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The Genome of Bacillus subtilis 168 was used for cloning and engineering of large-sized
DNAs. A mouse genomic DNA of approximately 120 kb was cloned into a locus of the B.
subtilis genome by ordered assembly of 20- to 50-kb mouse DNA segments. Cloned
mouse DNA, maintained stably, was engineered through B. subtilis transformation and
recombination. Creation of an I-Ppol recognition sequence at both ends of the insert
facilitated its isolation by pulsed field gel electrophoresis. The basic concept of genome
vector technology is suited to the handling of DNAs larger than 100 kb.
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DNA cloning technology emerged in the late 1970s and led
to great success in DNA transfer beyond the species barrier
(1). Rapid and reliable methods for conducting genomic
engineering of large-sized DNA are primarily useful for the
genome project including mapping and contig construc-
tions. They are also applicable for the construction and
analysis of transgenic mutants. Several vectors were estab-
lished in which the clonable size exceeded 100 kb, including
YAC (yeast artificial chromosome) vectors in Saccharomy-
ces cerevisiae (2), and BAC (3) and PAC (4) systems in
Escherichia coli derived from F-plasmid and phage P1 repl-
icons, respectively. In spite of the great contribution to the
cloning of giant DNAs, two major areas remain to be
improved. One is the stability of the cloned insert. The
other is the method to engineer cloned inserts. The latter
has been partially improved for BAC clones by introduction
of Cre-lox, a site-specific recombination system (5).

We introduced a novel giant DNA manipulation system
using the 4,215-kb genome of Bacillus subtilis 168 as a
cloning vehicle (6). Examples of cloning, manipulation, and
recovery of approximately 120-kb mouse genomic DNA
using the B. subtilis genome-based manipulation vector,
referred to hereafter as the BGM vector, are presented.

MATERIALS AND METHODS

1.1 Bacterial Transformation—Bacteria were grown at
37°C unless specified. Transformation of E. coli and B. sub-
tilis was carried out as previously described (7). Selection
conditions for both E. coli and B. subtilis were 15 pg/ml tet-
racycline (Tc), 5 pg/ml chloramphenicol (Cm), and 5 pg/ml
erythromycin (Em). Neomycin-resistant B. subtilis trans-
formants were selected at 3 pg/ml. Blasticidin S (BS)-resis-
tant transformants were selected using concentrations of
150 pg/ml for E. coli and 500 pg/ml for B. subtilis. B. subti-
lis genomic DNA in liquid or in agarose plug was prepared
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as described previously (7).

1.2 B. subtilis Strain Specific for Cloning Non-Cognate
DNA (BGM vector)—B. subtilis strain BEST6016 has two
extra DNA segments that are described in Ref. 8. One is a
4.3-kb sequence of E. coli plasmid pBR322. pBR322,
opened at the Puull site, was inserted into the Notl site of
the proB gene at the position of 1,378 kb (8-10). The
pBR322 sequence indicated as a barcode in the figures
remains at both ends of the cloned insert, providing inte-
gration sites to extend adjacent regions. The other segment
is a neomycin resistance gene [Pr-neo] in the yufC gene at
the position of 3,516 kb (8, 10). Expression of [Pr-neo] is
regulated by a lambda Pr promoter, to which the lambda cI
repressor gene product specifically binds to suppress tran-
scription. BEST6016, a BGM vector, was derived from
strain RM125, which had lost the restriction-modification
system (11). BEST6016 derivatives in this study are collec-
tively called Bsu genome clones.

1.3 E. coli Plasmids—The bacterial plasmids used in this
study are listed in Table 1. pCISP303B, pCISP310B, and
pCISP311B were constructed to deliver an LPS array (see
“RESULTS”) in the cloning locus of the genome vector
(BEST6016). pCISP303B was derived from pBRCI-BS (8)
as follows. Blasticidin S resistance gene (bsr) of pBRCI-BS
was replaced by a spectinomycin resistance gene (spc) iso-
lated from pBEST518 (14) to yield pCISP301. We refer to
the 2.6-kb segment containing the ¢/ gene and spectinomy-
cin resistance gene as the c/ cassette (shown as V in Fig. 1),
hereafter designated as [cI]. The ¢l gene of pCISP301 had
two HindIll sites and a BamHI site. The first HindllI site
was converted to AAACTT and the second one to AAGTTT
by site-directed mutagenesis using ExSITE PCR-Based
Site-Directed Mutagenesis Kit (Stratagene, La jolla, CA).
In addition, the BamHI site located between the Shine-Dal-
gano sequence and the initiation codon of the cI gene was
converted to GGACTC, giving rise to pCISP303#6. These
conversions do not alter the amino acid sequence of the cl
gene product. pCISP303B was derived from pCISP303#6
by BamHI digestion and re-ligation to remove a 375-bp
sequence originated from pBR322. pCISP304 was con-
structed as follows. [¢I] of pCISP303#6 obtained by EcoRI

2T0Z ‘T 1200100 Uo A1sieniun Bued e /Blo'sfeuinolpioxo-qly/:dny woly pepeojumoq


http://jb.oxfordjournals.org/

870

digestion was cloned into the EcoRI site of pBR322 whose
unique BamHI site had been removed by T4 DNA poly-
merase-mediated blunting. Plasmid pCISP304, thus ob-
tained, had a unique BamHI site at the right end [cI]. This
BamHI site was converted to a BamHI-1-Ppol recognition
sequence (5'-AGCTATGACTCTCTTAAGGTAGCCAAAGG-
ATCC-3', counterclockwise of pCISP303B in Fig. 1), result-

ing in pCISP305. pCISP306A was obtained by conversion
nf the ljniq,up FroRT cite rocidino laft of the [pI1 of

___BEST6016
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pCISP305 to 5-GAATTTGGCTACCTTAAGAGAGTCAT-
GTTAACGAATTC-3' (including I-Ppol, Hpal, and EcoRI
sites in that order). Blasticidin S resistance gene (bsr) of
pBEST402 (12) prepared by Pstl digestion and blunted by
T4 DNA polymerase, was inserted into the Puull site of
pCISP306A to yield pCISP307A. pCISP310B was obtained
by insertion of a cat gene into the unique Hpal site of
pCISP307A. The cat gene was prepared from pBEST4 (12)

using Hinell. Similarly incertion of o (ervthromycin re-
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Fig. 1. Cloning principles in the B. subtilis genome vector
(BGM vector). Mouse DNA between Landing Pad Sequence (LPS)
[S2] and [M1] is shown on top. Two LPSs are aligned in pCISP vector
(shown as a circular barcode). The LPA (LPS Array) was transferred
in BEST6016 genome via homologous recombination with pBR322 in
the genome (bar code). Only the cloning locus and [Pr-neo] locus are
shown in BEST strains. The structure of transformation intermedi-
ates [A], [B], [C], and [D], where expected homologous recombinations
are indicated by X, is shown. The hammer in BEST2254 and
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BEST2261 indicates repression of neomycin resistance gene (neo) by
a CI product encoded by the cf gene. Details are described in the text.
Insert: Structure of pCISP303B and pCISP311B. pCISP310B con-
tains cat instead of erm in pCISP311B. Restriction enzyme sites are;
B, BamHI; E, EcoRI; H, HindlIll; I, I-Ppol; Sa, Sacl; Sm, Smal; Ss,
Sse83871, and Pu, Puull. ¢l gene (cI) plus spectinomycin resistance
gene (spc), designated as cI-cassette [cl], are illustrated as V in other
figures. pBR322 regions, the left and right half divided by the Puull
site, correspond to those in barcode in other figures.
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TABLE L. E. coli plasmids constructed in this study.
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Plasmids

Construction or features®

pCISP303B ApR, SpR

pCISP310B ApR, SpR, CmR, BSR
pCISP311B ApR, SpR, EmR, BSR
pBAC108L BAC vector (7.3 kb), CmR
pl85A21 A BAC clone
pBAC108Lbsr  bsr-marked pBAC108L
pBR::BAC101

pBR::BAC102

LPS clones in pCISP303B isolated from p185A21

(This study, section 2.3)
(This study, section 2.3)
(This study, section 2.3)
3)

(Shiroishi, unpublished.
see section 2.4)

(This study, section 2.3)
(This study, section 2.3)
(This study, section 2.3)

pl185N1 3.2-kb BamHI fragment [N1] carries a Notl

p185N201 5.0-kb BamHI fragment [N2] carries a Notl

p185S1 9.0-kb BamHI fragment [S1] carries a Sall

p185S2 5.5-kb BamH] fragment [S2] carries a Sall

p185M1c 2.6-kb BamHI fragment [M1] carries a Miul

LPS clone derivatives

pl85N1Cm cat inserted in the Notl site of p185N1.

pl85N2(I) 1.9-kb internal HindIII fragment from p185N201 inserted in HindIII site of pCISP310B.

pl85N202 a 6.6-kb EcoRI-"EcoRV fragment including the [cI] from p185N201 cloned in EcoRI-EcoRV
of pBR322.

pl85S1T tet cassette (1.9-kb/Smal) from pBEST306 (13) into EcoRYV site of p185S1.

pl855101 a 2.0-kb internal BglII fragment of p185S1 cloned into BamHI site of pCISP303B.

p185S201 a 4.4-kb BamHI-BglII fragment from p185S2 cloned into BamHI site of pBEST4C (12) to
convert 4.4 kb EcoRI fragment.

p1855210 a 4.4-kb BamHI-BglII fragment from p185S2 cloned into BamHI site of pCISP311B.

pl85M201 2.6-kb BamHI fragment from p185M1 into BamHI site of pBEST4C (12) to convert 2.6 kb

EcoRI fragment.
LPA plasmid?

pl85[S1/M1]B  internal 3.7-kb EcoRI fragment of p185S1 cloned into EcoRI site of p185M1.
pl85[MI/N2JA  a 2.6-kb EcoRI fragment from p185M201 into EcoRI site of p185N202 (4.0 kb).
pl185[S2/S11A a 4.4-kb EcoRI fragment of p1855201 cloned into EcoRI site of p185S101.
p18582BACL’ a 3.8-kb HindIll fragment of pBR::BAC101 cloned into HindIII site of p1855210.

*ApR, ampicillin resistance; SpR, spectinomycin resistance; CmR, chloramphenicol resistance; BSR, blasticidin S resistance; EmR, erythro-
mycin resistance. ®YEcoRV site came from the mouse genome, residing approximately 0.7 kb inside from the right junction of the BAC vector.
“The 2.6-kb BamHI fragment shortened. See “RESULTS” section 3.7.  indicates the [cI] cassette.

sistance gene) into the Hpal site of pCISP307A resulted in
pCISP311B (Fig. 1). erm was prepared from pBEST701
(14) using Pstl and blunted. The bsr of pCISP310B and
pCISP311B was used to discriminate plasmid integration
into the B. subtilis genome (12).

The BAC vectors supplying plasmids were constructed as
follows. A bsr gene (0.65 kb) prepared by HindlIIl digestion
from pBEST402 (12) was inserted in the HindIIl site of
pBAC108L to give pBAC108Lbsr. pBAC108Lbsr was
opened with EcoRV and inserted into the Smal site of
pBREm (9) to produce pBR::BAC101 and pBR:BAC102
with different orientations. These plasmids were construct-
ed to provide BAC vector sequence as LPA. BAC vector se-
quence was used to transfer the end of the BAC insert in
BGM vector. For example, a 3.8-kb fragment designated as
(L] of p185S2BACL’ shown in Fig. 2 was obtained from this
by use of HindlIL

All E. coli plasmids used in this study were prepared
from 50-ml E. coli cultures and purified by CsCl gradient
centrifugation in the presence of ethidium bromide (I).
Type II restriction enzymes and T4 DNA ligase were ob-
tained from Toyobo (Tokyo), except Notl (Takara Shuzo,
Kyoto). Southern hybridization was done as described pre-
viously (7).

1.4 Mouse DNA—A BAC clone p185A21 was obtained by
screening a BAC library of mouse strain 129. This clone
was mapped in the distal mouse chromosome 11 (Shiroishi,
T, unpublished observations) and had approximately 120
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kb of the insert. Details are shown in Fig. 2.

RESULTS

2.1 Principle for Cloning in the B. subtilis Genome Vector
(BGM Vector)—Basic schemes are presented in Fig. 1. BGM
vector was developed based on a different concept from that
of plasmid-based vectors. In contrast to plasmid vectors, to
which fragmented DNA is directly ligated, cloning in the
BGM vector requires flanking DNA segments, called LPSs
(Landing Pad Sequences). LPSs should first be prepared
from target DNA by a regular cloning method. For exam-
ple, the LPSs used in this study were Sall, Notl, and Mlul-
linking clones, because the location of these restriction
enzyme sites in the insert of p185A21 was suitable with
respect to appropriate distances (25-50 kb, shown at the
top of Fig. 2). They were isolated from a BamHI DNA
library of p185A21 constructed in the BamHI site of E. coli
vector pCISP303B (Fig. 1) and listed in Table I. The two
LPSs cloned on both sides of the [cI] of pCISP vector are
collectively called the LPA (LPS Array). The LPA defines
the target DNA to be cloned in the BGM vector. The LPA
was integrated into the cloning site of BGM vector by
transformation of B. subtilis. DNA uptake by B. subtilis
competent cells has unique features (15) that are absent in
E. coli. Briefly, competent-related genes of B. subtilis are
expressed at the late stage of cell growth, and their prod-
ucts are assembled in cell membrane. The transformation
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machinery non-specifically binds and cleaves DNA. One
strand from the cleaved site is actively transferred into the
cytoplasm, yielding linearized recombinogenic DNA as
shown in [AHD] of Fig. 1. Plasmid DNAs prepared in E.
coli, normally covalently closed circular DNA form, are lin-
earized when being taken up by B. subtilis competent cells.
Thus, undigested plasmid DNA is used to transform B. sub-
tilis in this study.

To integrate the approximately 25-kb segment between
the LPSs [S1] and [M1], an LPA ([S1]-[cI]{M1]) was con-
structed in plasmid pCISP303B as described in Table 1. The
LPA of p185[S1/M1]B was transferred into the BEST6016
genome as indicated in structure [A] of Fig. 1. This transfer
was mediated by homologous recombination between pBR-
322 sequences in the genome and the pCISP vector, which
is essentially identical to pBR322. BEST2254 was obtained
through the screening of 76 colonies on spectinomycin, and
then 10 colonies for neomycin sensitivity. The remaining 9
colonies were regarded as the result of Campbell-type inte-
gration by a single cross-over (12). This selection process is
summarized in the right of Fig. 2 as (76:5)—(1/10). Repres-
sion of the Pr promoter by the ¢l gene product in BEST
2254 is illustrated by a hammer in Fig. 1. p185A21 DNA
added to competent BEST2254 caused homologous recom-
binations with the [S1] and [M1] of the BEST2254 genome.
As a result of the intermediate structure [B] of Fig. 1, con-
tiguous DNA from [S1] to [M1] displaced the [cI], and the
neo gene was derepressed accordingly. The expected recom-
binant was selected on neomycin. BEST2257 having the
expected 25-kb mouse DNA was obtained through selection
of 250 neomycin-resistant colonies, followed by the screen-
ing of 48 giving 39 spectinomycin sensitives, and 7 strains
had the correct DNA out of 7 examined by Southern hy-
bridization using p185A21 as a probe. These steps are indi-
cated in the right of Fig. 2 as (250:n)—(39/48)—(7/7). False
positives were observed as reported in Ref 8, and in the
steps outlined below. One group of neomycin-resistant false
positives appeared by spontaneous base change in the ¢l
gene (Tsuge and Itaya, unpublished). This group can be
discriminated by the presence of the spectinomycin resis-
tance gene. We noticed that clones showing expected antibi-
otic resistance appeared in which, however, DNA regions
covering the ¢l and the spectinomycin resistance gene were
merely deleted. These deletions, the formation mechanism
of which remains undetermined, were detected in the
screening of genome structure.

Similarly, to integrate the region between [M1] and [N2],
an LPA ([M1JH{cI}H{N2)) was constructed in pCISP303B as
described in Table I. Neomycin-sensitive BEST2268 was
obtained upon transfer of LPA of p185[M1/N2]A to BEST-
6016. Recombinant BEST2272 that integrated 50-kb
mouse DNA from [M1] to [N2] was obtained through a sim-
ilar process to that described for the isolation of BEST2257.

2.2 Elongation to the Next LPS—To elongate the insert of
BEST2257 to [S2], an LPA ([S2]-[cI]{S1]) was constructed
in pCISP303B as described in Table 1. The LPA of p185[S2/
S1]A was transferred to BEST2257, so as to add the seg-
ment [S2]-[cI] to the left end of the [S1] of BEST2257. This
addition was achieved by two homologous recombinations
in [S1] and a pBR322 sequence (brown barcode), shown by
X in intermediate structure [C] of Fig. 1. BEST2261 was
isolated as 1 of 33 neomycin-sensitives from 50 of the 267
spectinomycin-resistant colonies examined. In competent
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BEST2261, p185A21 DNA recombined within [S2] and the
region left of [S1] indicated by an X in intermediate struc-
ture [D] of Fig. 1. BEST2263, obtained through a selection
procedure shown in the right of Fig. 2, had the expected 50-
kb contiguous DNA.

2.3 Joining of the Two Separately Cloned Inserts—The
50-kb mouse DNA from [S2] to [M1] was cloned in
BEST2263, while the 50-kb from [M1] to [N2] was cloned in
BEST2272. Because [M1] resides in both strains, we joined
the two inserts in one BGM vector. To facilitate this selec-
tion, the insert of BEST2263 was labeled with the tetracy-
cline resistance gene (tet), and that of BEST2272 with the
chloramphenicol resistance gene (cat) and spectinomycin
resistance gene (spc). The labeling was done using plasmid
p185S1T, p185N1Cm, and p185N2(I), respectively. The con-
struction of these plasmids is described in Table I. The
structures of BEST2279 (tet labeled) and BEST2277 (cat
and spc labeled) are indicated in Figs. 2 and 3. A joining
reaction was initiated by adding liquid genomic DNA pre-
pared from BEST2277 to competent BEST2279 at a con-
centration causing saturation (3 pg/ml). Two recombinants
were selected by the use of three antibiotics. Having the
same 100-kb contiguous DNA from [S2] to [N2], the two
probably underwent the homologous recombination indi-
cated in intermediate structure {I] of Fig. 3. One represen-
tative BEST2281 was used in the next step.

To use the cI-mediated selection system in the next elon-
gation, the [cI] remaining in BEST2281 must be elimi-
nated. This was achieved by replacing it with the non-
labeled insert of BEST2272. Upon crossing BEST2272 with
BEST2281, BEST2285 was obtained in which the expected
homologous recombination (X) occurred outside the [cI] and
cat as described in [II] of Fig. 3.

2.4 Completion of the Transfer of 120-kb Mouse DNA—
An appropriate LPS was not obtained at the left end of the
p185A21 insert. Thus, we used the BAC vector as LPS to
extend the remaining sequence of the 20 kb left of [S2]. The
BAC vector indicated as [L] of Fig. 2 was prepared from
pBR::BAC101 by HindIII digestion and used to construct
an LPA ((L]-[cI}-[S2]) via p1855210 in pCISP311B (Table I).
The LPA of p185S2BACL’ was added to the left end of
BEST2285 by a process similar to that used to obtain
BEST2261 from BEST2257. BEST2288, an expected
recombinant, integrated the erythromycin resistance gene
and the I-Ppol site closely linked to the ¢l cassette, because
p185S2BACL’ was constructed using pCISP311B. pCISP-
311B is illustrated in Fig. 1. After transformation of BEST-
2288 with p185A21 DNA, BEST2289 was obtained by
screening. The transfer of the 120-kb mouse DNA of p185-
A21 into the BGM vector was confirmed by Southern hy-
bridization as shown in Fig. 4.

2.5 Recovery of the Insert—To recover the cloned 120-kb
insert, the use of a 22-base sequence recognized by I-Ppol
nuclease was examined. As BEST2289 already had an I-
Ppol site at the left end, another I-Ppol site was introduced
by p185N2(1) at the right end. p185N2(I) has an I-Ppol site
derived from pCISP310B that was used to construct the
plasmid (Table I). Spectinomycin-resistant BEST2290 was
obtained upon transformation of BEST2289 with p185N2-
(D). I-Ppol digestion of the BEST2290 genome produced an
expected fragment that was resolved by CHEF gel electro-
phoresis as shown in Fig. 5.

To estimate the stability of mouse DNA in the BGM vec-
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Fig. 4. Progressive elongation of mouse DNA in the BGM vec-
tor. Complete BamHI digests of BGM clones are hybridized with
p185A21 as a probe. Gel picture is shown at left. Comparison of
Southern bands of the complete clone BEST2289 with the p185A21
lane revealed different bands. They all are indicated by (). BAC
vector only appeared in the p185A21 lane. (>>) right junction and
(<7) tet insert [S1] appeared only in BEST2289. LPS [M1] appeared
as a 2.6-kb BamHI fragment only in BEST2257 and BEST2279
(4#). This is argued in the text. Other identical bands were not in-
vestigated further.

tor, eight independent colonies of BEST2290 were grown in
LB media without antibiotics, and the structure of each
mouse insert was examined by Southern analysis. They
were all identical to that of BEST2290 (data not shown).
This observation, together with the high yield of expected
strains in all steps employed in this study, indicated that
the mouse DNA, up to 120 kb, faithfully replicated as part
of the B. subtilis genome. It should be stressed that the sta-
bility is such that the cloned DNA can be engineered using
the B. subtilis transformation/recombination system. The
tetracycline resistance marker in the [S1] locus of
BEST2290 is being replaced by a selection maker for
mouse (M. Itaya, unpublished).

2.6 Discrimination of LPS Orientation by B. subtilis—
The orientation of the LPSs other than [N2] had not been
determined. We prepared four possible LPAs of [S1]-[cI]-
[M1], with two [M1] orientations and two [S1] orientations.
Expected recombinant BEST2257 was obtained only from
BEST2254, one of the four strains examined having each
LPA. Similarly, two LPAs of [S2]-[cI]-[S1] were prepared,
given by two orientations for one [S1] orientation of BEST-
2257. Expected (elongated) recombinant BEST2263 was ob-
tained only from BEST2261, one of the two strains exam-
ined. These results strongly indicated that integration defi-
nitely depends on tandem alignment of the two LPSs, and
that the B. subtilis transformation/recombination system
discriminates a priori the correct array. This selection by B.
subtilis is advantageous, particularly when the relative ori-
entation of the LPS can be hardly determined.

2.7 Repair Function by B. subtilis Transformation—
BamHI fragments of p185A21 were faithfully transferred
into BEST2289 as indicated in Fig. 4, except for a 2.6-kb
[M1}] fragment subcloned in pCISP303B. The 2.6-kb
BamHI fragment observed in BEST2257 and BEST2279
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Fig. 5. Cloned insert resolved by pulsed field gel electro-
phoresis. BEST2290 produced a fragment of approximately 130 kb
on I-Ppol digestion. The band indicated by the arrow includes mouse
genome DNA (120 kb), erm, (1.0 kb erythromycin resistance gene),
[L]) (3.8 kb), tet (1.9 kb), and [cI] (2.6 kb). Running conditions: 3 V
cm™, 60 s pulse time and 36 h running time at 14°C. Smears ob-
served below 100 kb were DNA degraded during preparation in aga-
rose plugs. The amount varies from experiment to experiment.

appeared neither in BEST2273 or BEST2283 (joired re-
combinant) nor in p185A21. We speculate that th& origi-
nally longer BamHI fragment of M1 was shortened Juring
the subcloning process in E. coli. The 2.6-kb fragmenf, how-
ever, was sufficient to conduct recombination. TheSshort-
ened part, which probably resides at the right end og[Ml]
was repaired to give BEST2272, and the repaired¢ Q‘egmn
was later transmitted to the BGM clones.

PED |UMOQ

DISCUSSION
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The cloning and manipulation system using the B. gbtilis
genome was significantly improved from the prototype that
used an E. coli prophage lambda DNA (48.5 kb) (6)gT'hree
recent findings contribute to this: (i) DNA larger thgn 50-
kb can be transferred between B. subtilis genomes byca nor-
mal transformation procedure (16), (ii) LPS of 2 kk& func-
tioned to integrate a segment of 26.2 kb (16), anda(iii) a
positive selection system that allows rapid screening for
recombinant B. subtilis integrating DNAs having ngselec-
tion markers (8). Cloned DNAs are stably maintain¢fl as a
single copy in the genome even when the host is cult@red in
non-selective medium. The most important charactezistic of
the BGM vector system is flexibility to engineer tran§erred
DNAs. The flexibility is such that most DNA manipulations
can be applied including insertion, deletion, replacement,
and even addition of an adjacent region.

One fragile manipulation at present is an integration of
LPA sequence as represented in [C] of Fig. 1. Alternative
recombination between blue barcodes instead of that be-
tween [S1]s yields clones showing the same antibiotic resis-
tance phenotype as those of BEST2261. There was no effec-
tive method to discriminate the two structures, but one
candidate clone investigated was BEST2261. It was report-
ed that frequency of double cross-over decreases as the
interval distance increased in B. subtilis transformation (9,
16). 1t is likely that double crossover flanking the short
interval ([S2}{cI}, approximately 7.5 kb) preferentially
occurred to that flanking the insert of BEST2257 (approxi-
mately 25 kb). We think this interpretation is supported by
the similar observation that a candidate clone arbitrarily
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selected in each LPA integration step indicated in Fig. 2
was BEST2277 and BEST2288.

The efficiency of integration seems to be affected by a
number of factors such as grade of competent cell, amount
and quality of DNA, length of LPS, and length of target
segment, etc. The amount of DNA used is 3-5 pg/ml, which
is the concentration causing saturation (16). Because clon-
ing of long contiguous mouse genomic DNA using B. subti-
lis was unprecedented, we examined this starting with a
25-kb interval and finally succeeded in cloning of 50-kb
DNA in single transformation. As regards the length of
LPS, about 10% of the target DNA length has been empiri-
cally adopted. Whether of not this empirical rule is ex-
tended to larger-sized DNA than those of this study will be
investigated.

BEST2289 showing an almost identical doubling time as
BEST6016 had no obvious impairment of growth. Expres-
sion of the mouse genomic gene in BGM vector seems
unlikely. The BGM vector should have broad applications
in the assembly of DNA and recovery after appropriate
engineering of the cloned insert. To elucidate maximum
clonable size in the 4.2 Mb B. subtilis genome is critical for
BGM technology. A B. subtilis strain whose genome size
increased by several hundreds kb caused by duplication of
part of the genome was reported (17). This indicated that
the B. subtilis genome has plasticity to increase the size
regardless of possible instability due to long tandem dupli-
cation. We are planning to assemble non-cognate DNA
longer than 200 kb in the BGM vector. It should be
addressed whether LPS can be obtained by a PCR-medi-
ated DNA amplification method from species in which
genome sequencing is completed. Construction of a trans-
genic mouse using BGM vectors is currently being investi-
gated in order not only to show examples using the BGM
vector but also to establish systems to detect subtle muta-
tions possibly introduced during cloning and manipula-
tions.

We thank Dr. H. Yanagawa for his helpful discussions and continu-
ous encouragement.
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