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T RRAE R 69 FRIE LM . MEH2305 i it dF A e Aa A M IEMR AL RIE R, ERAF 7 RF WK
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Abstract: [Objective] Antibiotics as emerging pollutants have aroused wide concern. In view
of the shortage of effective tetracycline-degrading strains, this study aims to screen and
identify the strains for tetracycline degradation, analyze degradation properties and type,
pinpoint the localization of active substances for bio-degradation, and evaluate the
physiological toxicity of degradation products. [Methods] Tetracycline was used as the sole
carbon source to screen out the target strain from tetracycline-contaminated pig sludge. The
strain was 1identified based on colony morphology, physiological and biochemical
characteristics, scanning electron microscopy images, and the 16S rRNA gene sequence.
Different carbon sources, pH, and removal kinetics were employed to characterize the
degradation process of the strain. Different components of the strain were extracted to
determine the degradation type of tetracycline by the strain. Furthermore, the intracellular and
extracellular fluids of the strain were used to degrade tetracycline, so as to determine the
location of the active substance for degradation. Finally, the toxicity of the degradation
products was assessed. [Results] The strain MEH2305 was screened out and identified as
Enterobacter hormaechei, which showed the best degradation performance at pH 7.0 and with
tryptone as the carbon source. Strain MEH2305 showed a total tetracycline removal rate of
68% on the 7th day of culture via abiotic degradation and bio-degradation, and the removal
rates of oxytetracycline and doxycycline hydrochloride were 53% and 56%, respectively. The
tetracycline removal efficiency by the intracellular and extracellular fluids of MEH2305 was
40.77% and 31.18%, respectively. Compared with tetracycline control without MEH2305, the
tetracycline degradation products of MEH2305 had reduced physiological toxicity on
Gram-negative Escherichia coli K88 and Gram-positive Bacillus subtilis 168. [Conclusion]
The strain MEH2305 can be used as an effective and safe tetracycline-degrading strain for the
treatment of antibiotics in the environment.

Keywords: tetracycline; Enterobacter hormaechei; biodegradation; bioadsorption; physiological
toxicity

DU PR % 2K $T 4 & (tetracycline antibiotics, ML (RNA 54N AR SS &, 2R B
TCs) AT LA £ 900 il 40 787 2 11 52 5 i, AATTBELLE: AT SR TR FATT P AR R 2y

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



828

WANG Siyu et al. | Acta Microbiologica Sinica, 2024, 64(3)

WM, TCs FEAERIE P S 00, fEd
] 0 2 ol FH 2 e R BT A RS 1B —Fh e A
PEALG Y, TCs 76 A ARG P AR 2218, H
K L B REE: RS RGBT AE RPN A
PrAERBUMERE R A7 A, Ko B b (]
TCs i H R A FREE o % 075 gt 2 — 20, il
2] FEEIEK . BHOL ARG A SHEL TCs
JEK, 15 TCs 5% B 20K A A 1) e 18 kg
PAEA, e ERK%m, 2580t
ANEMBY el TCs, KR
50%—80%F TCs 5% B ¥ LR AL & W 8
Hege 2Rk ip Y I BSR4 238 R G-, fE
J NZARE , AR 5% B DO PR 2 15 YL A3z 3] 1
iz, Wik, FFARSHEOES TCs LB
AN Y TCs V5 Y2 ) UHAT T = L,

HAT, PUFRZ (tetracycline, TC)AY P FH
RS SORAE|HEE /] g /L oI N =
FHK i) R W R f o7 . Hoep, Rk P b
fiff TR IR N R T B R 2 W A T AR W AR, AT
15 5215 Y IR 8 BN PRI 48 S 00 38 ) A 5 44
S Bl e R R B R A A
W, SR e B s A A T RN el A B A R 4
F, EIIRTET. Tl Wy e R X IR BT AT
R ARAS | B AT HAS S i R Y AR
Posh, TEVRFRIU PR 205 Y 5 AR 3 1 ) 2 Ao
Az O

HAR M TCI5 Y5 I BB 70 25 A 2 18
PR, HOX S RRAEA I TC B85 37 3 b AR K A7,
fH 99% LA F YRR HJE BAT 251, ANEEA AL
HuREAR TC RN, BRIk, 4y BT E TC R
PRI MRS — T T AR L A 9 3R W DL e 0 2 AT
T (Bacillus velezensis) Al-Dhabi 140" 52 5111 %

H (Klebsiella sp.) TR3!™ | &% B g &
(Pseudomonas sp.) XS-18" . #h i v F K &

77T

(Serratia marcescens) WWwW1s! |
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(Alcaligenes sp.) TI17" | /K 2% % & B #F
(Sphingobacterium mizutaii) S12117 M ¥ 4
FF i (Sphingobacterium changzhouense) TC93 11
S B 5 FF i (Arthrobacter nicotianae) OTC-16!"*!
IR ZE 61 KT 1 (Bacillus cereus) LZ0 1! F1 58510
[C i (Klebsiella sp.) SQY 52441 %f TC HA [
fiftBE 1. Shao AFPVMIRTTE e rh 7 8 H— ko
AR HF (Klebsiellasp.) SQY5, iZH R HA TR
W REfE TC Be I MRS ILRE JT o MM B FF I
(Arthrobacter nicotianag) OTC-16 i i if Ji 1%
% (oxytetracycline, OTC)H/Kfi# =¥ OTC
AL ARTEAR ™, ARG T OTC %4k
PR

WG USRI TC V5 e k375 e JkE
b, OB PRALH —RA AR AE TC A PR
MEH2305 . B A WA . A A fk Je 16S
rRNA 5 PRy 45 T B HL 20 8 IR AT I
(Enterobacter hormaechei) ., i 13 AN [ 4MEHK . pH
R Bk s Ji A BB R TC R REfRFRNE, BT
AV A W o i A A W R R A R R N TC 2B 94
H, PEBCRRAS R B3 TR H 25 B TC ryfE 2
RY, Itk — 25 DA A PN VRN 41 A RO g A )
Feffe TC MG YEYI BUE AL, B AL B4
AR, BTENAEYNAEIURREAER
PP TN S RS, FFX AR IT K SR ME T
RIS

P

1.1 R
1.1.1 R ZE @At 5

I 35 & (CnHuNO0s, 98%) . + % R
(CoHuN,09, 95%) . #h MR 5 51 % %
(C2oH24N,O5-HCl, 98%)W [ |- ¥ 42 s Ak A= AL L
B A B ] 5 (1% % F A NS B L it B
FLT AR B0 A BR A vl o B0l FH 1) oAt 24
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i 38 R A3 M Al K LA
1.1.2 EHRE

LB #5575 (g/L): BRE MR 10, S fb4h 10,
PEERLHRIY) 5, pH 7.0, AR FRILAIMINA 15 g/L
il . EAERFEE. K LB BB I ARH
WREDUFR (5. 10, 25, 50, 80, 100 mg/L).

FEAhER 1% 47 3 (minimal salt medium, MSM)
(g/L): K,HPO,4 1.5, KH,PO, 0.5, MgSO4 7H,O
0.2, NaCl 1.0, pH 7.0, [E{A&R;F=EE4MNA
15 g/L 35fE - MSM-T 3557 2 : MSM H s i 10 g/L
JREE 1 R . MSM-S 3557 4E: MSM Hifs i 10 g/L
FREEREN o TRERTFREL . K MSM Ki 3L
AR B PUFR2E(5.10,25,50, 80, 100 mg/L).

PL_E RGBS HATIIAE 121 °C K 20 min
JERHEI
1.1.3  ZmECH

Mcilvaine-Na,EDTA Z& i : 0.1 mol/L #7145
2, 0.2 mol/L BEfRE 4N, 0.1 mol/L £ — &MY
MR 4N

PUPRZR R : HBEVS AR 5 mL, POFRZRZh 4,
1 g, WIMICHZAERAKEZRF] 100 mL, 153
10 /L BB 78
1.2 TCHEMENES. BRI

A HR L 4 A T A 3 WA A
TC 15475 e AT TC w0 = HEalifl,
PR 1 g MM E T 5 mg/L TC 1Y 100 mL
LB 325, 30 °C, 150 r/min & K ROGIR % 5
Fi. FME2 d, K1 mL WYL SRR A SA
TC 9 100 mL #rf LB K53, B 3 55
Fdedh TC ¥REZE 10, 25. 50, 80. 100 mg/L,
A FREE, HE TC WEER 100 mg/L., f#
MR G — s R R R SR s 4k
FERPLELL TC (100 mg/L) A ME—FRIE A MSM [#
REEFRIE b, 7E 30 °C MEAbKEE 3 d 5, KRR
MR EOBAR . KNFIE AN [F] ) B TRVE , 7E

it MSM [ AR 7R 5L R Rk, gadalifess
I, WERETETE AN | A KB TR R A TR
Wk, AR BB 22, 153
4 bk . R Alifl 3 RGNS TR R S R AEE &
A 20% H il E IR R, 7E-80 °C 17
1.3 TC ERERSHFEMEEERERE
TR 252 MBS | A T A ARG B A KAk
Il % 2 M Bergey’s Manual of Determinative
Bacteriology*?'#17 .
PRHCEAR TR VR T% A 50 mg/L TC (1)
100 mL LB ARG FRIE, DA TC Rxfhd,
30 °C. 150 r/min fEIRIRZ I FRFE TR 18 h 24
BAERW, B ORI, H RN RA L
B . CEEK . R TR DL R 4 ),
PEFT A4 P B SR A L R TR A
1.4 16S rRNA EFFIINERRGEAE
T
BRI el A T AR TR (V) B A B
NFEISERL, ] DNA $2 I G 4 R i B Ak
FLPHIZH 3 DNA, SRA40E 168 rRNA JE 58
1) 27F/1492R AT HG, PCR ¥ 2 Hi ik
55 TA sl e ATy, 15 2R AT 16S
rRNA JEH TS, %7804 58 204 U 15 2 oo
GenBank, FRIFE RS . RPEFHiE L NCBI £k
P P AT X L, HEF TR 2 45 R B MEGA 7.0
B, 44573 (neighbor-joining) #4122 1 51 LY X
ST EE R G R W
1.5 TC MEERMEESFE S
1.5.1 FREINERXSPEBEE AR TC 881520
1 ODgoo 47 1.0 M FHAZF B M 4 B 5% (TRFR
SO BIEER TS A 10 mg/L TC B9 100 mL
MSM $5575E . MSM-S }5575E . MSM-T #5575,
PR SR AL pH 2 7.0, F 30 °C, 150 t/min ¥
HIRGIREFE 7 d I, BOREI S 5% Al B9 TC MR
VS pH (AN 20 B 5% B (ODgoo) , BEALEEMR S 3 4
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AR TR . pH KA pH I, 405
Az ODgoo 2R FH RSN 66 B T

MEH2305 %} TC By EBR5 AN R G Y
(extracellular polymeric substance, EPS)’EE%W
BF(E-A) . 2L A= IR (C-A) A= IREA# (B) UK
fif(H) 4 5. (1) BariiFed TC (R-T)HA: #%
5 mL 40 IFIRAE 4 °C. 8 000xg B5.0> 15 min,
SRJFE TS 0.22 pm JEERLVE, AR BWE. (2) BR
AUFE TC (R-T)+EPS AWt TC (B-A)+41E
IR TC (C-A)i 43« B Mcilvaine-Na,EDTA
e PR AR R SR RIR S, 4 °CL 8 000xg
20 15 min, 0.22 um JE B8 e . (3) 5%
A7 TC (R-T)+EPS A TC (E-A)iHsy: 4
Mcilvaine-Na,EDTA Z& -5 (1) _F gl SE R iR
4, TE4°C, 8000xg &.0> 15 min, i#id 0.22 um
UEMELT S, URAE FIE . (@) W B IR P AR
K MEH2305 X BRAL, % 5 mL F£5H7E 4 °C.
8 000xg 5.0> 15 min, #RJFH T 0.22 pm 8T
UE, AR B . b UEE AR SR AETE-20 °C,
VWG R AR AT ES(R-T) TC &8 2% 0
AHELTE A 3 2 25 B R T 54 A5
EPS ‘EWIW I (E-A) TC &0, 20 i A 9y e b
(C-A) TC & & AW RfE(B) TC & & FKff(H)
TC &,

LA B RO 5L, BE DAD il #5 5
%K . 238 Extend-C18 RRHD & #F
(50 mmx2.1 mm, 1.8 pm); FzshtH: A. HEE;
B: 0.1% M BR/KIEW ;s C: LMo BREEVER AT .
0-1 min: A 8%, B 84%, C 8%; 1-5 min: A
8%—40%, B 84%—20%, C 8% 40%; 5—6 min:
A 40%—8%, B 20%—84%, C 40%—8%; 6—10 min:
A 8%, B84%, C8%; Jiiik: 0.4 mL/min; A1 :
30 °C, gikEdE 3 pul, Kk 355 nm.
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S =C 100

LBRR (%)=

K, Col 0 dFESLHERARIEES TC MIMKEE; C
R AN [ B i) SR i R R 2 TC MR B
1.5.2 pH XPEMEEER TC BEHHIF T

@i} 0.1 mol/L f) NaOH #I HCl ¥
MSM-T WA F= ZL R i pH 235854 5.0,
7.0, 9.0, 121°C. 30 min &/ EK# G4 . pH
Xof 88 A TR A A S e Ak S ) (13038 T 100 mL
£ 10 mg/L TC 19 MSM-T W8 35 3k rh 4 7 .
e 5% (TR B0 BN ODgoo K 1.0 142
FhIE , 30 °C. 150 r/min #OGCIR GRS 7d )5,
BRI 52 5R AR B TC W . VAT pH {E AN 41 AR
% J¥ (ODgoo), RN 3 AEE KT
it M AAER b
1.5.3 PERER 7d AX TC BEBREIHIE

MEH2305 7E LB #5555 30 °C., 150 r/min
WS NIRRT, RS 5% T
FI P (ODgoo M 1.0)EEFI RIS 10 mg/L TC 1Y
100 mL MSM-T AR F: 5 (pH 7.0)h, 251F
0. 0125, 025, 05, 1,2,3,4,5.6.74d
RARFES, W GRS TC YR . IR pH (H
FILN L% B (ODgoo) . BREHFEM AT 3 DB &
I Ui QN5 S G A i M
1.5.4 FMEEEMRAKIARINEST TC XK
FppAl

R T R 25 1 A PR R S A AR A
TC M P R 2A/E A, B MEH2305 76 LB &
B P R R XA K. MR Zhang 21
R 09 7 VR HR L MEH2305 77 A5 1 20 i P9 i Fh 2
MIAME . S 000xg 0> 10 min i, MEE
T R IR LA R, 0 S 114 200 TR A4 I A A o
AP . PRSI 10 mg/L TC 1Y
100 mL MSM-T & #3555 541, 30 °C., 150 r/min
WECIRG R TR, I R AR E RS TC W,
RS 3 A EE S A T o DU 2 I
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1.6 ERXT AR R E RAVERRIR

TE 515 A 10 mg/L 19145 2 (oxytetracycline,
OTC)FNEL iR 5% 7185 % (doxycycline hydrochloride,

DCH) ) MSM-T & 1A 15 3% £ (pH  7.0) H 46 i)
MEH2305 [%f#% OTC 1 DCH Wfg 1, ¥ 8K
PR PE MEH2305 1925 35 FR 5% R, 30 °C
150 r/min #OGHR 7 H 5% IR 3R 7 d S OFE
A3 5 BR AR UE 5 OTC F1 DCH ¥R . ¥ pH
B FN 20 B %5 2 (ODeoo), BEAFEML T 3 AE I T
S = =3 [l
1.7 FBEFIEIES T

DA 2% [G B M i A 1 (Escherichia coli)
K88 1 =% [ BH 1 T Al 52 2F 961 4 1 (Bacillus
subtilis) 168 JALEW2Eabn, SRR B4 Homl
ETC FEFEF=PIRINEIEERY . KIAFF R K88
IR EZERIAF R 168 43 3I4E LB WA=
30 °C. 150 r/min 754k 18 h, SRJ5H¥5)7%F LB
BiRE AR b A TRl o TR R SR BE ), 4
M HCE TP b, a5l A 200 pL /Y
MEH2305 X TC AN [RIBE e ] AR &, IR A
JorE TC b XT 8. 7E 30 °C TH; 5 24 h 5l
HIEE ER, BAMN WS 3 AMELEHENT
R
1.8 #HIEAIE

i1l SPSS 26 #AF#ATE IR G Hr 5
P&, JH Origin 2021 R, 1250554 DL P-4 {8+
PrfE2E RN, Hid 2 E t K5 (multiple t-test)7)
BEAS [) A 2 ] 6 2 55, R 45 Ak L ] g S 2
2 5(P<0.05).,

2 ZXR53b

21 TCKEBEMSES. ESIFE. £18%
MRS FEMFEE

HAE 100 mg/L i TC ¥eJFZ N T HRA 2%
TP RENS =A% TC pyZmE" Y, 4 TC Ytk

EEE, RIGHE K MEH2305, 740 100 mg/L
TC MR MSM #5553 FAERK BRI, RIRUES
78 MEH2305 IR SFHE N FL A A&,
VR RY , B, RMADGIRIE, 285,
SR (E 1), 22 [RYL AR5 B8 MEH2305
S AN B el G s o B H
RS AR W 8 T 2] L

PR 2R (8 2), EERET
MEH2305 FARINERMW, SR, HESTRH,
AT A S AR R RS, RS, A RPR
— A, AT AR K TC 5 i A A 3 fi i A
i TC SRARMSS GHALE Z 005 #E TC ¥k
FER 50 mg/L MIAH T, MEH2305 1A 451428
B, MR AR

LRI ERAMAAIE . 16S rRNA JE
P9I FI R GE R B e (] 3), o R e v Ak
N K1 (Enterobacter hormaechei), B Hofiy
# °N  Enterobacter hormaechei MEH2305
(GenBank % 35E%5: 0Q555085). WAt B R Hxt
FrAMEAHLIS Y™ R e F O g
ARSI Rk E ST i8R
O 750 I BT R 2R PRIAE 2R g BT Y H
A MR ARRE T MR iz N T AEE R .

/ ) y ‘

1 PEFEBEI¥ MEH2305 RIS HHIE
Figure 1 Morphological characteristics of
degrading strain MEH2305.
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MEH2305 in normal condifich
- r\(? T o .?‘*\\ T
Regulus8100 5.0 kV 9.2 mm x80.0 k SE (UL) 500 nm

) - &éhﬁ#m

Regulus8100 5.0 kV 9.2 mm x80.0 k SE (UL) ' ' " 500 nnff Regulus8100 5.0 kV 9.2 mm x20.0 k SE (UL) ' ' 200 um

2 FEFEEYE MEH2305 ZE EERET(A)FMFZ TC BB &4 T (B)AIFAHEIEE
Figure 2 SEM images of degrading strain MEH2305 under normal condition (A) and TC stress (B).

69 Klebsiella aerogenes KCTC2190 (NR102493)
54 £Enterobacter soli ATCCBAA-21027 (NR117547)
64 | Cedecea lapagei DSM4587 (NR126319)
80 Klebsiella pasteurii SPARK836C1 (NR180640)

Enterobacter hormaechei 10-17 (NR126208)
67 B MEH23S

__ Enterobacter ludwigii EN-119 (NR042349)
Leclercia adecarboxylata CIP82.92 (NR104933)

TrLeclercia adecarboxylata ATCC23216 (NR117405)

Salmonella enterica LT2 (NR074910)

—— Phytobacter palmae S29 (NR179034)
99 1 Phytobacter massiliensis JC163 (NR125600)

94

—
0.002 0

3 TC BEfEEH MEH2305 T 16S rRNA EFEFFIEIREN ARG L BN O

Figure 3 Phylogenetic tree analysis of TC degrading strain MEH2305 based on 16S rRNA gene sequence
homology. Numbers in parentheses are GenBank accession numbers. Numbers at each branch point indicated
the percentage supported by bootstrap values based on 1 000 replications. The scale bar represents 0.002 0
substitutions per nucleotide position.
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2.2 PEFRE MEH2305 ZEARESMNEREMS
THISE I TC £

H & 4 ATH1, 76 TC AME—RRiEAAE T, 4
Ji ] LABEAT A 4K 51 (ODg00=0.457, pH 6.557),
VLB MEH2305 1] DUR R TC A, RFEAR
ROREAR, AR EBREBNN 16%, ] g2
TC (1452 2% 235 ¥4 {5 75 ek ik T AR M 422 K = A1)
TC VERME—mRIEE AR KB . R TC
1) A= O ek ik = 8 3 A QI R4 T, S I &b s B
AE M AN B A KPR AIE A AP B S SR R &, RE DAL
R 73S 5 4 YA DU IR R AR Y >
AN, MEH2305 A LUA] A7 s IR A 1 20
(ODgp=0.618, pH 7.543), {HAEAREM AT
R AE IR AR TC, IR EFRRIUN 19%. 24
N 10 /L RS (RIS, 8P T A
JIN(ODg=0.887, pH 8.463), If HREMS W {1 ik
TC WA A VR AR LB %55 68%.
ZE EPR , AR NERR IT LA iR B 1 g
172, FEONRI AT A A TC WY
FEfRAICR ,, AR R MEH2305 (0518 Ak KRR
fif I MR R S5 14 10 g/L B IR 2R 1T ik o

P F 0 , 78 it A S 4 v 5 2
Segn s a] LIRS AR a8 28 1 KB, IR A A TR
HL & A T ARk, FF o T Re 4 oR 1) A R it T
STUNENOEZS AR S ¥ 11 R 10 S W L [ N
YN FRARIR NV B R B GR 31
NP L BEAR th UE B I, CRRENTE A Mk
T B B A1 2 4 7 A= 4 SURT DAAE R kA KR 3t
PR L FIEALR 2, Tan SEPGE T %Mk IR
(SFR5A . T . B P MRRI R X 200 12 i
R AN IR S, 76 B AR MR i 17 Dl
T, wEAKEKlebsielasp.) YB1 JLF3A A
H:(ODgoo M 0.05), A= YRR 51K (4.40%)
I AE AN FEAME R RIS . AR A2 K (ODgoo M
0.80)FlILE W itk 2.(22.41%) B B 5 48 s . L |

ZERRIARE R A5 R —2, W LUH R T 2L
il , A B A AR R AR B e AN KA T A9
AR, TR DR A 4 R DGR 1) R A A E R A
R AR PG o SR, R TRk AR
PP , AN [ R B 5 T 200 T B S 1 AN A KA
ANTRI RS 430 A5 0 2N R A0 4 Mise 5 R 2L S
ANBE I 2 e 1 22 955 i 741 (Sphingomonas sp.)
CL 5.1 WI%FH, o ARREIERT SR R AR R
PRI, PR55E 2 A7 B BRI X T 2 A P R
it A T ANTT ZAR RE I, AR T 2 2 i
St I B A 2800 v ZE AL
2.3 [&fi#E MEH2305 7£4[E pH &4 T/
AR TC ERR45MH

pH {2 S WA W R DU PR R A S R
Z—, AAGE M B R A AR e I, 15 41 i
FRE 1 S LA K A T 5 2, AT 5 1) 5 5 40 ot
1) IE H WSR3, SR T 5 Wi S vt i
VIR AE P8, B/ 5 BORERHR 7 d A,
MEH2305 7E pH 5.0 #l pH 9.0 54 T 1Y TC £

MEH2305

JR-T mH =mC-A mmE-A
=B  ----pH- - ODy,

100} =— o 109
~ 80 18.0 10.8
S
Q < 81%

S 60F | 84% N 176107 <
= \ T o
> \ = )
g 1| 72
5 40t 10.6
e 16.8
20} T 10.5
8:/0 11% 6.4
0 5% m_ 104

CK Tryptone  Sodium citrate

4 TREISMNERRF MG T E MEH2305 3 TC %
FREYFZNT

Figure 4  Effects of strain MEH2305 on TC
removal under different exogenous carbon conditions.
Error bars represent the standard deviations of the
mean. R-T: Residual TC; H: Hydrolysis; C-A: Cell
biosorption; E-A: Extracellular polymeric substance
biosorption; B: Biodegradation.
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Figure 5 Effect of strain MEH2305 on TC removal
under different pH conditions. Error bars represent
the standard deviations of the mean.
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Figure 6 TC removal kinetics curve of strain
MEH2305 (A), TC distribution ratio (B), and ODg
and pH changes (C) during degradation. Error bars
represent the standard deviations of the mean.

A PR ) i TR (0-0.25 d), #E
A A W A e e L I B A e B B, L
YW AN EPS WEBFF . AN 0.5-1d, 4iEEAb T48
BOESH B, B AR IS K, EPS /i
&, F, gipamz A EPS W AT R, Bl
%IV B SE RS 2-7 d, TC KM 5 HAs s,
A= WA HL ARG, A0 T R RE A K s #
R, BT LA L AR R A, SR,
EPS Wt & L IEARAE , WIHEN R EPS 1R M1
A=) 5 AR HEA T 0 I T R R S A 1 S T £
A W3 I R EPS SEHEAR A AN F Ik
(55 A el
2.5 [&fRE MEH2305 206 % F0 48 a5
BT TC RFREVE N

A AT YWy %) A ) 5 ik 3 S0 38 3k 2 L
BN I S5 o7 A SIEBHLAY , o g 200 TR 2 7 A 41 L
TR AN o FR T TS 1 B 2 IR T ) 4 R 28 347
F#AR, MEH2305 77 Az A4 4 i P 8RN 4 i &1 it
TC IR INAE 1 d J5 2 #nRas (& 7). 4nish
VT LVEIES TC #2fih, 7RG & A T I

50 - —a— TC hydrolysis
—e— Intracellular enzyme of strain MEH2305
—a— Extracellular enzyme of strain MEH2305
S 40t ; §/i
o —
= /{/ i3
G —
,; 30 - /;/é/E
g
g2}
g
g) ] /:/E
] 10F R —
0 1 2 3 4 5 6 7 8

t/d

7 E¥ MEH2305 HAERRMARINERT TC
HIBEREAE R
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extracellular material in strain MEH2305. Error bars
represent the standard deviations of the mean.
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Figure 8 Toxic effects of TC degradation products of strain MEH2305 on Escherichia coli K88 (A) and
Bacillus subtilis 168 (B). Error bars represent the standard deviations of the mean. * indicates significant

differences between treatments at the 0.05 level.
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