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(57) ABSTRACT 

The invention relates to the degradation of Bacillus thur 
ingiensis Cry proteins in the digestive tracts of mammals 
and concerns Bacillus thuringiensis Cry proteins having a 
peptide sequence that has been modi?ed in such a Way as to 
make said proteins sensitive to the speci?c enZymes in the 
digestive tracts of mammals, in particular pepsins. Accord 
ing to the invention, the Cry proteins are modi?ed by 
inserting pepsin cleavage sites in the peptide sequence 
thereof. The invention also relates to transformed plants 
expressing said modi?ed Cry proteins. 
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PEPSIN-SENSITIVE MODIFIED BACILLUS 
THURINGIENSIS INSECTICIDAL TOXIN 

FIELD OF THE INVENTION 

[0001] The present invention relates to the degradation of 
Bacillus thuringiensis Cry proteins in the mammalian diges 
tive tract. It relates to Bacillus thuringiensis Cry proteins, 
the peptide sequence of Which has been modi?ed so as to 
make them sensitive to the speci?c enZymes in the mam 
malian digestive tract, in particular to pepsins. According to 
this invention, the Cry proteins are modi?ed by insertion of 
pepsin-cleavage sites into their peptide sequence. The inven 
tion also relates to transformed plants expressing these 
modi?ed Cry proteins. 

[0002] Bacteria of the species Bacillus thuringiensis 
(hereinafter referred to as Bt) are Well knoWn for the 
insecticidal toxins Which they produce. These Gram-positive 
bacteria form a parasporal crystal protein during their sta 
tionary phase, Which is greatly responsible for their insec 
ticidal activity. The crystal protein of Bt consists of an 
insecticidal toxin Which is protein in nature, referred to as 
Cry protein, and encoded by a cry gene. By virtue of its 
insecticidal properties, this Cry protein Was used in protect 
ing crops against pest insects, as an alternative solution to 
synthetic insecticides. Currently, this agronomic use is 
essentially implemented by tWo methods, direct spreading of 
the product as a biopesticide, and genetic transformation of 
the plants groWn, With a gene encoding a Cry protein. 
Depending on the strains of Bt from Which they are derived, 
the Cry proteins have insecticidal activities With respect to 
different insect spectra. The main orders of insects against 
Which the Cry toxins are active are Lepidoptera, Coleoptera 
and Diptera, but some toxins are effective With respect to 
other insect orders. All the Cry proteins isolated from the 
various strains of Bt are grouped together in a classi?cation 
as a function of their sequence homologies, and they are 
assigned a code in order to distinguish them (Crickmore et 
al., 1998, Microbiol. Molec. Biol. RevieW (62(3), 807-813). 
The advantage of using these toxins in agriculture therefore 
lies in their speci?city of action With respect to one or more 
given insect orders, but also in their lack of toxicity With 
respect to mammals, to birds, to amphibians and to reptiles. 

[0003] This lack of toxicity With respect to mammals has 
made it impossible to develop the culturing of transgenic 
plants expressing a Cry protein, and to use the seeds from 
these plants for human and animal foodstuffs. HoWever, 
although they are non-toxic With respect to mammals, some 
of these proteins are relatively undegraded in the mamma 
lian digestive tract, and this lack of degradation leads to a 
relatively long persistence of the toxin in the digestive tract 
of said mammals. In addition, a lack of persistence of Cry 
proteins in the mammalian digestive tract is one of the 
criteria taken into account by the administrative authorities 
(for example the United States Environmental Protection 
Agency—EPA) Which grant marketing authoriZations in the 
food sector for seeds containing these proteins or for prod 
ucts derived from these seeds. 

BACKGROUND OF THE INVENTION 

[0004] The present invention makes it possible to over 
come the draWback mentioned above. This invention is 
based on the principle according to Which the stability of 
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certain Cry proteins in the mammalian digestive tract is 
thought to be due to a lack of sensitivity of these proteins to 
the speci?c enZymes in said digestive tract, in particular to 
the proteases. The solution to this problem therefore lies in 
the arti?cial integration of speci?c sites, speci?c to the 
enZymes of the mammalian digestive tract, into the Cry 
protein. A subject of the present invention is therefore 
modi?ed Cry proteins sensitive to the speci?c enZymes in 
the mammalian digestive tract, in particular the speci?c 
proteases in the mammalian stomach, and more particularly 
the pepsins. Pepsin is a particular enZyme of the protease 
family, and it is the major protease present in the mammalian 
stomach (95% of stomach proteases). It is an aspartic 
protease Which acts at an optimum pH of 2. Pepsin is an 
enZyme of choice as a source of degradation of Cry proteins 
since it is not present in the digestive tube of insects, in 
particular of the Lepidoptera, in Which the pH of the 
digestive tube is betWeen 10 and 11 (Terra, W. B. and C. 
Ferreira, 1994, Insect digestive enZymes: properties, com 
partmentaliZation and function. Comp. Biochem. Physiol. 
109B: 1-62). This lack of pepsin in insects therefore guar 
antees that introducing pepsin-speci?c sites into the Cry 
proteins does not present a risk of increasing their degrada 
tion in the insect digestive tube. The present invention is 
therefore a solution to the technical problem set out above, 
namely an increase in the sensitivity of the Cry proteins to 
enZymes of the mammalian digestive tract, Without alter 
ation of the insecticidal properties of said Cry proteins. 

[0005] HoWever, the Cry protein is a very organiZed 
protein, the activated form of Which is made up of three 
domains, and in Which the structure-function relationships 
are very strong Within and betWeen the domains. This high 
level of organiZation of the Cry proteins does not permit the 
random insertion of mutations into the protein. Speci?cally, 
the insertion of cleavage sites speci?c to mammalian stom 
ach enZymes must not alter the insecticidal properties of the 
toxins. 

[0006] The Cry proteins are naturally produced by the 
bacterium Bacillus thuringiensis in the form of inactive 
protoxins. The natural method of action of these proteins 
involves solubiliZation of the crystal protein in the insect 
intestine, proteolytic degradation of the released protoxin, 
attachment of the activated toxin to the receptors in the 
insect intestine, and insertion of the toxin into the apical 
membrane of the intestinal cells so as to create ion channels 
or pores. The proteolytic degradation of the protoxin in the 
insect intestine takes place under the joint action of the 
alkaline pH and of the serine proteases (essentially trypsin) 
of the digestive juice (Schnepf et al., 1998). 

[0007] The Cry toxins consist of three structural domains, 
domain I, domain II and domain III. Domain I occupies 
approximately the N-terminal half of the activated toxin. 
Domains II and III each occupy approximately a quarter of 
the activated toxin. Domain III is located at the C-terminal 
end of the activated toxin. Each domain of the Cry protein 
has its oWn structure and its oWn function. 

[0008] Domain I consists of seven ot-helices, 6 
amphiphilic helices and a hydrophobic helix, connected to 
one another via inter-helix loops consisting of a feW amino 
acids. This domain is the transmembrane domain, respon 
sible for the formation of the ion channel or pore (Aronson 
et al., 1995; Chen et al., 1993; Manoj-Kumar and Aronson, 
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1999; Masson et al., 1999; Rang et al., 1999; Coux et al., 
1999). The formation of the transmembrane pore by the 
ot-helices of domain I in fact involves four Cry proteins 
Which form 21 complete pore With their four respective 
014-helices (Masson et 211., 1999). A cylindrical pore of four 
014-helices therefore forms. The inside of this pore consists 
of the hydrophilic faces of the amphiphilic helices; since the 
negatively charged residues are present on the hydrophilic 
faces, they are in the lumen of the pore, in aqueous medium, 
and perform their ion transport function. The outside of the 
pore consists of the hydrophobic faces Which anchor the 
pore in the lipid membrane. The formation of the pore by the 
ot-helices of domain I therefore involves very strong struc 
ture-function relationships and conformational changes over 
time. The introduction of mutations into the ot-helices of 
domain I therefore has a high probability of disturbing the 
function of this domain and therefore the activity of the 
toxin. 

[0009] Domains II and III of the activated toxin consist of 
[3-sheets, Which are themselves also in a very compacted 
form. These tWo domains are involved in receptor site 
recognition (speci?city) and in toxin stability (Abdul-Rauf 
and Ellar, 1999; Dean et al., 1996; Hussain et al., 1996; Lee 
et al., 1999; Rajamohan et al., 1996, 1998; Wu and Dean, 
1996). Domain III exchanges induce changes in speci?city 
(de Maagd et al., 1999). This region is much less conserved, 
and therefore more variable, than domain I. It is involved in 
the speci?city of each toxin. This variability and these 
interactions speci?c to each toxin are involved in the nature 
of the very speci?c host spectrum of each toxin and are 
involved in the recognition of different receptor sites. Rec 
ognition of the receptor takes place via loops in domain II 
and in domain III and the conformation of these loops varies 
subtly from one toxin to the other as a function of the 
arrangement and of the interactions betWeen domains II and 
III. Domain I also interferes With the other tWo domains and 
in?uences the general conformation (Rang et al., 1999, 
2001). In addition, very little is knoWn about the structure 
function relationships Within these tWo domains, and no 
information is actually available regarding the conformation 
required for recognition of a receptor site. It is therefore very 
dif?cult to predict consequences of introducing modi?ca 
tions into domains II and III on the speci?city, the ability to 
recogniZe the receptor sites and the toxicity of the Cry 
proteins. Moreover, it is knoWn that mutations generated in 
domains II and III very often induce destabiliZation of the 
toxin in insects, leading to a loss of toxicity. 

[0010] Salt bridges also exist betWeen domains I and II of 
the Cry proteins. These bridges play an important role in the 
stability of the toxin and in the functioning thereof. Arti?cial 
elimination of these bridges in Cry1Aa1 shoWs that the 
protoxins and activated toxins are less stable than the 
parental protein (Vachon et al., 2000). These salt bridges are 
present betWeen domain II and the 7-helix of domain I. The 
acknowledged importance of these bridges implies that 
mutations in domain II and the 017-helix of domain I have a 
high risk of disturbing the function of the Cry proteins. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0011] The present invention relates to a pepsin-sensitive 
modi?ed Cry protein, characteriZed in that it has at least one 
additional pepsin cleavage site. 
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[0012] The term “Cry protein” is intended to mean the 
insecticidal protein produced by a strain of bacterium Bacil 
lus thuringiensis (hereinafter referred to as Bt), the various 
holotypes of Which, Which exist and Which are to come, are 
referenced by the Bt classi?cation committee (Crickmore, 
2001) and accessible on the Internet site at “WWW.biols.sus 
x.ac.uk/Home/NeilCrickmore/Bt/index.html.” In particular, 
this Cry protein is encoded by a cry gene, either naturally by 
the Bt bacterium, or in a recombinant manner in a host 
organism transformed With a cry gene or With a gene 
comprising at least the coding sequence of a Cry protein. 
The Cry proteins according to the invention also comprise 
Cry proteins the sequence of Which has been arti?cially 
modi?ed so as to increase their insecticidal activity or their 
resistance to treatment conditions. This de?nition also 
includes Cry protein fragments Which conserve the insecti 
cidal activity, such as the truncated Cry proteins comprising 
only the N-terminal portion of a complete Cry protein, in 
particular domain I of this protein (WO 94/05771). Also 
included are the fused Cry proteins, as described in inter 
national patent application WO 94/24264. Preferably, the 
Cry protein according to the invention is selected from the 
Cry1, Cry3, Cry4, Cry7, Cry8, Cry9, Cry10, Cry16, Cry17, 
Cry19 and Cry20 proteins. Preferably, it is the Cry9C 
protein, and preferably the Cry9Ca1 protein (Lambert et al., 
Appl. Environm. Microbiol. 62, 80-86; WO 94/05771). In 
particular, the present invention also ?ts any Cry protein, the 
toxicity of Which has been improved, such as, for example, 
those described in patent applications WO 97/49814 or WO 
99/00407. 

[0013] According to the present invention, the Cry protein 
is modi?ed. The term “modi?ed Cry protein” is intended to 
mean a Cry protein, the peptide sequence of Which is 
different from the sequence of the native Cry protein from 
Which it is derived. This sequence difference is the result of 
arti?cial modi?cations introduced by genetic engineering, in 
particular the insertion or the substitution of speci?c amino 
acid residues into or in said peptide sequence. In particular, 
the modi?ed Cry protein is produced by modi?cation of the 
nucleotide sequence encoding it, in particular by the tech 
nique of site-directed mutagenesis Well knoWn to those 
skilled in the art (Hutchinson C. A. et al., 1978, J. Biol. 
Chem. 253: 6551). Preferably, the modi?cation of the Cry 
protein consists of an amino acid residue substitution. 

[0014] The modi?ed Cry protein according to the inven 
tion is pepsin-sensitive. The pepsin focuses its proteolytic 
action on speci?c cleavage sites consisting of the amino 
acids leucine, phenylalanine and glutamic acid. The pro 
teolysis takes place on the C-terminal side of the residue 
concerned. According to the invention, the term “pepsin 
sensitive” is intended to mean the property, for the modi?ed 
Cry protein, of undergoing proteolysis by pepsin. Proteoly 
sis of the Cry protein leads to partial or total loss of the 
insecticidal activity of said protein. The pepsin-sensitivity 
can therefore be measured by bringing a modi?ed Cry 
protein according to the invention into contact, preferably in 
vitro, With a pepsin, and then measuring the loss of insec 
ticidal activity of said modi?ed Cry protein in comparison 
With a native Cry protein Which has not been modi?ed 
according to the invention. By Way of example, the tests 
described in Examples 7 and 8 can be used to measure the 
pepsin sensitivity of a Cry protein according to the inven 
tion. Alternatively, the Western blotting technique can also 
be used to measure said pepsin sensitivity. Using this 
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technique, the sensitivity is measured by observing the 
structural degradation of the modi?ed Cry protein after 
contact With a pepsin. This observation consists of the 
disappearance or the decrease in intensity of a band corre 
sponding to the Cry protein on a gel electrophoresis transfer 
membrane, compared to a native Cry protein Which has not 
been modi?ed according to the invention. The use of these 
techniques is part of the general knoWledge of those skilled 
in the art. 

[0015] The modi?ed Cry protein according to the inven 
tion is characteriZed in that it has at least one additional 
pepsin cleavage site. The term “pepsin cleavage site” is 
intended to mean a site consisting of at least one amino acid 
residue recogniZed as a site of proteolysis by pepsin. The 
amino acid residues recogniZed by pepsin are leucine, phe 
nylalanine or glutamic acid. The expression “additional 
pepsin cleavage site” is intended to mean an additional 
cleavage site compared to the native Cry protein as produced 
by the Bt bacterium. 

[0016] Preferably, the additional pepsin cleavage site is 
represented by an amino acid residue selected from leucine, 
phenylalanine or glutamic acid residues. According to a 
particular embodiment of the invention, the modi?ed Cry 
protein has several additional pepsin cleavage sites repre 
sented by the same amino acid residue. According to another 
embodiment of the invention, the modi?ed Cry protein has 
several additional pepsin cleavage sites represented by dif 
ferent amino acid residues. 

[0017] According to a particular embodiment of the inven 
tion, the modi?ed Cry protein according to the invention is 
characteriZed in that it has at least one additional pepsin 
cleavage site in at least one of the inter-ot-helix loops of 
domain I. The expression “inter-ot-helix loops of domain I” 
is intended to mean the peptide chains linking the seven 
ot-helices of domain I of the Cry proteins as described in 
Grochulski et al. (1995) and Li et al. (1991). According to 
the invention, the Cry protein should have at least one 
additional pepsin cleavage site. In addition, said additional 
cleavage site is in at least one of the inter-ot-helix loops of 
domain I. The term “additional” is therefore understood to 
be supplementary compared to the number of pepsin cleav 
age sites naturally present in the inter-ot-helix loops of 
domain I of the native Cry protein as produced by the Bt 
bacterium. This de?nition means that the modi?ed Cry 
protein according to the invention is characteriZed in that it 
has a number of pepsin cleavage sites in its inter-ot-helix 
loops of domain I Which is greater than the number of these 
sites in the same native Cry protein as produced by the Bt 
bacterium, the difference betWeen said numbers being at 
least equal to 1. 

[0018] According to a particular embodiment of the inven 
tion, the modi?ed Cry protein according to the invention has 
at least one pepsin cleavage site in the inter-ot-helix loop 
linking the (X3 and (x4 helices of domain I. 

[0019] According to a preferred embodiment of the inven 
tion, the modi?ed Cry protein is a modi?ed Cry9C protein. 
Preferably, the modi?ed Cry protein is a modi?ed Cry9Ca1 
protein having a pepsin cleavage site positioned on amino 
acid residue 164. In particular, the arginine residue naturally 
present at position 164 on the Cry9Ca1 protein is replaced 
With an amino acid residue chosen from leucine, phenyla 
lanine and glutamic acid residues, on the Cry9Ca1 protein 
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modi?ed according to the invention. Preferably, the 
Cry9Ca1 protein modi?ed according to the invention is 
selected from the Cry proteins the sequences of Which are 
represented by the identi?ers SEQ ID NO:4, SEQ ID NO:6 
or SEQ ID N018. 

[0020] The present invention also relates to a pepsin 
sensitive modi?ed Cry protein, characteriZed in that the 
additional pepsin cleavage sites Which it possesses are 
introduced by substituting aspartic acid residues With 
glutamic acid residues, substituting tryptophan residues With 
phenylalanine residues, and substituting valine or isoleucine 
residues With leucine residues. Preferably, the degree of 
substitution Which said modi?ed Cry protein has is 25%. 
The expression “degree of substitution” is intended to mean 
the percentage of amino acid residues of the native Cry 
protein Which are replaced With amino acid residues corre 
sponding to pepsin cleavage sites in the modi?ed Cry 
protein of the invention. 

[0021] A subject of the present invention is also a method 
for increasing the pepsin sensitivity of the Cry proteins, 
characteriZed in that at least one additional pepsin cleavage 
site is introduced into said Cry proteins. The expression 
“increasing the pepsin sensitivity of the Cry proteins” is 
intended to mean an increase in the pepsin sensitivity of the 
Cry proteins obtained by said method compared to the 
corresponding native Cry proteins, this increase resulting in 
proteolytic destruction and a loss of insecticidal activity of 
the Cry proteins, these effects possibly being partial or total. 

[0022] The introduction of at least one pepsin cleavage 
site is carried out arti?cially by genetic engineering. In 
particular, it involves an insertion or a substitution of amino 
acid residues. Preferably, it involves a substitution. Such a 
substitution can be readily carried out by the site-directed 
mutagenesis technique Well knoWn to those skilled in the art. 

[0023] Preferably, the Cry protein to Which the method 
according to the invention applies is selected from the Cry1, 
Cry3, Cry4, Cry7, Cry8, Cry9, Cry10, Cry16, Cry17, Cry19 
and Cry20 proteins. Preferably, it is the Cry9C protein, and 
preferably the Cry9Ca1 protein. 

[0024] In particular, the additional pepsin cleavage site is 
represented by an amino acid residue chosen from leucine, 
phenylalanine and glutamic acid residues. 

[0025] According to a particular embodiment of the inven 
tion, the method according to the invention is characteriZed 
in that at least one additional pepsin cleavage site is intro 
duced into at least one of the inter-ot-helix loops of domain 
I of said Cry protein. 

[0026] According to another particular embodiment of the 
invention, the method according to the invention is charac 
teriZed in that at least one additional pepsin cleavage site is 
introduced into the inter-ot-helix loop linking the (X3 and (X4 
helices of domain I. 

[0027] According to a preferred embodiment of the inven 
tion, the present method applies to a Cry9C protein. Pref 
erably, it applies to a Cry9Ca1 protein, and the additional 
pepsin cleavage site is introduced by substitution of amino 
acid residue 164. In particular, the arginine residue naturally 
present at position 164 on the Cry9Ca1 protein is replaced 
With an amino acid residue chosen from leucine, phenyl 
alanine and glutamic acid residues. 
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[0028] The present invention also relates to a method for 
increasing the pepsin sensitivity of the Cry proteins, char 
acteriZed in that the additional pepsin cleavage sites are 
introduced by substituting aspartic acid residues With 
glutamic acid residues, substituting tryptophan residues With 
phenylalanine residues, and substituting valine or isoleucine 
residues With leucine residues. 

[0029] Preferably, the degree of substitution introduced 
into said Cry protein is 25%. 

[0030] The present invention also relates to a polynucle 
otide encoding a modi?ed Cry protein according to the 
invention. According to the present invention, the term 
“polynucleotide” is intended to mean a natural or arti?cial 
nucleotide sequence Which may be of the DNAor RNA type, 
preferably of the DNA type, in particular double-stranded. 

[0031] The present invention also relates to a chimeric 
gene comprising, functionally linked to one another, at least 
one promoter Which is functional in a host organism, a 
polynucleotide encoding a modi?ed Cry protein according 
to the invention, and a terminator element Which is func 
tional in this same host organism. The various elements 
Which a chimeric gene can contain are, ?rstly, regulatory 
elements for the transcription, the translation and the matu 
ration of proteins, such as a promoter, a sequence encoding 
a signal peptide or a transit peptide, or a terminator element 
constituting a polyadenylation signal and, secondly, a poly 
nucleotide encoding a protein. The expression “functionally 
linked to one another” means that said elements of the 
chimeric gene are linked to one another in such a Way that 
the functioning of one of these elements is affected by that 
of another. By Way of example, a promoter is functionally 
linked to a coding sequence When it is capable of affecting 
the expression of said coding sequence. The construction of 
the chimeric gene according to the invention and the assem 
bly of its various elements can be carried out using tech 
niques Well knoWn to those skilled in the art, in particular 
those described in Sambrook et al. (1989, Molecular Clon 
ing: A Laboratory Manual, Nolan C. ed., NeW York: Cold 
Spring Harbor Laboratory Press). The choice of the regula 
tory elements constituting the chimeric gene depends essen 
tially on the host species in Which they must function, and 
those skilled in the art are capable of selecting regulatory 
elements Which are functional in a given host organism. The 
term “functional” is intended to mean capable of functioning 
in a given host organism. 

[0032] According to a particular embodiment of the inven 
tion, the chimeric gene contains a “constitutive” promoter. A 
constitutive promoter according to the present invention is a 
promoter Which induces the expression of a coding sequence 
in all the tissues of a host organism and continuously, i.e. 
during the entire duration of the life cycle of said host 
organism. Some of these promoters can be tissue-speci?c, 
i.e. can express the coding sequence continuously, but only 
in a particular tissue of the host organism. Constitutive 
promoters can originate from any type of organism. Among 
the constitutive promoters Which may be used in the chi 
meric gene of the present invention, mention may be made, 
by Way of example, of bacterial promoters, such as that of 
the octopine synthase gene or that of the nopaline synthase 
gene, viral promoters, such as that of the gene controlling 
transcription of the 19S or 35S RNAs of the cauli?oWer 
mosaic virus (Odell et al., 1985, Nature, 313, 810-812), or 
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the promoters of the cassava vein mosaic virus (as described 
in patent application WO 97/48819). Among the promoters 
of plant origin, mention Will be made of the promoter of the 
ribulose-biscarboxylase/oxygenase (RuBisCO) small sub 
unit gene, the promoter of a histone gene as described in 
application EP 0 507 698, the promoter of the EFl-ot gene 
(WO 90/02172), the promoter of an actin gene (US. Pat. No. 
5,641,876), or the promoter of a ubiquitin gene (EP 
0342926). 
[0033] According to another particular embodiment of the 
invention, the chimeric gene contains an inducible promoter. 
An inducible promoter is a promoter Which only functions, 
i.e. Which only induces expression of a coding sequence, 
When it is itself induced by an inducing agent. This inducing 
agent is generally a substance Which can be synthesiZed in 
the host organism subsequent to a stimulus external to said 
organism, this external stimulus possibly being physical or 
chemical, biotic or abiotic in nature. Such promoters are 
knoWn, such as, for example, the promoter of the plant 
O-methyltransferase class II (COMT II) gene described in 
patent application WO 00/56897, the Arabidopsis PR-1 
promoter (Lebel et al., 1998, Plant J. 16(2): 223-233), the 
EAS4 promoter of the tobacco sesquiterpene synthase gene 
(Yin et al., 1997, Plant Physiol. 115(2), 437-451), or the 
promoter of the gene encoding 3-hydroxy-3-methylglutaryl 
coenZyme Areductase (Nelson et al., 1994, Plant Mol. Biol. 
25(3): 401-412). 
[0034] Among the terminator elements Which can be used 
in the chimeric gene of the present invention, mention may, 
for example, be made of the nos terminator element of the 
gene encoding Agrobacterium tumefaciens nopaline syn 
thase (Bevan et al., 1983, Nucleic Acids Res. 11(2), 369 
385), or the terminator element of a histone gene as 
described in application EP 0 633 317. 

[0035] According to a particular embodiment of the inven 
tion, the promoter and the terminator element of the chi 
meric gene according to the invention are both functional in 
plants. 

[0036] It also appears to be important for the chimeric 
gene to additionally comprise a signal peptide or a transit 
peptide Which makes it possible to control and orient the 
production of the Cry protein speci?cally in a cellular 
compartment of the host organism, such as, for example, the 
cytoplasm, in a particular compartment of the cytoplasm, or 
the cell membrane or, in the case of plants, in a particular 
type of cellular compartment, for example the chloroplasts, 
or in the extracellular matrix. 

[0037] The transit peptides can be either single or double. 
The double transit peptides are optionally separated by an 
intermediate sequence, i.e. they comprise, in the direction of 
transcription, a sequence encoding a transit peptide of a 
plant gene encoding an enZyme located in plastids, a portion 
of sequence of the mature N-terminal portion of a plant gene 
encoding an enZyme located in plastids, and then a sequence 
encoding a second transit peptide of a plant gene encoding 
an enZyme located in plastids. Such double transit peptides 
are, for example, described in patent application EP 0 508 
909. 

[0038] Signal peptides of use according to the invention 
Which may be mentioned include in particular the signal 
peptide of the tobacco PR-lO. gene described by Cornelissen 
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et al. (1987, Nucleic Acid Res. 15, 6799-6811), in particular 
When the chimeric gene according to the invention is intro 
duced into plant cells or plants. 

[0039] The present invention also relates to a vector 
containing a chimeric gene according to the invention. Such 
a vector is of use for transforming a host organism and 
expressing a modi?ed Cry protein according to the invention 
in said organism. This vector may be a plasmid, a cosmid, 
a bacteriophage or a virus. In general, the main qualities of 
this vector should be an ability to maintain itself and to 
self-replicate in the host organism’s cells, in particular by 
virtue of the presence of an origin of replication, and to 
express therein a modi?ed Cry protein. The choice of such 
a vector and also the techniques for inserting the chimeric 
gene according to the invention therein are Widely described 
in Sambrook et al. (1989, Molecular Cloning: ALaboratory 
Manual, Nolan C. ed., NeW York: Cold Spring Harbor 
Laboratory Press) and are part of the general knoWledge of 
those skilled in the art. The vector used in the present 
invention may also contain, in addition to the chimeric gene 
of the invention, a chimeric gene containing a selectable 
marker. This selectable marker makes it possible to select 
the host organisms effectively transformed, ie those having 
incorporated the vector. Among the selectable markers 
Which can be used in many host organisms, mention may be 
made of markers containing genes for resistance to antibi 
otics, such as that of the hygromycin phosphotransferase 
gene (GritZ et al., 1983, Gene 25: 179-188). Preferably, the 
host organism to be transformed is a plant. Among the 
selectable markers Which can be used in plants, mention may 
be made of markers containing genes for tolerance to 
herbicides, such as the bar gene (White et al., NAR 18: 1062, 
1990) for tolerance to bialaphos, the EPSPS gene (US. Pat. 
No. 5,188,642) for tolerance to glyphosate or else the HPPD 
gene (WO 96/38567) for tolerance to isoxaZoles. Mention 
may also be made of genes encoding readily identi?able 
enZymes such as the GUS enZyme, or genes encoding 
pigments or enZymes Which regulate the production of 
pigments in the transformed cells. Such selectable marker 
genes are in particular described in patent applications WO 
91/02071 and WO 95/06128. 

[0040] The present invention also relates to host organ 
isms transformed With a vector as described above. The term 
“host organisms” is intended to mean any type of organism, 
in particular plants or microorganisms such as bacteria, 
viruses, fungi or yeast. The term “transformed host organ 
ism” is intended to mean a host organism Which has incor 
porated into its genome the chimeric gene of the invention 
and, consequently, produces a modi?ed Cry protein accord 
ing to the invention in its tissues. To obtain the host 
organisms according to the invention, those skilled in the art 
can use one of the many knoWn methods of transformation. 
One of these methods consists in bringing the cells to be 
transformed into contact With polyethylene glycol (PEG) 
and the vectors of the invention (Chang and Cohen, 1979, 
Mol. Gen. Genet. 168(1), 111-115; Mercenier and Chassy, 
1988, Biochimie 70(4), 503-517). Electroporation is another 
method, Which consists in subjecting the cells or tissues to 
be transformed and the vectors of the invention to an electric 
?eld (Andreason and Evans, 1988, Biotechniques 6(7), 
650-660; ShigckaWa and DoWer, 1989, Aust. J. Biotechnol. 
3(1), 56-62). Another method consists in directly injecting 
the vectors into the host cells or tissues by microinjection 
(Gordon and Ruddle, 1985, Gene (33(2), 121-136). Advan 
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tageously, the “biolistic” method may be used. It consists in 
bombarding cells or tissues With particles onto Which the 
vectors of the invention are adsorbed (Bruce et al., 1989, 
Proc. Natl. Acad. Sci. US 86(24), 9692-9696; Klein et al., 
1992, Biotechnology 10(3), 286-291; US. Pat. No. 4,945, 
050). Preferably, the transformation of plants Will be carried 
out using bacteria of the Agrobacterium genus, preferably by 
infecting the cells or tissues of said plants With A. tumefa 
ciens (Knopf, 1979, Subcell. Biochem. 6, 143-173; ShaW et 
al., 1983, Gene 23(3): 315-330) orA. rhizogenes (Bevan and 
Chilton, 1982, Annu. Rev. Genet. 16: 357-384; Tepfer and 
Casse-Delbart, 1987, Microbiol. Sci. 4(1), 24-28). Prefer 
ably, the transformation of plant cells With Agrobacterium 
tumefaciens is carried out according to the protocol 
described by Ishida et al. (1996, Nat. Biotechnol. 14(6), 
745-750). 
[0041] These various techniques are in particular 
described in the folloWing patents and patent applications: 
US. Pat. Nos. 4,459,355, 4,536,475, 5,464,763, 5,177,010, 
5,187,073, EP 267,159, EP 604 662, EP 672 752, US. Pat. 
Nos. 4,945,050, 5,036,006, 5,100,792, 5,371,014, 5,478, 
744, 5,179,022, 5,565,346, 5,484,956, 5,508,468, 5,538,877, 
5,554,798, 5,489,520, 5,510,318, 5,204,253, 5,405,765, EP 
270 615, EP 442 174, EP 486 233, EP 486 234, EP 539 563, 
EP 674 725, WO 91/02071 and WO 95/06128. 

[0042] The present invention also relates to a method for 
producing the modi?ed Cry proteins according to the inven 
tion. This method comprises at least the steps of: 

[0043] a) culturing a transformed host organism 
according to the invention in a culture medium 
suitable for the groWth and for the multiplication of 
said organism, 

[0044] b) extracting the Cry proteins produced by the 
transformed organism cultured in step (a). 

[0045] Depending on the host organism chosen to carry 
out this method and depending on the chimeric gene Which 
it contains, the Cry proteins produced are either produced in 
the host organism, or are secreted into the culture medium. 
It ensues that the extraction provided for in step (b) may 
require a step for destroying the microorganisms, or at least 
the cells of Which they are composed, in order to release the 
Cry proteins if said proteins are not secreted into the culture 
medium. The extraction step common to the tWo possibili 
ties (proteins secreted or not secreted) consists of removal of 
the host organisms or debris from these organisms by 
?ltration or centrifugation of the culture medium. 

[0046] According to a particular embodiment, this method 
for producing the modi?ed Cry proteins can also comprise 
an additional step (c) of puri?cation of the Cry proteins 
produced, from the culture medium. 

[0047] According to a preferred embodiment, the host 
organism is a microorganism. Preferably, the host organism 
is a Bacillus thuringiensis bacterium and the culturing 
performed in step (a) is continued until the sporulation phase 
of said bacteria. 

[0048] The present invention also comprises plants trans 
formed With a vector according to the invention, character 
iZed in that they contain a chimeric gene according to the 
invention stably integrated into their genome, and express a 
modi?ed Cry protein in their tissues. The invention also 
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extends to the parts of these plants, and the descendants of 
these plants. The expression “part of these plants” is 
intended to mean any organ of these plants, Whether it is 
aerial or subterranean. The aerial organs are the stems, the 
leaves and the ?oWers. The subterranean organs are mainly 
the roots, but they can also be tubers. The term “descen 
dants” is intended to mean mainly the seeds containing the 
embryos derived from the reproduction of these plants With 
one another. By extension, the term “descendants” applies to 
all the plants and seeds formed in each neW generation 
derived from crosses betWeen a plant, in particular a plant 
variety, and a transformed plant according to the invention. 

[0049] The transformed plants according to the invention 
may be monocotyledones or dicotyledones. Preferably, these 
plants are plants of agronomic value. Advantageously, the 
monocotyledonous plants are Wheat, maiZe and rice. Advan 
tageously, the dicotyledonous plants are rapeseed, soybean, 
tobacco and cotton. 

[0050] According to a particular embodiment of the inven 
tion, the transformed plants according to the invention 
contain, in addition to a chimeric gene according to the 
invention, at least one other gene containing a polynucle 
otide encoding a protein of interest. Among the polynucle 
otides encoding a protein of interest, mention may be made 
of polynucleotides encoding an enZyme for resistance to a 
herbicide, for example the polynucleotide encoding the bar 
enZyme (White et al., NAR 18: 1062, 1990) for tolerance to 
bialaphos, the polynucleotide encoding the EPSPS enZyme 
(US. Pat. No. 5,188,642; WO 97/04103) for tolerance to 
glyphosate or else the polynucleotide encoding the HPPD 
enZyme (WO 96/38567) for tolerance to isoxaZoles. Also 
contained in these plants may be polynucleotides for resis 
tance to diseases, for example a polynucleotide encoding the 
oxalate oxidase enZyme as described in patent application 
EP 0 531 498 or U.S. Pat. No. 5,866,788, or a polynucleotide 
encoding an antibacterial and/or antifungal peptide such as 
those described in patent applications WO 97/30082, WO 
99/24594, WO 99/02717, WO 99/53053 and WO 99/91089. 
Mention may also be made of polynucleotides encoding 
agronomic characteristics of the plant, in particular a poly 
nucleotide encoding a A-6 desaturase enZyme as described 
in Us. Pat. Nos. 5,552,306 and 5,614,313, and patent 
applications WO 98/46763 and WO 98/46764, or a poly 
nucleotide encoding a serine acetyltransferase (SAT) 
enZyme as described in patent applications WO 00/01833 
and PCT/FR 99/03179. The transformed plants according to 
the invention can also contain a polynucleotide encoding 
another insecticidal toxin, for example a polynucleotide 
encoding another Bacillus thuringiensis Cry protein (for 
example, see international patent application WO 
98/40490). 
[0051] A subject of the present invention is also mono 
clonal or polyclonal antibodies directed against a modi?ed 
Cry protein according to the invention, or a fragment 
thereof. The techniques for producing antibodies are Widely 
described in the general literature and in reference Works 
such as Immunological Techniques Made Easy (1998, 0. 
Cochet, J. -L. Teillaud, C. Sautes eds., John Wiley & Sons, 
Chichester). Preferably, the antibodies according to the 
invention are used in tests, or kits, for detecting the Cry 
proteins according to the invention. 
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[0052] The examples beloW make it possible to illustrate 
the present invention Without, hoWever, limiting the scope 
thereof. 

EXAMPLES 

Example 1 

Creation of a Pepsin Cleavage Site at Amino Acid 
164 of the Cry9Ca1 Toxin 

[0053] Apepsin-speci?c site is introduced into the Bacil 
lus thuringiensis Cry9Ca1 toxin by substituting the arginine 
naturally present at position 164 in this toxin With one of the 
three amino acids recogniZed by pepsin: leucine, phenyla 
lanine or glutamic acid. Amino acid 164 is present in the 
inter-ot-helix loop linking the (X3 and (x4 helices of domain 
I (hereinafter referred to as ot3-ot4 inter-helix loop) 

[0054] The native sequence of the ot3-ot4 inter-helix loop 
is betWeen aspartic acid 159 and valine 168. The sequence 
of this loop is as folloWs: DRNDTRNLSV. This amino acid 
sequence corresponds to the folloWing DNA sequence 
extending from base 475 to base 504: 

GAT CGA AAT GAT ACA CGA AAT TTA AGT GTT 

Asp Arg Asn Asp Thr Arg Asn Leu Ser Val 

[0055] Codon 164 (CGA) encoding arginine is modi?ed to 
a codon encoding either leucine or phenylalanine or 
glutamic acid. The codon possibilities are as folloWs: 

Leucine: TTA, TTG, CTT, CTC, CTA or CTG 

Phenylalanine: TTT or TTC 

Glutamic acid: GAA or GAG 

[0056] The choice of preferential codons in the site 
directed mutagenesis depends on the organism in Which the 
modi?ed cry gene must be expressed and therefore varies 
accordingly. This choice is part of the general knoWledge of 
those skilled in the art, Who Will adapt the preferential 
codons as a function of the chosen organism for production. 
In this example, the chosen organism for expression is the B. 
thuringiensis bacterium. The codons preferentially used by 
B. thuringiensis to encode leucine, phenylalanine or 
glutamic acid are, respectively, TTA (leucine), TTT (pheny 
lalanine) and GAA (glutamic acid). 

[0057] The modi?cation for expression in Bt can therefore 
be carried out using the folloWing mutagenesis oligonucle 
otides (in the oligonucleotides described in the examples 
beloW, the codon in upper case letters corresponds to the 
mutated codon, and the bases and amino acids in bold 
characters correspond to the bases and amino acids speci? 
cally mutated): 

Oligonucleotide No. l: 
5'—gat cga aat gat aca TTA aat tta agt gtt gtt-3' 

Asp Arg Asn Asp Thr Leu Asn Leu Ser Val Val 
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[0058] Oligonucleotide No. 1 allows the replacement of 
arginine 164 with a leucine. 

oligonucleotide No. 2: 
5'—gat cga aat gat aca TTT aat tta agt gtt gtt-3' 

Asp Arg Asn Asp Thr Phe Asn Leu Ser Val Val 

[0059] Oligonucleotide No. 2 allows replacement of argi 
nine 164 with a phenylalanine. 

oligonucleotide No. 3: 
5'—gat cga aat gat aca GAA aat tta agt gtt gtt-3' 

Asp Arg Asn Asp Thr Glu Asn Leu Ser Val Val 

[0060] Oligonucleotide No. 3 allows replacement of argi 
nine 164 with a glutamic acid. 

[0061] The characteristics of the bacterial strains of 
Escherichia coli used to modify the sequence of the cry9Ca1 
gene are as follows: 

[0062] JM 109 of genotype recA1 supE44 endA1 
hsdR17 gyrA96 relA1 thiD (lac-proAb) F‘ (traD36 
proAB+lacIq lacZ DM15) 

[0063] BMH 71-18 mut S of genotype thi, supE, 
ac- ro , mut :: n , ro , l p AB S T 10 F‘ p AB 

lacIqZAM15). 
[0064] The plasmid DNA is prepared by minipreparation 
according to the alkaline lysis technique (Birboim and Doly, 
1979). Each bacterial colony is grown in 2 ml of LB medium 
supplemented with the appropriate antibiotic, overnight at 
37° C. with shaking (200 rpm). The culture is then trans 
ferred into a microtube and then centrifuged at 13 500 g for 
5 min. After removal of the supernatant, the bacteria are 
resuspended in 100 pl of a solution of 25 mM Tris-HCl, pH 
8, and 10 mM EDTA containing RNase A at a ?nal concen 
tration of 100 pig/ml. 200 pl of a 0.2 M NaOH solution 
containing 1% SDS are added and the suspension is miXed 
twice by inverting the microtube. 150 pl of a 2.55 M 
potassium acetate solution, pH 4.5, are added and the 
suspension is incubated for 5 min in ice. After centrifugation 
for 15 min at 13 500 g, the supernatant is transferred into a 
microtube containing 1 ml of cold ethanol. After centrifu 
gation for 30 min at 13 500 g, the supernatant is removed 
and the pellet is washed with 1 ml of 70% ethanol. The pellet 
containing the DNA is dried for a few minutes under vacuum 
and then taken up in 50 pl of sterile distilled water. The 
samples are then placed at 65° C. for 30 min. 

[0065] The digestions with restriction endonucleases are 
carried out for 1 pg of DNA in a ?nal volume of 20 pl in the 
presence of one tenth of the ?nal volume of 10x buffer 
recommended by the supplier for each enZyme, and using 5 
units of enZyme. The reaction is incubated for 2 to 3 h at the 
optimal temperature for the enZyme. 

[0066] Dephosphorylation of the 5‘ ends engendered by 
restriction enZyme is carried out with calf intestine alkaline 
phosphatase. The reaction is carried out using 5 pl of 10x 
dephosphorylation buffer (500 mM Tris-HCl, pH 9.3, 10 
mM MgCl2, 1 mM ZnCl2 and 10 mM spermidine) and one 
unit of enZyme per pg of DNAin a ?nal volume of 50 pl. The 
reaction is incubated for one hour at 37° C. in the case of 
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overhanging 5‘ ends or at 55° C. in the case of blunt ends or 
3‘ overhanging ends. After dephosphorylation, the enZyme is 
then inactivated for 30 min at 65° C. and then removed with 
two volume for volume eXtractions with a phenol-chloro 
form-isoamyl alcohol (25-24-1) mixture. The ligations are 
formed using T4 phage DNA ligase. They are carried out 
with an amount of vector equal to 100 ng and an insert/ 
vector molar ratio of between 5 and 10. The ?nal volume of 
the reaction is 30 pl and comprises 3 pl of 10x ligation buffer 
(300 mM Tris-HCl, pH 7.8, 100 mM MgCl2, 100 mM DTT 
and 10 mM ATP) and 3 units of enZyme. The reaction is 
incubated overnight at 14° C. 

[0067] The mutagenesis oligonucleotide (oligonucleotide 
No. 1, oligonucleotide No. 2 and oligonucleotide No. 3) are 
phosphorylated in the 5‘ position in order to allow ligation. 
100 pmol of oligonucleotide are incubated for 30 min at 37° 
C. with 5 units of T4 polynucleotide kinase in a ?nal volume 
of 25 pl in the presence of 2.5 pl of 10x phosphorylation 
buffer (700 mM TrisHCl, pH 7.6, 100 mM MgC12 and 50 
mM DTT) in the presence of ATP at a ?nal concentration of 
1 mM. The enZyme is then inactivated at 70° C. for 10 min. 

[0068] The site-directed mutagenesis is carried out 
according to a conventional method described below. Other 
procedures known to those skilled in the art are described in 
the literature and give identical results. The site-directed 
mutagenesis method used is that described by the manufac 
turer for the use of the Altered Sites II system marketed by 
the company Promega. A detailed description of the 
mutagenesis system and of the protocol can be found on the 
internet site of the company Promega at the address http:// 
www.promega.com. The cry9Ca1 gene is pre-cloned into a 
phagemide pAlter-1 (Promega) carrying the tetracycline 
resistance gene and the ampicillin resistance gene containing 
a point mutation. The DNA fragment to be mutated is 
pre-cloned into the plasmid pAlter-1. 0.5 pmol of plasmid 
DNA are denatured by adding 2 pl of 2 M NaOH, 2 mM 
EDTA in a ?nal volume of 20 pl and incubating for 5 min 
at ambient temperature. 2 pl of 2 M ammonium acetate, pH 
4.6, and 75 pl of ethanol are added and the miXture is 
incubated at —70° C. for 30 min. After centrifugation at 14 
000 g for 15 min at 4° C., the pellet is then rinsed with 200 
pl of 70% ethanol and recentrifuged at 14 000 g for 15 min 
at 4° C. The denatured DNA pellet is then dried under 
vacuum and resuspended in 100 pl of sterile distilled water. 
10 pl of denatured DNA, ie 0.05 pmol, are miXed with 0.25 
pmol of phosphorylated ampicillin-resistance gene repair 
oligonucleotide, 0.25 pmol of tetracycline-resistance gene 
destruction oligonucleotide and 1.25 pmol of phosphory 
lated mutagenesis oligonucleotide (oligonucleotide No. 1, 
No. 2 or No 3) in the presence of hybridiZation buffer (20 
mM Tris-HCl, pH 7.5, 10 mM MgCl2, 50 mM NaCl) and 
incubated at 75° C. for 5 min, and then slowly cooled to 
ambient temperature. 5 pl of sterile distilled water, 3 pl of 
10x synthesis buffer (100 mM Tris-HCl, pH 7.5, 20 mM 
DTT, 10 mM ATP, 5 mM dNTP), 10 units of T4 DNA 
polymerase and 3 units of T4 DNA ligase are added and the 
reaction is incubated for 90 min at 37° C. 200 pl of 
competent E. coli BMH 71-18 bacteria are then incubated in 
the presence of 1.5 pl of the preceding reaction, in ice for 30 
min. A heat shock is then performed by placing the bacteria 
at 42° C. for 50 sec and then in ice for 2 min. 900 pl of LB 
medium are then added and the suspension is incubated at 
37° C. for one hour with shaking. 4 ml of LB medium 
supplemented with ampicillin at the ?nal concentration of 
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100 pig/ml are then added and the culture is incubated 
overnight at 37° C. With shaking. A minipreparation of 
plasmid DNA is prepared from the 4 ml of culture according 
to the plasmid DNA extraction protocol described above. 
200 pl of competent E. coli JM109 bacteria are then incu 
bated in the presence of 1 ng of plasmid DNA, in ice for 30 
min. A heat shock is then performed by placing the bacteria 
at 42° C. for 50 sec, and then in ice for 2 min. 900 pl of LB 
medium are then added and the suspension is incubated at 
37° C. overnight With shaking. 100 pl of bacterial suspen 
sion are then plated out on a Petri dish containing solid LB 
medium supplemented With ampicillin at the ?nal concen 
tration of 100 pig/ml. The recombinants obtained are 
screened in order to ?nd the clone of interest. This search is 
carried out by isolating the plasmid DNA of several colonies 
by the minipreparation technique described above, and then 
by sequencing this DNA. The recombinants are then 
selected using medium supplemented With tetracycline at the 
?nal concentration of 12.5 pig/ml. The correctness of the 
desired mutation and the veri?cation of the lack of undesir 
able mutations are controlled by sequencing the DNA after 
site-directed mutagenesis. DNA samples for the sequencing 
are puri?ed With the WiZard Plus SV Minipreps DNA 
Puri?cation System (Promega) according to the procedure 
recommended by the supplier, and the sequencing is carried 
out on an ABI 377 automatic sequencer (Perkin-Elmer) 
using sequencing reactions carried out according to the 
chain termination method (Sanger et al., 1977), by PCR 
using the ABI PRISM BigDye terminator Cycle Sequencing 
Kit system. For carrying out the sequencing reactions and 
the automatic analysis of the samples, the procedures used 
are those recommended by the supplier (Applied Biosys 
tems). 
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Example 2 

Creation of Pepsin Cleavage Sites in the (x3-ot4 
Inter-helix Loop of the Cry9Ca1 Toxin 

[0069] Pepsin-speci?c sites are introduced into the 06-04 
inter-helix loop of the Cry9Ca1 toxin by substituting at least 
one amino acid of this inter-helix loop With an amino acid 
recogniZed by pepsin, namely leucine, phenylalanine and 
glutamic acid. Codons encoding these three amino acids Will 
therefore be created in place of the codons naturally present 
in the region extending from base 475 to base 504. The 
codon possibilities for these three amino acids are described 
in Example 1. 

[0070] As in Example 1, the selected organism for pro 
ducing the modi?ed Cry protein is the B. thuringiensis 
bacterium, and the choice of the replacement codons is 
therefore identical to that of Example 1. In addition, if 
another organism for production is selected, those skilled in 
the art Will be able to adjust the preferential codons as a 
function of the organism for production selected. 

[0071] Various alternative sequences for the 06-04 inter 
helix loop are possible, each having a variable number of 
leucine, phenylalanine or glutamic acid residues. Some of 
these possibilities are given in Table 1. The possibilities for 
modi?cation of the (x3-ot-4 inter-helix loop are not limited to 
those given in Table 1 beloW. The aim of the list given in 
Table 1 is to illustrate some of the possibilities for modi? 
cation Without limiting the scope of the invention to these 
illustrations. Those skilled in the art, being aWare of the 
codons speci?c for each amino acid according to the organ 
isms, Will be able to adapt the teaching described in this 
example to all the possibilities for modifying the 06-04 
inter-helix loop, in particular to those Which are not 
described in Table 1. 

TABLE 1 

Examples of possible modifications of the 0L3—OL4 

inter-helix loop of the Cry9Cal toxin 

Amino acid 

Protein sequence Nucleotide sequence 

CryCal DRNDTRNLSV gat cga aat gat aca cga aat tta agt gtt 

Asp Arg Asn Asp Thr Arg Asn Leu Ser Val 

Mutant No. l ELNEFLNSV gaA TTA aat gaA TTT TTa aat tta agt gtt 

Glu Leu Asn Glu Phe Leu Asn Leu Ser Val 

Mutant No. 2 ELNELLNLSV gaA TTA aat gaA TTa TTa aat tta agt gtt 

Glu Leu Asn Glu Leu Leu Asn Leu Ser Val 

Mutant No. 3 ELLEFLLLSV gaA TTa TTA gaA TTT TTa TTA tta agt gtt 

Glu Leu Leu Glu Phe Leu Leu Leu Ser Val 

Mutant No. 4 ELLELLLLSV gaA TTa TTA gaA TTa TTa TTA tta agt gtt 

Glu Leu Leu Glu Leu Leu Leu Leu Ser Val 

Mutant No. 5 ELLEELLLSV gaA TTa TTA gaA GAa TTa TTa tta agt gtt 

Glu Leu Leu Glu Glu Leu Leu Leu Ser Val 
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TABLE l-continued 

Examples of possible modifications of the 0L3—OL4 
inter-helix loop of the Crv9Cal toxin 

Amino acid 
Protein sequence Nucleotide sequence 

Mutant No. 6 ERLEFLLLSV gaA cga TTA gaA TTT TTa TTA tta agt gtt 
Glu Arg Leu Glu Phe Leu Leu Leu Ser Val 

Mutant No. 7 ERLELLLLSV gaA cga TTA gaA TTa TTa TTA tta agt gtt 
Glu Arg Leu Glu Leu Leu Leu Leu Ser Val 

Mutant No. 8 ERLEELLLSV gaA TTa GAA gaA TTa TTa TTA tta agt gtt 
Glu Leu Glu Glu Leu Leu Leu Leu Ser Val 

Mutant No. 9 ELLEEEELSV gaA TTa TTA gaA GAa GAa GAA tta agt gtt 
Glu Leu Leu Glu Glu Glu Glu Leu Ser Val 

[0072] The substitution of several amino acids Within the mutagenesis oligonucleotides required to create the 
06-04 inter-helix loop requires, for each of the mutants, the examples of mutants given in Table 1 are presented below 
successive use of several mutagenesis oligonucleotides. The (numbered from 4 to 20). 

Oligonucleotide No. 4: cga aat gat aca cga TTA tta agt gtt gtt cgt 
Arg Asn Asp Thr Arg Leu Leu Ser Val Val Arg 

Oligonucleotide No. 5: cga aat gat aca cga GAA tta agt gtt gtt cgt 
Arg Asn Asp Thr Arg Glu Leu Ser Val Val Arg 

Oligonucleotide No. 6: ttg gct gat cga aat gaA TTT TTa aat tta agt gtt gtt 
Leu Ala Asp Arg Asn Glu Phe Leu Asn Leu Ser Val Val 

Oligonucleotide No. 7: ttg gct gat cga aat gaA TTT TTa tta tta agt gtt gtt 
Leu Ala Asp Arg Asn Glu Phe Leu Leu Leu Ser Val Val 

Oligonucleotide No. 8: ttg gct gat cga aat gaA TTa TTa aat tta agt gtt gtt 
Leu Ala Asp Arg Asn Glu Leu Leu Asn Leu Ser Val Val 

Oligonucleotide No. 9: ttg gct gat cga aat gaA TTa TTa tta tta agt gtt gtt 
Leu Ala Asp Arg Asn Glu Leu Leu Leu Leu Ser Val Val 

Oligonucleotide No. 10: ttg gct gat cga aat gaA GAa GAa gaa tta agt gtt gtt 
Leu Ala Asp Arg Asn Glu Glu Glu Glu Leu Ser Val Val 

Oligonucleotide No. 11: ttg gct gat cga aat gaA GAa TTa tta tta agt gtt gtt 
Leu Ala Asp Arg Asn Glu Glu Leu Leu Leu Ser Val Val 

Oligonucleotide No. 12: caa aat tgg ttg gct gaA TTa aat gaa tta tta aat 
Gln Asn Trp Leu Ala Glu Leu Asn Glu Leu Leu Asn 

Oligonucieotide No. 13: caa aat tgg ttg gct gaA TTa aat gaa ttt tta aat 
Gln Asn Trp Leu Ala Glu Leu Asn Glu Phe Leu Asn 

Oligonucleotide No. 14: caa aat tgg ttg gct gaA TTa TTA gaa ttt tta tta tta 
Gln Asn Trp Leu Ala Glu Leu Leu Glu Phe Leu Leu Leu 

Oligonucleotide No. 15: caa aat tgg ttg gct gaA TTa TTA gaa tta tta tta tta 
Gln Asn Trp Leu Ala Glu Leu Leu Glu Leu Leu Leu Leu 

Oligonucleotide No. 16: caa aat tgg ttg gct gaA TTa TTA gaa gaa tta tta tta 
Gln Asn Trp Leu Ala Glu Leu Leu Glu Glu Leu Leu Leu 

Oligonucleotide No. 17: caa aat tgg ttg gct gaA cga TTA gaa ttt tta tta tta 
Gln Asn Trp Leu Ala Glu Arg Leu Glu Phe Leu Leu Leu 

Oligonucleotide No. 18: caa aat tgg ttg gct gaA cga TTA gaa tta tta tta tta 
Gln Asn Trp Leu Ala Glu Arg Leu Glu Leu Leu Leu Leu 

Oligonucleotide No. 19: caa aat tgg ttg gct gaA TTa gaA gaa tta tta tta tta 
Gln Asn Trp Leu Ala Glu Leu Glu Glu Leu Leu Leu Leu 

Oligonucleotide No. 20: caa aat tgg ttg gct gaA TTa TTA gaa gaa gaa gaa tta 
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[0073] The successive site-directed mutagenesis proce 
dure is similar to the procedure described in Example 1. The 
difference lies in the combination of oligonucleotides. For 
each of the examples of mutants described in Table 1, the 
successive combinations of oligonucleotides are described 
beloW. 

[0074] Mutant No. 1: The creation of mutant No. 1 
requires tWo successive series of site-directed mutagenesis 
according to the protocol described in Example 1, using 
oligonucleotide No. 6 in the ?rst mutagenesis and oligo 
nucleotide No. 13 in the second. Oligonucleotide No. 13 is 
de?ned to recognize the modi?cations introduced during the 
?rst mutagenesis With oligonucleotide No. 6. 

[0075] Mutant No. 2: The creation of mutant No. 2 
requires tWo successive series of site-directed mutagenesis 
according to the protocol described in Example 1, using 
oligonucleotide No. 8 in the ?rst mutagenesis and oligo 
nucleotide No. 12 in the second. Oligonucleotide No. 12 is 
de?ned to recogniZe the modi?cations introduced during the 
?rst mutagenesis With oligonucleotide No. 8. 

[0076] Mutant No. 3: The creation of mutant No. 3 
requires three successive series of site-directed mutagenesis 
according to the protocol described in Example 1, using 
oligonucleotide No. 4 in the ?rst mutagenesis, oligonucle 
otide No. 7 in the second and oligonucleotide No. 14 in the 
third. Oligonucleotide No. 7 is de?ned to recogniZe the 
modi?cations introduced during the ?rst mutagenesis With 
oligonucleotide No. 4 and oligonucleotide No. 14 is de?ned 
to recogniZe the modi?cations introduced during the ?rst 
tWo mutageneses With oligonucleotides No. 4 and No. 7. 

[0077] Mutant No. 4: The creation of mutant No. 4 
requires three successive series of site-directed mutagenesis 
according to the protocol described in Example 1, using 
oligonucleotide No. 4 in the ?rst mutagenesis, oligonucle 
otide No. 9 in the second and oligonucleotide No. 15 in the 
third. Oligonucleotide No. 9 is de?ned to recogniZe the 
modi?cations introduced during the ?rst mutagenesis With 
oligonucleotide No. 4 and oligonucleotide No. 15 is de?ned 
to recogniZe the modi?cations introduced during the ?rst 
tWo mutageneses With oligonucleotides No. 4 and No. 9. 

[0078] Mutant No. 5: The creation of mutant No. 5 
requires three successive series of site-directed mutagenesis 
according to the protocol described in Example 1, using 
oligonucleotide No. 4 in the ?rst mutagenesis, oligonucle 
otide No. 11 in the second and oligonucleotide No. 16 in the 
third. Oligonucleotide No. 11 is de?ned to recogniZe the 
modi?cations introduced during the ?rst mutagenesis With 
oligonucleotide No. 4 and oligonucleotide No. 16 is de?ned 
to recogniZe the modi?cations introduced during the ?rst 
tWo mutageneses With oligonucleotides No. 4 and No. 11. 

[0079] Mutant No. 6: The creation of mutant No. 6 
requires three successive series of site-directed mutagenesis 
according to the protocol described in Example 1, using 
oligonucleotide No. 4 in the ?rst mutagenesis, oligonucle 
otide No. 7 in the second and oligonucleotide No. 17 in the 
third. Oligonucleotide No. 7 is de?ned to recogniZe the 
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modi?cations introduced during the ?rst mutagenesis With 
oligonucleotide No. 4 and oligonucleotide No. 17 is de?ned 
to recogniZe the modi?cations introduced during the ?rst 
tWo mutageneses With oligonucleotides No. 4 and No. 7. 

[0080] Mutant No. 7: The creation of mutant No. 7 
requires three successive series of site-directed mutagenesis 
according to the protocol described in Example 1, using 
oligonucleotide No. 4 in the ?rst mutagenesis, oligonucle 
otide No. 9 in the second and oligonucleotide No. 18 in the 
third. Oligonucleotide No. 9 is de?ned to recogniZe the 
modi?cations introduced during the ?rst mutagenesis With 
oligonucleotide No. 4 and oligonucleotide No. 18 is de?ned 
to recogniZe the modi?cations introduced during the ?rst 
tWo mutageneses With oligonucleotides No. 4 and No. 9. 

[0081] Mutant No. 8: The creation of mutant No. 8 
requires three successive series of site-directed mutagenesis 
according to the protocol described in Example 1, using 
oligonucleotide No. 4 in the ?rst mutagenesis, oligonucle 
otide No. 9 in the second and oligonucleotide No. 19 in the 
third. Oligonucleotide No. 9 is de?ned to recogniZe the 
modi?cations introduced during the ?rst mutagenesis With 
oligonucleotide No. 4 and oligonucleotide No. 19 is de?ned 
to recogniZe the modi?cations introduced during the ?rst 
tWo mutageneses With oligonucleotides No. 4 and No. 9. 

[0082] Mutant No. 9: The creation of mutant No. 9 
requires three successive series of site-directed mutagenesis 
according to the protocol described in Example 1, using 
oligonucleotide No. 5 in the ?rst mutagenesis, oligonucle 
otide No. 10 in the second and oligonucleotide No. 20 in the 
third. Oligonucleotide No. 10 is de?ned to recogniZe the 
modi?cations introduced during the ?rst mutagenesis With 
oligonucleotide No. 5 and oligonucleotide No. 20 is de?ned 
to recogniZe the modi?cations introduced during the ?rst 
tWo mutageneses With oligonucleotides No. 5 and No. 10. 

[0083] According to this protocol, the oligonucleotides are 
divided up into three categories, 1st series oligonucleotides, 
2nd series oligonucleotides and 3rd series oligonucleotides. 
This division is as folloWs: 

1st series oligonucleotides: oligonucleotides No. 4, 5, 6 and 8 
2nd series oligonucleotides: oligonucleotides No. 7, 9, 10, 11, 

12 and 13 
3rd series oligonucleotides: oligonucleotides No. 14, 15, 16, 17, 

18, 19 and 20. 

[0084] The complete protocol for producing these mutants 
is identical to that described in Example 1. This protocol is 
common to each of the series of mutageneses, only the 
mutagenesis oligonucleotide and the oligonucleotide for 
inhibition/restoration of the resistance to the antibiotic 
change. The passing onto the folloWing mutation takes place 
after screening of the clone of interest Which has integrated 
the preceding mutation. If this step is the ?nal step of the ?rst 
series or of the second series of mutagenesis, the material 
derived from this series of experiments is re-used as initial 
material for, respectively, the 2nd or 3rd series of mutagen 














































































































































