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Claim

1. Isolated plasmid pBULl.

2. A pure culture of Lactobacillus delbrueckii subsp.

bulgaricus FERM BP-3758.

3. A DNA fragment designated by the thick line in Figure 1 

which region is about 4 kbp between the position of the Eco47III 

site and the position about 1.1 kbp clockwise from the Seal site 

and about 0.45 kbp counterclockwise from the Ndel site which

region replicates pBULl.

4. A plasmid into which the DNA fragment of claim 3 has been

inserted.

6. A microorganism transformed with the plasmid of claim 4.
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(57) Abstract

A plasmid pBULl having a length 
of about 7.9 kb and a restriction map, as 
shown, and its derivative. The plasmid is 
isolated from Lactobacillus delbrueckii 
subsp. bulgaricus M-878 strain and is use­
ful as a vector for breeding various micro­
organisms such as lactic acid bacteria. The 
derivative is useful also as a shuttle vector 
(lactic acid bacterium-Escherichia coli).

j.

Ί

!<
!L 1 ,

t' f



(57)

. 9 kb0X5X

5 H'p BUL 1 fcf KT So

Σ077λί K&, =5 9 b^+)l/X · r/UX'J ly*-· -9-yxt°-i/-X ·
Χ/ΡΛ' (Lactobacillus delbrueckii sub

sp. bulgaricus) M— 8 7 8 ζ> 43 Μ έ tlfeo
i077Xi Ktt.

hLTfcWm&m.

PCTi:£-7i-τ &M $ n s SRJtJ®/)'-> 7 u -, |- JBiHl.’.PCTAufflBfefsl$t δ tc rt cliffls ti δ □- I·-

AT ί - X HJ T ES X --- -i > MG v /' ti' X ti /u
AU t - X I 7 U T FI 7 < > 7 > 1-- ML -■f IJBB -< IV'< — ).- x FR 7 7 > X MN ΐ > 7 >V
BE —ϊ U- V — GA ■HX's MR ·€ — Μ / - Ύ
BF -/ tv -7 r '/ GN Jf- r MW V 7 7 <
BG -/ /l· tr i) r GB -f A* V X NL 4" 7 > /'
BJ -s t- > GR A' M ·> v NO / IV 7 x —
BR ■/ 7 i? IV HU >'>#·!}- PL .ti — 7 > I-"
CA ti t- 4 IE T / IV 7 > K RO iv — -<· — r
CF Φ&τ 7 ij *4bWH IT -f / IJ - RU σ -> τ it RS
CG □ > τ— JP B* SD x —/>
CH X 4 X KP «ί¥β££ΜΛΕ&«Η SE X 7 x — ■)·'
CI □ — ι-·ϊ;.ΐίτ-η. KR AttSH SN •fc 4. tiiv

assCM ti / /l· - > LI ‘J t T > ■> .x 9 -i > SU 7 4 i .1. 1-
CS 4 j. 3 x a > < =v r LK X Ί 7 > ti TD t’ A· — l·
DE (.·· γ y LU IV ? -t > -/ IV / TG (- -3*
DK τ' >-* — 7 MC it 7 US *8



1

SPECIFICATION

Title of the Invention:

NOVEL PLASMID pBULl DERIVED FROM A LACTOBACILLUS AND .

THE DERIVATIVES THEREOF

Field, of the Invention:

The present invention relates to a novel circular double­

stranded DNA plasmid pBULl derived from Lactobacillus delbrueckii 

subsp. bulgaricus, the utility and safety of which as a yogurt- 

producing bacterium have widely been admitted, and to the 

derivatives thereof, as well as to microorganisms as

transformed with the plasmids.

Prior Art and Problems to be Solved by the Invention:

Lactic acid bacteria are very useful microorganisms which 

have been used in production of various fermented foods from 

old times. If a recombinant DNA technology which has rapidly 

been developed in recent years could be applied to lactic acid 

bacteria, much more enhancement of the utilixy of the bacteria 

would be expected. In fact, host-vector systems with a fairy 

high efficiency have already been reported for lactic acid ίΐ

bacteria of some species of, for example, Lactococcus lactis j

(reference 1), Streptococcus salivarius subsp. thermophilus .

(reference 2), Lactobacillus plantarum (reference 3) and j

Lactobacillus casei (reference 4), and the current stage of the t

technical improvement is to try industrial application of the ί:

host-vector systems. : k._
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However, despite of great efforts by many researchers, there 

has hitherto been no report of transformation of lactobacillus 

delbrueckii subsp. bulgaricus and Lactobacillus delbrueckii 

subsp. lactis (hereinafter referred to as Lb. bulgaricus, and 

Lb. lactis, respectively), which are used extensively as 

bacteria for producing milk products such as yogurt. Application 

of broad-host-range plasmids, such as ρΝΖ12 (reference 5)> 

pGK12 (reference 6) and pIL253 (reference 7).' with which 

transformants of lactic acid bacteria of some species have been 

obtained, to the above-mentioned two subspecies has been 

attempted, but transformation was not successful. Under the 

situation, establishment of host-vector systems of the above- ;

mentioned two subspecies has been desired earnestly·.

If a recombinant DNA technology is applied to microorganisms 

to be used in production of foods, the safety of vectors to be 

used for transformation of them must be established. As such 

vectors, those are desirable which exist naturally in 

microorganisms that have been used to produce foods as eaten 

from the past and the safety of those has been historically ;

confirmed. On the other hand, fermented milk products such 

as yogurt are foods which have been eaten for a long period of 

time and the safety of which has been well confirmed. ;

Therefore, the plasmids derived from microorganisms from ’
■ . ' ■ i . ■

fermented milk products, for example, those of the above- ’

mentioned two subspecies, are useful vectors in order to
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construct transformants of microorganims for food production. 

In addition they are also available vectors for transformation 

for the purpose of producing various physiologically active 

substances.

Means for Solving the Problems:

For the purpose of developing host-vector systems for Lb.

bulgaricus and Lb. lactis, the present inventors variously 

investigated and studied plasmids of these subspecies. As a 

result, they are the first who have succeeded in isolating a 

plasmid from Lb. bulgaricus M-878 strain (FERM BP-3758) 

possessed by Meiji Institute of Health Science of Meiji Milk 

Products Co., Ltd., which has a length of about 7-9 kbp, which 

has a restriction endonuclease map as shown in Fig. 1, and 

which does not have recognition sites for BamHI, EcoRI, Kpnl, 

Pstl and Sail, the base sequence of the Smal fragment with 

13^ bp being represented as the Sequence Number 1 of the 

Sequence Table in Table 1 below. They named the plasmid 

pBULl. ..
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Table 1:

Sequence Table:

Sequence Number : 1·

Length of Sequence : 1344 -

Type of Sequence : Nucleic Acid 

Number of Strand : Double-stranded 

Topology : Linear

Kind of Sequence : Other Nucleic Acid 

Origin : ■·

Name of Microorganism ' : Lactobacillus delbrueckii 

subsp. bulqaricus

Name of Strain : M-878

Sequence:

CCCGGGGCGA AACGACATGG GGCGCTCAAA CCATTGCTGA GGCGATCAAT TACGTGCAAG eo
CCCAGCATCC CGATCACGGC TATTTCCCAG CTCGCCAAAA TTCCGGCATG AGGGTTGTTG 120

AACCGGGTGA AAGAGCCACA GGCGAAACGC TTAGAATTAC GATTGACGGA CAGGAAAGAG iso

AATTTCCGTT CAACGGCTTT' TTCTATAACC GGGATTATGA AATGACCGAG GTTGGGTTTG 240

CTAACAGGTT TGCCGATTGG TACGCCAAAG GGAAACTTGT TTATCACCCC GGCTTAAAGG 300

CGTGGCTTAT GTACAACCCA' GAAACGGGGT CATGGATGCC GAATGAAGAC GACAGACTGG 360

GCAAGGATTT TAACCAGACC CCGGAAAAAC TCATCGATAA CTTGCGGATA AACCTCAAAT 420

TTGAACAACC GCTATGGAAA AAAGTTGGGT TTAATCCCCA AAAGCCTAAT AATCAAACAT 460

TCGGGGAAAA GGCTTATGCT AGTGGCTATA GCCGGATCAG CACGGCCGCT GGGCAAAAGG 540

CGACCCTTGA ATTAGCTCAG AGCCGTTTAA CCGTGCGTGC ATTTAACGAC TGTAAGACCG 600

agcttaacac CCAGACAGGT TGGATTGACC TCAAAACGGG TGCTATTAGC CCTCACAACC 660

I
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CGGCGAAACT TTTTGACAAG

ATGGCGGCAA GCTCTGGGAT

TCGAGTTCGT ACAGGCCTGC

TGTTTATCTG CAAAGGCAGT

AGGTGCTGGG CGATTATAGC

CTCAGCGTGA CGGATCAGCA

TTATTACGAG CGAACCGAAA

CGGGTGGCAC TAAGTTAAAA

AGTTTAAAAT TTGGTGGCAA

TTTTACGGCG CTTGATCGTC

TCAACCTCAA AAGCAAGCTA

GCGTGGCTAA ATGGCAAGCC

GTCACGGATG CTGGTTTGCC

CGTTTCCTGA AAGAGACCTT

ATAGGCTACA GCATTACGGG

GGGGGCAACG GGAAGAGCAT

TCTGTTATCC CAATAGAAAC

CCAAGTCCAG ACCTTGCAAG

GAGCAGGTTA CAATCGATGC

GTTAGAATGC TACACCAAAA

TCTAACGGCT TGCCAAACGT

ATCCCGTTTA AAAATGAGGT

ATGAAAGAGA AAGAGTTTAT

CGGG

TAATAAAGCC ACAGAGGGTG 720

TTGCGGCGAT CTTGATTTGA 7βο

CAAAATCAAT GAACAGGTCA mo

TTTTCTTGAA TGCTTAAACG boo

GCTAACAGAC AACGGCAAGG seo

CCTTGAGGGC AAGCGGTTCG to»

TGGGACGGTC AAAACGGTG A tow

CCCGATTGAG TTCCTGCCAC ttw

CAACTTTAAC GATTATGCTA t2co

GCGAGAGGAT GCGGTAGATA ueo

TTTAAAGTGG TGTGTTGAGG 1020

1344

/ 'i
Ao
V·.·?
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Brief Explanation of the Drawings:

Figure 1:

This is a restriction endonuclease map of pBULl. The 

recognition site of each restriction enzyme is expressed by 

kbp unit, on the basis of Bglll. pBULl does not have 

recognition sites for BamHI, EcoRI, Kpnl, Pstl and Sail. In 

the structure of pBULl, the region necessary for replication of 

pBULl is shown by the thick line; and the region corresponding 

to the base sequence of the Sequence Number 1 (the third 

largest fragment of all Smal fragments) is designated as "1344 

bp Smal fragment" in the outer periphery of the map.

Figure 2:

This shows a scheme of construction of the erythromycin- 

resistance cassette plasmid p8Eml, in which Δ indicates 

the pUC118-derived multiple cloning site.

Figure 3-·

This shows restriction endonuclease maps of the derivatives of 

pBULl, i.e., pX3, pX4,.. pS3 and pS4 (Although all of these plasmids

are circular, they are represented as linear profiles on the
. . I"basis of Bglll.). In the drawing, the fine lines each indicate

the sequence of pBULl, and the thick lines each indicate the

pAM/S 1-derived erythromycin-resistance gene. <

Figure.4: /

This shows restriction endonuclease maps of plasmids pU8ST8 

and pU8ST9· In the drawing, the stripe arrows each indicate p;

7

’’ *V ■ ■ ' .· ■ ' . ■ i ί
,· ί Η

■J ; ί κ,
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the L-lactate dehydrogenase gene of Streptococcus salivarius

subsp. thermophilus WI-192 strain (ST-LDH gene); and the fine

lines each indicate the sequence of plasmid pUC118. bla

indicates the ampicillin-resistance gene.

Figure 5’·

This shows restriction endonuclease maps of plasmids pXL38, 

pXL39, pXlA8 and pXlA9 (Although all of these plasmids are 

circular, they are represented as linear profiles on the basis 

of Bglll.). In the drawing, the fine lines each indicate the 

sequence of pBULl, the thick lines each indicate the pAM/31- 

derived erythromycin-resistance gene, and the stripe arrows 

each indicate ST-LDH gene.

Figure 6:

This shows a scheme to presume the region indispensable for 

replication of pBULl by deletion method.

Figure 7: .

This shows a restriction endonuclease map of pBR3A18El 

plasmid by ligation of- ρΧ3Δ18Ε plasmid with the E. coli plasmid ;

(pBR322). In the drawing, the fine line indicates the sequence J

derived from plasmid pBR322, the thick line indicates the

sequence derived from ρΧ3Δ18Ε, the arrow (Em. ) indicates the 

erythromycin-resistance gene, and the arrow (Ap ) indicates ■

the ampicillin-resistance gene. :

Figure 8:
ί ■This shows a restriction endonuclease map of pBRAl8E2 »

ί
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plasmid. The symbols are the same as those shown in Fig. 7-

Figure 9:

This showv a restriction endonuclease map of ρ8Χ3Δ·18Ε1 

plasmid by ligation of ρΧ3Δ18Ε plasmid with the E. coli plasmid 

(pUC118) . In the drawing, the fine line indicates the

sequence derived from plasmid pUC118, the thick line

indicates the sequence derived from ρΧ3Δ18Ε , the arrow (Em ) 

indicates the erythromycin-resistance gene, and the arrow (Ap ) 

indicates the ampicillin-resistance gene.

Figure 10:

This shows a restriction endonuclease map of ρ8Χ3Δ18Ε2 

plasmid. The symbols are the same as those shown in Fig. 9·

A;

ί ■ ί
j ■
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Since the phenotype encoded by the pBULl was cryptic, an 

erythromycin-resistance gene was added to the plasmid as a 

selective marker in transformation experiments (Erythromycin 

may be referred to simply as "Em" hereunder.). As a result, 

the present inventors have succeeded in obtaining transformants 

expressing the above-mentioned selective marker in 

microorganisms of three genera, namely Bacillus subtilis, 

Lactococcus lactis subsp. lactis and Lactobacillus delbrueckii 

subsp. lactis. The fact indicates that the plasmid pBULl 

(hereinafter often referred to as "the plasmid of the 

invention") has a broad host range in Gram-positive bacteria. 

The present invention has been completed on the basis of these 

findings.

Since the gene which participates in self-replicatability 

of pBULl is considered to be encoded in a part of the plasm.'; ’ 

DNA of the present invention as reported in other plasmids, 

any other plasmid derivatives derived either by deletion of 

unnecessary regions for replication from the plasmid of the 

invention, or by insertion or addition of any other DNA to 

pBULl are also considered to have the same function as the 

plasmid of the invention. For instance, as described in 

Example 6 followed hereinafter, any plasmid causes no hindrance

in replication, if it contains, as a region necessary for 

replication, a region necessary for replication in about 4- kbp 

DNA fragment indicated by the thick line in Fig. 1 between

V-Λ
l·

-1
V fa
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the recognition site for Eco47III and the position about 1.1 kbp 

apart clockwise from the Seal site, namely about 0.45 kbp apart 

counterclockwise from the Ndel site. Therefore, the present 

invention is not restricted to only the plasmid pBULl itself 

but widely includes other derivative plasmids as obtained by 

modifying it as well as other recombinant plasmids as obtained 

by inserting other gene(s), for example, marker(s) such as 

Em-resistance gene or exogeneous gene(s) such as L-lactate 

dehydrogenase gene, or other promoter(s) or operator(s) into it.

As derivative plasmids of pBULl of the present invention,

for example, there are mentioned plasmids containing necessary 
-for' r c.p\\e.cx t Vor.

in the region of about 4 kbp shown as

/

regions.

the thick line in Fig. 1 as mentioned above. As one example 

of them, there is the mentioned plasmid ρΧ3Δΐ8Ε (Fig. 6, the 

bottom). This plasmid can be replicated not only in Gram­

positive bacteria such as lactic acid bacteria but also in 

E. coli, as is obvious from Example 8 followed hereunder.

This plasmid itself is- nothing but a plasmid with a broad-host- 

range, which has been desired in this technical field.

Since this plasmid is one which can be replicated not only in 

Gram-positive bacteria (e.g., lactic acid bacteria, Bacillus 

subtilis) buc also in Gram-negative bacteria (e.g.. E. coli), 

it is effective as a novel versatile shuttle vector which has 

extremely high practicability and can be used in both Gram­

positive bacteria and Gram-negative bacteria.

i'-'AW

wT :
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Another examples of the pBULl-derived plasmids can be obtained 

by ligation of other plasmids (fragments) with the region of 

pBULl necessary for replication, ~ua.ah-a43~~Sphl^d:niai..ffea''giig:)^^=^· 

p-1-π , involved in the region of about 4- kbp shown

as the thick line area in Fig. 1, or a DNA fragment of pBULl 

which contains this region. As the other plasmids to be ligated, 

various plasmids may be used widely. As some examples of them, 

there are exemplified E. coli-derived plasmids such as pBR 

series plasmids and pUC series plasmids.

Also the thus ligated plasmids have been identified to be 

replicable in both lactic acid bacteria and E. coli, like the 

above-mentioned plasmid ρΧ3Δ18Ε , and they may alos be used 

as plasmids with a broad-host-range which have heretofore been 

strongly desired in this technical field or as shuttle vectors 

between Gram-positive bacteria and Gram-negative bacteria.

As examples of such ligated plasmids, there are exemplified 

pBR3Al8El, pBR3Al8E2, ρ8Χ3Δΐ8Ε1, ρ8χ3Δΐ8Ε2 (Figs. 7 to 10), 

etc.

As mentioned above, plasmid pBULl and its derivative plasmids 

show a broad-host-range and are useful. Using them as a 

vector, expression of heterogeneous genes in lactic acid 

bacteria is possible.

For instance, where a recombinant plasmid was constructed 

by ligation of pBULl plasmid with an erythromycin-resistance 

gene as a selective marker gene and an L-lactate dehydrogenase

iV. .■/
/'<
ί us

<.1-Λ
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gene derived from a yogurt lactococcus (e.g., pXL38 in Fig. 5) 

as an exogenous gene, and the recombinant plasmid was 

introduced into Lb. lactis which does not naturally have L- 

lactic acid producibility , the resulting erythromycin- 

resistance transformant produced not only 

D-lactic acid but also almost the same amount of L-lactic 

acid as metabolic end-products.

Thus, plasmid pBULl and its derivative plasmids are useful 

also as a vector for expression of heterogeneous genes in 

lactic acid bacteria«

For preparing the plasmid pBULl of the present invention,

Lb. bulgaricus M-878 strain is first cultivated in a liquid

medium which is used for cultivation of lactic acid bacteria,

for example, LCM medium (reference 8), according to ordinary

methods of cultivating lactic acid bacteria under ordinary

incubation conditions. Next, the incubated cells are collected

and are then subjected to lysis by known methods for lactic ,

acid bacteria, for example, by using an enzyme such as lysozyme ,

or mutanolysin, etc. From the resulting cell lysate, the |.

intended plasmid can he isolated and purified by a usually

employed method, such as phenol extraction and cesium

chloride density gradient centrifugation in the presence of 

ethidium bromide. For construction of the derivative plasmids 

of pBULl, which are other plasmids of the present invention, 

the plasmid pBULl may be treated for digestion, ligation and

/'jv

I.
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others by known methods (reference 10).

In order to transform microorganisms by introducing thereinto 

a recombinant plasmid as obtained by inserting a selective 

marker gene to the plasmid pBULl, a known method which is 

considered to be the best for the host may be selected from '

conventional methods, such as calcium chloride method, 

protoplast-polyethylene glycol method, electroporation method, 

etc., with no particular limitation, according to the 

characteristics of microorganisms to be transformed. Where 

lactic acid bacteria are used as a host, the electroporation 

method is preferred. A marker for selecting the transformants 

may be selected from various antibiotic-resistance genes known 

in this technical field. Where the transformed microorganisms 

are intended to be used in producing foods or medicines, use of 

markers which have been confirmed to have a high safety is 

desirable. If desired, other base sequences participating in 

control of expression, such as promoters, may also be inserted 

into the plasmids of the invention.

Recombinant plasmids are considered to be safe which are ;

constructed from pBULl plasmid or its derivative, an enzyme 

gene derived from a microorganism used in food production and a 

safe selective marker gene. Therefore, the transformants of b

food-producing bacteria such as lactic acid bacteria with such j-

a safe plasmid are also considered to be safe. Such safe b,

transformants may be incubated by ordinary methods to produce ■ t ·

I?·»*»v.,5
'■Λ•f. i

. I

4·
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a large amount of enzymes and physiologically active substances,

and they may be used in various food productions in ordinary

ways to attain the intended objects. In addition, since the

safety of the transformants is highly assured in any case,

they do not cause by-production of any biohazards or harmful

substances. Accordingly, it is expected that they could

advantageously be utilized in industrial production of medicines

and foods which especially need safety.

Next the present invention will be explained hereunder by

way of the following examples.

Example 1 (Preparation of Plasmid pBULl):

Lactobacillus delbrueckii subsp. bulgaricus M-878 strain

(FERM BP-3758, as possessed by Meiji Institute of Health Science;

herein often referred to simply as M-878 strain) was ■

suhcultivated with a skim milk medium (liquid medium as

prepared by dissolving 10% skim milk powder and 0.1% yeast

extract in distilled water and sterilized at 121°C for 7

minutes) and inoculate-d (0.5%) in 6 liters of LCMG medium (as

prepared by adding 1% (w/v) glucose to LCM medium) and (-
' I

incubated at 37°C for 15 hours. :

After the incubation, the cells were collected by

centrifugation and ..ashed twice with 20 mM Tris-HCl buffer '

(pH 7«0). The washed cells were suspended in 480 ml of a ;·

hypertonic buffer (20 mM Tris buffer containing 0.3 M -

raffinose, 5 mM magnesium chloride and 5 mM calcium chloride; :■ · T
■ (’/

ί
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pH 7.0). To this were added mutanolysin and lysozyme in an

amount of 5 pg/ml and 5θθ )ag/ml, respectively, as the final '

concentrations, and were incubated at 37°C for 10 minutes.

Then, 54 ml of 250 mM EDTA (pH 8.0) was added to the resulting 

solution, which was then subjected to centrifugation to collect ,

the precipitates.

The precipitates were then suspended in 24o ml of 5θ mM Tris 

buffer (pH 8.0) containing 6.7$ (w/v) sucrose and 25 mM EDTA.

The resulting suspension was then processed according to 

Anderson & Mckay method (reference 9) , from lysis with SDS to 

rough purification of plasmid DNA.

The crude plasmid DNA preparation thus obtained was subjected 

to RNase treatment by an ordinary method (reference 10) and 

then to cesium chloride density gradient centrifugation in the 

presence of ethidium bromide to obtain about 1 pg of purified 

pBULl plasmid DNA. ·

The pBULl plasmid was cut with various commercially available 

restriction enzymes, and the length of each fragment obtained

was calculated after agarose gel electrophoresis. As a result, j,
&K

pBULl was identified to be a circular double-stranded DNA .-,

plasmid having the restriction endonuclease map in Fig. 1 with 

a total length of about 7·9 kbp. pBULl did not nave

recognition sites for BamHI, EcoRl, Kpnl, Pstl and Sail. Of ‘ y

five fragments obtained by digestion of pBULl with Smal, the

third largest fragment (1344 bp; the position of which has been j?’

s

. V l· ί- 
j
? Γ;,
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designated, in the outer periphery of the restriction

endonuclease map in Fig. 1 as "1344 bp Smal fragment") was -

analyzed with respect to the base sequence thereof, which is 

shown as Sequence Number 1 in Table 1.

Example 2 (Addition of Selective Marker Em-resistance Gene to

pBULl):

First, conjugatively transmissible plasmid pAM^l (reference 

11) derived from Enterococcus faecalis was cut with Hhal and 

subjected to agarose gel electrophoresis to thereby cut out 

a gel fraction containing DNA fragments ranging about 1.1 kbp 

having the Em-resistance gene. DNAs were isolated from the 

thus cut-out gel using a GENECLEAN DNA purifying kit (product '

by BI0101 Co.). The DNA fragment was ligated to E. coli- 

derived pUC118 plasmid (product by Takara Shuzo Co.) according 

to the process shown in Fig. 2 to prepare "cassette plasmid" 

p8Eml in order to excise the Em-resistance gene successfully 

with various restriction enzymes.

Next, about 0.25 jug of p8Eml DNA was cut with Xbal and was 

ligated with a fragment as obtained by cutting about 0.025 jug ;

of pBULl DNA with Xbal. A half of the reaction mixture S

after the ligation was used in transformation of Bacillus

subtilis 207-25 strain (reference 13) by the method of Chang U

et al (reference 12). One third of the transformed cells j

was spread on a plate of DM3 medium containing 25 jug/ml of f

erythromycin and incubated for 2 days at 37°C to obtain 1 '■

♦•z .

/ v



Era-resistant transformants.

Plasmid DNAs were prepared from the transformants obtained,

and the restriction endonuclease cleavage pattern of the plasmids

was analyzed. When pBULl and the Em-resistance gene were

ligated at Xbal site, five transformants of all the nine

analyzed contained a plasmid having the restriction

endonuclease map of A in Fig. 3; and two of them contained a 

plasmid having the restriction endonuclease map of B in Fig. 3· 

The plasmid with the map A in Fig. 3 was named pX3> and that 

with the map B in the same was named pXN.

In the same manner as above, except that p8Eml was cut with 

Smal and pBULl was cut with Seal, and the resulting fragments 

were subjected to blunt end ligation followed by transformation 

of Bacillus subtilis 207-25 strain with the ligated products, 

Em-resistant transformants were also obtained. Five of all 

the six transformants, analyzed with respect to plasmids 

therein, contained a plasmid having the restriction

endonuclease map of C in Fig. 3; and one of them contained 

a plasmid having the restriction endonuclease map of D in Fig. 3- 

These plasmids were named pS3 and pSN, respectively.

As mentioned above, recombinant plasmids pX3, pXN, pS3 and 

pS4 (all having a length of about 9.0 kbp) were constructed by 

introducing the ρΑΜβ 1-derived Em-resistance gene (having a 

length of about 1.1 kb) to pBULl. In addition, it was shown 

that pBULl could function as a plasmid replicon in
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Bacillus subtilis.

Example 3 (Transformation of Lactococcus lactis subsp. lactis):

Lactococcus lactis subsp. lactis (hereinafter often referred 

to simply as "Lc. lactis") IL1403 strain (as obtained from 

Dr. Alain Chopin, INRA, France) was used. To this was 

introduced pBULl having the Em-resistance gene, whereby a 

transformant of Lc. lactis showing Em-resistance was 

successfully obtained. The details are mentioned below.

From the transformants of Bacillus subtilis obtained in 

Example 2, the recombinant plasmids, pX3 and pX5, constructed 

by inserting the Em-resistance gene into pBULl were prepared 

by the method of reference 14.

Next, pX3 and pX4 each were introduced into Lc. lactis 111^03 

strain according to the method of reference 1. The 

transformants were obtained by selecting on agar plates of BL 

medium (product by Eiken Chemical Co.) containing 25 pg/ml of Em.

The transformants were incubated in LCMG medium, and plasmids 

were obtained from the. cells after Anderson et al.

(reference 9). The plasmids thus obtained were shown to have 

the same restriction enzyme recognizing sites as those of the 

plasmids used for the transformation. From the result, it 

was concluded that pBULl also functioned as a plasmid replicon 

in not only Bacillus subtilis but also Lc. lactis.

Example 4 (Transformation of Lactobacillus delbrueckii subsp.

lactis) : ;
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From the transformants of Lactococcus lactis subsp. lactis 

IL1403 obtained in Example 3, plasmids pX3 and pX4 were prepared. 

Using them, Lb. lactis ATCC 12315 strain and M-908 strain, 

possessed by Meiji Institute of Health Science, were transformed 

by electroporation. There was no report of success in

transformation of Lactobacillus delbrueckii species having 

a high industrial usefulness, despite of studies by many 

researchers. Using the plasmid of the invention, 

transformation of Lb. lactis was attained for the first time, 

as mentioned below.

Lb. lactis ATCC 12315 strain or M-908 strain as subcultivated 

in a skim milk medium was inoculated in LCMG medium in a 

concentration of 20 and incubated for 2 hours at 42°C. The 

cells were collected and washed, and then suspended in EP 

buffer (containing 0.4 M sucrose, 1 mM magnesium chloride and 

7 mM potassium dihydrogenphosphate; pH 7.4) at a concentration 

of OD^gQ = 4.0 and cooled on ice. 0.8 ml of the cell 

suspension was put in an electroporation cuvette, about 0.1 

to 2 /ig of pX3 or pX4 plasmid was added thereto, and an electric 

pulse of 25 pF at 2.5 kV was discharged thereto with Gene 

Pulser (manufactured by Bio-Rad Co.).

Immediately after the discharge, the cells were suspended in 

4 ml of an expression medium (LCMG medium to which 0.2 M 

raffinose, 5 mM magnesium chloride and 1% lactose had been 

added) and incubated statically for 2.5 hours at 37°C.

S· ■ ■*
•l· 1'
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Ail the culture liquid thus incubated was poured into several 

plates and 10 to 15 ml of BL agar medium (sterilized and kept 

at 50°C) containing 25 pg/ml of Em was added thereto and mixed. 

After solidified, the plates were incubated anaerobically in 

Gaspak system (manufactured by Beckton-Dickinson Co.) at 37°C 

for 2 to days, and the transformants were selected.

According to the method, about 10 to 100 transformants per 

jig of the plasmid DNA were obtained.

The Em-resistant clones thus obtained showed a strong Em- 

resistance (>1 mg Em/ml) and had a plasmid having the same 

restriction endonuclease map as pX3 or pX4. Prom these results, 

they were confirmed to be transformants. Further, using 

the pX3 or pX4- plasmid DNA obtained from the transformants, 

the transformation frequency in Lb. lactis ATCC 12315 strain 

increased by about 10 times.

No transformants of Lb. lactis have heretofore been obtained 

by using other plasmids such as pGK12 or IL253 under the same 

conditions as above. From the fact, it is obvious that the 

pBULl of the present invention is useful as a vector for 

Lb. lactis.

Example 5 (Introduction and Expression in Lb. lactis of 

L-lactate Dehydrogenase Gene inserted in pBULl):

A restriction enzyme SspI fragment (about 1.2 kbp) containing 

a gene (Japanese Patent Application No. 2-4-5976) coding for 

L-lactate dehydrogenase (hereinafter referred to as "ST-LDH")

yi·.·*
·. \
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derived from a lactic acid bacterium Streptococcus salivarius

subsp. thermophilus M-192 strain (possessed by Meiji Institute

of Health Science) was inserted into the Smal recognition site

of pUC118, to construct the recombinant plasmids pU8ST8 and

pU8ST9 as shown in Fig. 4-A and Fig. 4-B, respectively.

These recombinant plasmids were cut with BamHI and Kpnl and 

subjected to agarose gel electrophoresis. About 0.02 jug of 

DNA fragments containing the ST-LDH gene was cut out and 

isolated using a GENECLEAN DNA purification kit (manufactured 

by BI0101 Co.). These DNA fragments were ligated with 

about 0.3 jag of pX3 or pX4, obtained in Example 2, cut with 

BamHI and Kpnl. Using this ligation mixture, Lc ■ lactis 

IL1403 strain was transformed, whereby transformants having the 

plasmids as shown in Fig. 5 were obtainei These plasmids 

were named pXL>8, pXL39> pXL^8 and pXL^9, respectively.

These plasmids were prepared by the method of reference 9 

and were used for transformation of Lactobacillus delbrueckii 

subsp. lactis ATCC 12315 strain by the same method as shown

in Example As a result, Em-resistant transformants were j
fc

obtained. These carried plasmids each having the same 

restriction endonuclease map as the introduced plasmids.

These transformants were incubated in a skim milk medium.

The culture was diluted with distilled water and subjected f

to centrifugation. The lactic acid in the resulting j

supernatant was measured by the use of a lactic acid measuring

Λ· ί
Utyk J
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kit (F Kit L-lactic Acid; manufactured by Boehringer Mannheir) . 

As a result, L-lactic acid, which is not naturally produced 

at all by the host, was detected in an amount almost 

equivalent to D-lactic acid produced.

The cells of one of the transformants were disrupted and the 

cell extract was prepared. As a result, L-lactate 

dehydrogenase activity, which is not detected in the host cells, 

was detected in the cell extract of the transformant. The L- 

lactate dehydrogenase from the transformant was purified and 

the sequence of the 18 N-terminal amino acids thereof was 

examined. As a result, it was identical to that of ST-LDH. 

From the above-mentioned results, it was shown that a 

heterogeneous gene expression was possible in Lb. lactis with 

pBULl as a replicon.

Example 6 (Presumption of the Region in pBULl necessary for 

Replication by a Deletion Method):

pX3 was cut with BamHI and Kpnl and subjected to deletion

in the direction as indicated in Fig. 6, by the use of a DNA

deletion kit for kilosequencing (manufactured by Takara Shuzo

Co.). Each reaction mixture was applied to transform 
1

Lc. lactis ILVl-03 in the same method as in Example 3«

and the transformants were selected in the presence of 25 Jig/ml

of Em.

Plasmids harboured by the Em-resistant transformants were 

prepared and their restriction enzyme recognition sites were

1'

7
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examined. As a result, the shortest deletant of pX3 was 

obtained whose deletion proceeded to the position in pX3 shown 

in Fig. 6, namely, the position about 1.1 kbp clockwise apart 

from Seal site and about 0Λ5 kbp counterclockwise apart from ' 

Ndel site. The deleted plasmid was named ΡΧ3Δ18 and it was 

further cut with both Pstl and either of Bglll, Sphl and 

Eco^7III and then subjected to self-circularizing ligation.

The reaction mixture was used in transformation of Lc. lactis 

IL1^03 strain and the selection of the transformants was 

performed as in Example 3. As a result, transformants having 

plasmids of various sizes were obtained. The plasmid 

ΡΧ3Δ18Ε as shown in Fig. 6 is the shortest one, which was 

formed by cutting ρΧ3Δ18 with Pstl and Eco47III followed by 

self-ligation. The region necessary for replication of pBULl 

was found to be contained in about 4 kbp DNA fragment of 

ΡΧ3Δ18Ε .

Example 7 (Formation of Shuttle Vectors by Ligation of ρΧ3Δΐ8Ε 

Plasmid with E. coli Plasmid):

ΡΧ3Δ18Ε plasmid obtained in Example 6 was prepared from 

Lc. lactis ILVJ-03 strain by the method of reference 9. The 

thus obtained pX3A18E was cut with Sphl in the multi-cloning 

site and was ligated with a DNA fragment obtained by cutting 

E. coli plasmid pBR322 (manufactured by Takara Shuzo Co.) or 

pUC118 with Sphl. The reaction mixture was used to transform 

E. coli TGI strain [Δ( lac-pro)supE thi hsdD5/F’ traD36

iuf
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proA+B+ lacl^ lacZ/\M15] (manufactured by Amersham Co.) by 

the well-known calcium chloride method. The transformants 

were selected with 500 Em/ml. They had a recombinant 

plasmid composed of ρΧ3Δ18Ε and pBR322 or pUC118, as shown 

in Fig. 7 to Fig. 10 (pBR3AJL8El, pBR3A18E2; ρ8Χ3Δΐ8Ε1, 

p8X3A18E2 ) .

These transformants showed ampicillin resistance (50 /ig/ml) 

derived from E. coli pBR322 and pUC118 plasmids. These 

recombinant plasmids isolated and purified from E. coli were 

used to transform Lc . lactis IL1403 strain and transformants 

were selected with 25 jig/ml of Em as shown in Example 3·

As a result, Em-resistant transformants were obtained* The 

plasmids possessed by the transformants were prepared and the 

restriction enzyme-recognition sites were examined. As a 

result, they each had the same restriction endonuclease map 

as the map of those prepared from E. coli. From these 

results, ΡΧ3Δ18Ε , one of the derivatives of pBULl, was found 

to become a useful shuttle vector if it is ligated with an 

E. coli plasmid. For the transformants with such a 

recombinant plasmid could be selected with ampicillin and Em, 

or Em when the host was either E. coli or lactic acid, 

respectively. Thus, the usefulness of pBULl was further 

proved.

Example 8 (Replication of ρΧ3Δ18Ε Plasmid in E . coli) :

The plasmid ρΧ3Δΐ8Ε, obtained in Example 6, was
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prepared from the transformant of Lc . lactis IL1403 by the 

method of reference 9» and was used to transform E. coli TGI 

strain in the same manner as in Example 7· The thus 

obtained Em-resistant (Em 5θθ jug/ml) transformant had a 

plasmid having the same restriction endonuclease map as that 

of ρΧ3Δ18Ε used for the transformation. From the fact, 

it was found that the ρΧ3Δ18Ε plasmid, a derivative of pBULl, 

is replicable even in E .. coli, that E. coli with ρΧ3Δ18Ε may 

be selected on the basis of the Em resistance and that 

ΡΧ3Δ18Ε is useful as a shuttle vector between Gram-positive 

bacteria and Gram-negative bacteria. Thus, the usefulness 

of pBULl was further proved.
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Advantage of the Invention:

The species Lactobacillus delbrueckii is an industrially 

useful lactic acid bacterium, including subsp. bulgaricus and
: i·.

subsp. lactis which are important in production of yogurt { β
' ‘ A

and cheese and subsp. delbrueckii which is important in j)
■ V·

production of lactic acid. ’ ·/
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' However, with respect to Lactobacillus delbrueckii, neither

transformation nor the presence of an autonomously replicable

plasmid has heretofore been reported. The plasmid of the

present invention is the first reported up to now. Using

the plasmid of the present invention as a replicon,

transformation of Lb. lactis which is one of this species 

has become possible for the first time. Accordingly, it is 

expected that various genes are inserted into the plasmid of 

the present invention to give recombinant plasmids which are 

introduced into subspecies of Lactobacillus delbrueckii to 

construct improved strains having useful characters, for 

example, a high lactose metablizing ability or an"improved 

milk protein degrading activity. In addition, since the 

present invention provides a plasmid with a broad-host-range 

shuttle vector. Thus, the effectiveness of the present 

invention is further elevated.

Since the plasmid of the invention is one isolated from 

a strain of Lb. bulgaricus existing in yogurt, its safety 

has been confirmed historically. In addition, since the 

plasmid of the invention can replicate not only in species 

of Lactobacillus delbrueckii but also in other bacteria 

important in food industry, such as the genera Bacillus and 

Lactococcus, it is expected to be utilizable not only in the 

production of various foods hut also in breeding of micro­

organisms which produce various enzymes and physiologically 

active substances.
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Reference to Deposited. Microorganism under Rule 13-2;

1. Lactobacillus delbrueckii subsp. buigaricus M-878

a. Name and Address of the Institution for Deposition of 

the present Microorganism:

Name: Fermentation Research Institute, Agency of

Industrial Science and Technology, Ministry of 

International Trade and Industry

Address: 1-3, Higashi 1-chome, Tsukuba-shi, Ibaraki-ken, 

305, Japan

b. Date of Deposition in the Institution stated in a:

January 29, 1991

c. Deposition Number rendered by the Institution stated in a:

FERM BP-3758
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The claims defining the invention are as follows :-
1. Isolated plasmid pBULl.
2. A pure culture of Lactobacillus delbrueckii subsp. 
bulgaricus FERM BP-3758.
3. A DNA fragment designated by the thick line in Figure 1 
which region is about 4 kbp between the position of the Eco47III 
site and the position about 1.1 kbp clockwise from the Seal site 
and about 0.45 kbp counterclockwise from the Ndel site which 
region replicates pBULl.
4. A plasmid into which the DNA fragment of claim 3 has been 
inserted.
5. A plasmid into which the plasmid pBULl-replication origin 
of claim 4 has been inserted.
6. A microorganism transformed with the plasmid of claim 4.
7. A microorganism transformed with the plasmid of claim 5.
8. The microorganism according to claim 6 which is
Lactobacillus delbrueckii.
9. The microorganism according to claim 6 which is
Lactococcus lactis.
10. The microorganism according to claim 6 which is Bacillus 
subtilis.
11. The microorganism according to claim 7 which is
Lactobacillus delbrueckii.
12. The microorganism according to claim 7 which is
Lactococcus lactis.
13. The microorganism according to claim 7 which is Bacillus 
subtilis.

DATED this 15th day of August 1994.

MEIJI MILK PRODUCTS COMPANY LIMITED
By their Patent Attorneys:
CALLINAN LAWRIE

15/8/94GV12058.SPE.29
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ABSTRACT OF THE DISCLOSURE

Disclosed are the plasmid pBULl having a restriction 

endonuclease cleavage map as shown in Fig. 1 and having a 

length of about 7.9 kbp and its derivatives.

The plasmid was isolated from Lactobacillus delbrueckii 

subsp. bulgaricus M-878.

The plasmid is useful as a vector for breeding various 

microorganisms such as lactic acid bacteria, and the 

derivatives thereof are useful also as a shuttle vector 

(lactic acid bacteria - Escherichia coli).
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