R I EA L F i B FHHer THERZ 2%
2R i%‘-im' Ertifp !t 2R M F CEFRATIRARD. > A 2E
P T RS X TIAE R FAPERE O RES TREDPIRT 0P
IR Tk BRIFEY T REBRNECFFL o RF) LT R
Brabe FORGE S B RUARILE G ST B e FE NN 7 & B
HIHRME FIMAHEHITAFRD vERT AT RS 7 AR 7 F RFHEMA 1 E
B § S U S IR SR REvE: S0 RIS EAEIE S I ST QNTE - SRR
R R
¥ ot ’,ﬁﬁgﬁibiﬂi'“krﬁ;‘, v B

EonOE WAL 3 R St s k-
4 ‘

F e SRR TR 25 FIRR A ESTE &
%o e AAp B AR FlRR R 0 B 1lm R TR
’:E' 7 entC gene 7 7 % T(AD)2 v & 2p i(»(TF)¥ T -k Bl 5
TS S Ig,»jm,x— ERXEMT W FEINEEHOEDEL(LE AP
P‘T'}é)ﬁﬂ oA ok fFEHE B A AT o m X TR
AR g BRI TR A EDRERBEEE DL
1€ 7 i‘é}‘f— AR F PR AP R 0 A ek 6977 o il
AFF Y s G4 %> @ L B3 P KL BH & 2018 &3 £ 3 Journal of
Cleaner Production #} ] ¢1< %" Enhanced bioremediation of TCE-contaminated

groundwater using gamma poly-glutamic acid as the primary substrate” -+ H ¢ 3% 7|4
Wity -RE4 e (v-PCGARL AT HH224 ¢ ‘%%(TCE);‘% oerph Tok P

SR AHRFIRT B AL A R BERG WA 2 TCE %
FIRL AP FRAEGATRNT AP K FJ‘”‘ B 4v (Sheuetal., 2018) < 3%
v FIILRT '}ﬁ—Ljf@+‘5? #i¢ * DGGE &7 FAtp 1 A 47 > 4oig * NGS ¥ TR 2

ARl 247 € L 5 #EIp? o 44t o Fan % 4 & 2022 £ 1 7 4 4% Journal of
Hazardous Materials 7<% %” Mechanism of bio-electrokinetic remediation of pyrene
contaminated soil: Effects of an electric field on the degradation pathway and microbial
metabolic processes” » # I @ * T # 4 F & 4 F FILF W opyrene ;5 Zoend 3

BEE s R F el ];];}p {3 I 5 penfFis > 2 (Fanetal., 2022) 0
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306 Hud M B TR A SR 8 A4 SR T

Species

functional genes

alpha subunit of epoxyalkane particulate methane Soluble
] ) chloroethene-
. Dehalococcoides Dehalogenimonas ) alkene coenzyme M monooxygenase gene methane
PCR detection rate reductive
spp. spp. monooxygenase transferase (pmoA) monooxygenase
dehalogenase(vcrA)
(AKMO)(etnC) (EaCoMT)(etnE) gene (mmoX)
7m-water (n=2) 2 (1000%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%)
11m-water (n=7) 4 (57.1%) 0 (0%) 0 (0%) 1 (14.3%) 0 (0%) 0 (0%) 0 (0%)
9.5m-water (n=1) 0 (0%) 1 (100%0) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%)
SB_soil_surface layer(upper) (n=18) 2 (11.1%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%)
SB_soil_surface-middle layer(middle) 1 (5.9%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%)
. 0
(n=17)

SB_soil_deep layer (deep) (n=16) 2 (12.5%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%)
SB_soil_outside layer(outside) (n=9) 5 (55.5%0) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%)
TF_water (n=25)% - & & 7 (28%) 8 (32%) 9 (36%) 6 (24%) 13 (52%) 5 (20%) 3 (12%)

AD_water (n=3)% - & & 0 (0%0) 2 (66.7%) 1 (33.3%) 0 (0%) 0 (0%) 1 (33.3%) 1 (33.3%)
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(I) ¥ TR+ 165 Gia A Hr 4%

AFA G HH IR R B TR AT 16s 2 £ B 74 470 %3 Venn Bl A 1758
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miEREGHE S 2 9.5mFAE A7 Amphiplicatus { 3 %% > Aa > 283 Tm
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