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1. Introduction 

A novel gene-cloning method named ‘prophage 
transformation’ has been developed for constructing 
specialized transducing phages, pl 1 [l] and $105 [2]. 
Using this method, several genes of Bacillus sub tilis, 

such as hid, lys [ 11, amyE, nrol [3], spoOB [4,5] 
and SPOOF [6,7] have been successfully cloned. We 
have studied the unusual instability of histidine-trans- 
ducing phage, pl lphisA+, with regard to His’-trans- 
ducing ability and found that -5% of the total phages 
obtained by Induction of either Rec+or recE4 lysogen 
carrying p 11 phisA * did not have His+-transducing 
ability [8]. The loss of I&‘-transducing ability was 
not ascribed to the recombination between the 
prophage and the host chromosomal hisA 1 gene, 
since I-I&+-transduction was not restored when a His’ 
Ret’ lysogen carrying the non-transducer phage was 
constructed and treated with inducer. These results 
strongly suggest that p 11 phiti’ prophages, upon induc- 
tion, lost the hisA’moiety by deletion. The instability 
of gene-cloning vectors has been a serious problem in 
DNA recombination, but the mechanism has remained 

unclear. Here we show that the loss of the His*-trans- 
ducing ability of p 1 lphisA+ is caused by deletion of 
the nucleotide sequence for the hisA’ gene on the 
p 1lphisA’ genome. 

2.2. DNA preparations 

Plasmid DNA was isolated using low melting-point 
agarose in vertical gels. Phages were induced by treat- 
ment with mitomycin C, purified, and their DNA 
isolated as in [ 111. 

2.3. DNA-DNA hybridization 

EcoRI digests of phage DNA were fractionated on 
an 0.8% agarose gel and transferred to nitrocellulose 
filters as in [ 121. Nick translation and DNA hybridi- 
zation were done as in [ 141. 
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2. Materials and methods 
Fig.1. Endonuclease restriction map of plasmid pUBHA 1 
DNA. The 3.3 x lo6 M, EcoRI fragment carrying the his& 
gene of B. subtilis, which had been cloned in temperate phage 
~11, was inserted into plasmid vector pUBll0 [13]. Sites of 

2.1. Bacterial and phage strains 

Bacillus sub tilis BD224 (trpC2 thr5 recE4) and 
BD366 (trpc;! thr5 pUBll0) were obtained from 
Dr D. Dubnau. F’hages ~1 lwt, PI IphisA’ and ~1 IphisA 
were as in [8-lo]. 

KpnI,PstI and Ben are shown: (4 3.3 x 106 M, ECORI 

fragment; (-) pUBl10 DNA. 

._ cleavage for EcoRI, BarnHI, BglII, SacI, BaZI, HindIII, SmaI, 
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3. Results and discussion 

A restriction site map of a 3.3 X IO6 &fr EcoRI 
fragment bearing the hisA’ gene cloned in pUBll0 
is shown in fig.1. Since a, single BarnHI site existed on 
the 3.3 X IO6 J4, EcoRI fragment (fig.l,2), we first 
analyzed by 0.8% agarose gel electrophoresis the 
BarnHI digests of DNA prepared from pl 1phisA’ and 
three p 11 phisA - isolated independently as His’ non- 
transducer. It is evident from fig.2 that BarnHI-Al 
and -A2 fragments in the BarnHI digest of pl 1phisA' 
DNA were not observed in those of all pl lphisA_ 
DNA, indicating that at least the nucleotide recogni- 
tion sequence for BarnHI in the 3.3 X lo6 M, EcoRI 
fragment carrying the hisA’ gene was either deleted 
or changed to an inert sequence. 

As a direct demonstration of deletion of the hisA + gene 
nucleotide sequence, we analyzed DNA of pl 1phisA' 

and DNA of those independent p 11 phisA - clones with 
restriction and hybridization techniques. The EcoRI 
fragments of the phage DNA were separated electro- 
phoretically and transferred to nitrocellulose as in 
[12]. To visualize the 3.3 X IO6 Mr EcoRI fragment 
carrying hisA’ gene, we exposed the nitrocellulose 
strip to the radioactively labeled plasmid pUBHA81. 
For p 11 phisA+ DNA, as expected from transformation 
assay [8], the probe reacted with only an EcoRI frag 
ment of 3.3 X lo6 Mr (fig.3, lanes 2,7). However, 
radioactive pUBHA DNA failed to anneal measur- 
ably with any EcoRI fragments of three pl lphisA_ 
DNAs. Most parts of the 3.3 X lo6 M, EcoRI frag- 
ment containing the hisA’ gene were deleted in all 
three pl IphisA- genomes tested. 

As a control, EcoRI fragments of B. sub tilis chro- 
mosome were reacted with radioactively labeled 
pUBHA DNA (fig.3, lanes 1,6). Unexpectedly, the 

Fig.2. Hydrolysis of pllphisk and pllphisA_ DNA with 
endonuclease BamHI: (1) pllphisA+ DNA; (2-4) pllphiti- 
DNA. Samples were electrophoresed in 0.8% agarose at 80 mA 
for 3 h. 

Fig.3. Southern hybridization of SzP-labeled pUBHA DNA 
to ~1lphisA’ DNA, pl lphiut - DNA and B. subtilis chromo- 
somal DNA. Each DNA was digested with EcoRI, electropho- 
resed in 0.8% agarose and blotted onto a nitrocellulose filter 
as in [ 12). (1-5) are UV photographs of ethidium bromide- 
stained gel, while (6-10) are autoradiographs: (1,6) B. sub- 
tilis chromosomal DNA; (2,7) pllphisA+ DNA; (3-5,8-10) 
p 1lphisA - DNA. 
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probe hybridized with a4.9 X 106i141.&oRIfragment, 
which is 1.6 X lo6 Mr larger than the EcoRI fragment 
cloned in the p 11 p&4+ genome. We consider that the 
deletion took place during either ‘prophage transfor- 
mation’or isolation ofpl IphisA’phage after ‘prophage 
transformation’. 
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