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This invention relates to a crystalline protein which is useful as a
'biofogical insecticide and is known as P-2 toxin, or P-2 delta-endotoxin.
It is naturally produced by cerI n stralns pf BaC|IIus thurlnglen5|s Mor e
.specifically, this inventio = LoE 21 P gapNessi on in
various micfoOf ganiGENE, PROTEIN AND RELATED INSECTICIDE COMPOSITIONS

1.0 INTRODUCTION

This invention relates to a crystalline protein
which is useful as a biological insecticide and is
known as P-2 toxin, or P-2 delta-endotoxin. It is
naturally produced by certain strains of Bacillus
10 thuringiensis. More specifically, this invention relates

to the cloning and expression in various microorganisms

of the gene coding for the P-2 delta-endotoxin, and

related novel insecticide compositions incérporating the

P-2 toxin itself and microorganisms transformed with the
15 P-2 gene. '

2.0 BACKGROUND OF THE INVENTION

¢ 2.1 COMMERCIAL PESTICIDES: GENERAL CONSIDERATIONS '

. 20 ' _

'Each year, significant portions of the world’s

commercially important agricultural crops are lost to
insects and other pest infestation. The damage wrought
by these pests extends to all areas of commercially
important plants including foods, textiles, and various
domestic plants, and the economic damage runs well into
the millions of dollars. Thus, protection of crops from
such infestations is of paramount concern.

25

Broad spectrum pesticides are most commonly
used for crop protection, but indiscriminate use of these
agents can lead to disruption of the plant’s natural
defensive agents. Furthermore, because of their broad
spectrum of activity, the chemical pesticides may destroy
non-target organisms such as beneficial insects and
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i nsecticide conpositions incorporating thee2=2 toxin itself and

m croorgani sns transforned with the P-2 gene. _ 2. 0 BACKGROUND
» OF THE INVENTION 2.1 COMMERCI AL PESTI Cl DES: GENERAL CONSI DERATI ONS

Each year, significant portions of the world' s commercially inportant

agricul tural C&%&% led Bf ddstRb@eive Pukid herpipesd dpéegigpi on. The
y { !

-danage wrought ese pests, extends, tg all areas of commercially
i nport ant pl antEFeauantdihFewirito taninals andhurans andontBYFe BPESL s,

and the economgniaBififeritds Nezdrddtwvhdeappliddns of dollars. Thus,
protection of crops fromsuch infestations Is of paranmount concern

Broad spectrum pesticides are nost conmonly wused for crop protection, but
i ndi scrinmingte use of thexdditdemdElyaninsects @t sotipét odrganisrsphave’ s

nat ural frequently developed resistance to these pesticides when
-repeatediy exposed to then. In addition to reducing the
utility of the pesticide, resistant strains of minor
pests may become major infestation problems due to the
10 reduction of beneficial parasitic organisms. ‘

.- This is a major problem encountered in using
broad spectrum pesticides. What is needed is a
~ biodegradable pesticide that combines a narrower spectrum
15 ©f activity with the ability to maintain its activity
over an extended period of time, i.e., to which
resistance develops much more slowly, or not at all.
Biopesticides appear to be useful in this regard.

2.2. BIOLOGICAL PESTICIDES

Biopeéticides, also called biorationals, make
use of naturally occurring pathogens to control insects,
fungal, and weed infestations of agricultural crops.

Such substances may comprise a bacterium which produce a
substance toxic to the infesting agent (such as a toxin),
with or without a bacterial growth medium. Such bacteria
can be applied directly to the plants by standard methods
of application and will typically persist on the crops

~ for an extended period of time, decreasing the need for

25

repeat applications..

The use of biological methods of pest control
was first suggested in 1895 when a fungal disease was

a5 discovered in silkworms. It was not until 1940, however,
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def ensi vg"(gtg?glrlots‘s)?4 Furt hernore, because of «gheir. broad spectrum of
activity, the chem cal pesticides nay destroy non-target organi sns such as
henefjcial insects and - -2- parasites of destructive pests.
These are also frequently toxic to animals and humans and, thus, pose

O kS apaEa A SR pany. atpeee Bch A mdd g ore,
when . popilliae were used to control the Japanese beetle, that
successful biological pest control was first achieved.
In the late 1960’s, the discovery of a new strain of
5 bacterium that secreted a toxin fatal to'caterpillars set
the stage for commercial biopesticides The bacterium,
. named Bacillus thuringiensis (hereinafter referred to
alternatively as "B.t.") is currently the most widely
used biopesticide.

10 :
2.3 BACILLUS THURINGIENSIS AND DELTA-ENDOTOXINS

Bacillus thuringiensis is a widely distributed,
- rod shaped, aerobic and spore forming microorganism.
During itsg sporulation cycle B.t. forms proteins known as
protoxins or delta~-endotoxins. These protoxins are
deposited in B.t. as parasporal, crystalline inclusions
or as part of the spore coat. The patogenicity of B.t.
to a variety of sensitive insects, such as those in the
Order Lepidoptera and Diptera, is essentially due to this
parasporal crystal, which may represent over 20% of the )
dry weight of the B.t. cell at the time of sporulation.

15

20

The parasporal crystal is active in the insect
only after ingestion. For instance, after ingestion by a
lepidopteran insect, the alkaline pH and proteolytic
enzymes in the mid-gut activate the crystal allowing the
release of the toxic ccmponents. These toxic components
poison the mid-gut cells causing the insect to cease
feeding and, eventually, to die. 1In fact, B.t. has
proven to be an effective and environmentally safe
‘insecticide in dealing with lepidopteran pests.

25
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It has been reported that different strains of

3 B.t. produce serologically different parasporal crystals.
5 ;
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repeat eV 88(§8034d to them In addition to reducing the uti IRWU&ISS{OHE’Z
pesticide, resistant strains of mnor pestsi-rmy becone nmgjor infestation
probl ens due to the reduction of beneficial parasitic organisns.

‘This'is a major problemencountered in using broad spectrum pesti ci des.
What is needed is a biodegradabl e pesticide that conbines a narrower
spectrum of actj.\vj it ) id i | Ly, d bV T n
ext ended peri o.%fo\gtgt‘%élflrxe,&}é. g?f. atm[éo %ﬁ%@%ﬁ%ﬁ%ﬁéeve %%és %ﬁ@éﬁ%?eby

slowl y, or not manyalaf tieFbckd cs%re%ireﬁapiesara kP krawn|as | Frini sPrighsd.
2.2. BIOLOG CAl, RlelHday weight of dBARESIIE] FF-al6h @hd etk is also

bi orational s, make use _of naturaljé occurring pathqgens to control insects,

fungal, and wedd®auahistl iRm2 FRIREK TPRARENT Shie KRIFe BRI EncetP Ry
conprise a }t)aCFg@riéﬂT!M athe I Sutspdr £ ot yPsieL] tPXl Carid tHssé NdEshoSY agent
(such as a Yoxi) dhidy Grdb i Urybbifd Shdbe SO Na{BdVEReiED Do o1
reside.on any one of a large number of diferent plasmids
of varying size in B.t. '

10 2.4 DELTA-ENDOTOXIN GENE CLONING

Since B.t. toxin genes typically.reside on
plasmids and their products have'proven to be effective
insecticides which are readily isolated when in '
crystaline form or when associated with spore formation,
they have been the subject of a great deal of scientific.
study,.particulariy with regard to gene isolation and

15

cloning procedures.

The gene which codes for P-1 has been isolated

20 from B.t. subspecies kurstaki strain HD-1-Dipel, and

cloned and éxpressed in E. coli [Schnepf et al., U.S.

Patent 4,467,036]). The protein product, P-1, was

determined to be toxic to a lepidopteran insect (tobacco
' hornworm larvae). The nucleotide sequence of the
5 promoter region and part of the coding region of the
crystal érotein gene for P-1 have also been determined
[H.P. Wong et al., The Journal of Bioclogical Chemistry,
Vol. 258, No. 3, pp.1960-1967 (1983)]. The entire
nucleotide sequenée of this gene has also been determined
and the delta-endotoxin protein itself has been expressed
in a transformed E. coli strain. [M.J. Adang et al.,
Gene, Vol, 36, pp.298-300 (1985) and PCT application
PCT/US85/01665, for: B.t. Crystal Protein Gene Toxin

Segment, (1985)].
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can be aW@WasQﬁ“r ectly to the plants by standard nethods of app(l [ ca’tlon

and will typically persist on the crops fossan extended period of tine,
decreasing the need for repeat applications. The use of
bi ol ogi cal nethods of pest control was first suggested in 1895 when a
fungal disease was discovered in silkwornms. It was not until 1940,

Eggfgs{hn18acitlus Thé3§enesm@8§ 3QBE§SdQ&t5ngnﬁB¥%&iﬂi%%Tﬁ% have
also been clénéd and expressed in E. coli. Recombinant
- . plasmids containing a mosquitocidal delta-~-endotoxin gene
from B.t. var. israelensis was inserted into an E. coli
5 vector. A 26,000-dalton polypeptide was synthesized by
E. coli transformed with this vector. This polypeptide
was shown to be lethal to insects in the order diptera
(mosquitos). [E.S. Ward et al., FEBS Vol. 175, 2,
pp.377-382, 1984). The nucleotide sequence of the gene
10 coding for this crystal protein was also determined along
with the resultant protein sequence [C. Waalwijk et al.,
Nucleic Acids Research, Vol.13, No. 22, pp.8207-8217,
(1985)]. Another B.t. var. israelensis gene encoding a
130 KDa crystal protéin was cloned and used to transform
Bacillus megaterium and Bacillus subtilis. Both B.
megaterium and B. subtilis expressed crystalline
inclusions during sporulation which inclusions were:
determined to be toxic to the larvae of Aedes aegypti.
[V. Sekar et al., Gene, Vol. 33, pp.151-158, (1985)].

15

%O Another delta-endotoxin protein_crystal was
derived from B.t. subspecies sotto. The gene coding for
this crystalline protein was cloned in a vector and then

 expressed in a transformed E. coli. This gene codes for
a 144,000 dalton peptide (934 amino acid residues). The

‘nucleotide sequence for the gene and the amino acid
seQuence of the corresponding protein have been reported.
[Y. Shibano et al., Gene, Vol. 34, pp.243-251, (1985)].

25

. It has also been recognized that another major
delta-endotoxin protein is produced by several subspecies
of B.t. [T. Yamamoto, Biochem. and Biophys. Res. Comm.
Vol. 103, No. 2, pp.414-421 (1981); T. Yamamoto et al.
Archives of Biochemistry and Biophysics, Vol. 227, No. 1,
pp.233-241 (1983)]. This delta-endotoxin has been
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popi I li HOJYWBOH g to control the Japanesggdeet |l e, that sucff’:;ls-/sl,{‘ uII
bi ol ogi cal pest control was first achieved. In the late 1960's, the
di scovery of a new strain .of bacteriumthat secreted a toxin fatal to
caterpillars set the stage for comrercial biopesticides The bacterium,

nanmed Baci |l | us ,t,hur e s s re re red alternative as
Ty s our ARG R 1Y J ARTPIR R O o Vet 5 et
«THURI NG ENSI S AHD-DELTAREm[nmEDﬁaﬁhndotoxln prdkﬂlﬂIh&stdumolgpm&srsofs a
widely distrib r ni
During its spoggg)giﬁ’{&gn J;'y;?% O?(ﬁ#orrrv‘s %{%taszgr)\s cg‘r%% ogé’gg
del t a- endot oxi ﬂeplﬁlo@é:eeqa @k idiptexa cﬁerpa&nt?ed |Jin B:Qntlsa;stp.arhs.‘pm:al
crystalll ng | NSRS\l Sudfide Inddit e WF QP Uradlia GHAGSELELLY B4
Send,

to a riet e 1nsects, suc as t hose

Lep| doptera anéaDﬁpt @rlathqlwl'és@%tﬁ“eﬂ IBrekain hadibeemriagitated candt al |
whi ch may repr gpaitacterizdlsy 16¥ dbviviPigdindtieditaincinsabeie tine

of sporul ation,

the gene coding for thzs protein and the protein sequence
itself, have remalned elusive. This fact has rendered it

10'- impossible to provide a means for expressing this
uniquely active delta-endotoxin protein in an organism
other than B.t. The availability of a cloned P-2 gene
would enable the enhanced production of thé P-2 protein
in B.t. and also enable P-2 synthesis in a heterologous

15 organism free of other delta-endotoxins.

3.0 SUMMARY OF THE INVENTION

This invention relates to the P-2 delta-
endotoxin produced by Bacillus thuringiensis, the DNA
sequence for the gene which codes for this protein and

20

novel insecticides incorporating this protein and/or
organisms transformed with the P-2 gene. More
specifically, this invention relates to the cloning and
transformation of microorganisms with the gene coding for
the P-2 delta-endotoxin. This invention is particularly
useful in enabling the expression in organisms other-.than
B.t. of the P-2 delta-endotoxin in quantiiies-greater |
than that produced by a native P-2 producing B.t.
organism during sporulation. In addition, this invention
is useful in permitting the transformation of a non-
sporulating microorganism with the gene coding for the
P-2 toxin so that this delta-endotoxin may be produced
during virtually all stages of microorganism growth and,

25 -
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The parasporal crystal is active in the insegt only after ingestion. For
I nstance, after i.ngestion by a |epidopteran I nsect, the al kaline pH and
proteolytic enzynes in the md-gut activate the crystal allowi ng the
Tel ease of the toxic conponents. These toxic conponents poison the mnid-gut
cells causing the insect to cease, feeding and, _eventually, to die. In fact,
B.t. has proven thensb¥n no% ke ilankied & iP%ﬂ%ﬁF&PPy‘-’&‘iyedpﬁé@& ci de in
dealing with | epigipRixi@iowastage. . It has been reported that
different strains of B.t. produce serologically different parasporal
crystal s. ' _

It is an additional object of this invention to

5 provide a homogenous P-2 protein produced by the isolated
gene. This protein may be produced by the process of
transforming a microorganism, sporulating or non-
sporulating, such as Bacillus megaterium or E. coli or a
different strain of B.t. with the cloned P-2 gene. This
process by virtue of selection of the appropriate host
and vector would permit high yield production of the P-2
delta-endotoxin such that it is possible to derive a
substantially homogenous preparation of the P-2 toxin,
i.e. minus any contamination by other varieties of
delta~endotoxin typically produced in conjunction with or
concurrently with the P-2 toxin in its native B.t. host.
The P-2 protein and/or the transformed host may be
utilized in a variety of insecticidal composition.

10

18

‘It is further an object of this invention to
provide an organism, other than the native B.t. host,
transformed with the DNA coding for the P-2 delta-
endotoxin. This foreign transformed host enables the
production of the P-2 delta-endotoxin under more
desirable and/or selective culturing conditions.

20

25

It is another object of this invention to
provide a DNA probe useful for detecting the presence of
the P-2 gene in the various Bacillus thuringiensis
strains. This DNA probe also enables the screening of
various strains of B.t. for the possible presence of

30

related genes coding for proteins sharing a common
homology with the P-2 protein and the isolation of these
related genes. All of the above embodiments of this
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-4- ope of the predoninant crystal forms producegdyusssmws
the B. t. ra ns |s a formknown as P-1. P-1 has a nol ecul ar wei ght of
about_130,000 dalton and it is also thought~-8e be a nmjor conponent of the
spore coat. The genes for the parasporal crystal P-1 and those of npbst of
the other protein crystals, have been discovered to reside on any one of a
| ar ge nunber of diferent plasmds of varying size in B.t.

DELTA- ENDOTOXI N C [ Szt V. ally
resi de on pl asni~ g@!gxn?o%‘g\ircil rboedt?cetsscﬂia%&p%\%fe?é% ale??ectl{‘/ Ené

i isecti ci des whidescaiptieadiafy theinwentiem which yEeblow®. f orm or when
associated with spore formation, they have been the subject of a great deal

of scientific
: 4.0 BRIEF DESCRIPTION OF THE FIGURES

?IGURE 1 is a restriction map of the
. recombinant plasmids pEG 201 and pEG 204 that contain the
cloned P-2 gene. The location and direction of
transcription of the P-2 gene are indicated by the large
10 arrow.

FIGURE 2 shows the DNA nucleotidéasequence of
the P-2 gene and also the amino acid segquence of the P-2
protein coded for by the DNA nucleotide seguence.
15
' FIGURE 3 is comprised of 3A and 3B. 3A is a
photograph of an ethidium bromide stained Eckhardt gel.
The native plasmids that are present in various strains
of B.t are visible iilustrating that most strains of B.t.
contain several native plasmids. 3B is a pﬁotogfaph of
an autoradiogram that was.made by hybridizing the
radiocactively labeled cloned P2 gene with the plasmids
" shown in 3A. 3B illustrates that the cloned P2 gene
hybridized exclusively to a plasmid of 110 MDa in three
strains of B.t. that were known to produce P2 protein
(HD1~1, HD263-1 and HD278). The cloned P2 gene also
hybridized to a DNA band of 30 MDa (3B).

25

FIGURE 4 is comprised of 4A and 4B. 4A is a
photograph of an ethidium bromide stained agarose gel
that contains HindIII digested DNA from strains HDl-1,
HD263-1, HD267 and HD278. 4A shows that total B.t. DNA
that had been digested with HindIII could be resolved
into hundreds of different sized fragments. 4B is a
photograph of an autoradiogram that was made by

30
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st udy, pg??F%@F%¥1y with regard to gene isolation and cl oning procedures.

The gene which codes for P-1 has been isole%ed fromB.t. subspecies
kurstaki strain HD-|-Dipel, and cloned and expressed in E. coli [Schnepf et
al., US Patent 4,467,036]. The protein product, P-1, was determ ned to be
toxic to a | epidopteran insect (tobacco hornworm | arvae). The nucl eoti de

sequence of thg e%ﬁn%?&%%é&‘ é’é{ véiy! &SPQanglfﬁggoﬁ%%ethmth

cryst al proteln g ave eert det erm ne

The Journal of Bi&IHOIEI greagrents s)aﬂ:wnzse 4No. 4C pB. a93b0t9€rapm933)]
The entire nuclgptd e, SEMIShesn Ollt.l?éﬁ'ﬁageﬂfdgaﬁfﬁéforgﬁﬁgsﬂﬁh rEerd and
the del ta- endotOX|n praternitse been expressed in a tr ornmed E.

coli strain. [WMitrogrikplese filtenof\A4B aBeB0pE: 298-300 (1985) and PCT
appl i catlors PCT/ US85/ 01665, for: B.t. Crystal Protein Gene Toxin segnent,

_(1985)] Figure 5 is a photograph of an

SDS/polyacrylamide gel which shows that a recombinant

host strain of Bacillus megaterium harboring the cloned

P-2 gene synthesizes large quantities of a protein having
10 @ similar size as that of authentic P-2 protein.

| Figuré 6 shows the region of homnlogy between
the amino acid sequence of P-1 toxin and P-2 toxin.

15 5.0 DESCRIPTION OF THE INVENTION

Generally stated, the present invention
provides for a cloned gene coding for Bacillus
thuringiensis P-2 delta-endotoxin or toxin and comprising
the DNA nucleotide sequence shown in FIG. 2. This gene
(which comprises double stranded DNA wherein the |

20

nucleotide strands have a complementary base sequence to
each other) codes for a protein (or as also used herein
equivalently, polypeptide) having the amino acid sequence
of the P-2 toxin which amino acid segquence is shown in
FIG. 2. The P-2 toxin encoded by'the cloned gene has
insecticidal activity against lepidoptera and diptera.
insects.

25

Methods of producing the P-2 protein are also
provided by this invention. 1In this method of production
the P-2 delta-endotoxin gehe is inserted into a cloning
vector or plasmid which plasmid is then utilized to

. transform a selected microorganism.

30
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expressed in E. coli. Reconbinant plasm ds-D@ntaining a nosquitocidal
del t a-endot oxin gene fromB.t. var. israelensis was inserted into an E
coli vector. A 26,000-dalton pol ypeptide was synthesized by E. coli .
transfornmed with this vector. This polypeptlde was shown to be lethal to

l.nsects in the order dipt ; égg%%\kg 175,
2, pp.377-382, 1984]. The§%UcIeot|§§tsequenc f¥%$#;dg§§§d h e

generally known in the art and are cOmmerc1ally
available. The choice of a particular plasmid is within
the skill of the art and would be a matter of perscnal
§ choice. Plasmids suitable for use in this invention are,
for instance, pBR322, plasmids derived from B.t., and
plasmids derived from Bacillus microorganisms and,
preferrably, are those such as, preferrably, Bacillus
megaterium. Microorganisms suitable for use with this
j0 invention are both sporulating and non-sporulating
microorganism such as E. coli, B.t., and Bacillus
megaterium. The microorganisms utilized are also known
in the art and are generally available. The choice of
any particular microorganism for use in the practice of
this invention is also a matter of individual preference.
.In a prefefréd embodiment of this invention the
microorganism would comprise Bacillus megaterium.

15

Generally stated, the P-2 toxin'protein can be
produced by a transformed organism and later purifiéd
into a homogenous pr -aration having an amino acid
sequence as shown irn IG. 2. More specifically, this
protein may be produced by transforming a microorganism
with the P-2 gene, growing the transformed microorganism
so that the-protein coded for by the P-2 gene is
expressed in the microorganism and by extracting the
protein from the organism with standard protein
purification techniques. It is also within the scope of
this invention that the protein not be separated from the
transformed microorganism but that this organism,

20

25

30 including the expressed P-2 protein, be utilized as or in

an insecticidal composition.

This invention also provides for a novel

insecticide for use against lepidoptera and diptera
35
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coding for this crystal protein was also dej fun1ned along with the
resultant protein sequence (C. Waalw jk et a Nucl ei ¢ ‘Aci ds Research
Vol . 13, No. 22, pp.8207-8217, (1985)]. Another B.t. var. israelensis gene
encoding a 130 KDa crystal ‘protein was cloned and used to transform

Baci |l us negaterium agnd Bacill,u ubt i || t negat r|un1 .an
subtilis exgres§8H95F§§Pﬂ Plﬁ@*%HEFUQFo tdu% 2 §9§&P8P i 8n St

i ncl'usi ons wer ecderdeli.neqHso B toxia hayt be bam:aenea A@dtmeam:gamdﬁ/
Sekar et al. 151- 158, not her

, Gene,_ Vol
del t a- endot oxi n°pr BEePR: 3rf§t§%qﬁ§§ d8F|eédafgéﬁP§9P9u§uB§8§51§b sotto. The
gene coding forprbparatyshabm ia pr miztnreasfckpordsi withveuldurad t hen

expressed in E&ggg&ggﬁ@@sﬁggggfgmehl&hgege ggginfggxc %éiQ%O dal t on

peptide (935 am ie fUCI eo € Seque e gene and
t he am no acid sequanosdoﬂxthen@@rS@QpﬁAétnggpmépcpnrganesme@m Bepor t ed.

[Y. Shibano et ghoruFatingVdicrddrgaRishdsdeh atl88ekllius megaterium or

B.t. A suitable carrier may be any one of a number of
solids or liquids known to those of skill in the art.

10 .
This invention also comprises the recombinant

vectors or plasmids including the P-2 gene and the
particular microorganisms which have been transformed
with this ‘gene. In addition, this invention also
provides for oligonucleotide probes for the gene coding
for the P-2 delta-endotoxin. All of these aspects of the
inventions are described in detail below and illustrated
in the following examples.

15

5.1 RECOﬂBINANT DNA TECHNOLOGY AND GENE EXPRESSION

. 20

Generally stated, recombinant DNA technology
involves insertion of specific DNA sequences into a DNA
vehicle (plasmid or vector) to form a chimeric DNA
molecule which is capable of replication in a host cell.
The insefted DNA sequence is typically foreign to the
recipient host, i.e, the inserted DNA sequence and the .
DNA vector are derived from organisms which do not
exchange genetic information in nature, or the inserted
DNA sequence may be wholly or partially synthetically
made. In recent years several general methods have been

25

30

developed which enable construction of recombinant DNA
molecules, For example, U.S. Pat. No. 4,237,224 to Cohen
and Boyer describes production of such recombinant

a5 pPlasmids using restriction enzymes and methods known as
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It has alWO 88/08834 ecogni zed t hat anot her nmj or delta-endot oxipr?‘ﬂpétsgllor%l"fzs
produced by several subspecies of B.t. [T. . Qaannto Bi ochem and Bi ophys.
Res. Comm Vol. 103, No. 2, pp.414-421 (198 T. Yamanoto et al. Archives
of Biochenistry and BIOphySICS Vol . 227, No. N pp. 233- 241 (1983)]. Thi s
del t a- endot oxi n has been

identified as P-2 and isolated fromB.t, var. kurstaki (HD-1).
del t a- endot oxi'n kﬁgﬂ%4ﬁphasTB¢ﬁﬁlE%%?%Plﬁﬁnt P asmlds are then 1ntroduced

and repllcéféd in unicellular organisms by means of
transformation. Because of the general appllcablllty of
the tecﬁniques described therein, U.S. Pat. No. 4,237,224

5 is hereby incorporated by reference into the present
specification.

Regardless of the method used for construction,
the recoﬁbinant DNA molecule must be compatible with the
host cell, i.e., capab. : of autonomous replication in the
host cell. The recombinant DNA folecule should also have
a marker function which allows the selection of host
cells so transformed by the recombinant DNA molecule. 1In
addition, if all of the proper replication, transcription
and translation signals are correctly arranged on the
chimeric DNA molecule, the foreign gene will be expressed
in the transformed cells and their progeny.

10

15

These different genetic signals and processing
events control manf levels of gene expression, i.e., DNA
‘transcription and messenger RNA translation. Trans-
cription of DNA is dependent upon the presence of a
promoter which is a DNA sequence that directs the binding
of RNA polymerase and thereby promotes transcription.

20

% Translation of messenger RNA (mRNA) in

procaryotes depends upon the presence of the proper
procaryotic signals. Efficient translation of mRNA in
procaryotes, such as B.t., requires a ribosome binding
site called the Shine Dalgarno (SD) seguence on the mRNA.
This sequence is a short nucleotide sequence of mRNA that
is located before the start codon (AUG) which encodes the
amino-terminal methionine of the protein. The SD
sequences are complementary to the 3’-end of the 16S RNA
(ribosomal RNA) and probably promote binding of mRNA to

30
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appr oxi rrat‘gpysségs,ogéo daltons and is known to be toxic to | epi doptlera and
diptera insects. In contrast, P-1 is active=@Bky agai nst insects of the
order -l epi doptera. To date, although the P-2 protein had been isol ated and
characterized by its activity against certain insects, the gene coding for
this protein and the protein sequence itself, have remained elusive. This

ni quety acti ve G Y bl e R BRI I kit

uni quely active a- en I'n" an organi's han
availability of Ppaditiohing ofkhewxihpsane | Raobertehiand dayroduts7on of

or gani sm free. of Miias i PARARY C GEAFHUNCSIS 1N T 00 OMIRY GF THE
| NVENTI ON - _ This invention relates to the P-2 delta- endotoxin.
e P b5 o B o LYY S 2 e STt
particular gene is to prepare a "library" of recombinant
plasmiés. Each recombinant plasmid is comprised of a
plasmid vector, which usually confers antibiotic
resistance to cells that harbor it, plus a fragment of
10 DNA. from the donor brganism, an organism that contains
the gene. The plasmid library is commonly prepared by
digestion of both the plasmid vector and total DNA from
the donor organism with a restriction enzyme,
inactivation of the enzyme and ligation of the DNA
mixture. The ligated DNA is a plasmid library. The key
feature of this plasmid library is that it contains many
different recombinant plasmids. It is highiy likely that
at least one of the recombinant plasmids in the library
will contain a fragment of DNA from the donor organism on
which the gene of interest resides. The plasmid library
is transformed into the cells of a host organism that
does not contain the gene. The host cells are spread on
a selective solid medium, usually one containing an
antibiotic, that allows only transformed cells, those
containing recombinant plasmids, to grow into colonies.
"Individual transformed host colonies are tested for the
acquisition of the gene from the donor organism. 1In host
colonies the acquired gene is carried on the recombinant

15

20

25

plasmid.
30 One of the most direct methods of testing for
the acquisition of a gene is to use a gene-specific
hybridization probe, a fragment of DNA that is homologous
to the gene. A characteristic of homologous DNA
fragments is that they will bind tightly to each other

-

e
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novel insWé B808R34 i ncorporating this protein and/or organi snETFEPEHRHARd
with the P-2 gene. Mre specifically, this_yuention relates to the cloning
and transformation of mcroorganisns with the gene coding for the P-2

del ta-endotoxin. This invention is particularly useful in enabling the
expression in organi sns other than B.t. of the P-2 delta-endotoxin in
quantities greater than that roduced by- a_native P-2 producing B.t.

or gani sm duri ng. @gping skybrid ﬂa§aﬁpt|o irrilynaeraddacs iy: |1aheled

permtting the tg Séféﬂ@t18“uBEdadHEEnﬁSHQEHkaEEEﬂ;EhPEQDE%%Efﬁﬂdﬁﬂ tde
gene coding for the toxin so that I s delta endotoxln dy be pro uced

during virtual | ythe| PEPRgetOoEDRi GRBSr GARI Bfh RSN BRRltore
REPLACENMENT SHEET

5 A recent advance in molecular'biology is the
use of synthetic oligonucleotides as gene-specific
probes. The basis for the use of the oligonucleotides is
that in all biological systems a particular sequence of
nucleotides encodes a precise seguence of amino acids.

10 Conversely if the sequence of amino ac1ds is known for a
particular protein then the nucleot1de sequence encoding
the protein can be inferred, although not precisely. 1In
practice, the partial amino acid sequence of a protein,
the product of the géne of interest, is determined by

15 chemical methods. Based on the protein amino acid
sequence a gene-specific oligonucleotide probe is
synthesized that may be, to varying degrees, homologous
to the gene. Exact homology cannot be guaranteed because'
knowledge of the amino acid sequence of a protein does
give exact ‘knowledge of the nucleotide sequence of the
gene encoding the protein. -Nevertheless, even thoigh the
homology between the oligonucleotide probe and the gene
may not be precise, hybridization conditions can usually

" be found that will permit the oligonucleotlde probe to
blnd spécifically to the gene.

25
Accordingly, in isolating the P-2 gene, the P-2
protein was purified from a donor strain of B.
thuringiensis var. kurstaki, and the partial amino acid
sequence of the P-2 protein was determined. A P-2 gene~-
30 specific oligonucleotide probe was synthesized based on
the amino acid sequence of the P-2 protein. The
oligonucleotide was radioactively labeled and was used in
hybridization experiments to identify transformed host
35
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-7- thgygbsf,losgg? be limted to producti csgsnly during a sporul ation
st age. It is an additional object of this invention to provide a
honogenous P-2 protein produced by the isolated gene. This protein nmay be
produced by the process of transforning a mcroorgani sm sporulating or

non- sporul ati ng uch as [ a [ r
strain of B.t. vﬁ??fn PRH%S CFgﬁgd g§°g§§ Eg‘%hmg‘raé‘gegg‘%ﬁb"% r{ ug‘lryfl He e
sel ection of thepeppgemei ftemhthe dndoveBttr wheddnpernt high yield
production of the P-2 delta-endotoxin such that it is possible to derive a
substanti al |l y honogenous preparation of the P—2 toxin, i.e. mnus any
cont am nati on by5 o2 heCLOBINGt DESTHE Be=Rt FOXH ENEn FROM cally produced in
conj unction wi th or cgpGHFfaBt uRTNETERSTE an:hawms' 33 native B.t.

host .

More specifically, in order to clone the P-2
toxin gene of this invention, cells of B.t. strain HDl-1,
a'single colony isolate immediately derived from parent
strain HD-1 (U.S.D.A., Cotton Insect Research Unit,
Brownsville, Texas 78520), were grown in C2 media (1%
Glucose, 0.2% Peptone, 0.5% N Z Amine A, 0.2% Yeast
Extract, 15mM (NH,),SO,, 23mM KH,PO,, 27mM K,HPO,, 1mM
MgSO 7H20, 600uM CaClz, 17uM ZnSO4 7H20 17uM
Cuso, .5H,0, 2uM FeSO,.7H, 0) at 30°* C until t72 (hours)
and spores plus crystals were harvested by
centrifugation. The spore/crystal pellet was washed with
several changes of 1 M NaCl and then several changes of
deionized water. Toxin proteins were solubilized by
incubating the spore/crystal preparation in 5% B-
mercaptoethanol, 2% NaDodeso4 60 mM Tris pH 6.8, 10%
glycerol at 70 degrees c. for 7 min., and spores were
removed by centrifugation. The supernatant was
electrophoresed through polyacrylamide gels containing
NaDodeS0O4 to separate proteins. The gel was stained with
peomassie dye and gel slices containing the P-2 protein
were cut out with a razor blade. The homogeneous pP-2'
protein preparation was electroeluted from gel slices
and, after acetone precipitation, the NHz-terminal amino
acid sequence of the P-2 protein was determined by
automated Edman degradation carried out on an Applied
Biosystems Gas Phase Sequenator (model 470A) and analyzed
on a DuPont Zorbax C18 column in a Hewlett-Packard HPLC

(model 1090) with a 1040 diode array detector. The amino

10
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The P-2 PVOx&8/0803hd/ or the transforned host nmay be utilized i RCA/WRS/UNF2 of
I nsecticidal conposition. It is_fturther an object of this
invention to provide an organism other thanthe native B.t. host,
transforned with the DNA coding for the P-2 delta- endotoxin. This foreign
transforned host enables the production of the P-2 delta-endotoxin under
nore desirable and/or selective culturing conditions. It is
anot her obj ect 3fighrequensq ich the by itRrmimaa pevbionsef utheor
detecting the phepegefedus F12 Brbtiiie wak (détdanineg E90bk! Us
thuringiensis strains. This probe al so enabl es the screening of
various strains of B.t. .for the possible presence of related genes coding
for proteins sharing a commpn Zhonmyd ogyg Wi tsh the P-2 prgteie apd the

i sol ation ofs these rel at ?&ﬁi%‘?fas%} IVAQE.' fﬁ? MVEEE@E@KEE%HE]C this

11 12 13 14 15 16 17 18 19 20
THR ILE ASN ASP ALA TYR ASN VAL VAL ALA

21 22 23 24 25 26
HIS ASP PRO PHE SER GLY

10

5.3 OLIGONUCLEOTIDE PROBE FOR THE P-2 GENE

: A 62 mer oligonucleotide probe encoding amino
acids 4 through 24 of the NH2-terminus of the P~2 protein
was syntﬁesized on an Applied Biosystems DNA synthesizer
(model 380A). It was recognized that because of the
codon degeneracy (certain amino acids are each encoded by
several slightly different codons) the sequence of the
synthetic oligonucleotide would probably be different
from the actual NH2-terminal sequence of the P-2 gene.
However, the fact that the B.t. genome is 68% A:T and the
codon usage information for previously cloned and
sequenced B:.t. genes were used in designing an
oligonucleotide probe that would have the highest
probability of matching the actual segquence of the P-2
gene. The oligonucleotide probe was designed to bind
only to the NH2-terminal coding region of the P-2 gene.
The sequence of the P-2 gene-specific oligonucleotide

15

20

25

30 probe was:

5’/=-GTA TTA AAT TCA GGA AGA ACA ACA ATT AAT GAT GCA TAT
AAT GTA GTA GCA CAT GAT CCA TT-3’.
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- 8- invention will be described in greater detail in the description of
the invention which foll ows. - 4. 0-BRREF DESCRI PTI ON OF THE
Fl GURES FIGURE 1 is a restriction nap of the reconbi nant

pl asm ds pEG 201 and pEG 204 that contain the cloned P-2 gene. The |ocation

and direction of transcription of the P-2 gene are indicated by the |arge

arrow In addition to 'enabling the original isolation -
of the P-2 gene herein, this DNA probe also comprises
another preferred embodiment of this invention. This DNA
probe péfmits the screeing of any B.t. strain to

5 determine whether the P-2 gene (or possibly a related
gene) is naturally present or whether a particular
transformed organism includes the P~2 gene. In this
fashion it is also possible to estimate the insectididal
activity of that strain of B.t. It is also with the

10 Scope of this invention that this probe may comprise a
smaller or larger oligonucleotide. The probe may be
labeled by any number of techniques known in the art(such
as readioactively or enzymatically labeled) and as

described below.

15
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FI GURE 2 WR#88/08034 DNA nucl eoti de sequence of the P-2 gene an&GVYSS§/MALI32
am no acid sequence of the P-2 protein coded.for by the DNA nucl eotide
sequence. FIGURE 3 is conprised 3A and 3B. 3A is a photograph
of an ethidium brom de stained Eckhardt gel. The native plasm ds that are
present in various strains of B.t are visible illustrating that nost
strains of B.t. contain several native plasmds. 3B is a photograph of an
aut or adi ogr am t Ba# WEONSTRUQRION IOF A RLASNIR LIBRARYtENRIQHEBRLEPBITHEEONed
P2 gene with the plaigbd wn in 3A. 3B illustrates that the cloned P2
gene hybridi zed excl o a plasmd of 110 Mda in three strains of
B.t. that were known to produce P2 protein (HD1-1, HD263-1 and HD278). The

cloned P2 gene al so hybri @n@%dﬁ%&m&@{%%rgﬂe%( d to determine
FIGURE 4 is conprised of 4A an .., 4A 1 s a phot ograph of an ethidi um

bromi de staifnedthgapdge @ a mastition fragment PHRBikd PN FRak strains
HD1- 1, contained at least the NH2-terminal coding region of the

P-2 gene. For this determination strains HD263-1, a
single colony isolate immediately derived from parent
strain HD-263 (U.S.D.A., Cotton Insect Research Unit,
10 Brownsville, Texas 78520), and sEFain HD1-1, a single
' colony isolate immediately derived from patent strain
~ HD-1 (U.S.D.A., Brownsville, Texas) were used as a source
of DNA. Both of these strains were known to produce the
P-2 crystal protein. B.t. strains EG2158 and HD567 which
do not produce P-2 crystal protein were used as negative

15
controls.

DNA was isolated from the various donor strains

~ after growth of the cells to mid-log phase at 30° ¢ in 1B
medium. Cells were harvested by centrifugation,
resuspended in 50mM Tris HCl pH 7.8, 10mM EDTA, 1 mg/ml
lysozyme and incubated at 37°C for 60 min. Cells were
lysed by adding NaDodeS0, to a final concentration of
0.2%. Cell lysates were extracted twice with an equal
volume of phenol and once with an equal volume of
chloroform/isoamyl alcohol (24/1). One tenth volume of 3
M NaAcetate and 2 volumes of EtOH were added to the
lysates and DNA was: extracted by spooling on a glass rod.
The spooled DNA was soaked in 66% EtOH for 5 min. and in
diethyl-ether for 1 min. The spooled DNA was air dried
and resuspended in deionized water.

20
25

30

Hybridization experiments were performed by
digesting total DNA from each of the donor strains with
35 HindIII restriction enzyme, electrophoresing the digested
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HD263- 1, V|V_|82%8{08033 HD278. 4A shows t hat tQ_teg B.t. DNA that had {)eenl
dlgested with Hndlll could be resol ved |nto hundreds of different sized
fragnents. 4B is a photograph of an autoradi ogramthat was made by
-9-  hybridizing the radioactively |abeled cloned P2 gene with the H ndl|
fragments shown in 4A. 4C is a photograph of an aytoradi ogramthat was nade
af t er remashlndﬁﬂheomlamoéﬁﬂreﬁesﬁeilFF@rtB?nﬂéeﬁingoFBFr A from the

agarose gel to a nitrocellulose filter by the blot
technique of Southern (J. Molec. Biol. 98:503-517, 1978).
The nitrocellulose filter was incubated at 32°C for 16
5§ hrs. in a solution of 3 X 8SC (1 X SSC = 0.15M NaCl1/0.015
M Sodium Citrate), 0.1 % NaDodeSO,, 200 ug/ml heparin, 10
X Denhardt’s (1 X = 0.02% Bovine Serum Albumin/0.02%
Ficoll/0.02% Polyvinyl-Pyrrolidone) containing
approximately 1 ug of the P2 gene-spec1f1c
10 ©oligonucleotide probe that had been radloactlvely labeled
with gamma-P32-ATP and T4 kinase. After hybridization
the nitrocellulose filter was washed with 3 X SSC, 0.1 %
NaDodeSo, at 32°C for one hour and the filter was exposed
to X-ray film. The resulting autoradiogram showed that
the oliéonucleotide probe specifically hybridized to two
HindIII fragments of DNA, from strain HD263-1, of -
approximately 9.0 and 5.0 kb. The probe hybridized to
apparently identical 9.0 and 5.0kb HindIII fragments of
DNA from strain HD1l-l. The probe failed to hybridize to
any DNA restriétion fragments from two strains of B.t.
that did not synthesize P-2 crystal protein, EG2158 and
HD567.

15

20

It was necessary to determine which of the two
HindIII fragments, 9.0 or 5.0 kb, hybridized most
strongly to the oligonucleotide probe since the most
strongly hybridizing fragment would be most likely to
contain the P-2 gene. Strength of hybridization is
measured by the highest wash temperature at which the
probe remains bound to the DNA fragment on the
nitrocellulose filter. Accordingly the nitrocellulose
filter was repeatedly washed in 3 X SSC, 0.1 % NaDodeSO
at progressively higher temperatures, each wash being
followed by autoradiography, until a temperature was
reached (50°C.) at which the radioactive probe no longer

25

30
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Figure 5 |s gslgﬁ%ograph of an SDS/ pol yacryl am de gel which SK%U%%{P"?'Z
reconbi nant host strain of Bacillus negaterROm harboring the cloned P-2
gene synthesizes |arge quantities of a protein having a simlar size as
that of authentic P-2 protein. Figure 6 shows the region of
honol ogy between. the anmino acid sequence of P-1 toxin and P-2 toxin.

5.0 DESCRIPTI mé,gmﬁéwwm 9.0 b erdgke bitskakodeehheopr csent

i nventi on provi for a cloned gene codin Baci |l us thuringiensis P-2

del t a- endot oxi n RYPEIEIL B%F eLy kP t@hﬁ[ﬁ#@rﬁkl%@ﬂ@de Thgretozesnhdin

in FIG 2. This w%éw&wihe&rma@e@t degEe ehé mﬂ@dt@mlwegr eodihke
nucl'eoti de strands have a conpl ementary base‘id? ce to_each cher& codes

for a protein (&e%Oom b the Priegene ﬁo?yﬂebpl ﬂé}"dﬁ; ing the
am no acid %fquqmagﬁsnﬁfwabﬁhts»amlgﬁtéihsnnmusa£1daﬁaqnamea i's shown in

A P-2 gene-enriched plasmid library was
constructed by digesting HD263-1 total DNA with HindIII,
electrophoresing thé'digested DNA on an agarose gel and

10 excising c21 slices containing HindIII DNA fragments |
ranging ir size from approximately 4.0 to 6.0 kb.
HD263-1 HindIII fragments ranging in size £rom 4.0 to 6.0
kb were electroeluted from agarose gel slices, phenol
plus chloroform extracted, ethanol precipitated and
ligated into the HindIII site of plasmid pBR322 that had
been digested with HindIII and treated with alkaline
phosphatase. Alkaline phosphatase greatly increased the
probablllty that recombinant plasmids were formed
cons1st1ng of pBR322 plus a HindlIII fragment of HD263-1
DNA. The .resulting ligation mix consisted of a library
of recombinant plasmids enriched for t P-2 toxin gene
from strain HD263-1.

15

20

5.5 COLONY HYBRIDIZATION AND ISOLATION OF A 5.2 kb
HindIII FRAGMENT CONTAINING THE P-2 GENE

25

The P-2 gene-enriched plasmid library was
transformed into an ampicillih sensitive host strain of
E. coli, HB10l (Bethesda Research Laboratories, Bethesda,
MD.), by the CaCl, procedure. E. coli strain HB101 does
not synthesize P-2 protein and, therefore, it would not
be expected to contain the P-2 gene. E. coli was used a
the host strain because these cells are easily
transformed with recombinant plasmids. All host cells

30

3s acquiring a recombinant plasmid would become ampicillin
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FIG 2. The P-2 toxin encoded by the cloned gene has insecticidal activity
agai nst | epi doptera and diptera insects. Met hods of producing the
P-2 protein are also provided by this invention. In this nethod of
production the P-2 delta-endotoxin gene is inserted into a cloning vector
or plasmd which plasmd is then utilized to transforma sel ected
m croorgani sm resistant. After exposure to the recombinant plasmids

the E. coli host cells were spread onto solid medium
containing ampicillin and those cells that harbored a“
recombinant plasmid were able to grow into colonies. It

5 was expected that each individual ampiciilin resistant
host colony would harbor many identical copies of a
recombinant plasmid comprised of pBR322 plus a unique
HEindIII fragment from the donor strain HD263-1 DNA.
However, the donor strain HindIII fragment in the

1o recombinant plasmid would differ from one éolony to the
next.

Approximately two thousand individual
- ampicillin resistant colonies were blotted onto
15 nitrocellulose filters. Replicas of the colonies were
saved for later use as described below. The recombinant
plasmids contained in the colonies were bound to. the -
nitrocellulose filters by treating the colonies with NaOH
and NH4Acetate. The_resulting nitrocellulose filters
contained an array of recombinant plasmids each of which,
was physically separated from other recombinant plasmids.
The nitrocellulose filters were hybridized at 50°C for 16
hours in a solution of 3 X SsC, 200 ug/ml heparin, 0.1%
NaDodeso4, 10 X Denhardt’s and approximately 1 ug of the
P2 gene-specific oligonucleotide probe that had been
" radioactively labeled. The filters were washed at 50°C
for one hour in 3 X SSC, 0.1% NaDodeso4 and were exposed
to x-ray film. The resulting autoradiogram showed that
the oligonucleotide probe had hybrldlzed to recomblnant
plasmlds at four different locations on the

nitrocellulose filters.

20

25
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By aligning the autoradiogram with the colony
replicas it was possible to identify four colonies whose

35
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The cl oni né"%ﬁ&“&?%‘, as described herein, are generally known Frg{ﬂgssé?lt.m'

and are commercially avail able. The choice o22a particular plasmd is
within the skill of the art and would be a matter of personal choi ce.

Pl asm ds suitable for 'use in this invention are, for instance, pBR322,
pl asmi ds derived fromB.t., and plasm ds derived from Bacillus

i croor gani sns  ageophghantaasmiics R Appirertly Hyeidfhed  whBesi the's
megat erium M croorgani sns suitable for useé*with this invention are both
sporul ating and ®ddcopwcliestiifd® RXAR%r gani sm such as E. coli, B.t., and

Baci|lus negaterium The microorganisms utilized are also known in the art
Goe in the pract]ce of thi FhenFeRGRHARTEIFSRIHR (AT GreXTRASTeNarron
o EICE ) Sl w8 S etonked ) e pIUSetnt ek ct i ghet
t oxi n prgPein caﬁF Win an&“glect;ophoreseé}Eﬁi55 dgarésé gei.e )
Three of the four plasmids consisted of pBR322 plus an
apparently identical sized 5.2 kb HindIII fragment of
HD263~1 DNA. The plasmids were transferred from the
agarose gel to a nitrocellulose filter by the blot
procedure of Southern. The nitrocellulose filter was
hybridized with the radioacﬁively labeled oligonucleotide
probe and exposed to x-ray film. The resulting
autoradiograh showed that the oligonucleotide probe
hybridized exclusively to the 5.2 kb HindIII fragment in
each of the three recombinant plasmids. One of these
recombinant plasmids, designated pEG20l1, was selected for
further experimentation and evaluation. The original E.
coli colony harboring pEG 201 was designated EG 1304.

10

15

20 ' .
5.6 LOCATION OF THE P~2 GENE ON THE CLONED 5.2 KB

HindIII FRAGMENT.

It was likely that the cloned 5.2 kb HindIII
fragment. contained at least the NH2-terminal coding
region of the P-2 gene. Presence of the P-2 gene on the
5.2 kb fragment was verified using DNA éequencing to
search for a region in the cloned 5.2 kb fragment that
encoded the NH2-terminus of the P~2 protein. Since it .is
difficult to sequence a fragment of DNA longer than two

- 30 Xb it was necessary to identify a smaller fragment of DNA
within the 5.2 kb fragment that would be expected to
contain the P-2 gene. Accordingly plasmid pEG201 was
digested with various restriction enzymes, digested
plasmid was electrophoresed through an agarose gel and

25
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produced by a transforned organi sm and Iate& purified into a honobgenous
‘preparation having an am no acid sequence as shomn in FiG 2. Mre.
specifically, this protein may be produced by transform ng a m croorgani sm
with the P-2 gene, grow ng the transformed m croorganismso that the

protein coded for by the P-2 g;ne I s expressed in the m croorgani smand by
extracting the mmasmxdfreﬁﬁr tipRafragments Weredhlathedt srampthergedtion

t echni ques. (ﬁ A o tt\#&é@mﬁf@sé COPPLef, mfbrﬂafﬂatgantbet taaefmeéel n

not be separate transfo ned ni cr oor gani I S organi sm

S
i ncludi ng t he exitds she Ferb?%?E?-ﬁe lpclapeleled n}-‘é?nﬁ‘ﬁlﬁﬂti‘-ﬂgeEFP Bdal
conposi tion. revealed W&t i ENENpLEPe AEPEcDE D¥aYEG hobridfgee to a 1.3

| nsectici de ;or klfaseSae}.z aA nﬁés rfcgi’gﬁeéf-‘aé‘é‘gng g%eﬁlgA Therefore, it was
expected that the 1.3 kb fragment would contain at least
the NH2-terminal coding region of the P-2 gene.

The 1.3 kb fragment was subcloned from pEG201
into the DNA sequencing vectors mpl8 and mpl® (Bethesda
Research Laboratories, Bethesda MD). ' DNA sequencing of
the 1.3 kb fragment revealed that it contained a region
of DNA that encoded the NH2-terminus of the P-2 protein.
This conclusively demonstrated that the cloned 5.2 kb
HindIII fragment from the donor strain HD263-1 contained
the P-2 gene. Additional DNA sequencing of the 1.3 kb
fragment.showed that ‘an Accl restriction site was located
150 nucleotides upstream from the NH2-terminal methionine
codon of the P-2 gene. The position of this Accl site
served as a marker. It allowed the location of the P-2
gene in the 5.2 kb fragment to be precisely determined as
described below.

10

15

20

The location and direction of transcription of
the P-2 gene on the cloned 5.2 kb fragment was determined
by digesting the 5.2 kb fragment with AccI in combination
with various other restriction enzymes. The restriction
fragments were electrophoresed through an agarose gel and
blotted onto a nitrocellulose filter. By hybridizing the
filter with the radicactively labeled P2 gene-specific
oligonucleotide probe it was possible to determine the
location and orientation of various restriction fragments
on the larger 5.2 kb fragment. From this knowledge the
precise position and direction of transcription of the
P-2 gene on the 5.2 kb fragment was determined as

25
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-11- WOBP8Hy a nixture of B.t. P-2 toxin and a suitablRCEHASSSEI132rhe

P-2 toxin may be contained in-the orgamsnﬂ%ﬁ‘as part of spores, or be a
honobgenous protein preparation or in a mxture of spores with cultured
transforned organi snms. The P-2 toxin may al so be contained in a
non-sporul ating mcroorgani.smor a sporulating m croorgani smsuch as

‘Baci | | us negat ey hdicated by &h&uambemarri &-emay bng&reomesﬁbw% aunber :
of solids or liquids,kngown

to
i nvention al so EGﬁﬁFF§§§°PhEaPeE%nB}ﬁéﬁié F@B% orTEFaQHFGQ PF&Pédlng the
P-2 gene and th@enote plasmid vector DNA. pBR322 vector is indicated by

an open boxed area. The horizontal line denotes cloned

5 B.t. DNA from strain HD263-1. The large-arrow indicates
the coding region of the P2 gene. Plasmid pEG204 is
described below. The length of the P-2 gene was
estimated to be approximately 1.9 kb based on the
estimated size (68 kDa) of the P-2 vrotein.

10

5.7 DNA SEQUENCE OF THE CLONED P; . GENE
It was estimated that all or at least most of
the P-2 gene was contained in the 2.2 kb AccI - HindIII
fragment within the cloned 5.2 kb fragment (Fig. 1).
Accordingly, the 2.2 kb AccI - Hind III fragment was
subcloned into the sequencing vectors m§18 and mpl9 and
the complete sequence of the 2.2 kb fragment was
determined by the dideoxy procedure of Sanger (Sanger,
F., Nicklen, S. & Coulson, A.R. (1977) Proc. Natl. Acad.
Sci. USA 74:5463~5467). As expected the 2.2 kb fragment
contain ! an open reéding frame (protein coding region)
that began with the NH2-terminal codons for the P-2
protein. The DNA sequence of the 2.2 kb fragment, which
includes the P-2 géne of this invention, and the deduced
. amino acid sequence of the P-2 protein are shown in
Figure 2. Figufe 2 shows the complete DNA sequence of
the 2.2. kb Accl - HindIII fragment beginning with the
first nucleotide of the Accl site and ending with the
last nucleotide of the HindIII site. The Accl site is
located 150 nucleotides upstream from the NH2-terminal
methionine codon of the P-2 gene. The size of the P-2
protein, as deduced from the P-2 gene segquence, waé
determined to be 66,547 Daltons.
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PCT/US88/01132
partlculyroﬁﬁoﬁgorgam sms whi ch have been ,12; \nsformed with thi sl gene. In
addition, this invention also provides for oligonucleotide probes for the
gene coding for the P-2 delta-endotoxin. Al of these aspects of the
i nventions are described in detail below and illustrated in the follow ng
exanpl es- . 5.1 RECOVBI NANT DNA TECHNOLOGY AND GENE EXPRESSICN
General |y statedly8redd EHE[ SENEN S §I&AG on of specific
DNA sequences i nto aﬁggg%ﬁg?hgkgn(phgggld or vector) to forma chinmeric DNA
nol ecul e which is in a host cell. The inserted DNA
sequence is typically foreign to the recipient host, i.e, the inserted DNA
sequence and the, é»E~Vfﬁﬁﬁr1?1eaﬁQvac§ fACIVEr 838, SPLASRIOR dONTAINING
. exchange genetic Inf or Tiron N natare, or tne rnserted. DONA sequence nay be
whol |y or plrtially sy GENEEPy made. I n recent years several genera
met hods have been

One advantage of a cloned DNA sequence is that
it can be used to identify related DNA segquences in
uncharacterized samples of DNA. In the case of the P-2
gene it is now possible that the cloned gene can be used
to detect the presence of a P-2 gene 'in a strain of B.t.
Most strains of B.t. contain numerous native plasmids in
addition to chromosomal DNA. For many of these strains
it is not known if the P-2 gene resides on the chromosome
or on one of the plasmids.

10

15

- In order to determine whether the cloned P-2
gene could be used to detect the locations of a P-2 gene
in a native B.t. host strain, B.t. strains HD263-1, HDl-
1, HD567 and HD278 were lysed according to the procedure
of Eckhardt (Eckhardt, T. (1978) Plasmid 1:584-588) and
the lysates were electrophoresed through agarose gels.
This procedure allowed the separation by size of all
plasmids contained in a particular strain. The separated
plasmids were transferred from the agarose gel to a
nitroceilulose filter by the blot procedure of Southern.
The nitrocellulose filter was hybridized with the
radioactively labeled 2.2kb AccI ~ HindIII (P-2 gene)
fragment. Autoradiography of the nitrocellulose filter
revealed that the P-2 gene fragment hybridized
exclusively to one plasmid of approximately 110 MDa in
the P2-producing strains HD263-1, HD1-1 and HD278 (Figure
3). The cloned P-2 gene did not hybridize to any plasmids
in the P-2-negative strain HD567. Therefore, this
experiment demonstrated that the cloned P-2 gene can be
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devel oped W 8898940 e construction of reconbinant DNA nol ecul es /Li_588/01132
exanple, U S. Pat. No. 4,237,224 to Cohen am®@&oyer descri bes productlon of
such reconbi nant plasm ds using restriction enzymes and nethods known as
-12- ligation. These reconbinant plasnmids are then introduced and
replicated in unicellular organisns by nmeans of transformation. Because of

‘the general appl 'Gé@d' ihYaOBirect manner to identify native plasmids
containing P-2 genes in B.t. strains. DNA hybridization
- with the cloned P-2 gene allowed direct identification of
a singlée plasmid carrying a P-2 gene out of many such
5 plasmids existing in strains of B.t.

i

30

35



_ WO 88/08034 - . PCTJUSS88/01132
the techni ques described therein, U 'S. Pat. No._ 4,237,224 is hereby
I ncorporated by reference into the present s%@%ification.
Reygar dl‘ess of the . nethod used for construction, the reconbi nant DNA
nol ecul e nust be conpatible with the host cell, i.e., capable of autononous
replication in the host cell. The reconbi nant DNA nol ecul e shoul d al so
have a marker fungt8oh VIDENTIFICATIORCOEcDNAtRESTRICTION FRAGMENTS

transfornmed by the recoq&&aﬁﬁ%N£§E\ﬁpéeggkgi.ln addition, if all of the

proper replication, transerpt ation signals are correctly
arranged on the chineric DNA nol ecule, the foreign gene wll be expressed

in the transformed cells a“ﬁhé“&ién@éoﬁﬂé‘%’?%?e from B.t)Net¢adf HRH-1

genetic signals and proceSS|n3 events con many | evels.o ene

expression, i5e. Wahcenemined #nok Bntl KRBIRQEIIRAragrens ofi GNA Tr dns-
cription of DNA igrslen@neenfadPOOndRELEd CERNELdEF SoPHBYFRERE néh kR tHe tHNA

sequence that directs te bl ndlng of EN PeLIIPLE°fadnt Fho s iR 12 b
restriction fragments containing P-~2 genes from other
strains of B.t. Accordingly, total DNA from the test

10 Strains HDl-1l, HD278, HD567 and the original donor strain
HD263~1 were digested with HindIII restriction enzyme,
the diéested DNA was electrophoresed through an agarose
gel and digested DNA was transferred from the gel to a
nitrocellulose filter. The filter was hybridized at 55°C

15 Wwith the radioactively labeled 2.2 kb AccI - HindIII DNA
(P-2 gene) fragment and, after washing at 55°C, the
filter was exposed to x-ray film. '

¢

Figure 3 (3A) is a photograph of an ethidium
bromide stained Eckhardt gel. The native plésmids that
are present in various strains of B.t. are visible. 3a
illustrates that most strains of B.t. contain several
native plasmids. The numbers to the left of the figure
indicate the size in megadaltons (MDa) of the plasmids.

20

25 . o
Figure 3 (3B) is a photograph of an

autoradiogram that was made by hybridizing the
radicactively labeled cloned P-2 gene with the plasmids
shown in 3A. 3B illustrates that the cloned P-2 gene
hybridized exclusively to a plasmid of 110 MDa in three
strains of B.t. that were known to produce P-2 protein
(HD-1, HD263-1 and HD278). The cloned P2 gene also
hybridized to a DNA band of 30 MDa (Fig. 3 (3B)). This
DNA band was DNA fragments that resulted from the
breakdown of the 110 MDa plasmid. Very large plasmids

30
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Transl at i SKOSBM¥B3 enger RNA (nRNA) in procaryotes depends up@WHt’gsslonn
presence of the proper procaryotic signals.~Eficient translation of nmRNA
in procaryotes, such as B.t., requires a ribosone binding site called the
Shi ne Dal garno (SD) sequence on the nmRNA. This sequence is a short
nucl-eoti de sequence of nNMRNA that is |ocated before the start codon (AUG

wai ch encodes theufaﬁ' ge- t8eMAe mt paRmiA Qlrd *Efﬂl—frptlﬁ‘dkenﬂ&vﬁp into
sequences are conplenentary to the 3"-end qof the 1 RNA (ribosaonmal RNA)

and probabl y pr ofiBad1BrndragrentsrANring electrophore31s through
Eckhardt-type gels. Specific hybridization of the cloned

P-2 gene to the 110 MDa plasmids indicates that for

§ strains HD1-1, HD263~1 and HD278 only the 110 MDa
plasmids carry the P-2 gene. The cloned P2 gene did not.
hybridize to any plasmids from a strain that did not
produce P2 protein (HD567). Overall, Figure 3 (3A and
33) demonstrate that the cloned P-2 gene can be used as a

10 Specific probe for the identification of P~2 genes on

native B.t. plasmids.

Figure 4 (4A) is a photograph of an ethidium
bromide stained agarose gel that contains HindIII
digested DNA from strains HDl-l (lane 2), HD567 (lane 3),
HD278 (lane 4) and HD263~1 (lane 5). Figure 4 (4A) shows
that total B.t. DNA that had been digested with HindIII
could be resolved into hundreds of d;fferent size

- fragments. The lane marked 1 contained Lambda DNA that
had been digested with HindIII. This serves as a size
marker. The numbers to the left indicate the size in
kilobase (kb) of the DNA fragments.

15

20

Figure 4 (4B) is a photograph of an
autoradiogram that was made by hybridizing (at 55°C) the
radioactively labeled cloned P-2 gene with the HindIIX
fragments shown in 4A. Overall, Figure 4 (4A and 4B) -
demonstrate that cloned P-2 gene can be used as a
specific probe for the identification of DNA restriction
fragments that contain P-2 genes.

25

30

Autoradiography showed that, as ekpedted, the
cloned P-2 gene hybridized to a 5.2 kb HindIII fragment .
from strain HD263~1 (Figure 4, (4B) Lane 5).

1 Surprisingly, the P-2 gene also hybridized to a 9.0 kb
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- 13- fg%gggﬁggiby dupl exing with the nRNA to al l ow correct p05|t|on|ng
of the ribosone (Roberts and Lauer, 1979, TPFRods in Enzynol ogy, 68:473).
One nethod wi dely enpl oyed for the cloning of a particular gene is to
prepare a "library" of reconbinant plasm ds. Each reconbi nant plasmd is
conprised of a plasmd vector, which usually confers antibiotic resistance

t.o cells Eﬂat hgﬁ?amxutfrangnt'é§§mnstraigfﬁmﬁg3fnn(Fugutmoc(oagannaﬁedan

by di gosti on of SBor hiPe SoPagte RRRERRE o & “Hedd SriTRE HiRbret ©

by di gest f 3ot h &% 5

dggah?§§1Qf?hoafragmbmm:tumns&mzmmexnhﬁ&nﬁngumﬁl4ﬁ4B}m&Iﬂﬂqnﬁ)anand to

| i gation of theﬂg%é[ JH; ldﬁgh $ i W'fﬁ@&éi&rﬁfﬂ?ame key
a fany

feature of this cont ai ns
5 (Flgure 4(43) lane 4). The P-2 gene failed to hybridize

to any HindIII fragments from the P-2-negative strain.
HD567 (Figure 4(4B), lane 3). The nitrocellulose filter
was rewashed at 80°C and exposed to x-ray film. The
resulting autoradiogram showed that, after the higher
wash temperature, significantly less of the labeled P-2
gene probe was bound to the 9.0 and 4.4 Xb fragments than
to the 5.2 kb fragment (Figure 4(4C), Lanes 2, 4 and 5).

10

" The above demonstrates several preferred uses
of the cloned P-2 gene. First the cloned P-2 gene from
strain HD263-1 can be used to identify DNA restriction
fragments containing P-2 genes from other B.t. strains.
For example the cloned P-2 gene hybridized to two HindIII
fragments from strain HDl-l. Second the cloned gene
permits determination of the number of P-2 genes present
in a particular B.t. strain. For example strain HD263-1
was found to contain two P-2 genes since the P-2 gene
probe hybridized to two HindIII restriction fragments
from strain HD263-1. It is significant that the P-2 gene
specific oligonucleotide probe also hybridized to two
HindI1I fragments of 9.0 and 5.2 kb from strain HD263-1.

15

- 20

25

The precise nature of the P-2 gene on the 9.0
kb fragment cannot be known until the 9.0 kb fragment is
isolated and its DNA sequence determined. This leads to
a third preferred use for the cloned P-2 gene. Since the
P-2 gene specifically hybridized to a 9.0 kb HindIII
fragment the cloned P-2 éene (or portions or derivatives
thereof) is therefore, an ideal probe for the isoclation

30

of this fragment.
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di ffer emyo ggyogu34nant plasmds. It is highly likely that at PEILYSEHU13E
the reconbinant plasmds in the I|brary\MIi3conta|n a fragnent of DNA from
the donor organi smon which t he gene of int Qest resides. The plasm d
library is transformed into the cells of a host organismthat does not
contain the gene. The host cells are spread on a selective solid nedium
usual |y one containing an ‘antibiotic, that allows only transformed cells,

t hose contai ni ng reconbi nnourphas‘hhes;:lonegr Bm2i genec esmiids napiid/i dual
transforned hos f thhferpes from
the donor organé%gﬂe{%nﬁ ﬁ%%?gg t8 ekggq%%q ?&tgﬁg}‘. ?ecarrl ed on the
recombi nant pl agemes. For examplgnelﬁf wonddnbe: egtizatedtthals ®e testing

for the acquisidigHedipas dgofiel is! floaCralated TCehld -/ lyd:il rthiine
probe, a fragmen i s honol o%ous tQ the _gene; Acharacteristic

of honol ogogs DAA th%g&e&tlsbl sragmenthef ®ErFRLR FPlNlgAhAR & & Bider
genes contalned on either the 9.0 or 4.4 kb HindIII

fragments. This relatedness was directly demonstrated by

the stronger hybridization at 80°C of the P-2 gene probe

to the 5.2 kb fragment than to either the 9.0 or 4.4 kb
j0  fragments.

?

5.9 ADDITIONAﬂ PURIFICATION OF P-2 TOXIN

The P-2 gene can be inserted in any appropriate
plasmid which may then be utilized to transform an
appropriate'microorganism. It is clearly within the
scope of this invention that microorganisms other than
B.t. may be transformed by incorporation of the P-2 gene
i.e., generally stated, organisms from the genera
‘Bacillus, Escherichia, and Cyanobacteria. Preferred fox
use with this invention are organisms Baci’lus megaterium
and Escherichia coli. It is also within tae scope of
this invention that different strains of B.t. may also be
transformed by the incorporation of the P-2 gene.

15

20

2 The microorganisms so transformed will

preferably produce P-2 in guantities that are far in
excess of the quantity of P-2 produced in a B.t. natural
host strain. The P-2 produced by a transformed organism
is preferably the only delta-endotoxin produced by that
organism. In this manner, the organism itself may be
utilized alone or as part of an insecticidal composition.
Since P-2 would preferably be the only delta-endotoxin
produced by the organism, it is a straightforward process

30
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“14- during hybridization. Typically a radioactively |abeled DNA probe
i s used during hybridization so that binding3%f the probe to the gene can
be: easily nonitored. A recent advance in nol ecular biology is

the use of synthetic oligonucleotides as gene-specific probes. The basis
for the use of the oligonucleotides is that in all biological systens a

particul ar sequeggep@iify the P-2 from other cellular material by methods
known in the art such as renografin density gradients.

5.10 TRANSFORMATION OF P-2 INTO PLANTS

It is also within the scope of this invention
that the P-2 gene (FIG. 2) be inserted directly into a
plant so that the plant itself produces the P-2 toxin.

10 Genetic engineering of plants may be
accomplished by introducing the desired DNA containing

- the P-2 gene into plant tissues or cells using DNA
molecules of a variety of forms and origins. These
include, but are not limited to: DNA molecules derived
from naturally qccurring plant vectors such as the Ti
plasmid from Agrobacterium tumefaciens or plant pathogens
such as DNA viruses like Cauliflower Mosaic virus (CaMv)
or Geminiviruses, RNA viruses, and viroids; DNA molecules
derived from unstable plant genome components like
extrachromosomal DNA elements in organellés (e.q.,
chloroplasts or mitochondria), or nuélearly encoded
controlling elements; DNA molecules from stable plant
genome componenﬁs (e.g., origins of replication and other
DNA sequences which allow introduced DNA to integrate
into the organellar or nuclear genomes and to replicate
normally, to autonomously replicate, to segregate
normally during cell division and sexual reproduction of
the plant and to be inherited in succeedlng generations

15

20
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of plants).
30 . .

DN2 containing the P-2 gene may be delivered
into the plant cells or tissues directly by infectious
plasmids, such as Ti, viruses or microorganisms like A.
tumefaéiens, the use of liposomes, microinjection by
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nucl-eot i d¥OBBEE a preci se sequence of amino acids. Converspewq§88(%é3
sequence of amino acids is known for a parti®™#=ar protein then the

nucl eoti de sequence encoding the protein can be inferred, although not
precisely. I'n practice, the partial am no acid sequence of a protein, the
product of the gene of interest, is determ ned by chem cal nethods. Based

on the protein arﬂé‘&xi&idaieﬁéeﬁéasaaﬁénﬁyswﬁélél ehebnBgbheseelk dhrdmitones
synt hesi zed t hat to varyi ng degrees, honologous to the gene. Exact -
honol ogy cannot 5@r%hﬁﬁ%.?eed because know edge of the ami no acid sequence
of+ a protein does give exact' know edge of the nucl eoti de sequence of the
gene encodi ng th%%éiot-; & hough t he honol ogy between
t he ol i gonucl eot i brcﬂ : Be precise, hybridization
conditions cag usually IECORBOHATDHG MHEIPQErBRDTEmN ol i gonucl eoti de probe
to bind specifically to the gene. Accordingly, in isolating the
P-2 gene, the P-2 protein was purified froma donor strain of B.

t huri ngi ensi s var. kurstakiThenB-2hdepbaténfiotokin isi d potent

insecticidal compound with activity against 1épidopteran

. and dipteran insects. It is, therefore, within the scope
10 ©f the invention that the P-2 protein toxin be utilized
as an insecticide (the active ingredient) alone,
preferably in homogenous or pure form and having the
amino acid sequence of FIG. 2, or as included within or
in association with a transformed microorganism which
expresses a cloned P-2 gene or in a mixture of B.t. or
other transformed sporulating microorganisms containing
P-2 in spores or otherwise. The compositions of the’
invention containing P-2 are applied at an insecticidally
effective amount which will vary depending on such
factors as, for example, the specific lepidopteran or
dipteran insects to be controlled, the specific plant to
be treated and the method of applying the insecticidally
active compositions. The preferred insecticide

15~

20

formulations are made by mixing P-2 alone or incorporated
in or associated with a transformed organism,-with.the
desired carrier. The formulations may be administered as
a dust or as a suspension in oil (vegetable or mineral)
or water, a wettable powder or in any -other material
suitable for agricultural application, using the
appropriate carrier adjuvants. Suitable carriers can be
solid or liquid and correspond to the substances
ordinarily employed in formulation technology, e.g.,
natural or regenerated mineral substances, solvents,
dispersants, wetting agents, tackifiers, binders or

25
30

fertilizers.
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sequence of the P-2 protein was determ ned. A P-2 gene- specific
ol i gonucl eoti de probe was synt hesi zed based " t he anmino acid sequence of
the P-2 protein. The oligonucl eotide was radi oactively | abel ed and was used
in hybridization experinents to identify transforned host
- 15- col oni es that harbored reconbi nant plasmds carrying the P-2 gene
frs=om the donor B.t. straingThe formulations containing a solid or liquiad

10

- 15

20

25

30

35

adjuvant, are prepared in known manner, e.g., by
homogenously mixing and/or grinding the active
ingredients with extenders, e.g., solvents, solid
carriers, and in some cases surface active compounds
(surfactants).

Suitable liquid carriers are vegetable oils,
such as coconut o0il or soybean oil, mineral oils or
water. The solid carriers used, e.g., for dusts and
dispersible powders, are normally natural mineral fibers
such as calcite, talcum, Xkaolin, or‘attapulgite. In
order to improve the physical properties it is also
possible to add highl} dispersed silicic acid or highly
dispersed absorbent polymers. Suitable granulated
adsorptive carriers are porous types, for example pumice,
broken brick, séplolite or bentonite. éuitable
nonsorbent carriers are materials such as silicate or

"sand. In addition, a great number of pregranulated

materials or inorganic or organic mixtures can be used,
e.g., especially dolomite or pulverized plant residues.

. Depending on the nature of the active
ingredients to be formulated, suitable surface-~active
compounds are non-ionic, cationic and/or anionic

-surfactants having good emulsifying, dispersing and

wetting properties. The term "“surfactants" will also be
understood as comprising mixtures or surfactants.

Suitable anionic surfactants can be both
water-soluble soaps and water-soluble synthetic surface
active compounds.

Suitable soaps are the alkali metal salts,
alkaline earth metal salts or unsubstituted ammonium
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5.2° cLONNE 883 p. > Toxi N GENE FROM BACI Lvis THURNG ENEY W YEFRAN Y2
HD263- 1 "More specifically, in ordgf~to clone the P-2 toxin gene
af thi.s invention, cells of B.t. strain HD -1, a single colony isolate

i medi ately derived fromparent strain HD-1 (U.S.D. A, Cotton | nsect
Research Unit, Brownsville, Texas 78520), were grown in C2 nedia (1%

Q& ucose, 0. 2@6Peptone 0.5% N Z A \ 2% Yeast tract, Y .

(NH err])[err] So[8at¥s 2§r’rm"ﬂplf§r anﬁ ePF]iQSZfﬁh(Io Gl r'rﬁﬁlgo['egtﬁ]e sgfum
NgSq err]. 7H errg$, 5995%@0&5&::3] of1daklicZos0stealicHaerid, 0,or:1hd\ﬁura1

CascLor ] SH e 1 BN e S LA n LR 0L paOL 8 s L b
spore/ crystal peltotonat vdihet tallowecoddal Fozther stabli dﬂﬂiaatahtémm
rebati ng (18 s 7S EERe; Eer2atty JRNL"pREALTLARAR SA0L nafeel%%y
NaDodeSO err], -60modified pndounamodifielypbosphalipdddagrees C. for
mn., and spores were renoved by centrifugation. The supernatant mas
More frequently, however, so-called synthetic
surfactants are used, especially fatty sulfonates, fatty
10 sulfates, sulfonated benzimi:-azole Qerivatives or
alkylarylsulfonates.
The fatty sulfonates or sulfates are usually in
the forms of alkali hetal salts, alkaline earth metal
salts or unsubstituted ammonium salts and generally
contain a c6 c22 aikyl, e.g., the sodium or calcium salt
of dodecylsulfate,'or of a mixture of fatty alcohol
sulfates, obtained from fatty acids. These_compounds
‘also comprise the salts of sulfonic acid esters and
sulfonic acids of fatty alcohol/ethylene oxide adducts.
The sulfonated benzimidazole derivatives preferably

20

contain 2 sulfonic acid groups and one fatty acid radié
containing about 8 to 22 carbon atoms. Examples of
alkylarylsulfonates are the sodium, calcium or
triethanolamine salts of dodecylbenzenesulfonic acid,
dibutynaphthalenesulfonic acid, or of a %
naphthalenesulfonic acid/formaldehyde condensation
product. Also suitable are corresponding phosphates,
e.g., salts of the phosphoric acid ester of an adduct of
p-nonylphenol with -4 to 14 moles of ethylene oxide.

25

30

Nonionic surfactants are preferbly polyglycol
ether derivative or aliphatic or cycloaliphatic alcohol
or saturated or unsturated fatty acids and alkylphenols,

said derivative containing 3 to 10 glycol ether groups
35 -
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electrophovgggﬁmgﬁﬁough pol yacryl am de gel s contai ni ng NaDodeSO4 to ' :
separate proteins. The gel was stained wth=3&%massi e dye and gel slices
containing the P-2 protein were cut out with a razor blade. The
honbgeneous P-2 protein preparation was el ectroeluted fromgel slices and,
after acetone precipitation, the NH err]-ternm nal am no acid sequence of

the P-2 protein ggﬁggg gggqg%gyoﬁuéegagegnfg?ﬁnégFg%ﬁgeib?n QEBESQbBHt

on an Applied Bi ase Sequenato anal yzed on
a DuPont Zor bax m&mmmilﬁ o Hb8 earben caters HEnRcthapadkylonotehit ﬁfa

lggo dlode arrayéygegﬁﬁylpﬂ@ﬁbg§1no

5 Other suitéble non-ionic surfactants are the
-water soluble adducts of polyethylene oxide with
alkypropylene glycol; ethylenediaminopolypropylene glycol
and alkylpolypropylene glycol contain 1 to 10 carbon
atoms in the alkyl chain, which aducts contain 20 to 250
ethylene glyccl ether groups and 10 to 100 propylene
glycol ether groups.

10

Representative examples of non-ionic
surfactants are nohylphenolpolyethoxyethanols, castor
0il, glycol ethers, polypropylene/polyethylene oxide
adducts, tributyiphenoxypolyethoxyethanql, ethylene
glycol and octylphenoxypolyethoxynethanol. Fatty acid
esters of polyoxyethylene sorbitan, such as
polyokyethylene sorbitan trioleate, are also suitable.
non-ionic surfactants. .

15

20

Ccationic surfactants are preferably gquaternary
ammonium sélts which contain, as substituents on the
nitrogen, at least one c8 C22 alkyl radical and, as
further substituents, lower unsubstituted or halogenated
alkyl benzyl, or hydroxylated lower alkyl radicals. The
salts are preferably in the form of halides, methyl
sulfates or ethylsulfates, e.g., stearyltrimethylammonium
chloride.

25

30 5.12 CONCENSUS DELTA-ENDOTOXIN PROTEIN HOMOLOGY

A computer search was conducted to determine
whether the P2 gene was homologous to any other genes

3 whose sequences had been published. No DNA sequence
5
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acid sequ@ﬂgémﬂmo?he NH[ err] term nal portion of the honogeneous P-2

protein was determ ned to be: 1=3%6- 3 4 5 6 7 8 9

10 MET ASN ASN VAL LEU ASN SER ALY ARG THR 11 12 13 14
'15 16 17 18 19 20 THR | LE ASN ASP ALA TYR ASN VAL VAL ALA

21 22 23 24 25 26 H S ASP PRO PHE SER GLY 5.3 OLI'GONUCLEOTI DE

PROBE FOR THE Pﬁ%m@ih'&%‘l was found ﬁ‘eﬁ?eéﬁrtﬁél gnngeheoandeoﬁhabegeﬂeedl ng
oug

am no acids 4 t

10
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of th H2 - ter nus of % g 9&
However, surpr ngly egree <) amlno c sequence

homology was found to exist between the P2 and Pl
proteins. Figure 6 shows that the P2 and Pl proteins
shared a region of 37% homology over a stretch of about
100 amino acids.

Sequences .of conserved amino acids that are
found within otherwise non-homologous proteins often
signal important functional domains for the proteins. It
is f- seeable that the conserved ’amino acids shown in
Figure 6 constitute an "active site" that is responsible
for the lepidopteran larvicidal activities of the Pl and
P2 proteins. Therefore, this protein has utility in site
specific mutagenesis experiments to effect or change the
amino acid composition so as to more specifically target
a resultant change in toxicity. '

The importance of -this stretch of 100 amino
acids can be determined by subcloning the 300-bp fragment
of DNA that encodes these amino aci ‘s. This procedure

~would also yield a means for produ. 1g this protein in

B.t., B.megaterium or E. coli. Su.:loning may be

accomplished by using site-specific in vitro mutagenesis
to create restriction sites bordering the 300-bp fragment
of DNA coding for this one-hundred amino acid protein.
These restriction sites could then be used to precisely
excise the DNA fragment. The DNA fragment could then be
inserted downstream from a promoter and ribosome binding
site on a Bacillus or other appropriate vector. The
Bacillus vector could be genetically engineered in such a
way that it would contain the promoter and ribosome
binding site of the P2 gene itself. The resulting
recombinant plasmid could then be transformed into an
appropriate Bacillus strain (or other appropriate
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was synt hgys?zsgéfsg# an Applied Biosystens DNA synthesizer (nodel 380A). It
was recogni zed that because of the codon deg@reracy (certain am no acids
are each encoded by several slightly different codons) the sequence of the
synthetic oligonucl eoti de would probably be different fromthe actual

NH2-t er m nal sequence of the P-2 gene. However, the fact that the B.t.

% th Land
genors | & 58% ASTeAR oS HALINAIE NOLEHIT AR (0 AAYIOHELY floretpr
mogld haveTLQeobtghhﬂ:qacdmhmﬂanglsﬁramncnnutﬂtbﬁamﬁnsnteéeqdﬁnte of the
P-2 gene
N2- Ler i nal %#%8‘%3?‘%# S”?ﬁ'&% SO A el &L & Mard fof
gene-specific opr gducdngotthds musfkeims: Tie tTpnsToymed ongendEn A Hen
ACA ATT AAT @Tp%eIﬁTl%Elg%ﬁ%Mﬂm& wal -Er de utiiized in an

- insecticidal composition in the same manner as the P2
toxin protein.

It is possible that the 100 amino acid
polypeptide that would be synthesized from the
recombinant plasmid would be degraded by proteases within
the Bacillus cell. To circumvent this potential problem
a protease negative strain of Bacillus could be used for
expression such as the one described by Wong et al.
(Wong, S., Kawamura, F., and Doi, R. 1986 J. Bacteriol.
168:1005-1009). '

10

15

6.0 EXAMPLES

The insecticidal activity of transformed or
non-transformed Bacillus megaterium and of Escherichia
coli was determined by including various amounts of these
microorganisms in a test diet which was fed to insects.
After feeding, insect mortality was measured.
Specifically, this involved growing the microorganism to
stationary phase on solid agar Base media for two days at
30°C. For E. coli harboring plasmids the media was LB
contaiﬁing 40 ug/ml ampicillin. For B. megaterium
harboring plasmids the media was DS containing 10 ug/ml
tetracycline. The microorganisms were harvested from the
solid medium by scraping with a spatula. The wet weight
of the harvested bacteria was determined and bacterial
cells were resuspended to a known concentration in
deionized water. Serial dilutions of the suspended
bacterial cells were made and 200 ul of each dilution was
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-17- WO 88/0803¢ 54dition to enabli ng the original isolati o CHUBRYOP.33

gene herein, this DNA probe al so conprises_%%QIher preferred enbodi nent of
this invention. This DNA probe permits the Screeing of any B.t. strain to
determ ne whether the P-2 gene (or possibly a related gene) is naturally
present or whether a particular transfornmed organi smincludes the P-2 gene.
Ih this fashion it is also possible to estimate the insectididal activity
of that strain dordaally appkied e th rhofc@psobidiagarthasedi on t hat

Lg' S probe My GHEIFIEA YHL Oin U £EEBNg CuPONUPhEOES S CsulPECET 8PEA TRY
of the diet was 600 square millimeters. In the case of
Heliothis the diet contained soy flour and for Lymantria
5 dispar the diet contained wheat germ. One neonate larvae
was placed in each feed cup and mortality was scored
after seven days. '

The LC50 value (weight of bacterial cells

10 Treguired to kill 50% of the larvae) was r~ilculated from a
probit analysis of insect mortality (R.C Daum., A
Revision of Two Computer Programs for Probit Analysis.
Bulletin of the Entomological Soc. of America, vol 16(1),
PP. 1-15). ' '

15 .ot .

6.1 EXAMPLE 1 - BIOASSAY OF THE EXPRESSION
PRODUCT OF THE CLONED P-2 GENE IN E. COLI

‘Heliothis virescens larvae were fed a standard
diet to which had been added E. coli cells harboring
various plasmids and known to either have or not have the
P-2 gene present. After seven days on the diet the
larvae were scored for growth and viability with the
results reported below in Table I. It is apparent from
these results that the cloned P-2 gene is, in fact,
expressed in E. coli, a non-éporulating bacteria, and
that the product of the expression of this cloned gene
renders the transformed E. coli significantly more toxic
to Heliothis virescens larva than E. coli without the p-2
‘gene present.
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| abel ed byVQ8p/t89¥ber of techni ques known in the art(such as F&I 5%
or enzymatically | abel ed) and as descri bed=-pglow.
_18 - * 5.4 CONSTRUCTI ON OF A PLASM D LI BRARY ENRI CHED FOR THE P-2

.GENE

v
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The ol i gonucl eoti de probe was used to determ ne

TABLE I
H. virescens
- larvae dead or
E. coli (plus Plasmid) ~ Dose stunted/total
Strain EG1303
(pBR322 no P-2 gene) 10 mg/cup _ 2/20
Stain EG1304 | _ _
{pEG201 P-2 gene 10/mg/cup - 20/20

.present)

6.2 EXAMPLE 2 -~ TRANSFORMATION OF THE

P~2 GENE INTO BACILLUS MEGATERIUM

Plasmid pEG20l1 (containing the P-2 gene) will
replicate only in gram-negative strains such as E. coli.
The P-2 gene was expressed in E. coli strain EG1304
harboring pEG201 but only at a low level (see Bioassay
data, Table.I). The purpose of this example was to
determine whether the cloned P-2 gene would be expressed
at a higher level in other Bacillus strains. In order to
test for the expression of the cloned P-2 gene in a

Bacillus strain it was first necessary to construct a

reconbinant plasmid that contained the P-2 gene and that
was capable of replicating in Bacillus. A Bacillus~E.
coli "shuttle vector” that contained the P-2 gene was
constructed. The term "shuttle vector" indicates that
the plasmid is capable of replication both in Bacillus
and in E. coli. The E. coli - Bacillus shuttle vector

-
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t he size OP a restrl ction fragnent of B.t. DNA that contai necfg/qsgg@t"%%e
NH2-t er mi nal codi ng region of the P-2 gerre4O+or this determ nation strains
HD263-1, a single colony isolate i medi ately derived fromparent strain
HD-263 (U.S.D. A., Cotton Insect Research Unit, Brownsville, Texas 78520),
and strain HD1-1, a single colony isolate imediately derived from patent

strain HD-1 (Uw§sDcAnst§ﬁ@&avw Qigef®ian) o\ﬁerezeuwtm@s PLeSRi@f DNA
Both of -these strains were knQwn to pr.oduce the P-Z"CT égoteln

strai ns EGQ2158PBRdSHISSEIRTYS 186 FGFlﬁFBHEGQ W¥§QN§B§iﬂiﬁﬁ tionRfe used
as negative cogheoligested plasmlaN&nwaSth%O @#gds&%&ndfupnegmpus donor

strains after romﬂh g& .the cells to md- g& §§e at 3O|§E%] (:Eéh: ko,
M FYI S

medium Cells ﬂ@PécH +8s TS 1SFaRnER) r BPFy
HC pH 7. 85 10akpEBiAlih ﬁ@hﬁke&&ﬁﬂ?ﬁmﬂnan&esﬁ@uhakﬂd at 37[err]C for 60
mn. Cells were lysed by addi ng NaDodeSO[err] to a final concentration of
0.2% Cell lysates were extracted twice with an equal volunme of phenol and
once with an equal volun®nef tet and amp resistant E. coli transformant

harbored a plasmid (designated pEG204) that was composed

of pBC16 inserted intc the Sphl site of pEG201 (Figure
10 1). Figure 1 shows the restrict ->n map of plasmid
PEG204. The boxed areas denote asmid vector DNA. The
open box is pBR322 DNA (E. coli .eplicatior) and the
-cross-hatched box is pBCl16 DNA (Bacillus replication).
"The horizontal line is cloned DNA from strain HD263-1.
The large arrow denotes the coding region of the P-2
gene. pEG204 was transformed into Bacillus megaterium
(ATCC deposit number VT 1660)and one tetracycline
resistant transformant harboring pEG204 (designatéd
'strain EG1312) was chosen for further study.

15

20 - .
This example determined if the cloned P-2 gene

. was expreésed in the recombinant B. megaterium strain
EGl312 (pEG204). Gene expression was measured by the
technique of NadodeSO4/polyacrylamide gel
electrophoresis. Generally, the technique involved
preparation of cell lysates, electrophoresis of cell
lysates through a NadodeSO4/polyacrylamide gel”and
staining of the gel to permit visualization of proteins.

25

Specifically, the technique was carried out as
follows: B. megaterium cells were grown on DS plates
containing 10ug/ml tetracycline for 48 hr. at 30°C. B.

 thuringiensis strains were grown similarly to B.
megaterium except the DS plates contained no
tetracycline. After this period almost all cells had

30

35
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chl orof ormii soanyl al cohol (24/1). One tenth volume of 3 M NaAcetate and 2

vol umes of EtOH were added to the |ysates anBlDNA was extracted by :
spooling on a glass rod. The spool ed DNA was soaked in 66% EtCH for 5 mn.
and in diethyl-ether for 1 mn. The spooled DNA was air dried and
resuspended i n deionized water. Hybri di zati on experinents were
performed by di geptiered ehd dﬂ%ﬁdmwmsm‘ dihgrart. Stesils weid

Hllgfjl 'l restrict %r}v%%%ﬁewl eql a 'spa %rleaS'an trheesudslp:%eSéecij in deionized
water. A portion of the cell suspension was mixed 1l:2
vol:vol with preheated (70°C) gel loading buffer (5% Beta

5 -mercaptoethanol, 2% NaDodeSO4, 60 mM Tris pH 6.8, 10%

~ 'glycerol) and incubated at 70°C for 7 min.  The

suspension was centrifuged briefly, after centrifugation

the'supernatant was immediately loaded onto an

NadodeSO4/polyacrylamide gel and the proteins in the

supernatant were resolved by gel electrophoresis

according to the method of Laemmli. (J. of Mol. Bio.,

80:576-599 (1973)) The proteins in the gel were

visualized by staining the gel with Coomassie dye.

10

Figure 5 shows the results of this analysis.
Figure 5 is a photograph of an NadodeSO4/polyacrylamide
gel that had been prepared as described above. The lane
labeled STND in Fig. 5 contained protein molecular ﬁeight
standards. Numbers to the right of the gel'indicate
proteiﬁ sizes in kilodaltons (kDa). The lane labeled
HD1-1 contained extracts of that B.t. strain. The major
protein band that corresponded to P-2 protein is '
indicated by an arrow. The lane labeled P2 contained a
portion of the purified P-2 protein. The P2 protein was
purified- -as described above.

15

20

25

The lanes labeled EG1311 and EG1312 in Fig. 5
contalned extracts of these B. megaterium strains
harboring pBC16 and PEG204 (P2) respectively. A
comparison of lanes EG131l1 and EG1312 showed that
extracts of strain EG1312(pEG204) contained a major
protein that corresponded in size to that of the P2
protein. This protein was not present in extracts of
strain EGlBll(pBCls). This demonstrates that B.
megaterium harboring the cloned P-2 gene synthesized high

30
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DNA on anvessy3e34 gel and transfering the DNA fromthe agar opCTyuSss 0182
nitrocellulose filter by the blot technique of Southern (J. Mdlec. Biol.
98:503+517, 1978). The nitrocel lul ose fil+44®= was i ncubated at 32[err]C for
16 hrs. in a solution of 3 X SSC (1 X SSC = 0.15M NaCl /O 015 M Sodi um
Ctrate), 0.1 % NaDodeS( err}; 200 ug/m heparin, 10 X Denhardt's (1 X =
0.°02% Bovi ne Serum Al bum n/ 0. 02@6F|COII/0 02@6POIyV|nyI Pyrrol i done)

contai ni ng appigyLyB! skvpd ﬁ?aeémhe PR 8888£388¢ LhenoliaeRc naid Iy obe

t hat had been rad] oactive gama- P32 nase
After hybridi zhighh Pi\@rﬁﬁFPBEe‘Fhﬁl ssélﬁu pLertrain ESAda2napperredsde 0.1

96“ﬁDOdeSO[errLoﬁéa§3[ﬁﬁéLS;BQEgﬁﬁepﬂéﬁéiﬂnﬂnbmﬁsibhtBde%% exposed to
X-ray film The resultlgg aut or.ad %Mg gﬁ]g t hat. t he ol i gonucl eoti de
probe speci fi cBRRFaRyBFL8FI€CEC n PﬁFnFragnents of DNA, fromstrain
HD263-1, of approximately 9.0 and 5.0 kb. The probe hybridized to

apparently identical 9.0 and 5.0kb H ndlll fragnments of DNA from strain
HD1- 1. The probe failed to hybridize to -
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any DNA rgg?P§@?9%% fragments fromtwo strains of B.t. that did Jot /
synt hesi ze P-2 crystal protein, EG158 and _HR67. It was
necessary to determ ne which of the two Hi ndl'll fragments, 9.0 or 5.0 kb,
hybri di zed nobst strongly to the oligonucleotide probe since the nost
strongly hybridizing fragnment would be nost likely to contain the P-2 gene. .

Strength of hybridization is neasured by the_highest wash tenperature at
whi ch t he probe &-énaiBIOASHRAY. 9D THE ﬁ%é3$$§§9§nPRBHUFWeOEitrocelIulose

filter. Accordingly i BrdioEs! b oSENEi Tl es. v@BcaeRReyRdl y washed in 3 X
SSC, 0.1 % NaDodeS(O : rogr esstvelry nigner tenperatures, each wash

being foll owed by autoradi ography, until a tenperature was reached
(50[err]C.) at which the rsghwdeid eopiobey nbestdearried out indicated

5 that strain Bacillus megaterium EG1312 had an LD50 (50%
of larvae dead) of 1.4 ug of bacterial cglls'per insect
food cup when fed to either Heliothis virescens (H.v.) or
to Lymantria dispar (L.d.) larvae. In contrast the
control strain of Bacillus megaterium harboring the

10 plasmid vector pBC1l6 without the P-2 gene failed to kill
either H.v. or L.d. larvae at a dose of 10 ug bacterial
cells per food cup.

B. megaterium strain EG1312 (pEG204-P2) was
also tested for toxicity against A. aegypti. A cell Jp i)
' : . & . ¢
suspension was prepared by growing strains gp1311(pBC16-‘¢¢%/5

15

negative control) and EG1312 on solid ‘DS medium
containing 10 ug/ml tetracycline for 48 hr. at 30°C.
Cells were harvested with a spatula and cells were
resuspended in deionized water. Serial dilutions of the
céll suspensions were made. 'Twenty larvae (third or
fourth instar) of A. aegypti were placed in 100ml of the
cell suspensions and mortality was scored after 48 hr.
The results (below) showed that strain EG1312(P2) is
toxic to mosguito larvae. In contrast B. megaterium
containing the vector plasmid PBCl1l6 alone (strain EG1311)
was not toxic to mosquito larvae.

20
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excl usively

H ndl 1

W %}(nﬁ b3£d to the 9.0 kb fragment but was seen to hygrr/o588/01132
o the 5.0 kb band. Therefore, it was determ ned that at

the NH2-term nal coding region of the P—246ene resided on the 5.0 kb
fragment of DNA from strains HD263-1 and HD1-1 .

| east

A P-2

gene-enriched plasmd library was constructed by digesting HD263-1 total

DNA wi th Hindl Il
rexci sing gel

el ectrophoresing the digested DNA on an agarose gel and

slices containing Hndlll DNA fragnents ranging in size from

approxi mately-4. 0 to 6.0 Kkb.

-

10

18

20

25

30

35

TABLE II
Dose-mg cells/ml

EG1311(pBCl6é control)-0.8mg/ml

- EG1312 (pEG204-P2)-0.8ng/ml

~0.4mg/ml

-0.2mg/ml
-0.1mg/ml

EG1311(control)-0.5mg/ml
EG1312 (pEG204-P2)~0.9mg/ml
-0.8mg/ml

~0.4mg/ml
-0.2mg/ml

-0.1mg/ml

A. aegypti larvae
# dead/total

0/20
10/20
12/20

10/20

9/20

0/20
16/20

" 16/20

15/20

12/20

12/20

7.0 DEPOSIT OF MICROORGANISMS

It is within the scope of this invention that a

wide variety of both sporulating and nonsporulating
microorganisms may be transformed with the P-2 as

described herein. Exemplary of the microorganisms which

may be engineered as taught herein are those from the
genera Bacillus, Escherichia, and Cyanobacteria.

Preferred for use with this invention are the organisms
In addition,
the following Bacillus thuringiensis, Bacillus megaterium

Bacillus megaterium and Escherichia coli.
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HD263-1 Hi ndl Il fragnments ranging in size fr 4 Oto 6.0 kb were
el ectroel uted from agarose gel slices, pheno plus chl or of orm extract ed,
et hanol precipitated and ligated into the Hndlll site of plasm d pBR322
that had. been digested with Hindlll and treated wi th al'kal i ne phosphat ase.
Al kal i ne phosphatase greatly increased the probability that reconbi nant
pl asm ds were fanmed EonsoliisgraingBRiizhpare ahﬂmdﬂﬁelfefmmg}nﬁur ofse

eonot ot pl ao R ChHACHBURELOR, By GRISKS LSl R O ke o, |
5.5 COLONY HYBHﬁ]éﬁﬂidﬁdMﬁﬂklEéEATﬂéNDSEtAd5W§ththe Agi Lot yRRAGVENT

CONTAINI NG THE e G, culeure colIEStEo% qRERLS ! |;;‘eig,§f1a|fol g qﬁ i%%l

was transformed THTUO an” anpicC n-sensifive train o
(Bet hesda Re$earhgen -a%ss ignedcthepbintedaacrpspion numbesscli] err ]
procedure. E. coli strain HB101 does

B. thuringiensis stain Plasmids Accession Numbers
HD1-1 h Several naturally B-18201
10 _ occuring
 HD263-1 no  B-18202
B. megaterium : Plasmid Accession Numbers
15 EG1312 PEG204 "B-18203
E. coli Plasmid Accession Numbers
EG1304 - PEG201 " B-18204

The present invention is not to be limited in
-scope by the'microorganism.deposited, since the deposited
embodiment is intended as a single illustration of one
aspect of the invention. 1Indeed, various modifications
of the invention in addition to those shown and described
" herein will become apparent to those skilled in the art
2 from the foregoing description and accompanying drawings.

20
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not synWeosss8084 2 protein and, therefore, it would not be @PHUSS88/0d132
contain the P-2 gene—E-—coli was used a the host strain because these
cells are easily transforned with reconbi-d&at plasmds. Al host cells

acquiring a reconbi nanmﬂLm mmmm becone anpicillin
-21- resi stant. he reconbi nant plasm ds the E. coli
host cells were spread®onto 'soM dsmetli um containing anpicillin and those

eelI's that hagboned a

-

1. A gene for Bacillus thuringiensis P=2 toxih having
5 the DNA sequence of FIGURE 2 or any portions or
derlvatlves thereof.

2. The gene of claim 1 wherein said gene codes for a
protein having the amino acid sequence of FIGURE 2.

10 :

3. The gene of claim 2 wherein said protein has
insecticidal activity.
4. The gene of claim 3 wherein said insecticidal -

15 activity is effective against insects selected from the
families consisting of lepidoptera and diptera. '
5. The gene of claim 1 wherein said DNA sequence is
inserted into a recombinant plasmid..

20 _ ' . . .

6. The gene of claim 5 wherein said plasmid is comprised
of DNA from at least two different species of
microorganisms after insertion of said DNA sequence.

25- 7. The gene of claim 5 wherein said plasmid is comprised
of DNA from at least two different subspecies of the same
species of microorganism after insertion of said DNA
sequence.

30 8. The gene of claim 1 wherein said DNA sequence is
attached to its native promoter DNA sequen .

9. The gene of claim 1 wherein said DNA sequence is
attached to a foreign promoter DNA sequence.

35
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r econbi ﬁ‘éﬂtsswggm d were able to grow into colonies. It was expected that
each individual anpicillin resistant host col ony woul d harbor many

i dentical copies
"Hindt I'l fragnent
strain Hndlll,
colony to-the nex
“anpicillin restQ¢
Repl i cas of thgycCah

Jeconbi nant plasm

nitrocel l ul ose fi
NH[ err] Acet at e11.

of a d conprised of pBR322 plus a unique

frommmmmmmeHWHm 3=| DNA. However, the donor

fragneht Gn'th& ré&cohbinant plasnid would differ from one
Ag roxi matel,y two thousand i ndiyi dual

Lh EBPEREBSPAYLBILEbE: BRIDM S5HA ARBIANFORE 1T TEURS 2

dpnpeirtwehe ogvadrivativesr theeredT . descri bed bel ow. The

S contained in the colonies were bound to the

Iters by treating the colonies with NaCH and.

Thfheepnbteﬁg oift chedhl abowhefrieire sa icbrprotvein anaarray of

reconbi nant plasm d was physically separated from ot her
E163R81 ity

recombi nan® pl H8RFY

| ose filters were hybridized at

50[err]C for 16 hours in a solution of 3 X SSC, 200 ug-/m heparin, 0.1%

- NaDodeS{ err] ig

act

X Pgahardtein?d¢ 2RRIH A TRLA elin'Ed (isecticidal

ivity is effective against insects selected from the

families consisting of lepidoptera and diptera.

The protein of claim 10 wherein said protein is

produced by the process comprising:

a) transforming a microorganism with the gene
"of FIGURE 2;

b) growing said transformed microorganism
whereby the protein encoded by said gene of

step a) is expressed in said microorganism and

c) extracting and separating said protein
expressed in step b) from said organism.

The proteih of claim 13 wherein said gene of step a)

is located-on a plasmid.

The protein of claim 14 wherein said plasnid is

comprlsed of DNA from at least two different species of

mlcroorganlsms when 1nclud1ng said gene.

. The protein of claim 14 wherein said plasmid is

comprised of DNA from at least two different subspecies

of microorganism when including said gene.

10
13.
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P2 gene-?&ﬁ#@?@"ol I gonucl eoti de probe that had been radi oachﬂil@sst'oalBQ ed.
The filters were washed—at—50ferr]C for one hour in 3 X SSC, 0.1%

NaDodeS( err ]

and were _exposed to x-ray film The resulting autoradi ogram

* showed that the oli gou ml"cﬂﬁ“ﬂ[ﬂﬂ had_gybri di zed to reconbi nant

- plasmds at four diff n the nitrocellul ose filters.

By aligning the autoradlogran1MAtﬁ the col ony repllcas It was possible to
“identify four cqhoni gaeWa9ekein of claim 13 wheréifi said proteir 28s

10

15

20
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expressed in a non-sporulating microorganism.

18. The protein of claim 15 and .16 wherein the gene is
controlled by its native promoter.

19. The protein of claim 15 and 16 wherein the gene is
controlled by a foreign promoter.

20. The protein of claim 19 wherein said protei: is
expressed in a sporulating microorganism. -

21. The protein of claim 18 wherein the protein is

- expressed during non-sporulating growth phases of said

microorganism:

22. The protein of claim.13 wherein said protein is
extracted in step c) by lysis of said microorganism.

23. ‘The protein of claim 10 wherein said protein is :n
substantially pure form.

24. A method for producing of Bacillus'thuringiensis

P-2 toxin comprising:

a) inserting into a plasmid a gene for said
P-2 toxin having the DNA seguence of Fig-
ure 2; '

b) transforming a microorganism with the
- plasmid of step a) and

O ———
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r econbi nant d?asn1ds~had~appar€nrry‘hybr|dlzed wi th the oligonucl eotide

p[obe.J The rec | m ds were extracted from each of the
four col onies. The pl H! mgﬂm mt eq,w'_j[ h Hndlll and el ectrophoresed
on an agarose gel. Th i «pPl asmds consisted of pBR322 plus an
apparently identical sized 5.2 kb Hindlll fragnment of HD263-1 DNA. The
plasm ds were transferreg, fr $%ﬂ£ ls : filter
by the bl ot procedure ofé%knlééﬁiﬁb e ﬁ???ggg?%ﬁfgsgk#?ngbgﬁgé ybri di zed
wisth the radi oactively | abel@fl stepdpucwkReredy grddcPaidtoxpdsd® to x-ray
film The resulting autoradig&g e r8bi got i de probe .-
hybri di zed exclusively to the f%gféﬁrfﬁd%?ﬁa %?ggneﬁggggggéch of the three
reconbi nant plasm ds. One of these reconbi nant plasm ds, .designated pE&O01,

was sel ected for fUpibofe EXGET bFEE] #1h 094 SHeP¥IhUBRE BNgenEhecddDiftHt &
~coli colon harborlngl?EG_ZOI Was de5|gnat§d EG 1304.
protein having the amino acld seguence of FIGURE 2.

26. The gene of claim 24 wherein said plasmid is
comprised of DNA of at least two different species of

10 microorganism after insertion of said P-2 gene.

27. The method of claim 24 wherein said plasmid is

comprised of DNA from at least two different spbspecies

of the same species of microorganism after insertion of
15 said P-2 gene. | '

28. The method of claim 24 wherein said DNA sequence is
attached to its native promoter DNA sequence.

29. The gene of claim 24 wherein said DNA sequence is | .

20
-attached to a foreign promoter DNA sequence.
30. The method of claim 24 wherein said miCrdorgahism is
a non-sporulating microorganism. '

25 . |

- 31. The method of claim 21 wherein said microorganism is
a sporulating microorganism. '
32. The method of claim 30 wherein the P-2 toxin is

30 expressed during non-sporulating growth phases of said
microorganism.
'33. The method of claim 24 wherein said P-2 toxin is
extracted from the microorganism by lysis of said
microorganism. _ :

35 ' o I
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5.6 Lodﬁ(ﬂﬁ(Pﬁﬂé“THE‘P- THE CLONED 5.2 KB Hi ndl 1" FRAGVENT.
It was. likely that th széned 5.2 kb dilI fragment contained at | east

the NHZ-term nal codi
the 5.2 kb fragnment wa
region in the cloned 5.2 kb frégnﬂnt
Since it is diffjcult to, sequence a fragnept of _DNA _| onger
than two kb it.3as r?é'be‘s%%‘ilt’c%’-‘?ﬂeﬂHt'ﬁb e sher| ¥per AgHBAE

the 5.2 kb fraggy:

*P-2 protein.

#)"mﬂ P— ene. -Presence of the P-2 gene on
uenC|ng to search for a

hat encoded the NH2-term nus of the

in
\@lﬁi&memﬁca eBatD1T08t Bhirihgiengigepe

"Accor di ngly plasn1d p ested W Th various restriction enzynes
di gested pi as mEPXARs an %oc??ﬁb%ﬁh an agarose gel and
5 35, The insecticide of claim 34 wherein the P-2 toxin

10

15

20

25

30

35

is associated with Bacillus thuringiensis spores.

- 36. The insecticide of claim 34 wherein the P-2 toxin is

a homogeneous protein preparation.

37. The insecticide of claim 34 wh: :in the P-2 toxin is
contained in a mixture of Bacillus thuringiensis spores
and cultured Bacillus thuringiensis organisms.

38. The insecticide of claim 34 wherein the P-2 toxin is
associated with a non-sporulating microerganism.

39. -The insecticide of claim 34 wherein the P-2 toxin is
associated with a sporulating microorgamism.

40. Tr: insecticide of claim 34 wherein the carrier is a
liquid carrier.

41. The insecticide of claim 40 wherein the liquid

carrier contains one of more surfactants.

42. The insecticide of claim 34 wherein the carrier is a
solid carrier. '

43. The insecticide of claim 43 wherein the solid
carrier is selected from the group consisting of calcite
talcum, koalin, attapulgite, silicate, sand, dolomite,
and pul-.erized plant residue.

S
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. WO 88/08034 PCT/US88/01132
-23- plasmid restriction fragments—were blotted fromthe gel to a
ni¢rocel | ul ose fJIter on of the filter with the radioactively
| abel el ed ol i gonucl eot IM w@ﬂ, ﬁ' d- th _the probe specifically
hybridi zed to a 1.3 kb au n fr nent of DNA. Therefore, it
was expected that the 1.3 kb fragnent woul d contain at |east the

Ne2- t er m nal ?%%g ré%)i{]’?%%%é{l‘%&%ﬁﬁp Cfaim 43 where i Nend- ofﬂafragment

was subcl oned f sequenci ng VecTor s npl
( Bét hesda Researcdrmaémr:escnlgzsamﬂaamads@ptl\mlﬂcmm ng of the 1.3
kb fragnent revealed that it contained a region of DNA that encoded the

NH2-term nus of the P-2 protein. This conclusively denonstrated that the
cloned 5.2 kb 45. The insecticide of claim 45 wherein the granulated

5 adsorptive carrier is selected from the group consisting
of pumic, broken brick, seplolite, and bentonite.

' 46. An insecticide suitable for use against Diptera
comprising a mixture of a Baccilus thuringiensis P-2

10 toxin.

47. The insecticide of claim 46 wherein thes P-2 toxin is
associated with a non-sporulating microorganims.

'15 " 48. The insecticide of claim 46 wherein the P-2 toxin is

associated with a sporulating mircoorganism.
49. The insecticide of claim 46 wherein the carrier is a
ligquid carrier. '

20 4 > o 3 > I - »
50. The insecticide of claim 49 wherein the liquid
carrier is selected from the group consisting of water,
vegetble o0il, and mineral oil. '

25 51. The insecticide of claim 49 wherein the 11qu1d
carrier contains one or more surfactants.
'52. The insecticide of claim 46 wherein the carrier is a
solid carrier.

30 [] L3 L] - o ) .
53. The insecticide of claim 52 wherein the solid
carrier is selected from the group consisting of calcite,
talcum, kaolin, attapulgite, silicate, sand, dolomite,
and pulverized plant residue.

35 I
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Hi ndi | WO B3B8} from the donor_strain HD263-1 contained t K& TPUI8§RHS?
Addi ti onal DNA sequencing of the 1.3 kb fragnent showed that an Accl
restriction site m, ﬂaﬂm MMI cl eoti des upstream from the NH2-term nal
met hi oni ne codon of'® ' nhe poS2tion of this Accl site served as

a marker. It allowed the Tocdatifon*of the P-2 gene in the 5.2 kb ' fragnent. to
be precisely determ ned as descri bed bel ow. . The | ocation and
direction of S#ranhe gnsacticide of cladR Th wherein ke sselikd fragnent

was det er m nedrbi el W4 Yt duek HAIANIVE @liFidec! In combination
“wWith various other restriction enzynes. The restriction fragnents were

el ectrophoresed through an agarose gel and gy otted onto a nitrocellul ose
filter By hysl dntieridsetidicn of diadiip gdineed in ot | gbehetabls LIFD .
gene-specific oligonucl eotide proobe it was“possible to determ ne the e /37
e D USSR ERE I e FART LA 13 Salastad, FEAn {411k, Bree Jrorfist hger 144/
kb fragment. ofr ?mntihs'es, loroMderr g ildks, BepliciE 4wsidndbéaeositect i on of
transcription of the P-2 gene on the 5.2 kb fragnent was determ ned as

56. The insecticide of claim 46 wherein the P~2 toxin is
associated with Bacillus thuringiensis spores. '

10
57. The insecticide of claim 46 wherein the P-2 toxin is {

a homogenous protein preparation.

'58. The insecticide of claim 46 wherein the P-2 toxin is
contained in a mixture of Bacillus thuringiensis

spores and non-sporﬁlated Bacillus thuringiensis
organisms. ' |

15

59. A recombinant vector containing the DNA sequence of
claim 1.

20
60. A non-sporulating microorganism containing the DNA
sequence of claim 1.

25 61. The rion-sporulating microorgnism of claim 60 wherein

said microorganism is E. coli. '

62. A sporulating microorganism containing the DNA

sequence of claim 1.

30 . . .
- 63. A microorganism containing the DNA sequence of clz'm

1 selected from the group consisting of Bacillus,

Escherichia and Cyanobacteria.

e
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arrow i n i ur ure 1 shows a'restriction

- 24- i ndi c e
map of pI asm d pECQO l“u eﬂll !“Hﬂu E denote pI asm d vector DNA. pBR322
‘vector is indicated re&53The horizontal |ine denotes

cloned B.t.

DNA fromstrain H 63-1. The large arrow i ndicates the coding

re ion of the P2 gene. Plas EG204.is descri bed bel ow. _The | ength of the
g 4. gA md P [ m ge { 1 h NER

2 gene was

10

15

20

25

30

35

‘Escherichla coli bacteriu posited wit
‘and assigned Accession No B-18204, or a mutant,

recombinant, or genetlcally engineered derivative

thereof.

. 65. A Bacillus megaterium bacterium deposited with NRRL
and assigned Accession No. B-18203, or a mutant,
recombinant, or genetically engineered derivative

thereof.

66. An'oliﬁonuclectide probe for the gene coding for P-2
delta-endotoxin comprising the sequence:

-

5/GTA TTA AAT TCA GGA AGA ACA ACA AAT AAT GAT
GCA TAT AAT GTA GTA GCA CAT GAT CCA TT-3/,

-or derivative thereof.

67. The oligonucleotide probe of claim 66 wherein said
probe is labeled. | '

68. The oligonucleotide probe of claim 67 wherein said
probe is labeled with a radioactive label.

69. The DNA sequence of FIGURE 2 wherein said DNA or a
portion or derivative thereof is labeled.

70. The DNA sequence of Claim 69 wherein said DNA or
portion or derivative thereof is labeled with a
radiocactive label.

71. A plant transformed with the DNA sequence of FIGURE
2.
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esti mat ecf)fsyoge apnrmcﬁfatnel—y_l_&Lased on the estimat ed Si éUS?SéOllSZ

of the P-2 protein. SEQUENCE OF THE CLONED [err] GENE

(It was estinated tha m, "m nost of the P-2 gene was contained in
the 2.2 kb Accl rHNthln 5%#Te cloned 5.2 kb fragment (Fig.
1). Accordingly, the 2. 2 kb AfciS- Hind 111 fragment was subcl oned into the

“sequenci ng vectors 18_an 19 ,and qp l.et e e of the 2.2 kb
~fragment was Geter eBlﬁthng & P”g’&? %‘F %gﬁ&%r §<§#’r'§§r5 é
Nicklen, S. &érihson, A R (1977) Proc. Natl. Acad. Sci.

74:5463-5467). As expected the 2.2 kb fragnent contain an open r eadi ng

frame (protein coding.region) that began with the MHZ-term nal codons for
the P-2 protern., Thepbbiteinghendagotthichamind lk ik sggaehcenkifcla i ncl u?ﬁ

the P-2 gene f_this inyenti dedyce ci d sequenc (37
P-2 protePn a Ea%'ﬂﬁ P%'?_&WF Ee?eazlé%hg‘\ﬂsﬁﬁ; Slet e DNA s.eque?é/e/ -
of '

74. A protein having the amino acid sequence of a
fragment of P-1 as indicated in FIGURE. 6. '

10 75 A protein having about 100 amino acids wherein the
amino acids comprise in compositiém and sequence at least
. those which are indicated as being shared between P-1 z-_ind. ‘
P-2 in FIGURE 6.

15
20
25

30
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' WO 88/08034 ' PCT/US88/01132
the 2.2. kb Accl - Hindlll fragnent beginning with the first nucl eotide of
the Accl site and ending wth the |ast nucleotide of the Hndlll site. The
Accl site is |located 150 nucl eoti des Tgfsgeam fromthe NH2-term nal
met hi oni ne codon of the P-2 gene. The'd of the P-2 protein, as deduced
fromthe P-2 gene sequence, was determned to be 66,547 Dal tons.

- 25- 5.8 USE OF THE CLONED P-2 GENE AS A SPECIFIC
- )
o R
S S
_ Hind 111 Hind 1lI
= Sph | - ==Sph i
[7 N P b AgCl
N 3
’ = u'_-—kc |
oo
=] N
N
N
N Hind [l
N
O P
.CD - Acc | }——Ace |
- oFAccl ——Acc |
. N
N

Hind Il L yindg i

L Acc |
—AcC |
L——Hind I11
—— /—/_/
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WO 88/08034 :
HYBRI DI ZATI ON PROBE.  5.8.1 | DENTI FECABON OF NATIVE B.t. pLASWHSS8/01132

CCNTA“QIN P- 2 GENES. One advantage of a cloned DNA
seque€Cils tndt it can2Pe used t80identify4Pel ated DB sequenc€® in .
unchaGRATACACACAASARTTAATTGATACGTATAATCAAAGTCAGAAZTRTGATTRTGETTET nomf:.l (3 .
pdssi bl e that the cloned gene can be used to detect-“the presence of a P-2

gene in a strain of B .t. Mst strains of B.t. contain nunmerous native «aja
plasmids in ad@ition toB88hromosondP DNA. F&POnany of 1dfese strdlhs it is

NGt KAAGEAGTAARTACTAAGSAGTIACTIAAACATAGECERTAREASRAABAGARTERAGETT ( ne

pl asm ds. In order to determ ne whether the cloned P-2 gene

could be used to detect the |ocations of a P-2 gene in a native B.t. host

strain, B.t.180rains H3%03-1, HD#501  HD56%68nd HD2787Q§£e I¥séﬁoaccording
Co ¢ HEAATATAAAAGTAGATATTTAAGGAGGAAT T TATATGAATAATCTATTGAATAGTGGAA

MetAsnAsnValleuAsnSerGlyA-

180 200 210 220 230 240
GAACAACTATTTGTGATGCGTATAATGTAGTAGCCCATGATCCATTTAGTTTTGAACATA
rgThrThrileCysAspAlaTyrAsnValValAlaHisAspProPheSerPheGluHisL

250 280 270 280 290 300
AATCATTAGATACCATCCAAAAAGAATGGATGGAGTGGAAAAGAACAGATCATAGTTTAT
ysSerLeuAspThrIleGlnLysGluTrpMetGluTrpLysArgThrAspHisSerLeuT

310 320 330 340 850 . 380

ATGTAGCTCCTGTAGTCGGAACTGTGTCTAGTTTTTTGCTAAAGAAAGTGGGGAGTCTTA
eralAlaProValYalG1yThrVa1$erSerPheLeuLeuLy;LysValGlySerLeuI

370 380 390 400 410 420
TTGGAAAAAGGATATTGAGTGAATTATGGGGGATAATATTTCCTAGTGGTAGTACAAATC
leGlyLysArglleLeuSerGluLeuTrpGlyllellePheProSerGlySerThrAsnL

430 440 450 : 480 470 480
TAATGCAAGATATTTTAAGGGAGACAGAACAATTCCTAAATCAAAGACTTAATACAGATA
euMetGlnAspIlleLeuArgGluThrGluGlnPheLeulAsnGlnArglenAsnThrAspT

490 500 510 520 530 540 . -
CCCTTGCTCGTGTAAATGCAGAATTGATAGGGCTCCAAGCGAATATAAGGGAGTTTAATC
hrLeuAlaArgValAsnAlaGlulLeulleGlyLeuGlnAlaAsnIleArgGluPheAsnG

550 560 570 : 580 590 800
AACAAGTAGATAATTTTTTAAACCCTACTCAAAACCCTGTTCCTTTATCAATAACTTICTT
1nGlnValAspAsnPheleuAsnProThrGlnAsnProYalProleuSerlleThrSerS

810 620 630 . 640 850 660
CGGTTAATACAATGCAGCAATTATTTCTAAATAGATTACCCCAGTTCCAGATACAAGGAT
erValAsnThrMetGlnGlnLeuPheleuAsnArgleuProGlnPheGlnlleGlnGlyT

670 680 890 700 710 720
"ACCAGTTGTTATTATTACCTTTATTTGCACAGGCAGCCAATATGCATCTTTCTTTTATTA
yrGloLeuLeuleuLeuProLeuPheAlaGlnAlaAlaAsnMetHisLeuSerPhelleA

, 730 - 740 750 760 770 780
GAGATGTTATTCTTAATGCAGATGAATGGGGTATTTCAGCAGCAACATTACGTACGTATC

_rgAspValI1eLeuAsnAlaAspGluTrpGlyIleSezAlaAlaThrLeuArgThzTyrA

' 790 800 810 820 830 840
GAGATTACCTGAGAAAT TATACAAGAGATTATTCTAATTATTGTATAAATACGTATCAAA
rgAspTyrLeuArgAsnTyrThrArgAspTyrSerAsnTyrCysIleAsnTheTyrGlnT

850 8860 870 880 880 S00
CTGCGTTTAGAGGGTTAAACACCCGTTTACACGATATGTTAGAATTTAGAACATATATGT
hrAlaPheArgGlylLeuAsnThrArgleuBisAspMetLeuGluPheArgThrTyrMetP

This Sheet Has Been Replaced
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of Eckhardt_(Eckhardt, T. (1978) Plasm @ ¥:884-588) and the |ysates were
el ect r ophorWeLER/#MBugh agarose gels. This procedure all owed t hPCTHPSSSI0i1G0

by size of all ;Hasm' ds tal ned §§ba parti ar s_t_r The s rated .
pl asm@m 35% ;J filter
byt hebl bridi zed
W th t l’.1g A T Iﬁ Y gnent .

Aut or adi ogr aplg ocellmggﬁafllt I gene

f 1 agme gty fitldcindl _ éd , (iuor sTponaliyy: NEE'TG
t he P2- YJIAC ST STy N | o

P-2 geﬂ AYD oany p ain

HD567. Therefﬁfsﬁb this ¢ygeeri mentldyymnst ralro%% that %%C' oned 1689 gene can
be CAGCACAAAACTGGCCATTTTTATATTCICTTTTCCAAGTTAATTCGAATTATATATTAT
hrAlaGlnAsnTrpProPheleuTyrSerlLeuPheGlnValAsnSerAsnTyrIlelLeuS

1090 1100 1110 1120 1130 1140
CTGGTATTAGTGGTACTAGGCTTTCTATTACCTTCCCTAATATTGGTGGTTTACCGGGTA
erGlylleSerGlyThrArgleuSerlleThrPheProAsnlleGlyGlyLeuProGlyS

1150 1160 1170 1180 . 1190 1200
GTACTACAACTCATTCATTGAATAGTGCCAGGGTTAATTATAGCGGAGGAGTTTCATCTG
erThrThrThrHisSerleuAsnSerAlaArgValAsaTyrSerGlyGlyValSerSerG

1210 1220 1230 - 1240 1250 1280

GTCTCATAGGGGCGACTAATCTCAATCACAACTTTAATTGCAGCACGGTCCTCCCTCCTT
lyLeulleGlyAlaThrAsnLeuAsnHisAsnPheAsnCysSerThrValLeuProProL

1270 1280 1290 1300 1310 1320
TATCAACACCATTTGTTAGAAGTTGGCTGGATTCAGGTACAGATCGAGAGGGCGTTGCTA
euSerTthroPheValA:sSerTrpLeuAspSerGlyThrAspA.rsGluGlyValAlaT _

1330 1340 1350 1360 1870 1380
CCTCTACGAATTGGCAGACAGAATCCTTTCAAACAACTTTAAGTTTAAGGTGTGGTGCTT
hrSerThrAsnTrpGlnThrGluSerPheGlnThrThrLeuSerLeuArgCysGlyAlaP

1390 1400 1410 . 1420 1430 1440
TTTCAGCCCGTGGAAATTCAAACTATTTCCCAGATTATTTTATCCGTAATATTTCTGGGG
heSerAlaArgGlyAsnSerAsnTyrPheProAspTyrPhelleArgAsnlleSexrGlyV

1450 1480 - 1470 1480 - 1490 1500
ITCCTTTAGTTATTAGAAACGAAGATCTAACAAGACCGTTACACTATAACCAAATAAGAA
alProleuVallleArgAsnGluAspLeuThrArgProleulisTyrAsnGlnIleArgA

1510 1520 1530 1540 1550 1580
ATATAGAAAGTCCTTCGGGAACACCTGGTGGAGCACGGGCCTATTTGGTATCTGTGCATA
snlleGluSerProSerGlyThrProGlyGlyAlaArgAlaTyrLeuValSerValHisA

1570 = 1580 1590 1800 1610 1820
ACAGAAAAAATAATATCTATGCCGCTAATGAAAATGGTACTATGATCCATTTGGCGCCAG
snArglLysAsnAsnIleTyrAlaAlaAsnGluAsnGlyThrMetIleHisleuAlaProG

1630 1640 1650 1680 1670 1680
« AAGATTATACAGGATTTACTATATCGCCAATACATGCCACTCAAGTGAATAATCAAACTC
luAspTyrThrGlyPheThrIleSerProlleBisAlaThrGlnValAsnAsnGlnThrA

1690 1700 1710 1720 1730 1740
 GAACATTTATTTCTGAAAAATTTGGAAATCAAGGTGATTCCTTAAGATTTGAACAAAGCA
rgThrPhelleSerGlulysPheGlyAsnGlnGlyAspSerLeuArgPheGluGlnSerA

1750 1780 1770 1780 1790 1800
ACACGACAGCTCGTTATACGCTTAGAGGGAATGGAAATAGTTACAATCTTTATTTAAGAG
snTh:ThrAlaA:gTerhrLeuArgGlyAsnGlyAsnSerTyzAsnLeuTereuArgv
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genes | nv@olgg/aEosai ns.

used in a direct manner to identify native plasmds containing P-2

DNA hybridization with the cloned P-2 pergusss/onsd

direct identification of a si ngle plasmd carrying a P-2 gene out of many

b

-

such plasm ds existing in strains of By.8

1810 1820 1830 1840 i8s0 1860
TATCTTCAATAGGAAATTCAACTATTCGAGTTACTATAAACGGTAGAGTTTATACTGTTT
alSerSerIleGlyAsnSerThrlleArgValThrlleAsnGlyArgValTyrThrValS

1870 1880 1890 1900 19100 1920
CAAATGTTAATACCACTACAAATAACGATGGAGTTAATGATAATGGAGCTCGTTTTTTCA
erAanausnThrThr’lth.rAsnAsnAspGlyValAsnAspAsnGlyAlaArgPhePheA

1930 1940 1950 1980 - 1970 1980
s.unrunrcGGmammcuscuc'rsnumcunsmaccc'rAGAm'rmr

rgTyr

1990 2000 2010 2020 2030 2040
GTGACATTAAACTCCGGTACTCCATTTGATCTCATGAATATTATGTTTGTGCCAACTAAT

2050 2080 2070 2080 2090 2100
CTTCCACCACTTTATTAAGGTTTGAGTGAATGTACAATTAGTATTTTATTCTATCATAAA

2110 2120 2130 2140 2150 2180
TTTAATAGAAAATTCTTAAACATATTGACGGAACTAAATGATATATAATTATGGATATTA

2170 2180 2190 3200 = 2210 2220

GAGGGTGTCTTMAGTAGTAAAATTCTTACTCTGAGACAGCCTCTTTATTTTT‘H‘ATATC
- Hindlll
2230 2240 2250 . 2280 2270

CAAATCGGATGAAATATGGGAGAAATCATTTCAAGTTAACCTAAAAGCTT

e

e

FIG. 2

—
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-27- 5.8.2 | DENTI FI CATI ON OF DNA RESTRI CTl ON FRAGVENTS

CONTA| NIVMG $3/6808%NES. The cl oned P-2 gene from B. P 1684/01132
HD263-1 was contained on a 5.2 kb HindlIl fragment of DNA. A SHZced re was
conducted in order to determ ne whether the cloned P-2 gene could be used

o identify simlar DNA restriction fragnments containing P-2 genes from

.other strains of B.t. Accordingly, totag pPi@ fromthe test strains HD -1,

HD278, ‘HD567 and the original donor strain HD263-1 were digested wth
t he di gested DNA was el ectrophoresed through an

Hndl Il restriction enzyne,
agarose gel and digested DNA was transferred fromthe gel to a

nitrocellulose filter. The filter was hybridized at 55[err]C

FIG. 3

_ -

~ O ' - N~ O M
ToN~ B T w N~o
- N N o~ - I N
I xxTxIT x L I xx =T

110~

52-
44-

29—

3A 3B
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with the radioactively |abeled 2.2 kb Accl - Hndlll DNA (P-2 gene)
fragmentwergg/oses4 er washing at 55[err]C, the filter was expomlggsﬁo{m
Film’ Figure 3 (3A) is a photograph of an ethidium bron de

st ai ned Eckhardt gel. The native plasnmids that are present in various
Strains of B.t. are visible. 3Ai Ilustﬁgﬁ t hat nost strains of B.t.
.contain several native plasmds. The n s to the left of the figure

I ndicate thé size in vegadal tons (MDda) of the plasmids. Fi gure
3 (3B) is a photograph of an autoradi ogramthat was nmade by hybridi zi ng
the radioactively |abeled cloned P-2 gene with the plasmds shown in 3A
3B illustrates that the cloned P-2 gene hybridized exclusively to a
plasm d of 110 Mba in three strains of B.t. that were known to produce P-2
protein (HD 1, HD263-1 and HD278). The cloned P2 gene also hybridized to

a DNA band of 30 Mba (Fig. 3 (3B)). This DNA band was DNA fragnments that
resulted fromthe

FI1G. 4

12345 12345 123 45
230-
9.5-
6.6-°

43-

4N 4B 4C

—_—

\

—————
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breakdomn of the 110 Mba plasmid. Very |arge plasm ds - 28-
such as WOS8MB034dDa pl asm d are often broken down into smal | PCT/US8BEIIBS

“duri ng el ectrophoresi s through Eckhardt-type gels. Specific hybridization
of the cloned P-2 gene to the 110 Mba pl asyids indicates that for strains
_HD1-1, HD263-1 and HD278 only the 110 MDA &l asnids carry the P-2 gene. The

_cloned P2 gene did not
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Parasporal crystal protein = Bacillus thuringiensis (fragment)
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. 144
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«C2
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Matchys = 39

FIG. 6

HOMOLOGY BETWEEN P 2
AND P { AMINO ACID SEQUENCES

. JR—

PraGlnPhaBlnIleBln6lyTyrGl nleuleul.auleuProleuPhedl aGlnAl aAl a

PralLeul:ufl avalGlnAsnTyrGlnVal Proleul.auServal TyrValGlnAlaRla
. ® % » * » # " % % =

bma:lwzwnrn:m011:lnulbﬂnbnu¢D~uunrn:»uabumbntmuzqﬁnmu<uulmnﬂ

- AsnLauli sLauServVallauArgAspVal SerVal PhaGl yGl nArgTrpGl yPheAsp
* »

* % » * % # # # » K
AlaAl aThrleurrgThr TyrArgAspTyri.aufArg AsnTyrThrirg
AlaAl aThrlleAsnSerArgTyrAsnAspleuThrirgleullaeBlyRenTyrThr
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Bacillus thuringiensis P-2 TOXIN
GENE, PROTEIN AND RBLA?ED INSECTICIDE COMPOSITIONS

1.0 INTRODUCTION

This invention relates to a crystalline protein
which is useful as a biological insecticide and is
known as P-2 toxin, or P-2 delta-endotoxin. It is
naturally produced by certain strains of Bacillus ,
thuringiensis. More specifically, this invention relates
to the cloning and expression in various microorqaﬁisms ’
of the gene coding for the P-2 delta-endotoxin, and
related novel insecticide compositions incorporating the

P-2 toxin itself and microorganisms transformed with the
P-2 gene.

2.0 BACKGROUND OF THE INVENTION

2.1 COMMERCIAL PESTICIDES: GENERAL CONSIDERATIONS

_ Pach year, significant portions of the world’s
commercially important agricultural crops are lost to
insects and other pest infestation. The damage wrought
by these pests extends to all areas of commercially
important plants including foods, textiles, and various
domestic plants, and the economic damage runs well into

the millions of dollars. Thus, protection of crops from
such infestations is of paramount concern.

Broad spectrum pesticides are most commonly
used for crop protection, but indiscriminate use of these
agents can lead to disruption of the plant’s natural
'defensive agents.-. Furthermore, because of their. broad
spectrunm of activity, the chemical pesticides may destroy

non-target organisms such as beneficial insects and

. . t
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H ndlll fragnent fromstrain HD263-1 (Figure 4 (4B), |ane 5).

The P-2 gené

hybridi;zed to 5.2 and 9.0 kb Hundlll fragments in strain HD -1 (Figure 4

(4B), lane 2)
(Figure 4(4B)
fragnents fro
nitrocel | ul os

i 11 ARR:

ragnents of 5.2 and 4.4 kb in strain HD278
: hbene failed to hybridize to any HindllI
he P-2 g&?tlle strain HD567 (Figure 4 (4B),

| ane 3) . The

Jewhshed at 80[=@=~] C and exposed to x-ray film

The resul ting}adtoradi ogram shojwed that, after the higher wash tenperature,
significantlyjless of the |abelpd P-2 gene probe was bound to the 9.0 and

4.4 kb fragne —P kb fragnent (Flgure 4(4C3

Lanes 2, 4 and

5). ﬁ#g) ggggg of the cl oned
P-2 gene. Flr?t }%& oned P—2 gene fr strain 263 € can Ee used to
i dentify DNA fEeQuently, Go%isfdR Aninals And) hunang and; r BhRgy heess, t .

strains. For emwivonndital Mﬁewdmié&zed to two HindlIl

Additionally, insects and other organisms have
frequently developed resistance to these pesticides when
repeatedly exposed to them. 1In addition to reducing the
utility of the pesticide, resistant strains of minor
pests may become major infestation problems due to the

reduction of beneficial parasitic organisms.

. This is a major problem encountered in using
broad spectrum pesticides. What is needed is a ‘

_ biodegradable pesticide that combines a narrower spectrum
of activity with the ability to maintain its activity
over an extended period of time, i.e., to which
resistance develops much more slowly, or not at all.
Biopesticides appear to be useful in this regard.

' 2.2. BIOLOGICAL PESTICIDES

Biopesticides, also called biorationals, make
use of naturally occurring pathogens to control insects,
fungal, and weed infestations of agricultural crops.

Such substances may comprise a bacterium which produce a
substance toxic to the infesting agent (such as a toxin),
with or without a bacterial growth medium. Such bacteria
can be applied directly to the plants by standard methods
of application and will typically persist on the crops
for an extended period of time, decreasing the need for

repeat applications. -

The use of biological metho@s of pest control
was first suggested in 1895 when a fundal disease was
discovered in silkworms. It was not until 1540, however,



fragnments fron1sk+e+a—#£4—4-$ecaaf the cl oned gene permits determ nation
of the ntinber O%PREPWEMENW&E@M in a particular B.t. strain. For exanple
S

strain HD263-1 was [Toumd—to—contpi h two P-2 genes since the P-2 gene probe
hybridized to t

i I i ftjon fragnments fromstrain HD263-1. It is
significant that|t 1e%2dpd%§®fspac fic ol jgonucl eotide probe also -
hybridized to twp H-adbll fragmehtp of 979 and 5.2 kb from strain HD263- 1.
The precise natufe of the P-2 gene]jon the 9.0 kb fragnment cannot be known
until the 9.0 kb TTagmemt—rts—tsetated and its DNA sequence determ ned. This
| eads to a third preferred_use for thquloned P-2 gene. Since the P-2 gene

speci fi cal | y wheh SRoxes : of stheomidky; fasepase, B igme Backll® 2 gene
(or portions gyhgmwatd:aea thbedctsd) contirblr ther Japahdsie BedtLdp tRatt he

' sol ation Ofsuéééséggfagiblogical pest control was first achieved.
'In the late 1960’s, the discovery of a new strain of
bacterium that secreted a toxin fatal to'caterpillars set
the stage for commercial biopesticides The bacterium,
named Bacillus thuringiensis (hereinafter referred to
alternatively as "B.t.") is currently the most widely
used biopesticide.

2.3  BACILLUS THURINGIENSIS AND DELTA-ENDOTOXINS

Bacillus thuringiensis is a widely distributed,
~ rod shaped, aerobic and spore forming microorganism.
During its sporulation cycle B.t. forms proteins known as
protoxins or delta-endotoxins. These protoxins are
deposited in B.t. as parasporal, crystalline inclusions
or as part of the spore coat. The patogenicity of B.t.
to a variety of sensitive insects, such as those in the
Order Lepigoptera and Diptera, is essentially due to this
parasporal crystal, which may represent .over 20% of the
dry weight of the B.t. cell at the time of sporulation.

The parasporal crystal is active in the insect
only after ingestion. For instance, after ingestion by a
lepidopteran insect, the alkaline pH and proteolytic
enzymes in the mid-gut activate the c¢rystal allowing the
release of the toxic components. These toxic components
poison the nid-gﬁt cells causiﬁq the insect to cease
feeding and, eventually, to die. In fact, B.t. has
proven to be an effective and environmentally safe
insecticide in dealing with lepidopteran pests.

It has been reported that different strains of
B.t. produce serologically different parasporal crystals.
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Fourth, the cloned P-2 gene permts rapid qualitative

estimation of the |c:&thﬁCSS Bet-weqn P-2 genes. For exanple, it would be
estimated that theg AEBLRGEMENT §HEHIS nore related to the P-2 gene

cont ai ned on the 5.2
cont ai ned on eithgr
was directly dennns
P-2 gene probe to it
fragnments.

f {strain HD -1 than to the P-2 genes
Kb Hindl Il fragnments. This rel atedness

tqonger Jydridi zation at 80[err] C of the
Bt than to either the 9.0 or 4.4 kb

AEW&Z

However, one of the predominant crystal forms produced by

‘many of the B.t. strains is a form known as P-l. P-1 has

a molecular weight of about 130,000-dalton and it is also
thought to ba a major component of the spore coat. The
genes for the parasporal crystal P-1 and those of most of
the other protein crystals, have been discovered to
reside.on any one of a large number of diferent plasmids
of varying size in B.t. ' '

2.4 DELTA-ENDOTOXIN GENE CLONING

Since B.t. toxin genhes typically.reside on
plasmids and their products have proven to be effective
insecticides which are readily isolated when in
crystaline form or when associated with spore formation,

- they have been the subject of a great deal of scientific

study, particularly with regard to gene isolation and
cloning procedures.

.The gene which codes for P-1 has beenh isolated
from B.t. subspecies kurstaki strain HD-1-Dipel, and
cloned and expressed in E. coli (Schnepf et al., U.S.
Patent 4,467,036). The protein product, P-l, was
determined to be toxic to a lepidopteran insect (tobacco
hornworm laxvae). The nucleotide sequence of the
promoter region and part of the codiné region of the
crystal érotein gene for P-1 have also been determined
(H.P. Wong et al., The Journal of Biological Chemistry,
Vol. 258, No. 3, pp.1960-1967 (1983)]. The entire
nucleotide sequence of this gene has also been determined.
and the delta~endotoxin protein itself has been expressed
in a transformed E. coli strain. (M.J. Adang et al.,
Gene, Vol, 36, pp.298-300 (1985) and PCT application
PCT/US85/01665, for: B.t. Crystal Protein Gene Toxin
Segment, (1985}].



5.9 ADDI TI ONAL PURI FI CATION OF P-2 TOXIN The P-2 gene can be

i nserted~in any | which may then be utilized to transform
an appropriate ni{c REBLAREMENT SHEETi § clearly within the scope of this

i nvention that mjcr ef than B.t. may be transfornmed by

I ncor poration of jtHe ﬁ §§n§97 .| generally stated, organisns fromthe
genera Bacil | us, sc Qré andjCyanobgcteria. Preferred for use with
this invention arle ! Hi lJlus negateriumand Escherichia coli. It
is also within tHe scope of this ifvention that different strains of B.t.
may al so be tran )rporation of the P-2 gene.

{hat are far in oxcess H: ﬁgﬁaﬁiﬁ?’*{ otBet AL AR forhs WED:, 'O
host strain. alfe een ehoned 59 ae!‘P&'ﬁFGF’m?G ~g£2_3£in i Recembinghy t he
only delta- esjeisiids REORUSEAIRY BhAbsquitocidal delta-endotoxin gene
from B.t. var. israelensis was inserted into an E. coli
vector. A 26,000-dalton. polypeptide was‘synthesized by
E. coli transformed with this vector. This pelypeptide
was shown to be lethal to insects in the order diptera
(mosgquitos). (E.S. Ward et al., FEBS Vol. 175, 2,
pp.377~382, 1984). The nucleotide sequence of the gene
coding for this crystal protein was also determined along
with the resultant protein sequence fc. Waalwijk et al.,
Nucleic Acids Research, Vel.l13, No. 22, pp.b207-8217,
(1985)]. Another B.t. var. israelensis gene encoding a
130 KDa crystal protein was cloned and used to transform
Bacillus megaterium and Bacillus subtilis. Both B.
megaterium and B. subtilis expressed crystalline
. inclusions during sporulation which inclusions were
determined to be toxic to the larvae of Aedes aeqypti.
(V. Sekar et al., Gene, Vol. 33, pp.151-158, (1985)].

Another delta-endotoxin protein crystal was
derived from B.t. subspecies sotto. The gene coding for
this crystalline protein was cloned in a vector and then
expressed in a transformed E. coli. This gene codes for
a 144,000 dalton peptide (9234 amino acid residues). The

‘nucleotide sequence for the gene and the amino acid
sequence of the corresponding protein have been reported.
(Y. Shibano et al., Gene, Vol. 34, Pp.243-251, (1985)).

. : It has alsc been recognized that another major
delta-endotoxin protein is produced by several subspecies
of B.t. (T. Yamamoto, Biochem. and Biophys. Res. Comm.
Vol. 103, No. 2, pp.414-421 (1981); T. Yamamoto et al.
Archives of Biochemistry and Biophysics, Vol. 22%, No. 1,
PP.233-241 (1983)]. This delta-endotoxin has been



organism In this manner, the organismitself nay be utilized al one or as

part of: an insecticidal conposition. Since P- be the only
del t a- endot oxi n produced by the organism it SHE%PLﬂCEIﬂEWIGHEE rd process

- 31- to purify the P-2 fromother cellular rerar—by—rethqds known in
the art such as renografin density gradigeLs. 16 APR E@7

identified as P-2 and isolated from B.t. var. kurstaki
-(HD~1) . This delta-endotoxin protein has a molecular of
approximately 65,000 daltons and is known to be toxic to
lepidoptera and diptera insects. In contrast, P-1 is
active only against insects of the order- lepidoptera. To
date, although the P-2 protein had been isolated and
charac@erized by its activity against certain insects,
the gene coding for this protein and the protein sequence
itself, have remained elusive. This fact has rendered it
impossible to provide a means for expressing this
uniquely active delta-endotoxin protein in an organiem
other than B.t. The availability of a cloned P=-2 gene
would enable the enhanced production of the p-2 protein
in B.t. and also enable P~2 synthesis in a heterologous
organism free of other delta-endotoxins.

3.0 SUMMARY OF THE INVENTION

This invention relates to the P~2 delta-
endotoxin produced by Bacillus thuringiensis, the DNa
sequence for the gene which codes for this protein and
novel insecticides incorporating this protein and/or
organisms transformed with the P-2 gene. More

~ specifically, this invention rclates to the cloning and
transformation of microorganisms with the gene coding for
the P-2 delta-endotoxin. This invention is particularly
useful in enabling the expression in organisms other:than
B.t. of the P-2 delta-endotoxin in quantities greater
than that produced by a native P~2 producing B.t.
organism during speorulation. In addition, this invention
is useful in permitting the transformation of a non-
sporulating microorganism with the gene coding for the
P-2 toxin so that this delta-endotoxin may be produced
during vittually all stages of microorganism growth and,



5. 10 TRANSFORVATI ON OF P-2 | NTO PLANTS - It is also within the
scope. of this invention that the P-2 gene (FIGTEEEQEEEEﬁiggﬁﬁﬁ‘mlrectly
into a plant so that the plant itself producgs P4Y.

Geneti c engi neering of plants nay be acconplighdd by 1 ntroducing the
desired DNA containing the P-2 gene into plant t|s$3e§pgrpqplls using DNA
mol ecul es of a variety of forms and originS. Thgse I ncl ude, t {are not
limted to: DNA nol ecul es derived from naturallly nf vectors
such as the Ti plasmd from Agrobacteriumtungfaci ens or_plant pathogens
such as DNA viruses like Cauliflower Msaic virus (CaM) or Gem niviruses,
RNA viruses, &herebygi d'eot mmme@@mmetwm Seing @t genone

conmponent s I|§? d#? . DNA el enents in organelles (e.g.,
chl oroplasts of mt ondri a) or nuclearly encoded controlling el enents;
DNA nol ecul es from stabl e plant genone conponents (e.g., origins of

rep|lcat|0n and other. It is an additional object of this invention to
provide a homogenous P-2 protein produced by the isolated
gene. This protein may be produced by the process of
transforming a microorganism, sporulating or non-
sporulating, such as Bacillus megaterium or E. coli or a
different strain of B.t. with the cloned P-2 gene. This
process by virtue of selection of the appropriate host
and vector would permit high yield production of the P-2
delta-endotoxin such that it is possible to derive a
substantially homogenous preparation of the P-2 toxin,
i.e. minus any contamination by other varieties of '
delta~endotoxin typically produced in conjunction with or
concurrently with the P-2 toxXin in its native B.t. host.
The P-2 protein and/or the transformed host may be
utilized in a variety of insecticidal composition.

It is further an object of this invention to
provide an organism, other than the native B.t. host,
transformed with the DNA coding for the P-2 delta-
endotoxin. This foreign transformed host enables the
production of the P-2 delta-endotoxin under more
desirab;e and/or selective culturing conditions.

It is another object of this invention to
provide a DNA probe useful for detecting the presence of
the P-2 gene in the various Bacillus thuringiensis
strains. This DNA probe also enables the screening of
various strains of B.t. for the possible presence of
related genes codiné for proteins sharing a common
homology with the P-2 protein and the isolation of these
related genes. All of the above embodiments of this



DNA sequences which al |l ow i ntroduced DNA to integrate into the

or

segregate normally during cell division and sequT E EWFE peefl the

plant and to be inherited in succeeding generati

DNA containing the P-2 gene may be delivered in ol t he pl ant cel s} or

tissues directly by infectious plasmds, such ap ¥i 1 6iARR 8970
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invention will bé described in greater detail in the
description of the invention which follows.

4.0 BRIEF DESCRIPTION OF THE FIGURES

FIGURE 1 is a restriction map of the

. recombinant plasmids pEG 201 and PEG 204 that contain the

cloned P-2 gene. The location and direction of
transcription of the P-2 gene are indicated by the large
arrow.

FIGURE 2 shows the DNA nucleotidé-seguence;of
the P-2 gene and also the amino acid sequence of the pP-2

protein coded for by the DNA nucleotide sequence.

FIGURE 3 is comprised of 3A and 3B. 3A is a

-photograph of an ethidium broride stained Eckhardt gel.

The native plasmids that are present in various strains
of B.t are visible iilustrating that most strains of B.t.
contain several native plasmids. 3B is a photograph of
an autoradiogram that was.made by hybridizing the
radiocactively labeled cloned P2 gene with the plasmids
shown in 3A. 3B illustrates that the cloned P2 gene
hybridized exclusively to a plasmid of 110 MDa in three
strains of B.t. that were known to produce P2 protein

. (HD1-1, HD263~1 and HD278). The cloned P2 gene also

hybridized to a DNA band of 30 MDa (3B).

FIGURE 4 is comprised of 4A and 4B. 4¢A is a
photograph of an ethidium bromide stained agarose gel
that contains HindIII digested DNA from strains HDl-l,
HD263-1, HD267 and HD278. 4A shows that total B.t. DNA
that had been digested with HindIII could be resolved
into hundreds of different sized fragments. 4B is a
photograph of an autoradiogram that was made by

organel | ar
nucl ear genomes and to replicate normally, to autononpusly replicate,

to



mechani cal net hods and by whol e chronosones or chronosone fragnents. 5.11

PRCODUCTS AND FORMULATI ONS | NCORPORATI NG TH @pﬁ&cﬁﬁgﬂﬁl T
The P-2 delta-endotoxin is a potent insecticida ERﬂ”“n“n §HhE ctivity
agai nst | epi dopteran and di pteran insects. It |s therefore wWthin th

scope of the invention that the P-2 protein tox{n|bd @ARR 387 ak kn
insecticide (the active ingredient) alongg.prefergbly in honogehous or pure
formand having the amno acid sequence of FIG |2, or as included wthin or
in association with a transformed m croorgani sm cl oned
P-2 gene or in a m xture of B.t. or other transforned sporulatlng

nicroorganis Nin 0sitio of

the inventi o r&é‘l g‘fgfez?%ér%%pﬁfg%fgt féﬁg?%@ %}P-lg_?%aﬁ%mgene with
the HindIII fragments shown in 4A. 4C is a photograph of
an autoradicgram that was made after re-washing the
nitrocellulose filter of 4B at 80°C.

Figure .5 is a photograph of an
SDS/poliyacrylamide gel which shows that a recombinant
host strain of Bacillus megaterium harboring the cloned
P=-2 gene synthesizes large quantities of a protein having
a similar size as that of authentic P-2 protein.

Figure 6 shows the region of homology between.
the amino acid sequence of P-1 toxin and P-2 toxin.

5.0 DESCRIPTION OF THE INVENTION

Generally stated, the present invention
provides for a cloned gene coding for Bacillus
thuringiensis P-2 delta-endotoxin or toxin and comprising
the DNA nucleotide sequence shown in FIG. ‘2. This gene
(which comprises double stranded DNA wherein the
nucleotide strands have a complementary base sequence to
each other) codes for a protein (or as also used herein '
eguivalently, polypeptide) having the amino acid sequence
of the P-2 toxin which anino acid sequence is shown in
FIG. 2. The P-2 toxin encoded by the cloned gene has
insecticidal activity against lepidoptera and diptera.
insects.

- Methods of producing the P-2 protein are also
prdvided by this invention. In this method of production
the P-2 delta-endotoxin gene is inserted into a cloning
vector or plasmid which plasmid is then utilized to
transform a selected microorganism.



effective amount which will vary depending on such factors as, for .exanple,

the specific | epidopteran or dipteran insects to
specific plant to be treated and the nmethod of ap
active conpositions. The preferred insecticide fof
m xing P-2 alone or incorporated in or associated{wt
organism wth the desired carrier. The f£1@mlation‘
a dust or as a suspension in oil (vegetable or m ne
wettabl e powder or in any other material suitableffor agrlcultural
using the appropriate carrier adjuvants: SurTapteTTarTi ers can

application,
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formul ati on technol o
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tural or redenerated m ne

sol vent s, d|spGFEQFPgXYmEPPPquébéﬁFSar?mﬁﬂ |§§%L?QNWEEF£aB;YfertiIize}s

available. The choice of a particular plasmid is within
the skill of the art and would be a matter of personal
choice. Plasmids suitable for use in this invention are,
for instance, pBR322, plasmids derived from B.t., and
plasmids derived from Bacillus microorganisms and,
preferrably, are those such as, preferrably, Bacillus
megaterium. Microorganisms-suitable for use with this
invention are both sporulating and non~-sporulating
microorganism such as E. coli, B.t., and Bacillus )
megaterium. The microorganisms utilized arce also known
in the art and are generally available. The choice of
any particular microorganism for use in the practice of
this invention is also a matter of individual preference.
In a preferred embodiment of this invention the
ricroorganism would conmprise Bacillus megaterium.

Generally stated, the P-2 toxin protein can be
produced by a transformed organism and later purified
into a homogenous pr- -aration having an amino acid -

 sequence as shown ir .IG. 2. More specifically, this

protein may be produced by transforming a microorganism
with the P~2 gene, growing the transformed microorganism
so that-the.protein coded for by the P-2 gene is
_expressed in the microorganism and by extracting the
protein from the organism with standard protein
purification techniques. It is also within the scope of
this invention that the protein not be separated from the
transformed microorganism but that this organism,
including the expressed P-~2 protein, be utilized as or in
an insecticidal composition.

This invention also provides for a novel
insecticide for use against lepidoptera and diptera
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are: prepared in known manner e.g., by honpbgenously
the active ingredients with extenders, e g., solvgnis
I n some cases surface active conpounds (surfactants
liquid carriers are vegetable oils, such gs_coconpt oil or soybe

oils or water. The solid carriers used, e
di spersi bl e powders, are normally natural mnera
talcum kaolin, or attapulgite. In

m ner al

The fornul ations containing a s
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for dusts an

comprising a mixture of B.t. P-2 toxin and a suitable
carrier. The P~2 toxin may be contained in the organism
or as part of spores, or be a homogenous protein
preparation or in a mixture of spores with cultured
transformed organisms. The P-2 toxin may also be
contained in a non-sporulating microorganism or a
sporulating microorganism such as Bacillus megaterium or
B.t. A suitable carrier may be any one of a nunber of
solids or liquids known to those of skill jin the art.

This invention also comprises the recombinant

' vectors or plasmids including the P-2 gene and the

particular microorganisms which have been transformed
with this -gene. In addition, this invention also .
provides for oligonucleotxde probes for the gene cod;ng
for the P~2 delta-endotoxin. All of ‘these aspects of the
inventions are described in detail below and illustrated
in the following examples-.

5.1 RECOMBINANT DNA TECHNOLOGY AND GENE EXPRESSION

Generally stated, recombinant DNA technology
involves insertion of specific DNA sequences into a DNA
vehicle (plasmid or vector) to form a chimeric DNa
molecule. vhich is capable of replication in a host ce11.
The inserted DNA seguence is typically foreign to the
recipient host, i.e, the inserted DNA sequence and the .
DNA vector are derived from organisms which do not
exchange genetic information in nature, or the inserted
DNA sequence may be wholly or partially synthetically
made. In recent years several general methods have been
developed which enable construction of recombinant DNA
nolecules, For example, U.S. Pat. No. 4,237,224 to Cohen
and Boyer describes production of such recombinant
plasmids using restriction enzymes and methods known as



order to inprove the physical properties it is also possible to add highly
di spersed silicic acid or highly dispersed absorbent polyners. Suitable
granul at ed adsorptive carriers are porous types, : fge, broken
brick, seplolite or bentonite. Suitable nonsorb nREEH e Ingt eri al s
such as silicate or sand. In addition, a great i er of pregranuljated
materials or inorganic or organic mxtureg_can be jus¢d, APROg7EYP4Ci al I'y
dolomite or pulverized plant residues. ~+¢7 Dependi ng on tthe nature
of the active ingredients to be fornul ated, suitja i de
conpounds are non-ionic, cationic and/or anionid surfactants_having good
emul si fying, dispersing and wetting properties . The term "surfactants"”
will also be dgeticsed Fhesanrecanhinang plasnids arecthfnsintroduced
Sui tabl e ani oppd Hepl3datiid TR uitdIAlAR ISFgaRisns ChFORRANBNSE
wat er - sol ubl et%rx]xts %tr'mcat%uoq.ac ,eaccat\isvee of 'the ngdésneral applicability of
the techniques described therein, U.S. Pat. No. 4,237,224

is hereby incorporated by reference into the present
specification.

Regardless of the method used for construction,
the recombinant bNA molecule must be compatible with the
host cell, i.e., capab.: of autonomous replication in the
host cell. The recombinant DNA folecule should alsc have
a marker function which allows the selection of host

. cells so transformed by the recombinant DNA molecule. 1In
addition, if all of the proper replication, transcription
and translation signals are correctly arranged on the

- chimeric DNA molecule, the foreign gene will be expressed
in the transformed cells and their progeny.

These different genetic signais and processing
events control many levels of gene expression, i.e., DNA
transcription and messenger RNA translation. Trans-
cription of DNA is dependent upon the prééence of a
promoter which is a DNA sequence that directs the binding
of RNA polymerase and thereby promotes transcription.

Translation of messenger RNA (mRNA) in
procaryotes depends upon the presence of the proper
procaryotic signals. Efficient translation of mRNA in
procaryotes, such as B.t., réquires a ribosome binding
site called the Shine Dalgarno (SD) sequence on the mRNA.
This sequence is a short nuclectide seguence of mRNA that
is located before the start codon (AUG) which encodes the
amino~terminal methionine of the protein. The SD _
sequences are complementary to the 3’-end of the 16S RNA
(ribosomal RNA) and probably promote binding of mRNA to
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. robosomes by duplexing with the mRNA to allow correct
positioning of the ribosome (Roberts and Lauer, 1979,
Methods in Enzymology, 58:473).

One method'widely employed for the cloning of a
particular gene is to prepare a “library". of recombinant
plasni&s. Each recombinant plasmid is comprised of a
plasmid vector, which usually confers antibiotic
resistance to cells that harbor it, plus a fragment of
DNA from the donor organism, an organism that contains
the gene. The plasmid library is commenly prepared by
digestion of both the plasmid vectoer and total DNA from
the donor organism with a. restriction enzyme, )
inactivation of the enzyme and ligation of the DNA
mixture. The ligated DNA is a plasmid library. The key
feature of this plasmid library is that it contains many
different recombinant plasmids. It is highly likely that
at least one of the recombinant plasmids in the library
will contain a fragment of DNA from the donor organism on
which the gene of interest resides. The ﬁlasmid library
is transformed into the cells of a host organism that
does not contain the gene. The host cells are spreéd on
‘a selective so0lid medium, usually one containing an
"antibiotic, that allows only transformed cells, those
containing recombinant plasmids, . to grow into colonies.
Individual transformed host colonies are tested foi the
acquisition of the gene from the donor organism. In host

colonies the acquired gene is carried on the recombinant
plasmid. ‘

One of the most direct methods of testing for
the acquisition of a gene is to use a gene-specific
hybridization probe, a fragment of DNA that is homologous
to the gene. A characteristic of homologous DNA
fragments is that they will bind tightly to each other
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A recent advance in molecular-biology is the
use of synthetic oligonucleotides as gene-specific
probes. The basjis for the use of the oligonucleotides is
that in all biological systems a particular sequence of
nucleotides encodes a precise sequence of amino acids.
Conversely if the sequence of amino gcids is known for a
particular protein then the nucleotide sequence enceding
the protein can be inferred, although not precisely. 1In
practice, the partial amino acid sequence of a proteiﬁ,
the product of the gene of interest, is determined by

_chemical methods. Based on the protein awrine gcié
sequence a gene-specific oligonucleotide probe is
synthesized that may be, to varying dégrees, homologous
to the gene. Exact homology cannot be guaranteed because

, knowledge of the amino acid sequence of a protein does
give exact ‘knowledge of the nuclectide seguence of the
gene encoding the protein. -Nevertheless, even though the
homology between the oligonucleotide probe and the gene
may not be precise, hybridization conditions can usually
be found that will permit the oligonucleotide probe to
bind spécifically to the gene.

Accordingly, in isolating the P-2 gene, the P-2
protein was purified from a donor strain of B.
thuringiensis var. kurstaki, and the partial amino acid
sequence of the P2 protein was determined. A P-2 gene-
specific oligonucleotide probe was synthesized based on
the anino acid sequence of the P-2 protein. The
oligonucleotide was radicactively labeled and was used in
hybridization experiments to identify transformed host
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colonies that harbored recombinant plasmids carrying the
P-2 gene from the donor B.t. strain.

S.2 CLONING OF THE P-2 TOXIN GENE FROM
BACILIUS THURINGIENSIS STRAIN HD263-1

More specifically, in order to clone the P-2

. toxin gene of this invention, cells of B.t. strain HDi1-1,

a single colony isolate immediately derived from parent
strain HD-1 (U.S.D.A., Cotton Insect Research Unit,
Brownsville,'Texas 78520), were grown in C2 media (1%
Glucose, 0.2% Peptone, 0.5% N Z Amine A, 0.2% !easti
Extract, 15mM (NH,),SO,, 23mM KH,PO,, 27mM izznpo4_. 1imM
HgSO4.7H20, 600uM CaClz, 17uM Zn504.7H20, 17uM
Cuso4.5820, 2uM FeSO +7H 0) at 30° € until t72 (hours)
and spores plus crystals were harvested by
centrifugation. The spore/crystal pellet was washed with
several changes of 1 M NaCl and then sSeveral changes of
deionized water. Toxin proteins were solubilized by
incubating the spore/crystal preparation in 5% B~
mercaptoethanol, 2% NaDodeS04, 60 mM Tris pH 6.8, 10%

.glycexrol at 70 degreeé C. for 7 min., and spores were

removed by centrifugation. The supernatant wvas
electrophoresed through polyacrylamide gels containing
NaDodeSO4 to separate proteins. The gel was stained with

Coomassie dye and gel slices containing the P~2 protein

were cut out with a razor blade. The homogeneous P«2’
protein preparation was electroeluted from gel slices
and, after acetone precipitation, the an-terminal amino
acid sequence of the P-2 protein was determined by
automated Edman degradation carried out on an Applied
Biosystems Gas ?hase Sequenator (model 470A) and analyzed
on a DubPont Zorbax Cl8 column in a Hewlett-Packard HPLC
(model 1090) with a 1040 diode array detector. The amino
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- 5.3 OLIGONUCLEOTIDE PROBE FOR THE P-2 GENE

: A 62 mer oligonucleotide probe encoding amino
acids 4 through 24 of the NH2~terminus of the P-2 protein
was syntﬁesized on an Applied Biosystems DNA synthesizer
(model 380A). It was recbgnized that because of the
codon degeneracy (certain amino acids are each encoded by
several slightly different codons) the sequence of the

' synthetic oligonucleotide would probably be different
from the actual NH2-terminal sequence of the P-2 gene.
However, the fact that the B.t. genome'is 68% A:T and the
codon usage information for previously cloned and
sequenced B.t. gehes were used in designing an
oligonucleotide probe that would have the highest
probability of matching the actual sequence of the P-2
gene. The oligonuclectide probe was designed to bind
only to the NH2-terminal coding region of the P-2 gene.
The sequence of the P~2 gene-specific oligonucleotide
probe was: ' '
$’~GTA TTA AAT TCA GGA AGA ACA ACA ATT AAT GAT GCA TAT
AAT GTA GTA GCA CAT GAT CCA TT-3‘.
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In addition to enabling the original isolation
of the P-2 gene herein, this DNA probe also comprises
This DNa

another preferred embodiment of this invention.
probe permits the screeing of any B.t. strain to

determine whether the P-2 gene (or possibly a related
gene) is naturally present or whether a particular

transformed organism includes the P-2 gene.

In this

fashion it is also possible to estimate the insectididal
activitf of that strain of B.t. It is also with the
scope of this invention that this probe may comprise a
smaller or larger oligonucleotide. The probe may be
labeled by any number of technigues known in the art(such
as readioactively or enzymatically labeled) and as

described below.



- 36- honol ogy was found between the P2 gene and ot her genes. However,
surprisingly a degree of am no acid sequence honol ogy _was _found._to exi st

between the P2 and Pl proteins . Figure 6 shows{ tdyai atERENI SREET RL proteins
shared a region of 37% honol ogy over a stretch pf Hnol aci ds.

Sequences of conserved am no acids that are foupd{w thin otherw sg .
non- honol ogous proteins often signal inportant fju cti@MIR s} for the
proteins. It is f seeable that the conserd®d afi po aci ds_sh in

5.4 CONSTRUCTION OF A PLASMID LIBRARY ENRICHED FOR THE
P-2 GERE

The oligonucleotide probe was ysed to determine
the size of a restriction fragment of B.t. DNA that
contained at least the NH2-terminal coding region of the
P-2 gene. For this determination strains HD263-1, a
single colony isolate immedjately derived from parent
strain HD-263 (U.S.D.A., Cotton Insect Research Unit,
Brownsville, Texas 78520), and sﬁfain HD1-1, a single
colony isolate immediately derived from patent strain
HD-1 (U.S.D.A., Brownsville, Texas) were used as a source
of DNA. Both of these strains were known to produce the
P-2 crystal protein. B.t. strains EG2158 and HD567 which
do not produce P-2 crystal protein were used as negative
controls.

DNA was isolated from the various donor strains

. after growth of the cells to mid~-log phase at 30° C in LB
medium. Cells were harvested by centrifugation,
resuspended in 50mM Tris HCl pH 7.8, 10mM EDTA, 1 mg/ml
lysozyme and incubated at 37°C for 60 min. Cells were
lysed by adding RaDodeS0, to a £inal concentration of
0.2%. Cell lysates wWere extracted twice with an equal
volume of phenol and once with an equal .volume of
chloroform/isoamyl alcohol (24/1). One tenth volume of 3
M NaAcetate and 2 volumes of EtOH were added to the
lysates and DNA was- extracted by spooling on a glass rod.
The spooled DNA was soaked in 66% EtOH for 5 min. and in
diethyl~ether for 1 min. The spooled DNA was air dried
and resuspended in deionized water.

Hybridization experiments were performed by
- digesting total DNA from each of the donor strains with
HindIII restriction enzyme, electrophoresing the digested
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hrs. in a solution of 3 X 88C (1 X SSC = 0.15M NaC1/0.035
M Sodiunm Citrate), 0.1 & Ranodesp4, 200 ug/ml heparin, 10
X Denhardt’s (1 X = 0.02% Bovine Serum Albumin/0.02%
Ficoll/0.02% Polyvinyl-Pyrrolidone) containing
approximately 1 ug of the P2 gene-speczfic
oligonucleotide probe that had been radioactxvely labeled
with gamma-P32-ATP and T4 kKinase. After hybridization
the nitrocellulose filter was washed with 3 X SSC, 0.1 %
NaDodeSo, at 32°C for one hour and the filter was exposed
to X-ray film. The resulting autoradiogram showed that
the oligonucleotide probe specifically hybridized to two
HindIII fragments of DNA, from strain HD263-1, of
approximately 9.0 and 5.0 kb. The probe hybridized to
apparently identical 9.0 and 5.0Xb HindIII fragments of
DNA from strain HD1~l1. The probe faiied to hybridize to
any DNA restriction fragments from two strains of B.t.

that did not synthesize P=2 crystal protein, EG2158 and
HDS67.

It was necessary to determine which of the two
HindIXI fragments, 9.0 or 5.0 kb, hybridized most
strongly to the oligonucleotide prdbe since the most
strongly hybridizing fragment would be most likely to
contain the P-2 gene. Strength of hybridization is
measured by the highest wash temperature at which the
probe remains bound to the DNA fragment on the
nitrocellulose filter. Accordingly the nitrocellulose
filter was repeatedly washed in 3 X SsC, 0.1 % Nabodeso4
at progressively higher temperatures, each wash being
followed by autoradiography, until a temperature was
reached (50°C.) at which the radioactive probe no longer
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hybridized to the 9.0 kb fragment but was seen to
hybridize exclusively to the 5.0 kb band. Therefore, it
was determined that at least the NH2~-terminal coding
region 6f the P~2 gene resided on the 5.0 kb HindIII
fragment of DNA from strains HD263-1 and HDl~1.

A P=2 gene~enriched plasmid library was
constructed by digesting HD263-1 total DNA with HindIII,
electrophoresing the digested DNA on an agarose gel and
excising ¢2l slices containing HindIII DNA fragments
ranging ir size from approximately 4.0 to 6.0 kb.

HD263~1 HindIII fragments ranging in size Srom 4.0 to 6.0
kb were electroeluted from agarose gel slices, phenol
plus chloroform extracted, ethanol precipitated and
ligated into the HindIII site of plasmid PER322 that had.
been digested with HindIII and treated with alkaline
phosphatase. Alkaline phosphatase greatly increased the
probability that recombinant plasmids were formed '
cénsisting of PBR322 plus a HindIII fragment of HD263-1
DNA. The .resulting ligation mix consisted of a library
of recoimbinant plasmids enriched for t> P-2 toxin gene
from strain HD263~1.

5.5 COLONY HYBRIDIZATION AND YSOLATION OF A 5.2 kb
HindTIII FRAGMENT CONTAINING THE P-2 GENE

The P~2 gene~enriched plasmid library was
transformed into an ampicillin sensitive host strain of
E. coli, HB101 (Bethesda Research Laboratories, Bethesda,
‘MD.), by the CaCl, procedure. E. coli strain HB10Ol does
not synthesize P-2 protein ‘and, therefore, it would not
be expected to contain the P-2 gene. E. coli was used a
the host strain because these cells are easily
transformed with recombinant plasmids. All host cells
acquiring a recombinant plasmid would become ampicillin
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the E. coli host cells were spread onto solid medium
containing ampicillin and those cells that harbored a
recombinant plasmid were able to grow into colonies. It
was expected that each individual ampicillin resistant
host colony would harbor many identical copies of a
recombihant plasmid comprised of pBR322 plus a unigue

HindIII fragment from the donor strain HD263-1 DNA.

However, the donor strain HindIII fragment in the
recombinant plasmid would differ from one colony to the

next.

Approximately two thousand individual
. ampicillin resistant colonies were blotted onto

nitrocellulose filters. Replicas of the colonies were
saved for later use as described below. The recombinant
plasmids contained in the colonies were bound to the
nitrocellulose filters by treating the colonies with NaOH
and: NH Acetate. The resulting nitrocellulose filters
contained an array of recombinant plasmids each of which,

. was physically separated from other recambinant plasmids.

" The nitrocellulose filters were hybridized at S0°C for 16
hours in a solution of 3 X S§SC, 200 ug/ml heparin, 0.1%
NaDodeSO,, 10 X Denhardt’s and approximately 1 ug of the
P2 gene~specific oligonucleotide probe that had been

- radioactively labeled. The filters were washed at 50°C

for one hour in 3 X S§C, 0.1% NaDedeSO, and were exposed
to x-ray film. The resulting autoradiogram showed that
the oligonucleotide probe had hyhridized to recombinant

plasmids at four different locations on the
nitrocellulose filters.

By aligning the autoradiogram with the colony
replicas it was possible to identify four colonies whose



After feeding, insect nortality was neasured. Specifically, this involved
growi ng the mcroorganismto stationary phase on sof+ La for
two days at 30[err]C. For E. coli harboring plasnids REFEAGEMENT SHEET
containing 40 ug/m anpicillin. For B. megaterium harporing ptasmds it he
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harvested fromthe solid nmedi um by scraplfg_mﬁth a tulFa™™ Th t '
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resuspended to a known concentration in deionized ter. Serial dilutfions
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recombinant plasmids had apparently hybfidized with the
oligenuclectide probe. . :

* The recombinant plasmids were extracted from
each of the four colonies. The plasnids were digested
with HindIII and electrephoresed on an agarose gel.

Three of the four plasmids consisted of pBR322 plus an
apparently identical sized 5.2 kb HindlIll fragment of
HD263~1 DNA. The plasmids were transferred from the
agarose gel to a nitrocellulose filter by the blot
procedure of Southern. The nitrocellulose filter was
hybridized with the radioacﬁively labeled cligonucleotide
probe and exposed to xX-ray film. The resulting
autoradiogram showed that the oligonucleotide probe
hybridized exclusively to the 5.2 kb HindITI fragment in
each of the three recombinant plasmids. One of these
recombinant plasmids; designated pEG201, was selected for
further experimentation and evaluation. The original E.
coli colony harboring pEG 201 was designated EG 1304.

$.6 LOCATION OF THE P'Z-GENE ON THE CLONED 5.2 KB
BindIII FRAGMENT.

It was likely that the cloned S$.2 kb HindIIIX
fragment. contained at least the NH2-terminal coding
region of the P-2 gene. Presence of the.P=-2 gene on the
5.2 kb fragment was verified using DNA éequencing to
search for a region in the cloned 5.2 kb fragment that
encoded the NH2-terminus of the P-2 protein. Since it .is
difficult to sequence a fragment of DNA longer than two
kb it was necessary to identify a smaller fragment of DNA
within the 5.2 kb fragment that would be expected to
contain the P-2 gene. Accordingly plasmid pPEG201 was
digested with various restriction enzymes, digested
plasmid was electrophoresed through an agarose gel and



- 38- topically applied to 3 ml of a solid agar-based artificial diet in
a feeding cup. The top surface area of the di nllineters.

In the case of Heliothis the diet contained s yHEPUME Lymantri a

di spar the diet contai ned wheat germ One neorlatf€ T'arvae was gl gced in each
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Bl OASSAY OF piEshi@Rrestiliction fragments were blotted from the gel

to a nitrocellulose filter. Hybridization of the filter

. with the radioactively labeleled oligonucleotide probe
revealed -that the probe specifically hybridized to a 1.3
kb Sau3A Restriction fragment of DNA. Therefore, it was
expected that the 1.3 kb fragment would contain at least
the NH2-terminal coding region of the P-~2 gene.

The 1.3 kb fragment was subcloneé from pEG201
into the DNA sequencing vectors mpl8 and mpl9 (Bethesda
Research Laboratories, Bethesda MD). DNA sequencing of
the 1.3 kb ftégment revealed that it contajned a region
©of DNA that encoded the NH2-terminus of the P-2 protein.
This conclusively demonstrated that the cloned 5.2 kb
HindIII fragment from the donor strain HD263-1 contained
the P-2 gene. additional DNA sequencing of the 1.3 kb
fragment showed that -an Accl restriction site was located
150 nucleotides upstream from the NH2-terminal methionine
codon of the P-2 gene. The position of this Accl site

~served as a marker. It allowed the location of the P-2

gene in the 5.2 kb fragment to be precisely determlned as
described below.

1]

The location and direction of transcription of
the P-2 gene on the cloned 5.2 kb fragment was determined
by digesting the 5.2 kb fragment with AccI in combination
with various other restriction enzymes. The restriction
fragments were electrophoresed through an agarose gel and
blotted onto a nitrocellulose filter. By hybridizing the
filter with the radiocactively labeled P2 gene-specific
oligonucleotide probe it was possible to determine the
location and orientation of various restriction fragments
on the larger 5.2 kb fragment. From this knowledge the
precise position and direction of transcription of the
P-2 gene on the 5.2 kb fragment was determined as
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indicated by the arrow in Figure

restriction map of plasmid pEG201.

1. Figure 1 shows a

The bhoxed areas

denote plasmid vector DNA. PBR322 vector is indicated by
an open Hoxed area. The horizontal line denotes cloned
B.t. DNA from strain HD263~1. The large-arrow indicates
Plasmid pEG204 is
described below. The length of the P~2 gene was
estimated to be approximately 1.9 kb based on the
estimated size (68 kbDa) of the P-~2 protein.

the coding region of the P2 gene.

5.7 DNA SEQUENCE OF THE CLONED Pr . GENE

It was estimated that all or at least most of
the P-2 gene was contained in the 2.2 kb AceI -~ HindIIX
fragment within the cloned 5.2 kb fragment (Fig. 1).
Accordingly, the 2.2 kb AccI - Hind III fragment was
subcloned into the sequencing vectors mplg and mpl® and
the complete sequence of the 2.2 kb fragment was

. . determined by the dideoxy procedure of Sanger (Sanger,
F., Nicklen, S. & Coulson, A.R. (1977) Proc. Natl. Acad.
Sci. USA 74:5463-5467). As_expedted the 2.2 Xb fragment
contain : an open reading frame (protein coding region)
that began with the NH2-terminal codons for the P-2
protein. The DNA sequence of the 2.2 kb fragment, which
includes the P-2 gene of this invention, and the deduced
amino acid sequence of the P~2 protein are shown in
Figure 2. Figure 2 shows the complete DNA seguence of
the 2.2. kb Acel - HindIII fragment beginning with the
first nucleotide of the Accl site and ending with the

last nucleotide of the HindIII site.

The Accl site is

located 150 nucleotides upstream from the NH2-~terminal
The size of the P-2
protein, as deduced from the P-2 gene sequence, was

methionine codon of the P-2 gene.

determined to be 66,547 Daltons.
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5.8 USE OF THE CLONED P=2 GENE AS A SPECIFIC
HYBRIDIZATION PROBE.

5.8.1 IDENTIFICATION OF NATIVE B.t. PLASMIDS CONTAINING
P-~2 GENES. ’

One advantage of a cloned DNA seguence is that
it can be used to identify related DNA sequences in
uncharacterized samples of DNA. In the case of the P-2
gene it is now possible that the cloned gene can be used
to detect the presence of a P-2 gene 'in a strain of B.t.
Most strains of B.t. contain numerous native plasmids in
addition to chromosomal DNA. ¥For many of these strains
it is not known if the P-2 gene resides on the chromosome
or on one of the plasnmids.

- In order to determine whether the cloned P-2
gene could be used to detect the locations of a P~2 gene
in a native B.t. host strain, B.t. strains HD263-1, HDl~-
1, HD567 and HD278 were lysed according to the procedure
of Eckhardt (Eckhardt, T. (1978) Plasmid 1:584-588) and
the lysates were electrophoresed through agarose gels.
This procedure allowed the separation by size of all
plasmids contained in a partjcular strain. The separated
plasmids were transferred from the agarose gel to a
nitrocellulose filter by the blot procedure of Southern.
The nitrocellulose filter was hybridized with the
radioactively labeled 2.2kb Accl - HindIII (P-2 gene)
fragment. Autoradiography of the nitrocellulose £ilter
revealed that the P-2 gene fragment hybridized
exclusively to one plasmid of approximately 110 MDa in
the P2-producing strains HD263~1, HD1-1 and HD278 (Figure
3). The cloned P~2 gene did not hybridize to'any plasmids
in the P-2-negative strain HDS67. Therefore, this
experiment demonstrated that the cloned P-2 gene can be



6. 2 EXAMPLE 2 - TRANSFORMATI ON OF THE P-2 GENE | NTO BACI LLUS
MEGATERI UM Plasm d pE&01 (containin -

replicate only in gramnegative strains such as]E EME pene was
expressed in E. coli strain EGL304 harboring pE=01 but only atjallow | evel
(see Bioassay data, Table.l). The purpose of this|expgAPR W9y tp pdeterm ne
whet her the cloned P-2 gene woul d be expr§§€§d t ya higher |eve n ot her
Baci-llus strains. In order to test for the”eéxpre¢sstomof—tte —ttongd P-2
gene in a Bacillus strain it was first necessary to construct a rgconbi nant
plasm d that contained the P-2 gene and that was capable of replicating in
Bacillus. A Baﬁéé#ughE eoli .shuttle vector" that contained the P-2 gene
was construct ed- S ha™ & MAXEft MADNNET: Lo identify aative plesmidsni d is

capabl e of repfeutainingoPm2i geBasi inuB.t. strains. DNA hybridization
with the cloned P-2 gene allowed direct identification of

a single plasmid carrying a P-2 gene out of many such
plasmids existing in strains of B.t. '




and in E. coli. The E. coli - Bacillus shuttle xeector

‘was constructed by digestion of the Bacj |IRERSAQEMENT 8HEEC |6
(tetracycline resistance) with Sphl, l.igation

the Sphl site of pEQO01l (anpicillin resistance)} a

tre—digested Tl gsmid into

Nd atr f ti dn of E.
coli to anpicill.iin and tetracycline resistance. 1%;%?% wo7™

5.8.2 IDENTIFICATION OF DNA RESTRICTION FRAGMENTS
CONTAINING P-2 GENES.

" The cloned P~2 gene from B.t. strain HD263-1
was contained on a 5.2 kb HindIIlIl fragmeht of DNA. A
procedure was conducted in order to determine whether the
cloned P-2 gene could be used to identify similar DNA
restriction fragments containing P-2 genes from other
strains of B.t. Accordingly, total DNA from the test
strains HDl-1, HD278, HDS67 and the original donor strain
HD263~1 were digested with HindIXl restriction enzyme,
the di&ested DRA was electrophoresed through an agarose
gel and digested DNA was transferred from the gel to a
nitrocellulose filter. The filter was hybridized at S$5°C
with the radioactively labeled 2.2 kb AccI - HindIII DNA
(P-2 gene) fragment and, after washing at 55°C, the
filter was exposed to x-ray film. '

Figure 3 (3A) is a phctograph'of'an ethidium
bromide stained Eckhardt gel. The native plasmids that
are present in various strains of B.t. are visible. 3A
illustrates that most strains of B.t. contain several
native plasmids. The numbers to the left of the figure
indicate the size in mggadaltons (nna) of the plasmids.

Figure 3 (3B) is a photograph of an
autoradiogram that was made by hybridizing the
radioactively labeled cloned P-2 gene with the plasmids
shown in 3A. 3B illustrates that the cloned P-2 gene
hybridized exclusively to a plasmid of 110 MDa in three
strains of B.t. that were Xnown to produce P-2 protein
(HD-1, HD263-1 and HD278). The cloned P2 gene also
hybridized to a DNA band of 30 MDa (Fig. 3 (3B)). This
DNA band was DNA fragments that resulted from the
breakdown of the 110 MDa plasmid. Very large plasmids



One tet and anp resistant E. coli transformant harbored a plasmd
(desi gnat ed pEG04) that was conposed of pBCl6 inserted into the Sphl site

of pE&01 (Figure 1). Figure 1 shows the restridt fe sii d
pEG204. The boxed areas denote plasmd vectorq md?ﬁ@“inﬂﬂo i

pBR322 DNA (E. coli aplication) and the cross-hgtghed box i BE1e DNA
(Bacillus replication). The horizontal line is dl neﬂbDNNhTﬁﬁ;,t ain
HD263-1. The large arrow denotes the codrR8=r egijor] of the P-2 gen¢
pPpE&04 was transforned into Bacillus megaterium}( ATCC déeposit nuniper VT
1660) and one tetracycline resistant transformant{_harboring pE&04 '
(designated strain EGL312) was chosen for further study. ' Thi s

exanpl e det er gyedd d tifee T1ONDh Pragmid® arasofegncheo’kenndbln datonbi nant

Cechniaque of RIS AERFYA 4€E§$ﬁﬂégg€fegs?é§fl$§§ﬁ8?e§ﬁ§ o8B eral 1y the

t echni que i nvEckithrdt-<typatdelsof Spetificahybridicatiophofethe cloned
lysates through 2 Nafe e EREC1 Y6 Maba 9P146nJ8s 2Mdicates that for

strains HD1-1, HD263-1 and HD278 only the 110 MDa
plasmids carry the P-2 gene. The cloned P2 gene did not
hybridize to any plasmids from a strain that did not
produce P2 protein (HD567). Overall, Figure 3 (32 and
3B) demonstrate that the cloned P~2 gene can be used as a
specific probe for the identification of P-2 genes on
native B.t. plasmids.

Figure 4 (4A) is a photograph of an ethidium

bromide stained agarose gel that contains HindIll
digested DNA from strains HD1-1 (lane 2), HD567 (lane 3),
HD278 (lane &) and RD263-1 (lane 5). Figure 4 (4A) shows
that total B.t. DNA that had been digested with HindIIX
could be resolved into hundreds of different size

, ' fragments. The lane marked 1 contained Lambda DNA that
had been digested with HindIII. This serves as a size
marker. Thé numbers to the left indicate the size in
kilobase (kb) of the DNA fragments.

Figure 4 (45) is a photograph of an
autoradiogram that was made by hybridizing (at 55 C) the
radicactively labeled cloned P=2 gene with the HindIIl
fragments shown in 4A. Overall, Figure 4 (42 and 4B)
demonstrate that cloned P-2 gene ¢an be used as a
specific probe for the identification of DNA restriction
fragments that contain P-2 genes.

Autoradiography showed that, as expected, the
cloned P-2 gene hybridized to a 5.2 kb HindIIX fragment
from strain HD263-1 (Figure 4, (4B) Lane 5).
surprisingly, the P-2 gene also hybridized to a 9.0 kb



staining of the gel to permt visualization REPOAGENMIEMT SHEET
specifically, the technique was carried out

—B—regat eri um
cells were grown on DS plates containing 10uyg/ teh& C 5 i e {for 48 hr.
at 30[err]C. B. thuringiensis strains were gyo 19 %aﬁ? tjo |B.
megat eri um except the DS plates contained no |t Lne. Aftler this
period alnost all cells had -41-

HindIII fragment from strain HD263-1 (Figure 4(4B), lane
§). The P-2 gene hybridized to 5.2 and 9.0 kb HindIII
fragments in strain HD1~1 (Figure 4(4B), lane 2), and to
HindIII fragments of 5.2 and 4.4 kb in strain HD278
(Figure 4(4B) lane 4). The P-2 gene failed to hybridize
to any HindllI fragments from the P-2-negative strain
HD567 (Figure 4(4B), lane 3). The nitrocellulose filter
was rewashed at 80°C and exposed to X-ray film. The
resulting autoradiogram showed that, after the higher
wash temperature, significantly less of the labeled P-2
gene probe was bound to the 9.0 and 4.4 Xb fragments than
to the 5.2 kb fragment (Figure 4(4C), Lanes 2, 4 and 5).

‘ The above demonstrates several preferred uses
of the cloned P-2 gene. First the'cloned P=-2 gene from
strain HD263-1 can be used to identify DNA restriction
fragments containing P-2 genes from other B.t. strains.
For example the cloned P-2 gene hybridized to two HindIII
fragments from strain HDl-l. Second the cloned gene
‘permits determination of the number of P-2 genes present
in a particular B.t. strain. For example strain HD263-1
was found to contajin two P-2 genes since the P-2 gene
probe hybridized to two HindIII restriction .fragments
from strain HD263-1. It is significant that the P-2 gene
specifiq oligonucleotide probe also hybridized to two
HindIII fragments of 9.0 and 5.2 kb from strain HD263-1.

The precise nature of the P~2 gene on the 9.0
kb fragment cannot be known until the 9.0 kb fragment is
isolated and its DNA sequence determined. This leads to
a third preferred use for the cloned P-2 gene. Since the
P-2 gene specifically hybridized to a 9.0 kb HindIII

. fragment the cloned P-2 gene (or partions or derivatives
thereof) is therefore, an ideal probe for the isclation
of this fragment.



entered the stationary phase of gromth. Cells were harvested with a
spatul a and resuspended in deionized water. A portion of the cel

suspensi on was m xed 1:2 vol:vol w th preheat ed-£0ferr]-O—gel—lgadi ng
buffer (5% Beta -nercaptoethanol, 2% WADodeSO4,| REPLASEMENT BHEET. §, 10%

gl ycerol) and incubated at 70[err]C for 7 mn. |The ' S .
centrifuged briefly, after centrifugation the du erp tgﬁé ﬁ@i ifmyedi atel y

| oaded onto an NadodeS04/ pol yacryl am de_ ﬁL and tfhe gr [ in the
supernat ant were resol ved by gel electrog oresils laccording to.tthe nmet hod of
Laenmmi. (J. of Mol. Bio., 80:576-599 (1973)) { The proteins in tthe gel
were visualized by staining the gel with Coonassre—dye: Fi gure

Nadode S0/ pol yacr yi ani AEUFHEL FRe KEPAREF 17 GRRS PETRLEEFRBER above. The
| ane | abel edgbdllRtativie) estimatiomet the atclatedanessrbatwgah ptandar ds.
unbers 1o { Gepebdft A0t Wiaaile, T WhALS Uik fhdbia' Enkt! o3 ton
cloned P-2 gene is more related to the P-2 gene containe
on the 5.2 kb fragment of strain HD1l-1 than to the P-2
genes contained on either the 9.0 or 4.4 kb HindIIl
fragments. This relatedness was directly demonstrated by
the stronger hybridization at 80°C of the P=2 gene probe
to the 5.2 kb fragment than to either the 9.0 or 4.4 kb
fragments.

5.9 ADDITIONAL PURIFICATION OF P-2 TOXIN

The P-2 gene can be inserted in any appropriate
plasmid which may then be utilized to transform an
appropriate'microorganism. It is clearly within the
scope of this invention that microorganisms other than
B.t. may be transformed by incorporation of the P-2 gene
i.e., generally stated, organisms from the genera
‘Bacillus, -Escherichia, and Cvanobacteria. Preferred for
use with this invention are organisms Bac:  lus megaterium
and Escherichia coli. It is also within the scope of
this invention that different strains of B.t. may also be
transformed by the incorporation of the P-2 gene.

The nmicroorganisms so. transformed will
preferably produce P-~2 in gquantities that are far in
excess of the quantity of P-2 produced in a B.t. natural
host strain. The P-2 produced by a transformed organism
is preferably the only delta-endotoxin produced by that
organism. 1In this manner, the organism itself may be
‘utilized alone or as part of an insecticidal composition.
Since P-2 would preferably be the only delta-endotoxin
produced by the organism, it is a straightforward process



HD1- 1 contai ned extracts of that B.t. strain. The major protein band that
corresponded to P-2 protein is indicated by an ar ~ame—~-abegl ed P2
contained a portion of the purified P-2 protein. éﬂﬂeﬁﬂfﬁﬂa
purified as descri bed above. The | ang 1 and
EGL312 in Fig. 5 contained extracts of these B. 1egdattsiApR i fis
har bori ng pBCl6 and pEG204(P2) respectively. A cq ' pst EGL311
and EG1312 showed that extracts of strai®¥GL312{p _ ed] a maj or
protein that corresponded in size to that of thelP2 protein. :This protein
was not present in extracts of strain EGL311(pBCl6). This demonstrates that
B. negaterium harboring the cloned P-2 gene synthesized high

to purify the P-2 from other cellular material by methods

known in the art such as renografin density gradients.

5.10 TRANSFORMATION OF P-2 INTO PLANTS

It is also within the scope of this invention
that the P-2 gene (FIG. 2) be inserted directly into a
plant so that the plant itself - produces the P-2 toxin.

Genetic engineering of plants may be
accomplished by introducing the desired DNA containing
the P-2 gene into plant tissues or cells using DNA
molecules of a variety of forms and origins. These

- include, but are not limited to: DNA molecules derived
from naturally occurring plant vectors such as the Ti
plasmid from Agrobacterium tumefaciens or plant pathogens
such as DNA viruses like Cauliflower Mosaic virus (CaMV)
or Geminiviruses, RNA viruses, and viroids; DNA molecules
derived from unstable plant genome components like

| extrachromosomal DNA elements in organelles (e.q.,
chloroplasts or mitochondria), or nuclearly encoded
controlling elements; DNA molecules from stable plant
genone eomponenés,(g;g;, origins of replication and other
DNA sequences which allow introduced DNA to integrate
into the organellar or nuclear genomes and to replicate
normally, to autonomously replicate, to segregate
normally during cell division and sexual reproduction of
the plant and to be inherited in succeeding generations
of plants). '

DNA containing the P-2 gene may be delivered
into the plant cells or tissues directly by infectious
plasmids, such as Ti, viruses or microorganisms like A.
tumefaciens, the use of liposomes, microinjection by



-42- | evel s of P2 protein. In addition, when viewed under the |ight
m croscepe the cells of strain EGL312 appeared to contain phase-bright

protein inclusion bodies characteristic of cry ﬁtPLlﬁﬁiWﬁT SHEET

-32- 16 APR 1997

mechanical methods and by whole chromosomes or chromosome
fragments. o

5.11 PRODUCTS AND FORMULATIONS
INCORPORATING THE P=-2 PROTEIN

The P-2 delta-endotoxin is a potent
insecticidal compound with activity against lepidopteran
and dipteran insects. It is, therefore, within the scope
of the invention that the P-2 protein toxin be utilized
as an insecticide (the active ingredient) alone,
preferably in'homogenhous or pure form and having the
anino acid sequence of FIG. 2, or as included within or
in association with a transformed microorganism which
expresses a cloned P-2 gene or in a mixture of B.t. or
other transformed sporulating microorganisms containing
P-2 in spores or otherwise. The compositions of the
invention containing P-2 are applied at an insecticidally
effective amount which will vary depending on such
factors as, for example, the specific lepidopteran or
dipteran insects to be controlled, the specific plant to
be treated and the method of applying the insecticidally
active compositions. The preferred insecticide
formulations are made by mixing P-2 alone or incorporated
in or associated with a transformed organism, with the
desired carrier. The formulations may be administered as
a dust or as a suspension in oil (vegetable or mineral)
or water, a wettable powder or in any other material
suitable for agricultural application, using the
appropriate carrier adjuvants. Suitable carriers can be
solid or liquid and correspend to the substances
ordinarily employed in formulation technology, e.g.,
natural or regenerated mineral substances, solvents,
dispersants, wetting agents, tackifiers, binders or
fertilizers.
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GENE | N'B. MEGATERI UM St andard t oxi ¢i BEPLASEMENT BHEEE] out

i ndi cated that strain Bacillus megaterium EGL3]12[had a 50P6 of | arvae
dead) of 1.4 ug of bacterial cells per insect tood ed o either
Heliothis virescens (H v.) or to Lymantria di spa (@@%ﬂ]ﬁ@jlae. I'n
contrast the control strain of Bacillug gegat e | t-her-bBori-Rg-thel pl asm d
vector pBO 6 w thout the P-2 gene-failea to kijl either Hwv. or JL.d. |arvae
at a dose of 10 ug bacterial cells per food cup. —B—negat eri um-
strain EGL312 (pEQR04-P2) was

. The formulations containing a solid or liquid
adjuvant, are prepared in known manner, e.g., by
homogenously wmixing and/or grinding the active
ingredients with extenders, e.g., solvents, solid
carriers, and in some cases surface active compounds
(surfactants).

Suitable liquid'carriers are vegetable oils,
such as coconut oil or soybean oil, mineral oils or ..
water. The solid carriers used, e.g., for dusts and.:
dispersible powders, are normally natural mineral fibers
such as calcite, talcum, kaolin, or attapulgite. In
order to improve the physical properties it is alsd
possible to add ﬁighi& dispersed silicic acid or highly
dispersed absorbent polymers. Suitable granulated
adsorptive carriers are porous types, for example pumice,
broken brick, seplolite or bentonite. Suitable
nonsorbent carriers are materials such as silicate or
sand. In addition, a great number of pregranulated
materials or inorganic or organic mixtures can be used,
e.g., especially dolomite or pulverized plant residues.

Depending on the nature of the active o
ingredients to be formulated, suitable surface-active
compounds are non-ionic, cationic and/or anionic g
-surfactants having good emulsifying, dispersing and
wetting properties. The term "surfactants" will also be
understood as comprising mixtures or surfactants.

Suitable anionic surfactants can be both
water-soluble soaps and water-soluble synthetic surface
active compounds.

Suitable soaps are the alkali metal éalts,
alkaline earth metal salts or unsubstituted ammonium



al so tested for toxicity against A aegypti. A cel
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medi um containing 10 ug/ M tetracycline for 48 hr

harvest.ed with a spatula and cells were resuspeHd
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n contrast B. megaterium

toxic to

salts of higher fatty acids (clo-cll), e.g., the sodium
or potassium salts of oleic or stearic acid, or natural
fatty acid mixtures which can be obtained, e.g., from
Vcoconut 0il or tallow oil. Further stable surfactants
are also the fatty acid methyltaurin salts as well as '
modified and unmodified phospholipids.

) More frequently, however, so-called synthetic
surfactants are used, especially fatty sulfonates, fatty
sulfates, sulfonated benzimi:-azole derivatives or
alkylarylsulfonates.

The fatty sulfonates or sulfates are usually in
the forms of alkali metal salts, alkaline earth metal
salts or unsubstituted ammonium salts and generally
contain a cs-c22 aikyl, e.g., the sodium or calcium salt
of dodecylsulfate, or of a mixture of fatty alcohol
sulfates, obtained from fatty acids. These compounds
also comprise the salts of sulfonic acid esters and .
sulfonic acids of fatty alcohol/ethylene oxide adducts.
The sulfonated benzimidazole derivatives preferably
contain 2 sulfonic acid groups and one fatty acid radic
containing about 8 to 22 carbon atoms. Examples of:-
alkylarylsulfonates are the sodium, calcium or
triethanolamine salts of dodecylbenzenesulfonic acid,
dibutynaphthalenesulfonic acid, or of a -
naphthalenesulfonic acid/formaldehyde condensation
product. Also suitable are corresponding phosphates,
e.g., salts of the phosphoric acid ester of an adduct of
p-nonylphenol with 4 to 14 moles of ethylene oxide.

Neonionic surfactants are preferbly polyglycol
ether derivative or aliphatic or cycloaliphatic alcohol
or saturated or unsturated fatty acids and alkylphenols,
said derivative containing 3 to 10 glycol ether groups
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_ TABLE Il Dose-ng cefls/m
A. - aegyti | arvae Z-deadit-of a
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and 8 to 20 carbon atoms in the (aliphatic) hYdrocarbon
moiety and 6 to 18 carbon atoms in the alkyl no;ety of”
the alkylphenols.

Other suitable non-ionic surfactants.are the

-water soluble adducts of polyethylene oxide with

alkypropylene glycol, ethylenediaminopolypropylene glycol
and alkylpolypropylene glycel contain 1 to 10 carbon
atoms in the alkyl chain, which aducts contain 20 to 250

ethylene glycol ether groups and 10 to 100 propylene
glycol ether groups.

Representative examples of non-ionic
surfactants are nonylphenolpolyethoxyethanols, castor
0il, glycdl ethers, polypropylene/polyethylene oxide
adducts, tributylphenoxypolyethoxyethanol, ethylene
glycol and octylphenoxypolyethoxynethanol. Fatty acid
esters of polyoxyethylene sorbitan, such as

polyoxyethylene sorbitan triocleate, are also suitable
non-ionic surfactants. .

Cationic surfactants are préferably quaternary
ammonium salts which contain, as substituents on the:
nitrogen, at least one c8 22 alkyl radical and, as -
further substituents, lower unsubstituted or halogenited
alkyl benzyl, or hydroxylated lover alkyl radicals. The
salts are preferably in the form of halides, methyl

sulfates or ethylsulfates, e.d.., stearyltrimethylammonium
chloride. '

5.12 CONCENSUS DELTA~-ENDOTOXIN PROTEIN HOMOLOGY

A computer search was conducted to determine
whether the P2 gene was homologous to any other genes
whose sequences had been published. No DNA segquence
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7.0 DEPCSI T OF M CROORGANI SMS [t{i$ within the sgope of this

invention that a wide variety of bot h_ggo_'_r ul 3t iingt @nPRI33®hot uf at i ng

pomology was found between the P2 gene and other genes.
However, surprisingly a degree of amino acid sequence
homology was found to exist between the P2 and P21
proteins. Figure 6 shows that the P2 and P1 proteins
shared a region of 37% homology over a stretch of about
100 amino acids.

Sequences .of conserved amino acids that are
found within otherwise non-homologous proteins often
signal important functional domains for the proteins. It
is £ 'seeable that the conserved ‘amino acids shown in
Figure 6 constitute an “active site"™ that is responsible
for the lepidopteran larvicidal activities of the Pl and
P2 proteins. Therefore, this protein has utility in site
specific mutagenesis experiments to effect or change the
amino acid composition so as to more specifically target
a resultant change in toxicity.

The importance of -this stretch of 100 amino
acids can be determined by subcloning the 300-bp fragment
of DNA that encodes these amino ac:i’s. This procedure
would also yield a means for produ 1g this protein in
B.t., B.megaterium or E. coli. Su-:loning may be
accomplished by using site-specific in vitro nntagenes;s
to create restriction sites bordering the 300-bp fragment
of DNA coding for this one-hundred amino acid protein.

- These restriction sites could then be used to precisely

excise the DNA fragment. The DNA fragment could then be
inserted downstream from a proﬁoto: and ribosome binding
site on a Bacillus or other appropriate vector. The
Bacillus vector could be genetically engineered in such a
way that it would contain the promoter and ribosome ‘
binding site of the P2 gene itself. The resulting
reconbinant plasmid could then be transformed into an
appropriate Bacillus strain (or other appropriate



m croorgani sne may be transformed with the P-2 as described herein.

Exenpl ary of the nicroorgani sms which may be _engi neered as taught herein
are those fromthe genera Bacillus, Escheric 'ﬁEP@WﬂNﬁM? ¢t ria.
Preferred for use with this invention are th | s negaterium
and Escherichia coli. In addition, the foll o Baci | l.us thyr{ngiensis,
Baci | | us megaterium 16 APR 1997 hnd E. col i

strains which are also preferred for usedWtlh §his inventionjapd which
carrying the listed

organism as described herein) and the larvicidal activity
of the recombinant strain could be measured. The
transformed organism would also serve as a means for
producing'this protein. The transformed organism or the
protein itself or both in admixture may be utilized in an
insecticidal composition in the same manner as the p2
toxin protein.

It is possible that the 100 amino acid
polypeptide that would be synthesized from the .
recombinant plasmid would be degraded by proteases with;n
the Bacillus cell. To circumvent this potential problem
a protease negative strain of Bacillus could be used for
expression such as the one descridbed by Wong et al.
(Wong, S., Kawamura, F., and Doi, R. 1986 J. Bacteriol.
168:1005-1009) . -

6.0 EXAMPLES

The insecticidal activity of transformed or
non-transformed Bacillus megaterium and of Escherichia
coli was determined by including various amounts of these
microorganisms in a test diet which was fed to insects.
After feeding, insect mortality was measuread. N
Specifically, this involved growing the microorganism to
stationary phase on solid agar Base media for two days at -
30°C. For E. coli harboring plasmids the media was LB
containing 40 ug/ml ampicillin. For B. megaterium
harboring plasmids the media was DS containing 10 ug/ml
tetracycline. The microorganisms were harvested from the
solid medium by scraping with a spatula. The wet weight
of the harvested bacteria was determined and bacterial
cells vere resuspended to a known concentration in
dejonized water. Serial dilutions of the suspended
bacterial cells were made and 200 ul of each dilution was



pl asm ds have been deposited with the Agricultural Research Culture
collection (NRRL), Peoria, IL and have been assigned the listed accession

nunbers : B. thuringiensis stain Plasm ds HD1- |
Several naturally B-18201 REPLAGEMENT i SHEET HD263- 1
B-18202 B. negaterium . Plasm d Accessi on Numpefs EGL312
pE&04 B- 18203 E. coli - : ' Accessi on
Nunbers EG1304 PER01=38~ The
present invention is not to be limted in scope f F gpni sm
deposi ted, since the deposited enbodinent is {ntended as a singje
illustration of one aspect of the invention. [ndeed, vartous nodifications

topically applied to 3 ml of a solid agar-based
artificial diet in a feeding cup. The top surface area
of the diet was 600 square millimeters. In the case of
Heliothis the diet contained soy flour and for Lymantria
digpar the diet cdntained wheat germ. One neonate larvae
was placed in each feed cup and mortality was scored
after seven days. |

e &
ety

The ILC50 value (weight of bacterial cells
required to kill 50% of the larvae) was :ilculated from a
probit analysis of insect mortality (R.C Daum., A )
Revision of Two Computer Programs for Probi€ Analysis.
Bulletin of the Entomological Soc. of America, vol 16(1),
PP- 1-15).

6.1 EXAMPLE 1 - BIOASSAY OF THE EXPRESSION
PRODUCT OF THE CLONED P-2 GENE IN E. COLI

Heliothis virescens larvae were fed a standard
diet to which had been added E. ¢oli cells harboring
various plasmids and known to either have or not have the
P-2 gene present. After seven days on the diet the
larvae were scored for growth and viability with the”
results reported below in Table I. It is apparent fiom
these results that the cloned P-2 gene is, in fact,
expressed in E. coli, a non-sporulating bacteria, and
that the product of the expression of this cloned gene
renders the transformed E. coli significantly more toxic
to Heliothis virescens larva than E. coli without the P-2
gene present.




of the invention in addition to those shown and described herein wll
becone apparent to those skilled in the art fromthe foregoing description

and acconpanyi ng dr awi ngs. "Ht‘pLACE“kE(\?{, ILPET
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TABLE T

H. virescens

larvae dead or
E. coli (plus Plasmid) . Dose stunted/total

Strain EG1303
(PBR322 no P-2 gene) 10 mg/cup . 2/20 =

'Stain EG1304

(PEG20) P-~2 gene 10/mg/cup 20/20
present)

6.2 EXAMPLE 2 = TBANSFQRMATION OF THE
P~-2 GENE INTO BACILIUS MEGATERIUM

Plasmid pEG201 (containing the P-2 gene) will
replicate only in gram-negative strains such as E. coli.
The P-2 gene was expressed in E. coli strain EG1304
harboring 936201 but only at a low level (see Bioasséy
data, Table.I). The purpose of this example was to
determine whether the cloned P-2 gene would be expressed
at a higher level in other Bacillus strains. In order to
test for the expression of the cloned P-2 éene in a
Bacillus strain it was first necessary to construct a
recombinant plasmid that contained the P-2 gene and that
was capable of replicating in Bacillus. A Bacillus-E.
coli "shuttle vector”" that contained the P-2 gene was
constructed. The term "“shuttle vector" indicates that
the plasmid is capable of replication both in Bacillus
and in E. coli. The E. coli -~ Bacillus shuttle vector



é. A gege for Bacillus thuringiensis P-2 toxin having the DNA sequence of
| GURE 2 or any portions or derivatives thereof. . ] nmepf claiml
wherein said gene codes for a protein having t1eR§ﬂ$ﬁgMg@féﬂégﬁuence of

FI GURE 2. 3. The gene of claim2 wherein sai @l protein has iIngecticidal
activity. 4. The gene of claim 3 wherein saifl |nslesctAPR qgg7 actjvity is
effective against insects selected frOElbhe fam|ies consisti Of

| epi doptera and diptera. 5. The gene o# claim1 ' rd—~DNA sequence
is inserted into a reconbinant plasmd.

was constructed by digestion of 2e Bacillus plasmid
pBCls.(tettacycliné resistance) «~ith Sphl, ligation of
the digested plasmid into the Sphl site of pEG201
(ampicillin resistance) and transformation of E. coli to
ampicillin and tetracycline resistance.

One- tet and amp resistant E. coli transformant
harbored a plasmid (designated pEG204) that was composed
of pBC16 inserted into the Sphl site of pEG201 (Figuré
1). Figure 1 shows the restrict >n map of plasmid .
PEG204. The boxed areas denote  asmid vector DNA. The
open box is pBR322 DNA (E. ¢oli -aplication) and the
éfoss-hatched box is pBCi6 DNA (Bacillus replication).

-The horizontal line is cloned DNA from strain HD263-1.
The large arrow denotes the coding region of the P-2
gene. pEG204 was transformed into Bacillus megaterium
(ATCC deposit number VT 1660)and one tetracycline
resistant. transformant harboring pEG204 (designated
strain EG1312) was chosen for further study.

' This example determined if the cloned P-2 gene'
was expressed in the recombinant B. megaterium strain
EG1312 (pEG204). Gene expression was measured by the™
technique of NadodeSO4/polyacrylamide gel o
electrophoresis. Generally, the techniqgue involved
preparation of gell lysates, electrophoresis of cell
lysates through a'kadodeso4/polyacry1amide gel and
staining of the gel to permit visualization of proteins.

Specifically, the technique was carried out as
follows: B. megaterium cells were grown on DS plates
containing 10ug/ml tetracycline for 48 hr. at 30°C. B.
thuringiensis strains were grown similarly to B.
megaterium except the DS plates contained no
tetracycline. After this period almost all cells had



6. The geme of claim5 wherein said plasn1d i s conprised of DNA
| east two different species of m croorgani sns
sequence. 7. The gene of claim5 wherein said pﬂﬁﬂmfﬂMENTdhmETl
fromat least two different subspecies of the safespecres—of
after insertion of said DNA sequence. 8. The
DNA sequence is attached to its native pLg En
claiml1 wherein said DNA sequence is attached
sequence.

from at
sai d DNA
ed of DNA
roorgani sm
erein said
e gene of
er DNA

entered the stationary phase of growth. Cells were
harvested with a spatula and resuspended in deionized
water. A portion of the cell suspension was mixed 1:2
vol:vol with preheated (70°C) gel loading buffer (5% Beta
~mercaptoethanol, 2% NaDodeS04, 60 mM Tris pH 6.8, 10%

‘glycerol) and incubated at 70°C for 7 min. The

suspension was centrifuged briefly, after centrifugation

the supernatant was immediately loaded onto an

NadodeSO4/polyacrylanide gel and the proteins in the,

supernatant were resolved by gel electroghoresis

according to the method of Laemmli. (J. of Mol. Bio.,

80:576-599 (1973)) The proteins in the gel were

visualized by staining the gel with Coomassie dye.

Figure S5 shows the results of this analysis.
Figure 5 is a photograph of an NadodeSOA/polyacrylamzde
gel that had been prepared as described above. The lane
labeled STND in Fig. 5 contained protein molecular weight
standa;ds. Nunbers to the right of the gel indicate
protein sizes in kilodaltons (kDa). The lane labeled

protein band that corresponded to P-2 protein is

HDl1~1l contained extracts of that B.t. strain. The major

indicated by an arrow. The lane labeled P2 contained a
portion of the purified P-2 protein. The P2 protein was

purified-as described above.

- e

The lanes labeled EG1311 and EG1312 in Fig. 5

contained extracts of these B. megaterium strains
harboring pBCl6 and pEG204(P2) respectively. A
conparison of lanes EG1311 and EG1312 showed that

extracts of strain EGl1312(pEG204) contained a major
protein that corresponded in size to that of the P2
protein. This protein was not present in extracts of

strain EG1311(pBCl6). This demonstrates that B.

negaterium harboring the cloned P-2 gene synthesized high



10. A protein having the am no acid sequence of FIGURE 2 or any portions or
derivatives thereof. 11. The protein of cl & ' ¢l protein has
i nsecticidal activity. 12. The protein of dl REPLACEMENEr BibETsai d
insecticidal activity is effective against irsqcts—Serecred m t he
famlies consisting of |epidoptera and di pteria. 16 APR 1997

wd2—~

levels of P2 protein. In addition, when viewed under the
light microscope the cells of strain EGl312 appeared to
contain phase~bright protein inclusion badies
characteristic of crystal toxins.
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13. The protein of claim10 wherein said proteln i s produced by the process

conpri si ng: a) transformng a mcr gene

of FI GURE 2, b) grow ng said tran“ggymtgmmq‘og{gﬁn sm

whereby the protein encoded by said gene of" s expressed
In said m croorgani sm and c) extrdctiing and_s rating said
protein expressed in step b) froms3gid o?@aﬂﬁgﬁﬁg?l . 1The protein
of claim 13 wherein said gene of step a~#3rs ljoqated on a mid. 15. The
protein of claim14 wherein said plasmd is cqnprised of DNA frgdm | east two
di fferent species of

6.3 BIOASSAY OF THE EXPRESSION PRODUCT OF
THE CLONED P-2 GENE IN B. MEGATERIUM

Standard toxicity tests carried out indicated
that strain Bacillus megaterium EG1312 had an LD50 (S0%
of larvae dead) of 1.4 ug of bacterjal cells per insect
food cup vwhen fed to either Heliothis virescens (H.v.) or
to Lymantria dispar (L.d.) larvae. In contrast the
control strain of Bacillus megaterium harboring the i?
plasmid vector pBCl6 without the P-2 gene failed to kill
either H.v. or L.4. larvae at a dose of 10 ug bacterial
cells per food cup.

B. megaterium strain EG1312 (pEG204=P2) was
also tested for toxicity against A. aegxgti.' A cell
suspension was prepared by growing strains 3ﬁ131;(p£016-
negative control) and EG1312 on solid ‘DS medium
‘containing 10 ug/ml tetracycline for 48 hr. at 30°C.
Cells were harvested with a spatula and cells were
rgsuspended in delonized water. Serial dailutions of the
cell suspensions were made. 'Twenty larvae (third or
fourth instar) of A. aegypti were placed in 100ml of the
cell suspensions and nortal;ty was scored after 48 hr.
The results (below) showed that strain EG1312(F2) is;
toxic to mosquito larvae. In contrast B. megaterium
containing the vector plasmid PBC16 alone (strain EG1311)
was not toxic to mosquito larvae.



m croor gani sns when including said gene. 16. The protein of claim14

wherein.said plasmd is conprised of DNA fromgt—tea d4d @rent
subspeci es of i croorgani smwhen including saidfﬁ@h@agméﬁDSﬁé“' |

-48-
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TABLE II
Dose-mg cells/ml A. a‘gxgti larvae

' # dead/total
EG1311(pBCl€é control)=-0.8mg/ml 0/20
EG1312(pEG204-P2)-0.8mg/ml 10/20
" «0.4mg/ml - 12/20
~0.2mg/ml 10/20
EG1311 (control)=0.9mg/ml 0/20
EG1312 (pEG204~P2) -0.9mg/m) 16/20
-0.8mg/ml "16/20

~0,.4mg/ml 15/20
=0.2rg/ml 12/20

-0.1mg/ml _ 12/20

7.0 DEPOSIT OF MICROORGANISMS

_ It is within the scope of this invention that a
wide variety of both sporulating and nonsporulating
microorganisms may be transformed with the P-2 as
described herein. Exemplary of the microorganisms which
may be engineered as taught herein are those from the
genera Bacillus, Escherichia, and Cyanobacteria.
Preferred for use with this invention are the organisms
Bacillus megaterium and Escherichia coli. In addition,
the following Bacillus thuringiensis, Bacillus megaterium




17. The protein of claim 13 wherein said protein is expressed in a
non- sporul ati ng m croorgani sm 18. The protein of claiml15 and 16

wherein the gene is controlled by its native arﬁmq T 3REEThe proteln of
claim15 and 16 wherein the gene is controllef ABEMEN ter. 20.

The protein of claim19 wherein said protein {s}ex ressed porulatlng
m croorganism - 21. The protein of clgthJS Vh m§nw teinis
expressed during non-sporul ating growth phase$ ¢f sald mcro gRni sm

and E. coli strains which are also preferred for use
with this invention and which carrying the listed
plasmids have been deposited with the Agricultural
Research Culture Collection (NRRL), Peoria, IL and have
been assigned the listed accession numbers:

B. thuringiensis stain Plasmids Accession Numbers
HDl1l-1 Several naturally B~18201
' occuring

KD263-1 w " B-18202

B. megaterium Plasmid Accession Numbers
EGl312 PEG204 B~18203

E. coli Plasmid Accession Numbers
EG1304 pEG201 " B~18204

The present invention is not to be’'limited in
scope by the microorganism deposited, since the deposited
embodiment is intended as a single illustration of one
aspect of the invention. Indeed, various modifications
of the invention in addition to those shown and described
herein will become apparent to those skilled in the.art
from the foregoing description and accompanying drawings.



22. The protein of claim13 wherein said protein is extracted in step c) by

| ysis of said microorgani sm 23. The protein of claim10 wherein said
protein is in substantially pure form 24. A nethod for producing of
BaC|IIus thuringensis P-2 toxin conpr|5|ng rrrgerting into

a plasnid a gene for said _ P-2 oﬂﬁﬂhAﬁE\ﬂE'ﬁgSﬁﬁﬁT ONA sequence
of Fig-

with the

S

LU O i L

I claim:

1. A gene for Bacillus thuringiensis'P-z toxin having
the DNA sequence of FIGURE 2 or any pertions or
derivatives thereof.

2. The gene of claim 1 wherein said gene codes for a::.
protein having the amino acid sequence of FIGURE 2.

3. The gene of claim 2 wherein said protein has
insecticidal activity.

4. The géne of claim 3 wherein said insecticidal
activity is effective against insects selected from the
families consisting of lepidoptera and diptera.

5. The gene of claim 1 wherein said DNA seguence is
inserted into a recombinant plasmid.

6. The-gene of claim 5 wherein said plasmid is comprised
of DNA from at least two different species of B
microorganisms after insertion of said DNA sequence. -

-
L=~

7. The gene of claim 5 wherein said blasmid is comprised
of DNA from at least two different subspecies of the same
species of microqggggﬁgm after insertion of said DNA

sequence. T em
MR

8. The gene 5? claim 1“§herein said DNA sequence is
attached to its native promoter DNA sequen .

9. The gene of-claim 1 wherein said DNA sequence is
attached to a foreign promoter DNA sequence.
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c) growi ng the transfornmed m croorgani sns

of step-b) whereby said P-2 toxin is ___expLessed.Ln_said
m cr oor gani sns. 25. The nethod of claim 24 V\hereRHPLAEEMEPﬁFGSHEE:'D es for

proteln havi ng the anino-aet+d—sequence of FlI GURH 2

(A | | | 16 aeR w07
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10. A protein having the amino acid seguence of FIGURE 2
or any portions or derivatives thereof.

11. The protein of claim 10 wherein said protein has
insecticidal activity.

12. The protein of claim 11 wherein said insecticidal
activity is effective against insects selected from the
families consisting of lepidoptera and diptera. .

13. The protein of claim 10 wherein said protein is
produced by the process comprising: '

a) transform;ng a microorganism with the gene
"of FIGURE 2;

b) growing said transformed microorganism
whereby the protein encoded by said gene of
step a) is expressed in said microorganism and

c€) extracting and separating said protein
expressed in step b) from said organism.

14. The protein of claim 13 where;n said gene of step a)

_is located on a plasmid.

15. The protein of claim 14 wherein said plasmid is
comprised of DNA fxom. a: least two different species of
microorganisms when jacluding said gene.

16. The protein of claim 14 wherein said plasmid is
comprised of DNA from at least two different subspecies
of microorganism when including said gene.



26. The gene of claim 24 wherein said plasmd is conprised of DNA of at

| east two different species of m croorgani smafter

gene.
from at

after insertion of said P-2
DNA sequence.

\jﬁgl 28. The netfh ef—ctarm 22w
, { i native pronoter e 9. The
gene of cl ai mmmm“mﬁg\ . sequence i s tacﬂzdﬂ?gn@s?o_rei gn

pronot er

27. The nmethod of claim 24 wherein said_plasnd. i.s—corps
| east two different—subspeci es of the amﬁppmﬁgmamﬁ SHEEE

DNA. sElence: ™ 33. The nethod of cl ai

m croorgani smis X -48-

i nsertion of said P-2

hsed of DNA
r oor gani sm
erein said

. 17. The protein of claim 13 wherein said protein is

expressed in a non-sporulating microorganism.

18. The protein of claim 15 and 16 wherein the gene is

controlled by its native promoter.

19. The protein of claim 15 and 16 wherein the gene_is

controlled by a foreign promoter.

20. The protein of claim 19 whereir said proteir i
expressed in a sporulating m;croorganism. -

21. The protein of claim 18 wherein the protein is

- expressed during non-sporulating growth phases of said

microorganism:

22. The protein of claim.13 wherein said protein is
extracted in step ¢) by lysis of said microorganism.

23. The protein of claim 10 wherein said protein ic
substantially pure form.

in

24. A method for producing of Bacillus thuring;ensis

P~2 toxin comprising.

a) inserting into a plasmid a gene for saiad
P-2 toxin having the DNA sequence of Fig-

ure 2;

b) ¢transforming a microorganism with the
plasmid of step a) and

-



a non-sporul ati ng m croorgani sm 31. The nethod of claim 21 wherein said
m cr oor gani sm-+s—a-sporul ati ng m croorgani sm 32. The nethaod of claim30

wherein the P-2 toxin is expressed during n WA@WNWSHW“ h phases of

sai d mcroorgi Hmﬂ' thod of clai WReF-Bi-i-sarg B-2 toxin is
extracted fro HH Wm by lysis of salgibmA'ca&o%Bgarlsm

¢) growing the transformed microorganisms
of step b) wheredy said P-2 toxin is
expressed in said microorganisms.

25. The method of claim 24 wherein said gene codes for a
protein having the amino acid sequence of FIGURE 2.

26. The gene of claim 24 wherein said plasmid is
comprised of DNA of at least two different species of -
microorganism after insertion of said P-2 gene.

27. The method of clajim 24 wherein said plasmid is
comprised of DNA from at least two different subspecies

of the same species of microorganism after insertion of
said P-~2 gene.

28. The method of claim 24 wherein said DNA sequence is
attached to its native promoter DNA sequence.

28. The gene of claim 24 wherein said DNA sequence is
gattached'to a foreign promoter DNA sequence. '

30. The method of claim 24 wherezn said microorqaniém is
a non-sporulating microorganism.

31. The method of claim 21 wherein said microorganism is
a sporulating microorganism.

32.  The method of claip 30 wherein the P=2 toxin is
expressed during non-sporulating growth phases of said
microorganism.

33. The method of claim 24 wherein said P-2 toxin is
extracted from the microorganism by lysis of said
. microorganism.



-50- 34. An insecticide suitable for use against Lepldoptera conprising a
m xture of a-Bacillus thuringiensis P-2 toxin ang eaf+er. 35.

The insecticide of claim34 wherein the P-2 toxih ﬁ@*ﬁggﬂbWbﬁéBEMnth

Baci | | us thuriﬂ' 36. The insectic]dE of crarm 3% jwierein the
P-2 toxin is "ﬁm“@ﬂm m# ein preparation. |3 16T AP RI {93 ctfi di de of
cl ai m 34 wherei'n fhetP OXI«1 i's contained in a w xture of cijl ljus
t huringi ensis spores and cultured Bacillus thurijng -gnyg.  38.
n

The insecticide of claim34 wherein theJdg toxi

(7))

34. An insecticide suitable for use against lepidoptera
comprising a mixture .of a Bacillus thuringiensis p-2
toxin and a suitable carrier.

3s. The insecticide of claim 34 wherein the P~2 toxin
is associated with Bacillus thuringiensis spores.

36. The insecticide of claim 34 wherein the P-2 toxin is
a homogeneous protein preparation.

37. The insecticide of claim 34 wh¢ :in the P-2 toxin is

contained in a mixture of Bacillus thuringfensis spores
and cultured Bacillus thuringiensis organisms.

38. The insecticide of claim 34 wherein the P-2 toxin is
associated with a non-sporulating microerganism.

39. The insecticide of claim 34 wherein the P-2 toxin is
' associated with a sporulating microorgamism.

40. The insecticide of claim 34 wherein the carrier is a
liquid carrier. '
41. The insecticide of claim 40 wherein the liquia
carrier ‘contains one of more surfactants.

42. The insecticide of claim 34 wherein the carrier is a
solid carrier.

43. The insecticide of claim 43 wherein the solid
carrier is selected from the group consisting of calcite
talcum, koalin, attapulgite, silicate, sang, dolom1te,
and pul-erized plant residue.



associ ated"with a non- sporulating m cr oor gani sm

claim 34 wherein the P-2
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liquid carrier,

the solid carrier

A0 The insect+etde—of claim3
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44. The insecticide of claim 43 wherein the solid
carrier is a granulated adsorptive carrier.

45. The insecticide of claim 45 wherein the granulated
adsorptive carrier is selected from the group consisting
of punic, broken brick, seplolite, and bentonite.

46. An insecticide suitable for use against Diptera

comprising a mixture of a Baccilus thuriﬁgiensis P~-2

47. The insecticide of claim 46 wherein the P-2 toxin is
associated with a non-sporulating microorganinms.

48. The insecticide of claim 46 wherein the P-2 toxin is
associated with a sporulating mircoorganism.

49. The insecticide of claim 46 wherein the carrier is a
liquid carrier.

50. The insecticide of claim 49 wherein the liquid
carrier is selected from the group consisting of water,
vegetble o0il, and mineral oil.

51. The insecticide of claim 49 wherein the liquid
carrier contains one or more surfactants.

52. The insecticide of clainm 46 wherein the carrier is a
solid carrier.

53. The insecticide of claim 52 wherein the solid
carrier is selected from the group consisting of calcite,
talcum, kaolin, attapulgite, silicate, sand, dolomite,
and pulverized plant residue. '



“24. The insecticide of claim43 wherein the solid carrier is a granul ated

adsorptive carrier. 45. The insecticide of he
granul ated adsorptive carrier is selected fr _éA@EMENT SHE@ stl ng of
pum c, broken: brick, Septotite, and bentonit 46, ANTTTS i{ci de
f°f||mmmﬂﬂm i 16 APR o7

. . -52—

S4. The insecticide of claim 52 wherein the solid
carrier is a granulated adsorptive carrier.

- 54
S§5. The insecticide of claim 55 wherein the granulatead
adsorptive carrier is selected from the group consisting
of pumice, broken brick, seplolite, and bentonite.

56, The insecticide of claim 46 wherein the P-2 toxin is
associated with Bacillus thuringiensis spores.

57. The insecticide of claim 46 wherein the P-2 toxin is
a homogenous protein preparation.

'58. The insecticide of claim 46 wherein the P-2 toxin is
contained in a mixture of Bacillus thuringiensis

spores and non-sporulated Bacillus thuring;ensis
organisms.

\ §9. A recombinant vector containing the DNA sequence of
claim 1. '

60. A non4sporu1ating microorganism containing the DNA
sequence of claim 1.

. 61.” The rion-sporulating microorgnism of claim 60 wherein
~ said microorganism is E. coli.

62. A sporulating microorganism containing the DRa
sequence of claim 1.

63. A microorganism containing the DNA sequence of claim
1 selected from the group consisting of Bacillus,
Escherichia and Cyanobacteria.



conprising a mxture of a Baccilus thuringiaeq
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~49. The
r. 50. The
fromthe

64. A Escherichia coli bacterium deposited with NRRL

‘and assigned Accession No B-18204, or a mutant,
recombinant, or genetically engineered derivative

thereof.

65. A Bacillus megaterium bacterium deposited with NRRL

and assigned Accession No. B-18203, or a mutant,
recombinant, or genetically engineered derivative

t@greof.

66. An oligonucleotide probe for the gene coding for P-2
delta-endotoxin comprising the sequence:

S'GTA TTA AAT TCA GGA AGA ACA ACA AAT AAT GAT
GCA TAT AAT GTA GTA GCA CAT GAT CCA TT-3’,

-or derivative thereof.

67. The oligonucleotide probe of claim 66 wherein said

probe is labeled.

68. The oligonucleotide probe of claim 67 wherein said

probe is labeled with a radioactive label.

69. The DNA sequence of FIGURE 2 wherein said DNA or a
portion or derivative thereof is labeled.

70. The DNA sequence of Claim 69 vwherein said DNA or

portion or derivative thereof is labeled with a

radiocactive label.

2.

71. A plant transformed with the DNA sequence of FIGURE



51. The insecticide of claim49 wherein the liquid carrier contains one or
more surfactants. 52. The insecticide of claim46 wherein the carrier is
a solid carrier. 53. The insecticide of clai Jolid
carrier is selected fromthe group consisting pf L ' £ upy kaol in,

at t- apul gite, %i “!m!m“}“‘lm‘\s“ﬁwom te, and pul veri. iszgka%twresi due.

72. The plant of claim 71 wherein the plant produces P-2
toxin. '

73. A pr&tein having the amino acid sequence of a
fragment = . of P-~2 as in FIGURE. 6.

74. A protein having the amino acid sequence of a
fragment of P-1 as indicated in FIGURE. 6.

75. A protein having about 100 amino acids wherein the

- amino acids comprise in’compositian and sequence at least
those which are indicated as being shared between P~1 and
P-2 in FIGURE 6.



-52- 54, The insecticide of claim52 wherein the solid carrier is a
granul at ed adsorptive carrier. 55. The insecticid T ' 1§g§‘—w1erein
the granul ated adsorptive carrier is selected fr nﬁgﬂécg&g&g ﬁgisting of
pum ce, broken -brick, seplolite, and bentonite. }5 The insectifide of
claim46 wherein the P-2 toxin is associated wt aclé |ARR 449y i hoj ensi s
spores. 57. The insecticide of claim46 whereinjthe P-2 toxin i Bk
honbgenous protein preparation. 58. The insectjcigeof~ttrarnm46 pherein
the P-2 toxin is contained in a m xture of Bacil Lus thuringi ensis [spores
and non-sporul ated Bacillus thuringiensis

- 85 -

ABSTRACT
BACILLUS THURINGIENSIS P-2 TOXIN GENE,

PROTEIN AND RELATED INSECTICIDE COMPOSITIONS

This invention relates to a crystalline protein toxin useful as
a biological insecticide which is known as P-2 toxin, or P-2
delta-endotoxin and which is produced by Bacillus thuringiensis.
More specifically, this invention relates to the cloning and
expression in various microorganisms of the gene coding for the
P-2 delta-endotoxin, and related novel insecticide compositions

incorporating P-2 toxin.
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- 53- 64. A Escherichi a- col
Accession No B-18204, or a nutant, reconbi
derivative thereof. 65. A Bacillus neg
NRRL and assi gned Accession No. B-18203

bacterium deposited with NRRL and assigned

y engi neered
eposited with

, of nut ant, recopnbi nant, or
genetically engi neered derivative thereof. 16 APR 1997
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cc[ 20 30 40
g;gnggcAc&Muu:1nArnuumoeuummuuuasrcmuuuﬂeﬂmuncﬂznnut F:| C; :2

0 8o 90 100 110 120 i~
AAG:AsraasrasraasranmtrctraaacasacteGttamtascAAAAﬁasrrwmntrr
140 160 160 170 180
znA:AxzaaactmcarazttaaseaneaArrrrazAteAazaasctAtreAAImeweeAA
VallLeuAspSerGlyA
180 200 210 220 230 240
GAACAACTATTIGTGATGCGTATAATGTAGTAGCCCATGATCOATTTAGTTTTGAACATA
rgThrThrileCysAspAlaTyrAsnValValilaBisAspProPheSerPheGlubisL
250 260 270 280 290 300
AATCATTAGATACCATCCAAAAAGAATGGATGGAGTGGAAAAGAACAGATCATAGTTTAT
ysSerLeuAspThrIleGluLysGlaTrotietCluTrplysAreThrAspiisSerLouT
s10 320 830 . 340 350 360
ATGTAGCTCCTGTAGTCGGAACTGTGTCT.

AGTTTTTTGCTAAAGAAAGTGRGGAGTCTTA
yx-?amaP:onValGerthalSazSuPhahuhﬂayatc:VﬂGlﬁuLeuI

370 ~400 410 420
Gmusmummnmmemmnmcmmmumuc
lﬁhwmﬂleneuseﬁlmumhmnom?zosotﬁh&ﬂhﬂsnh

440 - 450 460 470 480
' TMTMTAWWCMMMMWMTMGATA
eﬁeﬂ!ﬂsplleh&g@lﬂﬁﬁlﬁlﬂ?hemmmm

490 500 620 630 540
CCCTTGCTCGTGT. rtunmzssecrccaascaaa:

ATAAGGGAGTTTAATC
hrleuAlsArgValAsnAlaGluleulleGlyLeuGluAlaAsnIleArgGlubheAsnG

550 560 570 580 580 800
AACAMGTAGATAATTITTTAAACCCTACTCAAAACCCTGTICCTT TATCAATAACTTCIT
alAspAsuPheleuAsnProThrGlnAsnProValProleubarllethrSers

680 €80 700 710 720
Accamnlmammmccmucmm
uLeul.euleuPro

TCTTTCTTTIATTA
lemsmtm

740 750 780
ummanmumumm&mmmnmmuc
zz&sp?dﬂekﬂsﬂh&spﬂlutzp&lﬂmmmnemmﬂrza

7890 800 810 820 830 840
GAGATTACCTGAGAAMTTATACAAGAGATTATTCTAATTATTIGTATAAATACGTATCAAA
zmprnnemasnrnmumruse:mmstummmht

850 860 870 . 880 880 900
CTGCGTTTAGAGGGTTAAACACCCGTTTACACGATATGTTAGAATTTAGAACATATATGT

hrAlsPheArgGlyLeuAsnThrArgleuBs sAspietLeuGluPheArgThe TyriietP



66. An oligonucl eotide probe for the gene codi ng for

P-2 del t a- endot oxi n

conpri sing the sequence: "GTAET

AAT GAT GCA TAT AAT GTA GWA GCA Egﬂ?ﬁ%&iﬁ?fﬁﬁﬁﬁ

derivative thereof. 67. The oligonucl eotijdg probe of cl ai
sai d probe is |abel ed. 68. The ol i gonucl edt i{del oriRR 1857 cl
said probe is |labeled with a radioactive | ahelj.

FI GURE 2 wherein said DNA or a portion or

dgrivative

n
a
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910 820 930 "
TTTTAMTGTATTIGANTATGTATCCAT TIGGTCAT TGS PTAAATATCAAGTCITA RO
heLeuAsnValFheGluTyxValSerIleTrpSarLouPhoLysTyrGlnSarLontety

970 980 290 1000 1010 1020

CTAATTTATATGCTAGCGGTAGTGGACOACAGCAGACACAATCATTTA
.m:smunmm«mmwmeummr
1030 1040 1080 1080 1070

A ACA ACA AAT

or
66 wherein
m 67 wherein

69. The_]“ﬁ sequence of
S

| abel ed.

'AATTCGAATTATATATTAT

TATTCTCITITCCAAGTT
mmmmmm«umnvmmmmw
1100 1110 1120 1130 1140

ACTAGGCTTTCTATTACCTTCCCTAATATTCGTGCTT TACCGAATA

.mx:&mmxummmtmmh@m
‘ 1150 - 1160 1170 1180 1190 1200
ACTACAACTCATTCATTGAATAGTGCCAGGGTTAATTATAGCGGAGGAGTTICATCIG
orThxThrThriisSerLoulsnSerAlaArgValisnTyrSarClyGlyValSerSarG

1210 1220 Téiso duo 1250 1260
GTCTCATAGGGGCGACTAATCTCAATCACAACTTTAATTGCAGCACGETCCTCCCTCOTT
1ylLeulleGlyAlaThrAsnLeuAsnBisAsnPheAsnCysSorThrValLauProbroL

1270 1280 0
. 129 300 1310 nzg
euSerThrProPheValArgSerTrphoulspSerGlyThrAspArgGinGlyValAlaT
1830 1340 31850 1360 1370 1880
'ACGAATTGGCAGACAGAATCCTTTCAAACAACTTTAAGT I TAAGGTGTGGTGCTT
hrSerThrAsnTrpGinThrGliiSerPhoGinThrThrlauSerLovArgCysGlyAlaP
1390 1400 1410 . 1420 1430 1440
TTTCAGCCCGTGRAAATTCAAACTATTTCCCAGATTATITTATCCGTAATATITCTGGGS
. hnsmﬂuaAnﬁﬂs&nsna&nﬂyiHyEhn&nﬂ?ﬂﬂuﬂl&hnﬂsnﬁhﬁeﬁﬂ;v
1450 1460 1470 1480 1490 1500
GTTATTAGAAACGAAGATCTAACAAGACCGTTACACTATAACCAAATAAGAA
alProleuVallleArgAsnGluhspleuThrArgProloanlisTyrisnGinTlaArgh
- 1510 1520 1530 1540 1550 1560
TAGAAAGTCCTTCGGRAACACCTCGTCEAGCACGGGCCTATTTGGTATCTGIGCATA
\rProSexGlyThrProGlyGlyAlaArghlaTyrLleuValSerValBizA

- 1570 1680 1590 1600 1610 1620
ACAGAAAAAATAATATCTATGCCGCTAA

1630 1640 1650 - 1660 1670 1680

« AAGATTATACAGGATTTACTATATCGCCAATACATGCCACTCAAGTGAATAATCAAACTC

1uAspTyrThrGlyFheThrIleSerProllelisAlaThzGinValAsnAsnGinThrA

1690 1700 1710, 1720 1730 1740

_ GAACATTTATTTCTGAAAAATTTGGAAATCAAGGTGATTCCTTAAGATITAAACAAAGCA

r£ThrPhelleSerGlulysPheGlyAsnGlnGlyAspSerleuArgPheGluGluSera

1750 1760 1770 1780 31790 1800
ACACGACAGCTCGTTATA TAGTT.

CGCTTAGAGGGAATGGAAA
saTheThrAl IA:lTrtThrLeuArgﬁlylsuﬂlvlsnS.

NﬂU@GﬂﬂMﬂtumg%
yrAsnLouTyrLeulr,

ACTATGATCCATTTGRCGCCAG
suArglysAsnAsalleTyrAlsAladsnGluAsnGlyTheietIleBisLauAlsProG -

FIG. ¢
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70. The DNA sequence of Claim 69 wherein said DNA or portion or derivative
thereof is labeled with a radioactive |abel. 71. A plant transfornmed with
t he DNA sequence of FI GURE 2. _

_5a- REPLACEMENT SHEET
16 APR 1997
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1610 1820 1830 1840 1850 1860

TATCTTCAATAGGAAATTCAACTATTCGAGTTACTATAAACGGTAGAGTTTATACTGTTT
alSerSerlleClyAsnSerThrIleArgValThrIleAsnGlyArgValTyrThrValS

1870 1880 1890 1900 10 120 F1G. 2
CAAATGTTAATACCACTACAAATAACGATGGAGTTAATGATAATGGAGCTCGTTTTITCA )
erAsaValisuThrThrThrAsnAsaAspGlyValAsnAspAsuGlyAlaArgPhePho ~3~

1930 1940 1950 1960 - 3870 19880
egu:mmummmmmmnmursmmmuwmr
XELAYT

1990 2000 2010 2020 2030 . 2040

AAACTCCGGTACTCCATTTAATCTCATGAATATTATGTTTGTGCCAACTAAT

2050 2080 2070 2080 2090 2100
CTTCCACCACTTTATTAAGGTTTGAGTGAATGTACAATTAGTATTTTATTCTATCATAAR

2110 - 2120 2130 2140 2150 2160
TTTAATAGAAAATTCTTAMCATATTGACGGAACTARATGATATATANTTATGRATATTA

2170 2180° 2180 3200 2210 2220

'AAAGTAGTAAAATTCITACTCTGAGA ATATC

2230 2240 2250 220 OIN

CAAATCGGATGAAATATGGGAGAAATCATTTCAAGTTAA

CCTAAAAGCTT



72. The plant of claim71 wherein thée plant produces P-2 toxin. 73. A
protein having the am no acid sequence of Hragment—— - of P-2 as
in FIGURE. 6. 74. A protein having the ami nBEBg@QfW' Aquerdd ({)f a fragnment
of P-1 as indicated in FIGURE. 6. 75. A prfotfei n havi ng ab%u' 100 am no

acids wherein the am no acids conprise in corpoqs'btmw equence at | east
those which are indicated as being shared Hetiween P-1 and -2 in FI GURE 6.
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Amino
Acid
Number

262 AlaAlaThrisudrgThr  TyrArghspTyriaufrg

axy  LeuMisRspMstLeuSlu  PheArgThrTyrHutPhalauAsnValfhaSlutyral ot

FiIG. 6 <

HOMOLOGY BETWEEN P 2
AND P | AMINO ACID SEQUENCES

p2 E.n«o».: .
Parasporal crystal protein - Bacillus thuringiensis (éragment)

ta2 ProGlnPheBlnT1eBlnGlyTyrGl nleulaulaul suPraLeuPhafl aGlnAl afl 3 p2 =

- 344 ProlLeulsufl ucnua—.-:-:._.ﬁn-..cun_v\o_-:_b.._m!é-u._.ﬁcu-m-aa.-»-t P}
-

P » ™ ¢ & ® @
132 aAshtetHi sLeuSerPhelleArgAspVal 1laleusnAl sAspBluTrpGlylleser ww

146 Asnt.euHi sLauServal LauRrgAspVal €arValPhaGl Euahn.n._.w_.@-ﬁf-»nt
- . @ ”» & ® & & @ . @ P
W, F

asntyrihrarg P2 - ¢

1856 "AlaAlaThrld -suam!.»so._(ﬂ»na»atru:qs;wnr-::nau yhenTyrThr

. *® o & @ » * @ P B ®

218 auv.?ﬁm!.bna..{..nﬁn-nan:s._.ﬁonzq_..-.»nbv-i?oan<..n=»!-.=.1»...o P2

209 ».nt.-.«-.?ucugﬁaqa?\»n:.-:wa—<r-:an§-.__dcu~q\tﬂu«%ﬂoa"vmuwawa Pt
® » ® 8 8 » 2 # ® & &

223 »un._...tcu;.-o._{w»a:a-=1:-n.db1am~c_-:._..-._.rl:.?..c&rn:anv:ocﬁ
® @ o 8 & * & & ¢« » ¢« & @

257 SerllaTrpSer 2:0 P2
243 Alal.euPhaSar 248 PI
* e » @

Matchys = 39 Length = 304 Matchas/langth = 37.35 percent



