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(57) ABSTRACT 
Modi?ed proteins are disclosed that maintain enzymatic and 
insecticidal activity While displaying reduced or eliminated 
allergenicity. Epitopes Which bind to anti-patatin antibodies 
Were identi?ed, and removed via site directed mutagenesis. 
Tyrosines Were observed to generally contribute to the 
allergenic properties of patatin proteins. Removal of glyco 
sylation sites Was observed to reduce or eliminate antibody 
binding. 
Permuteins are also disclosed Which have a rearranged 
amino acid sequence While retaining enzymatic activity. 

DeallergeniZed proteins and permuteins can be used as 
insecticidal materials, as nutritional supplements, and as 
immunotherapeutic agents. 



Patent Application Publication Oct. 16, 2003 Sheet 1 0f 12 

FIG. 1A 

FIG. 18 

FIG. 16 

FIG. ID 

FIG. ‘IE 

FIG. 

FIG. 

FIG. 

FIG. 1| 

FIG. 1 

US 2003/0194399 A1 



Patent Application Publication Oct. 16, 2003 Sheet 2 0f 12 US 2003/0194399 A1 

a ow wm wm wm wm mm mm mm mm mm 

3 .wI 

QEQQQEEUZEESZ .................................. : igmalgi?zgmgmwzigiéiwbggjé?gzgiggm aaglagi?z?wmgmwz .................................. : igmggi?zgmgwwz .................................. : 

QSAMEQZB QEJEOBB 265E635 gwgnm?oi 5 

§§$EE<§<§§§ .................................. -- $5 $51 a igwalgié?égmwz .................................. : ME %2 8 A765m§<OE<<>aZ3>E§5592 ....................... : Q6 2.552 a EEZEWE ..... 1-355295; ....................... : +52 _ a E?vz?mwt ..... :EEEEQEZ ....................... -- +?$ _ .5 E?é?wmt ..... #455595; ....................... -- +55 _ .5 ESE .................................................... -- 52 _ .5 E5; .................................................... -- 1 gig _ .5 EEOEZE ..... :EEEEQté ....................... - - BE F555 5 



Patent Application Publication Oct. 16, 2003 Sheet 3 0f 12 US 2003/0194399 A1 

mm @: mm mm mm mm ma mm mm mm ©@ 8 mm 

m P .wI 

gwglmioi .5 QQQJEQQ 5 QQQQEQB 5 QmWQINEQi .5 ggxmioig 5% $2 .5 
?g $552.5 +55% +55% 5% .5 :55 _ .5 





Patent Application Publication Oct. 16, 2003 Sheet 5 0f 12 US 2003/0194399 A1 

Sm mmm Sm Sm Sm Sm wow #2 #2 #2 m: m: #2 

Q w GE 

Q@Q|mc<_8_ .5 QQJEOX .5 QQQEOB .5 gwglmioi .8 gmalmioi .8 125 $2 .5 Ea 25%2 5 +555 +3915 5625 E? i 5 E5625 BEIQSSMVE .5 



Patent Application Publication Oct. 16, 2003 Sheet 6 0f 12 US 2003/0194399 A1 

EN Sm EN EN Sm gm gm mmm mmm mmm SN mmm mmm 

m w .wI 

QQQIQQLOZB QQJEQB .5 gwqxwcéi .5 awglmioi .5 ggdicig [2a @025 25 2.552 .5 i555 +<§_.5 +5625 55 _ .5 5:25 SEICLEQE .8 



Patent Application Publication Oct. 16, 2003 Sheet 7 0f 12 US 2003/0194399 A1 

@mm @mm @mm @mm @mm @mm mom mom mom mom @wm EN mom 

H_ _. .wI 

5815552 .5 593503 .5 5555503 .5 531N503 .5 858503 .5 I55 552 .5 Q5 5552 .5 
$55 .5 55g .5 :52 .5 555 i .5 E55, .5 3535552 .5 





Patent Application Publication Oct. 16, 2003 Sheet 9 0f 12 US 2003/0194399 A1 

I P .wE 

gwgdigim QQQIELQBB QQQQEOBB awglwcéuim awglmEoiB 125 $2.5 Q3 2562.5 +5245 +525 i?ga 



Patent Application Publication Oct. 16, 2003 Sheet 10 0f 12 US 2003/0194399 A1 

mom égéiiéééézlisé?é ggw?og .5 
.............................. -- Q3 itoig .............................. -- QNWQINEOiB .............................. l Q3|mE8_ 8 .............................. -- 5% Q5 5 

w? ................... :EVEEHZ QSQ 25%2 E 
.............................. -- $524 .5 .............................. -- +<§_.5 .............................. -- $91.5 .............................. : 53mg 5 .............................. -- SEE .............................. i ?elc??gtm 



Patent Application Publication Oct. 16, 2003 Sheet 11 0f 12 US 2003/0194399 Al 

N .wE 55$ OOOOOOILILOJOJOJCJQIVLVIVEOOZZZLL BCJLZQBCJLLQUOCJLLQPQCJIPZEBCJL 
o 

65 $28; 
4/ % m 

$9 

@323 6-22 

CIO 



Patent Application Publication Oct. 16, 2003 Sheet 12 0f 12 US 2003/0194399 A1 

\Md \ New N-termini 

New C-termini \ Linker Start \ 
1st step 

247 386 linker 

2nd step 

New N-termini fragment 

Linker 24 246 

New C-termini fragment 

anneal fragments 

247 386 linker 

Linker 24 246 

PCR and Religation 

Linker 

FIG. 3 



US 2003/0194399 A1 

PREPARATION OF DEALLERGENIZED 
PROTEINS AND PERMUTEINS 

FIELD OF THE INVENTION 

[0001] The invention relates generally to non-naturally 
occurring novel proteins Which have insecticidal properties, 
and more speci?cally to the design, preparation, and use of 
proteins that have been deallergeniZed While maintaining 
their insecticidal properties. DeallergeniZed patatin proteins 
include variants that have had allergenic sequences modi 
?ed, and permuteins that have had their amino acid 
sequences rearranged at one or more breakpoints. 

BACKGROUND OF THE INVENTION 

[0002] Insecticidal Proteins 

[0003] The use of natural products, including proteins, is 
a Well knoWn method of controlling many insect, fungal, 
viral, bacterial, and nematode pathogens. For example, 
endotoxins of Bacillus thuringiensis (B.t.) are used to con 
trol both lepidopteran and coleopteran insect pests. Genes 
producing these endotoxins have been introduced into and 
expressed by various plants, including cotton, tobacco, and 
tomato. There are, hoWever, several economically important 
insect pests such as boll Weevil (BWV), Anthonomus gran 
dis, and corn rootWorm (CRW), Diabrotica spp. that are not 
as susceptible to B.t. endotoxins as are insects such as 

lepidopterans. In addition, having other, different gene prod 
ucts for control of insects Which are susceptible to B.t. 
endotoxins is important, if not vital, for resistance manage 
ment. 

[0004] It has been recently discovered that the major 
storage protein of potato tubers, patatins (Gaillaird, T., 
Biochem. J. 121: 379-390, 1971; Racusen, D., Can. J. Bot., 
62: 1640-1644, 1984; AndreWs, D. L., et al., Biochem. J., 
252: 199-206, 1988), Will control various insects, including 
Western rootWorm (WCRW, Diabrotica virigifera), southern 
corn rootWorm (SCRW, Diabrotica undecimpunctata), and 
boll Weevil (BWV, Anthonomus grandis) (US. Pat. No. 
5,743,477). Patatins are lethal to some larvae and Will stunt 
the groWth of survivors so that maturation is prevented or 
severely delayed, resulting in no reproduction. These pro 
teins, have nonspeci?c lipid acyl hydrolase activity and 
studies have shoWn that the enZyme activity is essential for 
its insecticidal activity (Strickland, J. A., et al., Plant 
Physiol., 109: 667-674, 1995; US. Pat. No. 5,743,477). 
Patatins can be applied directly to the plants or introduced in 
other Ways Well knoWn in the art, such as through the 
application of plant-coloniZing microorganisms, Which have 
been transformed to produce the enZymes, or by the plants 
themselves after similar transformation. 

[0005] In potato, the patatins are found predominantly in 
tubers, but also at much loWer levels in other plant organs 
(Hofgen, R. and WillmitZer, L., Plant Science, 66: 221-230, 
1990). Genes that encode patatins have been previously 
isolated by Mignery, G. A., et al. (Nucleic Acids Research, 
12: 7987-8000, 1984; Mignery, G. A., et al., Gene, 62: 
27-44, 1988; Stiekema, et al.,PlantMol. Biol., 11: 255-269, 
1988) and others. Patatins are found in other plants, par 
ticularly solanaceous species (Ganal, et al., Mol. Gen. 
Genetics, 225: 501-509, 1991; Vancanneyt, et al., Plant Cell, 
1: 533-540, 1989) and recently Zea mays (WO 96/37615). 
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Rosahl, et al. (EMBO J, 6: 1155-1159, 1987) transferred it 
to tobacco plants, and observed expression of patatin, dem 
onstrating that the patatin genes can be heterologously 
expressed by plants. 
[0006] Patatin is an attractive for use in planta as an insect 
control agent, but unfortunately a small segment of the 
population displays allergic reactions to patatin proteins, and 
in particular to potato patatin, as described beloW. 

[0007] Food Allergens 
[0008] There are a variety of proteins that cause allergic 
reactions. Proteins that have been identi?ed as causing an 
allergic reaction in hypersensitive patients occur in many 
plant and animal derived foods, pollens, fungal spores, 
insect venoms, insect feces, and animal dander and urine 
(King, H. C., Ear Nose Throat J., 73(4): 237-241, 1994; 
AstWood, J. D., et al., Clin. Exp. Allergy, 25: 66-72, 1995; 
AstWood, J. D. and Fuchs R. L., Monographs in allergy Vol. 
32: Highlights infood allergy, pp. 105-120, 1996; Metcalfe, 
D. D., et al., Critical Reviews in Food Science and Nutrition, 
36S: 165-186, 1996). The offending proteins of many major 
sources of allergens have been characteriZed by clinical and 
molecular methods. The functions of allergenic proteins in 
vivo are diverse, ranging from enZymes to regulators of the 
cell cytoskeleton. 

[0009] To understand the molecular basis of allergic dis 
ease, the important IgE binding epitopes of many allergen 
proteins have been mapped (Elsayed, S. and Apold, J., 
Allergy 38(7): 449-459, 1983; Elsayed, S. et al., Scand J. 
Clin. Lab. Invest. Suppl. 204: 17-31 1991; Zhang, L., et al., 
Mol Immunol. 29(11): 1383-1389, 1992). The optimal pep 
tide length for IgE binding has been reported to be betWeen 
8 and 12 amino acids. Conservation of epitope sequences is 
observed in homologous allergens of disparate species (Ast 
Wood, J. D., et al., Clin. Exp. Allergy, 25: 66-72, 1995). 
Indeed, conservative substitutions introduced by site-di 
rected mutagenesis reduce IgE binding of knoWn epitopes 
When presented as peptides. 

[0010] Food allergy occurs in 2-6% of the population. 
Eight foods or food groups (milk, eggs, ?sh, crustacea, 
Wheat, peanuts, soybeans, and tree nuts) account for 90% of 
allergies to foods. Nevertheless, over 160 different foods 
have been reported to cause adverse reactions, including 
potato (He?e, S., et al., Crit. Rev. in Food Sci. Nutr., 36S: 
69-90, 1996). 
[0011] Mode of Action of Allergens 

[0012] Regardless of the identity of the allergen, it is 
theoriZed that the underlying mechanism of allergen 
response is the same. Immediate hypersensitivity (or ana 
phylactic response) is a form of allergic reaction Which 
develops very quickly, i.e., Within seconds or minutes of 
exposure of the patient to the causative allergen, and is 
mediated by B lymphocyte IgE antibody produciton. Aller 
gic patients exhibit elevated levels of IgE, mediating hyper 
sensitivity by priming mast cells Which are abundant in the 
skin, lymphoid organs, in the membranes of the eye, nose 
and mouth, and in the respiratory tree and intestines. The IgE 
in allergy-suffering patients becomes bound to the IgE 
receptors of mast cells. When this bound IgE is subsequently 
contacted by the appropriate allergen, the mast cell is caused 
to degranulate and release various substances such as his 
tamine into the surrounding tissue (Church et al. In: Kay, A. 
B. ed., Allergy and Allergic Diseases, Oxford, BlackWell 
Science, pp. 149-197, 1997). 
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[0013] It is the release of these substances which is 
responsible for the clinical symptoms typical of immediate 
hypersensitivity, namely contraction of smooth muscle in 
the airways or in the intestine, the dilation of small blood 
vessels, and the increase in their permeability to water and 
plasma proteins, the secretion of thick sticky mucus, and (in 
the skin) the stimulation of nerve endings that result in 
itching or pain. Immediate hypersensitivity is, at best, a 
nuisance to the suffer; at worst it can present very serious 
problems and can in rare cases even result in death. 

[0014] Allergic Reactions to Potato 

[0015] Food allergy to potato is considered rare in the 
general population (Castells, M. C., et al., Allergy Clin. 
Immunol., 8: 1110-1114, 1986; Hannuksela, M., et al., 
Contact Dermatitis, 3: 79-84, 1977; Golbert, T. M., et al., 
Journal of Allergy, 44: 96-107, 1969). Approximately 200 
individuals have participated in published clinical accounts 
of potato allergy (He?e, S. et al., Critical Reviews in Food 
Science and Nutrition, 36S: 69-90, 1996). Anumber of IgE 
binding proteins have been identi?ed in potato tuber extracts 
(see Table 1), however the amino acid sequence and function 
of these proteins has not been determined (Wahl, R., et al., 
Intl. Arch. Allergy Appl. Immunol., 92: 168-174, 1990). 

TABLE 1 

Studies of potato tuber IgE-binding proteins (allergens) 

Study Protein Characteristics 

(Castells, M. C. et al. J. Allergy Clin. Unknown 14 to 40 kDa 
Immunol. 78, 1110-1114, 1986 
(Wahl, R. et al. Int. Arch. Allergy Appl. 
Immunol. 92: 168-174, 1990) 

Unknown 42/43 kDa 

Unknown 65 kDa 
Unknown 26 kDa 
Unknown 20 kDa 
Unknown 14 kDa 
Unknown < 14 kDa (~5 kDa) 

(Ebner, C. et al. in: Wuthrich, B. & Unknown 42/43 kDa 
Ortolani, C. (eds), Highlights in 
food allergy. Monographs in Allergy, 
Volume 32 Basil, Karger, pp. 73-77, 
1996) 

Unknown 23 kDa 
Unknown-16 kDa 
Unknown < 14 kDa (~5 kDa) 

[0016] Improved Safety from the Use of Hypoallergenic 
Proteins 

[0017] Patatin has been identi?ed as an allergenic protein 
(Seppala, U. et al., J. Allergy Clin. Immunol. 103:165-171, 
1999). Accordingly, potato allergic subjects may not be able 
to safely consume products containing unmodi?ed patatin 
protein, such as crops to which foliar applications of patatins 
have been applied, or crops which have been engineered to 
express patatin. In addition, proliferation of food allergens in 
the food supply is considered haZardous (Metcalfe, D. D., et 
al., Critical Reviews and Food Science and Nutrition, 36S: 
165-186, 1996). There are additional concerns regarding the 
use of potentially allergenic food proteins where workers 
might be exposed to airborne particulates, initiating a new 
allergic response (Moneret-Vautrin, D. A., et al., Rev. Med. 
Interne., 17(7): 551-557, 1996). 
[0018] Permuteins 
[0019] Novel proteins generated by the method of 
sequence transposition resembles that of naturally occurring 
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pairs of proteins that are related by linear reorganiZation of 
their amino acid sequences (Cunningham, et al. Proc. Natl. 
Sci., USA, 76: 3218-3222, 1979; Teather, et al., J. Bacte 
riol., 172: 3837-3841, 1990; Schimming, et al., Eur. J. 
Biochem., 204: 13-19, 1992; Yamiuchi, et al., FEBS Lett., 
260: 127-130, 1991; MacGregor, et al., FEBS. Lett., 378: 
263-266, 1996). The ?rst in vitro application of sequence 
rearrangement to proteins was described by Goldenberg and 
Creighton (Goldenberg and Creighton, J. Mol. Biol., 165: 
407-413, 1983). Anew N-terminus is selected at an internal 
site (breakpoint) of the original sequence, the new sequence 
having the same order of amino acids as the original from 
the breakpoint until it reaches an amino acid that is at or near 
the original C-terminus. At this point the new sequence is 
joined, either directly or through an additional portion or 
sequence (linker), to an amino acid that is at or near the 
original N-terminus, and the new sequence continues with 
the same sequence as the original until it reaches a point that 
is at or near the amino acid that was N-terminal to the 
breakpoint site of the original sequence, this residue forming 
the new C-terminus of the chain. This approach has been 
applied to proteins which range in siZe from 58 to 462 amino 
acids and represent a broad range of structural classes 
(Goldenberg and Creighton, J. Mol. Biol., 165: 407-413, 
1983; Li and Cof?no,Mol. Cell. Biol., 13: 2377-2383, 1993; 
Zhang, et al., Nature Struct. Biol., 1: 434-438, 1995; Buch 
walder, et al., Biochemistry, 31: 1621-1630, 1994; Prota 
sova, et al., Prot. Eng., 7: 1373-1377, 1995; Mullins, et al., 
J. Am. Chem. Soc., 116: 5529-5533, 1994; Garrett, et al., 
Protein Science, 5: 204-211, 1996; Hahn, et al., Proc. Natl. 
Acad. Sci. USA, 91: 10417-10421, 1994; Yang and 
Schachman,Proc. Natl.Acad. Sci. U.SA., 90: 11980-11984, 
1993; Luger, et al., Science, 243: 206-210, 1989; Luger, et 
al., Prot. Eng., 3: 249-258, 1990; Lin, et al.,Protein Science, 
4: 159-166, 1995; Vignais, et al., Protein Science, 4: 994 
1000, 1995; Ritco-Vonsovici, et al., Biochemistry, 34: 
16543-16551, 1995; Horlick, et al., Protein Eng., 5: 427 
431, 1992; Kreitman, et al., Cytokine, 7: 311-318, 1995; 
Viguera, et al.,Mol. Biol., 247: 670-681, 1995; Koebnik and 
Kramer, J. Mol. Biol., 250: 617-626, 1995; Kreitman, et al., 
Proc. Natl. Acad. Sci., 91: 6889-6893, 1994). 

[0020] There exists a need for the development of plant 
expressible insecticidal proteins which possess minimal or 
no allergenic properties. 

SUMMARY OF THE INVENTION 

[0021] Novel protein sequences, and nucleic acid 
sequences encoding them are disclosed. The proteins main 
tain desirable enZymatic and insecticidal properties while 
displaying reduced or eliminated allergenicity. 

[0022] Allergenic epitopes are identi?ed by scanning 
overlapping peptide sequences with an immunoreactivity 
assay. Alanine scanning and ‘rational substitution’ is per 
formed on identi?ed peptide sequences to determine speci?c 
amino acids which contribute to antibody binding, and 
presumably, to the allergenic properties of the whole protein. 
Individual mutations are introduced into the whole protein 
sequence by methods such as site directed mutagenesis of 
the encoding nucleic acid sequence to delete or modify the 
allergenic sequences. 

[0023] Glycosylation target residues are identi?ed within 
amino acid sequences of proteins which have demonstrated 
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allergy eliciting properties. Glycosylation target amino acid 
residues are rationally substutited With other amino acid 
residues to eliminate glycosylation and to provide a variant 
deglycosylated protein. The variant protein may then exhibit 
reduced allergen eliciting properties and may also exhibit 
reduced binding to IgE Within serum of patients observed to 
be allergic to said glycosylated protein. 

[0024] Permuteins of the deallergeniZed protein sequences 
can be constructed to further reduce or eliminate allergic 
reactions. The encoding nucleic acid sequence is modi?ed to 
produce a non-naturally occurring protein having a linear 
amino acid sequence different from the naturally occurring 
protein sequence, While maintaining enZymatic and insecti 
cidal properties. The permutein is preferably produced in 
plant cells, and more preferably produced at a concentration 
Which is toxic to insects ingesting the plant cells. 

[0025] Methods for reducing, eliminating, or decreasing 
allergen eliciting properties of a protein are speci?cally 
contemplated herein. Such methods comprise steps includ 
ing identifying one or more patients exhibiting an allergic 
sensitivity to an allergen eliciting protein and obtaining a 
sample of serum from the patient; exposing the patient 
serum to a ?rst set of synthetic overlapping peptides Which 
represent the allergen eliciting protein in order to identify 
such peptides Which exhibit epitopes Which bind to IgE 
present Within the allergic patients’ serum and Wherein the 
IgE present in the serum has a speci?c affinity for the said 
allergen eliciting protein; producing a second set of peptides 
Which are variant peptides based on the ?rst set of peptides 
Which Were identi?ed to bind speci?cally to IgE present in 
patient serum, Wherein the second set variant peptides 
exhibit alanine scanning or rational scanning amino acid 
substitutions Which exhibit reduced, decreased, or elimi 
nated IgE binding When compared to the ?rst set non-variant 
peptides, and Wherein such substitutions Which reduce, 
eliminate or decrease IgE binding are identi?ed as result 
effective substitutions; and modifying the amino acid 
sequence of the allergen eliciting protein to contain one or 
more of said result effective substitutions, Wherein the 
modi?ed protein is a variant of the allergen eliciting protein 
Which lacks allergen eliciting protein or exhibits reduced 
allergen eliciting properties, and Wherein the variant of the 
allergen eliciting protein comprising one or more result 
effective substitutions exhibits reduced, decreased, or totally 
eliminated binding of IgE present Within said patients’ 
serum. 

[0026] The novel proteins can be used in controlling 
insects, as nutritional supplements, in immunotherapy pro 
tocols, and in other potential applications. Transgenic plant 
cells and plants containing the encoding nucleic acid 
sequence can be particularly bene?cial in the control of 
insects, and as a nutritional/immunotherapy material. 

DESCRIPTION OF THE FIGURES 

[0027] The folloWing ?gures form part of the present 
speci?cation and are included to further demonstrate certain 
aspects of the present invention. The invention can be better 
understood by reference to one or more of these draWings in 
combination With the detailed description of speci?c 
embodiments presented herein. 

[0028] FIG. 1 illustrates the alignment of potato patatin 
PatA (acyl lipid hydrolase) With patatin (acyl lipid hydro 
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lase) homologs and related amino acid sequences, the 
homologs and related sequences being from both dicot and 
monocot plant species. 

[0029] FIG. 2 illustrates IgE binding to overlapping pep 
tide sequences. 

[0030] FIG. 3 illustrates construction of nucleic acid 
sequences encoding patatin permutein proteins, and in this 
?gure for illustrative purposes a breakpoint at position 247 
is shoWn. 

DESCRIPTION OF THE SEQUENCE LISTINGS 

[0031] The folloWing description of the sequence listing 
forms part of the present speci?cation and is included to 
further demonstrate certain aspects of the present invention. 
The invention can be better understood by reference to one 
or more of these sequences in combination With the detailed 
description of speci?c embodiments presented herein. 

SEQ ID NO:1 DNA sequence encoding a patatin (acyl lipid 
hydrolae) protein 

SEQ ID NO:2 potato patatin protein sequence 
SEQ ID NO:3 thermal ampli?cation primer 
SEQ ID NO:4 thermal ampli?cation primer 
SEQ ID NO:5 thermal ampli?cation product 
SEQ ID NO:6 Pre-cleavage patatin protein produced in 

Pichia pastoris 
SEQ ID NO:7 Post-cleavage patatin protein produced in 

Pichia pastoris 
SEQ ID NO:8 Y106F mutagenic primer 
SEQ ID NO:9 Y129F mutagenic primer 
SEQ ID NO:1O Y185F mutagenic primer 
SEQ ID NO:11 Y193F mutagenic primer 
SEQ ID NO:12 Y185F and Y193F mutagenic primer 
SEQ ID NO:1?) Y27OF mutagenic primer 
SEQ ID NO:14 Y316F mutagenic primer 
SEQ ID NO:15 Y362F mutagenic primer 
SEQ ID NO:16-104 Peptide scan sequences of a patatin protein 
SEQ ID NO:105-241 Alanine and rational scan sequences of selected 

patatin peptides 
thermal ampli?cation primer 27 
thermal ampli?cation primer 48 
thermal ampli?cation primer 47 
thermal ampli?cation primer 36 
pMON37402 sequence encoding perrnutein 
protein 
Permutein protein encoded from pMON37402 
sequence 
thermal ampli?cation primer 58 
thermal ampli?cation primer 59 
pMON37405 sequence encoding perrnutein 
protein 
Permutein protein encoded by pMON37405 
sequence 
thermal ampli?cation primer 6O 
thermal ampli?cation primer 61 
pMON37406 sequence encoding perrnutein 
protein 
Permutein protein encoded by pMON37406 
sequence 
thermal ampli?cation primer 62 
thermal ampli?cation primer 63 
pMON37407 sequence encoding perrnutein 
protein 
Permutein protein encoded by pMON37407 
sequence 
thermal ampli?cation primer 6O 
thermal ampli?cation primer65 
pMON37408 sequence encoding perrnutein 
protein 
Permutein protein encoded by pMON37408 
sequence 

SEQ ID NO:242 
SEQ ID NO:243 
SEQ ID NO:244 
SEQ ID NO:245 
SEQ ID NO:246 

SEQ ID NO:247 

SEQ ID NO:248 
SEQ ID NO:249 
SEQ ID NO:25O 

SEQ ID NO:251 

SEQ ID NO:252 
SEQ ID NO:253 
SEQ ID NO:254 

SEQ ID NO:255 

SEQ ID NO:256 
SEQ ID NO:257 
SEQ ID NO:258 

SEQ ID NO:259 

SEQ ID NO:26O 
SEQ ID NO:261 
SEQ ID NO:262 

SEQ ID NO:263 
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-continued 

SEQ ID NO:264 pMON40701 sequence encoding permutein 
protein 
Permutein protein encoded by pMON40701 
sequence 
thermal ampli?cation primer Syn1 
thermal ampli?cation primer Syn2 
thermal ampli?cation primer Syn3 
thermal ampli?cation primer Syn4 
pMON40703 sequence encoding permutein 
protein 
Permutein protein encoded by pMON40703 
sequence 
thermal ampli?cation primer Syn1O 
thermal ampli?cation primer Syn11 
pMON40705 sequence encoding permutein 
protein 
Permutein protein encoded by pMON40705 
sequence 

SEQ ID NO:276—277 Permutein linker sequences 
SEQ ID NO:278 Patatin isozyme PatA + (including signal peptide) 
SEQ ID NO:279 Patatin isozyme PatB + (including signal peptide) 
SEQ ID NO:28O Patatin isozyme PatFm (mature protein lacking 

signal peptide) 
Patatin isozyme PatIm (mature protein lacking 
signal peptide) 
Patatin isozyme PatL + (including signal peptide) 
Rational substitution peptide 
Corn homolog peptide 
patatin homolog Pat17 DNA coding sequence and 
amino acid translation 
patatin homolog Pat17 amino acid sequence 
dicot patatin homolog amino acid sequence 

SEQ ID NO:265 

SEQ ID NO:266 
SEQ ID NO:267 
SEQ ID NO:268 
SEQ ID NO:269 
SEQ ID NO:27O 

SEQ ID NO:271 

SEQ ID NO:272 
SEQ ID NO:273 
SEQ ID NO:274 

SEQ ID NO:275 

SEQ ID NO:281 

SEQ ID NO:282 
SEQ ID NO:283 
SEQ ID NO:284 
SEQ ID NO:285 

SEQ ID NO:286 
SEQ ID NO:287 

pentinliphb 
SEQ ID NO:288 dicot patatin homolog amino acid sequence 

5c9iphb 
SEQ ID NO:289 maize patatin homolog amino acid sequence 

cornlipep 
SEQ ID NO:29O maize patatin homolog amino acid sequence 

cornZfpep 
SEQ ID NO:291 maize patatin homolog amino acid sequence 

corn3ipep 
SEQ ID NO:292 maize patatin homolog amino acid sequence 

corn4ipep 
SEQ ID NO:293 maize patatin homolog amino acid sequence 

cornSfpep 

DEFINITIONS 

[0032] The following de?nitions are provided in order to 
aid those skilled in the art in understanding the detailed 
description of the present invention. Some Words and 
phrases may also be de?ned in other sections of the speci 
?cation. No limitation should be placed on the de?nitions 
presented for the terms beloW, Where other meanings are 
evidenced elseqhere in the speci?cation in addition to those 
speci?ed beloW. 

[0033] “Allergen” refers to a biological or chemical sub 
stance that induces an allergic reaction or response. An 
allergic response can be an immunoglobulin E-mediated 
response. 

[0034] Amino acid codes: A (Ala)=alanine; C (Cys)= 
cysteine; D (Asp)=aspartic acid; E (Glu)=glutamic acid; F 
(Phe)=phenylalanine; G (Gly)=glycine; H (His)=histidine; I 
(Ile)=isoleucine; K (Lys)=lysine; L (Leu)=leucine; M 
(Met)=methionine; N (Asn)=asparagine; P (Pro)=proline; Q 
(Gln)=glutamine; R (Arg)=arginine; S (Ser =serine; T 
(Thr)=threonine; V=(Val) valine; W (Trp)=tryptophan; Y 
(Tyr)=tyrosine. 
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[0035] “Ampli?cation: refers to increasing the number of 
copies of a desired molecule. 

[0036] “Coding sequence”, “open reading frame”, and 
“structural sequence” refer to the region of continuous 
sequential nucleic acid base pair triplets encoding a protein, 
polypeptide, or peptide sequence. 

[0037] “Codon” refers to a sequence of three nucleotides 
that specify a particular amino acid. 

[0038] “Complementarity” refers to the speci?c binding of 
adenine to thymine (or uracil in RNA) and cytosine to 
guanine on opposite strands of DNA or RNA. 

[0039] “Deallergenize” (render hypoallergenic) refers to 
the method of engineering or modifying a protein or the 
encoding DNA such that the protein has a reduced or 
eliminated ability to induce an allergic response With respect 
to the ability of the unmodi?ed protein. A deallergenized 
protein can be referred to as being hypoallergenic. The 
degree of deallergenization of a protein can be measured in 
vitro by the reduced binding of IgE antibodies. 

[0040] “DNA segment heterologous to the promoter 
region” means that the coding DNA segment does not exist 
in nature in the same gene With the promoter to Which it is 
noW attached. 

[0041] “DNA segment” refers to a DNA molecule that has 
been isolated free of total genomic DNA of a particular 
species. 
[0042] “Electroporation” refers to a method of introducing 
foreign DNA into cells that uses a brief, high voltage DC 
(direct current) charge to permeabilize the host cells, causing 
them to take up extra-chromosomal DNA. 

[0043] “Encoding DNA” refers to chromosomal DNA, 
plasmid DNA, cDNA, or synthetic DNA Which encodes any 
of the enzymes discussed herein. 

[0044] “Endogenous” refers to materials originating from 
Within an organism or cell. 

[0045] “Endonuclease” refers to an enzyme that hydro 
lyzes double stranded DNA at internal locations. 

[0046] “Epitope” refers to a region on an allergen that 
interacts With the cells of the immune system. Epitopes are 
often further de?ned by the type of antibody or cell With 
Which they interact, eg if the region reacts With B-cells or 
antibodies (IgE), it is called a B-cell epitope. 

[0047] “Exogenous” refers to materials originating from 
outside of an organism or cell. This typically applies to 
nucleic acid molecules used in producing transformed or 
transgenic host cells and plants. 

[0048] “Expressibly coupled” and “expressibly linked” 
refer to a promoter or promoter region and a coding or 
structural sequence in such an orientation and distance that 
transcription of the coding or structural sequence can be 
directed by the promoter or promoter region. 

[0049] “Expression” refers to the transcription of a gene to 
produce the corresponding mRNA and translation of this 
mRNA to produce the corresponding gene product, i.e., a 
peptide, polypeptide, or protein. 

[0050] “Heterologous DNA” refers to DNA from a source 
different than that of the recipient cell. 



US 2003/0194399 A1 

[0051] “Homologous DNA” refers to DNA from the same 
source as that of the recipient cell. 

[0052] “Identity” refers to the degree of similarity betWeen 
tWo nucleic acid or protein sequences. An alignment of the 
tWo sequences is performed by a suitable computer program. 
AWidely used and accepted computer program for perform 
ing sequence alignments is CLUSTALW v1.6 (Thompson, et 
al. Nucl. Acids Res., 22: 4673-4680, 1994). The number of 
matching bases or amino acids is divided by the total number 
of bases or amino acids, and multiplied by 100 to obtain a 
percent identity. For example, if tWo 580 base pair sequences 
had 145 matched bases, they Would be 25 percent identical. 
If the tWo compared sequences are of different lengths, the 
number of matches is divided by the shorter of the tWo 
lengths. For example, if there Were 100 matched amino acids 
betWeen 200 and a 400 amino acid proteins, they are 50 
percent identical With respect to the shorter sequence. If the 
shorter sequence is less than 150 bases or 50 amino acids in 
length, the number of matches are divided by 150 (for 
nucleic acid bases) or 50 (for amino acids), and multiplied 
by 100 to obtain a percent identity. 

[0053] “IgE” (Immunoglobulin E) refers to a speci?c class 
of immunoglobulin secreted by B cells. IgE binds to speci?c 
receptors on Mast cells. Interaction of an allergen With mast 
cell-bound IgE may trigger allergic symptoms. 

[0054] “Immunotherapy” refers to any type of treatment 
that targets the immune system. Allergy immunotherapy is a 
treatment in Which a progressively increasing dose of an 
allergen is given in order to induce an immune response 
characteriZed by tolerance to the antigen/allergen, also 
knoWn as desensitiZation. 

[0055] “In vitro” refers to “in the laboratory” and/or 
“outside of a living organism”. 

[0056] 
[0057] “Insecticidal polypeptide” refers to a polypeptide 
having insecticidal properties that adversely affects the 
groWth and development of insect pests. 

[0058] “Monocot” refers to plants having a single cotyle 
don (the ?rst leaf of the embryo of seed plants); examples 
include cereals such as maiZe, rice, Wheat, oats, and barley. 

[0059] “Multiple cloning site” refers to an arti?cially 
constructed collection of restriction enZyme sites in a vector 
that facilitates insertion of foreign DNA into the vector. 

[0060] “Mutation” refers to any change or alteration in a 
nucleic acid sequence. Several types exist, including point, 
frame shift, splicing, and insertion/deletions. 

[0061] “Native” refers to “naturally occurring in the same 
organism”. For example, a native promoter is the promoter 
naturally found operatively linked to a given coding 
sequence in an organism. A native protein is one naturally 
found in nature and untouched or not otherWise manipulated 
by the hand of man. 

[0062] “Nucleic acid segment” is a nucleic acid molecule 
that has been isolated free of total genomic DNA of a 
particular species, or that has been synthesiZed. Included 
With the term “nucleic acid segment” are DNA segments, 
recombinant vectors, plasmids, cosmids, phagemids, phage, 
viruses, etcetera. 

“In vivo” refers to “in a living organism”. 
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[0063] “Nucleic acid” refers to deoxyribonucleic acid 
(DNA) and ribonucleic acid (RNA). 

[0064] Nucleic acid codes: A=adenosine; C=cytosine; 
G=guanosine; T=thymidine; N=equimolar A, C, G, and T; 
I=deoxyinosine; K=equimolar G and T; R=equimolar A and 
G; S=equimolar C and G; W=equimolar A and T; 
Y=equimolar C and T. 

[0065] “Open reading frame (ORF)” refers to a region of 
DNA or RNA encoding a peptide, polypeptide, or protein or 
capable of being translated to protein, or a regioiu of DNA 
capable of being transcribed into an RNA product. 

[0066] “Plasmid” refers to a circular, extrachromosomal, 
self-replicating piece of DNA. 

[0067] “Point mutation” refers to an alteration of a single 
nucleotide in a nucleic acid sequence. 

[0068] “Polymerase chain reaction (PCR)” refers to an 
enZymatic technique to create multiple copies of one 
sequence of nucleic acid. Copies of DNA sequence are 
prepared by shuttling a DNA polymerase betWeen tWo 
oligonucleotides. The basis of this ampli?cation method is 
multiple cycles of temperature changes to denature, then 
re-anneal amplimers, folloWed by extension to synthesiZe 
neW DNA strands in the region located betWeen the ?anking 
amplimers. Also knoWn as thermal ampli?cation. 

[0069] “Probe” refers to a polynucleotide sequence Which 
is complementary to a target polynucleotide sequence in the 
analyte. An antibody can also be used as a probe to detect the 
presence of an antigen. In that sense, the antigen binding 
domain of the antibody has some detectable af?nity for the 
antigen and binds thereto. The binding of the antibody to the 
antigen can be measured by means knoWn in the art, such as 
by chemiluminescence, phosphorescence, ?ourescence, 
colorimetric chemical deposition at the site of binding, or 
otherWise. 

[0070] “Promoter” or “promoter region” refers to a DNA 
sequence, usually found upstream (5‘) to a coding sequence, 
that controls expression of the coding sequence by control 
ling production of messenger RNA (mRNA) by providing 
the recognition site for RNApolymerase and/or other factors 
necessary for start of transcription at the correct site. As 
contemplated herein, a promoter or promoter region 
includes variations of promoters derived by means of liga 
tion to various regulatory sequences, random or controlled 
mutagenesis, and addition or duplication of enhancer 
sequences. The promoter region disclosed herein, and bio 
logically functional equivalents thereof, are responsible for 
driving the transcription of coding sequences under their 
control When introduced into a host as part of a suitable 
recombinant vector, as demonstrated by its ability to pro 
duce mRNA. 

[0071] “Recombinant DNA construct” or “recombinant 
vector” refers to any agent such as a plasmid, cosmid, virus, 
autonomously replicating sequence, phage, or linear or 
circular single-stranded or double-stranded DNA or RNA 
nucleotide sequence, derived from any source, capable of 
genomic integration or autonomous replication, comprising 
a DNA molecule in Which one or more DNA sequences have 
been linked in a functionally operative manner. Such recom 
binant DNA constructs or vectors are capable of introducing 
a 5‘ regulatory sequence or promoter region and a DNA 
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sequence for a selected gene product into a cell in such a 
manner that the DNA sequence is transcribed into a func 
tional mRNA Which is translated and therefore expressed. 
Recombinant DNA constructs or recombinant vectors can be 

constructed to be capable of expressing antisense RNAs, in 
order to inhibit translation of a speci?c RNA of interest. 

[0072] “Recombinant proteins”, also referred to as “het 
erologous proteins”, are proteins Which are normally not 
produced by the host cell. 

[0073] “Regeneration” refers to the process of groWing a 
plant from a plant cell (e.g., plant protoplast or explant). 

[0074] “Regeneration” refers to the process of groWing a 
plant from a plant cell (e.g., plant protoplast or explant). 

[0075] “Regulatory sequence” refers to a nucleotide 
sequence located upstream (5‘), Within, and/or doWnstream 
(3‘) to a DNA sequence encoding a selected gene product 
Whose transcription and expression is controlled by the 
regulatory sequence in conjunction With the protein syn 
thetic apparatus of the cell. 

[0076] “Restriction enZyme” refers to an enZyme that 
recogniZes a speci?c palindromic sequence of nucleotides in 
double stranded DNA and cleaves both strands; also called 
a restriction endonuclease. Cleavage typically occurs Within 
the restriction site. 

[0077] “Result-effective substitution” (RES) refers to an 
amino acid substitution Within an IgE-binding region 
(epitope) of a target protein Which reduces or eliminates the 
IgE binding by that epitope. Examples herein are directed to 
patatin protein and homologues, hoWever, as Will be readily 
recogniZed by those skilled in the art, the method is more 
broadly applicable to proteins other than patatins, and in 
particular is applicable to any protein exhibiting allergen 
eliciting properties. 

[0078] “Selectable marker” refers to a nucleic acid 
sequence Whose expression confers a phenotype facilitating 
identi?cation of cells containing the nucleic acid sequence. 
Selectable markers include those Which confer resistance to 
toxic chemicals (e. g. ampicillin resistance, kanamycin resis 
tance), complement a nutritional de?ciency (e.g. uracil, 
histidine, leucine), or impart a visually distinguishing char 
acteristic (e.g. color changes or ?uorescence). 

[0079] “Transcription” refers to the process of producing 
an RNA copy from a DNA template. 

[0080] “Transformation” refers to a process of introducing 
an exogenous nucleic acid sequence (e.g., a vector, recom 
binant nucleic acid molecule) into a cell or protoplast in 
Which that exogenous nucleic acid is incorporated into a 
chromosome or is capable of autonomous replication. 

[0081] “Transformed cell” is a cell Whose DNA has been 
altered by the introduction of an exogenous nucleic acid 
molecule into that cell. 

[0082] “Transgenic cell” refers to any cell derived from or 
regenerated from a transformed cell or derived from a 
transgenic cell. Exemplary transgenic cells include plant 
calli derived from a transformed plant cell and particular 
cells such as leaf, root, stem, e.g., somatic cells, or repro 
ductive (germ) cells obtained from a transgenic plant. 
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[0083] “Transgenic plant” refers to a plant or progeny 
thereof derived from a transformed plant cell or protoplast, 
Wherein the plant DNA contains an introduced exogenous 
nucleic acid sequence not originally present in a native, 
non-transgenic plant of the same species. Alternatively, the 
plant DNA can contain the introduced nucleic acid sequence 
in a higher copy number than in the native, non-transgenic 
plant of the same species. 

[0084] “Translation” refers to the production of protein 
from messenger RNA. 

[0085] “Vector” refers to a plasmid, cosmid, bacterioph 
age, or virus that carries foreign DNA into a host organism. 

[0086] “Western blot” refers to protein or proteins that 
have been separated by electrophoresis, transferred and 
immobiliZed onto a solid support, then probed With an 
antibody. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0087] Design of DeallergeniZed Patatin Proteins 

[0088] DeallergeniZing a protein can be accomplished by 
the identi?cation of allergenic sites, folloWed by modi?ca 
tion of the sites to reduce or eliminate the binding of 
antibodies to the sites. The IgE-binding regions of patatin 
Were previously unreported. Mapping of the IgE epitopes 
Was accomplished by synthesiZing 10-mer peptides based on 
the patatin 17 protein sequence (SEQ ID NO: 2) Which 
overlap by six amino acids. As potato proteins are denatured 
upon cooking potato products, it is expected that the 10-mer 
peptides suf?ciently mimic the unfolded full length protein 
for antibody binding purposes. Peptides Were identi?ed 
based upon their ability to bind to IgE antibodies. Individual 
amino acids Within the identi?ed peptides Were changed to 
reduce or eliminate binding to IgE present in sera from 
potato sensitive patients. These changes are termed result 
effective amino acid substitutions (RES). The RES can be 
subsequently introduced into the full length protein by site 
directed mutagenesis of the encoding nucleic acid sequence 
or other means knoWn in the art. Similar strategies have been 
employed elseWhere to determine the dominant IgE epitopes 
in a major peanut allergen (Stanley, J. S., et al., Arch. 
Biochem. Biophys., 342(2): 244-253, 1997). 

[0089] Certain amino acid residues important for allerge 
nicity of patatin are identi?ed. Some of the designed patatin 
peptides Wherein single amino acid residues Were replaced 
With alanine or phenylalanine, shoWed signi?cantly reduced 
or no binding to sera from potato sensitive patients. 

[0090] A “deallergeniZed patatin” refers to a patatin pro 
tein differing in at least one of the amino acid residues as 
de?ned by the result effective substitutions resulting in the 
patatin protein having reduced reactivity toWards sera from 
potato sensitive patients. The deallergeniZed patatin prefer 
ably maintains insecticidal properties, and preferably main 
tains its characteristic enZymatic pro?le. 

[0091] Summary of Method to DeallergeniZe a Patatin 
Protein 

[0092] Mapping of IgE epitopes by immunoassay of 
synthetic overlapping peptides using sera from 
potato sensitive patients; 
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[0093] Identi?cation of result-effective substitutions 
by alanine scanning and/or rational scanning; 

[0094] Modi?cation of the amino acid sequence of 
patatin by site-directed mutagenesis of the encoding 
nucleic acid sequence; 

[0095] Evaluation of enZyme activity (esterase) and/ 
or insecticidal activity of the modi?ed protein(s); and 

[0096] Evaluation of the neW protein(s) for allerge 
nicity by IgE immunoassay. 

[0097] Nucleic acid sequences encoding patatin have been 
cloned by several investigators (e.g. Mignery, et al., Nucleic 
Acids Research, 121 7987-8000, 1984; Mignery, et al., Gene, 
621 27-44, 1988; W0 94/21805; Canadian Patent Applica 
tion No. 2090552). These nucleic acid sequences can then be 
manipulated using site directed mutagenesis to encode a 
hypoallergenic patatin. These nucleic acid sequences can 
than be used to transform bacterial, yeast or plant cells, 
resulting in the production of hypoallergenic patatin protein. 

[0098] DeallergeniZed Patatin Proteins 

[0099] For simplicity, individual amino acids are referred 
to by their single letter codes. Correlation betWeen the single 
letter codes, three letter codes, and full amino acid names is 
presented in the de?nitions section above. 

[0100] One embodiment of the invention is an isolated 
deallergeniZed patatin protein. The protein is modi?ed rela 
tive to the Wild-type protein sequence such that they exhibit 
reduced binding to anti-patatin antibodies such as those 
obtained from humans or animals allergic to potatoes. The 
reduced binding is measured relative to the binding of the 
unmodi?ed patatin protein to the anti-patatin antibodies. 

[0101] The deallergeniZed patatin protein can comprise 
SEQ ID N012 modi?ed in one or more of the folloWing 
regions, or SEQ ID N017 modi?ed in one or more of the 
folloWing regions. The single or multiple amino acid modi 
?cations reduce the binding of the modi?ed protein relative 
to the binding of the corresponding unmodi?ed protein. The 
regions for modi?cation include amino acid positions 104 
113 of SEQ ID N012 (85-94 of SEQ ID N017), 128-137 of 
SEQ ID N012 (109-118 of SEQ ID N017), 184-197 of SEQ 
ID N012 (165-178 of SEQ ID N017), 264-277 of SEQ ID 
N012 (245-258 of SEQ ID N017),316-325 of SEQ ID N012 
(297-306 of SEQ ID N017), and 360-377 of SEQ ID N012 
(341-358 of SEQ ID N017). The possible amino acid 
modi?cations include replacing an amino acid With A, E, F, 
P, or S. The modi?cations replace one or more amino acids 
in the identi?ed regions, Without increasing or decreasing 
the total number of amino acids in the protein. 

[0102] Preferably, the deallergeniZed patatin protein com 
prises SEQ ID N012 modi?ed by one or more changes, or 
SEQ ID N017 modi?ed by one or more changes. SEQ ID 
N017 differs from Wild type SEQ ID N012 in that the ?rst 
22 amino acids of SEQ ID N012 are replaced With EAE 
(Glu-Ala-Glu). For example, the changes to SEQ ID N012 
or SEQ ID N017 can be: the Y corresponding to position 106 
of SEQ ID N012 or position 87 of SEQ ID N017 is replaced 
With E or A; the I corresponding to position 113 of SEQ ID 
N012 or position 94 of SEQ ID N017 is replaced With A; the 
Y corresponding to position 129 of SEQ ID N012 or position 
110 of SEQ ID N017 is replaced With E or A; the K 
corresponding to position 137 of SEQ ID N012 or position 
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118 of SEQ ID N017 is replaced With A; the S corresponding 
to position 184 of SEQ ID N012 or position 165 of SEQ ID 
N017 is replaced With A; the Y corresponding to position 
185 of SEQ ID N012 or position 166 of SEQ ID N017 is 
replaced With E or A; the Acorresponding to position 188 of 
SEQ ID N012 or position 169 of SEQ ID N017 is replaced 
With S; the T corresponding to position 192 of SEQ ID N012 
or position 173 of SEQ ID N017 is replaced With Aor P; the 
Y corresponding to position 193 of SEQ ID N012 or position 
174 of SEQ ID N017 is replaced With E or A; the K 
corresponding to position 268 of SEQ ID N012 or position 
249 of SEQ ID N017 is replaced With A or E; the T 
corresponding to position 269 of SEQ ID N012 or position 
250 of SEQ ID N017 is replaced With A; the Y correspond 
ing to position 270 of SEQ ID N012 or position 251 of SEQ 
ID N017 is replaced With E or A; the K corresponding to 
position 273 of SEQ ID N012 or position 254 of SEQ ID 
N017 is replaced With A; the K corresponding to position 
313 of SEQ ID N012 or position 294 of SEQ ID N017 is 
replaced With E; the N corresponding to position 314 of SEQ 
ID N012 or position 295 of SEQ ID N017 is replaced With 
A; the N corresponding to position 315 of SEQ ID N012 or 
position 296 of SEQ ID N017 is replaced With A; the Y 
corresponding to position 316 of SEQ ID N012 or position 
297 of SEQ ID N017 is replaced With E or A; the Y 
corresponding to position 362 of SEQ ID N012 or position 
343 of SEQ ID N017 is replaced With E; the K correspond 
ing to position 367 of SEQ ID N012 or position 348 of SEQ 
ID N017 is replaced With A; the R corresponding to position 
368 of SEQ ID N012 or position 349 of SEQ ID N017 is 
replaced With A; the F corresponding to position 369 of SEQ 
ID N012 or position 350 of SEQ ID N017 is replaced With 
A; the K corresponding to position 371 of SEQ ID N012 or 
position 352 of SEQ ID N017 is replaced With A; the L 
corresponding to position 372 of SEQ ID N012 or position 
353 of SEQ ID N017 is replaced With A; and the L 
corresponding to position 373 of SEQ ID N012 or position 
354 of SEQ ID N017 is replaced With A. 

[0103] More preferably, SEQ ID N012 is modi?ed by the 
folloWing changes or SEQ ID N017 is modi?ed by the 
following changes: the Y corresponding to position 106 of 
SEQ ID N012 or position 87 of SEQ ID N017 is replaced 
With E; the Y corresponding to position 129 of SEQ ID N012 
or position 110 of SEQ ID N017 is replaced With E; the Y 
corresponding to position 185 of SEQ ID N012 or position 
166 of SEQ ID N017 is replaced With E; the Y corresponding 
to position 193 of SEQ ID N012 or position 174 of SEQ ID 
N017 is replaced With E; the Y corresponding to position 270 
of SEQ ID N012 or position 251 of SEQ ID N017 is replaced 
With E; the Y corresponding to position 316 of SEQ ID N012 
or position 297 of SEQ ID N017 is replaced With E; and the 
Y corresponding to position 362 of SEQ ID N012 or position 
343 of SEQ ID N017 is replaced With E. 

[0104] Most preferably, SEQ ID N012 is modi?ed by the 
folloWing changes or SEQ ID N017 is modi?ed by the 
following changes: the Y corresponding to position 185 of 
SEQ ID N012 or position 166 of SEQ ID N017 is replaced 
With E; the Y corresponding to position 193 of SEQ ID N012 
or position 174 of SEQ ID N017 is replaced With E; the Y 
corresponding to position 270 of SEQ ID N012 or position 
251 of SEQ ID N017 is replaced With E; the Y corresponding 
to position 316 of SEQ ID N012 or position 297 of SEQ ID 












































































































































































































































