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57 ABSTRACT 
In accordance with the present invention there is pro 
vided an isolated DNA coding for the Bg/I restriction 
endonuclease and modification methylase derived from 
Bacillus globigi RUB561 stain, as well as related meth 
ods for cloning said recombinant DNA. The present 
invention also relates to clones which express recombi 
nant Bg/I restriction endonuclease and recombinant 
modification methylase produced from Bg/I recombi 
nant DNA and to methods for producing said enzymes. 

7 Claims, 7 Drawing Sheets 
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1. 

METHOD FOR PRODUCING THE BGLI 
RESTRICTON ENDONUCLEASE AND 

METHYLASE 

BACKGROUND OF THE INVENTION 

The present invention relates to DNA encoding the 
Bg/I restriction endonuclease and modification methyl 
ase, and use of this DNA in the production of these 
enzymes. 

Restriction endonucleases are a class of enzymes that 
occur naturally in bacteria. When they are purified 
away from other contaminating bacterial components, 
restriction endonucleases can be used in the laboratory 
to break DNA molecules into precise fragments. This 
property enables DNA molecules to be uniquely identi 
fied and to be fractionated into their constituent genes. 
Restriction endonucleases have proved to be indispens 
able tools in modern genetic research. They are the 
biochemical 'scissors' by means of which genetic engi 
neering and analysis is performed. 

Restriction endonucleases act by recognizing and 
binding to particular sequences of nucleotides (the 'rec 
ognition sequence) along the DNA molecule. Once 
bound, they cleave the molecule within, or to one side 
of, the sequence. Different restriction endonucleases 
have affinity for different recognition sequences. Close 
to one hundred different restriction endonucleases have 
been identified among the many hundreds of bacterial 
species that have been examined to date. 

Bacteria tend to possess at most only a small number 
restriction endonucleases per species. The endonu 
cleases typically are named according to the bacteria 
from which they are derived. Thus, the species Hae 
mophilus aegyptius, for example synthesizes 3 different 
restriction endonucleases, named Hae, Hae and Ha 
eIII. Those enzymes recognize and cleave the sequen 
ces (AT)GGCC(AT) (SEQ ID NO:4), PuGCGCPy 
(SEQ ID NO:5) and GGCC (SEQ ID NO:6) respec 
tively. Escherichia coli RY13, on the other hand, synthe 
sizes only one enzyme, EcoRI, which recognizes the 
sequence GAATTC (SEQID NO:7). 
While not wishing to be bound by theory, it is 

thought that in nature, restriction endonucleases play a 
protective role in the welfare of the bacterial cell. They 
enable bacteria to resist infection by foreign DNA mol 
ecules like viruses and plasmids that would otherwise 
destroy or parasitize them. They impart resistance by 
scanning the lengths of the infecting DNA molecule 
and cleaving them each time that the recognition se 
quence occurs. The breakup that takes place disables 
many of the infecting genes and renders the DNA sus 
ceptible to further degradation by non-specific endonu 
cleases. 
A second component of bacterial protective systems 

are the modification methylases. These enzymes are 
complementary to restriction endonucleases and they 
provide the means by which bacteria are able to protect 
their own DNA and distinguish it from foreign, infect 
ing DNA. Modification methylases recognize and bind 
to the same nucleotide recognition sequence as the cor 
responding restriction endonuclease, but instead of 
breaking the DNA, they chemically modify one or 
other of the nucleotides within the sequence by the 
addition of a methyl group. Following methylation, the 
recognition sequence is no longer bound or cleaved by 
the restriction endonuclease. The DNA of a bacterial 
cell is always fully modified, by virtue of the activity of 
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2 
its modification methylase and it is therefore completely 
insensitive to the presence of the endogenous restriction 
endonuclease. It is only unmodified, and therefore iden 
tifiably foreign, DNA that is sensitive to restriction 
endonuclease recognition and attack. 
With the advent of genetic engineering technology, it 

is now possible to clone genes and to produce the prote 
ins and enzymes that they encode in greater quantities 
than are obtainable by conventional purification tech 
niques. The key to isolating clones of restriction endo 
nuclease genes is to develop a simple and reliable 
method to identify such clones within complex librar 
ies', i.e. populations of clones derived by 'shotgun' pro 
cedures, when they occur at frequencies as low as 103 
to 10. Preferably, the method should be selective, 
such that the unwanted, majority, of clones are de 
stroyed while the desirable, rare, clones survive. 
Type II restriction-modification systems are being 

cloned with increasing frequency. The first cloned sys 
tems used bacteriophage infection as a means of identi 
fying or selecting restriction endonuclease clones Eco 
RII: Kosykh, et al., Molec. Gen. Genet, 178:717-719 
(1980); HhaII: Mann, et al., Gene, 3: 97-112 (1978); PstI: 
Walder, et al., Proc. Nat, Acad. Sci., 78:1503-1507 
(1981)). Since the presence of restriction-modification 
systems in bacteria enable them to resist infection by 
bacteriophages, cells that carry cloned restriction 
modification genes can, in principle, be selectively iso 
lated as survivors from libraries that have been exposed 
to phage. This method has been found, however, to 
have only limited value. Specifically, it has been found 
that cloned restriction-modification genes do not al 
ways manifest sufficient phage resistance to confer se 
lective survival. 
Another cloning approach involves transferring sys 

tems initially characterized as plasmid-borne into E. coli 
cloning plasmids EcoRV: Bougueleret, et al., Nucl. 
Acid. Res., 12:3659-3676 (1984); PaeR7: Gingeras and 
Brooks, Proc. Natl. Acad. Sci. USA, 80:402-406 (1983); 
Theriault and Roy, Gene, 19:355-359 (1982); PvuI: 
Blumenthal, et al., J. Bacteriol, 164:501-509 (1985)). 
A third approach, and one that is being used to clone 

a growing number of systems involves cloning by selec 
tion for an active methylase gene See, e.g., EPO Publi 
cation No. 193,413, published Sep. 3, 1986 and BsuRI: 
Kiss, et al., Nucl. Acid. Res., 13:6403-6421 (1985). Since 
restriction and modification genes are often closely 
linked, both genes can often be cloned simultaneously. 
This selection does not always yield a complete restric 
tion system however, but instead yields only the meth 
ylase gene (BspRI: Szomolanyi, et al., Gene, 10:219-225 
(1980); BcnI: Janulaitis, et al, Gene, 20:197-204 (1982); 
BsuRI: Kiss and Baldauf, Gene, 21:111-119 (1983); and 
MspI: Walder, et al., J. Biol. Chem, 258:1235-1241 
(1983). See also Wilson, Gene, 74:281-289 (1988); 
Slatko, et al., Gene, 74:45-50 (1988); Lunnen, et al., 
Gene, 74:25-32 (1988); VanCott, et al, Gene, 74:55-59, 
(1988)). 
There are, a number of possible explanations for such 

failures, and a variety of potential obstacles which the 
genetic engineer faces even in the methylase selection 
approach. In some systems the cloning problem may lie 
in trying to introduce the endonuclease gene into a host 
not already protected by modification. If the methylase 
gene and endonuclease gene are introduced on a com 
mon DNA fragment, the methylase gene must modify 
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or protect the host before the endonuclease gene 
cleaves the host's genome. 
Another obstacle to cloning these systems in E. coli 

was discovered in the process of cloning diverse methy 
lases. Many E. coli strains (including those normally 
used in cloning) have systems that resist the introduc 
tion of DNA containing cytosine methylation. See, 
Raleigh and Wilson, Proc. Natl. Acad. Sci., USA, 
83:9070-9074 (1986). Therefore, it is also necessary to 
carefully consider which E. coli strain(s) to use for clon 
Ing. 
Because highly purified restriction endonucleases, 

and to a lesser extent, modification methylases, are use 
ful tools for characterizing and rearranging DNA in the 
laboratory, there is a commercial incentive to obtain 
strains of bacteria through recombinant DNA tech 
niques that synthesize these enzymes in abundance. 
Such strains would be useful because they would sim 
plify the task of purification as well as providing the 
means for production in commercially useful amounts. 

SUMMARY OF THE INVENTION 

In accordance with the present invention there is 
provided an isolated DNA coding for the Bg/I restric 
tion endonuclease and modification methylase derived 
from Bacillus globigi RUB561 stain, as well as related 
methods for cloning said recombinant DNA. The pres 
ent invention also relates to clones which express re 
combinant Bg/I restriction endonuclease and recombi 
nant modification methylase produced from Bg/I re 
combinant DNA and to methods for producing said 
enzymes. 
Bg/I is an enzyme which recognizes the DNA se 

quence GCCNNNN'NGGC (SEQ ID NO:8) and 
cleaves between the N4 and N5 residue. See, C. H. 
Duncan, et al., J. Bacteriol, 134:338-344 (1978); Y. H. 
Lee, et al., J. Biol. Chem, 254:6838-6841 (1979), the 
disclosure of which is hereby incorporated by reference 
herein. Bg/I restriction endonuclease produced in ac 
cordance with the present invention is substantially 
pure and free of the contaminants normally found in 
Bg/I preparations made by conventional techniques, 
such as that disclosed by Duncan, et al., supra. 

In accordance with the present invention, the cloning 
of the Bg/I RM system was complicated by several 
factors. First, it was discovered that Bg/I RM genes 
cannot be transferred in one step to a naive E. coli host. 
Attempts at making and selecting libraries in the tradi 
tional manner proved fruitless as far as isolating an 
intact (bg/IR) endonuclease gene linked to an intact 
methylase gene (bg/IM) (see FIG. 1). Establishing the 
Bg|I endonuclease gene (bg/IR) in E. coli had to be 
done in a multi-step manner, with one of the key factors 
being pre-modification of E. coli DNA by the Bg/I 
methylase (see FIG. 1 and 4). By isolating DNA from 
the strain, B. globigi RUB562 (RIM+)(RIrMII+), a 
mutated strain in which the Bg endonuclease gene 
(bg/IR) had been inactivated, the present inventors 
were able to construct libraries, select for Bg/I methyl 
ase (M.Bg/T) expression and isolate clones carrying the 
Bg methylase gene (bg/IM) on a recombinant plasmid 
at a much higher frequency than from DNA libraries 
from B. globigi RUB561 (RItMr-t)(RIMII) con 
taining an intact (bg/IR) endonuclease gene. 

Since it was impossible to clone the active bg/IR 
from the variant library, numerous additional steps 
proved necessary. These steps included: the preparation 
of an extremely pure sample of Bg/I endonuclease 
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4. 
(R.Bg/I) from B. globigi RUB561; sizing the endonu 
clease protein and sequencing its amino terminus; de 
signing corresponding DNA oligonucleotide probes; 
and looking for the hybridization of the probes to the 
bg/IM recombinant plasmid from B. globigi RUB561 
(RMIt)(RIMII) and generating DNA sequence. 
The whole region containing bg/IR was mapped onto 
the bg/IM plasmid; and both bg/IM and bg/IR were 
sequenced. 

However, of the independently isolated Bg/I methyl 
ase clones that were sequenced, all contained different 
point mutations in bg/IR creating frameshift mutations 
that resulted in pre-mature stop codons. Because the 
frameshifts were in different locations in each indepen 
dent clone, the present inventors developed a strategy 
to regenerate an intact bg/IR from two different Bg/I 
methylase plasmids. By using restriction enzyme sites 
mapped within the bg/IR, the point mutation of one 
bg/IM plasmid was deleted and replaced with DNA 
containing the intact orf of bg/IR from the other bg/IM 
clone. To establish an overexpressor of R.Bg/I, it was 
then necessary to manipulate the bg/IM clone further 
by subcloning bg/IM onto a separate comparable plas 
mid and transforming E. coli, thus creating a M.Bg/I 
pre-modified E. coli host. This E. coli host cell, was 
transformed by the regenerated bg/IR plasmid ligation 
and colonies were screened for R.Bg/I activity. 
BRIEF DESCRIPTION OF THE DRAWINGS 
FIG. 1 illustrates the procedure for determining the 

preferred method for cloning the Bg/I methylase and 
identifying the Bg/I restriction endonuclease clones. 
FIG. 2 is a restriction map of M.Bg/I clones and 

location of point mutations. 
FIG. 3 illustrates the method for making M.Bg/I 

modified E. coli strain. 
FIG. 4 illustrates the preferred method for cloning 

the Bg|I methylase and identifying the Bg I methylase 
and endonuclease clones. 
FIGS. 5-1, 5-2, and 5-3 represent the nucleotide 

sequence coding for the Bg/I R-M system. The de 
duced amino acid sequence for the Bg/I methylase is 
set forth as SEQID NO:2 and the deduced N-terminal 
amino acid sequence for the Bg/I endonuclease is set 
forth as SEQID NO:3. 

DETALED DESCRIPTION OF THE 
INVENTION 

The present invention relates to isolated DNA coding 
for the Bg/I restriction endonuclease and modification 
methylase, as well to methods of producing the Bg/I 
restriction endonuclease. The Bg/I genes of the present 
invention are cloned partly by a method which takes 
advantage of the fact that certain clones which are 
selected on the basis of containing and expressing the 
Bg/I modification or methylase gene also contain the 
Bg/I restriction gene. The DNA of such clones are 
resistant to digestion, in vitro, by the Bg/I restriction 
endonuclease. This resistance to digestion affords a 
means for selectively isolating clones encoding the Bg/I 
methylase and restriction endonuclease. 
However, the cloning and expression of the Bg/IRM 

genes from Bacillus globigi RUB561 in E. coli proved to 
be difficult. As will be discussed in more detail below, in 
order to successfully produce R.Bg/I from a clone 
further steps beyond methylase selection were required. 
The method described herein by which the Bg/I 

restriction gene and methylase gene are preferably 
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cloned and expressed are illustrated in FIGS. 1, 3 and 4, The amino acid sequence of the N-terminal portion is 
and includes the following steps: determined. A degenerate oligonucleotide probe, 

1. The DNA of Bacillus globigi RUB561 (R+Mr)- specific for the 5' end of the endonuclease gene, is 
(RIMIri) is purified. Bacillus globigi RUB561 

clease digestion causes the selective destruction of 
unmodified, non-methylase-containing, clones, re 
sulting in an increase in the relative frequency of 
Bg/I methylase-carrying clones. Bacterial Alkaline 

Daltons on SDS polyacrylamide gels. It would 
therefore be encoded by a gene of approximately 
900 bp. 

synthesized and labeled, e.g., radioactive, for use in 
has been described in a number of publications 5 hybridization experiments. 
including; C. H. Duncan, et al., supra. 10. DNA sequence of the Bg/IRM system: Based on 

2. The DNA is digested partially with restriction the N-terminal R.Bg/I protein sequence and Bacil 
endonucleases such as HindIII, EcoRI, BamHI, lus codon usage, a non-degenerate oligonucleotide 
Pst, Nde and Aat. probe is designed for about the first ten amino acids 

. The digested DNAs from step 2 are ligated to a 10 of R.Bg/I. DNA sequence is obtained from the 
cloning vector, such as pBR322, puC19, The re- bg/IM recombinant plasmid that verified the cor 
sulting mixture is used to transform an appropriate rect N-terminal protein sequence data. The bgl/R 
host such as E. coli RR1 (ATCC No. 31343) cells. and bgl/M genes can be sequenced using various 
Note: Since EcoRI was the only digest to yield a subclones. DNA sequence can be generated by 
bg/IM clone, the details for this work will be de- 15 priming and running using the dideoxy method 
scribed. Bacillus globigi RUB562 (R-MI)(RIrt. using Klenow fragment of DNA polymerase I 
Mirt) as described in; C. H. Duncan, et al., supra, (New England Biolabs). 
was also used to clone bg/IM on puC19. (See, 11. Preparation of a Bg/I methylase pre-modified E. 
Example 1). coli strain: Using a clone, e.g., pljC19, containing 

4. The DNA/cell mixture is plated on antibiotic 20 the bg/IM gene fragment, an approximately 1382 
media selective for transformed cells, such as ampi- bp EcoRI/Rsa fragment containing the bg/IM 
cillin. After incubation, the transformed cell colo- gene was cloned into the EcoRI/EcoRV site of 
nies are collected together into a single culture, the pSX20, a derivative of pSC101 compatible with 
primary cell library. both pbR322 and pACYC-based plasmids. It has 

5. The recombinant plasmids are purified in toto from 25 the pBR322 tetracycline resistance gene, pSC101 
the primary cell library to make a primary plasmid origin of replication, and a kanamycin resistance 
library. gene (FIG. 3). The bgl/M/pSX20 plasmid was 

6. The plasmid library is then digested to completion isolated in E. coli RR1 and proven to be resistant to 
in vitro with the Bg/I restriction endonuclease Bg/I endonuclease digestion. This recombinant 
(New England Biolabs). Bg/I restriction endonu- 30 methylase plasmid was then retransformed into an 

E. coli strain, e.g., ER1821 and made competent by 
standard methods. 

12. Subcloning mutant bgl/R gene and deleting 
frameshift region: Using DNA sequence informa 

Phosphatase or N Exonuclease III can be used to 35 tion, an approximately 1236 bp Nsi/Spei frag 
enhance the destruction of non-methylated clones. ment, containing the bgl/R gene from the 4.8 kb 

7. Identification of Bg/I methylase clones: The di- EcoRI fragment, was gel purified and subcloned 
gested plasmid library DNA is transformed back into a puC19 derivative lacking a SspI site at the 
into a convenient host such as E. coli strain RR1 PstI/Xbal sites in the polylinker region. (FIG. 4). 
(ATCC No. 31343), and transformed colonies are 40 The puC19 derivative was made by inserting an 8 
again obtained by plating on antibiotic plates. The base AvrII linker (CCCTAGGG (SEQID NO:9)) 
colonies are picked and their DNA is analyzed for into the SspI site of puC19. In order to delete the 
the presence of the Bg/I modification gene in the bgl/R frameshift from this pUC19 derivative, the 
following manner: The plasmid DNA that they SspI site had to be missing. To delete the frameshift 
carry is purified and incubated in vitro with Bg/I 45 region, the NsiI/Spe. pUC19 recombinant plas 
restriction endonuclease to determine whether it is mids were then digested with Nico/SspI and then 
resistant to digestion by Bg/I. The total cellular gel purified away from the smaller Nico/SspI 325 
DNA (chromosomal and plasmid) of the clone can bp fragment containing the frameshift. 
also be purified and incubated with Bg/I restriction 13. Replacing mutant bg/IR with intact bg/IR: In 
endonuclease. The DNA of clones that carry the 50 parallel, another Nico/SspI 325bp fragment, lack 
Bg/I methylase gene should be fully modified, and ing a bg/IR frameshift, and instead containing in 
both the plasmid DNA and the total DNA should tact bg/IR orf was gel purified from an indepen 
be found to be substantially, or completely resistant dent Bg/I methylase clone which was indepen 
to digestion. dently isolated from a puC19 EcoRI library. The 

8. Clones carrying the restriction endonuclease are 55 fact that this independent Bg/I methylase clone 
usually identified by preparing crude extracts of contained an intact bgl/R orf was shown as a result 
those clones identified in step 7 as carrying the of DNA sequence data. The above gel purified 
methylase gene, and assaying the extracts for re- DNA's were then mixed and ligated. 
striction endonuclease activity. However, in all 14. Overexpression of the bgl/R Gene: The DNA 
bg/IM clones isolated, no R.Bg/I activity was 60 ligation in the previous section 13 was used to 
detected. transform the M.Bg/I pre-modified E. coli ER1821 

. Locating the Bg/I endonuclease gene: R.Bg/I is kanamycin resistant host as described in Section 11. 
extensively purified from B. globigi RUB561 cells The colonies containing the two plasmids for both 
to near-homogeneity. The purified protein mi- bg/Randbg/IM were selected on ampicillin/kana 
grates as a single band of approximately 32-36,000 65 mycin L-Broth plates at (100/50) ug/ml, respec 

tively. Individual colonies were grown and the 
plasmid DNA's isolated were found to be resistant 
to Bg/I endonuclease digestion and also contained 
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the 325 bp Nco/Ssp fragment containing an in 
tact bg/IR orf. Endonuclease assays of crude ex 
tracts of these clones revealed a very high level of 
R.Bg/Igreater than 106 units/ug. The overproduc 
ing R.Bg/IE. coli strain was designated as NEB 
#815 and was deposited with the American Type 
Culture Collection on Dec. 8, 1993 and received 
ATCC Accession No. 6950. 

15. Purification: The crude cell extract containing the 
Bg/I restriction endonuclease activity is purified 
by standard protein purification techniques such as 
affinity-chromatography, or ion-exchange chroma 
tography. 

Although the above-outlined steps represent the pre 
ferred mode for practicing the present invention, it will 
be apparent to those skilled in the art that the above 
described approach can vary in accordance with tech 
niques known in the art. 
The following examples are given to illustrate em 

bodiments of the present invention as it is presently 
preferred to be practiced. It will be understood that the 
examples are illustrative, and that the invention is not to 
be considered as restricted thereto except as indicated in 
the appended claims. 

EXAMPLE I 

CLONING OF Bg|I RESTRICTION 
ENDONUCLEASE GENE 

1. DNA Purification: To prepare the DNA of Bacil 
lus globigi RUB561 (RI+Mr)(RIrtMII+), 5g of 
frozen cells were thawed 1 hour on ice in 20 ml of 
25% sucrose, 50 mM Tris, pH 8.0, 10 ml of 0.25M 
EDTA, pH 8 was added plus 6 ml 10 mg/ml lyso 
zyme in 0.25M Tris, pH 8.0. The suspension was 
incubated on ice for 2 hours. To achieve cell lysis, 
24 ml of lysis mix (1% Triton X-100, 50 mM Tris, 
62 mM EDTA pH 5.0) and 5 ml 10% SDS was 
added. The sample was extracted with 70 ml of 
phenol, (previously equilibrated with 0.5M Tris pH 
8.0), and then with 60 ml of chloroform. The emul 
sion was centrifuged at 10k rpm for 30 minutes. 
The viscous upper layer was withdrawn and dia 
lyzed for 24 hours against 10 mM Tris, 1 mM 
EDTA, pH 8.0 (four buffer changes, 4 liters each). 
The dialyzed solution was then digested with 
RNase at a final concentration of 100 u/ml for 1 
hour at 37 C. The DNA was then harvested by 
adding NaCl to a final concentration of 0.4M, over 
laying with 0.55 volumes ofisopropyl alcohol, and 
spooling DNA onto a glass rod by mixing the pha 
ses together. The DNA was resuspended in 10 mM 
Tris, 1 mM EDTA, pH 8.0 to a final concentration 
of approximately 1,500 g/ml stored at 4 C. 

NOTE FOR STEPS 2-10 

The details for constructing the EcoRI library using 
pBR322 will be the only library described. An EcoRI 
library using puC19 also produced a methylase clone, 
however, details of this puC19 clone will be described 
later since methylase selection and isolation of this 
clone was done in a similar fashion. The pbR322 and 
the puC19 libraries were the only libraries that pro 
duced a restriction endonuclease and modification 
methylase clone used to produce the Bg/I restriction 
endonuclease. As mentioned in the description herein, 
the bgl/R gene contained in both clones did not express 
the Bg/I endonuclease due to independent frameshift 
mutations in bg/IR. Other libraries made and selected in 
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8 
a similar fashion, did not produce Bg/I R-M clones. 
(See FIG. 1). 

2. Partial and complete digestion: The purified DNA 
was cleaved with EcoRI to achieve partial and 
complete digestion as follows: 0.9 ml of DNA at 
100 g/ml in 10 mM Tris pH 7.5, 10 mM MgCl2, 
100 mM. NaCl, 10 mM mercaptoethanol buffer was 
divided into one 200 pil aliquot and seven, 100 ul 
aliquots. To the 200 ul tube was added 80 units of 
EcoRI to achieve 4.0 units of enzyme per ug of 
DNA. 100 ul was withdrawn from the first tube 
and transferred to the second tube to achieve 2.0 
EcoRI units/ug, and so on, each succeeding tube 
receiving half of the previous amount of EcoRI. 
The tubes were incubated at 37 C. for one hour, 
then heat-treated at 72 C. for 15 minutes and 15ul 
from each was analyzed by agarose gel electropho 
resis. Tubes exhibiting complete digestion were 
chosen as the source of complete digest fragments. 
(These were the 4.0 u/ug, 2.0 u/ug and 1.0 u/ug 
and 0.5 u/ug tubes) and tubes exhibiting partial 
digestion were chosen as the source for partial 
digest fragments for cloning. (These were the 0.2, 
0.1, 0.05 and 0.02 tubes.) The solutions were mixed 
together and used as described below. 

3. Ligation: The fragmented DNA was ligated to 
pBR322 as follows: 6.0 pig of EcoRI partially or 
completely digested B. globigi RUB561 DNA (60 
ul) was mixed with 3.0 g of EcoRI-cleaved and 
dephosphorylated pBR322 (30 ul). 20 pull of 10x 
ligation mix (500 mM Tris, pH 7.5, 100 mMMgCl2, 
100 mM DTT, 5 mM ATP) was added, plus 90.1 
ofsterile distilled water to bring the final volume to 
200 pil. 7.5ul of T4DNA ligase was added and the 
mixture was incubated at 17 C. for 4 hours then 
sterilized by the addition of 10 ul of chloroform. 
Approximately 125 ul of the ligated DNA was 
used to transform E. coli strain RR1 as follows: The 
DNA was mixed with 1.0 ml of SSC/CaCl2 (50 
mMNaCl, 5 mMNa3Citrate, 67 mM CaCl2) on ice 
and 2.0 ml of ice-cold competent E. coli RR1 (hsd 
R-M-, ATCC No. 31343) cells were added. After 
a 6-minute incubation at 42 C., followed by 5 min 
utes on ice, the cells were diluted by the addition of 
9 ml of Luria-broth (L-broth) then incubated at 37 
C. for 4 hours. 

4. Primary Cell Library: The transformed cell culture 
was briefly centrifuged, the supernatant was dis 
carded and the cells were resuspended in 1.0 ml of 
L-broth. 200 pull portions were plated onto Luria 
agar (L-agar) plates containing 100 g/ml amplicil 
lin. After overnight incubation at 37 C., the plates 
were each flooded with 2.5 ml of 10 mM Tris, pH 
7.5, 10 mM MgCl2 and the transformed colonies 
were scraped together and pooled to form the 
primary cell library. 

5. Primary Plasmid Library: The primary plasmid 
library was prepared as follows: 2.5 ml of the pri 
mary cell library was inoculated into 500 ml of 
L-broth containing 100 pg/ml ampicillin. The cul 
ture was shaken overnight at 37 C. then centri 
fuged at 4000 rpm for 5 minutes. The supernatant 
was discarded and the cell pellet was resuspended 
in 10 ml of 25% sucrose, 50 mM Tris, pH 8.0, at 
room temperature. 5 ml of 0.25M EDTA, pH 8.0, 
was added, followed by 3 ml of 10 mg/ml lyso 
zyme in 0.25M Tris, pH 8.0. The solution was left 
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on ice for 1 hour, then 12 ml of lyric mix (1% 
Triton X-100, 50 mM Tris, pH 8.0, 67 mM EDTA) 
was forcefully pipetted in, and the cell suspension 
gently swirled to achieve lysis. After lysis, the 
mixture was transferred to a 50 ml plastic centri- 5 
fuge tube and spun at 17000 rpm, 4' C. for 45 min- 7. 
utes. The supernatant was removed with a pipette. 
20.0 gm of solid CsCl was weighed into a 50 ml 
plastic screw-cap tube and 22.0gm of supernatant 
was pipetted into the tube and mixed. 1.0 ml of 10 
ethidium bromide solution (5 mg/ml ethidium bro 
mide in 10 mM Tris, pH 8.0, 1 mM EDTA, 100 mM 
NaCl) was added to the mixture. The solution was 
transferred to two in.X3 in. polyallomer centri 
fuge tubes and sealed. These tubes were then spun 15 
in a Beckman TiT0 rotor for 42 hours at 44000 rpm, 
17°C. To collect the plasmids, the tops of the tubes 
were pierced with a scalpel and the lower of the 
two fluorescent DNA bands was collected by sy 
ringe under ultraviolet light. The lower band from 20 
both tubes was combined into a screw-top glass 
tube and the ethidium bromide was removed by 8. 
extracting four times with an equal volume of wa 
ter-saturated ice-cold N-Butanol. 

The extracted solution was transferred to dialysis 25 
tubing and dialyzed for 24 hours against 4 changes 
of DNA buffer. The dialyzed DNA solution was 
then transferred to a pre-weighed 50 ml sterile 
centrifuge tube and its volume was measured. 5M 

10 
68 C. for two hours, under parafin oil. 80 ul of 
DNA buffer was added, mixed and removed. To 
this mixture 8 ul of chloroform was added and 
emulsified by vigorous mixing, and then separated 
by centrifugation. 
Transformation: A 12.5 ul sample from each tube 
was used to transform E. coli RR1. The cell/DNA 
mixtures were plated onto L-agar plates containing 
100 g/ml ampicillin immediately after the heat 
step, without intermediate dilution and growth. 
After overnight incubation at 37 C., the plates 
were examined. Digestion of the plasmid library 
with Bg/I and A exonuclease or bacterial alkaline 
phosphatase was found to have reduced the num 
ber of transformants by a factor of about 103. Ap 
proximately 30 individual colonies were picked 
from the plates (8 units Bg/I/ug). Each colony was 
inoculated into 10 ml of L-broth containing ampi 
cillin, to prepare a miniculture, and was also 
streaked onto L-agar plates containing ampicillin 
to prepare a master stock. 
Analysis of surviving individuals: Approximately 
30 of the surviving colonies from each library ob 
tained from section 7 were grown up into 10 ml 
cultures (Section 7) and the plasmids that they 
carried were prepared by the following miniprep 
purification procedure, adapted from the method 
of Birnboin and Doly Nucleic Acids Res. 7:1513 
(1979)). 

NaCl was added to a final concentration of 0.4M, 30 Miniprep Procedure: Each culture was centrifuged at 
then 2 volumes of isopropanol were added and 
mixed. The solution was stored overnight at -20 
C. to precipitate the DNA. After precipitation, the 
solution was spun at 15,000 rpm, O C. for 15 min 
utes and the supernatant discarded. The tube was 35 
left on the bench to air-dry for 15 minutes, then the 
DNA pellet was dissolved in 500 ul of DNA buffer 
and stored at -20 C. The DNA concentration of 
plasmids prepared in this way were found to be 100 
to 200 ug/ml. 40 

6. Digestion of Plasmid Pool: The primary plasmid 
pool was digested to destroy non-Bg/I methylase 
clones as follows: The plasmid DNA was diluted to 
30 g/ml in 10 mM Tris pH 7.5, 10 mMMgCl2, 10 
mM mercaptoethanol, 100 mM NaCl in a volume 45 
of 900 ul and divided into one 300 ul aliquot and 
four, 150 ul aliquots. To the 300 ul tube was added 
72 units of Bg/I to achieve 8.0 units of enzyme per 
ug of DNA. 150 ul was withdrawn from the first 
tube and transferred to the second tube to achieve 50 
4.0 Bg/I units/ug, and so on, each succeeding tube 
receiving half of the previous amount of Bg/I. The 
tubes were incubated at 37 C. for 1 hour. The 
reactions were inactivated by heating to 72 C. for 
10 minutes. 100 pull of each of the reaction mixtures 55 
was withdrawn. The DNA mixture was either 
treated with A Exonuclease or Bacterial Alkaline 
Phosphatase. For M. Exonuclease the treatment is as 
follows: to each 100 pull tube 0.25 u/ug (0.5 ul at 
1000 units/ml) of enzyme is added and the mixture 60 
is incubated at 37 C. for 30 minutes and 10 ul 
chloroform added. For BAP treatment, the DNA 
was precipitated by the addition of isopropanol. 
The precipitated DNA was collected by centrifu 
gation and resuspended in 20 pull of DNA buffer 65 
(pH 9.0) to achieve approximately 150 pig DNA 
per ml. 0.4 units of bacterial alkaline phosphatase 
was added to each tube and each was incubated at 

8000 rpm for 5 minutes; the supernatant was dis 
carded and the cell pellet was resuspended in 1.0 ml 
of 25 mM Tris, 10 mM EDTA, 50 mM glucose, pH 
8.0, containing 1 mg/ml lysozyme. After 10 min 
utes at room temperature, 2.0 ml of 0.2M NaOH, 
1% SDS was added to each tube and the tubes 
were shaken to lyse the cells, then placed on ice. 
Once the solutions had cleared, 1.5 ml of 3M so 
dium acetate, pH 4.8, was added to each and 
shaken. The precipitates that formed were spun 
down at 15,000 rpm, 4 C. for 10 minutes. Each 
supernatant was poured into a centrifuge tube con 
taining 3 ml of isopropanol and mixed. After 10 
minutes at room temperature, the tubes were spun 
at 15,000 rpm for 10 minutes to pellet the precipi 
tated nucleic acids. The supernatants were dis 
carded and the pellets were air-dried at room tem 
perature for 30 minutes. Once dry, the pellets were 
resuspended in 850 ul of 10 mM Tris, 1 mM 
EDTA, pH 8.0. 75 ul of 5M NaCl was added to 
each and the solutions were transferred to Eppen 
dorf tubes containing 575 ul of isopropanol, and 
again precipitated for 10 minutes at room tempera 
ture. The tubes were then spun for 45 seconds in a 
microfuge, the supernatants were discarded and 
the pellets were air-dried. The pellets were then 
dissolved in 500 ul of 10 mM Tris, 1 mM EDTA, 
pH 8.0, containing 100 g/ml RNase and incubated 
for 1 hour at 37° C. to digest the RNA. The DNA 
was precipitated once more by the addition of 50 ul 
of 5M NaCl followed by 350 pil of isopropanol. 
After 10 minutes at room temperature, the DNA 
was spun down by centrifugation for 45 seconds, 
the supernatants were discarded and the pellets 
were redissolved in a final solution of 150 pull of 10 
mM Tris 1 mM EDTA, pH 8.0. The plasmid mini 
preps were subsequently analyzed by digestion 
with Bg/I. 



5,366,882 
11 

Methylase Gene Clones: The majority of the plasmids 
that were analyzed were found to be sensitive to 
digestion by Bg/I endonuclease and to carry ran 
dom fragments of B. globigi DNA. These plasmids 
were spurious survivors, of no further interest, and 
were discarded. out of 28 plasmids from the 
pBR322 EcoRI library was found to be resistant to 
Bg/I and found to carry EcoRI fragments of ap 
proximately 4.8, 2.5, 1.0 Kb. This plasmid was 
subsequently shown to carry the Bg/I modification 
methylase gene but no restriction endonuclease 
gene activity was detected. 2 out of 26 plasmids 
from a puC19EcoRI library were also found to be 
resistant to Bg/Idigestion and also carried only the 
4.8 kb EcoRI fragment. These plasmids carried the 
Bg/I modification methylase gene, but the Bg/ 
restriction endonuclease was not detected by assay 
of the crude extract. A restriction map of the 4.8 kb 
EcoRI fragment was made and the approximent 
location of the bg/IM gene was determined by 
subcloning, deletions, Southern blots and DNA 
sequencing. (See FIG. 3) 

NOTE: Bg/I methylase selection of an EcoRI 
pUC19 library made from B. globigi strain 
RUB562 (R-MI)(RIMIt), lacking an intact 
bg/IR gene yielded 26 methylase clones out of 28 
that were resistant to Bg/I digestion and also car 
ried the 4.8 kb EcoRI fragment. These results sug 
gested that in order to establish a clone with an 
active bg/IR gene from B. globigi RUB561 (R- 
MI)(RITMI) in E. coli, the E. coli host would 
need to be pre-modified against Bg/I endonuclease 
digestion before introducing an active bgl/R gene 
into the E. coli and/or bg/TR expression would 
need to be regulated. The latter turned out not to 
be the case. As would be predicted, the EcoRI 
clones from the RUB562 (Rr-MI)(RIMIII) 
strain identified above as carrying the Bg/I modifi 
cation methylase gene were also found not to carry 
detectable Bg/I restriction endonuclease activity. 

. Identifying the Restriction Gene: The location and 
orientation of the Bg/I endonuclease gene was 
determined using oligonucleotide primers derived 
from the amino-terminal sequence of the endonu 
clease protein. Bg/I endonuclease was purified to 
homogeneity from B. globigi RUB561 cells using 
standard protein purification techniques, The puri 
fied protein migrated as a single band of approxi 
mately 32,000-36,000 daltons on SDS-polyacryla 
mide gels. The gene encoding a protein of this size 
would about 900 bp. Protein sequence of the first 
23 amino acid residues of the purified protein was 
determined by sequential degradation with Ap 
plied Biosystems 470A gas-phase sequenator, and 
was determined to be: Met Tyr Asn Leu. His Arg 
Glu Lys Ile Trp Met Xaa Tyr Asn. Xaa Asn Lys 
Gln Tyr Leu Xaa Asp Asn (SEQ ID NO:10). 
Based on protein sequence a 15mer degenerate 
oligonucleotide primer was made: 5'- 
GARAARATHTGGATG-3 (SEQ ID NO:11) 
and a 14-mer probe: 5'-AAYAARCARTAYYT-3' 
(SEQ ID NO:12), where R=A or G, Y=C or T, 
H=A or C or T. Using Southern Blot hybridiza 
tion analysis of pKL143RM101-8/32 plasmid and 
subclones, these degenerate probes localized the 5' 
end of the Bg/I endonuclease to the middle of the 
4.8 kb EcoRI fragment. 
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12 
Based on Bacillis codon usage another oligonucleo 

tide primer was designed for sequencing that was 
non-degenerate: 5'-TGT ATAATT 
TACATAGAGAAAAAATTTGG-3 (SEQ ID 
NO:13). 

The non-degenerate primer verified location of the 
Bg/I endonuclease and the predicted N-terminal 
protein sequence of the Bg/I endonuclease. 

10. DNA sequencing the Bg/IR and M. genes: The 
bgl/IR and bg/IM genes were sequenced using 
various subclones of the 4.8 kb EcoRI fragment. 
The DNA sequence was generated by priming and 
running using the dideoxy method using Klenow 
fragment of DNA polymerase I (New England 
Biolabs). The DNA sequence coding for the Bg/I 
methylase and restriction endonuclease is set forth 
in the Sequence Listing as SEQ ID NO:1. The 
deduced amino acid sequence for the Bg/I methyl 
ase is set forth in FIG. 5 as SEQ ID NO:2. The 
deduced N-terminal amino acid sequence for the 
Bg/I endonuclease is set forth in FIG. 5 as SEQID 
NO:3. DNA sequencing revealed that bg/IM 
clones contained an inactive bg/IR gene due to 
point mutations causing a frameshift in each clone 
leading to a premature stop codon. 

11. Preparation of Bg/1 methylase modified Eco 
liFR1821: A puC19 subclone, pKL143M 
101-8/32, containing the 4.8 kb EcoRI fragment 
from the p3R322 Bg/I methylase clone, 
pKL143RM1-8, was digested with EcoRI/RsaI as 
follows: Approximately 10 ug of pKL143RM101 
8/32 was diluted to approximately 100 g/ml in 50 
mM potassium acetate, 20 mM Tris acetate pH 7.9, 
10 mM magnesium acetate, 1 mM dithiothreitol, 
acetylated BSA 100 g/ml in a volume of 90 ul. 61 
units of EcoRI and 35 units of Rsa was added to 
the mixture and incubated at 37 C. for 4 hours. 10 
ul of the digestion mixture was analysed by gel 
electrophoresis to verify complete digestion. 

Gel purification procedure: 20 ul of 4x loading dye 
was added to the digest and then all the volume 
was loaded on a 1% Agarose gel containing 0.01% 
SDS. The DNA was separated by gel electropho 
resis, illuminated with long-wave UV and an ap 
proximately 1382 bp EcoRI/Rsa fragment was 
cut from the gel and minced using a clean razor 
blade. The mixture was forced through a 22 gauge 
syringe into 1 ml of 1XTE buffer (10 mM Tris pH 
8.0, 1 mM EDTA), 0.01% SDS, and centifuged at 
17,000 rpm for 45 minutes. The supernatent was 
precipitated with 0.1 ml 5M NaCl and 2.5 ml iso 
propanol at -20° C. overnight. The DNA was 
pelleted at 15,000 rpm for 15 minutes. The pellet 
was resuspended in 100 pil of 1XTE buffer, phe 
mol/chloroform extracted, chloroform extracted 
two times and precipated again with 10 pull 5M 
NaCl and 220 l isopropanol at -20° C. overnight. 
The DNA was microfuged for 2 minutes, air dried, 
and resuspended in 50 ul of 1XTE buffer. 10 ul 
was analysed by gel electrophoresis and the gel 
pure 1382 bp EcoRI/Rsa fragment DNA concen 
tration was determined to be approximately 30 
Ag/ml. 

Ligation: The gel pure about 1382 bp EcoRI/Rsal 
fragment containing bg/IM was ligated to apSX20 
as follows: 0.5ug of 1382 bp EcoRI/RsaIgel puri 
fied (30 ul) was mixed with 0.2 pig of EcoRI/E- 
coRV digested pSX20 (3 pil), 5ul of 10X ligation 
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buffer was added, plus 15 ul of sterile distilled 
water to bring the volume to 50 ul. 3.75 ul of T4 
ligase was added and the mixture was incubated at 
17 C. for overnight. 12.5 pull of ligated DNA was 
used to transform E. coli RR1 as follows: The 
DNA was mixed with 100 ul of SSC/CaCl2 (50 
mMNaCl, 5 mMNa3Citrate, 67 mM CaCl2) on ice 
and 200 ul of ice-cold competent E. coli RR1-cells 
were added. After a 3 minute incubation at 42 C., 
the cells were plated onto Luria-agar (L-agar) 
plates containing 50 ug/ml kanamycin. After over 
night incubation at 37 C., individual colonies were 
struck onto L-agar plates containing kanamycin at 
50 g/ml and onto a separate L-agar plate contain 
ing tetracycline at 35 g/ml and then the plates 
were incubated overnight at 37 C. Colonies con 
taining inserts were selected for tetracycline sensi 
tivity and kanamycin resistance. Plasmid DNA's 
from minipreps of 7 of the kanamycin resistant and 
tetracycline sensitive colonies were purified as 
described in section 8 and five of the seven were 
digested with Bg/I endonuclease. Three of these 
plasmids were found to be resistant to Bg/I endo 
nuclease digestion and the others were not. The 
plasmids sensitive to Bg|Idigestion did not contain 
the EcoRI/Rsal 1382 bp insert and presumably 
now contained an interrupted tetracycline gene. 
One of the 3 pSX20 EcoRI/RsaI bg/IM clones, 
pKLBgIIM250-10, was then retransformed into E. 
coli ER1821 and used to make competent M.Bg/I 
modified E. coli ER1821 using the standard CaCl2 
method. 

12. Subcloning mutant bg/IR gene and deleting 
frameshift region: pKL143RM101-8/32, contain 
ing the 4.8 kb EcoRI fragment from the pbR322 
Bg/I methylase clone, pKL143RM1-8, was again 
digested with Nsi/Speas follows: Approximately 
10 ug of above plasmid was diluted to approxi 
mately 100 ug/ml in 50 mM Tris-HCl pH 7.7, 10 
mM MgCl2, 100 mM KCl in a volume of 90 ul. 35 
units of Nsi and 10.5 units of Spe was added to 
the mixture and incubated at 37° C. for overnight. 
The reaction was heated inactivated to 65 C. for 
10 minutes. 10 pull of the digestion mixture was 
analysed by gel electrophoresis to verify complete 
digestion. The 1236 bp Nsil/Spe fragment was gel 
purified using the procedure as described in Sec 
tion 11. 

Ligation: The gel pure 1236 bp Nsi/SpeI fragment 
containing bg/IR frameshift was ligated to a 
pUC19 derivative lacking an SspI site as follows: 
0.5 g of 1236 bp Nsi/Speigel purified (25 ul) 
was mixed with 0.2 g of Pst/Xbal digested 
pUC19 (5 pil). 5 ul of 10X ligation buffer was 
added, plus 15ul of sterile distilled water to bring 
the volume to 50 ul. 3.75 pull of T4 ligase was added 
and the mixture was incubated at 17 C. for over 
night. 12.5 ul of ligated DNA was used to trans 
form E. coli RR1 as follows: The DNA was mixed 
with 100 ul of SSC/CaCl2 (50 mM NaCl, 5 mM 
Na3Citrate, 67 mM CaCl2) on ice and 200 pil of 
ice-cold competent E. coli RR1 cells were added. 
After a 3 minute incubation at 42 C., the cells were 
plated onto Luria-agar (L-agar) plates containing 
100 pg/ml ampicillin. After overnight incubation 
at 37 C., 28 colonies were inoculated into 10 ml of 
L-Broth containing amplicillin, to prepare a mini 
culture, and each was also streaked onto L-agar 
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plates containing ampicillin to prepare a master 
stock. 

All 28 cultures were minipreped as described in Sec 
tion 8. Fourteen plasmids were analysed by diges 
tion with NcoI/SspI-endonucleases to verify the 
presence of Nsi/Spe insert since this NsiI/Spe 
fragment could not be cut out directly due to being 
cloned into the Pst/Xbal sites. 14 out of the 14 
minipreps analysed contained the mutant bg/IR 
Nico/SspI fragment contained within the Nsi/- 
Spel fragment. 

To delete the bg/IR frameshift, the remaining 3.6 kb 
NcoI/SspI fragment was gel purified away from 
the smaller 325bp Nico/SspI fragment. The 3.6 kb 
NcoI/SspI fragment contained the puC19 deriva 
tive and the rest of the intact bg/IR. 

13. Replacing mutant bg/IR with intact bg/IR: The 
DNA sequence of a another Bg/I methylase clone 
pKL143RM101-10, independently isolated from a 
pUC19 EcoRI library, revealed a different frame 
shift mutation in bg/IR located outside the 
NcoI/Ssp sites near the 3' or carboxy end of 
bg/IR. Within the NcoI/Ssp region of this partic 
ular clone, there was no mutation of bg/IR, so the 
Nico/SspI 325bp fragment was purified by digest 
ing with Nico/SspI as follows: 

5ug of pKL143RM101-10 plasmid DNA (70 pul) was 
mixed in 10 mM Tris pH 7.9, 10 mM MgCl2, 1 mM 
dithiothreitol, 50 mM NaCl, BSA at 100 pg/ml, 
plus 10.1 ul of sterile distilled water to bring vol 
ume to 90 ul. 30 units of NcoI and 10 units of SspI 
was added and the mixture was incubated at 37 C. 
for 4 hr. The Nico/SspI fragment containing intact 
bg/IR was electrophoresed and gel purified as 
previously described in Section 12. 

Ligation: The gel pure NcoI/SspI plasmid/bg/IR 
fragment (lacking bg/IR frameshift mutation) iso 
lated in Section 12 was ligated to the gel pure 
NcoI/SspI fragment from pKL143RM101-10 con 
taining intact bg/IR orf as follows: 4 ul of 
NcoI/SspI plasmid/bg/IR fragment (0.2 g) was 
mixed with 5 ul of 10X ligation buffer, 25 ul of 
Nco/SspI fragment containing intact bg/IR orf 
(0.4 g) and 16 ul of sterile distilled water to bring 
the volume to 50 ul. 3.75 ul of T4 ligase was added 
to the DNA mixture and incubated at 17 C. for 
overnight. - 

14. Overexpression of the Bg/I endonuclease: 12.5ul 
of the ligated DNA mixture (Section 13) was used 
to transform E. coli ER1821 pre-modified with 
M.Bg/I (Section 11) as follows: The DNA was 
mixed with 100 ul of SSC/CaCl2 (50 mM NaCl, 5 
mMNa3Citrate, 67 mM CaCl2) on ice and 200 ul of 
ice-cold competent E. coli cells were added. After 
a 3 minute incubation at 42 C., the cells were 
plated onto Luria-agar (L-agar) plates containing 
100 g/ml amplicillin and 50 g/mlkanamycin and 
then incubated overnight at 37 C. To identify the 
correct plasmid structure, 4 colonies were inocu 
lated into 10 ml of L-broth containing 100 g/ml of 
ampicillin and 50 ug/ml of kanamycin to prepare a 
miniculture, and each was streaked onto L-agar 
plates containing amplicillin and kanamycin to pre 
pare a master stock. Plasmid DNA was isolated 
from each and digested with Nicol/SspI and Bg/I 
endonucleases. All 4 plasmid minipreps contained 
the 325 bp IVcol/SspI fragment as well as being 
fully resistant to Bg/I digestion. Crude extracts for 
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2 of the 4 colonies were analysed for expression of 
R.Bg/I endonuclease and shown to express bg/TR. 

This was established by in vitro restriction endonu 
clease assays performed as follows: 

Endonuclease Assays: To assay for endonuclease 
activity, two solutions were prepared: 10X restric 
tion endonuclease buffer: 500 mM Tris, pH 7.5, 100 
mM MgCl2, 10 mM dithiothreitol, 1000 mM. NaCl; 
and (ii) digestion reaction mix: 70 ul A DNA (500 
ug/ml), 7 pil 100X acetylated BSA, 70 ul 10X 
restriction endonuclease buffer, 553 ul distilled 
water to achieve 50 ug/ml DNA. 

The cell extract was prepared as follows: A 100 ml 
culture of the clone to be tested was grown over 
night in L-broth plus 100 pg/ml ampicillin and 
kanamycin 50 g/ml at 37 C. and the cells were 
pelleted by centrifugation at 4,000 rpm for 5 min 
utes. The supernatant was discarded and the pellet 
was resuspended in 4 ml of sonication buffer (10 
mM KPO4 pH7.0, 10 mM BME, 0.1 mM EDTA, 
100 mM. NaCl). Once resuspended, 0.4 ml of soni 
cation buffer containing 10 mg/ml lysozyme was 
added. The suspension was swirled and left on ice 
for 1 hour. A 1 ml sample was transferred to an 
Eppendorf tube and sonicated gently for three 
30-second bursts to disrupt the cells. The tube was 

10 

15 

25 

16 
tract, the digestion reaction mix was dispensed into 
5 tubes, 75ul into the first tube and 50 ul into each 
of the remaining 4 tubes. 3.75 pull of the extract was 
added to the first tube and mixed. 25 ul was re 
moved from the first tube and transferred to the 
second tube, mixed and so on. The first tube thus 
received 1 pil of extract perug of DNA, the second 
tube 0.3 ul/g, the third tube, 0.1 ul/ug and so on. 
The tubes, each now containing 50 pull, were incu 
bated at 37 C. for one hour, then a 20 ul sample of 
each was analyzed by gel electrophoresis. The titre 
of the NEB #815 extract was found to be approxi 
mately 3X106 units of Bg/I restriction endonucle 
ase per gram of wet cell paste. The R.Bg/I overex 
pressing E. coli strain, NEB #815, was deposited 
with the American Type Culture Collection on 
Dec. 8, 1993 and received ATCC Accession No. 
6951O. 

The references cited throughout the specification are 
incorporated herein by reference. 

This invention has been described in detail including 
the preferred embodiments thereof. However, it will be 
appreciated that those skilled in the art, upon consider 
ation of this disclosure, may make modifications and 
improvements thereon without departing from the 
spirit and scope of the invention as set forth in the 

spun for 5 minutes in a microfuge and the superna- claims. 
tant was used as the cell extract. To assay the ex 

SEQUENCE LISTING 

( . ) GENERAL INFORMATION: 

( i i i ) NUMBER OF SEQUENCES: 13 

( 2) INFORMATION FOR SEQID NO:1: 

( i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 3496 base pairs 
(B) TYPE: nucleic acid 
(C) STRANDEDNESS: unknown 
(D) TOPOLOGY: unknown 

( i i ) MOLECULE TYPE: DNA (genomic) 

( xi ) SEQUENCE DESCRIPTION: SEQID NO:1: 

GAA.T. CTT AG CAATTCAT ACG CAT CCTG GGGTGA, CCGT AGGT CT CTTGTAAAG 60 

TATG CTAGA, C T CTTTAACTA ATTTAA CTGA ACT GAAACAA TATAC CT TG CCGAG 2 O 

GTATTTT CCA. AAAACA CTCCAAAG AAAATAAAA AGAGGAAGTT CACAC GT CTA 8 0. 

CTTAACGTGT GAACTTCCT C TTTTATATCC ACT GT TATAA TATATATTT G TATTTTTTGA 24 O 

AGAA CGGGA TAATGT TATA GACT AAAGA GAATTT CAT T C CTT CAA AG CAA C C C 3 O 0 

AATT GTT CAG CCTTCTTTTT TT CAT CAGTA ACAC GTGAT TGGTTTCTTT AATTTTAGAA 3 6 O 

GCT. CTTA. T C CACTTA GTAGAAA GT C T C CA CATTT TATTAGAAAG T GAATGAT 4 20 

TCGGTTCTT TTT CTATACC TATAAAATTC CTTGATT CAC TTAAAG CAGC TACAGCAGTA 4 8 O 

GTTC CGCTTC CCATGAAACA ATCTAATA C C GTAT C C CTT TTT GAG TAG AAGTTTTATC 5 4 O 

AAC CTTGAC GTAGTAAAAG AGGGAACTTA. G. C C CAG GT CGT CGTTT CCT CACAGAC 6 OO 

GGGATAT ACC ATATTCCT. CT ACTAG CCCAA CTTGCC CATT CTTCTTTCGA TAG CTTATTT 6 60 

CA CAATAA CAG CTCTCC AGGTTCCAA AATATATATA AA G CCAAA CTGAAA CG 20 

G CTATAAG AATTAGAAG CCATTG CGAA TTTTG CCAAG CAGGGT CTTT AGCC CATAT 80 

CTTCTAT CAT ATAAATA CAA. G. CCGGCECT CAG CAG CT. T. CTAAAAC AGGGC CGCT 8 40 
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AATTT CAC CT TAGTTT GCAC AT TATATTTT CCGCCT CGAA TATTATTACC CTTTAAT CTT 9 O O 

CTCT CAATTG TTTGTTCACT G CAATTAAAC TTCTTT GCCA ATTGGTATTT TGT TAACT CA 9 6 O 

GGTTC CAATT TTAAAG CATT TAG TATATCT TCT CTTGT TA CACTGACT CT ATGTTTCTTC 1 O 2 O 

AGGTTAACTG CTTGGAAC CT TGG CAT CCTT GGGT CAGGGA ATG CTAATAT ATCAT CGATG 1 08 0 

TTAATTACA AAAAACCACC TGG CTTAGA AGGGATAA T G CAA CGCTAT GA CTTT GT 1 1 4 0 

AAAA GTGATG AC CATT GCTC GAT GTTT GA C CT. CTT CAT ATTT ACC TA CAT GATAA 1 20 O 

GGGGGAGACC ATACA CTTAA TG CAATACT C T C T CTT CAA T G CATTTTAA TAATT CTCTA 12 60 

G CAT CT CCTT CAT GAAAGGA GT CTT CTTT AAGAACTAT GGTTATT CAT ACATTTCCT C 13 20 

CAAAATAAAA ACT CTAAATA T CAT TATATC AAT CCT CGA ATAC CAT CA CTTAACACA 3 80 

TGTAC CTTTA TTTA CATTTA GTAATTAATC TTT GTTTCT C AAT G T G GTAT AAATTAGTAT 1 440 

AAGAGGT GAA ATGA GAA T G T ATAATTTACA CAGAGAAAAA ATCTT CAT GT C CTATAAT CA 1 5 00 

AAATAAG CAA TACTTAGAGG ACAA CCCTGA GATTCAAGAA AAAATTGAGC TGTATGGCTT 1 5 60 

AAACTTATA AATGAAGTAA TTAG T GATAA CGAAGAAGAA ATAC G CGCTG ACTATAACGA 620 

AGCTAACTTT CTA CAT C CAT TTTGGATGAA TTATCCACCG TTAGACCGAG GAAAAAT GCC 68 0 

CAAAGGTGAC CAGATAC CAT GGATAGAAGT TGGCGAAAAA GCTGTTGGGT CTAAGCTAAC 7 40 

AAGA CTTGTT T. CT CAAAGAG. AAGA TATAAC AG TAGAGAG AT AGG CTTC CTA CAGGACC 1 8 0 0 

TGATGAAAGA. TACTTGTTAA CTTCTCCTAC TATTTATAGC CTTACAAATG GATT TACT GA 8 60 

TT CAATAATG AT GTTTGTTG ATATTAAATC AGTTGGCC CT AGAGACAGTG AT TACGATTT 9 20 

AGTATTGT C C C CTA ACCAAG T CAGGAAA CGG GATTGG G CACA GT TAG AAG G T G GTAT 98 0 

CCAAAATAAT CAG CAAACAA CCAAG GACC T CGT CCT CA CAAATATT C T C CTA CTAT 20 40 

ACCACCGTTA TATATTCTAA GTGATGGTAC AATTG CTCCA GTT G T G CAT C TTTTTATCAA 2 1 0 0 

GCCGATTTAC GC CATG CGCT CGCTAACTA.A. GGG AGATACG GGACAAT CTC TT TATAAAAT 21 60 

TAAATTAG CA TCT G T C CTA ATGGTTT GGG TTT GTTTT GC AACC CAGGTT ACG CATTTGA 2 22 O 

CAGTG CTTAT AAATTTTTAT T CAGACCAGG TAAAGATGAT AGG ACTAAAT CA CTTTT G CA 2 280 

AAAAAGGGTT CGGGTTGACT TAAGAGA CT GGATAAGATT GGACCAGAG. TTAGACAAT 2 3 40 

TGATATGG AT AAGTAAAAT G T AACTA CAGA GAAG CAGCCT TT CTTTATAA CGATTGGCTG 2 4 00 

cTTT ATTT CA. T AAAAAccTC ATTT ACT TAT GGT Aco GT T C C CAC GATT AA T C CGAAAAGC 2 4 6 O 

CGATAAATCT GCT CAACTAG TATGAGTCGC ATCAA CTGAT GAGGAAA CGT CAT CTTCGAG 2 5 20 

AA CGAA CAG TAT CAT C C G CT CGCTT CAT CACCGC GT CA CT CAAT C CGA GT GAT C C GCC 2 58 0 

GATGACGAAG GTGACTTTG C TTTTTC CATA AG TAGCCAGC TTATCTATTG TATCGGCTAG 2 6 40 

TT CTTCGGAT GTTTT CATTT TTCCTTCGAT GGCGAGGGCG ATGACGTGGG CGT CGGGG CT 27 00 

GATTTTTGAT AGGATGcGGT cacct Tct TT GT cTTTT at G ATTTT catat cot GGT cact 27 60 
TAGATTTTCC GGCGCTTTTT CGTCCGGTAG TTCGATGAT G TCGATTTTTG CGTAGGCCGA 28 20 

AAGT CGTTTT G T GTATT CTT CAATTCCTTG. CTTGAGGTAT TTTT CTTTTA Gttitt ccGAt 28 80 

TGT CACAATA TTGATATTCA CAGGT CAT C C C CAC CTTAGA AACAAGTTAT TCATATATGT 29 40 

TGT CCACATT TGTGGATATC TTTT CTGTAT TTT G T G TAAG ATCATT CGTT CCCCA CTATA 3 000 

TATACTG CGG GCT CACTACA TAATTCACAG GCTGTGGATA AACT GTTAGT ATGTTCGATT 3 06 0 

TTTCTGATTT CGGGCGGGAG TT CGTGGTCG TCTAT GTACA. TAT CCAGCAC GGTTTCGATG 3 2 O 

TGTT CTT CAC AGGAATAATA AG CATTTTTC ATTTTTAGT C CTCCGATGTT TT CTTG CATT 3 80 

CTG CAAAT G T TCT cr TccCA ATATAAC CTA TTTATTCACA T G T TAG TAG T G CTTCGGG CT 3 2 4 0 

GAGTTTTATC CACAATTCGA CAAGCGAAGC TGTTGATGAC T CTATTT CGT CCGTATGTTA 33 00 



5,366,882 
19 20 

-continued 
GTTTTGATGT AACCGAAGTT TGGGGAGGT C T G CATTTGAA ACT CAGATGG GTGTGG CTTT 3 3 60 

TCGTGATCAT GTTGTTG CTT G CTG (CGTGTC ACCCA GT CTT ATTGGGTGTT AGAGAAGGAT 3 420 

CGGATCGGTG AAG G CAGTTC CGAGCTAGAA TTATAG CAA AAT CT CA. AACA CAGAA 3 4, 80 

AA CGTAATAG GG ACC 3 49 6 

(2) INFORMATION FOR SEQID NO:2: 

( i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 348 amino acids 
(B) TYPE: amino acid 
(C) STRANDEDNESS: unknown 
(D) TOPOLOGY: unknown 

( i i ) MOLECULE TYPE: peptide 

( x i ) SEQUENCE DESCRIPTION: SEQID NO:2: 

Leu Ser As in G 1 u As n G 1 u G 1 u Le u Le u Le u G 1 u Le u G 1 in G u. A 1 a Lys 
s 1 O 15 

Lys Lys G 1 u A s p Thr Val Ser H is As n Thr G 1 u Lys I 1 e Lys Ser A 1 a 
20 25 3 0 

G u Lys As in Arg Ser I le Ty r Phe Thr G i u V a As n Lys As n Ser L. eu 
3 S 4 0 45 

G l n I le Tyr Lys Pro G 1 u Lys G i u I le Giy I le Phe As n Arg Ser G 1 u 
5 0 55 60 

Ser L. eu A a A a V a A a Thr Thr G 1 y Ser G 1 y Met Phe Cys A s p Le u 
6 5 0 7 5 8 O 

V a 1 T h r A s p G 1 y Lys G 1 in Th r Le u Le u Lys I 1 e Le u Arg G 1 in Pro Le u 
85 9 0 95 

Le u Le u Pro P he Lys Al a G 1 u H is A s p A s p As n Lys Arg Val Ser P ro 
1 00 1 O 5 1 1 0 

I le Ty r I le G 1 y Arg Ser A a Trip Ser Al a Trp G i u G 1 u Lys Ser 
2 O 25 

Le u Lys As in Arg A s p I e Val Thr G 1 u G l y Pro Lys T r p Phe I le Ty r 
3 0. 3 S 1 4 0. 

Le u H is G 1 u Ph e G 1 u Ser V a 1 A 1 a Lys Tyr Ser As n Ser H is Trp G 1 in 
55 60 1 4. 5 5 O 

Ser As in G 1 in Trip A 1 a Pro A s p Lys A a Trip I e Arg Arg A s p Ty r L. eu 
65 7 0 75 

Ty r Le u G 1 y A a G 1 u G 1 u A la A a Ly S G L e Wa Pro G 1 y A la L. eu 

Lys V a 1 Lys Thr G 1 in V a As n Ty r Lys G y G 1 y Arg I e A s in As in G 1 y 
95 20 0 2 O 5 

Ly is L. eu Arg Arg G u e Thr G n G 1 u Se r Cys As in Phe Lys Lys A 1 a 
2 0 2 15 22 O 

Le u G in Ty r Lys Thr Le u G 1 u Pro G 1 u L. eu Lys Le u A a As n Le u e 
225 2 30 2 35 2 4 O 

As p G u Arg Thr Val Ser Va. 1 Arg H is Lys Lys Le u As n Va. 1 A 1 a G 1 a 
2 4 5 2 SO 2 SS 

Ph e Arg Pro Me t Arg Pro A s p Pro Phi e Al a Le u I 1 e A s p A s p e A s in 
2 6 O 2 65 2 0 

I le V a 1 Le u P he G l y Gil y Pro Lys Le u I le Pro Ty r H is Le u A la I le 
2 5 28 0. 285 

Val Lys Thr Le u L. eu Ser Se Tr p G 1 in G 1 u Tyr Thr G 1 n G y G u G 1 u 
29 O 2 9 5 300 

Ty r Lys Lys G y V a H is Thr Pro Pro Ser T r p V a l Ser Le u A a I 1 e 
3 O 5 3 O 3 15 

Ser G u G 1 u G 1 u I le Cys Lys Le u Le u G 1 u Arg A 1 a. A s p G 1 y G 1 u H is 
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32 S 3 3 O 3 35 

Phe Ser As n Lys Lys Le u Tyr Ser H is As in As in Me t 
3 40 3 4 5 

( 2) INFORMATION FOR SEQED NO:3: 

( i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 299 amino acids 
(B) TYPE: amino acid 
(C) STRANDEDNESS: unknown 
(D) TOPOLOGY: unknown 

( i i ) MOLECULE TYPE: protein - 

( xi ) SEQUENCE DESCRIPTION: SEQID NO:3: 

Met Tyr As n Le u H is Arg G 1 u Lys I le Phe Met Ser Ty r A s in G 1 in As n 
1 5 1 0 S 

Ly is G 1 in Ty r Le u G u A s p As n Pro G 1 u I 1 -e G 1 in G 1 u Lys I le G 1 u Le u 
20 2 is -- 3 0 

Ty r Gil y Leu As in Le u L. eu As in G i u Val I le S e r A s p As in G u G u G 1 u 
35 4 0 4 S 

I 1 e Arg A 1 a. As p Tyr As n G i u A 1 a. As in Ph e Le u H is Pro Phe Trp Me t 
5 O 55 6 0 

As n Ty r Pro Pro Le u A s p Arg G 1 y Lys Met Pro Lys G 1 y A s p G 1 n I 1 e 
6 S 7 0 75 8 0 

Pro Trip I le G 1 u v a 1 G1 y G 1 u Lys A 1 a V a 1 G1 y Ser Lys Le u Thr Arg 
85 9 0 95 

Le u v a 1 Ser G in Arg G 1 u A s p I e h r V a 1 Arg G 1 u I le G 1 y Le u Pro 
1 O 0 1 O 5 1 O 

Thr G 1 y Pro A s p G 1 u Arg Ty r Le u L. eu Thir Ser Pro Thr I le Ty r S e r 
15 20 1 2 5 

Le u Thir As n G y Phe Thr Asp Ser I 1 e Me t M et P he Val Asp I e Lys 
1 3 0. 1 35 1 4 0. 

ser v a 1 G l y Pro Arg. A s p Ser A s p Ty r A s p Le u V a 1 Le u Se r Pro As in 
45 150 155 1 60 

G l n V a l Ser G 1 y As n G y A s p Tr p A 1 a G l n Le u G 1 u G 1 y Gly e G 1 in 
65 1 7 O 5 

As in As n G in G 1 in Thr I le G 1 in G 1 y Pro Arg Ser Ser G In e Phi e Le u 
8 O 1 85 O 

Pro Thr I 1 e Pro Pro Le u Tyr I 1 e Le u Se r A s p G 1 y Th r I 1 e A 1 a Pro 
95 0 0 2 O 5 

Val V a l H is Le u Ph e I le Lys Pro I 1 e Ty r A 1 a Met Arg Ser Le u Thr 
2 1 0 2 5 22 O 

Lys Gly. As p Thr G 1 y G 1 n Sle r Le u Tyr Lys I 1 e Lys Le u A 1 a Ser V a 1 
2 25 23 O 3 5 2 4 0 

Pro As in G y Leu As n Le u Ph e Cys As n Pro G 1 y Ty r A 1 a Ph e A s p Ser 
2 4 5 2 50 255 

A a Ty r Lys Phe Le u Ph e Arg Pro G 1 y Lys As p A s p Arg Th r Lys Ser 
2 60 2 65 27 0 

Le u Le u Gl in Lys Arg Val Arg V a A s p L. eu A rig V a 1 Le u A s p Lys I l e 
275 28 0 28 5 

G 1 y Pro Arg Val Me t Thr I 1 e A s p Me t A s p Lys 
29 0 2 9 5 

( 2) INFORMATION FOR SEQID NO:4: 

( i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 6 base pairs 
(B) TYPE: nucleic acid 
(C) STRANDEDNESS: unknown 
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24 

(D) TOPOLOGY: unknown 

( i i ) MOLECULETYPE: DNA (genomic) 

( x i ). SEQUENCE DESCRIPTION: SEQID No.4: 

WGGCCW 

( 2) INFORMATION FOR SEQED NO:5: 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 6 base pairs 
(B) TYPE: nucleic acid 
(C) STRANDEDNESS: unknown 
(d) TOPOLOGY: unknown 

( i i ) MOLECULE TYPE: DNA (genomic) 

( x i ) SEQUENCE DESCRIPTION: SEQID NO:5: 

RG CG CY 

( 2) INFORMATION FOR SEQID NO:6: 

( i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 4 base pairs 
(B) TYPE: nucleic acid 
(C) STRANDEDNESS: unknown 
(D) TOPOLOGY: unknown 

( i i ) MOLECULE TYPE: DNA (genomic) 

( x i ) SEQUENCE DESCRIPTION: SEQID NO:6: 

GGCC 

( 2) INFORMATION FOR SEQID NO:7: 

( i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 6 base pairs 
(B) TYPE: nucleic acid 
(C) STRANDEDNESS: unknown 
(D) TOPOLOGY: unknown 

( i i ) MOLECULE TYPE: DNA (genomic) 

( xi ) SEQUENCE DESCRIPTION: SEQID No.:7: 

GAATTC 

( 2) INFORMATION FOR SEQID NO:8: 

( i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 11 base pairs 
(B) TYPE: nucleic acid 
(C) STRANDEDNESS: unknown 
(D) TOPOLOGY: unknown 

( i i ) MOLECULE TYPE: DNA (genomic) 

( i x ) FEATURE; 
(d) OTHER INFORMATION: Mnotes."N =Xaa’ 

( x i ) SEQUENCE DESCRIPTION: SEQID NO:8: 

GCCNNNNNGG C 

( 2) INFORMATION FOR SEQID NO:9: 

( i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 8 base pairs 
(B) TYPE: nucleic acid 
(C) STRANDEDNESS: unknown 
(D) TOPOLOGY: unknown 

( i i ) MOLECULETYPE: DNA (genomic) 
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( xi ) SEQUENCE DESCRIPTION: SEQID NO:9: 

CCCTAGGG 8 

( 2) INFORMATION FOR SEQID NO:10: 

( i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH:23 amino acids 
(B) TYPE: amino acid 
(C) STRANDEDNESS: unknown 
(D) TOPOLOGY: unknown 

( i i ) MOLECULE TYPE: protein 

( xi ) SEQUENCE DESCRIPTION: SEQID NO:10: 

Me t Tyr As n Le u H is Arg G u Lys I le Trp Me t Xa a Tyr As in Xa a As n 
1. 5 1 O 5 

Lys G 1 in Ty r Le u Xa a A s p As n 
2 0 

( 2) INFORMATION FOR SEQID NO:11: 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 15 base pairs 
(B) TYPE: nucleic acid 
(C) STRANDEDNESS: unknown 
(D) TOPOLOGY: unknown 

( i i ) MOLECULE TYPE: protein 

( i x ) FEATURE: 
(D) OTHER INFORMATION:/note="At position 3, 6, 9 - R = A 

or G, Y as C or T, H = A or C or T' 

( xi ) SEQUENCE DESCRIPTION: SEQID No:11: 

GA RAARATH TGGATG 15 

(2) INFORMATION FOR SEQID NO:12: 

( i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 14 base pairs 
(B) TYPE: nucleic acid 
(C) STRANDEDNESS: unknown 
(D) TOPOLOGY: unknown 

( i i ) MOLECULETYPE: DNA (genomic) 

( i x ) FEATURE: 
(D) OTHER INFORMATION:/note="At position 3, 6, 7, 9, 12 

and 13, R = A or G, Y scCor T, H = A or Cor T.' 

( xi ) SEQUENCE DESCRIPTION: SEQID NO:12: 

AAYAAR CARTAYYT 4 

( 2) INFORMATION FOR SEQID NO:13: 

( i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 29 base pairs 
(B) TYPE: nucleic acid 
(C)SRANDEDNESS: unknown 
(d) TOPOLOGY: unknown 

( i i ) MOLECULE TYPE: protein 

( x i ) SEQUENCE DESCRIPTION: SEQID NO:13: 

TGTATAATTT ACAT AGAGAA AAAATTT GG 29 

What is claimed is: 65 
1. Isolated DNA coding for the Bg/I restriction en- 2. A recombinant DNA vector comprising a vector 

donuclease, wherein the isolated. DNA is obtainable into which a DNA segment coding for Bg/I endonucle 
from ATCC Accession No. 69510. ase produced by Bacillus globigi has been inserted. 
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3. Isolated DNA coding from the Bg/I restriction 
endonuclease and methylase, wherein the isolated DNA 
is obtainable from ATCC Accession No. 69510. 

4. A cloning vector which comprises a vector into 5 
which the isolated DNA of claim 1 has been inserted. 

5. A cloning vector which comprises a vector into 
which the isolated DNA of claim 3 has been inserted. 

O 

15 

25 

35 

45 

50 

55 

65 

28 
6. A prokaryotic host cell transformed by the vector 

of claim 2, 4 or 5. 
7. A method of producing Bg/I restriction endonu 

clease comprising culturing a prokaryotic host cell pro 
tected against Bg/I cleavage transformed with the vec 
tor of claim 2, 4 or 5 under conditions suitable for the 
expression of said endonuclease. 

is 
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Sheet 1 of 7, line 9 (Figure 1), replace "endoclease" with -endonuclease-. 

Sheet 4 of 7, line 12 (Figure 4), replace "ptac" with -plac-. 

Sheet 4 of 7, line 20 (Figure 4), replace "ptac" with -plac-. 

Sheet 4 of 7, line 21 (Figure 4), replace "pU19" with -pUC19-. 
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Cover page 
Section (57), line 3, replace "Bg/I" with -Bgll-. 

Cover page 
Section (57), line 8, replace "Bg/I" with -BglI-. 

Cover page 
Section (57), line 9, replace "Bg/I" with -Bgll-. 

Column 1, line 8, replace "Bg/I" with --BglI-. 

Column 3, line 24, replace "Bg/I" with -BglI 

Column 3, line 29, replace "Bg/I" with -BglI-. 

Column 3, line 30, replace "Bg/I" with --BglI-. 

Column 3, line 33, replace "Bg/I" with --BglI-. 

Column 3, line 39, replace "Bg/I" with --BglI-. 

Column 3, line 42, replace "Bg/I" with --Bgll-. 

Column 3, line 45, replace "Bg/I" with --BglI-. 

Column 3, line 46, replace "Bg/I" with --BglI-. 

Column 3, line 50, replace "(bg/IR)" with -(bglIR)--. 

Column 3, line 51, replace "(bg/IM)" with -(bglIM)-- 
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Column 3, line 54, replace "Bg/I" with -BglI-. 

Column 3, line 58, replace "(bg/IR)" with -(bgliR)--. 

Column 3, line 59, replace "Bg/I" with -BglI-. 

Column 3, line 60, replace "(M.Bg/I)" with -(M.BglI)--. 

Column 3, line 61, replace"(bg/IM)" with -(bglM)--. 

Column 3, line 64, replace "(bg/IR)" with -(bglIR)--. 

Column 3, line 65, replace "bg/IR" with -bglIR-. 

Column 3, line 68, replace "Bg/I" with -BglI-. 

Column 4, line 1, replace "(R.Bg/I)" with -(R.BglI)--. 

Column 4, line 5, replace "bg/IM" with -bglIM-. 
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Column 4, line 8, replace "bg/IM" with -bglIM-. 

Column 4, line 8, replace "bg/IM and bg/IR" with -bgllM and bglIR-. 
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Column 4, line 12, replace "bg/IR" with -bgliR-. 

Column 4, line 16, replace "bg/IR" with -bglIR-. 

Column 4, line 16, replace "Bg/I" with --BglI-. 

Column 4, line 18, replace "bg/IR" with -bgliR-. 

Column 4, line 19, replace "bg/IM" with -bglIM-. 

Column 4, line 20, replace "bg/IR" and "bg/IM" with -bglIR-and-bglIM-. 

Column 4, line 21, replace "R.Bg/I" with -R.Bgll-. 

Column 4, line 22, replace "bg/IM" with -bglIM-. 

Column 4, line 23, replace "bg/IM" with -bglIM--. 

Column 4, line 24, replace "M.Bg/I" with --M.BglI-. 

Column 4, line 26, replace "bg/IR" with -bglIR-. 

Column 4, line 27, replace "R.Bg/I" with -R.Bgll-. 

Column 4, line 31, replace "Bg/I" with -Bgll-. 

Column 4, line 32, replace "Bg/I" with -Bgll-. 

Column 4, line 33, replace "M.Bg/I" with -M.BglI-. 
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Column 4, line 35, replace "M.Bg/I" with --M.Bgll-. 

Column 4, line 38, replace "BgI" with --BglI-. 

Column 4, line 41, replace "Bg/I" with -BglI-. 

Column 4, line 42, replace "Bg/I" with -BglI-. 

Column 4, line 44, replace "Bg/I" with -BglI-. 

Column 4, line 50, replace "Bg/I" with --BglI-. 

Column 4, line 51, replace "Bg/I" with --Bgll-. 

Column 4, line 52, replace "Bg/I" with -BglI-. 

Column 4, line 56, replace "Bg/I" with -BglI-. 

Column 4, line 57, replace "Bg/I" with --BglI-. 

Column 4, line 58, replace "in vitro" and "Bg/I" with -in vitro- and --BglI-. 

Column 4, line 60, replace "Bg/I" with -BglI-. 

Column 4, line 62, replace "Bg/I" with -BglI-. 

Column 4, line 65, replace "R.Bg/I" with --R.BglI-. 

Column 4, line 67, replace "Bg/I" with --Bgll-. 
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Column 5, line 6, replace "et al., supra" with -et al., Supra-. 
Column 5, lines 8 and 9, replace "HindIII, EcoRI, BamHI, Pst, NdeI and 

Aat I" with --HindIII, EcoRI, Ban HI, Pst, NdeI and Aat II--. 

Column 5, line 14, replace "EcoRI" with --EcoRI-. 

Column 5, line 15, replace "bg/IM" with -bglIM--. 

Column 5, line 17, replace "et al., supra" with -et al., supra-Column 5, line 18, replace 
"bg/IM" with -bglM-. 

Column 5, line 18, replace, "bg/IM" with -bglIM-. 

Column 5, line 25, replace "in toto" with -in toto--. 

Column 5, line 29, replace "in vitro" and "Bg/I" with -in vitro- and --BglI-. 

Column 5, line 30, replace "Bg/I" with -Bgll-. 

Column 5, line 34, replace "Bg/I" with -BglI-. 

Column 5, line 37, replace "Bg/I" with -Bgll-. 

Column 5, line 43, replace "Bg/I" with -BglI-. 

Column 5, line 45, replace "in vitro" and "Bg/I" with -in vitro- and --BglI-. 
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PATENT NO. 5,366,882 

DATED: November 22, 1994 

INVENTOR(S): Lunnen, et al. 

it is certified that errors appear in the above-identified patent and that said Letters Patent is hereby corrected 
as shown below: 

Column 5, line 47, replace "Bg/I" with --Bgll--. 

Column 5, line 49, replace "Bg/I" with --BglI-. 

Column 5, line 51, replace "Bg/I" with --BglI-. 

Column 5, line 60, replace "bg/IM" and "R.Bg/I" with -bglIM- and -R.BglI-. 

Column 5, line 62, replace "Bg/I" and "R.Bg/I" with --Bgll- and --R.Bgli-. 

Column 6, line 6, replace "Bg/I" with --BglI-. 

Column 6, line 7, replace "R.Bg/I" with --R.BglI-. 

Column 6, line 10, replace "R.Bg/I" with --R.BglI-. 

Column 6, line 11, replace "bg/IM" with -bglIM--. 

Column 6, line 12, replace "bgl/R" with -bglIR-. 

Column 6, line 13, replace "bgl/M" with -bglIM-. 

Column 6, line 18, replace "Bg/I" with -BglI-. 

Column 6, line 20, replace "bg/IM" with -bglIM-. 

Column 6, line 21, replace "EcoRI/RsaI" and "bg/IM" with --EcoRI/RsaI-and-bglIM-. 

Column 6, line 22, replace "EcoRI/EcoRV" with --EcoRI/EcoRV--. 
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CERTIFICATE OF CORRECTION 
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PATENT NO.: 5,366,882 

DATED: November 22, 1994 

INVENTOR(S): Lunnen, et al. 

it is certified that errors appear in the above-identified patent and that said Letters Patent is hereby corrected 
as shown below: 

Column 6, line 27, replace "bgl/M" with -bglIM-. 

Column 6, line 29, replace "Bg/I" with -BglI-. 

Column 6, line 33, replace "bgl/R" with -bglIR-. 

Column 6, line 35, replace "NsiI/Spel" with -NsiI/SpeI-. 

Column 6, line 36, replace "bgl/R" with -bgliR-. 

Column 6, line 37, replace "EcoRI" with -EcoRI-. 

Column 6, line 38, replace "SspI" with --SspI-. 

Column 6, line 39, replace "PstI/Xbal" with --PstI/Xbal 

Column 6, line 42, replace "SspI" with --SspI-. 

Column 6, line 43, replace "bgl/R" with -bgliR-. 

Column 6, line 44, replace "SspI" with --SspI-. 

Column 6, line 45, replace "NsiI/SpeI" with -NsiI/SpeI-. 

Column 6, line 46, replace "NcoI/SspI" with -Nicol/SspI-. 

Column 6, line 47, replace "Nicol/SspI" with -NcoI/SspI-. 

Column 6, line 49, replace "bg/IR with intact bg/IR" with -bglIR with intact bgliR-. 



UNITED STATES PATENT ANDTRADEMARK OFFICE 
CERTIFICATE OF CORRECTION 

Page 9 of 19 

PATENT NO.: 5,366,882 
DATED: November 22, 1994 

INVENTOR(S): Lunnen, et al. 

: it is certified that errors appear in the above-identified patent and that said Letters Patent is hereby corrected 
as shown below: 

Column 6, line 50, replace "NcoI/SspI" with -Nicol/SspI-. 

Column 6, line 51, replace "bg/IR" with -bglIR-. 

Column 6, line 52, replace "bg/IR" with -bglIR-. 

Column 6, line 53, replace "Bg/I" with -Bgll-. 

Column 6, line 54, replace "EcoRI" with -EcoRI-. 

Column 6, line 55, replace "Bg/I" with -BglI-. 
Column 6, line 56, with -bgl/R" with -bglIR-. 
Column 6, line 59, replace "bgl/R" with -bgliR-. 
Column 6, line 61, replace "M.Bg/I" with -M.BglI-. 
Column 6, line 64, replace "bg/R and bg/IM" with -bglR and bgllM-. 

Column 6, line 68, replace "Bg/I" with -Bgll-. 

Column 7, line 1, replace "NcoI/SspI" with -NcoI/SspI-. 

Column 7, line 2, replace "bg/IR" with -bglIR-. 

Column 7, line 4, replace "R.Bg/I" with --R.BglI-. 

  



UNITED STATES PATENT AND TRADEMARK OFFICE 

CERTIFICATE OF CORRECTION 
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PATENT NO.: 5,366,882 

DATED: November 22, 1994 

INVENTOR(S): Lunnen, et al. 

it is certified that errors appear in the above-identified patent and that said Letters Patent is hereby corrected 
as shown below: 

Column 7, line 5, replace "R.Bg/I" with --R.BglI-. 

Column 7, line 10, replace "Bg/I" with -BglI-. 

Column 7, line 56, replace "EcoRI" with -EcoRI-. 

Column 7, line 57, replace "EcoRI" with -EcoRI-. 

Column 7, line 64, replace "Bg/I" with -BglI-. 

Column 7, line 66, replace "bgl/R" with -bglIR-. 

Column 7, line 67, replace "Bg/I" with -BglI-. 

Column 7, last line, replace "bg/IR" with -bgliR-. 

Column 8, line 1, replace "Bg/I" with -BglI-. 

Column 8, line 4, replace "EcoRI" with -EcoRI-. 

Column 8, line 10, replace "EcoRI" with -EcoRI-. 

Column 8, line 13, replace "EcoRI" with -EcoRI-. 

Column 8, line 14, replace "EcoRI" with -EcoRI-. 

Column 8, line 27, replace "EcoRI" with --EcoRI-. 

Column 8, line 29, replace "EcoRI" with --EcoRI--. 
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Page l l of 19 

PATENT NO. 5,366,882 

DATED: November 22, 1994 

INVENTOR(S): Lunnen, et al. 

t is certified that errors appear in the above-identified patent and that said Letters Patent is hereby corrected 
as shown below: 

Column 9, line 42, replace "Bg/I" with --BglI-. 

Column 9, line 48, replace "Bg/I" with --BglI-. 

Column 9, line 51, replace "Bg/I" with --BglI-. 

Column 9, line 52, replace "Bg/I" with -BglI-. 

Column 10, line 13, replace "Bg/I" with -BglI-. 

Column 10, line 17, replace "Bg/I" with --BglI-. 

Column 10, last line, replace "Bg/I" with --BglI-. 

Column 11, line 3, replace "Bg/I" with --BglI-. 

Column 11, line 7, replace "EcoRI" with -EcoRI-. 

Column 11, line 8, replace "Bg/I" and "EcoRI" with -Bgll- and --EcoRI-. 

Column 11, line 10, replace "Bg/I" with --BglI-. 

Column 11, line 13, replace "EcoRI" with --EcoRI-. 

Column 11, line 14, replace "Bg/I" with --BglI-. 

Column 11, line 15, replace "EcoRI" with --EcoRI-. 

  



UNITED STATES PATENT AND TRADEMARK OFFICE 

CERTIFICATE OF CORRECTION 
Page 12 of 19 

PATENT NO.: 5,366,882 

DATED: November 22, 1994 

INVENTOR(S): Lunnen, et al. 

it is certified that errors appear in the above-identified patent and that said Letters Patent is hereby corrected 
as shown below: 

Column 11, line 16, replace "Bg/I" and "Bg/I" with -Bgll- and --BglI-. 

Column 11, line 19, replace "EcoRI" with --EcoRI-. 

Column 11, line 20, replace "bg/IM" with -bglM-. 

Column 11, line 23, replace "Bg/I" and "EcoRI" with --Bgll-and-EcoRI-. 

Column 11, line 26, replace "bg/IR" with -bglIR-. 

Column 11, line 27, replace "Bg/I" with -BglI-. 

Column 11, line 28, replace "EcoRI" with --EcoRI-. 

Column 11, line 30, replace "bg/IR" with -bglIR-. 

Column 11, line 32, replace "Bg/I" with -BglI-. 

Column 11, line 33, replace "bgl/R" with -bglIR-. 

Column 11, line 34, replace "bg/IR" with -bgliR-. 

Column 11, line 36, replace "EcoRI" with -EcoRI-. 

Column 11, line 38, replace "Bg/I" with -Bgll-. 

Column 11, line 40, replace "Bg/I" with -BglI-. 

Column 11, line 42, replace "Bg/I" with --BglI-. 

Column 11 line 45, replace "Bg/I" with --Bgll--. 
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PATENT NO.: 5,366,882 

DATED: November 22, 1994 

INVENTOR(S): Lunnen, et al. 

it is certified that errors appear in the above-identified patent and that said Letters Patent is hereby corrected 
as shown below: 

Column 11, line 67, replace "Bg/I" with --Bgll-. 

Column 11, last line, replace "EcoRI" with -EcoRI-. 

Column 12, line 3, replace "5'-TGT ATAATT-" with --5'-TGTATAATT-. 

Column 12, line 7, replace "Bg/I" with -BglI-. 

Column 12, line 8, replace "Bg/I" with -BglI-. 

Column 12, line 9, replace "Bg/I" with -BglI-. 

Column 12, line 10, replace "bgl/IR and bgl/IM" with -bgliR and bglIM-. 

Column 12, line 11, replace "EcoRI" with -EcoRI-. 

Column 12, line 15, replace "Bg/I" with --BglI-. 

Column 12, line 18, replace "Bg/I" with --Bgll-. 

Column 12, line 21, replace "Bg/I" with --BglI-. 

Column 12, line 22, replace "bg/IM" with -bgllM-. 

Column 12, line 23, replace "bg/IR" with -bgliR-. 

Column 12, line 26, replace "Bg/1" with --BglI-. 

Column 12, line 28, replace "EcoRI" with -EcoRI-. 
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CERTIFICATE OF CORRECTION 
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PATENT NO. 5,366,882 

DATED: November 22, 1994 

INVENTOR(S): Lunnen, et al. 

it is certified that errors appear in the above-identified patent and that said Letters Patent is hereby corrected 
as shown below: 

Column 12, line 29, replace "Bg/I" with -BglI-. 

Column 12, line 30, replace "EcoRI/RsaI" with -EcoRI/RsaI-. 

Column 12, line 36, replace "EcoRI" and "RsaI" with -EcoRI- and --RsaI-. 

Column 12, line 45, replace "EcoRI/Rsal" with -EcoRI/RsaI-. 

Column 12, line 61, replace"EcoRI/RsaI" with -EcoRI/RsaI-. 

Column 12, line 64, replace "EcoRI/RsaI" with -EcoRI/RsaI-. 

Column 12, line 65, replace "bg/IM" with -bglIM-. 

Column 12, line 66, replace "EcoRI/RsaI" with --EcoRI/RsaI-. 

Column 12, lines 67-68, replace "EcoRI/EcoRV" with --EcoRI/EcoRV--. 

Column 13, line 22, replace "Bg/I" with --Bgll-. 

Column 13, line 23, replace "Bg/I" with -BglI-. 

Column 13, line 25, replace "BgII" with -Bgll-. 

Column 13, line 26, replace "EcoRI/RsaI" with -EcoRI/RsaI-. 

Column 13, line 28, replace "EcoRI/Rsal bg/IM" with -EcoRI/RsaIbgllM-. 

Column 13, line 30, replace "M.Bg/I" with -M.BglI-. 
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PATENT NO.: 5,366,882 

DATED: November 22, 1994 

INVENTOR(S): Lunnen, et al. 

it is certified that errors appear in the above-identified patent and that said Letters Patent is hereby corrected 
as shown below: 

Column 13, line 33, replace "bg/IR" with -bglIR-. 

Column 13, line 36, replace "Bg/I" with --Bgll-. 

Column 13, line 37, replace "NsiI/SpeI" with --NsiI/Spel-. 

Column 13, line 41, replace "NsiI" and "SpeI" with --Nsil- and --SpeI-. 

Column 13, line 46, replace "NsiI/SpeI" with -NsiI/Spe--. 

Column 13, line 49, replace "NsiI/SpeI" with -NsiI/Spel-. 

Column 13, line 50, replace "bg/IR" with -bglIR-. 

Column 13, line 51, replace "SspI" with -SspI-. 

Column 13, line 52, replace "NsiI/SpeI" with -NsiI/Spel-. 

Column 13, line 53, replace "PstI/Xbal" with-PstI/Xbal-. 

Column 14, line 5, replace "Nicol/SspI" with -NcoI/SspI-. 

Column 14, line 6, replace "NsiI/SpeI insert since this NsiI/Spe" with 
--NsiI/SpeI since insert this NsiI/Spel--. 

Column 14, line 8, replace "PstI/Xbal" with --PstI/Xba-. 

Column 14, line 9, replace "bg/IER" with -bglIR-. 

Column 14, line 10, replace "NcoI/SspI" with -NcoI/SspI-. 

Column 14 lines 10 and 11, replace "Nsi/Spe" with -NsiI/Spe--. 
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PATENT NO.: 5,366,882 

DATED: November 22, 1994 

INVENTOR(S): Lunnen, et al. 

it is certified that errors appear in the above-identified patent and that said letters Patent is hereby corrected 
as shown below: 

Column 14, line 12, replace "bg/IR" with -bglIR-. 

Column 14, line 13, replace "NcoI/SspI" with --Nicol/SspI-. 

Column 14, line 14, replace "NcoI/SspI" with --Nicol/SspI-. 

Column 14, line 15, replace "NcoI/SspI" with --Nicol/SspI-. 

Column 14, line 16, replace "bg/IR" with -bgliR-. 

Column 14, line 17, replace "bg/IR" with -bglIR-. 

Column 14, line 17, replace "bg/IR" with -bglIR-. 

Column 14, line 18, replace "Bg/I" with --BglI-. 

Column 14, line 20, replace "EcoRI" with --EcoRI-. 

Column 14, line 21, replace "bg/IR" with -bglIR-. 

Column 14, line 22, replace "NcoI/SspI" with -Nicol/SspI-. 

Column 14, line 23, replace "bg/IR. Within the NcoI/SspI" with 
-bglIR. Within the NcoI/SspI-. 

Column 14, line 24, replace "bg/IR" with -bglIR-. 

Column 14, line 25, replace "Nico/SspI" with --Nico/SspI-. 
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PATENT NO.: 5,366,882 

DATED: November 22, 1994 

INVENTOR(S): Lunnen, et al. 

it is certified that errors appear in the above-identified patent and that said Letters Patent is hereby corrected 
as shown below: 

Column 14, line 26, replace "NcoI/SspI" with --Nicol/SspI-. 

Column 14, line 31, replace "Nicol" and "SspI" with --Nicol- and -SspI-. 

Column 14, line 33, replace "Nicol/SspI" with -Nicol/SspI-. 

Column 14, line 34, replace "bg/IR" with -bglIR-. 

Column 14, line 36, replace "NcoI/SspI plasmid/bg/IR" with 
-NCOI/SspI plasmid bglIR-. 

Column 14, line 37, replace "bg/IR" with -bglIR-. 

Column 14, line 39, replace "NcoI/SspI" with -Nicol/SspI-. 

Column 14, line 40, replace "bg/IR" with -bglIR-. 

Column 14, line 41, replace "NicoI/SspI plasmid/bg/IR" with 
-NooI/SspI plasmid bglIR-. 

Column 14, line 43, replace "NcoI/SspI" and "bg/IR" with --NicoI/SspI 
and -bgliR-. 

Column 14, line 48, replace "Bg/I" with -Bgll-. 

Column 14, line 51, replace "M.Bg/I" with -M.BglI-. 

Column 14, line 65, replace "Nicol/SspI and Bg/I" with -Nicol/SspI and 
BglI-. 

Column 14, line 67, replace "IVcol/SspI" with -Nicol/SspI-. 
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PATENT NO.: 5,366,882 

DATED: November 22, 1994 

INVENTOR(S): Lunnen, et al. 

it is certified that errors appear in the above-identified patent and that said Letters Patent is hereby corrected 
as shown below: 

Column 14, last line, replace "Bg/I" with -BglI-. 

Column 15, line 2, replace "R.Bg/I" and "bg/IR" with --R.Bgll- and 
-bglIR-. 

Column 15, line 3, replace "in vitro" with -in vitro--. 

Column 16, line 13, replace "Bg/I" with --Bgll-. 

Column 16, line 14, replace "R.Bg/I" with -R.BglI-. 

Column 25, line 66, replace "Bg/I" with -Bgll-. 

Column 26, line 67, replace "Bg/I" with --Bgll-. 

Column 27, line 1, replace "Bg/I" with-BglI-. 

Column 28, line 3, replace "Bg/I" with --Bgll-. 
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DATED : November 22, 1994 

INVENTOR(S) ; Lunnen et al. 

it is certified that error appears in the above-identified patent and that said Letters Patent is hereby 
corrected as shown below: 

Column 28, line 5, replace "Bg/I" with --Bgll-. 

Signed and Sealed this 
Twelfth Day of January, 1999 

2%%- 
Attesting Officer Acting Commissioner of Patents and Trademarks 

  


