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  Plasmid PUO l , which is present in a fluoroacetate-assimilating strain of Moraxella sp., specifiestwo kinds of haloacetate dehalogenases, H-l and H-2, and mercury resistance. The H-l and H-2
genes were cloned onto plasmid pBR322 in Escherichia coli. The analysis of the cloned DNA
fragments revealed the loci of both genes on the pUOl map and also the direction of transcription.
Two different hybrid pBR322s containing the H-l gene were maintained stably in E. coli, while
three hybrids containing the H-2 gene were so unstable that they readily disappeared or changed
into various deletion mutants. It was suggested that the instability of the H-2 hybrid plasmids might
be caused by a certain DNA structure adjacent to the H-2 gene which might be concerned in the
deletion of the H-2 gene from pUOl.

Jn recent years, the large amounts of halo-
genated organic compounds released into the

environment have caused serious pollution
problems. We have been working on the
biodegradation of halogenated compounds,

especially dehalogenation of haloaliphatics, to

a

id in the removal of such pollutants.
Wehave previously reported the isolation1}

and characterization2~4) of plasmid pUOl
which specifies the dehalogenation of halo-

acetates and mercury resistance in a fluoro-
acetate-assimilating strain of Moraxella spe-

cies. The plasmid (43 megadaltons, Mdal) is

transmissible to several strains of Pseudomonas

spp. and Escherichia coll. Haloacetate dehalo-
genase [EC 3.8.1.3] catalyzes the reaction,

XCH2COOH +H2O^HOCH2COOH+HX

(X: halogen). pUOl encodes two kinds of the
dehalogenase, H-l and H-2; H-l acts pref-

erentially on monofluoroacetate, and H-2 acts
on monochloro-, monobromo- and mono-
iodo-acetate, but not on monofluoroace-

tate.5) The H-l and H-2 enzymes are simi-
lar in molecular weight (42,000 and 43,000,

respectively).5j6) It is strange that two analo-
gous enzymes are encoded together on one plas-
mid. Since enzyme evolution is known to be

initiated by duplication of a gene and fol-
lowed by mutation of either gene,7) it is in-

teresting to compare the H-l and H-2 genes.

It is also considered possibly that the H-2 gene
has transferred from another replicon into
pUOl as a transposable element. In fact,

pUOl frequently loses the H-2 function coin-
cidently with the loss of a specific 3 Mdal seg-

m

ent, generating a deletion mutant, pUOl l.4)

A few studies on plasmids concerned in the
biodegradation of halogenated compounds

havebeen done,8~15) but genes of dehalo-

genases have been neither cloned nor analyzed
indetail. Recently, Slater et al. have isolated
anR68.44-prime plasmid carrying a dehalo-
genase gene from Pseudomonas putida capable
of degrading chloropropionates.16) For studies
on genetic relationships among various de-
halogenases, it is necessary to clone the en-
zyme genes.

In this paper, we describe the cloning of the
H-l and H-2 genes onto plasmid pBR322 in
E.coli, and refer to the instability of the H-2
clones. We also estimate the loci of the H-l
and H-2 genes on the pUOl map and the di-
rection of transcription.
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MATERIALS AND METHODS

Bacterial strains and plasmids. Plasmids pUOl and
pUOll, and Moraxella sp. B have been described

elsewhere.2* E. coli C600 (rK~, mK~, leu thr trp thi)

and plamid pBR322 were used as the cloning host-
vector. Eight plasmids from E. coli V517 were used as
size references (pVA517A to H; 35.8, 4.82, 3.67, 3.39,

2.63,2.03, 1.79, and 1.36 Mdal).17)

C

ultureconditions. Strains of E. coli were grown at 37°C

in L-broth (1% Polypepton, 0.5% yeast extract, 0.5%
NaCl, pH 7.0) or L-agar plates (L-broth containing
1.5% agar). Antibiotic selections were performed on
L-agar plates containing 50 fig of ampicillin (Ap) or tetra-
cycline (Tc) per milliliter. Moraxella sp. B was grown
as described previously.1}

Preparation and analysis of plasmid DNA. Plasmid
pUOl was isolated from Moraxella sp. B according to
themethod of Hansen and Olsen.18) Isolation of PBR-
322 and its derivatives from E. coli C600 was perform-

ed by the alkaline extraction method described by
Birnboim and Doly.19) cc-DNAs were purified by

CsCl-ethidium-bromide equilibrium centrifugation as de-

s

cribed before.1}

DNA digestion with various restriction endonucleases
were carried out in the buffers prescribed by the supplier.
Analysis of the restriction fragments was done by agarose
gel electrophoresis as previously described.1}

Ligation and transformation. pUOl and pBR322 were
separately digested to completion with the appropriate
restriction enzyme and exposured at 65°C for 10 min. Both
digests were mixed, precipitated with ethanol, and dis-
solved in the ligation buffer (66him Tris-HCl, pH 7.6,
6.6mM MgCl2, 10mM dithiothreitol, and 0.5mM ATP).

T4 DNA ligase-reaction was carried out at 15°C
overnight. Transformation of CaCl2-treated cells of E.
coli was done according to the method of Cohen et al.20)

Transformants with hybrid pBR322 carrying an insert
at the restriction site of Sail, Hindlll or BamUl were

selected by ampicillin resistance (Apr) and tetracycline
susceptibility (Tcs), and then examined for H-l and H-2

activities by a convenient method described below.
Transformants with hybrids carrying EcoRI inserts
were selected first on amipicillin plates and then exam-
ined for dehalogenase activities. On occasion, H-2+

transformants were selected by forming yellow colonies
on L-agar plates containing 0.2% monochloroacetate

and bromothymol blue (50 /xg/ml), because the dehalogen-
ation of monochloroacetate lowers pH of the
medium.

Assay of H-l and H-2 activities. The dehalogenase
activities were assayed by measuring glycolate produced
from monofluoro- or monochloroacetate by the colorime-

trie method of Dagley and Rodgers.21) Cells grown over-
night in 5ml of L-broth or on an L-agar plate were

harvested, washed and suspended in 2ml of 0.05 m phos-
phate buffer, pH 7.0, containing 5 mM2-mercaptoethanol.

Adding one drop of toluene, the suspension was in-
cubated at 30°C for 30 min with shaking. A 50 jA aliquot of

the toluenized cell suspension was added to an assay

m

ixture containing 100/il of 0.1 m Tris-HCl, pH 9.0, and
50 [A of 0.03 m monofluoro- or monochloroacetate. After

20min incubation at 30°C, the reaction was stopped by the
addition of 0.5ml of 2% chromotropic acid and 5ml of
cone H2SO4, and then the mixture was heated in boiling
waterfor 30 min. The blue color developed was measured
by the optical density at 570nm.

Chemicals and reagents. The restriction endonucleases
Sail,EcoRl,Hindlll, Smal, and BamHl, and T4 DNA

ligase were purchased from the Takara Shuzo Co., Ltd.,

Kyoto, Japan. Ampicillin was obtained from Meiji Seika
Kaisha,Ltd., Tokyo, Japan, and tetracycline from the
Sigma Chemical Co., St. Louis, U.S.A. Other chemicals

were commercial products.

RESULTS AND DISCUSSION

T

ransformation ofE. coli with pUOl

The CaCl2-treated cells of E. coli C600 were
transformed with pUOl DNA prepared from

Moraxella sp. B. Transformants selected on L-

agar plates containing HgCl2 (30/ig/ml) ex-
hibited dehalogenase activities. However, they
could not grow on monofluoro- or mono-
chloroacetate as a source of carbon and en-
ergy, though they could utilize glycolate.
This is probably due to the toxic action of
haloacetate, such as the "lethal synthesis" of

f

luorocitrate, an inhibor of the Krebs cycle.

Plasmid DNA isolated from the transfor-
mants was proved to include both pUOl and
its deletion mutant pUOll. To examine the
stability of pUOl in E. coli, pUOl-harbor-

ing cells were cultured in L-broth for 40hr,
then spread on L-agar, and colonies were ana-

lyzed for the plasmid. It was revealed that
approximately half of the colonies tested con-

sisted of cells harboring either pUOl or pUOl 1
and cells of the remaining colonies had no
plasmids. The pUOll- harboring cells were

about half the population of plasmid-inheri-
tors. This suggested that pUOl was liable to

disappear or to be deleted in E. coli cells. A

supplement of monochloroacetate in the
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Fig. 1. Restriction Analysis of Hybrid Plasmids Containing (a) &z/I-Digests, (b) ZscoRI-Digests, and (c)
TJmdIII-Digests.

pUOl, pBR322 and hybrid plasmids were cleaved by (a) Sail, (b) EcoRl, and (c) Hindlll, and subjected to gel
electrophoresis. 1, pUOl; 2 and 3, H-l+ hybrids; 4, H-2+ hybrid; 5 and 6, other hybrids; 7, pBR322.

growth medium allowed an increase in the
population of pUOl-carrying cells.

C

loning ofH-l and H-2 genes ofpUOl

After digesting the pUOl DNA with re-
strictionendonucleasesSail, EcoRl, Hindlll

and BamHl, the resulting fragments were
ligated to pBR322 DNA, and provided for

t

ransformation of E. coli C600.

1) Cloning of Sail digests. Four Apr Tcs
transformants were obtained. Two of them

produced the H-l enzyme, one, the H-2 en-

zyme, and the other, neither. Analysis of their
plasmids (Fig. la) clarified that the two H-l +

clones (lanes 2 and 3) had an identical 5.4 Mdal

plasmid, which was cleaved by Sail into two

fragments of 2.6 and 2.8 Mdal, corresponding

to pBR322 DNA and the Sall-D fragment of
pUOl. The names and loci of the restriction

fragments ofpUOl are given in Fig. 2.3) The H-

2+ clone (lane 4) carried a 3.8 Mdal hybrid
plasmid which contained a 1.2 Mdal insert
corresponding to the Sall-G fragment.

Another clone (lane 5) had a 4.8 Mdal hybrid
plasmid containing a 2.2 Mdal insert cor-
responding to the SalI-E fragment. The in-
serted fragments were identified by further

restriction analysis. The H-l and H-2 hybrid

plasmids containing the Sall-D and -G were

t

entatively called pBRSDl and pBRSG2.

2) Cloning of EcoRI digests. Two H-l+

clonesand one H-2+ clone were obtained. The

H-l + clones had an identical hybrid plasmid
containing an insert of the EcoRl-F fragment
(2.4 Mdal) (Fig. lb). The H-2+ clone had a

hybrid plasmid with the EcoRI-E fragment
(3.0 Mdal). The H-l and H-2 hybrid plas-

mids were tentatively named pBREFl and
pBREE2.

3) Cloning ofHindllldigests. Clones of the
Hindlll-D (1.48 Mdal) and -E (0.60 Mdal)

fragments were obtained, but they did not
exhibit the dehalogenase function. Then the
Hindlll-C fragment (3.0 Mdal), which was

expected to carry the H-2 gene, was purified by
agarose gel ejectrophoresis and cloned onto

pBR322 (Fig. lc, lane 4). It was confirmed that
the clone expressed H-2 enzyme. This plasmid

w

as tentatively named pBRHC2.
4) Cloning of BamHI digests. Fifteen Apr

Tcstransformants were obtained, but they did

not express the dehalogenase. It was surpris-
ing that plasmids of these transformants were
deletion mutants of pBR322, lacking the var-

ious lengths of DNA around the insertion site
(BamHI site); the range of plasmid size was
from 1.4 to 2.5 Mdal. Purified fragments

BamHl-C (2.2 Mdal) and -D (1.22 Mdal) were

cloned into pBR322, but they did not express
the dehalogenase.
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Fig.2. Locations of the H-l and H-2 Genes on a
Restriction Map of pUOl.

Cloned fragments are indicated by stippling; coarsely-
stippled ones are capable of expressing the dehalogenase
and finely-stippled ones are not.

Loci ofH-l and H-2 genes on the pUOl map
Since both clones of the fragments Sall-D

and EcoRl-F expressed the H-l enzyme, the
H-l gene should be located in the overlap of
the two fragments (Fig. 2); the overlap region

has a span of 1.6kb. The H-2 enzyme was
expressed by the clones of the Sall-G, EcoRI-

E, and Hindlll-C fragments. Therefore, the
location of the H-2 gene was within the region
of Sall-G (1.8kb). The H-2 gene was wholly

included in the 3 Mdal region which was liable

tobe deleted.

The structure genes of the H-l and H-2
enzymes both have a length of about 1.3kb,

calculated from the molecular weights of the
enzymes. Therefore, the limits we have set for

both genes still include an extra length of 0.3
and0.5 kb, respectively.

O

rientation and expression of the inserted genes

The insertion of a restriction fragment into a
vector DNA occurs in either of two possible

orientations, which can be judged by the
cleavage with another restriction enzyme; in

? E

Fig.3. Subcloning of the H-l Structure Gene from
Hybrid pBRSDl Containing the Sall-D Fragment.

The thick line indicates pBR322 DNA and the open box,
the inserted Sall-D fragment. P indicates the promoter of
the Tc gene, and arrows indicate the direction of transcrip-
tion. Restriction sites of Sail and EcoRl are expressed by

S and E, respectively. ES2 and E2 are the fragment
subcloned.

practice the hybrids with EcoRI-F and -E by a
Sail cleavage, the hybrids with Sall-D and

Hindlll-C by an EcoRI cleavage, and the
hybrid with SalT-G by Smal-BamUl double

cleavages. When each hybrid plasmid was
cleaved into the inserted DNA and the vector
DNA, and then ligated again, two hybrid
plasmids with the dehalogenase gene inserted

in opposite orientations were obtained. The
£c6>RI-F-inserted hybrid expressed the H-l
gene regardless of the orientation of the in-

sert, while the hybrid with SalI-D inserted in
the opposite orientation to the parent hybrid

pBRSDl did not express the H-l gene. This
suggests the possibility that the H-l promoter
is contained in the EcoRl-F fragment but not
intheSall-D, that is, the promoter should be

located at the right of the H-l gene limit
indicated in Fig. 2, and the direction of
transcription of the H-l gene should be
clockwise.

Why did the parent Sall-D hybrid express
the H-l gene without its own promoter? This
hybrid carried the H-l structure gene down-

stream from the promoter of Tcr gene.
When the fragment E2 (Fig. 3) which con-
tained the H-l structure gene and the Tc

promoter was cleaved out and newly inserted
into an £c0RI-cleaved pBR322 DNA, two

hybrid plasmids with the fragment in opposite
orientations expressed the H-l gene equally.

Onthe other hand, when the fragment ES2,
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Table I. Stability of Hybrid Plasmids

After each clone was grown in L-broth for 2 days, the
populations of Apr and Aps cells were determined by the
replica method. It was confirmed that Aps cells carried no

plasmid.

H y b r id

p la s m id

F r a g m e n t   R e t e n t io n

i n s e r te d  P h e n o t y p e  o f p la s m id

( M d a l)   ( % )

p B R S D l Sall-D  ( 2 .8 )   H - 1  A p r      9 9

p B R E F l EcoRl-F  (2 .4 )  H - 1  A p rT c r    9 7

p B R S G 2 &i/I-G  ( 1 .2 )   H - 2  A p r

p B R E E 2 EcoRl-E  ( 3 .0 )  H - 2  A p rT c r

p B R H C 2 ifmdIII-C  ( 3 .0 )  H - 2  A p r

p B R 3 2 2 A p T c r      1  0 0

which contained the H-l structure gene alone,
was subcloned into an EcoRI-SalI-cleaved

pBR322 DNA which lacked the Tc promoter,
the resulting hybrid plasmids did not express
the H-l gene. Therefore, the H-l expression of
the Sall-D hybrid and the E2 hybrid can be
explained as being caused by the readthrough

transcription initiated at the Tc promoter of
pBR322. Quantitative expression of the H-l

gene of these hybrid plasmids was about three
times that of pBREFl, which suggests that the

Tc promoter is more efficient than the H-l

o

ne in E. coll.

The SalI-G hybrid plasmids expressed the
H-2 gene equally without regard to the orien-

tation of the insertion. Therefore, it seems
that the promoter of the H-2 gene resides in
the region of Sall-G.

S

tability of the H-l and H-2 hybridplasmids

After the H-l and H-2 clones were cultured
serially twice in L-broth, the preservation of
the plasmid in the cell was examined using the

criterion of Ap resistance of the cell. The
results (Table I) indicate that the H-l hybrid
plasmids, pBRSDl and pBREFl, were main-

tained stably in E. coli, while the H-2 hybrids,

pBRSG2, pBREE2, and pBRHC2, were very
unstable. It was confirmed that the Apr cells

maintained the plasmid and expressed the
dehalogenase, and that the Aps cells did not

have the plasmid. As an exceptional case, Apr
H-2~ mutants arising from the clones of

E  s
H - 2

p B R E E 2

( 5 . 6 M d a l )

H E

D e l e t e d  r e g i o n

Fig.4. Map of Unstable Hybrid pBREE2 Containing
EcoRI-E Fragment.

The thick line and open box indicate pBR322 DNA and
the inserted EcoRl-E fragment, respectively. Restriction
sites of SalI, EcoRl, and Hindlll are expressed by S, E,
andH, respectively. The 0.6 Mdal segment cut off by
Hindlll is indicated as a deleted region.

pBREE2 and pBRHC2 contained the deletion
plasmids which were lacking not only the

inserted DNA but also various lengths of the
pBR322 DNA around the insertion site. Si-

milar deletions were observed when cloning

t

he BamUl-C fragment.

The plasmid pBREE2 was a very unstable
hybrid pBR322 containing EcoRl-E fragment.
Enzymatic deletion of a small specific segment

(0.6 Mdal) from the inserted fragment of
pBREE2 (Fig. 4) resulted in stabilizing the

plasmid. The region deleted from EcoRl-E
was nearly equivalent to Hindlll-E, in which
resided an end of the specific 3 Mdal deletion
region described above. The Hindlll-E region

is included too in the BamHl-C fragment
whose clone was also unstable. Another end of
the 3 Mdal deletion region was included in the

Hindlll-C fragment, whose clone pBRHC2
was unstable too. These suggested that the
instability of the hybrid plasmids containing

EcoRl-E, BamHl-C and #z>zdIII-C might be

caused by a particular DNA structure par-
ticipating in the deletion of the 3 Mdal seg-
ment from pUOl.

Acknowledgments. We wish to thank Professor S.

M

itsuhashi, Gunma University, and Dr. K. Sakaguchi,

Mitsubishi Kasei Institute of Life Sciences, for their
kindness in supplying the plasmid-bearing bacterial
strains. This work was supported in part by a Gran-in-
Aid for Environmental Science from the Ministry of



2632 H.Kawasaki,H. Yahara and K. Tonomura

Education, Science and Culture of Japan, and by grant
from the Nippon Life Insurance Foundation.

REFERENCES

1) H. Kawasaki, H. Yahara and K. Tonomura, Agric.
Biol. Chem., 45, 1477 (1981).

2) H. Kawasaki, N. Tone and K. Tonomura, Agric.

B

iol Chem., 45, 29 (1981).

3) H. Kawasaki, H. Yahara and K. Tonomura, Agric.
Biol.Chem., 47, 1639 (1983).

4) H. Kawasaki, N. Yanase, H. Yahara and K.
Tonomura, Agric. Biol. Chem., 47, 1643 (1983).

5) H. Kawasaki, N. Tone and K. Tonomura, Agric.

B

iol. Chem., 45, 35 (1981).

6) H. Kawasaki, K. Miyoshi and K. Tonomura, Agric.

B

iol.Chem., 45, 543 (1981).

7) P. W. J. Rigby, B. D. Burleigh, Jr and B. S. Hartley,
Nature, 251, 200 (1974).

8) D. K. Chatterjee, S. T. Kellogg, S. Hamada and A.
M. Chakrabarty, /. Bacterial, 146, 639 (1981).

9) D. K. Chatterjee, S. T. Kellogg, D. R. Watkins and
A. M. Chakrabarty, "Molecular Biology,
Pathogenicity, and Ecology of Bacterial Plasmids,"

ed. by S. B. Levy et al, Plenum Press, New York,
1981, p. 519.

10) D. K. Chatterjee and A. M. Chakrabarty, /.

Bacterial, 153, 532 (1983).

ll) W. Reineke and H. J. Knackmuss, Nature, 277, 385

(1979).

12) D. J. Jeenes, W. Reineke, H. J. Knackmuss and P. A.

Williams,J. Bacterial, 150, 180 (1982).

13) J. M. Pemberton, B. Corny and R. H. Don,

"Plasmids of Medical, Environmental and
Commercial Importance," ed. by K. N. Timmis and

A. Puhler, Elsevier/North-Holland Biomedical Press,
Amsterdam, 1979, p. 287.

14) K. Furukawa and A. M. Chakrabarty, Appl. Environ.
Microbiol, 44, 619 (1982).

15) D. J. Hardman and J. H. Slater, /. Gen. Microbiol,

123, 117 (1981).

16) J. R. Beeching, A. J. Weightman and J. H. Slater,

/. Gen. Microbiol, 129, 2071 (1983).

17) F. L. Macrina, D. J. Kopecko, K. R. Jones, D. J.

Ayers and S. M. McCower, Plasmid, 1, 417 (1978).

18) J. B. Hansen and R. H. Olsen, /. Bacterial, 135, 227

(1978).

19) H. C. Birnboim and J. Doly, Nucleic Acids Res., 7,

1513 (1979).

20) S. N. Cohen,A. C. Y. Changand L. Hsu, Proc. Natl.
Acad.Sci.U.S.A., 69, 2110 (1972).

2

1) S. Dagley and A. Rodgers, Biochim. Biophys. Acta,

12, 591 (1953).


