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Resistance spectrum and removal characteristics of organomercurial compounds were compared by using three mercury-
resistant Bacillus strains (Bacillus megaterium MBI, Bacillus cereus RC607, and Bacillus cereus VKM684) which possess
identical mer operons. Although the three Bacillus strains could remove all of the tested organomercurials, B. cereus RC607
and B. cereus VKM684 showed higher organomercury resistance profiles than that of B. megaterium MBI1. To understand
the functional roles of three merB genes (merBl1, merB2, and merB3) possessed by the three Bacillus strains, organomercu-
rial removal of recombinant Escherichia coli clones carrying each merB gene was characterized. The recombinant E. coli
carrying the merB3 could remove all of the tested organomercurials, while the recombinant E. coli carrying the merB2 and
the recombinant E. coli carrying the merB1 could not remove methylmercury. However, the recombinant E. coli carrying
the merB3 gene conferred relatively low removal rate of organomercurials than those of wild type strains, B. cereus RC607
and B. cereus VKM684. From these results, it is concluded that wild type strain B. cereus RC607 or B. cereus VKM684 is
effective for biological remediation or biological treatment of toxic organomercurials contamination.
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als
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BT X - THEBR IR TWD 2 ENANLR TV 5109, mer
Fw v OREBLE, KRS 4 VAT B GRS
F (merR %), KA * v & flIEP -~k 3 % KRk
BAZT (merT, merP 55), MINAPNCHE RS S ALic KR 1 A4 v
% BB AKERICRTC T B KSR TR BRI T (merd) & X
OB BRI G a2 K1 4 v E BB~ RS 5
KRy IR RN T (merB) 7o & DBIE TR B Te > T
U 51009 23D Tl B O K ERIC 75 e & M7= REA IR D K
RBIEJEN D, Bacillus JEX> Pseudomonas &7t X DK
SR PE M 2 2R BE S v, kR 2 I G BOKEU L & % o5
RUBILT A Z L2 o> TKIBEZILL T 5 2 L2
HEI T\ B4,

CHETOERZ DRI E T, AHEKEILEYE
iR UK 2w L T & KB EME S5 2 LA H
BE LT, 2F A KGITTHY S e Mg OREAR R DK R
BIEJEY v T Annb 7 7 2Btk O KR M Bacillus
megaterium MB1 %538t L 729, Z O B. megaterium MB1
D mer FXu VDN TR, T2V IDOKRA
b v EEEKJED B 4 X e Bacillus cereus RC607 X B.
cereus VKM684 MR T 5 mer +=u v &4 [[A—
THDHZEDNHLDITIR 5 7248924, X BT, B. megate-
rium MB1 ® mer #-=wv ¥ TnMERIl &% U714k
ks A2 I FSvAEY Y vy rZrae—L
LTCa—FENTWBIEDNHLNCI -1 Tz,
D mer * 2w VTt 3OO MR B IE T
(merBl, merB2, merB3) "2 — NI NTEH, ZhboD
merB LT ORI IERD TR Z LB R T
%9, MerB # v /% 7'& (merB LT FEW) 1%, HHK
ORI (C-Hg) f56 5 YW Lo MR35 te b icdh
DEEFTH D2, LA KRR EE T 2 BT %
febiik o b OBIET 2 RE T 5 MECZ D merB &
(BT EEY) DA BIKSLA R 6 3 % 5 RBE Dt & Jn
LT ENEELRD,

AR CE, A—D mer +<v vi{EET5
Bacillus JEANETT AR & 4 merB 85T % {7A7T %K
it P A8 2 KGR A €, S EAE KL &I
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2.1. #HEREMBLUVTZZRIN
f—® mer #<u v&RETHHLEHK L LT B.
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megaterium MBI1%, B. cereus RC607* ¥ J UX B. cereus
VKM684% % HI\~C & F KL AW /4 Bk & B
DRI, b 3HEKORE T2 mer
~n v ESERAR LIRS, 70, mer A <u v EREEL
T T\ KSRz YIS Bacillus subtilis 168 % =1 v/ b
o—n b LTHW, &5, KEBEMMEZ 5 A 3 Fak
O A 2 KB HERR Escherichia coli DHSa/pGB3A ¥k, E.
coli DH50./pGRIB2 #k¥% X OY E. coli DH50/pGMO7 #£®
L U RS LA Wit 3 5 R0 i A i~ e,
Z DB e A KR 77 2 K pGB3A, pGR1B2
B L pGMO7 1%, T <7 % — pGEM-T Easy (Promega,
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BT O AN E BOKR S REE SR B IZT (merB3) &
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[% 1. Schematic representation of the mercury-resistant determinant (mer operon) from the three Bacillus strains. Transcriptional directions
of the mer operon genes are indicated by arrows. Three promotor/operater (P/O) regions are shown in the mercury resistance module.
The letters B3, RI, E, T, P, A, R2, B2, and BI, denote merB3, merRI1, merE, merT, merP, merA, merR2, merB2, and merB1, respec-

tively.



IR PE A Bk D A B SRR e v 45

P/O P/O P/O
H E| B E B N N
I 1| I I , I |
e e e — e ————
B3| R1 ETP A R2 B2 | B1

E. coliDH50/pGB3A EE= o= o - = e
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[%] 2. Construction of recombinant mercury resistance plasmids. Three promotor/operater (P/O) regions are shown in the mercury resistance
module. Restriction enzyme recognition sites are shown with abbreviations: B; Bg/Il, E; EcoRl, H; Hindlll, N; Ncol, and S; Smal. The
cloned fragment are inserted in the same site and cloned in the same configuration on the vector pPGEM-T Easy.

2.3.  Bacillus [RHIEE £k D B HKERMHE

HEALKEREEE 0.25 pg/ml Z & Te 10 ml @ LB HERGH
IZ X - T 37°C T—Wiksse & N S MR OB =TI,
WIEEE (ODgo) T0.060~0.0651C75% X 512 LB #ikES
HCHR L 7o 100 pl OEFIREFFERL, B 2 TR e
FECREE LIz 10ml @ LB ARSI AEE L 37°C T48
WERTRE U 7o AHARIIME S, S HTBERE OB A KR
LAt % K BHEEE  (minimum inhibitory con-
centration; AT MIC i< 2%) ZRETHZ L1 L - T
1T o 72o MIC 348 [HIEE #2154 O MBS o HEFHIC X % Kb
DL AT L, MBS O RFEBAE & A 7o i/ O R SR
EOREE L TRDI, MIEOHEN X iz & &¥
BT DT DILME L, BEHLOEEE DY ODg, THI0.2LLE
DG E Lic, &HKBALEY OTEEE (ug/ml) 130.1,
0.25,0.5, 1,2, 3, 5, 10, 20, 30, 50, 80% X T’120& L, MIC
ORI 4 [FE D K LT - T

Bacillus BIEFEK CHARIKBEROFH
KEBDE

AL AKERIERE 0.25 ng/ml & ir 10 ml & LB #AARHE
2 X 5T 37°C T—Mk%sE S e KBk OB 201,
ODg T0.060~0.0651C78% X 51 LB WA THA
L7z, 100 pl DEMFIEEIR L, KR # 7oK S/
L7 10ml © LB WARSHCHEES L 37°C T48MRH LIk
L7 AHEKIRHRZIL, B Stk s 7 v —a
L A W 6ET (SP-3D, Nippon Instruments Co., Tokyo,
Japan) Z{# A L COEERTOKBERGERLZIET 5 2
LI > TT > Tee HRKBALE ORTRE (BT
Thd pg/ml) 1k, HEEKEEL0.0 Cf5 & L B subtilis
168 1¥3.0), Ak » A 7K$0.1, %5 7 v o ZEREEK
$R5.0% L OWEE 7 = = L IKER1.0& Lic,

2.4.
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T D o kS S S IR~ 3, B. megaterium MBI
D PMCB & PMA %3 % MIC %, B. subtilis 168 X
D 2fEEEE R L, LALRAD, MMC icxh4
% MIC (X, B. subtilis 168 X 0 K\ MEAR LT, —4,
B. cereus RC607 & B. cereus VKM684 O £ fliKERIL A
Wk % MIC 1%, MMC %BR B. subtilis 168 ¥k
X B. megaterium MB1 [ZH~_EWMEEZ R LTz, KRig,
B. cereus RC607 ® PCMB %3 % MIC %, B. subtilis
168 X v H16f%E <, B. megaterium MB1 X » % 8 f%&
WlEAER LTc, EHIC, B. cereus VKM684 O PCMB 1T
®3% MIC & %7z, B.sdubtilis 168 X v b 10f5= <, B.
megaterium MB1 X D % 5 5@\ EEZ R L7,

DL ED#ER G, #FHEKEE L F—D mer +<n
VEFFOIC S o b0, TS e 7c MIC AR
L7z ¥FIT B. cereus RC607 & B. cereus VKM684 1 B.

%% 1. MICs of mercury compounds of three Bacillus strains tested.

MIC (¢ g/ml)

Mercury compounds

MC MMC PCMB PMA
B. subtilis 168 50 05 5.0 1.0
B. megaterium MB1 0.25 10.0 2.0
B. cereus RC607 1.0 80.0 10.0
B. cereus VKM684 0.5 50.0 3.0

Abbreviations: MC, mercury chloride; MMC, methylmercury
chloride; PCMB, p-chloromercuribenzoate; PMA, phenylmer-
cury acetate. The MICs that increased more than three times are
highlighted in boxes.
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3. Comparison of organomercury removal among the three Bacillus strains. Incubated with 10.0 ug/ml of mercury chloride (MC) (A),
0.1 pg/ml of methylmercury chloride (MMC) (B), 5.0 pg/ml of p-chloromercuribenzoate (PCMB) (C), and 1.0 pg/ml of phenylmercury
acetate (PMA) (D). Symbols: Uninoculated control (&); B. subtilis 168 (/); B. megaterium MB1 (@); B. cereus RC607 (M); B. cereus

VKMG684 (A).

megaterium MBI X D % &\ MIC Z7R$ 2 &5 H
1278572,

3.2. Bacillus BHEF £ D H#EKEDKRE

X 3A~D 24 Bacillus JEMBETEERE O H BIKERER
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[%] 4. Comparison of organomercury removal among three E. coli DHS5a cells harboring recombinant plasmids pGB3A, pGMO7, and
pGRIB2. Incubated with 10.0 pug/ml of mercury chloride (MC) (A), 0.1 ug/ml of methylmercury chloride (MMC) (B), 5.0 ug/ml of
p-chloromercuribenzoate (PCMB) (C), and 1.0 pg/ml of phenylmercury acetate (PMA) (D). Symbols: Uninoculated control (¢); E. coli
DHS5a/pGB3A (@); E. coli DH50./pGR1B2 (W); E. coli DH50./pGMO7 (A)
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EWCOCTEN TN R BRERE R LI, T,
AR VR BRI CRR RIEME K & Te b, 48IRFH]
R LB W2 U7 (data not shown), E. coli DH5a
/pGB3A #Rix, KW CTH G- TOERKEBILEYE
BETx7 (K4A~D), LL7ed D, E. coli DH50
/pGRIB2 #ix MC & PMA %REL7L DD (K 4A
L D), MMC & PCMB T4 <RETE -1
(K4B XY O, %72, E. coli DH50/pGMO7 Fki%
MMC #FRETET, Thiitokbawriric
7z (K 4A~D),

MMC DFRERICEH T, E. coli DH50/pGRIB2KIL
£ BrFETET, E. coli DH5a/pGMOT FRiT 5535 # 481
MCci2s% 2ozl st (K4B), Fhickt
L E. coli DH5a/pGB3A ki35t 8 I T#970% D
EEAR LI (K4B), LU, BiaEtk 8 KFHLL
FEOBRFE 2RSS, BEERID § RHHORE#E ¥ ©
DRNCREEITH A L, D EOFEREMD,
MMC D5 Rz K& < H BKL T\ 5 DIt MerB3 % v/ %
7 '8 (merB3 BIZTHEY) ThbHEE2 DI, MerBl
2 vk 7B (merBl BIZTFEY) 11 MMC D5 fRICH
FTHUMEL L C ERIE X i,

PCMB DFEZHIC s\~ C, E. coli DH5a/pGB3A #k
& E. coli DH50./pGMO7 #k1%48IFfHE THIS0% Lh_E Dk
EHRuERLI (K4C), —, E. coli DH5a/pGRIB2
X, MMC OFRZERE & AERICEREEE 2 BIE I s
Motz, Tz, DRI L7 PCMB 123 2% MIC ©
#WRIZE\WT, E. coli DH5a/pGRI1B2 ¥k PCMB I ifif
PEERRE RN EDHBR TS, X - T, ZBAIEED
PCMB 1253 A1tk B oM xH Bz H 5 & vz
bo LEDOFEESS, MerB2 % v % 7 Hit PCMB D4y
R & T~ Dl 3B 543, MerBl % v X7 B L
MerB3 % v {8 7 B O /778 PCMB D2 B 5L T
B b bR,

BRI RE OB 548K O PMA OB E3K134950% 1
®Thotz (X4D), %72, E. coli DH50/pGRIB2 #k
1 PMA 1% U ClittE 2RI 2 E BN TSI
L 599, PMA #fRETE% (K4D),

DL EDFERN S, HHRIKED REEE Th 5% MerB £
VoS 7 VY, AROKSL AR LTI T B o R
RL, ThHDOHD MerB3 £ v X7 EHiTixkb %< D

il

OGRS EME SR TE 52 LB LT >
o

4. £ =

AWFIE TH 724 Bacillus JEHEE AR E, [R—oD
mer Fu v EREA LT SEDICH S92, s,
7oMIC 7 n 7 >4 %R LT (B1), B, B. cereus
RC607 & B. cereus VKM684 X, B. megaterium MB1 X
DA EWINMEEREEZ /R LI, MIC 717 > 4 ik nb
O B P A SRR o0 KSR ER B AR i A 3 s B ik B B
e g 2—2—Ltickh, MIC a7 54 LOfERICE
W, FHMERO MMC x5 MIC 1%, PCMB *
PMA 75 & D OB KBS b~ -7 GE 1),
LU s, FMEEKIE MMC &R 4 BRI
THFETE 7 (K 3B), Bacillus JEMEK & FAED 7 5
2 BV D KRN MERNES Staphylococcus aureus 1Y, PMA
BLOSF e Fex o ZARHBKE EHMB) <Xt LT
ittt 2 7R3 % D 0, HEAlhT 5 LK (EMC) °F # a4 —
v (TH) 7o & D7 v L RGULEWITHT U Tzt
IRTZEDMREINRTWEYS, LaL7A b, EMC ®
TH #5 LS TE 52 AL IR TV 55,
Z OIKEENYE S, aureus D mer A v VLTSI AIN
pI258 1= 2 — N &h, HHKIRG MFEEREIZT merB %
—ORAF LT 5D, Z OfEFIIHERKEEW R
Bt & BREORICITHEEN NI EARL TV 5,
T, TOFBRELMOERL 7 T o B O KR
Pseudomonas JEMEIC S RO T 59, FHllEkkDK
SRMFPERE O Y, SHIERC BT 28I FRBL L~
NERLBIDTHD EFEZbRS, HI2iE, Mk
A~ D KA E N O Fabh: O CLHIfaN D 2 v o2 g
RO SH HALEW~DIKE A + v OfEGOEEG T
BORDHDHEREZBNS,

395D merB YE{EFEY OB EA KA EWT k3
B REE DB A TN D 1T, E. coli TEE L LK
SRR A 2 2 2 KB BERR 2 FH > TR D3 A 1T - 72,
AEBOFER LD, MerB3 % v 7 'EiL MMC D45
CRkELBESLTWAHEE2 DR, MerBl %2 v 378
& MerB2 % v /% 7Bt MMC D4z B5- L 72\ AT hE
AR I Tz, LA L7 D, PMA OBERER TLI,

# 2. Homology among three MerB enzymes and other typical organomercurial lyases.

Identity of amino acid sequence (% )

Sources
MerBl1 MerB2 MerB3 MerB,s5 MerB,puisss
MerB1 —
MerB2 27.4% —
MerB3 25.1% 21.0% —
MerB, 55 72.5% 23.9% 23.5% —
MerB,puisss 39.4% 23.9% 18.5% 40.8% —

MerB1, MerB2, and M3erB3 (MerB1, MerB2, and MerB3 of B. megaterium MBI chromosome of B. cereus
RC607 plasmid pKLH6, accession numbers AF138877, AB027307, AB027306%°29); MerB, .55 (MerB of Staphy-
lococcus aureus RN23 8325 plasmid pI258, accession number 1.29436'?); MerB,pyisss (MerB of Serratia mar-

cescens plasmid pDU1358, accession number P086647).
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MerBl % v /3 7'B & MerB2 % v /% 7 B} PMA %4 f#
TE, ARKEBILEWRC X > CTOEEISEWDRD 5 C
LR LT, & ODFEEDENE, 4% D MerB £ v /%
7B OREAEREKE 1 4 v ik 5 R L TIMshR o i
HVOEWIEZ BB,

3O DOFERIKIR) MR BIR T merB & £F - 1o KR
M EAIEE X, ABF9ECH 72 B. megaterium MBI, B.
cereus RC607 ¥ L O° B. cereus VKM684 Ofiiic, v 7
FAFDOHNNFT OLENDL X NI Exiguobac-
terium sp. TC38-2bY W b T\w2b, —Jj, nv7
O+HEN By EES e B. megaterium MK64-19 1%,
merB3 BILT DA %Y, merBl % XU merB2 &z
THEBREL TR mer AXunvxa—FLTW5HZ
ENIB TS, BAEE TARPEFE CH\ 72 Bacillus
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W, 77 AEMEHES Hk o KSR B AT 2 TR
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