R AR Aug. 20, 2013, 40(8): 1522-1530
Microbiology China © 2013 by Institute of Microbiology, CAS
tongbao@im.ac.cn

ihEFXE
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Q. AR T RF WRSHEE TRYBE BRI T B 5w XS T 5
BEHEALRE i 200237)

# E: (B8 6 Ak 1,1L,1-Z & THx(1,1,1-Trichloroethane, 1,1,1-TCA) 4 £ &
7% S 40T AL S b 9 TRAR L4 Dehalobacter spp. (Dhb)RATAAX & &40 5 AF 124
#r. [k ] RA A E#EMNE 6 AT 1,1,1-TCA. 1,1-=R K (1,1-DCAF R LT
Bo(CA)Y R ; @it % & PCR E A A M E 6 MES ¥ Dhb & &8 #F S s 2 16S IRNA
AR B A 3| 4 A Dhb %45 4538 3R4F 49 PCR M T 6 NAF ok 69 Dhb 4% 5114 JL 1%
X, #3595 GenBank F#)RAMAE I MERAL TR, [£R] 6 MNMETHH
1,1-DCA #=(3) CA 943k, Mk 6 43T K F 1,1,1-TCA 7T 46 5 £ £ W %% . £ & PCR
L RAM, 6 Mt Dhb FIEEFHRK . 6 A Dhb - H A KA 41 A7), 47
Poxt sk B AR, 5 A RAR © e i K Hda 495 51 230 B T Dhb B, X85 99%
A AR AL X 2 AR, T AT AR M £ £ L(0OTU). H ¥ 24 £ 4% &F OTUL, % OTU #
35 e 4 i f# 1,1,1-TCA %) Dehalobacter sp. str. TCA1 #) 16S rRNA 2 B 5 7 A8 ik
% 98%; S 49 3/~ OTU 5 GenBank ¥ 16S rRNA 3 B 5 7] Fl R 5 & 124 95%—96%.
[46]) %77 93T K AL S HMEF G QEMMEYN Dehalobacter BHMmE, EAN
THSIH 4G 1,1,1-TCA AHWERA X,

F5238: 1,1,1- = R T, Dehalobacter, 16S rRNA 3 %% 3%, Real-time qPCR, A 4%
i, ZARM
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Diversity of 1,1,1-trichloroethane degrading Dehalobacter
Spp. in contaminated groundwater

JIN Li-Rui' ZHANG Xiao-Jun'" LIHui’ REN Hong-Yan' LIN Kuang-Fei’
LIU Yong-Di* ZHAO Li-Ping'

(1. State Key Laboratory of Microbial Metabolism, School of Life Science & Biotechnology,
Shanghai Jiao Tong University, Shanghai 200240, China)
(2. State Environmental Protection Key Laboratory of Environmental Risk Assessment and Control on
Chemical Process, School of Resources and Environmental Engineering, East China University of
Science and Technology, Shanghai 200237, China)

Abstract: [Objective] In order to study the diversity of Dehalobacter spp. from six
1,1,1-trichloroethane (TCA) contaminated groundwater samples. [Methods] The concentration
of 1,1,1-TCA, 1,1-dichloroethane (DCA) and chloroethane (CA) of each sample was deter-
mined using gas chromatography. Real-time qPCR was performed on each sample to estimate
the ratio of Dehalobacter spp. (Dhb) to the total bacteria. PCR products amplified by combin-
ing 16S rRNA gene universal primer and Dehalobacter group-specific primer were used to
construct six Dhb group-specific clone libraries, respectively. Phylogenetic tree was con-
structed based on the sequences from the clone libraries and their nearest neighbors from
GenBank. [Results] The existence of 1,1-DCA and (or) CA in the 6 samples may associate
with 1,1,1-TCA biodegradation. Real-time qPCR results demonstrated that the ratio of Dhb to
the total bacteria varied in each sample. In total 41 sequences were obtained from these 6 clone
libraries and BLAST showed all their nearest sequences were affiliated to Dhb. These se-
quences were clustered into 7 operational taxonomic units (OTUs) at a threshold of 99% simi-
larity. OTUI (24 sequences) has a similarity of 98% with the 1,1,1-TCA reductively dechlori-
nating strain Dehalobacter sp. str. TCA1. Three other OTUs only has 95%—96% similarity
with their nearest 16S rRNA gene sequences in GenBank. [Conclusion] This study demon-
strated the existence of Dhb in all 6 samples with a relatively high diversity and these Dhb
bacteria might be responsible for the biodegradation of 1,1,1-TCA in the groundwater of sam-
pling sites.

Keywords: 1,1,1-Trichloroethane, Dehalobacter, 16S rRNA gene clone library, Real-time qPCR,
Biodegradation, Diversity

=S &¥5%(1,1,1-Trichloroethane, TCA)J&—#Ff A1 HIREE T, BE Al i BB 250 FI R 1
GIERFENE, AN REETE A, HWgAETYER 1,1,1-TCA nT i A 2uE
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%o 1,1,1-TCA B WK, M T AR R KHE
WO EE AN SRR, S ARZS 2835 B T K &R
GiItBEZ TR, 1M 1,1,1-TCA bt AR e s,
TRMEREAR . I, TCA V54X A 245 R G0 AL 7K
Gars e E . IEC T 201041 H 1 H
ERE IR TCA VRN, {H TCA W5
1,1,I-TCA 7t H AR M T %A £ 25k
A= W R A R A W R A, R TR R AR R IR
M 1,1,-—E 2 HK(1,1-DCE) & C, Jo 3 )23 it
— BB ) R S B A, A R A AR
1,1,-— & & %%¢(1,1-Dichloroethane, 1,1-DCA)al &
Z¥5t(Chloroethane, CA)J CI' . Sun 54355 1 55—
A w] [ f# 1,1,1-TCA F1 1,1-DCA  #Y B ¥k
Dehalobacter restrictus str. TCA1™, Grostern 2%
—AH 1,1, 1-TCA E YL TR HE MSHIE T 16S
rRNA SR RSO, ZIMSCES 27%0 5 E
T DbV, Yang %5 K BAE—A 1,1-DCA &Yk
AUTRTER, Dhb (4%t £ S KR A sTR ,
>k H Peptococcaceae B Dehalobacter (Dhb)J& 4
WA R s & H Dhb WIS R IR v AL
1,1,1-TCA % 1,1-DCA iR JF 5, 52 1,1,1-TCA
1 1,1-DCA HREffs AR, 7rH R vl S i
YEFIRS), Dhb 16S rRNA K SR EH BT
EWIARIC YIRS TCA V5 L3z 1 Lk MR A v
RECO, BT & Dhb YT REXT
1,1,1-TCA V5 Jedz b 1A= MG 2101, SR i ve 4
1k, Dhb J& RZE 1 ANFh D. restrictus, B9 551
Dhb HRERA 3 Bk, D. restrictus str. TCA1?,
D. restrictus str. PER-kK23VVFII D. restrictus str.
TEA®™, HJSMH 2 $REAGEXT 1,1,1-TCA 5
#o Chen S54{0HE 1 FSTTIS IR MINXS 1,1,1-TCA
SEBUAEWEEAL, (AR IRTE R TR B 2 R
A3HTP. Klecka ZH4R3E T 54 F )2 HHERIH T 7K
XF 1,1,1-TCA WAPpeAk, (BIFARRE A TR
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ZREMET, de Best FRIE T —A 7= H BEERE
AP 1,1,1-TCA Ak CA, {RIRFEARXZ R i
T Ret i 2, W 1,1,1-TCA R #IRE, T
HJE Dhb 0% 53 B M ZHEE S Hr i i AN

ASCHFGE T 5 1,1,1-TCA 754373 i 31 T K,
DL 1L11-TCA KRk BhrT5 34, e
Hoggeue g, Fxizi T KA Dhb 47 T E =
ST RN ARG, PR 2% 3 b R Tl A 4 R i
TR RO A TR I S AR RS I AR

1 MRS

11wl EEFAIET
111wk aIerE sk A I AR A w
R 7K TG A IHZ BRI . Z A F H 1989
SRS LUK, FEARES MRS, fEHAE™
SRR, A KEMEH 1,1,1-TCA X481k
s iEvE. DU A R AL /S TUBREIF i 3 T
IKEE, M AR EIE T, AR IR, R
T4 °C VAR TH RN ORAE, HIT a2t . i g
N W1-Wé,
112 FEM#EMKXF: B HE GC-2010;
DM-AQUA S AHi%FE(60 mx0.25 mmx1 pm),
i oh; TekmarHT3 TiZs iAERY; PCR 2EiXH],
TaKaRa; PCR 1Y, Bio-Rad; Z¢ 32} PCR,
BioEasy SYBR Green I Real Time PCR Kit; G
S E . PCR Y, MJ Research, fit &4 M
Opticon Monitor 3; 1,1,1-TCA. 1,1-DCA., CA 1
R taga,
1.2 HARBHNMKERS B FRINE
LM RIS GC-FID %, Tiiss
PERERS AN JERERRAE A 1 mL; TZSHE
J1: 68 947 Pa; THZSHEE: 50 °C; #EAEIRELEE:
100 °C; fEHZRIERE: 100 °C; “F-#ifE: 45 min;
GC fEEREFE]: 35 min; AT E: 2 min; s id
[8]: 0.20 min; #EFERTE]: 1 min, GC 234440
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T Rllgs: FID; A JiH: 30 mL/min; ikt
i 3 mL/min; #EFECIREE: 200 °C; HE&:
40 °C; REMZRIEEE: 250 °C; AMfikb: 10:1; 2
Ny; A 60 mo SR IR B R S B FHe tk F
W FHEERRDLL PXI-1B BB T oRL
A TINAE
1.3 6 N5 DNA HIIZEY

1.1 R FHL T K, B4 2 000xg B0 25
FEAH IRV 2, M8 13 LL Liv W07
TEARE DNAM,
1.4 Dhb $551% PCR

KH Dhb R 5% F TR ES 9 4771 (5'-GATT
GACGGTACCTAACGAGG-3")Hl 647r (5-TACA
GTTTCCAATGCTTTACGG-3")P*1Xf 1.3 Hi53fY)
6 MEAL Y DNA 435547 Dhb JEATE 16S rRNA

FED R 14, A SC{di ] RDP-Release 10 H1
Probe Match X261 5 | 9 00 45 S Al R A0 364 7
THEHEAN

25 uL ¥ 1 WA ZR: 10xBuffer, 0.2 mmol/L
dNTPs, 2 mmol/L MgCl,, 0.75 U Taq i, I Fiif5|
)4 12.5 pmol, DNA it & 10 ng. PCR [ 5%
£: 94 °C 10 min; 94 °C 30 s, 63 °C 30 s, 72 °C
30's, 3t 45 AMEFF; 72 °C 10 min. LA 1.2%3E 50
B L TG PCR PRIy A BRI
1.5 Dhb 52 ELRKAEE PCR

PL 1.3 16 MEEARY DNA W, ffH
Real-time qPCR J5 k45X 6 MEA I Dhb
ST T A E A
1.5.1 Dhb FrF LK N TEE PCR: 25 pL J
MAKZ: 1.5 U Taq 1, 12.5 uL 2xSYBR green |
mix, I %519 DHB477f Fil DHB647r 4K
12.5 pmol, DNA Bz f 10 ng. ¥ I4EITFS% L
BR[3 )M T 3&E 24152 94 °C 10 min; 94 °C 30 s,
63 °C 30's, 72 °C 30 s, 83 °C i## 5 s, 3 45 M
;72 °C 30 min; #filiZk 65 °C—95 °C 45 0.5 °C

BEtR 5 so BEASET 3 IREE

PRl o5 ¥ 1.4 Pi331E) PCR )
aifb)5, K TA 5% (pGEM-T easy vector sys-
tem I, Promega, USA), ik HM:EEH T7 514

AT (LR, BEHoh Dhb &, 5
Dehalobacter sp. str. PER-K23 16S rRNA FE[HH
SAFBNFRIPE R 100%. $EEUTORL IS FHAE € s
Ed o
1.52 BERIAEAER PCR: 25 pL Rk
I 151, BEY I PH Uni33lF M
Uni797R™), P HEFLFUNR: 95 °C 4 min; 95 °C
155, 60 °C 1 min, 80 °C {4k 5 s, H 45 MEH,
Yafirth<k 65 °C—95 °C, 4% 0.5 °C $2#l 5 s, F4
FEARDEAT 3 IREH .

PREM &l s RHALRESA
Lactobacillus sp. 16S rRNA F K 41K ¥ 51 i) Ji L
DNA 1EN & s hnifidt o
1.6 Dhb HF 4w EXEMMESFIISH

DL 1.3 6 MR DNA AR, DL
16S rRNA FE [N 5[4 27('F1 DHB647r A |-
THES1Y, XF 6 AMEERL Y DNA 43 3 T8 3 . 5
AR R 1.4, PCR W A5F: 94 °C 10 min; 94 °C
30's, 60 °C 30 s, 72 °C 90 s, 3L 30 IMEF; 72 °C
10 min. 7% PCR P=¥4ti{b)5 ] T4 DNA % ;i
#3%E pGEM T-Easy mifE#kiA(Promega), #41k
2| Escherichia coli DH5a JESZZSHRMI, ik fH
PESERE, 0l T7 519 il e (36 75) . B
1P HHE AR 99% AR ERI 4 OTU, R
Good Z5EM T TR bSO IEZ, THEAR
WF: [1-(n/N)]x100%, HHrn HEAFRER OTU
B, N R ra kS Shannon-Wiener Z2FE TS %k

HHEAR H=3PInP; (P=N/N), H N, K
OTU MFLRES H, N R SCFE R B se s e,

B4~ OTU i Bt — R 3R /¥ 91 £ GenBank
(http://www.ncbi.nlm.nih.gov/BLAST/) s E
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BLAST, FHEAARUT I KA OTU MIERF 9
G e HoAE GenBank U4 2 1 5 AHBL Y 13 51 LA

Clutser il MEGA 505 ## &% % & # 21
(Neighbor-Joining tree 7%:)., Bootstrap 7ML
KOS ) Ge it a5 B . ABFE TR 168
rRNA JE K J7 51| ¥£ GenBank H [ % 3¢ 5 N
JQ757004-JQ757044 .

R0

6 MERMBHMSERRNEBFIRE
6 MEA 1,1,1-TCA, 1,1-DCA, CA & CI'#¢
JEM LRI 1. B 1 AT, W FRS A W2
FEAREY TCA I DCA WRESE R THE 4 S,
W1 Fl W6 [ CUHEE = FH B R .

F1 ZHEMPRIAES CUKE

Table 1 Concentration of chlorinated hydrocarbon and CI in samples

Samples 1,1,1-TCA (ng/L) 1,1-DCA (ug/L) CA (pg/L) CI” (mol/L)
W1 75 866 54757 111 0.076 8
W2 71 812 142 933 97 0.044 1
W3 8612 5155 3 407 0.003 6
W4 2814 3832 11 0.009 1
W5 2167 7235 5678 0.002 8
W6 / / 800 0.070 5

e ART R FR.
Note: /: Under detection limit.
2.2 6 MR Dhb BIFE

i@ 11 {#i F§ RDP-Release 10 H1/ Probe Match,
WRETEA ARVIRETCI AT, #5194 DHB477f
Fil DHB647r S5 RDP ¥ K K F
1200 bp FIHTA 16S rRNA FEH AT HLER, KBS
DHBA477f 58 4 VLHL i) 75 4 J& T Dhb . Ff 1
Dhb JEH 81.3%H 16S tRNA F:[HAE5i%Z5¥5¢
4UCHL, 5 DHB647r 5¢ 2 VLELHTH T 83.3% /8
T Dhb J&, 167%JE T 5 Dhb [F B 1Y
Syntrophobotulus J& . 54&PEH Dhb J& T 78.1%I1)
16S rRNA EPHE 5 %5158 2 VLhc, X c
HRIE STk Dhb 16S rRNA BEPR: Sk 5 | 1
FLA, Zead Xf 5 | e S A R AR 1 25 T 3
RIS | HAT B W R S R R R, Je 4k
AT TAERH T A5 14

2833 %} 6 MEEAH) DNA 439361 T Dhb Fi 5
PE A 1), BB 6 MEARBRIY K E R

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

171 bp 1) Dhb Fe5E B o EW] 6 SRS 1
TAKPHEEAE Dhb.
23 6 MHARAINEENNER

R 151 e i Bk il VEAR e R 4R, R
e M 10*—10° Copies/uL, 153 Dhb F5F1EDE
SEHE R PCR AYARMEMZE =0.997, R 1.5.2

bp M 1 2 3 4 5 6 NC

1 6 NS Dhb 5514 PCR
Fig. 1 Dhb group-specific PCR result
7E: M: DNA marker; 1-6: # F7KEE S W1-W6; NC: BAE

Note: M: DNA marker; 1-6: Ground water samples W1-W6;
NC: Negative control.
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Hh I BRI VE AR E Tk, TR EE N 107 #]
10° Copies/uL, 15559 GILHT 2 # PCR bR
HERNZE 1=0.997, K54k 10 ng DNA ' Dhb 1) 16S
rRNA JERFE DB LU 16S rRNA JE[H % 1
B, 1BRSEE T Dhb TE B E PRI E . 4
TS ILFER TG Dhb I F 22 F IR K 2),
W2 S, N 31.5%; 1 W3 Fl W6 FMEE S
(1) Dhb FFELH 0.1%.
2.4 Dhb H5FMREXEMESFIISH
FIRESERT 6 RSB EE T 6 1> Dhb R 5
PETERESCPE, HASE T 41 550559, I R4t
JEHABRUE R T 99% bR HERT %] 438 7 4~ OUT
(F 3). HIFE 3 0IH1 6 MRS I A 22 KR,
Hrr W1, W4 Fil W5 FEEL T Dhb R s—,
W2 W3 FI W6 5 B Dhb R e RR i FE .
WE 2 i, fEREE 6 A~ Dhb RS b
SCEH OTUL A OTU2 2P (F 5 A e LA
), AftEZ BRI, HEdh W6 i OTU 26
B Z, 2R . OTUL (24 Tk R 3
FEREER KR OTU, & &1 F 4 B
58.5%, BLAST FIRGABREN OTUL 5T M
HAREME 1,1,1-TCA REJIMIERE Dehalobacter sp.
str. TCA1PI1Y 16S rRNA LR 7SI AR 98%,
HzJaHw 2 tho MAA R =R BANE L
WS BE JIHTE AR Dehalobacter sp. str. PER-K23F
Dehalobacter sp. str. TEAPHELIE BT,

RIS 99%; 52k B REiE =R LR AR
ERFRITERE YKI19. >k [ R = S AORBE R R
EEFRI SERE STA-47 ok A R B-7S A AR
RIGFEHITERE E1. R ARG 1,2- AN
K5 FRI0 TE M SHA-67 . SHD-11 #ELIH B 4T,
FHRIPERI A 99%., OTU2 (8 4~ 5ikE) di 5 I 751
BB 19.5%, &SR RIS OTU, S
RFERE SHD-11 #HLIE B A, ARLIPESS 100%;
Y Dehalobacter sp. str. TCA1 R 98%.
OTU4 1 OTU7 5 Dehalobacter sp. str. TCA1 #{L
PR 97%. OTUS (2 1 F5ekE)F OTU6 (1 1Fif%)
5k A H A S b B eE = 22 W2 00 2 0 st A=
P& R B 35 Tl HDBW-WBS2 AU i, 34
9 96%, SHIARVEME E1 BFF AL N 94%.,
OTU3 (2 P~waf) HHTA wfE YK19 FsefE E1 1Y
AR E SR, H412R 95%.

ZARGHAR AR TS Dhb & FFHY
Desulfitobacterium J& PP TRARIFH, AT
IO TR AR 43 0l B AT TSR B R DU 58 2 M 30 i o 5
HIRE 1, Lh Bacillus J&TAKE DSM10 BFFI1EN
HEE o

F2 BtEm™ Dhb BN EELE

Table 2 The relative percentage of Dhb to the total
bacteria in each sample

Samples Wi W2 W3 W4 W5 W6
Dhb in total
bacteria (%) 135 315 01 69 14 0.1

R3 61 Dhh FRMEREXEMERS S HIEEL

Table 3 Diversity index and coverage of six Dhb group-specific clone libraries

Samples W1 W2 W3 W4 W5 w6 Total
Number of clones 5 10 7 5 5 9 41
Number of OTUs 1 2 2 1 1 5 7
Good’s coverage (%) 100 100 100 100 100 88.8 97.6
Shannon’s index (H) 0 0.50 0.60 0 0 1.58 1.31
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65

62

— Uncultured bacterium clone SJA-47 (AJ009464)
Dehalobacter restrictus str. TEA (Y10164)
Uncultured bacterium clone E1 (AY766465.1)

Uncultured bacterium clone YK19 (DQ833348)

L Dehalobacter restrictus str. PER-K23 (U84497.2)
Dehalobacter restrictus str. TCA1 (AF507944)

08 5 OTUI (24 clones, sample W1, W2, W3, W4, W5, W6)

OTU4 (2 clones, sample W6)

9_2{ Uncultured bacterium clone SHD-11 (AJ278164.2)

] OTU2 (8 clones, sample W1, W2, W3, W5)

[ Uncultured bacterium clone SJA-19 (AJ009454)

65 97 ~ Uncultured bacterium clone SHA-67 (AJ249096)

94

——OTU7 (2 clones, sample W6)

OTUG (1 clone, sample W6)

82

61

OTUS (2 clones, sample W6)
Uncultured bacterium clone HDBW-WB52 (AB237715)

OTU3 (2 clones, sample W3)

Desulfitobacterium frappieri str. PCP1 (U40078)

100

Desulfitobacterium sp. str. PCE1 (X81032)

E——
0.02

Bacillus subtilis str. DSM10 (AJ276351.1)

2 6 NRBEXET Dhb BE S GenBank FERABUFFIMZM AR S 4 B H
Fig. 2 Neighbor-Joining tree shows the phylogenetic relationships among Dhb sequences in
6 clone libraries and their closely related sequences from GenBank

TE: B4~ OTU By seRER H MR IFARAERS 5 har it AR AU 2% (L.

Note: Number and the source of clones of each OTU were indicated in the parentheses. Scale bar length represents a 2% evolutionary

distance.
3 itk

FE I TER 25 R, 6 MRS IA
1,1,1-TCA AW REf# ) 1,1-DCA FI(5K) CA 1
i, X 6 AN 1,1,1-TCA H#IrT g%
AT AR, FTREFAAE ATREA% 1,1,1-TCA HITH
H¥). Dhb FE5FPE PCR FlzE = PCR 25 %EW 6
AKE S R EBIEAE Dhb, {5 Dhb 16240 T b E 5
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P2 AR, HREik 31.5% (FES W2), BIEA R
1% (BEfh W3 R W6), 7oAk fh 22 3 R AR
Z, TEHBTR 7K 1,1,1-TCA 1E NSNS &),
AR A D B, ASRERI FH LR A -5k
TRRE A K WA B S B e/b, Th— e RengiE
X 1,1,1-TCA A, FFRAFRER A,
U Dhb W0l w4 o (H AR 7K b R AE
HEAVW, ATH X ST ALY B 40 TR ] GE 25
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A MK E IR R AR . Alk
WIRHAI AR . K SCHUBRESHIARFSEHR R, #a
SN Dhb WFERE . AABFRRAS R BN 6 4 T /KA
i Y CIMR 22 RABAR K, mIRERE iz
R LR 1,1,1-TCA FEARRIFA it AR FE
) e A P 380

6 MNILMESCERMR 41 FHE T, &
BLAST HXF4r#/a &3, 5 e MTEARRIE E A
AL )P 5 5B 8 T Dehalobacter J& . &
GRBER R, ERHALHE OTU (OTUL 5
OTU2)5j D. restrictus str. TCA1 AT N 98%,
OTU4. OTU7 5 D. restrictus str. TCA1 F{I44: R
97%, H ik 44~ OTU S5k AR —HE k. =
FACHE . B-ANFALIE . AN R R Ay R R
SR e A AR &, RIAAGH T RAES
% W Dehalobacter & M, 1R 7] fig B A
L1L,1-TCA R JFE A RE ], FIfiES 61 RAEI A H
TKH 1,1,1-TCA A IRERREAT G, SCFEH 34
P OTUS . OTU6., OTU3 5 GenBank FFEVA
) 16S rRNA 75 [ A ST 96%, 1]
ZHL T K A AT BE HLAT — 26 F S R A
TR, EATATREARMFTF . RS W6 LA
T H TCA #1 DCA, L&A ER CA, X
it Dhb M ZFEERE RS, 45 5 4 OTU,
XAfESR T TCA I DCA Ay BRIEMR T5810%
XTER TR I RIVER, (A5 —J7 T, Dhb SR
LLflfE We HEah P HUR AR, X AT RER A
TCA 5 DCA W= 30T Dhb IKPHIFREI, M
M2 T Dhb WEFE

VFEWIFELE 1,1,1-TCA 8R4 BACIR I A
RR AT I A, nFR A K GIH(ESO).
FLIREL . BEIRELE, (et Dhb AP H
Dhb MR A FE IR0 I A A LR B5 Y49k
BRI SCERARE, Dhb 48534k
HOH Dhb MR G FRY AT DI & e . AR

BilE . 4,5,6,7-WUSREL, B-/SAfR . Afif—
AR TR AN, B2, HRELH
B FE B EINRER Dhb RS EREXRHE PSR
F TS Y HLAT B 25 S AR T s R SO T
ik iz sy B B 1,1,1-TCA &5l 5
AERY Dhb RS SEYIME 1,1,1-TCA 5% b4 it i
FFEUE T —E WIS

2 % X M
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