T pEFeHA A 139 A 4%
Korean J. Biotechnol Bioeng.
Vol. 13, No. 4, 383-390(1958)

Bacillus subtilis DT1349] ?l1=& A

te 2
A st Adusde nlgE e
{(FF 0 1998, 3. 10, A< ¢ 1998. 5. 13)

SkM
L]

<

ki

Characteristics of Cadmium—Resistant Bacillus subtilis DT134
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Baciius subkis DT134 was resistant 1o 50-fold mgher concentraten of cadmium lons (Cd™) than cadmum-sensiive 8. sublis BD224 1n
Luna Broth {.B) madium. Minmal inhibiton concerdration tests in LB agar plates also showed similar results. The elevated cadmium
resistance of B subliis DT134 stongly suggested a possble ewstence of cadmium resistance gene in Il Southern blot with
Staphyococcus aureus cadd gene fragment (757 bp MalV-Xrl cadd DNA fragment] as probe was cammied out fo test the existence and
amilarity of the gene. In high sinngency condition, there was no detectable signal, bui in low sirngency, a strong signal specfic to the
cadd probe could be detected. These results strongly suggested that ihere was some similarity between total DNA of 8 subfiis D134
and S aureus pl2a8 in terms of cadmium resistance gene and the resistance mechanism might be an efffux mechanism. The subsequent
efilux expenment showed that the cadmium resistance mechanism of 8. sublils OT134 was also due to the efflux of cadmium.

Key Words : B sublits DT134, S avreus pl2s8, cadd cadmium resistance gene, efilux mechanism

Introduction

Heavy metal resistances have been studied extensively in a
wide range of bactena {1-3). Many mechanisms are known
to help living orgamsms swrvive under environmental stresses,
including toxic heavy metals. ng' is reduced by the enzyme
mercuric reductase to Hp®, which volatilizes (2, 4, 5). For
o, Znt, G, o, N, A0S, Ashy, and OO
a wide range of plasmd-
governed systems “pump” texic ions out of the cells {1-3, 6).
The cadmium resistance system the chromosomal
determunant of Staphylococcus aureus is a cadmium  efflux
system adllowing resistance to lower concentrations of
cadmium than the S aureus plasmid pi258 (6). The cadmium
resistance system in the plasmid determinant of S eureus
plZ58 is also a cadmum efflux systemn (7-10). The S aureus
plasnud pI?58 has a mercury resistance determinant and
operons for cadmium (zinc and bismuth} resistance and for
arsenic {(and antimony) resistance (11}, The efflux (pumping)

resistances, or chromosorme-
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system of S, aureus plasmid pl258 is duc to the membrane
protemns encoded by genes on bacternal plasmid (12).

The sequence of cadmium resistance determinaml of S
aureus plasmid pl258 indicated the presence of two open
reading frames (12), The product of the longer ORF shows a
strong sequence homology with E1-E2 class of ATPases {13,
14}, such as the E cofi KdpB polypeptide {15). These highly
conservedd ATPases, which are found in all living cells from
hacteria through man (i6), have been rtemamed P-type
ATPases (13, 14} because they conlain a highly conserved
segment with an aspartate residue that is phosphorylated
during the process of ATP-driven calion transport. Lebrun et
al. (17) showed that there are more lhan 6526 amino acids
sequence homology among S aureus CadA, Bacillus firmus
CadA, and Listeria monocytogenes CadA. They also reported
very significant aminc acd sequence homalogies  specially
among ATPase domains of S aureus CadA. B firnus CadA,
L monocviogenes CadA, rabbit Ca”ATPase, and hurman
Na'/K~ ATPase.

In thus paper, B. subtifis DT134 was shown o be resistant
to cadmiurn in lgwid and solid media The degree of
resistance was compared among cadmium-resistanl. B subfilis
DT134, cadmium-resistant S aureus pl2o8, and cadmium-

sensitive B subtilis BD224 The scquence similarity of
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cadmium resistance gene hetween B subtilis DT13 and S
atreus plasmid pl258 was examined by Southern blot with
cudA~specific probe generaled from the 757 bp NiaIV-Xmd
DNA fragment of the cadA cadmium resistance determinant of
& aureus plasmid pl?5% From the hybridization data, a
possible role in P-type ATPases was discussed. Efflux
experiments were also carried out to understand its resistance
mechanism, which further suggested the function of the
cadmium resistance gene of B. subtifis DT134

Materials and Methods

Bacterial Strains and Plasmids

Table 1 lists the bacterial strains and plasmids used. Cells
were prown in LB medium (18) conlamng ampicillin (100 2 g/mL)
purchased from Sigma Chemical Co (St Louis, USA).
Procedures for manipulating DNA were as described by
Sambrook et al. {18). B subtilis DT1M was generously
provided by Dr. S. Silver, University of Ilingis, Health
Science Center at Chicago.

Materials

CdCl: and other commen chemicals were purchased from
Sigma and culture media were purchased from Difco Labo-
ratories (Detroil, USA). Southem-Light™  chemshuminescent
detection systermn (Tropix Inc, Bedford, USA) was used
prepare  biotin labeled ondA-specific probes  ®CdCl  was
abtained from New FEngland Nuclear (Boston USA).
Restriction muclease enzymes, calf intestine phosphate, and T4
DNA lhgase came from Boehringer Mannheim Bicchemicals
(Indianapolis, USA)

DNA Fragment Punfication

To i=olate DNA fragments from agarose gel slices, the
Gene Clean kit purchased from BIOI0L Co. (La Jolla, USA}Y
was used according to mhanufacturer’s mstruction.

Growth Inhibition
The ovemnight cultures of each microorgamism were diluted

Table 1. Strans and plasouds.
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100-fcld in 5 mL LB medmum supplemented with 0. 5, 10, 23
eM CdClz (B subilis BDXZ24) 0, 10, 25, 50, 100, 250, 500,
70 M CACl (B subsilis TT134) 0, 100, 230, 500, 750, 1000,
2000 M CdCl (S, aureus pI238) and shake—cultured at 37T
for 1Z hr. Turbidity (Age) was measured using UV-vis
spectrophotometer.

Minimal Inhibitory Goncentrations

The overmght cultures were diluted 100-fold in LB media
and the diluted cultures were grown for 3 hr, then the
cullures were diluted 100-fcld again 3 L of newly diluted
cultures was placed on the plates containing CdCl (0, 1, 25, 5,
10, 5G, 100, 250, 500, 1000, 2500 M. After 20 hr incubation at
37C, the lowest concenlration where cells could not grow at all
was determined as a minimal inhibitory concentration.

Construction of Plasmids pKPY26

pEPYZl (Table 1) was cut by Xmnl and whole mixlure
was separated in a 1% apgarose gel. A 1.3 kb fragment was
purified from the 1% agarose gel with the Gene Clean kit and
digesled again by NV, The digested products were
elecirophoresed on 1% agarose gel and the purified 757 bp
fragment was subcloned into Seul site of pUCIY9. The
resulting construcl was named as pKIPY26 which has 757 bp
fragment of odA (nucleolides 1117-1874 from publshed
saquence, Nucifora et al, 15552,

Preparalion of Biolin Labeled Probe DNA

After digestion of pEPY26 with EcoRl and Hindlll, the
cadA-speaific 757hp DNA fragments to be labelled were
cbtained by the Gene Clean kit from a 1% agarose gel. Then
the purtied fragmenl was biotinylated with biotin labeling kit
(Southern-Light™. “Tropix Inc, USA) consisting of dNTP
mixtwre, Biotin-14-dMTP, random  octamer primers, and
Klenow fragment. The reaction was carried out at 30T for 30
min according (o the manulaclurer's instruction.

Southern Blot Analysis
Total DMNAs were isolated by methods described by

Strain or plasmid Genotype or phenotype Reference
Strains

B, subtilis BD224  cadmium-sensitive trpC2 recE4 thr-5 8 12

B, subtilis DT134  cadmium-resistant B. subtifis This study

S. aureus pl253 cadmium-resistant S. aureus 1,89 12

Plasmids
pKPY?Z1
pKPY26

The intact 3.0 kb cadmium resistance gene was cloned m Xbal sile of pEPY20 8, 10
The 757 bp DNA fragment from the 30 kb was cloned in Smal site of pUC1Y

This study
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Nucifora et al. (12). 5 pg of isolated total DNAs was
partially digested by EcoRI {Boehringer Mannheim, Germany),
and the digested DNAs were fractionated on a 0.8% agarose
gel, and the DNA fragments were transferred to Hybond
N {Amersham, USA} according to the procedure of
Southern (18). After UV-cross linking {Fluo-link, USA),
hybridization was carried out under high or low stmagent
conditions. In high siringent condition, prehyhridization and
hybridization were performed at 68C for 4 hr and
overnight respectively in a stardard hybndization buffer
(6X S5C, 001 M EDTA, 5X Denhardt's solution, 05%
SDS, 100 pg/ml denatured salmon sperm DNA). For
hybridization, the biotin labeled probe (Sng/cm’) was added
ta the buffer. The filter was washed twice in 2X SSC, and
05% SDS for 15 min at room temperature, and washed
twice in 01X SSC, and 0.5% SDS for 1 hr at 68C. In low
stringent condition (17), membranes were prehvbridized in
4X SET buffer (06 M Na(l, 0.12 M Tris hydrechloride [pH
80], 4 mM EDTA), containing 10X Denhardt’s solution, 0.2%
SDS, 100 g#g/ml denatured salmon sperm DINA for 5 hr at
30T. Hybndizations were carried out m fresh prehybridization
buffer contaimng 50% deionized formamide (Sigma Chemical
Co. USA) and the biotin labeled probe (5 ng/emt) at 30T
overmighl. The membranes were washed with 2X SSC, and
05% SDS at room temperature three times. Then, the
membrane  was  treated as described in Southern-Light™
chemiluminescent defection system [or deteclion and exposed
to X-ray films {X-Omat AR. Eastman Kodak Co.) overnight
at room temperature,
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Figure 1. Growth inhibition of S. aureus and B. subtilis
cells harboring different plasmds. Overnight cultures of S.
aureds and B. subtilis were diluted 100-feld into fresh LB
broth containing increased amount aof CdCls, and grown for
12 h at 37C. Agy was measured by UV-vis spectrophot-
ometer. Symbols: @, B subtili= BD224; O, B subiilis DT134
B S aqureus pl238.

Efflux Assay

Overnighl culture of both S. aureus pI258 and B subtilis
DT134 were diluted 100-fold in fresh LB medium and the
diluted cultures were mcubated for 3 hr and induced with 2
#M CdCly additional 45 min at 37C. For uninduced cells all
the procedures were the same except the addition of CdCly
The induced cells (0.3 ml) were incubated with 2 pmol
CACL, for at 37T for 5 min, and then the cells were kept at
47T for 40 mn to equilibrate the cells with "*CdCly. Loaded
celis were diluted 20-fold in the prewarm LB medium
containing 0.15 M sodium acetate (pH 5.5} at 37°C. The first
sample was taken after 10 sec and subsequent samples were
taken every 5 min. The samples {03 ml each) were filtered
through flters (045 pm, nitrocellulose; Millipore} and mmsed
twice with 5 ml of 20 mM CdCL in TE buffer (10 mM Tris
plus 1 mM EDTA, pH 7.5). Washed fillers were counted in a
liquid scintillation spectrophotometer.

Results and Discussion

Growth Inhibition

Cadmium resistance can be seen mn many different kinds of
microorganisms (2, 4. 5). The cadmium resistance system of
S aureus pl258 has been the most extensively studied (8-10,
12}, Since cadmium resistance mechanism of B subfilis DT134
was not fully understood vel, a seres of experiments was
camed out to clucidate its resistance mechanism. Growth
inhibition experiments were carried oul in the presence of
mereasing  amount of CdCl to compare the cadmium
resistance of B subtilis DT134 with cadmium-resistant S
arreus pI258 and cadmium-sensilive B, subtilis BD224 (Table
1). Cadmiumsensitive B, subtifis BD22 prew well m 5 2#M
CdClz and could grow very poorly m 10 M CdCl: But
cadmium-resistant 5. subtilis DT134 grew well in 10 M
CdCly and could grow slowly even in 230 oM CdCl: (Figure 1)
In 500 M CdCls, the microorganism could not grow. Figure
1 shows that the B subtidis DT134 is indeed aboutr 50-feld
more tesistant to cadmuum than cadmuum-sensitive B. subtilis
BD224. When resistances were compared berween 5. subtilis
DT134 and 5 aureus pla8, § aureus plEo8 could grow even
mn 1 mM CdCl: as expected (Figure 1}. S aureus pl258 is
much more resistant than B subfilis DT134 by about 6-fold.
5 aureus pl2o¥ seemed to have more efficient cadmuum-
remaval system than B. subtilis DT134.

Yu (19) reported that cadmium-resistant Yeast (Famsenula
anomcde B-7) could grow in 7 mM CdClz and You et al. (20)
reported the isolation of Azomoras agilis PY101 resmstant to
27 mM CdClo, These two isolates have very high cadmium
resistance compared to B subtilis DT134. The large difference
i the degree of cadmium resistance suggested Lhat the
resislance mechanism of B subiilis DT134 might be quite
different from that of 1hose microorgemisms (Hanseruda
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anomaia B-7, Azomongs agilis PY101). Yu et al. (21) recently
reported that the resistance of Hanserudo anomyle B-7 might
be due to the biosorption of heavy metals to the cell wall
Relatwely low resistance of B subfiis DT134 strongly
suggested 1hal the resistance might be due to other resistance
mechamsm (e.g., efflux) rather than bosorption.

Minimal Inhibitory Concentration

The lowesl CdCla concentrations that intubited cell growth
completely were determined on LB agar plales supplemented
with increasing amount of CdClz as described m Matenals and
Methods, Colonies of cadmium-sensitive B subtilis BDZ24
could be seen clearly on agar plale containing 25 g CdCl,
but could not be ohserved on the apar plates containing 5 #M
CdClz Colomes of cadmium-resistant B subtills D134 could
grow well on agar plate contmmung 100 M CdCl but
growth ol the microorganism was not detectable on the agar
plates containing 250 M CdCl: Cadmium-resistant S. qureus
plZ58 could grow well on agar plate even comtaiming 1 miv
CdClz, but could not 1 25 mM CdCl: as expecled (Tahble 2).
B subtihs DT134 was 50-fold more resistant than B subtilis
BDZZ4 and 5. aureus pl?28 was most resistant to cadmium.

These tesulls were m accordance wilh results of growth
inhibitien m hquid media Yoon et al. (8) reporled that when
B subtiis BDZ224 was lranslormed with cxdd  cadmium
resistance gene of 5. aureus pl2od, the transtormed B subilis
BD224 appeared to have the MIC increased onlv up to 83 M
CdCly. B. subtilis DT134 showed more resistant (MIC 250 oM
CdClz) than the transformed B. subtifis BD224 (MIC: 80 oM
CdCla). Tt seemed that B, subtilis DT134's cadmium resistance
gene funclioned more efficiently in its natral host cells than
adA cadmium resistance gene of S aureus pIZ58 m B
subtilis BDZ24 which was not natwral host cells These MIC
results dlso showed the large diflerence in terms of cadimiwm
resistance between the cadminme-resistanl B subtilis DT134
and other cadmium-resistant mcroorganisms  {Hanmsenula
anomela B-7 [19), Azomonas agilis PYL01 [20]). This was
another result strongly suggeshng the utilizalion of a
different registance mechanism by cadmium-resistant 5.
subtilis DT1534.

Table 2. Minimal inhibitory concentrations of cadmium against
BE. subtilis BD224, B. subtilis DT134, and 5. aureus pl2s8.

Strains B subtifis BD2 | B subiths DTIM | S aureus pl8

MIC" (2 b0 5 ) )

* Tor MIC, exponentially growing cells were diluted 100-fold a
nd 3 2L was placed on the plates contaming mereasing conce~
ntration of CdCl» as described in maternals and methods
Minimal concentration which did not allow cells to grow wers
selected as MIC.
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Construction of Plasmid pKPY?26

Since B subiilis DT134 showed a highly elevated cadmium
resistance compared with sensitive cells hath in liquid media
and solid media, it becarne interesting to compare the DNA
sequence similarity of both mucroorgarisms. Since no sequence
data of cadmium resistance gene of B subtilis DT134 was
available, the sequence similarities of cadmium resislance
genes of both microcrgamsms was examned by DNA-DNA
hybndization. To prepare a cadA-specific probe for the
experiment, the new construction of pKPYZ20 containming 757
b Amnl-NlalVo fragment of S awreus cadd  cadmoum
resistance  gene was carried out as follows (Figure 2).
pKPY20 15 a dervatve of pUCI9 which lost ErolRT and
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Figure 2. Consuruction of pKPY26 pKPYZl was cut by Xl
and separated in a 1% agarose gel. A 135 kb fragment was
purified and digested again by NIV and electrophoresed on
% agargse gel. The 757 bp fragment was purified and subcl-
oned into Smal site of pUCL9 Operator/Promeoter region
(P/0), and cadC and codA genes are marked by open bars,
with arrows inside indicaring the direction of transerplion. Thin
hnes flanking cadd and cadC indicate additionally cloned DNA
outside of lhe genes. Numbering of base par positions came
from the published 3535 bp sequence (12). E, 5s, K. Sm, B, X,
Hi. P, Sp, and H represent restriction nuclease sites [or Ecald],
Ssil, Konl, Sewl, Bomtl, Xbal, Hincll, Pstl, Sspl, and Hindlll
respeclively within the plasmid multicloning site. See myaterals
and methods [or the detailed construction of pKPY26.
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Hindll sites n the multicloning site (Table 1; Figure 2}. The
EcoRI site of pUC19 became a Xmnl site after being cut with
ErcoRl, polished with Klenow enzyme, and self-religated with
T4 DNA ligase. The Hind[I site was losf in a parallel way
(8). pKPY2l was prepared as follows. The 30 kb Xbal
fragment used to make pKPYZ (8) was subcloned into the
Xbal site of pKPY20 where mdC and wmdd were in
grientation opposite of transcription of lac promoler of pUCL9
to prevent any undesired cud4 expression in E colf (8). The
pKPY?21 was cut by Xmr and whole mixture was separated
in a 1% agarose gel. A 1.35 kb fragment was purified from
the 124 agarose gel and digested apain by NIV. The
digested producls were electropharesed con 1% agarose gel and
the purified 757 bp fragment was subcloned into S site of
pUC19, The resulimg construct was named as pEPY26 which
has 757 bp fragment of cadA. {nucleolides 1117-1874 from
pubiished sequence, Nucifora et al., 1989).

Southern Blot Hybridization

Hybnridization was carried out at high and low stringencies.
The subcloned codd-specific gene fragment was used as
probe in Southem blot to detect simularities between total
DNA of B subtilis DT134 and audAd of S aureds pl2o3. The
probe hybridized well with pKPY26 (01 pg) restncted with
FeoRl and Hindll under the high stringent condilion and
showed a signal al 757 bp position (Figure 3, lane 1), but the
cadmium resistance gene of B subtifis IT134 did not show
any hybridization signal under the same condition {Figure 3,
lane 2). However, when the stringency was lowered, the
cadA-specific cadmium resistance gene probe was hybridized
to EcoRI-digested total DNA of B. subtilis DT134 (Figure 3,
Besides
hybridization resulted from the low stringent condition, a

lane 3. smears generated by  non-specific
signal could be clearly detected. The size of the most
prominent signal of hybridization was 2.0kb Since the band
did not show wp in high stringenl condition, the homology
between B. subtilis DT134 and S aureus plZ58 seemed to be
not guile high enough. Nevertheless there must be scme
homology between them and slrongly suggested that a
probable mechanism of cadmium resistance was  efflux
mechanism.

Tsai et al (9) demonstrated thal cadmium efflux is ener-
gized only by ATF by the axld in everted membrane vesicles
of B subtilis, proving the model of cadmium resistance
mediated by a cadmium-transperting ATPase. Reagents that
affect the proton-motive force only partially inhibited tran-
sport, whereas the Ca”/H antiporler was completely inhhited
{9). This was the first report proving that CadA is P-
ATPase. The aadA-specific probe encompasses the N-terminal
half of CadA. This portion was thought to have well
conserved metal binding lecus and phesphatase domain of

ATPase domain among many different organisms such as L

Figure 3. Southern blot analysis [or cadmium resistance gene.
B subfilis DT134 total DNAs (6 pg/lane) were digested with
EcoRl restiction enzymes. The fragment were separated on
0.8% agarose gel, transferred to Hybond membrane, and then
hybridized with hictin-labeled probe DNA from cadmium resi-
stance owdA gene fragment of 5 aurers pi258 in high siringent
condition (lane 2) and low stringent condition (lane 3) Plasmid
(pKPYZ6) digested hy EccRl and Hindll was loaded in lane
1. Sizes of Lambda DNA — HindlH digest DNA MW, markers
are indicated on the left.

monocviogenes, B fumus, S aureus, E. colf, tabbit, and
humman (17). Since the high similarities of cadmium resistance
genes present among widely different orgamsms, the
DNA-DNA hybridization results sugpested thal it was quite
feasible for cadmium resistance gene of B subfilis DT134 to
share some similarity with cadd of 5. aureus pl2b3. Lebrun et
al. (17} showed the DNA-DNA hybndization hetween
cadmium resistance gene of L monocvtogenes and cadA of &
aurets D258 and mentioned from the results of sequence
analysis that there are 855.8% amino acid sequence simularity
between those two investigated genes. They subseguently
suggesled that L monoovfogenes CadA could be ronsidered
as P-type ATPase since it shared many basic structural
elements and regions found in different organisms, such as
CadA S aureus, CadA B. firmus, CopA Enferococcus hirge.
EdpoB E. coli, and Mcl Human Menkes.

Chol et al. (22) sereened 42 Bacilius thurmgiensis strains by
Southerm hybndization with cryl-specific probe and identified
two strains generating weak signals under low stringency
hybridization conditions. Lebrun et al. (17) identified restriclion
fragmenls of L monocvtogenes plasmids hybridizing with an
S aurens oudAC-specific  probe  under  low-stringency
condition. Cadmium-resistanl B subtilfis DT134 also showed a
hybridizing signal with an S aureus cudA-specific probe
under low-stringency condition. Similar stralegy would he
emploved to clone and sequence the cadmium resistance gene
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of B subfills DT134 Exact sequence data of cadmium
resistance determinant of * B subtilis DTI134 would be
necessary to assign a cadmium resistance gene of B subfilis
DT134 as P-type ATPase.

Efflux Assay

Though the exact mechanism of cadmium resislance was
not known at this point, all the rtesults shown above
suggested that the resistance mechanism mught be efflux
Lowered cadmium uptake by cells containing
cadA cadmitim resistance determunant had initially been shown
to bhe the basis for resistance (7). But there was other
possibility such as the presence of metal-sequestering protem
which could bind to Cd and sequester 1t Kim et al. (23)
reparted recombinant metallothionem protein could remove cd”
in Saccharomyces cerevisice. Bfflux experiment: were carmed
out to further examine resistance mechanism of B subtifis
DT134,

To demonstrate the inducible efflux nature of cadmium
transpart, beth S auwreus pl2o8 for a comparison and B
subtilis DT134 cells were filtered after 10 sec and every 5
min as described in materials and metheds. When the filters
were comnted mn a liquid scintillation spectraphatometer, the
radioaclivity  reflected the remaiming CdCl amount  stll
inside cells after efflux during given time. Figure 4 illustrates
lhat when the cells were uninduced, neither S aureus pl2o8
nor B, subtilis DT134 could efflux "™Cd™ out of cells even
after 15 min There was no significant reduction in amount of

mechanism.

e inside the cells. But when the cells were mduced with
2 oM CACL, B subtiis DT134 showed thal decreased
amount of "Cd” remained inside cells. After 15 win, B
subtilis DT134 could efflux about one-forth of "“Cd™ out of
cells, S aureus pl253 cauld remove most ed® out of cells
wilhin 10 min. S. aureus pI258 showed more efficient efflux
activity as expected since S aureus pl258 exhibited much
higher resistance to cadmium than B subtilis DT134. Based
on these efflux data, the cadmium resistance mechanism of
the B. subtilis could be explained as Lhe same inducible efflux
mechanism as that of S. aureus pi2S8.

Many metals are essential for micrabial growth and
metabolism at low concentration (eg., Cu, Fe, Zn, Co, Mnj,
whereas cadmium is a toxic and bologically inessential heavy
metal. For many recent decades, its extensive use in induskry
such as electoplating, protection againsl corrosion, plastic
stabilization resulted in cadmium contamination ol the
environmment, various lkinds of life forms and foods (24).
Cadmivm jon (Cd™) exerts its toxicity by binding to thiol
groups (-SH) of proteins, which leads 1o the blockage of
several metaholic processes in bacteria, mcluding respiranion
(7). Despite this, the ability of microorgamusms to survive and
grow in the presence of heavy metals is a frequent
phencmenon (2). Microorganisms can be resistant to heavy

Korean [ Biotechnol. Bieeng., Vol. 13, No. 4
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Figure 4. Cadmium resistance is due to inducible cadmium
effliz. Induced and uninduced cultures were prepared as desc—
ribed in materials and methods. After induced with 2 ¢ M
Cd™ for 45 min for induction. Cells were loaded with ™CdCh as
described 10 malerials and methods. Loaded cells were diluted
20-Told by mixing LB medium and the first 0.3 mlL of the
sample was taken 10 sec afier the dilution of the loaded cells.
Subsequent samples (0.3 mL) were taken every 5 min. Washed
filters were counted in a hquid scintillation spectrophotometer.
Symbols: O, uninduced B. subtilis DT134;, @, induced B.
subtilis DT134; [, uninduced S aureus pI208; W, induced S
auregus pl2os,

metals  including cadmuum 1 many  ways (2).  First,
metal-hinding protein such as metallothionein isolated from
animals, yeast, algae, and fungi (28) was shown to hind and
sequesler cadmuum ions. Second, biosorption by bacterial cell
walls can also sequester heavy metal ions, resuliing in heavy
metal Tesistance (19, 27). Third, reduclion m uptake rate by
blocking cellular uptake pathway was demonsirated in B
subfilis 168 (2R). Fourth, enzymatic reduction by reductase
enzyme such as mercuric reductase which reduces ng' to
volatile He" was demonstrated (2, 4, 5. Fifth, highly specific
efflux systems found in S agurens (8 12} and Alidigenes
euirophus (3) were shown to pump out rapidly toxic heavy
metals. From lhe efflux resulf, cadmium-resistant B. subtilis
DT134 could be explained by the fifth mechanism.

In conclusion, Both Southem blot data and efflux data
strongly suggested that cadmum resistance system of B
subtilis DT134 mught belong 1o the P-type ATPase as CadA
of S aureus pl258 and Lhe resistance was due to the lowered
cadmum concentrabon by inducible efflux mechanism. Cloning
of the gene and sequence analysis would be necessary (o
further elucidate its role in the P-type ATPase.

(o) at
el =

FA=EATY Bacillus subtilis DT134% A4 §l= B
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subtilis BDZ224% ThFe $x2 CdCLE *346ir ¢lE 1B ¢
AuAe] vlgkste] A ulwaed B A, ADEAdY B
subtifis DTi34E A3t4dol Q¥ B subtilis BDZ24ETH 5)al]
o g A=R ol A HEh Solid agardld 3
miniral inhibition concentration teste] % Fl=EA I B
subtilis DT134E ~0vie] o £ ARAHE WAl B subfilis
DT134 & 7l=% A& 3174} Smphyvlococous aurens pl2hd
g A= A f4Re FAAE S aureus pl2R9] FI=E
AAD cadA FAR (757 bp NalV-Xmnl cdA DNA
fragment}Z probe® AM23}] Southern blotS 3 B high
stringent conditiondl]d hybridization signals] o] wetet
low stringent condition®] 4= hybrichzation signale] X gk o
Agdnz T fAA} AR AR FAM ol stk AlR
Houth Effux 488 ¢ A% B subtilis DT1M4Y 75 A%
4 mechanisme] S awrevs pl2o89] FA=E AT ze
efflux mechanism?! 7122 #AHHA.
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