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A polypeptide 

Field of the invention 

The invention relates to a polypeptide, a corresponding nucleic acid molecule, a 

5 construct and/or a vector and/or a cell comprising such nucleic acid molecule and/or a 

composition comprising said polypeptide, nucleic acid molecule, construct, vector 

and/or cell. The invention further relates to such polypeptide, corresponding nucleic 

acid molecule, construct and/or vector and/or cell comprising such nucleic acid 

molecule and/or composition for medical use, preferably for use in treating an 

10 infectious disease. Furthermore, the invention relates to the use of said polypeptide, 

nucleic acid molecule, construct, vector, cell and/or composition as an antimicrobial, 

preferably as a food additive or disinfectant, or for detecting bacteria, preferably in a 

diagnostic application. 

15 Background of the invention 

Staphylococcus aureus is a major human pathogen frequently implicated in 

several serious infectious diseases and food poisoning. Its treatment becomes more and 

more difficult because of emerging antibiotic resistant strains. Endolysins from phages 

infecting Staphylococcus aureus have been shown to potentially control these 

20 pathogens and can be used for their specific detection. In most cases, major obstacles in 

the application of endolysins targeting Staphylococcus species are low enzyme activity, 

difficult production in large quantities and/or protein stability. 

There is always a need for new antimicrobials with improved characteristics on 

for example antimicrobial activity and/or stability. 

25 

Description of the invention 

Reported here is the newly characterised Ply2638, the endolysin of S. aureus 

bacteriophage <£2638a. The enzyme and several engineered derivatives were expressed 

in a soluble way in E. Coli and showed surprising stability after lyophilisation as 

30 proven by their lytic activity after reconstitution. In addition to a cell wall-binding 

domain which binds the cell wall of Staphylococcus genera, we showed that two 

functional domains, i.e. an M23 endopeptidase domain and an amidase domain, are 

crucial for optimal lytic activity. 
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We showed that retrofitting of the enzyme with catalytic domains and/or 

duplication of the cell wall-binding domain originating from S. aureus Oil endolysin, 

<!> Twort endolysin, and Lysostaphin resulted in a heterologous polypeptide fusion 

product with an enhanced lytic activity and/or a shifted pH optimum and/or an 

5 increased stability after lyophilisation and reconstitution. 

Nucleic acid molecule 

In a first aspect, there is provided a nucleic acid molecule comprising or consisting of a 

first nucleotide sequence, said nucleotide sequence having 80, 81, 82, 83, 84, 85, 86, 

87, 88, 89, 90, 91, 92, 93, 94, 95, 96, 97, 98, 99 or 100% sequence identity with SEQ 

10 ID NO: 12 (referred is to Table 1 for an overview of all SEQ ID NOs used herein). 

Preferably, said first nucleotide sequence has a length of at least 282, 285, 290, 300, 

310, 320, 330, 340, 350, 360 or 370 nucleotides, more preferably, at least 381 

nucleotides and/or a length of at most 510, 480, 450, 420 or 390 nucleotides. 

Preferably, said nucleic acid molecule has a length of at least 282, 285, 290, 300, 310, 

15 320, 330, 340, 350, 360, 370 nucleotides, more preferably at least 381 nucleotides 

and/or a length of at most 4500, 4200, 3900 and/or 3600 nucleotides. Preferably, said 

nucleic acid molecule has a length of at least 1200, 1230, 1260, 1290, 1320, 1350, 

1380, 1410, 1440, 1470, 1500, 1530 or 1560 nucleotides and/or a length of at most 

4500, 4200, 3900 and/or 3600 nucleotides. Also preferred is a nucleic acid molecule 

20 according to the invention with a length of at least 1890, 1920, 1950, 1980, 2010, 2040, 

2070, 2100, 2130 or 2160 nucleotides and/or a length of at most 4500, 4200, 3900 

and/or 3600 nucleotides. Preferably, said first nucleotide sequence encodes a cell wall-

binding domain which binds the peptidoglycan cell wall of Staphylococcus genera. 

Preferably, said first nucleotide sequence originates from S. aureus bacteriophage 

25 €>263 8a endolysin. 

As estimated from alignments with the crystal structure of the C-terminal 92 

residues of ALE-1 (Lu et al., J. Biol. Chem., 2006, 28l(l):549-58), it was estimated 

that a minimum of 94 amino acids from the cell wall-binding domain originating from 

S. aureus bacteriophage <£2638a endolysin may be sufficient to direct the enzyme to 

30 the cell wall of Staphylococcus genera. 

Binding of a domain to the peptidoglycan cell wall of Staphylococcus genera may 

be assessed using assays well known to the artisan. In a preferred embodiment, an 

immunohistochemical technique and/or a gene fusion technique resulting in labelled 
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constructs are used for assessing specific binding of peptides, polypeptides or proteins 

to the peptidoglycan cell wall of Staphylococcus genera. Quantification methods of 

signals used in the above mentioned immunohistochemical or fusion techniques are 

well known in the art. 

5 In one embodiment, Staphylococcus peptidoglycan cell wall-binding can be 

quantified using a fluorescent fusion construct comprising a polypeptide comprising a 

domain encoded by a first nucleotide sequence. Such a cell wall-binding assay is 

described in detail by Loessner et al (Molecular Microbiology 2002, 44(2): 335-349) 

and in Example 1. In this assay a solution comprising said fluorescent fusion construct 

10 or a negative control, preferably Green Fluorescent Protein (GFP), is subjected to 

Staphylococcus cells, preferably S. aureus cells, more preferably S. aureus BB255for 

an indicated time period where after the cells are sedimented by centrifugation together 

with the bound fluorescent fusion constructs. The fluorescent signal of the 

Staphylococcus cells exposed to a fluorescent fusion construct subtracted by the 

15 fluorescence signal of the Staphylococcus cells exposed to a negative control, 

preferably GPF, is a measure for cell binding as meant in this disclosure. 

Preferably, within the context of the invention a nucleic acid molecule will be 

said to encode a polypeptide domain that binds the peptidoglycan cell wall of 

Staphylococcus genera when using this assay an increase in fluorescent signal of the 

20 sedimented cells above the negative control as defined herein is detected. The binding 

is preferably said to be specific. Preferably, the invention relates to a nucleic acid 

molecule encoding a polypeptide or a domain which exhibits binding as defined herein 

of at least 50, 60, 70, 80, 90 or 100, 150 or 200% of peptidoglycan cell wall binding of 

S. aureus bacteriophage 02638a endolysin (Ply2638) encoded by SEQ ID NO: 1. 

25 In an embodiment, the invention relates to a nucleic acid molecule that has 80, 

81, 82, 83, 84, 85, 86, 87, 88, 89, 90, 91, 92, 93, 94, 95, 96, 97, 98, 99 or 100% 

sequence identity with SEQ ID NO: 1 encoding for S. aureus bacteriophage 02638 

endolysin. 

The present invention further relates to a nucleic acid molecule comprising in 

30 addition to said first nucleotide sequence, a heterologous nucleotide sequence encoding 

a lytic domain. Preferably, said lytic domain exhibits peptidoglycan hydrolase activity 

as defined later herein. Said nucleic acid molecule comprising heterologous nucleotide 

sequences being defined herein as a "retrofitted construct". 
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As used herein the term "heterologous sequence" or "heterologous nucleic acid" 

is one that is not naturally found operably linked as neighbouring sequence of said first 

nucleotide sequence. As used herein, the term "heterologous" may mean 

"recombinant". "Recombinant" refers to a genetic entity distinct from that generally 

5 found in nature. As applied to a nucleotide sequence or nucleic acid molecule, this 

means that said nucleotide sequence or nucleic acid molecule is the product of various 

combinations of cloning, restriction and/or ligation steps, and other procedures that 

result in the production of a construct that is distinct from a sequence or molecule 

found in nature. 

10 A "peptidoglycan hydrolase activity" herein also defined as a "lytic activity" can 

be assessed by methods well known to the artisan. In an embodiment, lytic activity can 

be assessed spectrophotometrically by measuring the drop in turbidity of substrate cell 

suspensions. Preferably, lytic activity can be assessed spectrophotometrically 

measuring the drop in turbidity of a S. aureus suspension, wherein turbidity is 

15 quantified by measuring OD595 spectrophotometrically (Libra S22, Biochrom). More 

preferably, 200 nM of a polypeptide encoded by a nucleic acid molecule as identified 

herein is incubated together with an S. aureus suspension having an initial OD6oo of 1 

± 0.05, as assessed spectrophotometrically (Libra S22, Biochrom), in PBS buffer pH 

7.4, 120 mM sodium chloride for 30 min at 37°C. The drop in turbidity is calculated by 

20 subtracting the OD595 after 30 min of incubation from the OD595 before 30 min of 

incubation. Within the context of the invention a nucleic acid molecule will be said to 

comprise a nucleic acid sequence encoding a lytic domain when using this assay a drop 

in turbidity of at least 10, 20, 30, 40, 50 or 60% is detected. Preferably, a drop of at 

least 70% is detected. Preferably, the invention relates to a nucleic acid molecule 

25 encoding a polypeptide which exhibits a lytic activity of at least 50, 60, 70, 80, 90, 100, 

150 or 200% or more of a lytic activity of S. aureus bacteriophage €>2638a endolysin 

(Ply2638) encoded by SEQ ID NO: 1. 

In an embodiment a nucleic acid molecule of the invention may not comprise or 

consist of SEQ ID NO:l. SEQ ID NO: 1 encodes for S. aureus bacteriophage <£2638 

30 endolysin. 

A preferred embodiment encompasses a nucleic acid molecule comprising said 

first nucleotide sequence as identified herein and further comprising as a lytic domain a 

second and third nucleotide sequences, wherein said second sequence encodes an 
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endopeptidase domain and third nucleotide sequence encodes an amidase domain. 

Accordingly, the invention relates to a nucleic acid molecule comprising said first 

nucleotide sequence, wherein said nucleic acid molecule has 80, 81, 82, 83, 84, 85, 86, 

87, 88, 89, 90, 91, 92, 93, 94, 95, 96, 97, 98, 99 or 100% sequence identity with SEQ 

5 ID NO: 1, or wherein said nucleic acid molecule further comprises a heterologous 

nucleotide sequence encoding a lytic domain. 

An endopeptidase domain as used herein preferably cleaves the pentaglycine 

cross-bridges (Trayer, H. R. and Buckley, C. E. (1970) Molecular properties of 

lysostaphin, a bacteriolytic agent specific for Staphylococcus aureus. J. Biol. Chem. 

10 245, 4842-4846) that are found in the cell wall of Staphylococcus genera, preferably in 

the cell wall of S. aureus, S. simulans and S. carnosus. An amidase domain as used 

herein preferably hydrolyzes gamma-glutamyl-containing substrates. The functionality 

and activity of these domains in a polypeptide can be confirmed by characterizing the 

cleavage products upon incubation of said polypeptides containing any of these 

15 domains with purified peptidoglycan. Preferably, each of the nucleotide sequences 

encoding the second or third domain is of bacterial or bacteriophage origin. In a 

preferred embodiment, said second and third nucleotide sequences originate from a 

gene encoding for an enzyme selected from the group consisting of S. aureus 

bacteriophage 02638a endolysin, S. aureus bacteriophage Oil endolysin, S. aureus 

20 bacteriophage OTwort endolysin and S. Simulans lysostaphin. Preferably, said second 

nucleotide sequence has 80, 81, 82, 83, 84, 85, 86, 87, 88, 89, 90, 91, 92, 93, 94, 95, 96, 

97, 98, 99 or 100% sequence identity with SEQ ID NO: 14 or 15 and said third 

nucleotide sequence has 80, 81, 82, 83, 84, 85, 86, 87, 88, 89, 90, 91, 92, 93, 94, 95, 96, 

97, 98, 99 or 100% sequence identity with SEQ ID NO: 17 or 18. 

25 The invention encompasses all constructs as defined herein containing the 

functional domains as meant in the invention at any possible location within the 

construct. In a preferred embodiment, a nucleic acid molecule as defined herein 

encodes for a polypeptide with a C-terminal domain encoded by a first nucleic acid 

sequence as identified herein, which is shown herein to encode for functional 

30 polypeptides able to target for Staphylococcus genera. Even more preferred is a nucleic 

acid molecule as defined herein comprising a nucleic acid molecule that has 80, 81, 82, 

83, 84, 85, 86, 87, 88, 89, 90, 91, 92, 93, 94, 95, 96, 97, 98, 99 or 100% sequence 

identity with SEQ ID NO: 9. SEQ ID NO: 9 comprises a first nucleotide sequence 
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encoding a C-terminal SH3b homologue cell wall-binding domain (both domains from 

Ply2638 encoded by SEQ ID NO: 1: Leul38 - Lys486), a second nucleotide sequence 

encoding a polypeptide comprising an N-terminal M23 glycyl-glycine endopeptidase 

homologue domain (mature Lysostaphin encoded by SEQ ID NO: 33: Alal - Glyl54) 

5 and a third nucleotide sequence encoding a central amidase-2 homologue domain. It 

has a theoretical size of 58.266 kDa. A polypeptide encoded by SEQ ID NO: 9 differs 

from S. aureus bacteriophage <£263 8a endolysin in that the N-terminal M23 

endopeptidase domain is substituted by an M23 endopeptidase domain from S. 

Simulans lysostaphin. We showed here that a polypeptide encoded by SEQ ID NO: 9 

10 demonstrated at least 20% increased lytic activity as compared to S. aureus 

bacteriophage <£2638a endolysin while the lytic activity is maintained after 

lyophilisation and reconstitution. In a preferred embodiment, a nucleic acid molecule 

comprising said first, second and third nucleotide sequences encodes for a polypeptide 

exhibiting a lytic activity of at least 0.7, 0.8, 0.9, 1.0, 1.1, 1.2, 1.3, 1.4, 1.5, 1.6, 1.7, 1.8, 

15 1.9 or 2 fold as compared to a lytic activity of S. aureus bacteriophage <£2638a 

endolysin encoded by SEQ ID NO: 1. In a preferred embodiment, a nucleic acid 

molecule comprising said first, second and third nucleotide sequences encodes for a 

polypeptide exhibiting a decrease in lytic activity of at most 1, 2, 3, 4, 5, 6, 7, 8, 9 or 

10% after lyophilisation and reconstitution as defined herein as compared to freshly 

20 prepared polypeptide, wherein "freshly prepared" is preferably defined herein as at 

most 2 days storage at 1.63 mg/mL in lyophilisation buffer (50mM Tris, 500mM 

sucrose, 200mM mannitol, 0.05% polysorbate 20 + 50% glycerol) at -20 °C and thawed 

immediately before assessing lytic activity in an assay as identified herein. 

Lyophilisation and reconstitution is defined herein as dehydration by freeze-

25 drying and subsequent reconstitution of the sample by adding water. In an embodiment, 

lyophilisation and reconstitution may be done by dialyzing against 3 changes of 300 ml 

lyophilization buffer (50 mM phosphate or Tris, 500 mM sucrose, 200 mM mannitol, 

pH 7.4) aliquot and freezing in the gaseous phase of liquid nitrogen. The freeze-drying 

can be done under standard conditions, preferably at -40°C and vacuum at 75 mTorr for 

30 60 minutes, followed by increasing temperature during 5 hours to -10°C and another 60 

minutes at -10°C at the same vacuum levels. As final step, temperature is preferably 

increased to 25°C during 10 hours. Samples are reconstituted by the addition of water. 
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In another preferred embodiment, a nucleic acid molecule as defined herein 

comprises in addition to the above identified first, second and third nucleotide 

sequences at least one duplicate identical or heterologous first, second and/or third 

nucleotide sequence. Preferably, a nucleic acid molecule as defined herein comprises in 

5 addition to said first, second and third nucleotide sequences, a duplicate identical first 

nucleotide sequence. We showed here that duplication of the first nucleotide sequence 

as defined herein encoding a cell wall-binding domain results in a polypeptide 

preferably as encoded by SEQ ID NO: 20 which exposes at least 5, 10, 20, 30, 20 or 

40% increased lytic activity as compared to a lytic activity of a reference polypeptide 

10 encoded by a nucleic acid molecule lacking such duplicate first domain or as compared 

to a lytic activity of S. aureus bacteriophage 02638a endolysin encoded by SEQ ID 

NO:l as assessed in an assay as identified herein, more specifically using equimolar 

amount of a polypeptide and a modified PBS buffer containing 200, 300, 400, or 

lOOOnM NaCl. This embodiment also encompasses a heterologous nucleic acid 

15 molecule in which said first, second and third nucleotide sequences originate form the 

same source being S. aureus bacteriophage02638a, said nucleic acid molecule 

comprising a sequence that has 80, 81, 82, 83, 84, 85, 86, 87, 88, 89, 90, 91, 92, 93, 94, 

95, 96, 97, 98, 99 or 100% sequence identity with SEQ ID NO:l and an additional 

duplicate identical or heterologous first, second and/or third nucleotide sequence. Also 

20 preferred is a nucleic acid molecule as defined herein comprising a nucleotide sequence 

that has 80, 81, 82, 83, 84, 85, 86, 87, 88, 89, 90, 91, 92, 93, 94, 95, 96, 97, 98, 99 or 

100%) sequence identity with SEQ ID NO: 6 and 20. 

In another preferred embodiment, a nucleic acid molecule as defined herein 

comprises a fourth nucleotide sequence encoding a CHAP (cysteine, histidine-

25 dependent amidohydrolases/peptidases) domain. More preferably, said fourth 

nucleotide sequences originates from S. aureus bacteriophage 011 or S. aureus 

bacteriophage OTwort endolysin. Even more preferably, said fourth nucleotide 

sequence has 80, 81, 82, 83, 84, 85, 86, 87, 88, 89, 90, 91, 92, 93, 94, 95, 96, 97, 98, 99 

or 100% sequence identity with SEQ ID NO: 18 or SEQ ID NO: 19. Preferably, a 

30 nucleic acid molecule as defined herein comprises a nucleotide sequence that has 80, 

81, 82, 83, 84, 85, 86, 87, 88, 89, 90, 91, 92, 93, 94, 95, 96, 97, 98, 99 or 100% 

sequence identity with SEQ ID NO: 5 or 7. We showed here that a molecule 

comprising said first, second, third and fourth nucleotide sequences as defined by SEQ 
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ID NO: 5 encodes for a polypeptide exhibiting an increased lytic activity and/or a 

shifted, preferably decreased pH optimum as compared to a polypeptide encoded by a 

construct lacking said fourth domain and/or compared to S. aureus bacteriophage 

02638a endolysin encoded by SEQ ID NO:l. Lytic activity was assessed 

5 spectrophotometrically and under the conditions as earlier defined herein. Preferably, 

said polypeptide exhibits an increase in a lytic activity of at least 0.7, 0.8, 0.9, 1.0, 1.1, 

1.2, 1.3, 1.4, 1.5, 1.6, 1.7, 1.8, 1.9, or 2 fold as compared to a lytic activity of a 

polypeptide encoded by a reference polypeptide differing from said polypeptide only in 

lacking said fourth domain or as compared to a lytic activity of S. aureus bacteriophage 

10 02638a endolysin encoded by SEQ ID NO: 1. Even more preferably, said polypeptide 

exhibits an increase in a lytic activity of at least 2.5 fold as compared to the defined 

reference polypeptide or a polypeptide encoded by SEQ ID NO:l. 

A shifted or decreased pH optimum is defined herein as a shift or decrease in 

optimal lytic activity to a lower pH value, where ionic strength is kept constant. Lytic 

15 activity is preferably assessed spectrophotometrically as defined herein. Preferably, the 

pH optimum of a lytic activity is decreased 0.5-1 pH unit as compared to a lytic 

activity of a polypeptide encoded by a reference polypeptide differing from said 

polypeptide only in lacking said fourth domain or as compared to a lytic activity of S. 

aureus bacteriophage 02638a endolysin encoded by SEQ ID NO:l. 

20 The invention preferably relates to a nucleic acid molecule comprising a first, 

second, third and optionally fourth nucleotide sequences as identified herein encoding a 

polypeptide which has the same lytic activity and/or the same pH optimum or which 

has an increased lytic activity and/or a decreased pH optimum as compared to a lytic 

activity of S. aureus bacteriophage 02638a endolysin encoded by SEQ ID NO:l. The 

25 same being identified herein as no detectable difference when using the assay as 

identified herein or a method well known by the artisan. The current invention also 

relates to a nucleic acid molecule comprising a first, second, and fourth nucleotide 

sequence as identified herein encoding a polypeptide which has the same lytic activity 

and/or the same pH optimum or which has an increased lytic activity and/or a 

30 decreased pH optimum as compared to a lytic activity of S. aureus bacteriophage 

02638a endolysin encoded by SEQ ID NO:l. The current invention also relates to a 

nucleic acid molecule comprising a first, third, and fourth nucleotide sequence as 

identified herein encoding a polypeptide which has the same lytic activity and/or the 



WO 2012/150858 PCT/NL2011/050307 

9 

same pH optimum or which has an increased lytic activity and/or a decreased pH 

optimum as compared to a lytic activity of S. aureus bacteriophage €>2638a endolysin 

encoded by SEQ ID NO:l. Each of the nucleotide sequences identified herein, i.e. first, 

second, third, fourth nucleotide sequences, encoding the individual domain of a 

5 polypeptide defined herein can be assembled by any usual method known for 

constructing and assembling nucleic acid fragments which are well known to those 

skilled in the art and widely described in the literature (Sambrook, Maniatis et al. 

(1989) and illustrated experimental part of the disclosure. In a preferred embodiment, a 

first, second, third and/or fourth nucleotide sequences are operably linked together. 

10 Accordingly, a nucleic acid molecule of the invention encodes a polypeptide, 

preferably a polypeptide as identified herein which is able to bind Staphylococcus 

genera via the cell wall-binding domain encoded by a first nucleotide sequence as 

defined herein and/or lyse said bacteria via an endopeptidase and/or amidase domain 

and optionally a CHAP domain encoded by a second, third and fourth nucleotide 

15 sequence, respectively, as defined herein. 

In a preferred embodiment, a nucleic acid molecule of the invention as defined 

herein optionally comprises a sequence encoding a tag for ease of purification. 

Preferably, said tag is selected from, but is not limited to, the group consisting of a 

FLAG-tag, poly(His)-tag, HA-tag and Myc-tag. More preferably said tag is a 6xHis-

20 tag. Even more preferably, said tag is an N-terminal 6xHis-tag identical to SEQ ID NO: 

43. 

Polypeptide 

In a further aspect, there is provided a polypeptide encoded by a nucleic acid 

25 molecule as earlier identified herein. This polypeptide comprises a cell wall-binding 

domain and preferably an endopeptidase domain and/or an amidase domain as defined 

in the previous section. 

A polypeptide domain encompassed by the current invention preferably has 80, 

81, 82, 83, 84, 85, 86, 87, 88, 89, 90, 91, 92, 93, 94, 95, 96, 97, 98, 99 or 100% 

30 sequence identity with SEQ ID NO: 35, 36, 37, 38, 39, 40, 41 and/or 42. Preferably, a 

polypeptide domain encompassed by the current invention preferably comprises one 

ore more putative linkers and has 80, 81, 82, 83, 84, 85, 86, 87, 88, 89, 90, 91, 92, 93, 
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94, 95, 96, 97, 98, 99 or 100% sequence identity with SEQ ID NO: 51, 52, 53, 54, 55, 

56, 57 and/or 58. 

A polypeptide encompassed by the current invention preferably has 80, 81, 82, 

83, 84, 85, 86, 87, 88, 89, 90, 91, 92, 93, 94, 95, 96, 97, 98, 99 or 100% sequence 

5 identity with SEQ ID NO: 21, 25, 26, 27, 29 and/or 32. More preferably, a polypeptide 

encompassed by the current invention preferably has 80, 81, 82, 83, 84, 85, 86, 87, 88, 

89, 90, 91, 92, 93, 94, 95, 96, 97, 98, 99 or 100% sequence identity with SEQ ID NO: 

25, 26, 27, 29 and/or 32 with SEQ ID NO: 25, 26, 27, 29 and/or 32. 

In an embodiment of the current invention, a polypeptide preferably has at least 

10 80%) sequence identity with SEQ ID NO: 21, 25, 26, 27, 29, 32, 35, 36, 37, 38, 39, 40, 

41, and/or 42 encoded by a nucleic acid construct with at least 80% identity with SEQ 

ID NO: 1, 5, 6, 7, 9, 20, 12, 13, 14, 15, 16, 17, 18 and/or 19, respectively. More 

preferably, a polypeptide of the current invention has at least 80% sequence identity 

with SEQ ID NO: 25, 26, 27, 29, 32, 35, 36, 37, 38, 39, 40, 41, and/or 42 encoded by a 

15 nucleic acid construct with at least 80% identity with SEQ ID NO: 5, 6, 7, 9, 20, 12, 13, 

14, 15, 16, 17, 18 and/or 19, respectively. 

A polypeptide according to the invention may have a length of at least 94, 95, 96, 

100, 110 or 120 amino acids, preferably 127 amino acids and/or at most 1500, 1400, 

1300 or 1200 amino acids. Preferably, said polypeptide has a length of at least 400, 

20 410, 420, 430, 440, 450, 460, 470, 480, 490, 500, 510 or 520 amino acids and/or at 

most 1500, 1400, 1300 or 1200 amino acids. Also preferred is a polypeptide according 

to the invention with a length of at least 630, 640, 650, 660, 670, 680, 690, 700, 710 or 

720 amino acids and/or at most 1500, 1400, 1300 or 1200 amino acids. 

An amino acid or nucleotide sequence, encompassed by the present invention, 

25 may be derived from one of the sequences as identified herein by substituting, 

inserting, deleting, or adding one, 2, 3, 4, 5, 6, 7, 8, 9, 10, 12, 14, 16, 18 , 20 or more 

nucleotides or amino acids, respectively. An amino acid sequence, encompassed by the 

present invention, may be derived from one of the sequences as identified herein by 

adding an additional N- or C- terminal amino acids or chemical moieties to increase 

30 stability, solubility and activity. 

An embodiment of the invention encompasses a variant polypeptide. A variant 

polypeptide may be a non-naturally occurring form of the polypeptide. A polypeptide 

variant may differ in some engineered way from the polypeptide isolated from its 
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native source. A variant may be made by site-directed mutagenesis starting from the 

nucleotide sequence of SEQ ID NO: 1, 5, 6, 7, 9, 12, 13, 14, 15, 16, 17, 18, 19 and/or 

20. Preferably, a polypeptide variant contains mutations that do not alter the biological 

function of the encoded polypeptide. According to a preferred embodiment, a 

5 polypeptide variant exhibits Staphylococcus peptidoglycan cell wall-binding and/or a 

lytic activity which is the same or enhanced as compared to the Staphylococcus 

peptidoglycan cell-wall binding and/or lytic activity of S. aureus bacteriophage 

€>263 8a endolysin encoded by SEQ ID NO:l .A polypeptide variant of the invention 

preferably is a variant of SEQ ID NO: 21, 25, 26, 27, 29, 32, 35, 36, 37, 38, 39, 40, 41 

10 and/or 42. A polypeptide variant with the same or an enhanced Staphylococcus 

peptidoglycan cell-wall binding and/or lytic activity is a polypeptide exhibiting a 

Staphylococcus aureus peptidoglycan cell-wall binding and/or lytic activity, which is 

the same or increased compared to the Staphylococcus peptidoglycan cell-wall binding 

and/or lytic activity of S. aureus bacteriophage 02638a endolysin encoded by SEQ ID 

15 NO: 1 measured in an assay as earlier identified herein. 

According to another preferred embodiment, a nucleotide sequence of the 

invention is a variant of the nucleotide sequences of SEQ ID NO: 1, 5, 6, 7, 9, 12, 13, 

14, 15, 16, 17, 18, 19 and/or 20. Nucleotide sequence variants may be used for 

preparing a polypeptide variant as defined earlier. A nucleic acid variant may be a 

20 fragment of any of the nucleotide sequences as defined above. A nucleic acid variant 

may also be a nucleotide sequence that differs from SEQ ID NO: 1, 5, 6, 7, 9, 12, 13, 

14, 15, 16, 17, 18, 19 and/or 20 by virtue of the degeneracy of the genetic code. A 

nucleic acid variant may also be an allelic variant of SEQ ID NO: 1,5,6, 7, 9, 12,13, 

14, 15, 16, 17, 18, 19 and/or 20. An allelic variant denotes any of two or more 

25 alternative forms of a gene occupying the same chromosome locus. A preferred nucleic 

acid variant is a nucleotide sequence, which contains silent mutation(s). Alternatively 

or in combination, a nucleic acid variant may also be obtained by introduction of 

nucleotide substitutions, which do not give rise to another amino acid sequence of the 

polypeptide encoded by the nucleotide sequence, but which corresponds to the codon 

30 usage of the host organism intended for production of the polypeptide of the invention. 

According to a preferred embodiment, a nucleic acid variant encodes a polypeptide still 

exhibiting its biological function. More preferably, a nucleotide sequence variant 

encodes a polypeptide exhibiting Staphylococcus peptidoglycan cell wall-binding 
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and/or a lytic activity. Even more preferably, a nucleic acid variant encodes a 

polypeptide with enhanced Stahpylococcus peptidoglycan cell wall-binding and/or lytic 

activity as defined earlier. Nucleic acids encoding a polypeptide exhibiting S 

Stahpylococcus peptidoglycan cell wall-binding and/or lytic activity may be isolated 

5 from any microorganism. 

All these variants can be obtained using techniques known to the skilled person, 

such as screening of library by hybridisation (southern blotting procedures) under low 

to medium to high hybridisation conditions with for the nucleotide sequence SEQ ID 

NO: 1, 5, 6, 7, 9, 12, 13, 14, 15, 16, 17, 18, 19 and/or 20 or a variant thereof which 

10 can be used to design a probe. Low to medium to high stringency conditions means 

prehybridization and hybridization at 42°C in 5X SSPE, 0.3% SDS, 200pg/ml sheared 

and denatured salmon sperm DNA, and either 25% 35% or 50% formamide for low to 

medium to high stringencies respectively. Subsequently, the hybridization reaction is 

washed three times for 30 minutes each using 2XSSC, 0.2%SDS and either 55 °C, 65 

15 °C, or 75 °C for low to medium to high stringencies. 

The sequence information as provided herein should not be so narrowly 

construed as to require inclusion of erroneously identified bases. The skilled person is 

capable of identifying such erroneously identified bases and knows how to correct for 

such errors. 

20 

Nucleic acid construct 

In a further aspect, there is provided a nucleic acid construct comprising a nucleic 

acid molecule as identified in the previous section. This nucleic acid construct may 

comprise a first nucleic acid sequence encoding a polypeptide comprising a cell wall-

25 binding domain, possibly further comprising a second and third and optionally fourth 

nucleic acid sequence as defined in the previous section. 

The invention also relates to an expression vector comprising a nucleic acid 

construct of the invention. Preferably, an expression vector comprises a nucleotide 

sequence of the invention, which is operably linked to one or more control sequences, 

30 which direct the production or expression of the encoded polypeptide in a cell, a 

subject, or a cell-free expression system. 

An expression vector may be seen as a recombinant expression vector. This 

vector can be constituted by a plasmid, a cosmid, a bacteriophage or a virus which is 
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transformed by introducing a nucleic acid molecule according to the invention. Such 

transformation vectors according to the host organism to be transformed are well 

known to those skilled in the art and widely described in the literature. 

A further subject of the invention is a process for the transformation of host 

5 organisms, by integrating a least one nucleic acid molecule of the invention, which 

transformation may be carried out by any suitable known means which have been 

widely described in the specialist literature and in particular in the references cited in 

the present application, more particularly by the vector according to the invention. 

10 Cell 

In a further aspect, the present invention relates to a cell, which comprises a 

nucleic acid construct or an expression vector of the invention as defined herein. A cell 

may be any microbial, prokaryotic or eukaryotic cell, which is suitable for expression 

of the polypeptide of the invention. In a preferred embodiment, said cell is an E. Coli. 

15 In an even more preferred embodiment, said cell is E. coli CLlblue MRF. 

Method 

In a further aspect, there is provided a method for producing, optionally purifying 

and optionally freeze-drying a polypeptide as defined in the previous section. Said 

20 method comprising the steps of: 

i) producing said polypeptide in a cell comprising a nucleic acid construct as defined 

in the previous section, optionally 

ii) purifying said polypeptide, and optionally 

iii) freeze-drying said purified polypeptide. 

25 In a preferred embodiment, an E. Coli is used in step i) for producing a polypeptide 

using recombinant technologies. More preferably an E. coli XLlblueMRF is used in 

step i) for producing a polypeptide using recombinant technologies Preferably, in step 

ii), IMAC and Econo-Pac Chromatography columns (Biorad) packed with 5mL low 

density Nickel chelating agarose beads (ABT beads) in combination with gravity flow 

30 is used to purify said (6xHis-tagged recombinant) polypeptides. The eluted polypeptide 

can be dialyzed for 2, 4, and 12 hours against 3x11 lyophilization buffer, said buffer 

preferably comprising 50 mM phosphate, 500mM sucrose, 200mM mannitol, 0.005% 

polysorbate20, pH 7.4. 
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Method 

In a further aspect, the invention also relates to a method for producing a 

polypeptide with an enhanced lytic activity by treating a polypeptide as defined in the 

5 previous section or as obtainable by the method described above. Said treatment 

comprises substituting a divalent metal ion for increasing a lytic activity as compared to 

an untreated polypeptide, preferably said method comprising the steps of: 

i) dialyzing said polypeptide against a buffer comprising a chelating compound; 

ii) dialyzing said polypeptide against a divalent metal ion-containing buffer, 

10 preferably said divalent metal ion being selected from the group consisting of 

Mn2+' Co2+, Cu2+, and Zn2+. 

A "chelating compound" being defined herein as a compound that binds a metal 

ion. Well known chelating compounds are ethylene diammine tetraacetic acid (EDTA) 

and ethylene glycol tetraacetic acid (EGTA). Preferably EDTA is used in step i) of the 

15 method of the invention. 

Preferably, the divalent metal ion of step ii) is selected from the group consisting 

Mn2+, Co2+, Cu2+, more preferably, said divalent metal ion is selected from the group 

consisting of Mn2+ and Co2+, even more preferably said divalent metal ion is Mn2+. 

We showed that substituting a divalent metal ion by any of the above defined 

20 resulted in an increase of a lytic activity of Ply2638 of 2 - 2.5 fold. Lytic activity was 

assessed spectrophotometrically as defined herein. Preferably, said method leads to an 

increase in a lytic activity of at least 1.1, 1.2, 1.3, 1.4, 1.5, 1.6, 1.7, 1.8, 1.9 or 2 fold as 

compared to an untreated polypeptide. Even more preferably, the method leads to an 

increase in a lytic activity of at least 2.5 fold. Preferably, the treated polypeptide 

25 exhibits a 0.7, 0.8, 0.9, 1.0, 1.1, 1.2, 1.3, 1.4, 1.5, 1.6, 1.7, 1.8, 1.9 to 2 fold increase in 

lytic activity as compared to the untreated polypeptide encoded by SEQ ID NO: 1. 

Composition 

In a further aspect, there is provided a composition comprising a nucleic acid 

30 molecule or a nucleic acid construct or a polypeptide or a vector or a cell as identified 

herein or obtainable by a method described herein. Preferably, the invention relates to a 

composition exhibiting a lytic activity as defined herein. More preferably, said 

composition is for use as a medicament. This medicament is preferably for treating, 
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preventing and/or delaying an infectious disease. The invention also relates to a 

pharmaceutical or medical composition. Even more preferably, the invention relates to 

a pharmaceutical or medical composition for the treatment of an infectious disease. 

Preferably, the invention relates to a pharmaceutical or medical composition for the 

5 treatment of an infectious disease caused by a bacterium, preferably a bacterium of the 

genus Staphylococcus, more preferably a bacterium of the species S. aureus. 

Preferably, said infectious disease is a skin infection, mastitis, pneumonia, meningitis, 

endocarditis, Toxic Shock Syndrome (TSS), sepsis, septicemia, bacteremia, or 

osteomyelitis. Preferably, said skin infection is selected from the group of pimples, 

10 impetigo, boils, furuncles, cellulitis folliculitis, carbuncles, scaled skin syndrome and 

abscesses. 

A composition as defined herein may comprise a mixture of different nucleic acid 

molecules, and/or nucleic acid constructs and/or polypeptides an/or vectors and/or cells 

as identified herein or obtainable by a method described herein. 

15 A composition as defined herein may comprise one or more additional active 

ingredients. Active preferably being defined herein as showing a lytic activity as 

defined herein. Preferably, said one or more additional active ingredients are selected 

from the group consisting of a bacteriophage or phage and antibiotic. A phage 

encompassed herein can be any phage known in literature. Preferably, a phage 

20 encompassed by the present invention belongs, but is not limited, to a family of the list 

consisting of Myoviridae, Siphoviridae and Podoviridae. A phage encompassed by the 

present invention may also belong to a family of the list consisting of Tectiviridae, 

Corticoviridae, Lipothrixviridae, Plasmaviridae, Rudiviridae, Fuselloviridae, 

Inoviridae, Microviridae, Leviviridae and Cystoviridae. More preferably, said one or 

25 more active ingredients comprise and/or consist of lysostaphin, preferably S. Simulans 

lysostaphin having 80, 81, 82, 83, 84, 85, 86, 87, 88, 89, 90, 91, 92, 93, 94, 95, 96, 97, 

98, 99 or 100% sequence identity with SEQ ID NO: 34, more preferably S. Simulans 

lysostaphin of SEQ ID NO: 34.). Even more preferably, said one or more active 

ingredients comprise and/or consist of both one or more different bacteriophages and 

30 lysostaphin, preferably, one or more different phages and S. Simulans lysostaphin (SEQ 

ID NO: 34). Within the context of this invention, a combination of active ingredients as 

defined herein can be administered sequentially and/or simultaneously. 
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A composition as defined herein may further comprise a pharmaceutical^ 

acceptable carrier. Such composition is preferably for use as a medicine or as a 

medicament. Preferably the medicament is used in the treatment of infectious diseases. 

A composition may be in the liquid, solid or semi-liquid or semi-solid form. 

5 A composition of the invention can be used to treat animals, including humans, 

infected with S. aureus. Any suitable route of administration can be used to administer 

said composition including but not limited to: oral, aerosol or other device for delivery 

to the lungs, nasal spray, intravenous, intramuscular, intraperitoneal, intrathecal, 

vaginal, rectal, topical, lumbar puncture, intrathecal, and direct application to the brain 

10 and/or meninges. 

A composition comprising a nucleic acid molecule or a nucleic acid construct or 

a polypeptide or a vector or a cell as identified herein or obtainable by a method 

described herein is preferably said to be active, functional or therapeutically active or 

able to treat, prevent and/or delay an infectious disease when it decreases the amount of 

15 a Staphylococcus genera present in a patient or in a cell of said patient or in a cell line 

or in a cell free in vitro system and preferably means that 99%, 90%, 80%, 70%, 60%, 

50%), 40%), 30%), 20%, 10%), 5% or less of the initial amount of a Staphylococcus 

genera, is still detectable. Preferably no Staphylococcus genera is detectable. In this 

paragraph, the expression "amount of Staphylococcus genera" preferably means alive 

20 Staphylococcus genera. Staphylococcus genera may be detected using standard 

techniques known by the artisan such as immunohistochemical techniques using 

Staphylococcus specific antibodies, tube coagulase tests that detect staphylocoagulase 

or "free coagulase", detection of surface proteins such as clumping factor (slide 

coagulase test) and/or protein A (commercial latex tests). Alive Staphylococcus genera 

25 may be detected using standard techniques known by the artisan such as 

microbiological bacterial culture techniques and/or real-time quantitative reverse 

transcription polymerase chain reaction to assay for bacterial mRNA. 

Said decrease is preferably assessed in a tissue or in a cell of an individual or a patient 

by comparison to the amount present in said individual or patient before treatment with 

30 said composition or polypeptide of the invention. Alternatively, the comparison can be 

made with a tissue or cell of said individual or patient which has not yet been treated 

with said composition or polypeptide in case the treatment is local. 
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A composition comprising a nucleic acid molecule or a nucleic acid construct or 

a polypeptide or a vector or a cell as identified herein or obtainable by a method 

described herein may be administered to a patient or of a cell, tissue or organ or said 

patient at least one week, one month, six month, one year or more. 

5 In another embodiment, the invention relates to a non-medical composition 

exhibiting a binding and/or lytic activity as defined herein. Preferably the invention 

relates to an antimicrobial. Preferably, the invention relates to an antimicrobial for 

lysing a bacterium, preferably a bacterium of the genus Staphylococcus, more 

preferably a bacterium of the species S. aureus. Preferably the invention relates to an 

10 antimicrobial as food preservative or disinfectant. 

Use 

In a further aspect, the invention relates to the use of a polypeptide comprising 

domains encoded by a first, second, third and optionally fourth nucleic acid sequence as 

15 defined herein, a nucleic acid molecule encoding such polypeptide, a construct 

comprising such nucleic acid molecule, a vector comprising such construct, a cell 

comprising such vector and/or a composition comprising any of the above, preferably 

as antimicrobial. Preferably, the invention relates the use as an antimicrobial for lysing 

a bacterium, preferably a bacterium of the genus Staphylococcus, more preferably a 

20 bacterium of the species S. aureus. Preferably the invention relates to an antimicrobial 

as food preservative or disinfectant. Possibly, such food preservatives or disinfectants 

are used together with other antimicrobial agents. Preferably, such food preservatives 

or disinfectants are used in combination with one or more additional active ingredients 

as defined herein. Preferably, said one or more additional active ingredients are 

25 selected from the group consisting of a bacteriophage or phage and antibiotic as defined 

herein. 

The above-referenced polypeptide, nucleic acid molecule, construct, vector, cell 

and/or composition can be applied on or into food products, and/or into various 

physical sites to be disinfected, by a number of means including, but not limited to, 

30 admixing said polypeptide and/or cell containing polypeptide of the invention into the 

food products, spraying said polypeptide and/or cell containing the polypeptide of the 

invention onto the foodstuffs or physical sites to be disinfected. 
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A polypeptide of the invention can be isolated from a cell or a cell containing 

said polypeptide of the invention can be directly applied or administered without 

isolation of said polypeptide. For example, a cell which produces a polypeptide of the 

invention could be administered to a subject (human or animal) or applied to a surface 

5 where the polypeptide of the invention would be secreted into food, onto a surface or 

into the subject's gut. The polypeptide of the invention can then bind and optionally 

lyse bacterial cells, preferably a bacterium of the genus Staphylococcus, more 

preferably a bacterium of the species S. aureus, present in this environment. 

Further encompassed is the use of a polypeptide comprising a domain encoded by 

10 a first nucleic acid sequence as defined herein, a nucleic acid molecule encoding such 

polypeptide, a construct comprising such nucleic acid molecule, a vector comprising 

such construct, a cell comprising such vector and/or a composition comprising any of 

the above, preferably for detecting bacteria, more preferably for detecting bacteria of 

the genus Staphylococcus, more preferably a bacterium of the species S. aureus. 

15 Preferably, said polypeptide, nucleic acid molecule, construct, vector, cell and/or 

composition is used in a diagnostic application. Possibly said polypeptide, nucleic acid 

molecule, a construct, a vector, cell and/or a composition is used together with other 

detection agents. 

20 Method 

The invention further relates in a further aspect to a method for treating, delaying 

and/or preventing an infectious disease by administering a composition as earlier 

defined herein. All features of this method have already been defined herein. 

25 Definitions 

Sequence identity 

"Sequence identity" is herein defined as a relationship between two or more amino acid 

(peptide, polypeptide, or protein) sequences or two or more nucleic acid (nucleotide, 

polynucleotide) sequences, as determined by comparing the sequences. In the art, 

30 "identity" also means the degree of sequence relatedness between amino acid or 

nucleotide sequences, as the case may be, as determined by the match between strings 

of such sequences. "Similarity" between two amino acid sequences is determined by 

comparing the amino acid sequence and its conserved amino acid substitutes of one 
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peptide or polypeptide to the sequence of a second peptide or polypeptide. In a 

preferred embodiment, identity or similarity is calculated over the whole SEQ ID NO 

as identified herein. "Identity" and "similarity" can be readily calculated by known 

methods, including but not limited to those described in Computational Molecular 

5 Biology, Lesk, A. M., ed., Oxford University Press, New York, 1988; Biocomputing: 

Informatics and Genome Projects, Smith, D. W., ed., Academic Press, New York, 

1993; Computer Analysis of Sequence Data, Part I, Griffin, A. M., and Griffin, H. G., 

eds., Humana Press, New Jersey, 1994; Sequence Analysis in Molecular Biology, von 

Heine, G., Academic Press, 1987; and Sequence Analysis Primer, Gribskov, M. and 

10 Devereux, J., eds., M Stockton Press, New York, 1991; and Carillo, H., and Lipman, 

D., SIAM J. Applied Math., 48:1073 (1988). 

Preferred methods to determine identity are designed to give the largest match 

between the sequences tested. Methods to determine identity and similarity are codified 

in publicly available computer programs. Preferred computer program methods to 

15 determine identity and similarity between two sequences include e.g. the GCG program 

package (Devereux, J., et al., Nucleic Acids Research 12 (1): 387 (1984)), BestFit, 

BLASTP, BLASTN, and FASTA (Altschul, S. F. et al., J. Mol. Biol. 215:403-410 

(1990). The BLAST X program is publicly available fromNCBI and other sources 

(BLAST Manual, Altschul, S., et al., NCBINLM NIH Bethesda, MD 20894; Altschul, 

20 S., et al., J. Mol. Biol. 215:403-410 (1990). The well-known Smith Waterman 

algorithm may also be used to determine identity. 

Preferred parameters for polypeptide sequence comparison include the following: 

Algorithm: Needleman and Wunsch, J. Mol. Biol. 48:443-453 (1970); Comparison 

matrix: BLOSSUM62 from Hentikoff and Hentikoff, Proc. Natl. Acad. Sci. USA. 

25 89:10915-10919 (1992); Gap Penalty: 12; and Gap Length Penalty: 4. A program 

useful with these parameters is publicly available as the "Ogap" program from Genetics 

Computer Group, located in Madison, WI. The aforementioned parameters are the 

default parameters for amino acid comparisons (along with no penalty for end gaps). 

Preferred parameters for nucleic acid comparison include the following: 

30 Algorithm: Needleman and Wunsch, J. Mol. Biol. 48:443-453 (1970); Comparison 

matrix: matches=+10, mismatch=0; Gap Penalty: 50; Gap Length Penalty: 3. Available 

as the Gap program from Genetics Computer Group, located in Madison, Wis. Given 

above are the default parameters for nucleic acid comparisons. 
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Optionally, in determining the degree of amino acid similarity, the skilled person 

may also take into account so-called "conservative" amino acid substitutions, as will be 

clear to the skilled person. Conservative amino acid substitutions refer to the 

interchangeability of residues having similar side chains. For example, a group of 

5 amino acids having aliphatic side chains is glycine, alanine, valine, leucine, and 

iso leucine; a group of amino acids having aliphatic-hydroxyl side chains is serine and 

threonine; a group of amino acids having amide-containing side chains is asparagine 

and glutamine; a group of amino acids having aromatic side chains is phenylalanine, 

tyrosine, and tryptophan; a group of amino acids having basic side chains is lysine, 

10 arginine, and histidine; and a group of amino acids having sulphur-containing side 

chains is cysteine and methionine. Preferred conservative amino acids substitution 

groups are: valine-leucine-isoleucine, phenylalanine-tyrosine, lysine-arginine, alanine-

valine, and asparagine-glutamine. Substitutional variants of the amino acid sequence 

disclosed herein are those in which at least one residue in the disclosed sequences has 

15 been removed and a different residue inserted in its place. Preferably, the amino acid 

change is conservative. Preferred conservative substitutions for each of the naturally 

occurring amino acids are as follows: Ala to ser; Arg to lys; Asn to gin or his; Asp to 

glu; Cys to ser or ala; Gin to asn; Glu to asp; Gly to pro; His to asn or gin; lie to leu or 

val; Leu to ile or val; Lys to arg; gin or glu; Met to leu or ile; Phe to met, leu or tyr; Ser 

20 to thr; Thr to ser; Trp to tyr; Tyr to trp or phe; and, Val to ile or leu. 

Nucleic acid construct, transformation, expression vector, operably linked, 

expression, control sequences, polypeptide 

Construct 

25 A nucleic acid molecule is represented by a nucleotide sequence. A polypeptide 

is represented by an amino acid sequence. A nucleic acid construct is defined as a 

nucleic acid molecule which is isolated from a naturally occurring gene or which has 

been modified to contain segments of nucleic acids which are combined or juxtaposed 

in a manner which would not otherwise exist in nature. A nucleic acid molecule is 

30 represented by a nucleotide sequence. Optionally, a nucleotide sequence present in a 

nucleic acid construct is operably linked to one or more control sequences, which direct 

the production or expression of said peptide or polypeptide in a cell or in a subject. 
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"Operably linked" is defined herein as a configuration in which a control 

sequence is appropriately placed at a position relative to the nucleotide sequence 

coding for the polypeptide of the invention such that the control sequence directs the 

production/expression of the peptide or polypeptide of the invention in a cell and/or in 

5 a subject. 

"Operably linked" may also be used for defining a configuration in which a 

sequence is appropriately placed at a position relative to another sequence coding for a 

functional domain such that a chimeric polypeptide is encoded in a cell and/or in a 

subject. 

10 Expression will be understood to include any step involved in the production of the 

peptide or polypeptide including, but not limited to, transcription, post-transcriptional 

modification, translation, post-translational modification and secretion. 

Control sequence is defined herein to include all components which are necessary or 

advantageous for the expression of a polypeptide. At a minimum, the control sequences 

15 include a promoter and transcriptional and translational stop signals. Optionally, a 

promoter represented by a nucleotide sequence present in a nucleic acid construct is 

operably linked to another nucleotide sequence encoding a peptide or polypeptide as 

identified herein. 

The term "transformation" refers to a permanent or transient genetic change 

20 induced in a cell following the incorporation of new DNA (i.e. DNA exogenous to the 

cell). When the cell is a bacterial cell, as is intended in the current invention, the term 

usually refers to an extrachromosomal, self-replicating vector which harbors a 

selectable antibiotic resistance. 

An expression vector may be any vector which can be conveniently subjected to 

25 recombinant DNA procedures and can bring about the expression of a nucleotide 

sequence encoding a polypeptide of the invention in a cell and/or in a subject. As used 

herein, the term "promoter" refers to a nucleic acid fragment that functions to control 

the transcription of one or more genes or nucleic acids, located upstream with respect to 

the direction of transcription of the transcription initiation site of the gene. It is related 

30 to the binding site identified by the presence of a binding site for DNA-dependent RNA 

polymerase, transcription initiation sites, and any other DNA sequences, including, but 

not limited to, transcription factor binding sites, repressor and activator protein binding 

sites, and any other sequences of nucleotides known to one skilled in the art to act 
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directly or indirectly to regulate the amount of transcription from the promoter. Within 

the context of the invention, a promoter preferably ends at nucleotide -1 of the 

transcription start site (TSS). 

"Polypeptide" as used herein refers to any peptide, oligopeptide, polypeptide, 

5 gene product, expression product, or protein. A polypeptide is comprised of 

consecutive amino acids. The term "polypeptide" encompasses naturally occurring or 

synthetic molecules. 

In this document and in its claims, the verb "to comprise" and its conjugations is 

10 used in its non-limiting sense to mean that items following the word are included, but 

items not specifically mentioned are not excluded. In addition the verb "to consist" may 

be replaced by "to consist essentially of' meaning that a product or a composition or a 

nucleic acid molecule or a peptide or polypeptide of a nucleic acid construct or vector 

or cell as defined herein may comprise additional component(s) than the ones 

15 specifically identified; said additional component(s) not altering the unique 

characteristic of the invention. In addition, reference to an element by the indefinite 

article "a" or "an" does not exclude the possibility that more than one of the elements is 

present, unless the context clearly requires that there be one and only one of the 

elements. The indefinite article "a" or "an" thus usually means "at least one". 

20 All patent and literature references cited in the present specification are hereby 

incorporated by reference in their entirety. 

The following examples are offered for illustrative purposes only, and are not intended 

to limit the scope of the present invention in any way. 

25 Description of the figures 

Fig. 1. Linear relationship of Ply2638 (SEQ ID NO: 21 encoded by SEQ ID NO: 44) 

activity against S. aureus SA2638/2854 cells in dependency of endolysin concentration. 

Assays were performed under standard conditions (PBS buffer pH 7.4, 120 mM sodium 

30 chloride) in photometric lysis assays. Maximum activity was determined from the first 

derivative of regression fits from sigmoidal lysis curves, calculated with SigmaPlot 

software. Error bars represent standard deviation calculated from technical triplicate 

experiments. 
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Fig. 2. Influence of divalent cations on lytic activity of Ply2638 (SEQ ID NO: 21, 

encoded by SEQ ID NO: 44). The enzyme was EDTA treated with subsequent 

substitution of metal ions by dialysis against MOPS buffer containing MgCl2, CaCk, 

5 ZnCl2, CuCl2, C0CI2, or MnS04. Ply2638 dialyzed against MOPS buffer omitting 

EDTA treatment served as reference. Error bars represent standard deviation, 

calculated from technical triplicate experiments. 

Fig. 3. Lytic activity of 50 nM Ply2638 (SEQ ID NO: 21, encoded by SEQ ID NO: 44) 

10 on S. aureus SA2638/2854 cells after lyophilization and reconstitution. Activity was 

measured in a turbidity reduction assay under standard conditions. Lyophilization 

buffer was taken as a control. The triple domain enzyme recovers full lytic activity after 

freeze-drying. 

15 Fig. 4. Lytic activity of 50 nM M23-LST_Ami2638_CBD2638 (SEQ ID NO: 29, 

encoded by SEQ ID NO: 48) on S. aureus SA2638/2854 cells after lyophilization and 

reconstitution (indicated as lyophilized) as compared to freshly prepared M23-

LST_Ami2638 CBD2638 (SEQ ID NO: 29, encoded by SEQ ID NO: 48) and Ply2638 

(SEQ ID NO: 21, encoded by SEQ ID NO: 44). Lyophilization buffer was taken as a 

20 control. Activity was measured in a turbidity reduction assay under standard conditions. 

The triple domain enzyme recovers full lytic activity after freeze-drying. 

Fig. 5. Relative activity of Lysostaphin (LST; SEQ ID NO: 34, encoded by SEQ ID 

NO: 33) and Ply2638 derivatives (SEQ ID NO: 31, 30, 29, 21 and 24, encoded by SEQ 

25 ID NO: 11, 10, 48, 44 and 4, respectively) in dependency of the concentration. The 

activity of LST at 50 nM was set as reference. All assays were done under standard 

conditions (37°C, pH 7.4 and 120 mM sodium chloride concentration) using S. aureus 

SA2638/2854 substrate cells from frozen stock. 

30 Fig. 6. Relative activities at various pH values (left diagram) and sodium chloride 

concentrations (right diagram) of truncated and (with PlyTw domains) retrofitted 

Ply2638 variants determined in turbidity reduction assays. Truncation of the enzyme by 

one of the two catalytic domains resulted in impaired activities. Duplication of the 
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CBD (M23_Ami_SH3b_SH3b; SEQ ID NO: 32, encoded by SEQ ID NO; 49) 

accelerates lysis at basic pH values and elevated salt concentrations. Retrofitting of 

Ply2638 with CHAP 11 domain results in an enzyme which is presumed to attack three 

different bonds in the peptidoglycan layer of Staphylococcus. It shifted pH optima to 

5 slight acidic conditions and improved antibacterial activity. However, protein stability 

of the chimeric enzymes remains a challenge. Maximum lysis velocity of Ply2638 at 

standard conditions (pH 7.4 and 120 mM sodium chloride concentration) was set as 

reference. Bars represent mean of triplicate assays, standard deviation is not 

shown.(CHAP_M23_Ami_SH3b = SEQ ID NO: 25, encoded by SEQ ID NO: 45; 

10 Ami_M23_Ami_SH3b = SEQ ID NO: 26, encoded by SEQ ID NO: 46; 

M23_Ami_SH3b_SH3b = SEQ ID NO: 32, encoded by SEQ ID NO: 49; 

M23_Ami_SH3b = SEQ ID NO: 21, encoded by SEQ ID NO: 44; Ami_SH3b = SEQ 

ID NO: 22, encoded by SEQ ID NO: 2; M23_SH3b = SEQ ID NO: 23, encoded by 

SEQ ID NO: 3). 

15 

Fig. 7.: Activity of 50 nM quadruple domain enzymes (SEQ ID NO: 27 and 28, 

encoded by SEQ ID NO: 47 and 8, respectively), Ply2638 (SEQ ID NO: 21, encoded 

by SEQ ID NO: 44), and Lyosotaphin (SEQ ID NO: 34, encoded by SEQ ID NO: 33) 

against using S. aureus SA2638/2854 substrate cells under standard conditions. 

20 Lyophilization buffer was taken as a control. Quadruple domain enzymes were 

constructed by combining domains of Ply2638, PlyTw, and Lysostaphin. 

Examples 

25 Materials and Methods 

Bacterial strains, culture conditions, phages and plasmids 

E. coli XL 1 BlucMRF' and E. coli Sure was used for the over-expression of 6x-His-

tagged (SEQ ID NO: 43) fusion proteins. Both strains were cultured in LB-PE medium 

30 at 30°C with 100 (ig/ml ampicillin and 30 (ig/ml tetracycline for plasmid selection. 

Phage 263 8A lysate were used as template for the amplification of Ply2638A gene or 

domain coding regions thereof. CHAPTw domain (SEQ ID NO: 19) was amplified 

from Phage Twort lysate. Cystein- Histidine dependent amidase/ peptidase (CHAP) 
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domain and amidase domain from phage 11 (SEQ ID NO 18 and 17, respectively; 

Donovan, et al., 2006 and 2008; Navarre et al., 1999; Sass and Bierbaum 2007) were 

amplified from a pet21a vector containing phil 1 autolysin gene, a kindly gift from 

Donovan, D.M.. Plasmid LT1215 containing the sequence of mature Lysostaphin (SEQ 

5 ID NO: 33) was used as template for domain amplification M23-LST (SEQ ID NO: 15) 

and CWT-LST (SEQ ID NO: 13). 

pQE-30 vector (catalogues number: 32915, Qiagen, Hilden, Germany; SEQ ID NO: 50) 

was used as cloning and expression vector for the production of 6x-His tagged 

recombinant fusion proteins in E. coli XL 1 BlucMRF' or E. coli Sure respectively. 

10 

DNA techniques and cloning procedures 

Standard techniques according to Sambrook, Maniatis et al. (1989) were employed for 

cloning of single genes and the creation of fusion proteins. High Fidelity PCR Enzyme 

mix (Fermentas) was used in PCR reactions. DNA concentrations were determined 

15 with a spectrophotometer (NanoDrop ND-1000 Spectrophotometer). 

pHP12638 is constructed by insertion of Ply2638 (SEQ ID NO: 1) encoding sequence 

Metl - Lys486 into pQE30 (SEQ ID NO: 50) sites BamHI - Sail. pHP12638-P12638 

construct has the same sequence consecutively inserted into BamHI -SacI - Sail sites. 

CHAP11 (SEQ ID NO: 18), Amil 1 (SEQ ID NO: 17) and CHAP Amil 1 were N-

20 terminal introduced into BamHI digested pHPL2638A. Prior to ligation reaction, the 

vector was dephosphorylated using shrimp alkaline phosphatase (SAP, Fermentas). 

pHM23_CBD2638 (SEQ ID NO: 3), and pHM23-

2638_Ami2638_CBD2638_CBD2638 (SEQ ID NO: 49) were constructed by a 

replacement of GFP coding region from pHGFP_CBD2638A_c vector (SEQ ID NO: 

25 59) with the respective inserts using BamHI and SacI restriction sites. pHM23-

LST_Ami2638_CBD2638 (SEQ ID NO: 48) has a pQE-30 backbone with mature 

lysostaphin (SEQ ID NO: 33) coding sequence Alal - Glyl54 inserted into BamHI and 

SacI and Ply2638 partial sequence encoding Leul38 - Lys486 in SacI and Sail sites. 

pHM23-LST M23-LST CWT-LST (SEQ ID NO: 11) has mature Lysostaphin (SEQ 

30 ID NO: 33) sequences Alal - Glyl54 inserted into BamHI and SacI and Alal - Lys246 

into SacI and Sail sites of pQE30. pHLST-LST (SEQ ID NO: 10) is constructed the 

same way having Alal - Lys246 repeatedly in BamHI - SacI and SacI - Sail sites. In 

plasmids encoding quadruple domain constructs pHCHAPTw_Ami2638_M23-
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LST CBD2638 (SEQ ID NO: 47) and pHCHAPTw_Ami2638_M23-LST_CWT-LST 

(SEQ ID NO: 8) the domains are directly fused via splicing overlap extension PCR 

(SOE) and inserted into pQE30 BamHI and Sail sites. In both constructs, boarder 

regions of individual domains (CHAPTw, SEQ ID NO: 19: Metl - Ilel40, Ami2638, 

5 SEQ ID NO: 16: Lysl41-Gly358 of SEQ ID NO: 1, CBD2638, SEQ ID NO: 12 : 

Trp393- Lys486 of SEQ ID NO: 1,M23-LST, SEQ ID NO: 15: Alal - Glyl54 of SEQ 

ID NO: 33, CWT-LST, SEQ ID NO: 13: Trpl55 - Lys246 of SEQ ID NO: 33) were 

determined with bio informatics (unpublished data). Plasmids with repetitive sequences 

were transferred into E. coli Sure strain, all other plasmids into E. coli XL1 BlucMRF'. 

10 

Expression and purification of recombinant fusion proteins 

Protein overexpression and partial purification was essentially done as previously 

described by others (Loessner et al., 1996, Schmelcher et al., 2010). In brief, plasmid 

bearing E. coli were grown in 250 ml modified LB medium (15 g/1 tryptose, 8 g/1 yeast 

15 extract, 5 g/1 NaCl, pH 7.8) to an optical density at 600nm (OD600nm) of 0.4 to 0.6 

and induced with 1 mM IPTG. Cells were further incubated for 4 hours at 30°C, or 18 

hours at 20°C, cooled to 4°C, and harvested by centrifugation. Cell pellets were 

suspended in 5 ml immobilization buffer (50 mM NaH2P04, 500 mM NaCl, 5 mM 

imidazole, 0.1% polysorbate20, pH 7.4). Cytosolic E. coli contents containing soluble 

20 recombinant proteins were liberated by a double passage through a French Pressure 

Cell Press (1200 psi, SLM Aminco, Urbana, IL, U.S.) operated at 1200 psi. Other 

downstream processing steps included removal of insoluble cell debris by 

centrifugation, filter sterilization (0.2 urn PES membrane, Millipore), and Immobilized 

Metal Affinity Chromatography (IMAC) purification using MicroBiospin (Bio-Rad, 

25 Hercules, CA, U.S.) columns packet with low density Ni-NTA Superflow resin 

(Chemie Brunschwig AG, Basel, Switzerland). Ni-NTA immobilized proteins were on-

column gravity flow washed with 5-10 column volumes immobilization buffer. Protein 

fractions were then eluted with elution buffer (50 mM NaH2P04, 500 mM NaCl, 125 

mM imidazole, 0.1 % polysorbate20, pH 7.4) and dialyzed against two changes of 

30 dialysis buffer (50 mM NaH2P04, 100 mM NaCl, 0.1 % polysorbate20, pH 7.4). Protein 

concentrations were defined in a NanoDrop ND-1000 spectrophotmeter, corrected for 

specific absorbance at 280 nm as calculated from the primary amino acid sequence with 

Vector NTI software (Invitrogen, Carlsbad, CA, U.S.) and estimated for purity by SDS-
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PAGE. Aliquots were stored at -20°C mixed with 50% glycerol. 

Lyophilization of recombinant proteins 

IMAC purified proteins were dialyzed against 3 changes of 300 ml lyophilization 

5 buffer (50 mM phosphate or Tris, 500 mM sucrose, 200 mM mannitol, pH 7.4) aliquot 

and frozen in the gaseous phase of liquid nitrogen. The freeze-drying was done at -

40°C and vacuum at 75 mTorr for 60 minutes, followed by increasing temperature 

during 5 hours to -10°C and another 60 minutes at -10°C at the same vacuum levels. As 

final step, temperature was increased to 25°C during 10 hours. Samples were 

10 reconstituted prior to testing in lysis assays by the addition of water. 

Cell wall-binding assay 

As a standard assay to determine the ability of a CBD to direct a GFP fusion to the 

bacterial surface and mediate tight binding to the cell wall ligand, the following 

15 conditions is used: bacteria, preferably S. aureus BB255, from late log phase are 

harvested by centrifugation, resuspended in 1/10th volume of PBS-T (50 mM 

NaH2P04, 120 mM NaCl [pH 8.0], 0.01% polysorbate 20) and stored on ice. GFP-CBD 

proteins, preferably SEQ ID NO: 64, encoded by SEQ ID NO: 60, are diluted in the 

same buffer to a concentration of 400 nM (2x GFP-CBD) and also stored on ice. In a 

20 1.5 ml microcentrifuge cup, 100 pi cells and 100 pi of 2x GFP-CBD are mixed and 

incubated at room temperature for 5 min. Cells are then removed from the supernatant 

by centrifugation in a micro fuge (16000 g, 60 s). The supernatant was discarded and 

cells were washed twice in 500 ul of PBS-T buffer. For fluorescence microscopy the 

pellet was finally resuspended in 50 ul of buffer. For fluorometer assays, the pellet is 

25 finally resuspended in 200 ul of PBS-T and transferred to a microplate well. 

Quantitative fluorescence assays can be performed using a multi label counter device 

(Victor3, Perkin Elmer, Massachusetts, U.S.) with sterile, untreated, black 96-well 

polystyrene microplates (Nunc, Roskilde, Denmark). As a negative control GFP can be 

used. 

30 Quantitative fluorescence assays 

Dependency of pH and salt on CBD2638 to S. aureus BB255 cell surface ligand 

interaction is investigated by incubation of cells from 1 ml volume set to an ODf.oonm 1 

+/- 0.05 (~4 x 109 cells) with 7.5 jug GFP-CBDS2638 fusion protein, SEQ ID NO: 64, 
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encoded by SEQ ID NO: 60. This cell to protein ratio is close to saturation point as 

determined in previous experiments and enables detection of variations in binding 

efficiencies. Varying pH is tested using citrate buffers pH 4.5 to 6.5 and phosphate 

buffers pH 6 to 9. After incubation with GFP-CBD2638 protein in pH buffer, cells are 

5 washed with respective pH buffer followed by standard PBS-T (pH 8) washing. 

Finally, cells are adjusted to an OD595nm = 0.3 to detect fluorescence from 200 ul 

suspensions thereof with a Victor3 multi label counter. Similar experiments are 

performed using buffers prepared with increasing sodium chloride concentrations (10 

mM NaH2P04, 0 - 1000 mM NaCl, 0.1% polysorbate 20, pH 6). 

10 Quantification of CBD binding capacity of Staphylococcus strains with altered cell 

surface properties is tested by recording relative fluorescence units (RFU) of washed 

and heat killed cells previously incubated with excessive GFP-CBD2638 protein. 

Fluorescence of equal volumes (200 JLLI) of GFP-CBD2638 labeled cells, adjusted to an 

OD595nm = 0.3, are measured using appropriate filter sets in a multi label counter 

15 device. Comparison and quantification of absorption levels of GFP-CBD2638 (SEQ ID 

NO: 64, encoded by SEQ ID NO: 60), GFP-CBD2638-CBD2638 (SEQ ID NO 65 

and/or 66, encoded by SEQ ID NO: 61 and 62, respectively), and GFP-CBD2638-

CBD2638-CBD2638 (SEQ ID NO: 67, encoded SEQ ID NO: 63) on S. aureus BB255 

cells and SDS treated cells is done the same way. 

20 

Lysis assays 

Substrate cell for lytic activity assays were grown to an optical density at 600nm 

(OD6OO) of 0.4, washed twice with PBST pH 7.4 and re- suspended in 15% glycerol 

containing PBS buffer pH 7.4 concentrating it at the same time 100 fold. The cells were 

25 stored at -20°C. For further use in binding or lytic activity assays the cells were thaw, 

washed with PBS pH 7.4 and diluted to an OD6OO of 1 ± 0.05. In standard lytic activity 

assays protein samples were diluted to equimolar amounts and distributed in 

transparent 96-well tissue culture test plates (SPL life sciences, Pocheon, Korea). 

Substrate cells were added to a final volume and drop in optical density at 595nm 

30 (OD595nm) were recorded for about 1 hour at 37°C. 

Lytic activity of retrofitted and deletion constructs of Ply2638 were tested against 

Phage 2638A propagation strain S. aureus SA2638/2854 from frozen stock in lysis 

assays. We tested the activity at various buffer conditions. pH values from 4.6 to 9 in 
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0.4 increments were tested using Citrate/ Phosphate buffers (25 mM Citrate, 25 mM 

Phosphate, 120 mM NaCl, pH 4.6 - 6.6) and Tris/ Phosphate buffers (25 mM Tris, 25 

mM Phosphate, 120 mM NaCl). The activity of Ply2638A derivatives at salt 

concentrations ranging from 0 to 1000 mM Sodium chloride (in 10 mM phosphate 

5 buffer pH 7.4) was tested. The Ply2638A derivatives were diluted to 10 uM final 

concentration with MQ prior to its application in lysis assays. Here, 4 ul of 10 uM 

Ply2638A derivatives were applied to 196 ul substrate cell suspensions using a 

multichannel pipette, resulting in an assay concentration of 200 nM protein. The 

substrate cell suspensions were prepared from frozen stocks, diluting it with pH or salt 

10 buffers and standardizing it spectrophotemetrically (Libra S22, Biochrom) to an initial 

OD6OO of 1 ± 0.05. Decrease in optical density at 595 nm (OD595) was measured 

using a Victor3 1420 Multilabel Counter instrument (Perkin Elmer) during 1 hour. 

Plates were shaken vigorously for 1 second (double orbit, 0.1mm diameter) after every 

single read out. As positive control served N-terminal 6xHis tagged Lysostaphin 

15 (HLST), commercially available Lysostaphin (recombinant, E. coli originated, Sigma). 

As negative control we applied MilliQ water. 

Influence of divalent metal ions on the activity of Ply2638 

Partially purified Ply2638 (SEQ ID NO: 21) was dialyzed for 2 hours against EDTA 

20 containing buffer (50 mM MOPS, 100 mM sodium chloride, 0.005% polysorbate20, 10 

mM EDTA) followed by dialysis against buffer containing the respective divalent 

metal ions (50 mM MOPS, 100 mM sodium chloride, 0.005%) polysorbate20, and 10 

mM CaC12, 10 mM MgCl2, 1 mM C0CI2, 1 mM CuCl2, 1 mM MnS04, or 1 mM ZnCl2 

respectively). Cells used as substrate were SDS treated and EDTA washed prior to its 

25 application in standard lysis assays. 

30 



Tabel 1. SEQ ID NO identification 

amino acid 

sequence nucleic acid 

of domain sequence 

nucleic acid amino acid with putative of His-tagged 

enzyme/domain/construct/vector sequence sequence linker construct 

Mature enzyme 

Ply2638 SEQ ID NO: 1 SEQ ID NO: 21 SEQ ID NO: 44 

LST SEQ ID NO: 33 SEQ ID NO: 34 

Domain 

CBD-2638 SEQ ID NO: 12 SEQ ID NO: 35 SEQ ID NO: 51 

CWT-LST SEQ ID NO: 13 SEQ ID NO: 36 SEQ ID NO: 52 

M23-2638 SEQ ID NO: 14 SEQ ID NO: 37 SEQ ID NO: 53 

M23-LST SEQ ID NO: 15 SEQ ID NO: 38 SEQ ID NO: 54 

Ami-2638 SEQ ID NO: 16 SEQ ID NO: 39 SEQ ID NO: 55 

Ami-Oil SEQ ID NO: 17 SEQ ID NO: 40 SEQ ID NO: 56 

CHAP- Oil SEQ ID NO: 18 SEQ ID NO: 41 SEQ ID NO: 57 

CHAP- OTwort SEQ ID NO: 19 SEQ ID NO: 42 SEQ ID NO: 58 

Retrofitted construct 

CHAPll_M23-2638_Ami2638_CBD2638 SEQ ID NO: 5 SEQ ID NO: 25 SEQ ID NO: 45 

Amill_M23-2638_Ami2638_CBD2638 SEQ ID NO: 6 SEQ ID NO: 26 SEQ ID NO: 46 

CHAPTw_Ami2638_M23-LST_CBD2638 SEQ ID NO: 7 SEQ ID NO: 27 SEQ ID NO: 47 



M23-LST_Ami2638_CBD2638 SEQ ID NO: 9 SEQ ID NO: 29 SEQ ID NO: 48 

M23-2638_Ami2638_CBD2638_CBD2638 SEQ ID NO: 20 SEQ ID NO: 32 SEQ ID NO: 49 

Ami2638_CBD2638 SEQ ID NO: 22 SEQ ID NO: 2 

M23-2638_CBD2638 SEQ ID NO: 23 SEQ ID NO: 3 

Ply2638-Ply2638 SEQ ID NO: 24 SEQ ID NO: 4 

CHAPTw_Ami2638_M23-LST_CWT-LST SEQ ID NO: 28 SEQ ID NO: 8 

LST_LST SEQ ID NO: 30 SEQ ID NO: 10 

M23-LST_M23-LST_CWT-LST SEQ ID NO: 31 SEQ ID NO: 11 

GFP_CBD2638 SEQ ID NO: 64 SEQ ID NO: 60 

GFP_CBD2638_ CBD2638 var.l SEQ ID NO: 65 SEQ ID NO: 61 

GFP_CBD2638_ CBD2638 var. 2 SEQ ID NO: 66 SEQ ID NO: 62 

GFP_CBD2638_ CBD2638_ CBD2638 SEQ ID NO: 67 SEQ ID NO: 63 

Tag 

6xHis-tag SEQ ID NO: 43 

Vector 

pQE-30 vector SEQ ID NO: 50 

pHGFP_CBD2638_c vector SEQ ID NO: 59 
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SEP ID NO: 1 (Plv2638^ 

AT GCT AACT GCT ATT GACT ATCTT ACGAAAAAAGGTT GGAAAAT AT CAT CT 

GACCCTCGCACTTACGATGGTTACCCTAAAAACTACGGCTACAGAAATTAC 

CAT G AAAAC GGC ATT A ATT AT GAT G AGTTTT GT GGT GGTT AT CAT AG AGCTT 

5 TT GAT GTTT AC AGT AACG A AACT AACG AC GT GC CTGCT GTT ACT AGCGG AA 

C AGTT ATT G AAGC AAACG ATT ACGGT AATTTT GGT GGT AC ATT C GTT ATT AG 

AG AC GCT A AC GAT AACG ATT GG AT AT AT GGGC ATCT AC A ACGT GGCT C AAT 

GCG ATTT GTT GT AGGC G AC AAAGT C AAT C AAGGT G AC ATT ATT GGTTT AC A 

AGGT AAT AGC AACT ATT AC G AC AATCCT AT G AGT GT AC ATTT AC ATTT AC A 

10 ATT AC GCCCT AAAG ACGC AAAG AAAG AT G AAAAAT C AC AAGT AT GT AGT G 

GTTT GGCT ATGG AAAAAT AT G AC ATT AC AAATTT A AAT GCT AAAC AAG AT A 

AAT C AAAG AAT GGG AGC GT G AAAG AGTT G AAAC AT AT CT ATT C AAACC AT 

ATT AAAGGT AAC AAG ATT AC AGC ACC AAAAC CT AGT ATT C AAGGT GT GGT C 

ATCC AC AAT G ATT AT GGT AGT AT G AC AC CT AGT C AAT ACTT AC CAT GGTT AT 

15 AT GC ACGT GAG AAT AAC GGT AC AC AC GTT AACGGTT GGGCT AGT GTTT AT G 

C AAAT AG AAAC G AAGT GCTTT GGT AT C ATCCG AC AG ACT ACGT AG AGT GGC 

ATT GT GGT AAT C AAT GGGC AAATGCT AACTT AATCGG ATTT G A AGT GT GT G 

AGTCGT AT C CTGGT AG AAT CTCGG AC AAATT ATT CTT AG AAAAT G AAG AAG 

CGACATTGAAAGTAGCTGCGGATGTGATGAAGTCGTACGGATTACCAGTTA 

20 ATCGCAACACTGTACGTCTGCATAACGAATTCTTCGGAACTTCTTGTCCACA 

TCGTTCGTGGGACTT GC AT GTTGGC AAAGGT GAGCCTT AC AC AACT ACT AA 

T ATT AAT AAAAT G AAAG ACT ACTT CAT C A AACGC AT C AAAC ATT ATT AT G A 

CGGT GG AAAGCT AG AAGT AAGC AAAGC AGC AACT AT C A AAC AAT CT G ACG 

TT AAGC AAG AAGTT AAAA AGC AAG AAGC AAAAC AAATT GT G AAAGC AAC A 

25 G ATT GG A AAC AG AAT AAAG AT GGC ATTT GGT AT AAAGCT G AAC AT GCTTC G 

TT C AC AGT G AC AGC ACC AG AGGG AATT AT C AC AAG AT AC AAAGGTCCTT GG 

ACT GGT C ACC C AC A AGCT GGT GT ATT AC AAAAAGGT C AAAC G ATT AAAT AT 

GAT G AGGTT C A AAAATTT G ACGGT CAT GTTTGGGT ATCGT GGG AAAC GTTT 

G AGGGC G AAACT GT AT AC AT GC CGGT ACGC AC AT GGG ACGCT A AAACT GG 

30 T AAAGTT GGT AAGTT GT GGGGCG AAATT AAAT AA 
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SEQ ID NO: 2 (Ami2638_CBD2638 + 6xHis and cloning sites) 

ATGAGAGGATCGCATCACCATCACCATCACGGATCCTTACGCCCTAAAGAC 

GC AAAG AAAG AT G AAAAAT C AC AAGT AT GT AGT GGTTT GGCT AT GG AAAA 

AT AT G AC ATT AC AAATTT AAAT GCT AAAC AAG AT AAAT C AAAG AAT GGG A 

5 GCGT G AAAG AGTT G AAAC AT AT CT ATT C AAACC AT ATT AAAGGT AAC AAG A 

TT AC AGC AC C AAAAC CT AGT ATT C AAGGT GT GGT C ATCC AC AAT G ATT AT G 

GT AGT AT G AC ACCT AGT C AAT ACTT ACC AT GGTT AT AT GC ACGT GAG AAT A 

ACGGT AC AC AC GTT AAC GGTT GGGCT AGT GTTT AT GC AAAT AG AAAC G AAG 

TGCTTT GGT AT C ATCCG AC AG ACT ACGT AG AGT GGC ATT GT GGT AAT C AAT 

10 GGGC AAAT GCT AACTT AAT C GG ATTT G AAGT GT GT G AGT C GT ATCCTGGT A 

G AAT CTCGG AC AAATT ATT CTT AG AAAAT G AAG AAGCG AC ATT G AAAGT AG 

CT GCGGAT GTGAT GAAGTCGT ACGGATT ACC AGTT AATCGC AAC ACTGT AC 

GT CT GC AT AACGAATT CTTCGG AACTTCTT GTCC AC ATCGTTCGT GGGACTT 

GC AT GTT GGC AAAGGT G AGC CTT AC AC AACT ACT AAT ATT AAT AAAAT G AA 

15 AG ACT ACTT CAT C AAAC GC AT C AAAC ATT ATT AT G ACGGT GG AAAGCT AG A 

AGT AAGC AAAGC AGC AACT AT C AAAC AAT CT G ACGTT AAGC AAG A AGTT A 

AAAAGCAAGAAGCAAAACAAATTGTGAAAGCAACAGATTGGAAACAGAAT 

AAAG AT GGC ATTT GGT AT AAAGCT G AAC AT GCTTCGTT C AC AGT G AC AGC A 

CC AG AGGG AATT AT C AC AAG AT AC AAAGGT C CTT GG ACTGGT C AC CC AC AA 

20 GCT GGT GT ATT AC AAAAAGGT C AAAC G ATT AAAT AT GAT G AGGTT C AA AAA 

TTT G ACGGT CAT GTTT GGGT ATCGT GGG A AAC GTTT G AGGGC G AAACT GT A 

T AC AT GCCGGT ACGC AC AT GGG AC GCT A AAACT GGT AA AGTT GGT AAGTT G 

TGGGGCGAAATTAAATAA 

25 SEP ID NO: 3 (M23-2638 CBD2638 + 6xHis and cloning sites) 

ATGAGAGGATCGCATCACCATCACCATCACGGATCCATGCTAACTGCTATT 

GACTATCTTACGAAAAAAGGTTGGAAAATATCATCTGACCCTCGCACTTAC 

GATGGTTACCCTAAAAACTACGGCTACAGAAATTACCATGAAAACGGCATT 

AATT AT GAT G AGTTTT GT GGTGGTT AT CAT AG AGCTTTT GAT GTTT AC AGT A 

30 ACG A AACT AACG AC GT GCCTGCTGTT ACT AGCGG AAC AGTT ATT G AAGC AA 

AC G ATT ACGGT AATTTT GGT GGT AC ATT C GTT ATT AG AG AC GCT AACG AT A 

ACG ATT GG AT AT AT GGGC AT CT AC AACGT GGCT C AAT GCG ATTT GTT GT AG 

GCG AC AAAGT C AAT C AAGGT G AC ATT ATT GGTTT AC AAGGT AAT AGC AACT 
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ATT AC G AC AATCCT AT G AGT GT AC ATTT AC ATTT AC AATT AC GCC CT AAAG A 

CGC AAAG AAAG AT G AAA AAT C AC AAGT AT GT AGT GGTTT GGCT ATGG AAA 

AAT AT G AC ATT AC AAATTT AAAT GCT AAAC AAG AT AAAT C AAAG AAT GGG 

AGCGT G AAAG AGTT G AAAC AT ATCT ATT C AAACC AT ATT AAAGGT AAC AAG 

5 ATT AC AGC ACC AAAACCT AGT ATT C AAGGT G AGCT C GGTGG AAAGCT AG A A 

GT AAGC AAAGC AGC A ACT AT C A AAC AAT CT G AC GTT AAGC AAG AAGTT AA 

AAAGC AAG AAGC AAAAC AAATT GT G AAAGC AAC AG ATT GG AAAC AG AAT A 

AAG AT GGC ATTT GGT AT AAAGCT G A AC ATGCTTCGTT C AC AGT G AC AGC AC 

C AG AGGG AATT AT C AC AAG AT AC AAAGGT C CTT GG ACTGGT C AC CC AC AAG 

10 CT GGT GT ATT AC AA AAAGGT C AAAC G ATT AAAT AT GAT G AGGTT C AAAAAT 

TT G AC GGT CAT GTTT GGGT ATCGT GGG AAAC GTTT G AGGGCG AAACTGT AT 

ACATGCCGGTACGCACATGGGACGCTAAAACTGGTAAAGTTGGTAAGTTGT 

GGGGC G AAATT AAAT AA 

15 SEQ ID NO: 4 (Ply2638-Ply2638 + 6x His and cloning sites)) 

ATGAGAGGATCGCATCACCATCACCATCACGGATCCATGCTAACTGCTATT 

G ACT AT CTT AC G AAAAAAGGTT GG AAAAT AT C ATCTG AC CCTCGC ACTT AC 

GAT GGTT ACC CT AA AAACT ACGGCT AC AG AAATT ACC AT G AAAAC GGC ATT 

AATT AT GAT G AGTTTT GT GGTGGTT AT CAT AG AGCTTTT GAT GTTT AC AGT A 

20 ACG A AACT AACG AC GT GCCTGCTGTT ACT AGCGG AAC AGTT ATT G AAGC AA 

ACG ATT ACGGT AATTTT GGT GGT AC ATT C GTT ATT AG AG AC GCT AACG AT A 

ACGATT GGATAT AT GGGC AT CT AC AACGTGGCTC AATGCGATTT GTT GT AG 

GCG AC AAAGT C AAT C AAGGT G AC ATT ATTGGTTT AC AAGGT AAT AGC A ACT 

ATT AC G AC AATCCT AT G AGT GT AC ATTT AC ATTT AC AATT AC GCC CT AAAG A 

25 CGC AAAG AAAG AT G AAA AAT C AC AAGT AT GT AGT GGTTT GGCT ATGG AAA 

AAT AT G AC ATT AC AAATTT AAAT GCT AAAC AAG AT AAAT C AAAG AAT GGG 

AGCGT G AAAG AGTT G AAAC AT AT CT ATT C AAACC AT ATT AAAGGT AAC AAG 

ATTACAGCACCAAAACCTAGTATTCAAGGTGTGGTCATCCACAATGATTAT 

GGT AGT AT G AC AC CT AGT C AAT ACTT ACC AT GGTT AT AT GC ACGT GAG AAT 

30 AAC GGT AC AC AC GTT AACGGTTGGGCT AGT GTTT AT GC AAAT AG AAAC G AA 

GT GCTTT GGT AT C ATCC G AC AG ACT ACGT AG AGT GGC ATT GT GGT AAT C AA 

T GGGC AAAT GCT AACTT AAT C GG ATTT G AAGT GT GT G AGT C GT ATCCT GGT 

AGAAT CTCGGAC AAATTATTCTT AGAAAAT GAAGAAGCGAC ATT GAAAGT A 
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GCT GCGG AT GT GAT G AAGT C GT ACGG ATT AC C AGTT AATCGC AAC ACTGT A 

CGT CT GC AT AACGAATTCTTCGGAACTT CTT GTCC AC ATCGTTCGTGGGACT 

T GC AT GTT GGC AAAGGT G AGCCTT AC AC AACT ACT AAT ATT AAT AAAAT G A 

AAG ACT ACTT CAT C AAAC GC AT C AAAC ATT ATT AT G ACGGT GG AAAGCT AG 

5 AAGT AAGC AAAGC AGC AACT AT C A AAC AAT CT G AC GTT AAGC AAG AAGTT 

AAAAAGCAAGAAGC AAAAC AAATT GT GAAAGC AAC AGATTGGAAAC AGA 

AT AAAG AT GGC ATTT GGT AT AAAGCTG AAC AT GCTTCGTT C AC AGT G AC AG 

C ACC AGAGGGAATT ATC AC AAGAT AC AAAGGTCCTT GGACT GGTC ACCC AC 

AAGCTGGT GT ATT AC AAAAAGGT C AAAC G ATT AAAT AT GAT G AGGTT C AAA 

10 AATTT GACGGT CAT GTTT GGGT ATCGTGGGAAACGTTT GAGGGCG AAACT G 

T AT AC AT GC CGGT ACGC AC AT GGG ACGCT AAA ACT GGT AAAGTT GGT AAGT 

T GT GGGGCG AAATT A AAG AGCT CAT GCT AACT GCT ATT G ACT AT CTT AC G A 

AAAAAGGTT GGAAAAT AT CAT CTG ACCCTCGC ACTT ACGAT GGTT ACCCT A 

AAAACT AC GGCT AC AG AAATT ACC AT G AAAACGGC ATT AATT AT GAT G AGT 

15 TTT GT GGT GGTT AT CAT AG AGCTTTT GAT GTTT AC AGT AACG AAACT AAC G A 

CGTGCCTGCTGTTACTAGCGGAACAGTTATTGAAGCAAACGATTACGGTAA 

TTTT GGT GGT AC ATTCGTT ATT AG AG ACGCT AACG AT AACG ATT GG AT AT AT 

GGGC AT CT AC AAC GT GGCTC A AT GCG ATTT GTT GT AGGCG AC AAAGT C AAT 

C AAGGT G AC ATT ATT GGTTT AC AAGGT AAT AGC AACT ATT ACG AC AAT C CT 

20 AT G AGT GT AC ATTT AC ATTT AC AATT AC GCC CT AAAG ACGC AAAGAAAG AT 

G AAAAAT C AC AAGT AT GT AGT GGTTT GGCT AT GG AAAA AT AT G AC ATT AC A 

AATTT AAAT GCT AAAC AAG AT AAAT C AAAG A AT GGG AGCGT G AAAG AGTT 

GAAAC ATAT CT ATT C AAACC AT ATT AAAGGT AAC AAGATT AC AGC ACC AAA 

ACCT AGT ATT C AAGGT GT GGT CAT C C AC AAT G ATT AT GGT AGT AT G AC ACC 

25 T AGT C AAT ACTT ACC AT GGTT AT AT GC ACGT GAG AAT A ACGGT AC AC AC GT 

TAACGGTTGGGCTAGTGTTTATGCAAATAGAAACGAAGTGCTTTGGTATCA 

TCCGAC AGACT ACGT AGAGT GGC ATTGT GGT AATC AATGGGC AAAT GCT AA 

CTT AAT C GG ATTT G AAGT GT GT G AGT C GT ATCCTGGT AG AAT CTCGG AC AA 

ATT ATT CTT AG AAAAT G A AG AAGCG AC ATT G AAAGT AGCT GCGG AT GT GAT 

30 G AAGTCGT ACGG ATT ACC AGTT AAT C GC AAC ACT GT AC GTCTGC AT AAC G A 

ATTCTTCGGAACTTCTTGTCCACATCGTTCGTGGGACTTGCATGTTGGCAAA 

GGT G AGCCTT AC AC AACT ACT AAT ATT AAT AAAAT G AA AG ACT ACTT CAT C 

AAAC GC AT C AAAC ATT ATT AT GACGGT GG AAAGCT AG AAGT AAGC A AAGC 
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AGC A ACT AT C AAAC AAT CT G ACGTT AAGC A AG AAGTT AAA AAGC AAG AAG 

C AAA AC AAATT GT G AAAGC AAC AG ATT GG AAAC AG AAT AAAG AT GGC ATT 

T GGT AT AAAGCT G AAC AT GCTTC GTT C AC AGT G AC AGC AC C AG AGGG AATT 

ATCACAAGATACAAAGGTCCTTGGACTGGTCACCCACAAGCTGGTGTATTA 

5 C AAAA AGGT C AAAC G ATT AAAT AT GAT G AGGTT C AAAAATTT GACGGT CAT 

GTTTGGGTATCGTGGGAAACGTTTGAGGGCGAAACTGTATACATGCCGGTA 

CGCACATGGGACGCTAAAACTGGTAAAGTTGGTAAGTTGTGGGGCGAAATT 

AAATAA 

10 SEP ID NO: 5 (CHAP 11 M23-2638 Ami2638 CBD2638) 

AT GC AAGC AAAATT AACTAAAAAT G AGTTT AT AG AGTGGTT G AAAACTT CT 

G AGGG AAAAC AATT C AAT GT GG ACTT ATGGT AT GG ATTT C AAT GCTTT GAT 

T AT GC C AATGCT GGTT GG AAAGTTTT GTTT GG ATT ACTTCT AAAAGGTTT AG 

GTGCAAAAGATATTCCGTTCGCTAACAACTTCGACGGATTAGCTACTGTAT 

15 ACC AAAATACACCGGACTTCTTAGCAC AACCTGGCGACATGGTGGTATTCG 

GT AGC AACT AC GGT GCTGG AT ATGGT C ACGTT GC AT GGGT AATT G AAGC AA 

CTTT AG ATT AC AT C ATT GT AT AT G AGC AG AATT GGCT AGGC GGT GGCT GG A 

CT G ACGG AAT C G AAC AACCC GGCT GGGGTT GGG A AAAAGTT AC AAG AC G A 

CAACATGCTTATGATTTCCCTATGTGGTTTATCCGTCCGAATTTTAAAAGTG 

20 AGACAGCGCCACGATCAGTTCAATCTCCTACACAAGCACCTAAAAAAGAA 

ACAGCTGGATCCATGCTAACTGCTATTGACTATCTTACGAAAAAAGGTTGG 

AAAATATCATCTGACCCTCGCACTTACGATGGTTACCCTAAAAACTACGGC 

T AC AG AAATT ACC AT G AAA ACGGC ATT AATT AT GAT G AGTTTT GT GGT GGT 

T AT CAT AG AGCTTTT GAT GTTT AC AGT AAC G AAACT AACG AC GT GC CTGCT 

25 GTT ACT AGC GG AAC AGTT ATT G AAGC AAAC G ATT ACGGT AATTTT GGT GGT 

ACATTCGTTATTAGAGACGCTAACGATAACGATTGGATATATGGGCATCTA 

C AAC GT GGCTC AAT GC G ATTT GTT GT AGGC G AC AAAGT C AAT C AAGGT G AC 

ATT ATT GGTTT AC AAGGT AAT AGC AACT ATT ACG AC AATCCT AT G AGT GT A 

C ATTT AC ATTT AC AATT ACGC CCT AAAG AC GC AAAG AAAG AT G AAAAAT C A 

30 C AAGT AT GT AGT GGTTT GGCT AT GG AAAAAT AT G AC ATT AC AAATTT AAAT 

GCT AAAC AAG AT AAAT C AAAG AAT GGG AGC GT G AAAG AGTT G AAAC AT AT 

CT ATT C AAAC CAT ATT AAAGGT AAC AAG ATT AC AGC ACC AAAACCT AGT AT 

T C AAGGT GT GGT C ATCC AC AAT G ATT AT GGT AGT AT G AC ACCT AGT C AAT A 
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CTT AC CAT GGTT AT AT GC ACGT GAG AAT AACGGT AC AC ACGTT AAC GGTT G 

GGCT AGT GTTT AT GC AAAT AG AAACG AAGT GCTTT GGT AT CAT C CG AC AG A 

CT ACGT AG AGT GGC ATT GT GGT AAT C AAT GGGC AAAT GCT AACTT AAT C GG 

ATTT GAAGT GTGTGAGTCGT ATCCT GGT AGAAT CTCGGAC AAATT ATTCTT A 

5 G AAAAT G AAG AAGC G AC ATT G AAAGT AGCT GCGG AT GT GAT G AAGTCGT A 

CGG ATT ACC AGTT AAT C GC AAC ACT GT AC GTCTGC AT AAC G AATT CTTC GG 

AACTT CTT GTCC AC AT C GTTCGT GGG ACTT GC AT GTT GGC AAAGGT G AGC CT 

T AC AC AACT ACT AAT ATT AAT AAAAT G AAAG ACT ACTT CAT C AAACGC AT C 

AAAC ATT ATT AT GACGGT GG AAAGCT AG AAGT AAGC AAAGC AGC AACT AT 

10 C AAAC AAT CT G ACGTT AAGC AAG AAGTT AAAAAGC AAG AAGC AAAAC AAA 

TT GT G AAAGC A AC AG ATT GG AAAC AG AAT AAAG AT GGC ATTT GGT AT AAA 

GCT G AAC AT GCTTCGTT C AC AGT G AC AGC ACC AG AGGG AATT AT C AC AAG A 

T AC AAAGGTCCTT GGACT GGTC ACCC AC AAGCTGGTGT ATT AC AAAAAGGT 

C AAACG ATT AAAT AT GAT G AGGTT C A AAAATTT GACGGT CAT GTTT GGGT A 

15 TCGT GGGAAACGTTTGAGGGCGAAACTGT ATAC ATGCCGGT ACGC AC AT GG 

G AC GCT AAAACT GGT AAAGTT GGT AAGTT GT GGGGCG AAATT AAAT AA 

SEP ID NO: 6 (Ami 11 M23-2638 Ami2638 CBD2638) 

AAGC C AC AAC CT AAAGC AGT AG AACTT AAAAT CAT C AAAG AT GTGGTT AA 

20 AGGTT AT G AC CT ACCT AAGC GT GGT AGT AACC CT AAAGGT AT AGTT AT AC A 

C AAC G ACGC AGGG AGC AAAGGGGCG ACT GCTG AAGC AT AT C GT AAC GG AT 

T AGT AAAT GC AC CTTT AT C AAG ATT AG AAGC GGGC ATT GCGC AT AGTT AC G 

T AT C AGGC AAC AC AGTTT GGC AAGCCTT AG AT G AAT C AC AAGT AGGTT GGC 

AT ACC GCT AAT C AAAT AGGT AAT AAAT ATT ATT AC GGT ATT GAAGT AT GT C 

25 AAT C AAT GGGCGC AGAT AACGCG AC ATTCTT AAAAAAT GAAC AGGC AACTT 

TCC AAG A AT GC GCT AG ATT GTT G AAAAA AT GGGG ATT ACC AGC AAAC AG A 

AAT AC AAT C AG ATT GC AC AAT G AATTT ACTT C AAC AT CAT GCC CT CAT AG A 

AGTT C GGTTTT AC AC ACT GGTTTT G ACC C AGT AACTCGCGGT CT ATT GCC AG 

AAG AC AAGC GGTT GC AACTT AAAG ACT ACTTT AT C AAGC AG ATT AGGGCGT 

30 AC AT GG AT GGT AAAAT ACC GGTT GCC ACT GT CTCT AAT G AGT C A AGCGCTT 

C AAGT AAT AC AGTT AAACC AGTT GC AAGT GC AGG AT C CAT GCT AACT GCT A 

TT G ACT AT CTT ACG A AAAAAGGTT GG AAA AT AT CAT CT G ACCCTC GC ACTT 

ACGATGGTTACCCTAAAAACTACGGCTACAGAAATTACCATGAAAACGGCA 
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TT AATT AT GAT G AGTTTT GT GGT GGTT AT CAT AG AGCTTTT GAT GTTT AC AG 

T AACG AAACT AAC G ACGT GCCTGCT GTT ACT AGC GG AAC AGTT ATT G AAGC 

AAAC G ATT ACGGT AATTTT GGT GGT AC ATTCGTT ATT AG AG ACGCT AAC G A 

TAACGATTGGATATATGGGCATCTACAACGTGGCTCAATGCGATTTGTTGT 

5 AGGC G AC AAAGT C A AT C AAGGT G AC ATT ATT GGTTT AC AAGGT AAT AGC AA 

CT ATT ACG AC AATCCT ATG AGTGT AC ATTT AC ATTT AC AATT ACGCCCT AAA 

G AC GC AAAG AAAG AT G A AAAAT C AC AAGT AT GT AGT GGTTT GGCT AT GG A 

AAAAT AT G AC ATT AC AAATTT AAAT GCT AAAC AAG AT AAAT C AAAG AAT G 

GG AGCGT G AAAG AGTT G AAAC AT ATCT ATT C AAACC AT ATT AAAGGT AAC A 

10 AG ATT AC AGC AC C AAAACCT AGT ATT C AAGGT GT GGT CAT C C AC AAT G ATT 

AT GGT AGT AT G AC ACCT AGT C AAT ACTT ACC AT GGTT AT AT GC ACGT GAGA 

AT AACGGT AC AC ACGTT AAC GGTT GGGCT AGT GTTT AT GC AAAT AG AAACG 

AAGT GCTTT GGT AT C ATCC G AC AG ACT AC GT AG AGT GGC ATT GTGGT AAT C 

AAT GGGC AAAT GCT AACTT AATCGG ATTT GAAGT GT GT G AGTCGT ATCCT G 

15 GT AG AATCTC GG AC AAATT ATT CTT AG AAAAT G AAG AAGCG AC ATT G AAAG 

T AGCT GCGGAT GTG ATGAAGTCGTACGGATT ACC AGTT AATCGC AAC ACT G 

T ACGT CT GC AT AACGAATT CTTCGG AACTTCTT GTCC AC ATCGTTCGT GGGA 

CTTGCATGTTGGCAAAGGTGAGCCTTACACAACTACTAAT ATTAATAAAAT 

G AAAG ACT ACTT CAT C AAACGC AT C AAAC ATT ATT AT GACGGT GG AAAGCT 

20 AG AAGT AAGC AAAGC AGC AACT AT C AAAC A ATCTG AC GTT AAGC AAG AAG 

TT AAAAAGC AAG AAGC AAAAC AAATT GT G AAAGC AAC AG ATT GG AAAC AG 

AAT AAAG AT GGC ATTT GGT AT AAAGCT G AAC AT GCTTC GTT C AC AGT G AC A 

GC ACC AGAGGGAATT AT C AC AAGATAC AAAGGTCCTTGGACT GGTC ACCC A 

C AAGCT GGT GT ATT AC AAAAAGGT C AAACG ATT AAAT AT GAT G AGGTT C AA 

25 AAATTT GACGGT CAT GTTT GGGT ATCGT GGG AAAC GTTT GAGGGCG AAACT 

GTATACATGCCGGTACGCACATGGGACGCTAAAACTGGTAAAGTTGGTAAG 

TT GT GGGGCG AAATT AAAT AA 

SEP ID NO: 7 (CHAPTw Ami2638 M23-LST CBD2638) 

30 AT G AAAACC CT G AAAC AAGC AG AGTCCT AC ATT AAG AGT AAAGT AAAT AC 

AGG AACTG ATTTT GAT GGTTT AT AT GGGT AT C AGT GT AT GG ACTT AGC AGT 

AG ATT AT ATTT ACC AT GT AAC AG AT GGT AAAAT AAG AAT GT GGGGT AAT GC 

TAAGGATGCGATAAATAACTCTTTTGGTGGTACTGCTACGGTATATAAAAA 
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CT ACC CTGCTTTT AG AC CT AAGT AC GGT GAT GT AGT C GT AT GG ACT ACT GGT 

AATTTTGCAACTTATGGTCATATCGCAATAGTTACTAACCCTGACCCTTATG 

GAG AC CTT C AAT AT GTT AC AGTT CTT G AAC AAAACTGG A ACGGT AACGGG A 

TTT ATAAAACCGAGTT AGCT AC AAT C AG AAC AC ACGATTAC AC AGGAATT A 

5 C AC ATTTT ATT AAAG AC GC AAAG AAAG AT G AAAAAT C AC AAGT AT GT AGT G 

GTTT GGCT ATGG AAAAAT AT G AC ATT AC AAATTT AAAT GCT AAAC AAG AT A 

AAT C AAAG AAT GGG AGCGT G AAAG AGTT G AAAC AT AT CT ATT C AAACC AT 

ATT AAAGGT AAC AAG ATT AC AGC ACC AAAAC CT AGT ATT C AAGGT GT GGT C 

ATCC AC AAT G ATT AT GGT AGT AT G AC AC CT AGT C AAT ACTT AC CAT GGTT AT 

10 AT GC ACGT GAG AAT AAC GGT AC AC AC GTT AACGGTT GGGCT AGT GTTT AT G 

C AAAT AG AAAC GAAGT GCTTT GGT AT C ATCCG AC AG ACT ACGT AG AGT GGC 

ATT GT GGT AAT C A AT GGGC AAAT GCT AACTT AATCGG ATTT GAAGT GT GT G 

AGTCGT AT C CTGGT AG AAT CTCGG AC AAATT ATT CTT AG AAAAT G AAG AAG 

CGACATTGAAAGTAGCTGCGGATGTGATGAAGTCGTACGGATTACCAGTTA 

15 ATCGCAACACTGTACGTCTGC ATAACGAATTCTTCGGAACTTCTTGTCCACA 

TCGTTCGTGGGACTT GC AT GTTGGC AAAGGT GAGCCTT AC AC AACT ACT AA 

T ATT AAT AAAAT G AAAG ACT ACTT CAT C AAACGC AT C AAAC ATT ATT AT G A 

CGGT GG AAAGCT AG AAGT AAGC AAAGC AGC AACT AT C A AAC AAT CT G ACG 

TT AAGC AAG AAGTT AAAA AGC AAG AAGC AAAAC AAATT GT G AAAGC AAC A 

20 GAT GCT GC AAC AC AT G AAC ATT C AGC AC AAT GGTT G AAT AATT AC AAAAAA 

GGAT ATGGTT ACGGTCCTTATCC ATT AGGTAT AAAT GGCGGT AT GC ACT AC 

GG AGTT G ATTTTTTT AT G AAT ATT GG AAC ACC AGT AAAAGCT ATTT C AAGC 

GG AAAAAT AGTT G AAGCTGGTT GG AGT AATT AC GG AGG AGGT AAT C AAAT 

AGGT CTT ATT G AA AAT GAT GG AGT GC AT AG AC AAT GGT AT AT GC AT CT AAG 

25 T AAAT AT AAT GTT AAAGT AGG AG ATT AT GT C AAAGCT GGT C AAAT AAT C GG 

TTGGT CT GGAAGC ACTGGTT ATT CT AC AGC ACC AC ATTT AC ACTTCC AAAGA 

ATGGTTAATTCATTTTCAAATTCAACTGCCCAAGATCCAATGCCTTTCTTAA 

AGAGCGCAGGATATGGAAAAGCAGGTGGTACAGTAACTCCAACGCCGAAT 

AC AGGTT GG AAAC AG AAT AAAG AT GGC ATTT GGT AT AAAGCTG AAC AT GCT 

30 TCGTT C AC AGT G AC AGC AC C AG AGGG A ATT AT C AC AAG AT AC AAAGGTCCT 

T GG ACT GGT C ACCC AC AAGCTGGT GT ATT AC AAA AAGGT C AAACG ATT AAA 

T AT GAT G AGGTT CAA AAATTT G AC GGT CAT GTTT GGGT AT C GT GGG AAACG 
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TTT G AGGGCG AAACTGT AT AC AT GC CGGT AC GC AC AT GGG AC GCT A AAACT 

GGT AAAGTT GGT AAGTT GT GGGGC G AAATT AAAT AA 

SEP ID NO: 8 (CHAPTw Ami2638 M23-LST CWT-LST +6xHis and cloning site) 

5 ATGAGAGGATCGCATCACCATCACCATCACGGATCCATGAAAACCCTGAAA 

CAAGCAGAGTCCTACATTAAGAGTAAAGTAAATACAGGAACTGATTTTGAT 

GGTTT AT AT GGGT AT C AGT GT AT GG ACTT AGC AGT AG ATT AT ATTT ACC AT G 

T AAC AG AT GGT AAAAT AAG AAT GTGGGGT AAT GCT AAGG AT GCG AT AAAT 

AACTCTTTT GGTGGT ACT GCT ACGGT AT ATAAAAACT ACCCTGCTTTT AGAC 

10 CT AAGT ACGGT GAT GT AGTCGT AT GG ACT ACTGGT AATTTT GC AACTT AT GG 

TCATATCGCAATAGTTACTAACCCTGACCCTTATGGAGACCTTCAATATGTT 

AC AGTT CTT G AAC AAAACTGG AACGGT AACGGG ATTT AT AAAAC CG AGTT A 

GCT AC AAT C AG AAC AC AC G ATT AC AC AGG AATT AC AC ATTTT ATT AAAG AC 

GC AAAG AAAG AT G AAAAAT C AC AAGT AT GT AGT GGTTT GGCT AT GG AAAA 

15 AT AT G AC ATT AC AAATTT AAAT GCT AAAC AAG AT AAAT C AAAG AAT GGG A 

GCGT G AAAG AGTT G AAAC AT ATCT ATT C AAACC AT ATT AAAGGT AAC AAG A 

TT AC AGC AC C AAAAC CT AGT ATT C AAGGT GT GGT C ATCC AC AAT G ATT AT G 

GT AGT AT G AC ACCT AGT C AAT ACTT AC CAT GGTT AT AT GC ACGT GAG AAT A 

ACGGT AC AC ACGTT AAC GGTT GGGCT AGT GTTT AT GC AAAT AG AAAC G AAG 

20 TGCTTT GGT AT C ATCCG AC AG ACT ACGT AG AGT GGC ATT GT GGT AAT C AAT 

GGGC AAAT GCT AACTT AAT C GG ATTT GAAGT GT GT G AGTCGT ATCCT GGT A 

G AAT CTCGG AC AAATT ATT CTT AG AAAAT G AAG AAGCG AC ATT G AAAGT AG 

CT GCGGAT GT GATGAAGTCGT ACGGATT ACC AGTTAATCGC AAC ACTGT AC 

GT CT GC AT AACGAATT CTTCGG AACTTCTT GTCC AC ATCGTTCGT GGGACTT 

25 GC AT GTT GGC AAAGGT G AGC CTT AC AC AACT ACT AAT ATT AAT AAAAT G AA 

AGACTACTTCATCAAACGCATCAAACATTATTATGACGGTGGAAAGCTAGA 

AGT AAGC AAAGC AGC AACT AT C AAAC AAT CT G ACGTT AAGC AAG A AGTT A 

AAAAGC AAG AAGC AAA AC AAATT GT G AAAGC AAC AG AT GCTGC AAC AC AT 

G AAC ATT C AGC AC AAT GGTT G A AT AATT AC AAAAAAGG AT AT GGTT AC GGT 

30 CCTTATCCATTAGGTATAAATGGCGGTATGCACTACGGAGTTGATTTTTTTA 

T G AAT ATTGG AAC ACC AGT A AAAGCT ATTT CAAGCGG AAAAAT AGTT G AAG 

CT GGTT GG AGT AATT ACGG AGG AGGT AAT C AAAT AGGTCTT ATT G AAAAT G 

AT GG AGTGC AT AG AC AAT GGT AT AT GC AT CT AAGT AAAT AT AAT GTT AAAG 
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T AGG AG ATT AT GT C AAAGCT GGT C AAAT AAT C GGTT GGTCTGG A AGC ACT G 

GTT ATTCT AC AGC AC C AC ATTT AC ACTT C C AAAG AAT GGTT AATT C ATTTT C 

AAATT C AACT GCC C AAG ATCC A AT GC CTTTCTT AAAG AGC GC AGG AT AT GG 

AAAAGC AGGTGGT AC AGT AACTC C AAC GCCG AAT AC AGGTT GG AAAAC AA 

5 AC AAAT AT GGC AC ACT AT AT AAAT C AG AGT C AGCT AGCTT C AC ACCT AAT A 

C AG AT AT AAT A AC AAG AAC G ACT GGTCC ATTT AG AAGC AT GC CGC AGT C AG 

G AGT CTT AAAAGC AGGT C AAAC AATT C ATT AT GAT GAAGT GAT G AAAC AAG 

ACGGT CAT GTTTGGGT AGGTT AT AC AGGT AAC AGT GGC C AACGT ATTT ACT 

TGCCT GT AAG AAC AT GG A AT AAAT CT ACT AAT ACTTT AGGT GTTCTTT GGGG 

10 AACTAT AAAGT AA 

SEP ID NO: 9 (M23-LST Ami2638 CBD2638) 

GCT GC AAC AC AT G AAC ATT C AGC AC AAT GGTT G AAT AATT AC AAAA AAGG 

AT AT GGTT ACGGTCCTT AT C C ATT AGGT AT AAAT GGC GGT AT GC ACT ACGG 

15 AGTT G ATTTTTTT AT G AAT ATT GG A AC ACC AGT AAAAGCT ATTT C AAGCGG 

AAAAAT AGTT G AAGCTGGTTGG AGT AATT ACGG AGG AGGT AAT C AAAT AG 

GT CTT ATT G AAA AT GAT GG AGT GC AT AG AC A AT GGT AT AT GC ATCT AAGT A 

AAT AT AAT GTT AAAGT AGG AG ATT AT GT C AAAGCTGGT C AAAT AATCGGTT 

GGT CT GGAAGC ACTGGTT ATT CT AC AGC ACC AC ATTT AC ACTTCC AAAGAA 

20 T GGTT AATT C ATTTT C AAATTC AACT GCCC AAGATCC AAT GCCTTTCTT AAA 

GAGCGC AGGAT AT GGAAAAGC AGGT GGT AC AGT AACTCC AACGCCGAAT A 

C AGGTGAGCTCTT ACGCCCT AAAGACGC AAAGAAAGAT GAAAAAT C AC AA 

GT AT GT AGT GGTTT GGCT AT GG AAAAAT AT G AC ATT AC AAATTT AAAT GCT 

AAAC AAG AT AAAT C AAAG AAT GGG AGC GT G AAAG AGTT G AAAC AT AT CT A 

25 TT C AAACC AT ATT AAAGGT AAC AAG ATT AC AGC AC C AAAAC CT AGT ATT C A 

AGGT GT GGT C ATCC AC AAT G ATT AT GGT AGT AT G AC ACCT AGT C AAT ACTT 

ACC AT GGTT AT AT GC AC GT GAG AAT AAC GGT AC AC AC GTT AACGGTTGGGC 

T AGT GTTT AT GC AAAT AG AAAC GAAGT GCTTT GGT AT CAT C CG AC AG ACT A 

CGT AG AGT GGC ATT GT GGT AAT C AAT GGGC AAAT GCT AACTT AATCGG ATT 

30 TGAAGTGTGTGAGTCGTATCCTGGTAGAATCTCGGACAAATTATTCTTAGA 

AAAT G AAG AAGC G AC ATT G AAAGT AGCT GCGG AT GT GAT GAAGT C GT AC G 

G ATT AC C AGTT AATCGC AAC ACTGT ACGT CT GC AT AACG A ATT CTTC GG AA 

CTTCTT GTCC AC ATCGTTCGT GGGACTT GC AT GTT GGC AAAGGT GAGCCTT A 
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C AC AACT ACT AAT ATT AAT AAAAT G A AAG ACT ACTT CAT C AAACGC AT C AA 

AC ATT ATT AT GACGGT GG AAAGCT AG AAGT AAGC AAAGC AGC AACT AT C A 

AAC A AT CT G ACGTT AAGC AAG AAGTT AAAAAGC AAG AAGC AAAAC AAATT 

GT G AAAGC AAC AG ATT GG AAAC AG AAT AAAG AT GGC ATTT GGT AT AAAGC 

5 T G AAC AT GCTTC GTT C AC AGT G AC AGC AC C AG AGGG AATT AT C AC AAG AT A 

C AAAGGT C CTT GG ACTGGT C ACCC AC AAGCTGGT GT ATT AC AAA AAGGT C A 

AAC G ATT AAAT AT GAT G AGGTT C AAAAATTT G AC GGT CAT GTTT GGGT AT C 

GT GGGAAACGTTT GAGGGCGAAACTGT AT AC AT GCCGGT ACGC AC AT GGG 

ACGCTAAAACT GGTAAAGTT GGT AAGTT GT GGGGCGAAATT AAAT AA 

10 

SEQ ID NO: 10 (LST LST + 6xHis and cloning sites) 

AT G AG AGG ATCGC AT C ACC AT C AC CAT C ACGG ATCC GCT GC AAC AC AT G AA 

C ATT C AGC AC AAT GGTT G AAT AATT AC AAAAAAGG AT AT GGTT ACGGTCCT 

T ATCC ATT AGGT AT AAAT GGC GGT AT GC ACT AC GG AGTT G ATTTTTTT AT G A 

15 AT ATT GG AAC ACC AGT AAA AGCT ATTT C AAGCGG AA AAAT AGTT G AAGCT G 

GTT GG AGT AATT AC GG AGG AGGT AAT C AAAT AGGT CTT ATT G AAAAT GAT G 

G AGT GC AT AG AC AAT GGT AT AT GC AT CT AAGT AAAT AT AAT GTT AAAGT AG 

GAG ATT AT GT C AAAGCTGGT C AAAT AATCGGTT GGT CT GG AAGC ACTGGTT 

ATTCT AC AGC AC C AC ATTT AC ACTTCC AAAG AAT GGTT AATT C ATTTT C A AA 

20 TTCAACTGCCCAAGATCCAATGCCTTTCTTAAAGAGCGCAGGATATGGAAA 

AGC AGGT GGT AC AGT AACT C C AAC GCCG AAT AC AGGTT GG AAA AC AAAC A 

AAT AT GGC AC ACT AT AT AAAT C AG AGT C AGCT AGCTT C AC ACCT AAT AC AG 

AT AT AAT AAC AAG AACG ACT GGTCC ATTT AG A AGC AT GCCGC AGT C AGG AG 

TCTT AAAAGC AGGT C AAAC AATT C ATT AT GAT GAAGT GAT G AAAC AAG ACG 

25 GT CAT GTTT GGGT AGGTT AT AC AGGT AAC AGT GGC C AAC GT ATTT ACTT GCC 

T GT AAG AAC ATGG AAT AAAT CT ACT AAT ACTTT AGGT GTTCTTT GGGG AAC 

T AT AAAGG AGCTCGCTGC AAC AC AT G AAC ATT C AGC AC AAT GGTT G AAT AA 

TT AC AAAAAAGG AT AT GGTT AC GGT C CTT ATCC ATT AGGT AT AAAT GGC GG 

T AT GC ACT AC GG AGTT G ATTTTTTT AT G AAT ATT GG A AC ACC AGT AAA AGCT 

30 ATTT C AAGC GG AAAAAT AGTT G AAGCTGGTTGG AGT AATT ACGG AGG AGGT 

AAT C AAAT AGGT CTT ATT G AAAAT GAT GG AGT GC AT AG AC AAT GGT AT AT G 

CAT CT AAGT AAAT AT AAT GTT AAAGT AGG AG ATT AT GT C AAAGCT GGT C AA 

AT AATCGGTT GGT CTGG AAGC ACT GGTT ATT CT AC AGC ACC AC ATTT AC ACT 



WO 2012/150858 PCT/NL2011/050307 

43 

TCCAAAGAATGGTTAATTCATTTTCAAATTCAACTGCCCAAGATCCAATGCC 

TTTCTT AAAG AGC GC AGG AT AT GG AAAAGC AGGT GGT AC AGT AACTCC AAC 

GCC G AAT AC AGGTT GG AAAAC AAAC AAAT AT GGC AC ACT AT AT AAAT C AG 

AGT C AGCT AGCTT C AC ACCT AAT AC AG AT AT AAT AAC AAG AAC G ACT GGT C 

5 C ATTT AGAAGC ATGCCGC AGTC AGGAGT CTT AAAAGC AGGT C AAAC AATT C 

ATT AT GAT GAAGT GAT G AAAC AAG ACGGT CAT GTTT GGGT AGGTT AT AC AG 

GT AAC AGT GGC C AACGT ATTT ACTT GC CT GT AAG AAC AT GG AAT AAAT CT A 

CT AAT ACTTT AGGT GTT CTTT GGGG AACT AT AAAGT G A 

10 SEP ID NO: 11 (M23-LST M23-LST CWT-LST +6xHis and cloning sites) 

AT G AG AGG ATCGC AT C ACC AT C AC CAT C ACGG ATCC GCT GC AAC AC AT G AA 

C ATT C AGC AC AAT GGTT G AAT AATT AC AAAAAAGG AT AT GGTT ACGGTCCT 

T ATCC ATT AGGT AT AAAT GGC GGT AT GC ACT AC GG AGTT G ATTTTTTT AT G A 

AT ATT GG AAC ACC AGT AAAAGCT ATTT C A AGCGG AAAAAT AGTT G AAGCT G 

15 GTT GG AGT AATT AC GG AGG AGGT AAT C AAAT AGGT CTT ATT G AAAAT GAT G 

G AGT GC AT AG AC AAT GGT AT AT GC AT CT AAGT AAAT AT AAT GTT AAAGT AG 

GAG ATT AT GT C AAAGCTGGT C AAAT AATCGGTT GGT CT GG AAGC ACTGGTT 

ATTCT AC AGC AC C AC ATTT AC ACTTCC AAAG AAT GGTT AATT C ATTTT C A AA 

TTCAACTGCCCAAGATCCAATGCCTTTCTTAAAGAGCGCAGGATATGGAAA 

20 AGC AGGTGGT AC AGT AACTCC AACGCCGAAT AC AGGT GAGCTCGCTGC AAC 

AC AT G AAC ATT C AGC AC AAT GGTT G AAT AATT AC AAAAAAGG AT AT GGTT A 

CGGTCCTTATCCATTAGGTATAAATGGCGGTATGCACTACGGAGTTGATTTT 

TTT AT G AAT ATT GG AAC ACC AGT AAAAGCT ATTT C AAGCGG AAA AAT AGTT 

GAAGCTGGTTGGAGTAATTACGGAGGAGGTAATCAAATAGGTCTTATTGAA 

25 AAT GAT GG AGT GC AT AG AC AAT GGT AT ATGC AT CT AAGT AAAT AT AAT GTT 

AAAGT AGGAGATTATGTCAAAGCTGGTCAAATAATCGGTTGGTCTGGAAGC 

ACT GGTT ATTCT AC AGC ACC AC ATTT AC ACTTCC AAAG AAT GGTT AATT CAT 

TTTCAAATTCAACTGCCCAAGATCCAATGCCTTTCTTAAAGAGCGCAGGAT 

AT GG AAAAGC AGGT GGT AC AGT AACTCC AACGC CG AAT AC AGGTT GG AAA 

30 AC AAAC AAAT AT GGC AC ACT AT AT AAAT C AG AGT C AGCT AGCTT C AC AC CT 

AAT AC AG AT AT AAT AAC AAG AAC G ACTGGTCC ATTT AG AAGC AT GCCGC AG 

T C AGG AGT CTT AAA AGC AGGT C AAAC AATT C ATT AT GAT GAAGT GAT G AAA 

C AAG ACGGT CAT GTTT GGGT AGGTT AT AC AGGT AAC AGT GGC C AAC GT ATT 
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T ACTT GC CTGT AAG A AC AT GG AAT AAATCT ACT AAT ACTTT AGGT GTTCTTT 

GGGGAACTATAAAGTGA 

SEP ID NO: 12 (CBD-2638) 

5 T GG AAAC AG AAT AAAG AT GGC ATTT GGT AT AAAGCT G AAC AT GCTTCGTT C 

AC AGT G AC AGC ACC AG AGGG AATT AT C AC AAG AT AC AAAGGTCCTT GG AC 

T GGT C ACCC AC AAGCTGGT GT ATT AC A AAAAGGT C AAAC G ATT AAAT AT G A 

T GAGGTT C AAAAATTT GACGGT CAT GTTT GGGTATCGT GGGAAACGTTT GA 

GGGCGAAACTGTATACATGCCGGTACGCACATGGGACGCTAAAACTGGTA 

10 AAGTTGGTAAGTTGTGGGGCGAAATTAAATAA 

SEP ID NO: 13 (CWT-LST) 

T GG AAAAC A AAC AAAT ATGGC AC ACT AT AT AAAT C AG AGT C AGCT AGCTT C 

AC ACCT AAT AC AG AT AT AAT AAC A AG AACG ACTGGTCC ATTT AG AAGC AT G 

15 CC GC AGT C AGG AGT CTT A AAAGC AGGT C AAAC AATT C ATT AT GAT GAAGT G 

AT G AAAC AAG ACGGT CAT GTTT GGGT AGGTT AT AC AGGT AAC AGT GGCC AA 

CGT ATTT ACTT GC CT GT AAG A AC AT GG AAT AAATCT ACTAAT ACTTT AGGT G 

TTCTTT GGGG AACT AT AAAGT G A 

20 SEP ID NP: 14 (M23-2638) 

AT GCT AACT GCT ATT GACT ATCTT ACGAAAAAAGGTT GGAAAAT AT CAT CT 

GACCCTCGCACTTACGATGGTTACCCTAAAAACTACGGCTACAGAAATTAC 

CAT G AAAAC GGC ATT AATT AT GAT G AGTTTT GT GGT GGTT AT CAT AG AGCTT 

TT GAT GTTT AC AGT AACG AAACT AACG AC GT GC CTGCT GTT ACT AGCGG AA 

25 C AGTT ATT GAAGC AAACG ATT ACGGT AATTTTGGT GGT AC ATT C GTT ATT AG 

AG AC GCT A ACG AT AACG ATT GG AT AT AT GGGC ATCT AC A ACGT GGCT C AAT 

GCG ATTT GTT GT AGGC G AC AAAGT C AAT C AAGGT G AC ATT ATT GGTTT AC A 

AGGT AAT AGC A ACT ATT ACG AC AAT C CT AT G AGT GT AC ATTT AC ATTT AC A 

ATTACGCCCTAAAGACGCAAAGAAAGAT 

30 

SEP ID NP: 15 (M23-LST) 

GCT GC AAC AC AT G AAC ATT C AGC AC AAT GGTT G AAT AATT AC AAAAAAGG 

AT AT GGTT ACGGTCCTT AT C C ATT AGGT AT AAAT GGC GGT AT GC ACT ACGG 
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AGTT G ATTTTTTT AT G AAT ATT GG A AC ACC AGT AAAAGCT ATTT C AAGCGG 

AAAAAT AGTT G AAGCTGGTT GG AGT AATT ACGG AGG AGGT AAT C AAAT AG 

GT CTT ATT G AAA AT GAT GG AGT GC AT AG AC A AT GGT AT AT GC ATCT AAGT A 

AAT AT AAT GTT AAAGT AGG AG ATT AT GT C AAAGCTGGT C AAAT AATCGGTT 

5 GGT CT GGAAGC ACTGGTT ATT CT AC AGC ACC AC ATTT AC ACTTCC AAAGAA 

T GGTT AATT C ATTTT C AAATTC AACT GCCC AAGATCC AAT GCCTTTCTT AAA 

GAGCGCAGGATAT 

SEP ID NO: 16 (Ami-2638) 

10 GGT AAC AAG ATT AC AGC ACC AAAACCT AGT ATT C AAGGT GT GGT C ATCC AC 

AAT G ATT AT GGT AGT AT G AC ACCT AGT C AAT ACTT ACC AT GGTT AT AT GC AC 

GTGAGAATAACGGTACACACGTTAACGGTTGGGCTAGTGTTTATGCAAATA 

G AAAC GAAGT GCTTT GGT AT C ATCC G AC AG ACT ACGT AG AGTGGC ATT GT G 

GT AAT C AAT GGGC AAAT GCT AACTT AATCGG ATTT GAAGT GT GT G AGTCGT 

15 ATCCTGGTAGAATCTCGGACAAATTATTCTTAGAAAATGAAGAAGCGACAT 

T G AAAGT AGCT GCGG AT GT GAT GAAGT C GT AC GG ATT AC C AGTT AATCGC A 

AC ACT GT ACGT CT GC AT AAC G AATT CTTC GG AACTT CTT GTCC AC AT C GTT C 

GT GGG ACTT GC AT GTT GGC AAAGGT G AGC CTT AC AC AACT ACT AAT ATT AA 

T AAAAT G AAAG ACT ACTT CAT C AAACGC AT C AAAC ATT ATT AT G AC GGT 

20 

SEP ID NO: 17 (Ami-Din 

AAGC C AC AAC CT AAAGC AGT AG AACTT AAAAT CAT C AAAG AT GTGGTT AA 

AGGTT AT G AC CT ACCT AAGC GT GGT AGT AACC CT AAAGGT AT AGTT AT AC A 

C AAC G ACGC AGGG AGC AAAGGGGCG ACT GCTG AAGC AT AT C GT AAC GG AT 

25 T AGT AAAT GC AC CTTT AT C A AG ATT AG AAGC GGGC ATT GC GC AT AGTT ACG 

T AT C AGGC AAC AC AGTTT GGC AAGCCTT AG AT G AAT C AC AAGT AGGTT GGC 

AT ACC GCT AAT C AAAT AGGT AAT AAAT ATT ATT AC GGT ATT GAAGT AT GT C 

AAT C AAT GGGCGC AGAT AACGCG AC ATTCTT AAAAAAT GAAC AGGC AACTT 

TCC AAG A AT GC GCT AG ATT GTT G AAAAA AT GGGG ATT ACC AGC AAAC AG A 

30 AAT AC AAT C AG ATT GC AC AAT G AATTT ACTT C A AC AT CAT GC CCT CAT AG A 

AGTT C GGTTTT AC AC ACT GGTTTT G ACC C AGT AACTCGCGGT CT ATT GCC AG 

AAG AC AAGC GGTT GC AACTT AAAG ACT ACTTT AT C AAGC AG ATT AGGGCGT 

AC AT GG AT GGT AAAAT ACC GGTT GCC ACT GT CTCT AAT G AGT C A AGCGCTT 
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C AAGT AAT AC AGTT AAACC AGTT GC AAGT GC A 

SEP ID NO: 18 (CHAP-• 11) 

AT GC AAGC AAAATT AACTAAAAAT G AGTTT AT AG AGTGGTT G AAAACTT CT 

5 G AGGG AAAAC AATT C AAT GT GG ACTT ATGGT AT GG ATTT C AAT GCTTT GAT 

T AT GCC AATGCT GGTT GG AAAGTTTT GTTT GG ATT ACTTCT AAAAGGTTT AG 

GTGCAAAAGATATTCCGTTCGCTAACAACTTCGACGGATTAGCTACTGTAT 

ACCAAAATACACCGGACTTCTTAGCACAACCTGGCGACATGGTGGTATTCG 

GT AGC AACT AC GGT GCTGG AT ATGGT C ACGTT GC AT GGGT AATT G AAGC AA 

10 CTTT AG ATT AC AT C ATT GT AT AT G AGC AG AATT GGCT AGGC GGT GGCT GG A 

CTGACGGAATCGAACAACCCGGCTGGGGTTGGGAAAAAGTTACAAGACGA 

CAACATGCTTATGATTTCCCTATGTGGTTTATCCGTCCGAATTTTAAAAGTG 

AGACAGCGCCACGATCAGTTCAATCTCCTACACAAGCACCTAAAAAAGAA 

ACAGCT 

15 

SEP ID NO: 19 (CHAP-DTworf) 

AT G AAAACC CT G AAAC AAGC AG AGTCCT AC ATT AAG AGT AAAGT AAAT AC 

AGGAACTG ATTTT GAT GGTTT AT AT GGGT AT C AGT GT AT GG ACTT AGC AGT 

AG ATT AT ATTT ACC AT GT AAC AG AT GGT AAAAT AAG AAT GT GGGGT AAT GC 

20 TAAGGATGCGATAAATAACTCTTTTGGTGGTACTGCTACGGTATATAAAAA 

CT ACC CTGCTTTT AG AC CT AAGT AC GGT GAT GT AGT C GT AT GG ACT ACT GGT 

AATTTTGCAACTTATGGTCATATCGCAATAGTTACTAACCCTGACCCTTATG 

GAG AC CTT C AAT AT GTT AC AGTT CTT G AAC AAAACTGG A ACGGT AACGGG A 

TTT ATAAAACCGAGTT AGCT AC AAT C AG AAC AC ACGATTAC AC AGGAATT A 

25 CACATTTTATT 

SEP ID NP:20 (M23-2638 Ami2638 CBD2638 CBD2638) 

AT GCT AACT GCT ATT G ACT AT CTT AC G AAAAAAGGTT GG AAAAT AT CAT CT 

GACCCTCGCACTTACGATGGTTACCCTAAAAACTACGGCTACAGAAATTAC 

30 CAT G AAAAC GGC ATT AATT AT GAT G AGTTTT GT GGT GGTT AT CAT AG AGCTT 

TT GAT GTTT AC AGT AACG AAACT AACG AC GT GC CTGCT GTT ACT AGCGG AA 

C AGTT ATT GAAGC AAACG ATT ACGGT AATTTTGGT GGT AC ATT C GTT ATT AG 

AG AC GCT A ACG AT AACG ATT GG AT AT AT GGGC AT CT AC AACGT GGCT C AAT 
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GCG ATTT GTT GT AGGC G AC AAAGT C AAT C AAGGT G AC ATT ATT GGTTT AC A 

AGGT AAT AGC AACT ATT AC G AC AATCCT AT G AGT GT AC ATTT AC ATTT AC A 

ATT AC GCCCT AAAG ACGC AAAG AAAG AT G AAAAAT C AC AAGT AT GT AGT G 

GTTT GGCT ATGG AAAAAT AT G AC ATT AC AAATTT AAAT GCT AAAC AAG AT A 

5 AAT C AAAG A AT GGG AGCGT G AAAG AGTT G AAAC AT AT CT ATT C AAACC AT 

ATT AAAGGT AAC AAG ATT AC AGC ACC AAAAC CT AGT ATT C AAGGT GT GGT C 

ATCC AC AAT G ATT AT GGT AGT AT G AC AC CT AGT C AAT ACTT AC CAT GGTT AT 

AT GC ACGT GAG AAT AAC GGT AC AC AC GTT AACGGTT GGGCT AGT GTTT AT G 

C AAAT AG AAAC GAAGT GCTTT GGT AT C ATCCG AC AG ACT ACGT AG AGT GGC 

10 ATT GT GGT AAT C AATGGGC AAAT GCT AACTT AAT C GG ATTT GAAGT GT GT G 

AGTCGT AT C CTGGT AG AAT CTCGG AC AAATT ATT CTT AG AAAAT G AAG AAG 

CGACATTGAAAGTAGCTGCGGATGTGATGAAGTCGTACGGATTACCAGTTA 

ATCGCAACACTGTACGTCTGCATAACGAATTCTTCGGAACTTCTTGTCCACA 

TCGTTCGTGGGACTT GC AT GTTGGC AAAGGT GAGCCTT AC AC AACT ACT AA 

15 T ATT AAT AAAAT G AAAG ACT ACTT CAT C AAACGC AT C AAAC ATT ATT AT G A 

CGGT GG AAAGCT AG AAGT AAGC AAAGC AGC AACT AT C A AAC AAT CT G ACG 

TT AAGC AAG AAGTT AAAA AGC AAG AAGC AAAAC AAATT GT G AAAGC AAC A 

G ATT GG A AAC AG AAT AAAG AT GGC ATTT GGT AT AAAGCT G AAC AT GCTTC G 

TT C AC AGT G AC AGC ACC AG AGGG AATT AT C AC AAG AT AC AAAGGTCCTT GG 

20 ACT GGT C ACC C AC A AGCT GGT GT ATT AC A AAAAGGT C AAACG ATT AAAT AT 

GAT G AGGTT C A AAAATTT GACGGT CAT GTTTGGGT ATCGT GGG AAAC GTTT 

G AGGGC G AAACT GT AT AC AT GC CGGT ACGC AC AT GGG ACGCT A AAACT GG 

T AAAGTT GGT AAGTT GTGGGGCGAAATTAAAG AGCTCGGT GGAAAGCT AG 

AAGT AAGC AAAGC AGC AACT AT C A AAC AAT CT G ACGTT AAGC AAG AAGTT 

25 AAAAAGCAAGAAGC AAAAC AAATT GT GAAAGC AAC AGATTGGAAAC AGA 

AT AAAG AT GGC ATTT GGT AT AAAGCTG AAC AT GCTTCGTT C AC AGT G AC AG 

C ACC AG AGGG A ATT ATC AC AAGAT AC AAAGGTCCTT GGACT GGTC ACCC AC 

AAGCTGGT GT ATT AC AAAA AGGT C AAACG ATT AAAT AT GAT G AGGTT C AAA 

AATTT GACGGT CAT GTTT GGGT ATCGTGGGAAACGTTT GAGGGCG AAACT G 

30 T AT AC AT GC CGGT ACGC AC AT GGG ACGCT AAA ACT GGT AAAGTT GGT AAGT 

TGTGGGGCGAAATTAAATAA 

SEP ID NO: 21 (Plv2638) 
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MRGSHHHHHHGSMLTAIDYLTKKGWKISSDPRTYDGYPKNYGYRNYHENGI 

NYDEFCGGYHRAFDVY SNETNDVPAVTSGTVIEANDY GNFGGTFVIRDANDN 

DWIYGHLQRGSMRFVVGDKVNQGDIIGLQGNSNYYDNPMSVHLHLQLRPKD 

AKKDEKS Q V C S GL AMEKYDITNLN AKQDKSKN G S VKELKHIY SNHIKGNKIT A 

5 PKPSIQGVVIHNDYGSMTPSQYLPWLYARENNGTHVNGWASVYANRNEVLW 

YHPTDYVEWHCGNQWANANLIGFEVCESYPGRISDKLFLENEEATLKVAADV 

MKS Y GLP VNRNT VRLHNEFF GT S CPHRS WDLH V GKGEP YTTTNINKMKD YFI 

KRIKHYYDGGKLEVSKAATIKQSDVKQEVKKQEAKQIVKATDWKQNKDGIW 

YKAEHASFTVTAPEGIITRYKGPWTGHPQAGVLQKGQTIKYDEVQKFDGHVW 

10 V S WETFEGET V YMP VRT WD AKT GKV GKL W GEIK 

SEP ID NO: 22 (Ami2638 CBD2638) 

MRGSHHHHHHGSLRPKD AKKDEKS Q V C S GL AMEKYDITNLN AKQDKSKNG 

SVKELKHIYSNHIKGNKITAPKPSIQGVVIHNDYGSMTPSQYLPWLYARENNGT 

15 HVNGWASVYANRNEVLWYHPTDYVEWHCGNQWANANLIGFEVCES YPGRIS 

DKLFLENEEATLKVAADVMKSYGLPVNRNTVRLHNEFFGTSCPHRSWDLHVG 

KGEPYTTTNINKMKDYFIKRIKHYYDGGKLEVSKAATIKQSDVKQEVKKQEAK 

QIVKATDWKQNKDGIWYKAEHASFTVTAPEGIITRYKGPWTGHPQAGVLQKG 

QTIKYDEV QKFDGH VWV S WETFEGET VYMP VRT WD AKT GKV GKL WGEIK 

20 

SEP ID NP: 23 (M23-2638 CBD2638) 

MRGSHHHHHHGSMLTAIDYLTKKGWKISSDPRTYDGYPKNYGYRNYHENGI 

N YDEF C GG YHRAFD V Y SNETND VP AVTS GT VIE AND Y GNF GGTF VIRD ANDN 

DWIYGHLQRGSMRFVVGDKVNQGDIIGLQGNSNYYDNPMSVHLHLQLRPKD 

25 AKKDEKS Q V C S GL AMEKYDITNLN AKQDKSKN G S VKELKHI Y SNHIKGNKIT A 

PKPSIQGELGGKLEVSKAATIKQSDVKQEVKKQEAKQIVKATDWKQNKDGIW 

YKAEHASFTVTAPEGIITRYKGPWTGHPQAGVLQKGQTIKYDEVQKFDGHVW 

VSWETFEGETVYMPVRTWDAKTGKVGKLWGEIK 

30 SEP ID NP: 24 (Plv2638-Plv2638) 

MRGSHHHHHHGSMLTAIDYLTKKGWKISSDPRTYDGYPKNYGYRNYHENGI 

NYDEFCGGYHRAFDVY SNETNDVPAVTSGTVIEANDY GNFGGTFVIRDANDN 

DWIYGHLQRGSMRFVVGDKVNQGDIIGLQGNSNYYDNPMSVHLHLQLRPKD 
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AKKDEKSQVCSGLAMEKYDITNLNAKQDKSKNGSVKELKHIYSNHIKGNKITA 

PKP SIQG V VIHND Y GSMTP S Q YLP WL Y ARENN GTH VN G WAS V Y ANRNE VLW 

YHPTDYVEWHCGNQWANANLIGFEVCESYPGRISDKLFLENEEATLKVAADV 

MKS Y GLP VNRNT VRLHNEFF GT S CPHRS WDLH V GKGEP YTTTNINKMKD YFI 

5 KRIKHYYDGGKLEVSKAATIKQSDVKQEVKKQEAKQIVKATDWKQNKDGIW 

YKAEHASFTVT APEGIITRYKGP WT GHPQ AGVLQKGQTIKYDE V QKFDGH VW 

V S WETFEGETVYMP VRT WD AKT GKV GKLW GEIKELMLTAID YLTKKGWKIS S 

DPRTYDGYPKNYGYRNYHENGINYDEFCGGYHRAFDVYSNETNDVPAVTSGT 

VIEANDYGNFGGTFVIRDANDNDWIYGHLQRGSMRFVVGDKVNQGDIIGLQG 

10 N SNYYDNPMSVHLHLQLRPKD AKKDEKS QV C SGLAMEKYDITNLNAKQDKS 

KNGSVKELKHIYSNHIKGNKITAPKPSIQGVVIHNDYGSMTPSQYLPWLYAREN 

N GTH VN G WAS V Y ANRNE VLWYHPTDYVEWHCGN Q WAN ANLIGFE V CE S YP 

GRISDKLFLENEEATLKVAADVMKSYGLPVNRNTVRLHNEFFGTSCPHRSWDL 

HVGKGEPYTTTNINKMKDYFIKRIKHYYDGGKLEVSKAATIKQSDVKQEVKK 

15 QEAKQIVKATDWKQNKDGIWYKAEHASFTVTAPEGIITRYKGPWTGHPQAGV 

LQKGQTIKYDE V QKFD GH V WV S WETFEGET VYMP VRT WD AKT GKV GKLW G 

EIK 

SEP ID NO: 25 (CHAP 11 M23-2638 Ami2638 CBD2638) 

20 MRGSHHHHHHGSMQAKLTKNEFIEWLKTSEGKQFNVDLWYGFQCFDYANA 

GWKVLF GLLLKGLGAKDIPF ANNFDGLATVY QNTPDFLAQPGDM VVFGSNY G 

AGYGHVAWVIEATLDYIIVYEQNWLGGGWTDGIEQPGWGWEKVTRRQHAYD 

FPMWFIRPNFKSETAPRSVQSPTQAPKKETAGSMLTAIDYLTKKGWKISSDPRT 

YDGYPKNYGYRNYHENGINYDEFCGGYHRAFDVYSNETNDVPAVTSGTVIEA 

25 NDYGNFGGTFVIRDANDNDWIYGHLQRGSMRFVVGDKVNQGDIIGLQGNSNY 

YDNPMSVHLHLQLRPKD AKKDEKS QV C SGLAMEKYDITNLNAKQDKSKNGS 

VKELKHI Y SNHIKGNKIT APKP SIQG V VIHND Y G SMTP S Q YLP WL Y ARENN GTH 

VNGWASVYANRNE VLWYHPTDYVEWHCGNQWANANLIGFEVCESYPGRISD 

KLFLENEEATLKVAADVMKSYGLPVNRNTVRLHNEFFGTSCPHRSWDLHVGK 

30 GEPYTTTNINKMKDYFIKRIKHYYDGGKLEVSKAATIKQSDVKQEVKKQEAKQ 

IVKATD WKQNKDGIWYKAEHASFT VT APEGIITRYKGP WT GHPQ AGVLQKGQ 

TIKYDEVQKFDGHVWVSWETFEGETVYMPVRTWDAKTGKVGKLWGEIK 
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SEP ID NO: 26 (Ami 11 M23-2638 Ami2638 CBD2638) 

MRGSHHHHHHGSKPQPKAVELKIIKDVVKGYDLPKRGSNPKGIVIHNDAGSK 

GAT AE AYRN GL VN APL SRLE AGIAHS Y V S GNT V W Q ALDE S Q V G WHT AN QIGN 

KYYYGIEVCQSMGADNATFLKNEQATFQECARLLKKWGLPANRNTIRLHNEF 

5 TSTSCPHRSSVLHTGFDPVTRGLLPEDKRLQLKDYFIKQIRAYMDGKIPVATVS 

NESSASSNTVKPVASAGSMLTAIDYLTKKGWKISSDPRTYDGYPKNYGYRNYH 

EN GIN YDEFCGG YHRAFD V Y SNETND VP AVT S GT VIE AND Y GNF GGTF VIRD A 

NDNDWIYGHLQRGSMRFVVGDKVNQGDIIGLQGNSNYYDNPMSVHLHLQLR 

PKDAKKDEKSQVCSGLAMEKYDITNLNAKQDKSKNGSVKELKHIYSNHIKGN 

10 KIT APKP SIQG V VIHND Y GSMTP S Q YLP WL Y ARENN GTH VN G WAS V Y ANRNE 

VLWYHPTDYVEWHCGNQWANANLIGFEVCESYPGRISDKLFLENEEATLKVA 

ADVMKSYGLPVNRNTVRLHNEFFGTSCPHRSWDLHVGKGEPYTTTNINKMKD 

YFIKRIKHYYDGGKLEVSKAATIKQSDVKQEVKKQEAKQIVKATDWKQNKDG 

IWYKAEHASFTVTAPEGIITRYKGPWTGHPQAGVLQKGQTIKYDEVQKFDGHV 

15 WV S WETFEGET VYMPVRTWDAKTGKV GKLW GEIK 

SEP ID NP: 27 (CHAPTw Ami2638 M23-LST CBD2638) 

MRGSHHHHHHGSMKTLKQAES YIKSKVNTGTDFDGLY GY QCMDLAVDYIY 

HVTDGKIRMWGNAKD AINNSFGGT ATVYKNYP AFRPKY GD VV VWTT GNF AT 

20 Y GHIAIVTNPDPY GDLQYVTVLEQNWNGNGIYKTELATIRTHDYTGITHFIKDA 

KKDEKS Q V C S GL AMEKYDITNLN AKQDKSKNGS VKELKHI Y SNHIKGNKIT AP 

KPSIQGVVIHNDYGSMTPSQYLPWLYARENNGTHVNGWASVY ANRNE VLWY 

HPTD Y VE WHCGN Q WAN ANLIGFE V CE S YPGRISDKLFLENEE ATLKV AAD VM 

KSYGLPVNRNTVRLHNEFFGTSCPHRSWDLHVGKGEPYTTTNINKMKDYFIKR 

25 IKHYYDGGKLEVSKAATIKQSDVKQEVKKQEAKQIVKATDAATHEHSAQWLN 

NYKKGY GY GPYPLGINGGMHY GVDFFMNIGTPVKAISSGKIVEAGW SNY GGG 

NQIGLIENDGVHRQWYMHLSKYNVKVGDYVKAGQIIGWSGSTGYSTAPHLHF 

QRM VNSF SN ST AQDPMPFLKS AG Y GKAGGT VTPTPNT G WKQNKD GIWYKAE 

HASFTVTAPEGIITRYKGPWTGHPQAGVLQKGQTIKYDEVQKFDGHVWVSWE 

30 TFEGET V YMP VRT WD AKT GKV GKLW GEIK 

SEQ ID NP: 28 (CHAPTw Ami2638 M23-LST CWT-LST) 

MRGSHHHHHHGSMKTLKQAES YIKSKVNTGTDFDGLY GY QCMDLAVDYIY 
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HVTDGKIRMWGNAKDAINNSFGGTATVYKNYPAFRPKYGDVVVWTTGNFAT 

Y GHIAIVTNPDPY GDLQYVTVLEQNWNGNGIYKTELATIRTHDYTGITHFIKDA 

KKDEKS Q V C S GL AMEKYDITNLN AKQDKSKNGS VKELKHI Y SNHIKGNKIT AP 

KPSIQGVVIHNDYGSMTPSQYLPWLYARENNGTHVNGWASVY ANRNE VLWY 

5 HPTDYVEWHCGNQWANANLIGFEVCESYPGRISDKLFLENEEATLKVAADVM 

KSYGLPVNRNTVRLHNEFFGTSCPHRSWDLHVGKGEPYTTTNINKMKDYFIKR 

IKHYYDGGKLEVSKAATIKQSDVKQEVKKQEAKQIVKATDAATHEHSAQWLN 

NYKKGY GY GPYPLGINGGMHY GVDFFMNIGTPVKAISSGKIVEAGW SNY GGG 

NQIGLIENDGVHRQWYMHLSKYNVKVGDYVKAGQIIGWSGSTGYSTAPHLHF 

10 QRM VNSF SN ST AQDPMPFLKS AG Y GKAGGT VTPTPNT G WKTNKY GTL YKSE S 

AS FTPNTDIITRTT GPFRSMPQ S G VLKAGQTIH YDE VMKQDGH V WV G YT GN S G 

QRI YLP VRT WNKSTNTLGVLW GTIK 

SEP ID NO: 29 (M23-LST Ami2638 CBD2638) 

15 MRGSHHHHHHGSAATHEHS AQWLNNYKKGY GY GPYPLGINGGMHY GVDFF 

MNIGTPVKAISSGKIVEAGWSNYGGGNQIGLIENDGVHRQWYMHLSKYNVKV 

GD YVKAGQIIGWSGSTGY STAPHLHF QRMVN SFSNST AQDPMPFLKS AGY GK 

AGGT VTPTPNT GELLRPKD AKKDEKSQ V C S GL AMEKYDITNLN AKQDKSKNG 

SVKELKHIYSNHIKGNKITAPKPSIQGVVIHNDYGSMTPSQYLPWLYARENNGT 

20 HVNGWASVYANRNE VLWYHPTDYVEWHCGNQWANANLIGFEVCESYPGRIS 

DKLFLENEEATLKVAADVMKSYGLPVNRNTVRLHNEFFGTSCPHRSWDLHVG 

KGEPYTTTNINKMKDYFIKRIKHYYDGGKLEVSKAATIKQSDVKQEVKKQEAK 

QIVKATDWKQNKDGIWYKAEHASFTVT APE GIITRYKGPWTGHPQ AGVLQKG 

QTIKYDEV QKFDGH VWV S WETFEGET VYMP VRT WD AKT GKV GKL WGEIK 

25 

SEP ID NO: 30 (LST LST) 

MRGSHHHHHHGSAATHEHS AQWLNNYKKGY GY GPYPLGINGGMHY GVDFF 

MNIGTPVKAISSGKIVEAGWSNYGGGNQIGLIENDGVHRQWYMHLSKYNVKV 

GD YVKAGQIIGW SGSTGY ST APHLHF QRM VNSFSN ST AQDPMPFLKS AGY GK 

30 AGGTVTPTPNTGWKTNKYGTLYKSESASFTPNTDIITRTTGPFRSMPQSGVLKA 

GQTIHYDEVMKQDGHVWVGYTGNSGQRIYLPVRTWNKSTNTLGVLWGTIKE 

LAATHEHSAQWLNNYKKGY GY GPYPLGINGGMHY GVDFFMNIGTPVKAISSG 

KIVEAGWSNYGGGNQIGLIENDGVHRQWYMHLSKYNVKVGD YVKAGQIIGW 
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S GST G Y ST APHLHF QRM VNSF SNST AQDPMPFLKS AG Y GKAGGT VTPTPNT G 

WKTNKYGTLYKSESASFTPNTDIITRTTGPFRSMPQSGVLKAGQTIHYDEVMK 

QDGHVWV GYTGN SGQRI YLP VRT WNKSTNTLGVLW GTIK 

5 SEP ID NO: 31 (M23-LST M23-LST CWT-LST) 

MRGSHHHHHHGSAATHEHS AQWLNNYKKGY GY GPYPLGINGGMHY GVDFF 

MNIGTPVKAISSGKIVEAGWSNYGGGNQIGLIENDGVHRQWYMHLSKYNVKV 

GD YVKAGQIIGWSGSTGY STAPHLHF QRMVN SFSNST AQDPMPFLKS AGY GK 

AGGTVTPTPNTGELAATHEHSAQWLNNYKKGY GY GPYPLGINGGMHY GVDF 

10 FMNIGTPVKAISSGKIVEAGWSNYGGGNQIGLIENDGVHRQWYMHLSKYNVK 

V GD YVKAGQIIGWSGSTGY STAPHLHF QRMVNSFSN ST AQDPMPFLKS AGY G 

KAGGTVTPTPNTGWKTNKYGTLYKSESASFTPNTDIITRTTGPFRSMPQSGVLK 

AGQTIH YDE VMKQDGH V WV G YT GN S GQRI YLP VRT WNKSTNTLGVLW GTIK 

15 SEP ID NO: 32 (M23-2638 Ami2638 CBD2638 CBD2638) 

MRGSHHHHHHGSMLTAIDYLTKKGWKISSDPRTYDGYPKNYGYRNYHENGI 

NYDEFCGGYHRAFDVYSNETNDVPAVTSGTVIEANDYGNFGGTFVIRDANDN 

DWIYGHLQRGSMRFVVGDKVNQGDIIGLQGNSNYYDNPMSVHLHLQLRPKD 

AKKDEKS Q V C S GL AMEKYDITNLN AKQDKSKN G S VKELKHI Y SNHIKGNKIT A 

20 PKP SIQG V VIHND Y GSMTP S Q YLP WL Y ARENN GTH VN G WAS V Y ANRNE VLW 

YHPTDYVEWHCGNQWANANLIGFEVCESYPGRISDKLFLENEEATLKVAADV 

MKSYGLPVNRNTVRLHNEFFGTSCPHRSWDLHVGKGEPYTTTNINKMKDYFI 

KRIKHYYDGGKLEVSKAATIKQSDVKQEVKKQEAKQIVKATDWKQNKDGIW 

YKAEHASFTVTAPEGIITRYKGPWTGHPQAGVLQKGQTIKYDEVQKFDGHVW 

25 VSWETFEGETVYMPVRTWDAKTGKVGKLWGEIKELGGKLEVSKAATIKQSDV 

KQE VKKQE AKQIVKATD WKQNKDGIWYKAEHASFTVT APEGIITRYKGP WT G 

HPQAGVLQKGQTIKYDEVQKFDGHVWVSWETFEGETVYMPVRTWDAKTGK 

VGKLWGEIK 

30 SEP ID NP: 33 (LST) 

GCT GC AAC AC AT G AAC ATT C AGC AC AAT GGTT G AAT AATT AC AAAAAAGG 

AT AT GGTT ACGGTCCTT AT C C ATT AGGT AT AAAT GGC GGT AT GC ACT ACGG 

AGTT G ATTTTTTT AT G AAT ATT GG A AC ACC AGT AAAAGCT ATTT C AAGCGG 



WO 2012/150858 PCT/NL2011/050307 

53 

AAAAAT AGTT G AAGCT GGTT GG AGT AATT ACGG AGG AGGT AAT C AAAT AG 

GT CTT ATT G AAA AT GAT GG AGT GC AT AG AC A AT GGT AT AT GC ATCT AAGT A 

AAT AT AAT GTT AAAGT AGG AG ATT AT GT C AAAGCTGGT C AAAT AATCGGTT 

GGT CT GGAAGC ACTGGTT ATT CT AC AGC ACC AC ATTT AC ACTTCC AAAGAA 

5 T GGTT AATT C ATTTT C AAATTC AACT GCCC AAGATCC AAT GCCTTTCTT AAA 

G AGC GC AGG AT AT GG A AAAGC AGGT GGT AC AGT AACTCC AACGC CG AAT A 

C AGGTT GG AAAAC AAAC AAAT AT GGC AC ACT AT AT AAAT C AG AGT C AGCT 

AGCTT C AC AC CT AAT AC AG AT AT AAT AAC AAG AACG ACT GGT C C ATTT AG A 

AGC AT GCC GC AGT C AGG AGT CTT AAAAGC AGGT C AAAC AATT C ATT AT GAT 

10 GAAGT GAT G AAAC AAG ACGGT CAT GTTT GGGT AGGTT AT AC AGGT AAC AGT 

GGCCAACGTATTTACTTGCCTGTAAGAACATGGAATAAATCTACTAATACT 

TT AGGT GTT CTTT GGGG AACT AT AAAGT G A 

SEP ID NO: 34 (LST aa) 

15 AATHEHSAQWLNNYKKGY GY GPYPLGINGGMHY GVDFFMNIGTPVKAISSGK 

IVEAGWSNYGGGNQIGLIENDGVHRQWYMHLSKYNVKVGDYVKAGQIIGWS 

GSTG Y STAPHLHF QRMVNSFSNST AQDPMPFLKS AG Y GKAGGT VTPTPNTGW 

KTNKYGTLYKSESASFTPNTDIITRTTGPFRSMPQSGVLKAGQTIHYDEVMKQD 

GH V WV G YT GN S GQRI YLP VRT WNKSTNTLGVLW GTIK 

20 

SEP ID NO: 35 (CBD-2638) 

WKQNKDGIWYKAEHASFTVTAPEGIITRYKGPWTGHPQAGVLQKGQTIKYDE 

V QKFDGHVWV S WETFEGETVYMP VRT WD AKT GKV GKLW GEIK 

25 SEP ID NP: 36 (CWT-LST) 

WKTNKYGTLYKSESASFTPNTDIITRTTGPFRSMPQSGVLKAGQTIHYDEVMK 

QDGHVWV GYTGN SGQRI YLP VRT WNKSTNTLGVLW GTIK 

SEP ID NP: 37 (M23-2638) 

30 MLTAIDYLTKKGWKISSDPRTYDGYPKNYGYRNYHENGINYDEFCGGYHRAF 

D V Y SNETND VP AVT S GT VIE AND Y GNF GGTF VIRD ANDND WIY GHLQRG SMR 

FVVGDKVNQGDIIGLQGNSNYYDNPMSVHLHLQLRPKDAKKD 
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SEP ID NO: 38 (M23-LST) 

AATHEHSAQWLNNYKKGY GY GPYPLGINGGMHY GVDFFMNIGTPVKAISSGK 

IVEAGWSNYGGGNQIGLIENDGVHRQWYMHLSKYNVKVGDYVKAGQIIGWS 

GSTGYSTAPHLHFQRMVNSFSNSTAQDPMPFLKSAGY 

5 

SEP ID NO: 39 ( Ami-2638) 

NKIT APKP SIQG V VIHND Y GSMTP S Q YLP WL Y ARENN GTH VN G WAS V Y ANRN 

EVLWYHPTDYVEWHCGNQWANANLIGFEVCESYPGRISDKLFLENEEATLKV 

AADVMKSYGLPVNRNTVRLHNEFFGTSCPHRSWDLHVGKGEPYTTTNINKMK 

10 DYFIKRIKHYYDG 

SEP ID NP: 40 (Ami-Din 

NPKGI VIHND AGSKG AT AE AYRN GL VN APLSRLE AGI AH S Y V S GNT V W Q ALD 

ESQVGWHTANQIGNKYYYGIEVCQSMGADNATFLKNEQATFQECARLLKKW 

15 GLPANRNTIRLHNEFTSTSCPHRSSVLHTGFDPVTRGLLPEDKRLQLKDYFIKQI 

RAYMD 

SEP ID NP: 41 (CHAP-Din 

MSIIMEVATMQAKLTKNEFIEWLKTSEGKQFNVDLWYGFQCFDYANAGWKV 

20 LFGLLLKGLGAKDIPF ANNFDGL AT VY QNTPDFL AQPGDMVVFGSNY GAG Y G 

HVAWVIEATLDYIIVYEQNWLGGGWTDGIEQPGWGWEKVTRRQHAYDFPMW 

FIRP 

SEP ID NP: 42(CHAP-• Twort) 

25 MKTLKQAES YIKSKVNTGTDFDGLY GY QCMDLAVDYIYHVTDGKIRMWGNA 

KDAINNSFGGTATVYKNYPAFRPKY GDVVVWTTGNFATY GHIAIVTNPDPY G 

DLQYVTVLEQNWNGNGIYKTELATIRTHDYTGITHFI 

SEP ID NP 43 (6xHis tag N terminal) 

30 MRGSHHHHHHGS 

SEP ID NP: 44 (Ply2638 + 6xHis and cloning sites) 

AT G AG AGG ATCGC AT C ACC AT C AC CAT C AC GG AT C CAT GCT AACT GCT ATT 
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GACTATCTTACGAAAAAAGGTTGGAAAATATCATCTGACCCTCGCACTTAC 

GAT GGTT ACC CT AA AAACT ACGGCT AC AG AAATT ACC AT G AAAAC GGC ATT 

AATT AT GAT G AGTTTT GT GGTGGTT AT CAT AG AGCTTTT GAT GTTT AC AGT A 

ACG A AACT AACG AC GT GCCTGCTGTT ACT AGCGG AAC AGTT ATT G AAGC AA 

5 ACGATTACGGTAATTTTGGTGGTACATTCGTTATTAGAGACGCTAACGATA 

ACG ATT GG AT AT AT GGGC AT CT AC AACGT GGCT C AAT GCG ATTT GTT GT AG 

GCG AC AAAGT C AAT C AAGGT G AC ATT ATTGGTTT AC AAGGT AAT AGC A ACT 

ATT AC G AC AATCCT AT G AGT GT AC ATTT AC ATTT AC AATT AC GCC CT AAAG A 

CGC AAAG AAAG AT G AAA AAT C AC AAGT AT GT AGT GGTTT GGCT ATGG AAA 

10 AAT AT G AC ATT AC AAATTT AAAT GCT AAAC AAG AT AAAT C AAAG AAT GGG 

AGCGT G AAAG AGTT G AAAC AT ATCT ATT C AAACC AT ATT AAAGGT AAC AAG 

ATTACAGCACCAAAACCTAGTATTCAAGGTGTGGTCATCCACAATGATTAT 

GGT AGT AT G AC AC CT AGT C AAT ACTT ACC AT GGTT AT AT GC ACGT GAG AAT 

AAC GGT AC AC AC GTT AACGGTTGGGCT AGT GTTT AT GC AAAT AG AAAC G AA 

15 GT GCTTT GGT AT C ATCCGAC AGACT ACGT AGAGT GGC ATTGTGGT AAT C AA 

T GGGC AAAT GCT AACTT AATCGG ATTT GAAGT GT GT G AGTCGT ATCCT GGT 

AGAAT CTCGGAC AAATT ATTCTT AGAAAAT GAAGAAGCGAC ATT GAAAGT A 

GCT GCGG AT GT GAT GAAGT C GT ACGG ATT AC C AGTT AATCGC AAC ACTGT A 

CGT CT GC AT AACGAATTCTTCGGAACTT CTT GTCC AC ATCGTTCGTGGGACT 

20 T GC AT GTT GGC AAAGGT G AGCCTT AC AC AACT ACT AAT ATT AAT AAAAT G A 

AAG ACT ACTT CAT C AAACGC AT C AAAC ATT ATT AT G AC GGT GG AAAGCT AG 

AAGT AAGC AAAGC AGC AACT AT C A AAC AAT CT G ACGTT AAGC AAG AAGTT 

AAAAAGCAAGAAGC AAAAC AAATT GT GAAAGC AAC AGATTGGAAAC AGA 

AT AAAG AT GGC ATTT GGT AT AAAGCTG AAC AT GCTTCGTT C AC AGT G AC AG 

25 C AC C AG AGGG AATT AT C AC AAG AT AC AAAGGT C CTT GG ACT GGT C ACC C AC 

AAGCTGGT GT ATT AC AAAA AGGT C AAACG ATT AAAT AT GAT G AGGTT C AAA 

AATTT GACGGT CAT GTTT GGGT ATCGTGGGAAACGTTT GAGGGCG AAACT G 

T AT AC AT GC CGGT ACGC AC AT GGG ACGCT AAA ACT GGT AAAGTT GGT AAGT 

T GT GGGGC G AAATT AAAT AA 

30 

SEP ID NO: 45 (CHAP11 M23-2638 Ami2638 CBD2638+6xHis and cloning sites) 

AT G AG AGG ATCGC AT C ACC AT C AC CAT C ACGG ATCC AT GC AAGC A AAATT A 

ACT AAAAAT G AGTTT AT AGAGT GGTT G AAAACTT CT G AGGG AAAAC AATT C 
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AAT GTGG ACTT AT GGT AT GG ATTT C AAT GCTTT G ATT AT GC C AAT GCT GGTT 

GG AAAGTTTT GTTT GG ATT ACTTCT AAAAGGTTT AGGT GC AA AAG AT ATTCC 

GTTCGCTAACAACTTCGACGGATTAGCTACTGTATACCAAAATACACCGGA 

CTTCTTAGCACAACCTGGCGACATGGTGGTATTCGGTAGCAACTACGGTGC 

5 T GG AT AT GGT C ACGTT GC AT GGGT AATT G AAGC AACTTT AG ATT AC AT C ATT 

GT AT AT G AGC AG AATT GGCT AGGCGGT GGCT GG ACT G AC GG AAT C G AAC A 

ACC CGGCTGGGGTT GGG AAAAAGTT AC AAG AC G AC AAC AT GCTT AT G ATTT 

CCCTATGTGGTTTATCCGTCCGAATTTTAAAAGTGAGACAGCGCCACGATC 

AGTTCAATCTCCTACACAAGCACCTAAAAAAGAAACAGCTGGATCCATGCT 

10 AACTGCT ATT G ACT AT CTT AC G AAAAAAGGTTGG AAAAT AT CAT CT G AC CC 

TCGCACTTACGATGGTTACCCTAAAAACTACGGCTACAGAAATTACCATGA 

AAAC GGC ATT AATT AT GAT G AGTTTT GT GGT GGTT AT CAT AG AGCTTTT GAT 

GTTTACAGTAACGAAACTAACGACGTGCCTGCTGTTACTAGCGGAACAGTT 

ATT GAAGC AAACG ATT ACGGT AATTTT GGT GGT AC ATTCGTT ATT AG AG AC 

15 GCT AAC GAT AAC G ATT GG AT AT AT GGGC AT CT AC AACGT GGCTC A AT GC G A 

TTT GTT GT AGGCG AC AAAGT C AAT C AAGGT G AC ATT ATT GGTTT AC A AGGT 

AAT AGC A ACT ATT ACG AC AATCCT AT G AGT GT AC ATTT AC ATTT AC AATT AC 

GCC CT A AAG ACGC AAAG AAAG AT G AAA AAT C AC AAGT AT GT AGT GGTTT G 

GCT AT GG AAAAAT AT G AC ATT AC AAATTT AAAT GCT AAAC A AG AT AAAT C A 

20 AAG AAT GGG AGC GT G AAAG AGTT G AAAC AT AT CT ATT C AAAC CAT ATT AAA 

GGT AAC AAG ATT AC AGC ACC AAAACCT AGT ATT C AAGGT GT GGT C ATCC AC 

AAT G ATT AT GGT AGT AT G AC ACCT AGT C AAT ACTT ACC AT GGTT AT AT GC AC 

GT GAG AAT AACGGT AC AC AC GTT AACGGTT GGGCT AGT GTTT AT GC AAAT A 

G AAAC GAAGT GCTTT GGT AT C ATCC G AC AG ACT ACGT AG AGTGGC ATT GT G 

25 GT AAT C AAT GGGC AAAT GCT AACTT AATCGG ATTT GAAGT GT GT G AGTCGT 

ATCCTGGTAGAATCTCGGACAAATTATTCTTAGAAAATGAAGAAGCGACAT 

T G AAAGT AGCT GCGG AT GT GAT GAAGT C GT AC GG ATT AC C AGTT AATCGC A 

AC ACTGT ACGT CT GC AT AACG AATT CTTC GG AACTT CTT GTCC AC AT C GTT C 

GT GGG ACTT GC AT GTT GGC AAAGGT G AGC CTT AC AC AACT ACT AAT ATT AA 

30 T AAAAT G AA AG ACT ACTT CAT C AAACGC AT C AAAC ATT ATT AT GACGGT GG 

AAAGCT AG AAGT AAGC AAAGC AGC AACT AT C AAAC A AT CT G ACGTT AAGC 

AAG AAGTT AAAAAGC A AG AAGC AAAAC AAATT GT G AAAGC AAC AG ATT GG 

AAAC AG AAT AAAG AT GGC ATTT GGT AT AAAGCTG A AC AT GCTTC GTT C AC A 
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GT G AC AGC ACC AG AGGG AATT AT C AC AAG AT AC AAAGGTCCTT GG ACT GGT 

C AC CC AC AAGCT GGT GT ATT AC AAAAAGGT C AAAC G ATT AAAT AT GAT GAG 

GTT C AAAAATTT GACGGT CAT GTTTGGGT ATCGT GGG AAAC GTTT G AGGGC 

GAAACTGTATACATGCCGGTACGCACATGGGACGCTAAAACTGGTAAAGTT 

5 GGT AAGTT GT GGGGCG AAATT AAAT AA 

SEQ ID NO: 46 (Amil l_M23-2638_Ami2638_CBD2638+6xHis and cloning sites) 

AT G AG AGG ATCGC AT C ACC AT C AC CAT C ACGG AT C C AAGC C AC AAC CT AAA 

GC AGTAGAACTT AAAAT CAT C AAAGAT GTGGTT AAAGGTTAT GACCT ACCT 

10 AAGCGTGGTAGTAACCCTAAAGGTATAGTTATAC ACAACGACGCAGGGAG 

CAAAGGGGCGACTGCTGAAGCATATCGTAACGGATTAGTAAATGCACCTTT 

AT C AAG ATT AG A AGCGGGC ATT GCGC AT AGTT AC GT AT C AGGC AAC AC AGT 

TT GGC A AGCCTT AG AT G AAT C AC AAGT AGGTT GGC AT AC CGCT AAT C AAAT 

AGGT AAT AAAT ATT ATT ACGGT ATT GAAGT AT GT C AAT C AAT GGGCGC AG A 

15 T AACGCG AC ATT CTT A AAAAAT G AAC AGGC AACTTTCC AAG AAT GC GCT AG 

ATT GTT G AA AAAATGGGG ATT ACC AGC AAAC AG AAAT AC AAT C AG ATT GC 

AC AAT G AATTT ACTT C AAC AT CAT GCCCTC AT AG AAGTTCGGTTTT AC AC AC 

T GGTTTT G ACC C AGT AACTCGC GGT CT ATT GCC AG AAG AC AAGC GGTT GC A 

ACTT AAAG ACT ACTTT AT C AAGC AG ATT AGGGC GT AC AT GG AT GGT AAAAT 

20 ACC GGTT GCC ACT GTCTCT AAT G AGT C AAGC GCTT C A AGT AAT AC AGTT AA 

ACC AGTT GC A AGT GC AGG ATCC AT GCT AACT GCT ATT G ACT AT CTT AC G AA 

AAAAGGTT GG AAAAT AT CAT CT G ACC CTCGC ACTT ACG AT GGTT AC CCT AA 

AAACT AC GGCT AC AG AAATT ACC AT G AAAAC GGC ATT AATT AT GAT G AGTT 

TT GT GGT GGTT AT CAT AG AGCTTTT GAT GTTT AC AGT AACG AAACT AAC G AC 

25 GT GCCT GCT GTT ACT AGCGGAAC AGTTATTGAAGC AAACGATT ACGGT AAT 

TTT GGT GGT AC ATT C GTT ATT AG AG AC GCT AACG AT AACG ATTGG AT AT AT 

GGGC AT CT AC AAC GT GGCTC A AT GCG ATTT GTT GT AGGCG AC AAAGT C AAT 

C AAGGT G AC ATT ATT GGTTT AC AAGGT AAT AGC AACT ATT ACG AC AAT CCT 

AT G AGT GT AC ATTT AC ATTT AC AATT AC GCC CT AAAG ACGC AAAGAAAG AT 

30 G AAAAAT C AC AAGT AT GT AGT GGTTT GGCT AT GG AAAA AT AT G AC ATT AC A 

AATTT AAAT GCT A AAC AAG AT AAAT C AAAG AAT GGG AGC GT G AAAG AGTT 

GAAAC ATAT CT ATT C AAACC AT ATT AAAGGT AAC AAGATT AC AGC ACC AAA 

ACCT AGT ATT C AAGGT GT GGT CAT C C AC AAT G ATT AT GGT AGT AT G AC ACC 
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T AGT C AAT ACTT ACC AT GGTT AT AT GC ACGT GAG AAT A ACGGT AC AC AC GT 

TAACGGTTGGGCTAGTGTTTATGCAAATAGAAACGAAGTGCTTTGGTATCA 

TCCGAC AGACT ACGT AGAGT GGC ATT GTGGT AAT C AAT GGGC AAAT GCT AA 

CTT AAT C GG ATTT GAAGT GT GT G AGT C GT ATCCTGGT AG AAT CTCGG AC AA 

5 ATT ATTCTT AG AAAAT G AAG AAGCG AC ATT G AAAGT AGCT GCGG AT GT GAT 

G AAGTCGT ACGG ATT ACC AGTT AAT C GC AAC ACT GT AC GTCTGC AT AAC G A 

ATTCTTCGGAACTTCTTGTCCACATCGTTCGTGGGACTTGCATGTTGGCAAA 

GGT G AGCCTT AC AC AACT ACT AAT ATT AAT AAAAT G AAAG ACT ACTT CAT C 

AAAC GC AT C AAAC ATT ATT AT GACGGT GG AAAGCT AG AAGT AAGC A AAGC 

10 AGC A ACT AT C AAAC AATCTG AC GTT AAGC AAG AAGTT AAAAAGC AAG AAG 

C AAA AC AAATT GT G AAAGC AAC AG ATT GG AAAC AG AAT AAAG AT GGC ATT 

T GGT AT AAAGCT G AAC AT GCTTC GTT C AC AGT G AC AGC AC C AG AGGG AATT 

AT C AC AAG AT AC AAAGGTCCTT GG ACTGGT C AC CC AC AAGCT GGT GT ATT A 

C AAAA AGGT C AAACG ATT AAAT AT GAT G AGGTT C AAAAATTT GACGGT CAT 

15 GTTT GGGT AT C GT GGG A AAC GTTT G AGGGC G AAACT GT AT AC AT GC CGGT A 

CGCACATGGGACGCTAAAACTGGTAAAGTTGGTAAGTTGTGGGGCGAAATT 

AAATAA 

SEP ID NO: 47 (CHAPTw Ami2638 M23-LST CBD2638 +6xHis and cloning sites) 

20 AT GAG AGG AT C G CAT C AC CAT C AC CAT C AC GG AT C CAT G AAAAC CCT G AAA 

CAAGCAGAGTCCTACATTAAGAGTAAAGTAAATACAGGAACTGATTTTGAT 

GGTTT AT AT GGGT AT C AGT GT AT GG ACTT AGC AGT AG ATT AT ATTT ACC AT G 

T AAC AG AT GGT AAAAT AAG AAT GTGGGGT AAT GCT AAGG AT GCG AT AAAT 

AACTCTTTT GGTGGT ACT GCT ACGGT AT ATAAAAACT ACCCTGCTTTT AGAC 

25 CT AAGT ACGGT GAT GT AGTCGT AT GG ACT ACTGGT AATTTT GC AACTT AT GG 

TCATATCGCAATAGTTACTAACCCTGACCCTTATGGAGACCTTCAATATGTT 

AC AGTT CTT G AAC AAAACTGG AACGGT AACGGG ATTT AT AAAAC CG AGTT A 

GCT AC AAT C AG AAC AC AC G ATT AC AC AGG AATT AC AC ATTTT ATT AAAG AC 

GC AAAG AAAG AT G AAAAAT C AC AAGT AT GT AGT GGTTT GGCT AT GG AAAA 

30 AT AT G AC ATT AC AAATTT AAAT GCT AAAC AAG AT AAAT C AAAG AAT GGG A 

GCGT G AAAG AGTT G AAAC AT AT CT ATT C AAACC AT ATT AAAGGT AAC AAG A 

TT AC AGC AC C AAAAC CT AGT ATT C AAGGT GT GGT C ATCC AC AAT G ATT AT G 

GT AGT AT G AC ACCT AGT C AAT ACTT AC CAT GGTT AT AT GC ACGT GAG AAT A 
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ACGGT AC AC ACGTT AAC GGTT GGGCT AGT GTTT AT GC AAAT AG AAAC G AAG 

TGCTTT GGT AT C ATCC G AC AG ACT ACGT AG AGTGGC ATT GT GGT AAT C AAT 

GGGC AAAT GCT AACTT AAT C GG ATTT GAAGT GT GT G AGT C GT ATCCTGGT A 

G AAT CTCGG AC AAATT ATT CTT AG AAAAT G AAG AAGCG AC ATT G AAAGT AG 

5 CT GCGGAT GT GATGAAGTCGT ACGGATT ACC AGTTAATCGC AAC ACTGT AC 

GT CT GC AT AACGAATT CTTCGG AACTTCTT GTCC AC ATCGTTCGT GGGACTT 

GC AT GTT GGC AAAGGT G AGCCTT AC AC AACT ACT AAT ATT AAT AAAAT G AA 

AG ACT ACTT CAT C AAAC GC AT C AAAC ATT ATT AT GACGGT GG AAAGCT AG A 

AGT AAGC AAAGC AGC AACT AT C AAAC AAT CT G ACGTT AAGC AAG A AGTT A 

10 AAAAGC AAGAAGC AAAAC AAATTGTGAAAGC AAC AGATGCTGCAAC AC AT 

G AAC ATT C AGC AC AAT GGTT G A AT AATT AC AAAAAAGG AT AT GGTT AC GGT 

CCTTATCCATTAGGTATAAATGGCGGTATGCACTACGGAGTTGATTTTTTTA 

T G AAT ATTGG AAC ACC AGT AAAAGCT ATTT CAAGCGG AAAAAT AGTT G AAG 

CT GGTT GG AGT AATT AC GG AGG AGGT AAT C AAAT AGGTCTT ATT G AAAAT G 

15 AT GG AGTGC AT AG AC AAT GGT AT AT GC AT CT AAGT AAAT AT AAT GTT AAAG 

T AGG AG ATT AT GT C AAAGCT GGT C AAAT AAT C GGTT GGTCTGG A AGC ACT G 

GTT ATTCT AC AGC AC C AC ATTT AC ACTTCC AAAG AAT GGTT AATT C ATTTT C 

AAATT C AACT GCC C AAG ATCC A AT GC CTTTCTT AAAG AGC GC AGG AT AT GG 

AAAAGC AGGT GGT AC AGT AACT C C AAC GCCG A AT AC AGGTT GG AAAC AG A 

20 AT AAAG AT GGC ATTT GGT AT AAAGCTG AAC AT GCTTCGTT C AC AGT G AC AG 

C ACC AG AGGG A ATT ATC AC AAGAT AC AAAGGTCCTT GGACT GGTC ACCC AC 

AAGCTGGT GT ATT AC AAAAAGGT C AAACG ATT AAAT AT GAT G AGGTT C AAA 

AATTT GACGGT CAT GTTT GGGT ATCGTGGGAAACGTTT GAGGGCG AAACT G 

T AT AC AT GC CGGT ACGC AC AT GGG ACGCT AAA ACT GGT AAAGTT GGT AAGT 

25 T GT GGGGC G AAATT AAAT AA 

SEP ID NO: 48 (M23-LST Ami2638 CBD2638 + 6xHis and cloning sites) 

AT GAGAGGATCGC ATC ACC ATC ACC AT C ACGGATCCGCTGC AAC AC AT GAA 

C ATT C AGC AC AAT GGTT G AAT AATT AC AAAAAAGG AT AT GGTT ACGGTCCT 

30 T ATCC ATT AGGT AT AAAT GGC GGT AT GC ACT AC GG AGTT G ATTTTTTT AT G A 

AT ATT GG AAC ACC AGT AAAAGCT ATTT C AAGCGG AA AAAT AGTT G AAGCT G 

GTT GG AGT AATT AC GG AGG AGGT AAT C AAAT AGGT CTT ATT G AAAAT GAT G 

G AGT GC AT AG AC A AT GGT AT AT GC ATCT AAGT AAAT AT AAT GTT AAAGT AG 
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GAG ATT AT GT C AAAGCTGGT C AAAT AATCGGTT GGT CT GG AAGC ACTGGTT 

ATTCT AC AGC AC C AC ATTT AC ACTTCC AAAG AAT GGTT AATT C ATTTT C A AA 

TTCAACTGCCCAAGATCCAATGCCTTTCTTAAAGAGCGCAGGATATGGAAA 

AGCAGGTGGTACAGTAACTCCAACGCCGAATACAGGTGAGCTCTTACGCCC 

5 T A AAG ACGC AAAG AAAG AT G AAAA AT C AC AAGT AT GT AGT GGTTT GGCT A 

T GG AAAAAT AT G AC ATT AC AAATTT AAATGCT AAAC AAG AT AAAT C AAAG 

AAT GGG AGCGT G AAAG AGTT G AAAC AT ATCT ATT C AAACC AT ATT AAAGGT 

AAC A AG ATT AC AGC ACC AAAACCT AGT ATT C AAGGT GT GGT C ATCC AC AAT 

G ATT AT GGT AGT AT G AC AC CT AGT C AAT ACTT ACC AT GGTT AT ATGC ACGT G 

10 AG AAT AACGGT AC AC ACGTT AAC GGTT GGGCT AGT GTTT AT GC AA AT AG AA 

ACGAAGTGCTTTGGTATCATCCGACAGACTACGTAGAGTGGCATTGTGGTA 

AT C AAT GGGC AAAT GCT AACTT AAT C GG ATTT GAAGT GT GT G AGT C GT AT C 

CT GGT AG AAT CTC GG AC AAATT ATT CTT AG AAAAT G AAG AAGC G AC ATT G A 

AAGT AGCT GCGG AT GT GAT G AAGTCGT ACGG ATT AC C AGTT AAT C GC AAC A 

15 CT GT ACGT CT GC AT AACG AATT CTTCGGAACTT CTT GTCC AC ATCGTTCGT G 

GGACTT GC AT GTTGGC AAAGGT GAGCCTT AC AC AACT ACT AAT ATT AAT AA 

AAT GAAAG ACT ACTT CAT C AAACGC AT C AAAC ATT ATT AT G AC GGT GG AAA 

GCT AG AAGT AAGC AAAGC AGC A ACT AT C AAAC AAT CT G ACGTT AAGC AAG 

AAGTT AA AAAGC AAG A AGC AAAAC AAATT GT G AAAGC AAC AG ATTGG AAA 

20 C AG A AT AAAG AT GGC ATTT GGT AT AAAGCT G AAC AT GCTTC GTT C AC AGT G 

AC AGC ACC AGAGGGAATTAT C AC AAGAT AC AAAGGTCCTT GGACT GGTC AC 

CC AC AAGCTGGT GT ATT AC AAAAAGGT C AAAC G ATT AAAT AT GAT G AGGTT 

C AAA AATTT GACGGT CAT GTTT GGGT ATCGTGGG AAAC GTTT G AGGGC G AA 

ACTGTATACATGCCGGTACGCACATGGGACGCTAAAACTGGTAAAGTTGGT 

25 AAGTT GT GGGGC G AAATT AAAT AA 

SEP ID NO: 49 (M23-2638 Ami2638 CBD2638 CBD2638 + 6xHis and cloning 

sites) 

ATGAGAGGATCGCATCACCATCACCATCACGGATCCATGCTAACTGCTATT 

30 GACTATCTTACGAAAAAAGGTTGGAAAATATCATCTGACCCTCGCACTTAC 

GAT GGTT ACC CT AA AAACT ACGGCT AC AG AAATT ACC AT G AAAAC GGC ATT 

AATT AT GAT G AGTTTT GT GGT GGTT AT CAT AG AGCTTTT GAT GTTT AC AGT A 

ACG A AACT AACG AC GT GCCTGCTGTT ACT AGCGG AAC AGTT ATT G AAGC AA 
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ACG ATT ACGGT AATTTT GGT GGT AC ATT C GTT ATT AG AG AC GCT AACG AT A 

ACG ATT GG AT AT AT GGGC AT CT AC AACGT GGCT C AAT GCG ATTT GTT GT AG 

GCG AC AAAGT C AAT C AAGGT G AC ATT ATTGGTTT AC AAGGT AAT AGC A ACT 

ATTACGACAATCCTATGAGTGTACATTTACATTTACAATTACGCCCTAAAGA 

5 CGC AAAG AAAG AT G AAA AAT C AC AAGT AT GT AGT GGTTT GGCT ATGG AAA 

AAT AT G AC ATT AC AAATTT AAAT GCT AAAC AAG AT AAAT C AAAG AAT GGG 

AGCGT G AAAG AGTT G AAAC AT ATCT ATT C AAACC AT ATT AAAGGT AAC AAG 

ATTACAGCACCAAAACCTAGTATTCAAGGTGTGGTCATCCACAATGATTAT 

GGT AGT AT G AC AC CT AGT C AAT ACTT ACC AT GGTT AT ATGC ACGT GAG AAT 

10 AAC GGT AC AC AC GTT AACGGTTGGGCT AGT GTTT AT GC AAAT AG AAAC G AA 

GT GCTTT GGT AT C ATCC G AC AG ACT ACGT AGAGT GGC ATT GT GGT AAT C AA 

T GGGC AAAT GCT AACTT AATCGG ATTT GAAGT GT GT G AGTCGT ATCCT GGT 

AGAAT CTCGGAC AAATT ATTCTT AGAAAAT GAAGAAGCGAC ATT GAAAGT A 

GCT GCGG AT GT GAT GAAGT C GT ACGG ATT AC C AGTT AATCGC AAC ACT GT A 

15 CGT CT GC AT AACGAATTCTTCGGAACTT CTT GTCC AC ATCGTTCGTGGGACT 

T GC AT GTT GGC AAAGGT G AGCCTT AC AC AACT ACT AAT ATT AAT AAAAT G A 

AAG ACT ACTT CAT C AAACGC AT C AAAC ATT ATT AT G AC GGT GG AAAGCT AG 

AAGT AAGC AAAGC AGC AACT AT C A AAC AAT CT G ACGTT AAGC AAG AAGTT 

AAAAAGC AAG AAGC AAAAC AAATT GT G AAAGC AAC AG ATT GG A AAC AG A 

20 AT AAAG AT GGC ATTT GGT AT AAAGCTG AAC AT GCTTCGTT C AC AGT G AC AG 

C ACC AG AGGG A ATT ATC AC AAGAT AC AAAGGTCCTT GGACT GGTC ACCC AC 

AAGCTGGT GT ATT AC AAAA AGGT C AAACG ATT AAAT AT GAT G AGGTT C AAA 

AATTT GACGGT CAT GTTT GGGT ATCGTGGGAAACGTTT GAGGGCG AAACT G 

T AT AC AT GC CGGT ACGC AC AT GGG AC GCT AAAACT GGT AAAGTT GGT AAGT 

25 TGTGGGGCGAAATTAAAGAGCTCGGTGGAAAGCTAGAAGTAAGCAAAGCA 

GC A ACT AT C A AAC AAT CT G ACGTT AAGC AAG AAGTT A AAAAGC AAG AAGC 

AAAAC AAATT GT G AAAGC A AC AG ATT GG AAAC AG AAT AAAG AT GGC ATTT 

GGT AT AAAGCT G AAC AT GCTTC GTT C AC AGT G AC AGC AC C AG AGGG A ATT A 

T C AC AAG AT AC AAAGGT C CTT GG ACTGGT C ACC C AC AAGCTGGT GT ATT AC 

30 AAAAAGGT C AAACG ATT AAAT AT GAT G AGGTT C AAAAATTT GACGGT CAT G 

TTT GGGT ATCGT GGG AAAC GTTT G AGGGC G AAACT GT AT AC AT GC CGGT AC 

GC AC AT GGGACGCTAAAACT GGT AAAGTT GGT AAGTT GT GGGGCGAAATT A 

AATAA 
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SEQ ID NO: 50 (pQE-30 vector, available under cat. No.: 32915 at Qiagen - Hilden. 

Germany) 

CTCG AG AAAT CAT AAAAAATTT ATTT GCTTT GT G AGC GG AT AAC AATT AT A 

AT AG ATT C AATT GT G AGCGG AT AAC AATTT C AC AC AG AATT C ATT AAAG AG 

5 GAG AAATT AACT AT G AG AGG ATCGC AT C ACC AT C AC CAT C AC GG AT C CGC A 

TGCGAGCTCGGTACCCCGGGTCGACCTGCAGCCAAGCTTAATTAGCTGAGC 

TT GG ACTC CTGTT GAT AG AT C C AGT AAT G ACCT C AG AACT C CAT CT GG ATTT 

GTTCAGAACGCTCGGTTGCCGCCGGGCGTTTTTTATTGGTGAGAATCCAAG 

CT AGCTT GGCGAGATTTT C AGGAGCTAAGGAAGCT AAAAT GGAGAAAAAA 

10 AT C ACT GG AT AT AC C ACC GTT GAT AT ATCCC A AT GGC AT C GT AAAG AAC AT 

TTT G AGGC ATTT C AGT C AGTT GCT C AAT GT ACCT AT A ACC AG ACCGTT C AGC 

T GG AT ATT ACGGC CTTTTT AAAG AC CGT AAAG AAAAAT AAGC AC AAGTTTT 

ATCCGGCCTTTATTCACATTCTTGCCCGCCTGATGAATGCTCATCCGGAATT 

TCGT AT GGC AAT G A AAG ACGGT G AGCT GGT GAT AT GGG AT AGT GTT C AC CC 

15 TT GTT AC ACCGTTTT C CAT G AGC AAACTG AAAC GTTTT C ATCGCT CT GG AGT 

GAAT ACC ACGACGATTTCCGGC AGTTT CT AC AC AT AT ATTCGC AAGATGT G 

GCGTGTTACGGTGAAAACCTGGCCTATTTCCCTAAAGGGTTTATTGAGAAT 

AT GTTTTTCGT CT C AGCC AATCCCTGGGT GAGTTT C ACC AGTTTTGATTT AA 

ACGTGGCCAATATGGACAACTTCTTCGCCCCCGTTTTCACCATGGGCAAAT 

20 ATTAT ACGC AAGGCG AC AAGGT GCT GAT GCCGCTGGCGATTC AGGTT CAT C 

AT GCCGTTT GT GATGGCTTCC AT GTCGGC AGAATGCTT AATGAATTAC AAC 

AGT ACT GCG AT G AGT GGC AGGGCGGGGC GT AATTTTTTT AAGGC AGTT ATT 

GGTGCCCTTAAACGCCTGGGGTAATGACTCTCTAGCTTGAGGCATCAAATA 

AAAC G AAAGGCTC AGT C G AAAG ACTGGGCCTTT C GTTTT AT CT GTT GTTT GT 

25 CGGTGAACGCTCTCCTGAGTAGGACAAATCCGCCCTCTAGAGCTGCCTCGC 

GCGTTTCGGTGATGACGGTGAAAACCTCTGACACATGCAGCTCCCGGAGAC 

GGTCACAGCTTGTCTGTAAGCGGATGCCGGGAGCAGACAAGCCCGTCAGG 

GCGCGTCAGCGGGTGTTGGCGGGTGTCGGGGCGCAGCCATGACCCAGTCAC 

GT AGCG AT AGCGG AGT GT AT ACTGGCTT AACT AT GC GGC AT C AG AGC AG AT 

30 TGTACTGAGAGTGCACCATATGCGGTGTGAAATACCGCACAGATGCGTAAG 

GAGAAAATACCGCATCAGGCGCTCTTCCGCTTCCTCGCTCACTGACTCGCTG 

CGCTCGGTCGTTCGGCTGCGGCGAGCGGTATCAGCTCACTCAAAGGCGGTA 

AT AC GGTT AT C C AC AG AAT C AGGGG AT AACGC AGG AAAG A AC AT GT G AGC 
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AAAAGGCCAGCAAAAGGCCAGGAACCGTAAAAAGGCCGCGTTGCTGGCGT 

TTTTCCATAGGCTCCGCCCCCCTGACGAGCATCACAAAAATCGACGCTCAA 

GT C AGAGGT GGCGAAACCCGAC AGGACTAT AAAGAT ACC AGGCGTTTCCCC 

CTGGAAGCTCCCTCGTGCGCTCTCCTGTTCCGACCCTGCCGCTTACCGGATA 

5 CCTGTCCGCCTTTCTCCCTTCGGGAAGCGTGGCGCTTTCTCATAGCTCACGC 

TGTAGGTATCTCAGTTCGGTGTAGGTCGTTCGCTCCAAGCTGGGCTGTGTGC 

ACGAACCCCCCGTTCAGCCCGACCGCTGCGCCTTATCCGGTAACTATCGTCT 

T GAGTCC AACCCGGTAAGAC ACGACTT ATCGCC ACT GGC AGC AGCC ACT GG 

T AAC AGG ATT AGC AG AGC G AGGT AT GT AGGC GGT GCT AC AG AGTTCTT G AA 

10 GT GGT GGCCTAACTACGGCTAC ACT AGAAGGAC AGT ATTT GGT AT CT GCGC 

TCTGCTGAAGCCAGTTACCTTCGGAAAAAGAGTTGGTAGCTCTTGATCCGG 

CAAACAAACCACCGCTGGTAGCGGTGGTTTTTTTGTTTGCAAGCAGCAGAT 

T ACGCGC AG AAAAAAAGG AT CT C AAG AAG AT C CTTT GAT CTTTTCT AC GGG 

GT CTG ACGCT C AGT GGAACG AAAACT C ACGTT AAGGGATTTTGGT CAT GAG 

15 ATT AT C AAAAAGG ATCTT C ACCT AG AT C CTTTT AAATT A AAAAT G AAGTTTT 

AAAT C AAT CT AAAGT AT AT AT G AGT AAACTT GGT CT G AC AGTT AC C AAT GC 

TT AAT C AGT G AGGC AC CT AT CT C AGC G ATCTGT CT ATTT C GTT C ATCC AT AG 

TTGCCTGACTCCCCGTCGTGTAGATAACTACGATACGGGAGGGCTTACCAT 

CTGGCCCCAGTGCTGCAATGATACCGCGAGACCCACGCTCACCGGCTCCAG 

20 ATTT AT C AGC A AT AAAC C AGCC AGCC GGAAGGGCC GAGCGC AG AAGT GGT 

CCTGCAACTTTATCCGCCTCCATCCAGTCTATTAATTGTTGCCGGGAAGCTA 

GAGT AAGT AGTTCGCC AGTT AAT AGTTTGCGC AACGTT GTT GCC ATT GCT AC 

AGGC AT C GT GGT GT C ACGCTC GT C GTTT GGT AT GGCTT C ATT C AGCTCC GGT 

TCCCAACGATCAAGGCGAGTTACATGATCCCCCATGTTGTGCAAAAAAGCG 

25 GTTAGCTCCTTCGGTCCTCCGATCGTTGTCAGAAGTAAGTTGGCCGCAGTGT 

T AT C ACT C ATGGTT AT GGC AGC ACTGC AT AATT CTCTT ACT GT CAT GCC AT C 

CGT AAG AT GCTTTTCTGT G ACTGGT GAGT ACT C AAC C AAGT C ATTCTG AG A 

ATAGTGTATGCGGCGACCGAGTTGCTCTTGCCCGGCGTCAATACGGGATAA 

TACCGCGCCACATAGCAGAACTTTAAAAGTGCTCATCATTGGAAAACGTTC 

30 TTC GGGGCG AAAACT CT C AAGG AT CTT ACC GCT GTT GAG ATCC AGTT C GAT 

GT AACCC ACTCGT GC ACCC AACT GAT CTTC AGC ATCTTTT ACTTT C ACC AGC 

GTTTCTGGGTGAGCAAAAACAGGAAGGCAAAATGCCGCAAAAAAGGGAAT 

AAGGGC G AC AC GG AAAT GTT G AAT ACTC AT ACTCTT C CTTTTT C AAT ATT AT 
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T G AAGC ATTT AT C AGGGTT ATT GTCTC AT G AGC GG AT AC AT ATTT G A AT GT A 

TTTAGAAAAATAAACAAATAGGGGTTCCGCGCACATTTCCCCGAAAAGTGC 

C AC CT G ACGT CT AAG AAACC ATT ATT AT CAT G AC ATT AAC CT AT AAAAAT A 

GGCGTATCACGAGGCCCTTTCGTCTTCAC 

5 

SEQ ID NO: 51 (CBD-2638 with putative linker indicated in bold) 

GKLEVSKAATIKQSDVKQEVKKQEAKQIVKATDWKQNKDGIWYKAEHASF 

TVTAPEGIITRYKGPWTGHPQAGVLQKGQTIKYDEVQKFDGHVWVSWETFEG 

ET V YMP VRT WD AKT GKV GKLW GEIK 

10 

SEQ ID NO: 52 (CWT-LST with putative linker indicated in bold) 

GKAGGTVTPTPNTGWKTNKYGTLYKSESASFTPNTDIITRTTGPFRSMPQSGV 

LKAGQTIHYDEVMKQDGHVWVGYTGNSGQRIYLPVRTWNKSTNTLGVLWGT 

IK 

15 

SEQ ID NO: 53 (M23-2638 with putative linker indicated in bold) 

MLTAIDYLTKKGWKISSDPRTYDGYPKNYGYRNYHENGINYDEFCGGYHRAF 

D V Y SNETND VP AVT S GT VIE AND Y GNF GGTF VIRD ANDND WIY GHLQRG SMR 

F VV GDKVNQGDIIGLQGN SNYYDNPMS VHLHLQLRPKD AKKDEKSQ V C SGL 

20 AMEKYDITNLNAKQDKSKNGSVKELKHIYSNHIKG 

SEQ ID NO: 54 (M23-LST with putative linker indicated in bold) 

AATHEHSAQWLNNYKKGY GY GPYPLGINGGMHY GVDFFMNIGTPVKAISSGK 

IVEAGWSNYGGGNQIGLIENDGVHRQWYMHLSKYNVKVGDYVKAGQIIGWS 

25 GSTGYSTAPHLHFQRMVNSFSNSTAQDPMPFLKSAGYGKAGGTVTPTPNTG 

SEQ ID NO: 55 ( Ami-2638 with putative linker indicated in bold) 

EKSQ V C SGLAMEKYDITNLNAKQDKSKNGS VKELKHIY SNHIKGNKIT APK 

P SIQG V VIHND Y GSMTP S Q YLP WL Y ARENN GTH VN G W AS V Y ANRNE VLWYH 

30 PTDYVEWHCGNQWANANLIGFEVCESYPGRISDKLFLENEEATLKVAADVMK 

SYGLPVNRNTVRLHNEFFGTSCPHRSWDLHVGKGEPYTTTNINKMKDYFIKRI 

KH Y YDGGKLE V SKAATIKQ SD VKQE VKKQE AKQIVKATD 
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SEQ ID NO: 56 (Ami-D 11 with putative linker indicated in bold) 

PKKETAKPQPKAVELKIIKDWKGYDLPKRGSNPKGIVIHNDAGSKGATAE 

AYRN GL VN APL SRLE AGIAHS Y V S GNT V W Q ALDE S Q V G WHT AN QIGNKY Y Y 

GIE V C Q SMG ADN ATFLKNEQ ATF QEC ARLLKKW GLP ANRNTIRLHNEFT STS C 

5 PHRSSVLHTGFDPVTRGLLPEDKRLQLKDYFIKQIRAYMDGKIPVATVSNESSA 

SSNTVKPVASA 

SEQ ID NO: 57 (CHAP-• 11 with putative linker indicated in bold) 

MSIIMEVATMQAKLTKNEFIEWLKTSEGKQFNVDLWYGFQCFDYANAGWKV 

10 LFGLLLKGLGAKDIPF ANNFDGL AT VY QNTPDFL AQPGDMVVFGSNY GAG Y G 

HVAWVIEATLDYIIVYEQNWLGGGWTDGIEQPGWGWEKVTRRQHAYDFPMW 

FIRPNFKSETAPRSVQSPTQAPKKETAKPQPKAVELKIIKDWKGYDLPKRG 

SEQ ID NO: 58 (CHAP-DTwort with putative linker indicated in bold) 

15 MKTLKQAES YIKSKVNTGTDFDGLY GY QCMDLAVDYIYHVTDGKIRMWGNA 

KDAINNSFGGTATVYKNYPAFRPKY GDVVVWTTGNFATY GHIAIVTNPDPY G 

DLQ Y VT VLEQN WN GN GIYKTEL ATIRTHD YT GITHFIRPNF ATE S S VKKKDTK 

KKPKPSNRDGINKDKIVYDRTNINYNMVKRG 

20 SEP ID NO: 59 (pHGFP CBD2638 c vector) 

CTCG AG AAAT CAT AA AAAATTT ATTT GCTTT GT G AGC GG AT AAC AATT AT A 

AT AG ATT C AATT GT G AGCGG AT AAC AATTT C AC AC AG AATT C ATT AAAG AG 

GAG AAATT AACT AT GAG AGG AT C GC AT C ACC AT C ACC AT C AC GG ATCC AT G 

AGT AAAGG AG AAG AACTTTT C ACT GG AGTT GTCC C AATTCTT GTT G A ATT A 

25 GAT GGT GAT GTT AAT GGGC AC AAATTTT CT GT C AGT GG AG AGGGT G A AGGT 

GAT GC AAC AT AC GG AAAACTT ACCCTT AAATTT ATTT GC ACT ACTGG AAAA 

CTACCTGTTCCATGGCCAACACTTGTCACTACTTTCGCGTATGGTCTTCAAT 

GCTTT GCG AG AT AC CC AG AT CAT AT G AAACGGC AT G ACTTTTT C AAG AGT G 

CC AT GC CCG AAGGTT AT GT AC AGG AAAG AACT AT ATTTTT C AAAG AT G ACG 

30 GG AACT AC AAG AC ACGT GCT GAAGT C AAGTTT G AAGGT GAT ACC CTT GTT A 

AT AG AATCG AGTT AAAAGGT ATT G ATTTT AAAG AAG ATGGAAAC ATTCTT G 

G AC AC AAATT GG AAT AC A ACT AT AACTC AC AC AAT GT AT AC AT CAT GGC AG 

AC A AAC AAAAG AAT GG AAT C AAAGTT AACTT C AAAATT AG AC AC AAC ATT 
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G AAG AT GG AAGCGTT C AACT AGC AG ACC ATT AT C AAC AAAAT ACTCC AATT 

GGCGATGGCCCTGTCCTTTTACCAGACAACCATTACCTGTCCACACAATCTG 

CCCTTTCGAAAGATCCC AACGAAAAGAGAGACC AC AT GGTCCTTCTT GAGT 

TT GT AAC AGCTGCTGGG ATT AC AC AT GGC AT GG AT G AACT AT AC AAAG AGC 

5 TCGGT GG AAAGCT AG AAGT AAGC A AAGC AGC AACT AT C AAAC AAT CT G AC 

GTT AAGC A AG AAGTT AAAAAGC AAG AAGC AAAAC AAATT GT G AAAGC AAC 

AG ATT GG AAAC AG AAT AAAG AT GGC ATTT GGT AT AAAGCT G AAC AT GCTTC 

GTTC AC AGT GAC AGC ACC AGAGGGAATTAT C AC AAGAT AC AAAGGTCCTT G 

G ACTGGT C AC CC AC AAGCT GGT GT ATT AC AAAAAGGT C AAAC G ATT AAAT A 

10 T GAT G AGGTT C AAAAATTT GAC GGT CAT GTTT GGGT AT C GTGGG AAACGTT 

T GAGGGCGAAACT GTAT AC AT GCCGGTACGC AC AT GGGACGCT AAAACT G 

GT AAAGTT GGT AAGTT GT GGGGC G AAATT AAAT AAGTCG AC CTGC AGCC AA 

GCTT AATT AGCT G AGCTT GG ACT CCT GTT GAT AG ATCC AGT AAT GAC CT C AG 

AACTCCATCTGGATTTGTTCAGAACGCTCGGTTGCCGCCGGGCGTTTTTTAT 

15 T GGT GAG AAT C C AAGCT AGCTT GGCG AG ATTTT C AGG AGCT AAGG AAGCT A 

AAAT GG AG AAAA AAAT C ACT GG AT AT ACC AC CGTT GAT AT ATCC C AAT GGC 

ATCGT AAAG AAC ATTTT G AGGC ATTT C AGT C AGTT GCTC AAT GT ACCT AT AA 

CCAGACCGTTCAGCTGGATATTACGGCCTTTTTAAAGACCGTAAAGAAAAA 

TAAGCACAAGTTTTATCCGGCCTTTATTCACATTCTTGCCCGCCTGATGAAT 

20 GCT C ATCC GG AATTT C GT AT GGC A AT G AAAG ACGGT G AGCT GGT GAT AT GG 

GAT AGT GTT C AC CCTT GTT AC ACC GTTTT C CAT G AGC AAACT G AAAC GTTTT 

C ATCGCTCT GGAGT GAAT ACC ACGACGATTTCCGGC AGTTT CTAC AC AT AT 

ATTCGCAAGATGTGGCGTGTTACGGTGAAAACCTGGCCTATTTCCCTAAAG 

GGTTT ATT GAG AAT AT GTTTTT C GTCTC AGCC A ATCC CT GGGT G AGTTT C AC 

25 CAGTTTTGATTTAAACGTGGCCAATATGGACAACTTCTTCGCCCCCGTTTTC 

ACCATGGGCAAATATTATACGCAAGGCGACAAGGTGCTGATGCCGCTGGCG 

ATT C AGGTT CAT CAT GCC GTTT GT GAT GGCTTC CAT GT C GGC AG AAT GCTT A 

AT GAATT AC AAC AGT ACT GCGAT GAGT GGC AGGGCGGGGCGTAATTTTTTT 

AAGGCAGTTATTGGTGCCCTTAAACGCCTGGGGTAATGACTCTCTAGCTTG 

30 AGGC ATC AAAT AAAACGAAAGGCT C AGTCGAAAGACT GGGCCTTTCGTTTT 

ATCTGTTGTTTGTCGGTGAACGCTCTCCTGAGTAGGACAAATCCGCCCTCTA 

G AGCTGC CTC GCGC GTTT C GGT GAT GAC GGT G AA AACCT CT GAC AC AT GC A 

GCTCCCGGAGACGGTCACAGCTTGTCTGTAAGCGGATGCCGGGAGCAGACA 
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AGCCCGTCAGGGCGCGTCAGCGGGTGTTGGCGGGTGTCGGGGCGCAGCCAT 

GACCCAGTCACGTAGCGATAGCGGAGTGTATACTGGCTTAACTATGCGGCA 

T C AG AGC AG ATT GT ACT GAG AGT GC AC CAT AT GCGGT GT G AAAT ACCGC AC 

AGATGCGTAAGGAGAAAATACCGCATCAGGCGCTCTTCCGCTTCCTCGCTC 

5 ACTGACTCGCTGCGCTCGGTCGTTCGGCTGCGGCGAGCGGTATCAGCTCAC 

T C AAAGGC GGT AAT ACGGTT AT C C AC AG A AT C AGGGG AT AACGC AGG AAA 

GAACATGTGAGCAAAAGGCCAGCAAAAGGCCAGGAACCGTAAAAAGGCCG 

CGTTGCTGGCGTTTTTCCATAGGCTCCGCCCCCCTGACGAGCATCACAAAA 

ATCGACGCTCAAGTCAGAGGTGGCGAAACCCGACAGGACTATAAAGATAC 

10 CAGGCGTTTCCCCCTGGAAGCTCCCTCGTGCGCTCTCCTGTTCCGACCCTGC 

CGCTTACCGGATACCTGTCCGCCTTTCTCCCTTCGGGAAGCGTGGCGCTTTC 

TCATAGCTCACGCTGTAGGTATCTCAGTTCGGTGTAGGTCGTTCGCTCCAAG 

CTGGGCTGTGTGCACGAACCCCCCGTTCAGCCCGACCGCTGCGCCTTATCC 

GGT AACT AT C GTCTT GAGT C C AACC CGGT AAG AC AC G ACTT ATCGC C ACT G 

15 GC AGC AGCC ACT GGTAAC AGGATTAGC AGAGCG AGGTAT GT AGGCGGT GC 

T AC AG AGTTCTT GAAGT GGTGGCCT AACT AC GGCT AC ACT AG AAGG AC AGT 

ATTTGGTATCTGCGCTCTGCTGAAGCCAGTTACCTTCGGAAAAAGAGTTGG 

TAGCTCTTGATCCGGCAAACAAACCACCGCTGGTAGCGGTGGTTTTTTTGTT 

T GC AAGC AGC AGATT ACGCGC AGAAAAAAAGGATCTC AAGAAGATCCTTT 

20 GAT CTTTTCT ACGGGGT CT G ACGCTC AGT GG AAC G AAAACT C AC GTT AAGG 

GATTTTGGT CAT GAGATTAT C AAAAAGGATCTT C ACCTAGATCCTTTT AAAT 

T AAAAAT G AAGTTTT AAAT C AAT CT AAAGT AT AT AT GAGT AAACTT GGT CT 

GAC AGTT ACC AAT GCTT AAT C AGT G AGGC ACCT ATCTC AGCG AT CTGTCT AT 

TTCGTTCATCCATAGTTGCCTGACTCCCCGTCGTGTAGATAACTACGATACG 

25 GGAGGGCTTACCATCTGGCCCCAGTGCTGCAATGATACCGCGAGACCCACG 

CTCACCGGCTCCAGATTTATCAGCAATAAACCAGCCAGCCGGAAGGGCCGA 

GCGC AGAAGT GGTCCT GCAACTTTATCCGCCTCC ATCC AGT CTATT AATT GT 

T GCCGGGAAGCT AGAGT AAGT AGTTCGCCAGTTAAT AGTTT GCGC AACGTT 

GTTGCCATTGCTACAGGCATCGTGGTGTCACGCTCGTCGTTTGGTATGGCTT 

30 CATTCAGCTCCGGTTCCCAACGATCAAGGCGAGTTACATGATCCCCCATGTT 

GTGCAAAAAAGCGGTTAGCTCCTTCGGTCCTCCGATCGTTGTCAGAAGTAA 

GTT GGC CGC AGT GTT AT C ACTC AT GGTT AT GGC AGC ACT GC AT AATT CTCTT 

ACT GT CAT GC C ATCCGT AAG AT GCTTTTCTGT G ACT GGT GAGT ACT C AACC A 
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AGTCATTCTGAGAATAGTGTATGCGGCGACCGAGTTGCTCTTGCCCGGCGT 

CAATACGGGATAATACCGCGCCACATAGCAGAACTTTAAAAGTGCTCATCA 

TTGGAAAACGTTCTTCGGGGCGAAAACTCTCAAGGATCTTACCGCTGTTGA 

GATCC AGTTCGAT GT AACCC ACTCGT GC ACCC AACT GATCTT C AGC ATCTTT 

5 T ACTTTC ACC AGCGTTT CT GGGT GAGCAAAAACAGGAAGGC AAAAT GCCGC 

AAAAAAGGG AAT A AGGGCG AC ACGG AAAT GTT G AAT ACT CAT ACT CTTC CT 

TTTT C A AT ATT ATT G A AGC ATTT AT C AGGGTT ATT GT CT CAT G AGCGG AT AC 

AT ATTT GAATGTATTT AGAAAAAT AAAC AAAT AGGGGTTCCGCGC AC ATTT 

CCCCGAAAAGTGCCACCTGACGTCTAAGAAACCATTATTATCATGACATTA 

10 ACCTAT AAAAAT AGGCGTATCACGAGGCCCTTTCGTCTTC AC 

SEP ID NO: 60 (GFP CBD2638) 

ATGAGAGGATCGCATCACCATCACCATCACGGATCCATGAGTAAAGGAGA 

AG AACTTTT C ACTGG AGTT GT C CCA ATT CTT GTT G A ATT AG AT GGT GAT GTT 

15 AAT GGGC AC AAATTTT CT GT C AGTGG AG AGGGT G AAGGT GAT GC AAC AT AC 

GG AAAACTT ACC CTT AAATTT ATTT GC ACT ACT GG AAAACT AC CT GTTCC AT 

GGC C AAC ACTT GT C ACT ACTTTCGC GT AT GGT CTT C AAT GCTTTGCG AG AT A 

CC C AG AT CAT AT G AAACGGC AT G ACTTTTT C AAG AGT GC CAT GCCC G AAGG 

TT AT GT AC AGG AAAG AACT AT ATTTTT C AAAG AT GAC GGG AACT AC A AG AC 

20 ACGT GCT GAAGT C AAGTTT G AAGGT GAT ACC CTT GTT AAT AG AATCG AGTT 

AAAAGGT ATT G ATTTT AAAGAAG ATGGAAAC ATTCTT GG AC AC AAATT GG A 

AT AC AACT AT AACT C AC AC AAT GT AT AC AT CAT GGC AG AC AAAC A AAAG A 

AT GG AAT C AAAGTT AACTT C AAAATT AG AC AC AAC ATT G AAG AT GG AAGC 

GTTC AACTAGC AGACC ATT ATC AAC AAAAT ACTCC AATT GGCGAT GGCCCT 

25 GTCCTTTTACCAGAC AACC ATT ACCT GTCC AC AC AAT CT GCCCTTTCGAAAG 

ATCCCAACGAAAAGAGAGACCACATGGTCCTTCTTGAGTTTGTAACAGCTG 

CT GGG ATT AC AC AT GGC AT GG AT G AACT AT AC AAAG AGCTCGGT GG AAAG 

CT AG AAGT AAGC AAAGC AGC AACT AT C AAAC A ATCTG AC GTT AAGC A AG A 

AGTT AAAAAGC AAG AAGC AAAAC AAATT GT G AAAGC AAC AG ATTGG AAAC 

30 AG AAT AAAG AT GGC ATTT GGT AT AAAGCT G AAC AT GCTTCGTT C AC AGT G A 

C AGC ACC AG AGGG AATT AT C AC A AG AT AC AAAGGTCCTT GG ACT GGT C AC C 

C AC AAGCTGGT GT ATT AC AAAAAGGT C AAACG ATT AAAT AT GAT G AGGTT C 

AAAAATTT GAC GGT CAT GTTTGGGT ATCGT GGG AAAC GTTT G AGGGCG AAA 
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CT GT AT AC AT GC CGGT ACGC AC AT GGG AC GCT AAAACT GGT AAAGTT GGT A 

AGTT GT GGGGC G AAATT AAAT AA 

SEQ ID NO: 61 (GFP CBD2638 CBD2638 Variant 1. Restriction sites used for 

5 construction: BamHI - SacI - SacI- Sail. TAA Stop codon derived from 2nd CBD2638) 

ATGAGAGGATCGCATCACCATCACCATCACGGATCCATGAGTAAAGGAGA 

AG AACTTTT C ACTGG AGTT GT C CCA ATT CTT GTT G A ATT AG AT GGT GAT GTT 

AAT GGGC AC AAATTTT CT GT C AGTGG AG AGGGT G AAGGT GAT GC AAC AT AC 

GG AAAACTT ACC CTT AAATTT ATTT GC ACT ACT GG AAAACT ACCTGTT C CAT 

10 GGCC AACACTTGTC ACTACTTTCGCGTATGGTCTTC AATGCTTTGCGAGAT A 

CC C AG AT CAT AT G AAACGGC AT G ACTTTTT C AAG AGT GC CAT GCCC G AAGG 

TT AT GT AC AGG AAAG AACT AT ATTTTT C AAAG AT GAC GGG AACT AC A AG AC 

ACGT GCT GAAGT C AAGTTT G AAGGT GAT ACC CTT GTT AAT AG AATCG AGTT 

AAAAGGT ATT G ATTTT AAAG AAG AT GG AAAC ATT CTT GG AC AC AAATT GG A 

15 AT AC AACT AT AACT C AC AC AAT GT AT AC AT CAT GGC AG AC AAAC A AAAG A 

AT GG AAT C AAAGTT AACTT C AAAATT AG AC AC AAC ATT G AAG AT GG A AGC 

GTTC AACTAGC AGACC ATT ATC AAC AAAAT ACTCC AATT GGCGAT GGCCCT 

GTCCTTTTACCAGAC AACC ATT ACCT GTCC AC AC AAT CT GCCCTTTCGAAAG 

ATCCCAACGAAAAGAGAGACCACATGGTCCTTCTTGAGTTTGTAACAGCTG 

20 CT GGG ATT AC AC AT GGC AT GG AT G AACT AT AC AAAG AGCTCGGT GG AAAG 

CT AG AAGT AAGC AAAGC AGC AACT AT C AAAC AAT CT G ACGTT A AGC AAG A 

AGTT AAAAAGC AAG AAGC AAAAC AAATT GT G AAAGC AAC AG ATTGG AAAC 

AG AAT AAAG AT GGC ATTT GGT AT AAAGCT G AAC AT GCTTCGTT C AC AGT G A 

C AGC ACC AG AGGG AATT AT C AC A AG AT AC AAAGGTCCTT GG ACT GGT C AC C 

25 C AC AAGCT GGT GT ATT AC AAAAAGGT C AAACG ATT AAAT AT GAT G AGGTT C 

AAAAATTT GAC GGT CAT GTTT GGGT AT C GT GGG AAAC GTTT G AGGGCG AAA 

CT GT AT AC AT GC CGGT ACGC AC AT GGG AC GCT AAAACT GGT AAAGTT GGT A 

AGTT GT GGGGC G AAATT AAAG AGCT C GGT GG AAAGCT AG AAGT AAGC AAA 

GC AGC AACT AT C AAAC A AT CT GAC GTT AAGC AAG A AGTT AAAAAGC AAG A 

30 AGC A AAAC AAATT GT G AAAGC AAC AG ATT GG AAAC AG AAT AAAG AT GGC A 

TTT GGT AT AAAGCTG AAC ATGCTTCGTT C AC AGT GAC AGC AC C AG AGGG AA 

TT AT C AC AAG AT AC AAAGGT C CTT GG ACTGGT C AC CC AC AAGCT GGT GT AT 

T AC AAAAAGGT C AAACG ATT AAAT AT GAT G AGGTT C AAAAATTT GACGGT C 
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AT GTTT GGGT ATCGT GGG AAAC GTTT G AGGGC G AAACT GT AT AC AT GC CGG 

T ACGC AC AT GGGACGCTAAAACT GGT AAAGTT GGT AAGTT GT GGGGCGAA 

ATTAAATAAGTCGAC 

5 SEQ ID NO: 62 (GFP CBD2638 CBD2638 Variant 2. Restriction sites used for 

construction: BamHI - SacI - Kpnl - Sail. Stop codon is encoded by vector) 

ATGAGAGGATCGCATCACCATCACCATCACGGATCCATGAGTAAAGGAGA 

AG AACTTTT C ACTGG AGTT GT C CCA ATT CTT GTT G A ATT AG AT GGT GAT GTT 

AAT GGGC AC AAATTTT CT GT C AGTGG AG AGGGT G AAGGT GAT GC AAC AT AC 

10 GG AAAACTT ACC CTT AAATTT ATTT GC ACT ACT GG AAAACT ACCTGTT C CAT 

GGC C AAC ACTT GT C ACT ACTTTCGC GT AT GGT CTT C AAT GCTTTGCG AG AT A 

CC C AG AT CAT AT G AAAC AGC AT G ACTTTTT C AAG AGT GC CAT GCCC G AAGG 

TT AT GT AC AGG AAAG AACT AT ATTTTT C AAAG AT GAC GGG AACT AC A AG AC 

ACGT GCT GAAGT C AAGTTT G AAGGT GAT ACC CTT GTT AAT AG AATCG AGTT 

15 AAAAGGT ATT G ATTTT AAAG AAG AT GG AAAC ATT CTT GG AC AC AAATT GG A 

AT AC AACT AT AACT C AC AC AAT GT AT AC AT CAT GGC AG AC AAAC A AAAG A 

AT GG AAT C AAAGTT AACTT C AAAATT AG AC AC AAC ATT G AAG AT GG AAGC 

GTTC AACTAGC AGACC ATT ATC AAC AAAAT ACTCC AATT GGCGAT GGCCCT 

GTCCTTTTACCAGAC AACC ATT ACCT GTCC AC AC AAT CT GCCCTTTCGAAAG 

20 ATCCCAACGAAAAGAGAGACCACATGGTCCTTCTTGAGTTTGTAACAGCTG 

CT GGG ATT AC AC AT GGC AT GG AT G AACT AT AC AAAG AGCTCGGT GG AAAG 

CT AG AAGT AAGC AAAGC AGC AACT AT C AAAC A ATCTG AC GTT AAGC A AG A 

AGTT AAAAAGC AAG AAGC AAAAC AAATT GT G AAAGC AAC AG ATTGG AAAC 

AG AAT AAAG AT GGC ATTT GGT AT AAAGCT G AAC AT GCTTCGTT C AC AGT G A 

25 C AGC ACC AG AGGG AATT AT C AC A AG AT AC AAAGGTCCTT GG ACT GGT C AC C 

C AC AAGCT GGT GT ATT AC AAAAAGGT C AAACG ATT AAAT AT GAT G AGGTT C 

AAAAATTT GAC GGT CAT GTTTGGGT ATCGT GGG AAAC GTTT G AGGGCG AAA 

CT GT AT AC AT GC CGGT ACGC AC AT GGG AC GCT AAAACT GGT AAAGTT GGT A 

AGTT GT GGGGC G AAATT AAAGGT ACC GGT GG AAAGCT AG AAGT AAGC AAA 

30 GC AGC AACT AT C AAAC A AT CT GAC GTT AAGC AAG A AGTT AAAAAGC AAG A 

AGC A AAAC AAATT GT G AAAGC AAC AG ATT GG AAAC AG AAT AAAG AT GGC A 

TTT GGT AT AAAGCTG A AC AT GCTTCGTT C AC AGT GAC AGC AC C AG AGGG AA 

TT AT C AC AAG AT AC AAAGGT C CTT GG ACTGGT C AC CC AC AAGCT GGT GT AT 
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T AC AAAAAGGT C AAACG ATT AAAT AT GAT G AGGTT C AAAAATTT GACGGT C 

AT GTTT GGGT ATCGT GGG AAAC GTTT G AGGGC G AAACT GT AT AC AT GC CGG 

T ACGC AC AT GGGACGCTAAAACT GGT AAAGTT GGT AAGTT GT GGGGCGAA 

ATTAAAGTCGACCT GC AGCC AAGCTT AATT AGCT GA 

5 

SEP ID NO: 63 (GFP CBD2638 CBD2638 CBD2638. Restriction sites used for 

construction: BamHI - SacI - Kpnl- Sail - Pstl. Stop codon is encoded by vector) 

ATGAGAGGATCGCATCACCATCACCATCACGGATCCATGAGTAAAGGAGA 

AG AACTTTT C ACTGG AGTT GT C CCA ATT CTT GTT G A ATT AG AT GGT GAT GTT 

10 AAT GGGC AC AAATTTT CT GT C AGTGG AG AGGGT G AAGGT GAT GC AAC AT AC 

GGAAAACTT ACCCTT AAATTT ATTT GC ACT ACT GGAAAACTACCTGTTCC AT 

GGC C AAC ACTT GT C ACT ACTTTCGC GT AT GGT CTT C AAT GCTTTGCG AG AT A 

CC C AG AT CAT AT G AAAC AGC AT G ACTTTTT C AAG AGT GC CAT GCCC G AAGG 

TT AT GT AC AGG AAAG AACT AT ATTTTT C AAAG AT GAC GGG AACT AC A AG AC 

15 ACGT GCT GAAGT C AAGTTT G AAGGT GAT ACC CTT GTT AAT AG AATCG AGTT 

AAAAGGT ATT G ATTTT AAAG AAG AT GG AAAC ATT CTT GG AC AC AAATT GG A 

AT AC AACT AT AACT C AC AC AAT GT AT AC AT CAT GGC AG AC AAAC A AAAG A 

AT GG AAT C AAAGTT AACTT C AAAATT AG AC AC AAC ATT G AAG AT GG AAGC 

GTTC AACTAGC AGACC ATT ATC AAC AAAAT ACTCC AATT GGCGAT GGCCCT 

20 GTCCTTTTACCAGAC AACC ATT ACCT GTCC AC AC AAT CT GCCCTTTCGAAAG 

ATCCC AACGAAAAGAGAGACC AC AT GGTCCTTCTT GAGTTT GTAAC AGCT G 

CT GGG ATT AC AC AT GGC AT GG AT G AACT AT AC AAAG AGCTCGGT GG AAAG 

CT AG AAGT AAGC AAAGC AGC AACT AT C AAAC A ATCTG AC GTT AAGC A AG A 

AGTT AAAAAGC AAG AAGC AAAAC AAATT GT G AAAGC AAC AG ATTGG AAAC 

25 AG AAT AAAG AT GGC ATTT GGT AT AAAGCT G AAC AT GCTTCGTT C AC AGT G A 

C AGC ACC AG AGGG AATT AT C AC AAG AT AC AAAGGT C CTT GG ACTGGT C ACC 

C AC AAGCT GGT GT ATT AC AAAAAGGT C AAACG ATT AAAT AT GAT G AGGTT C 

AAAAATTT GAC GGT CAT GTTTGGGT ATCGT GGG AAAC GTTT G AGGGCG AAA 

CT GT AT AC AT GC CGGT ACGC AC AT GGG AC GCT AAAACT GGT AAAGTT GGT A 

30 AGTT GT GGGGC G AAATT AAAGGT ACC GGT GG AAAGCT AG AAGT AAGC AAA 

GC AGC AACT AT C AAAC AATCTG AC GTT AAGC A AG AAGTT AAAAAGC AAG A 

AGC A AAAC AAATT GT G AAAGC AAC AG ATT GG AAAC AG AAT AAAG AT GGC A 

TTT GGT AT AAAGCTG A AC AT GCTTCGTT C AC AGT GAC AGC AC C AG AGGG AA 
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TT AT C AC AAG AT AC AAAGGT C CTT GG ACTGGT C AC CC AC AAGCT GGT GT AT 

T AC AAAAAGGT C AAACG ATT AAAT AT GAT G AGGTT C AAAAATTT GACGGT C 

AT GTTT GGGT ATCGT GGG AAAC GTTT G AGGGCG AAACT GT AT AC AT GC CGG 

T ACGC AC AT GGGACGCTAAAACT GGT AAAGTT GGT AAGTT GT GGGGCGAA 

5 ATT AAAGTCG ACGGT GG AAAGCT AG AAGT AAGC AAAGC AGC AACT AT C AA 

AC A AT CT GAC GTT AAGC AAG AAGTT AAAAAGC AAG AAGC AAAAC AAATT G 

T G AAAGC AAC AG ATT GG AAAC AG AAT AAAG AT GGC ATTT GGT AT AAAGCT 

G AAC AT GCTTCGTT C AC AGT GAC AGC AC C AG AGGG AATT AT C AC AAG AT AC 

AAAGGTCCTT GG ACT GGT C ACC C AC AAGCT GGT GT ATT AC AAA AAGGT C AA 

10 ACG ATT AAAT AT GAT G AGGTT C AAAAATTT GACGGT CAT GTTT GGGT AT C G 

T GGG AAAC GTTT G AGGGC G AAACT GT AT AC AT GC CGGT ACGC AC AT GGG AC 

GCTAAAACTGGTAAAGTTGGTAAGTTGTGGGGCGAAATTAAACTGCAGCCA 

AGCTT AATTAGCTGA 

15 SEQ ID NO: 64 (GFP CBD263 8 aa) 

MRGSHHHHHHGSMSKGEELFTGVVPILVELDGDVNGHKFSVSGEGEGDATY 

GKLTLKFICTT GKLPVP WPTLVTTFAY GLQCFARYPDHMKRHDFFKS AMPEG Y 

VQERTIFFKDDGNYKTRAEVKFEGDTLVNRIELKGIDFKEDGNILGHKLEYNYN 

SHNVYIMADKQKNGIKVNFKIRHNIEDGSVQLADHYQQNTPIGDGPVLLPDNH 

20 YLSTQSALSKDPNEKRDHMVLLEFVTAAGITHGMDELYKELGGKLEVSKAATI 

KQSDVKQEVKKQEAKQIVKATDWKQNKDGIWYKAEHASFTVTAPEGIITRYK 

GPWTGHPQAGVLQKGQTIKYDEVQKFDGHVWVSWETFEGETVYMPVRTWD 

AKTGKVGKLWGEIK 

25 SEQ ID NO: 65 (GFP CBD2638 CBD2638 Variant 1 aa) 

MRGSHHHHHHGSMSKGEELFTGVVPILVELDGDVNGHKFSVSGEGEGDATY 

GKLTLKFICTT GKLPVP WPTLVTTFAY GLQCFARYPDHMKRHDFFKS AMPEG Y 

VQERTIFFKDDGNYKTRAEVKFEGDTLVNRIELKGIDFKEDGNILGHKLEYNYN 

SHNVYIMADKQKNGIKVNFKIRHNIEDGSVQLADHYQQNTPIGDGPVLLPDNH 

30 YLSTQSALSKDPNEKRDHMVLLEFVTAAGITHGMDELYKELGGKLEVSKAATI 

KQSDVKQEVKKQEAKQIVKATDWKQNKDGIWYKAEHASFTVTAPEGIITRYK 

GPWTGHPQAGVLQKGQTIKYDEVQKFDGHVWVSWETFEGETVYMPVRTWD 

AKT GKV GKLW GEIKELGGKLE V SKAATIKQ SD VKQE VKKQE AKQIVKATD W 
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KQNKDGIWYKAEHASFTVTAPEGIITRYKGPWTGHPQAGVLQKGQTIKYDEV 

QKFDGHVWV S WETFEGETVYMPVRTWD AKTGKV GKLW GEIK 

SEQ ID NO: 66 (GFP CBD2638 CBD2638 Variant 2 aa) 

5 MRGSHHHHHHGSMSKGEELFTGVVPILVELDGDVNGHKFSVSGEGEGDATY 

GKLTLKFICTTGKLP VP WPTLVTTFAYGLQCFARYPDHMKQHDFFKSAMPEGY 

VQERTIFFKDDGNYKTRAEVKFEGDTLVNRIELKGIDFKEDGNILGHKLEYNYN 

SHNVYIMADKQKNGIKVNFKIRHNIEDGSVQLADHYQQNTPIGDGPVLLPDNH 

YLSTQSALSKDPNEKRDHMVLLEFVTAAGITHGMDELYKELGGKLEVSKAATI 

10 KQSDVKQEVKKQEAKQIVKATDWKQNKDGIWYKAEHASFTVTAPEGIITRYK 

GPWTGHPQAGVLQKGQTIKYDEVQKFDGHVWVSWETFEGETVYMPVRTWD 

AKT GKV GKL WGEIKGT GGKLEV SKAATIKQSD VKQE VKKQE AKQIVKATD W 

KQNKDGIWYKAEHASFTVTAPEGIITRYKGPWTGHPQAGVLQKGQTIKYDEV 

QKFDGHVWVSWETFEGETVYMPVRTWDAKTGKVGKLWGEIKVDLQPSLIS 

15 

SEQ ID NO: 67 (GFPCBD2638 CBD2638 CBD2638 aa) 

MRGSHHHHHHGSMSKGEELFTGVVPILVELDGDVNGHKFSVSGEGEGDATY 

GKLTLKFICTTGKLP VP WPTLVTTFAYGLQCFARYPDHMKQHDFFKSAMPEGY 

VQERTIFFKDDGNYKTRAEVKFEGDTLVNRIELKGIDFKEDGNILGHKLEYNYN 

20 SHNVYIMADKQKNGIKVNFKIRHNIEDGSVQLADHYQQNTPIGDGPVLLPDNH 

YLSTQSALSKDPNEKRDHMVLLEFVTAAGITHGMDELYKELGGKLEVSKAATI 

KQSDVKQEVKKQEAKQIVKATDWKQNKDGIWYKAEHASFTVTAPEGIITRYK 

GPWTGHPQAGVLQKGQTIKYDEVQKFDGHVWVSWETFEGETVYMPVRTWD 

AKT GKV GKL WGEIKGT GGKLEV SKAATIKQSD VKQE VKKQE AKQI VKATD W 

25 KQNKDGIWYKAEHASFTVTAPEGIITRYKGPWTGHPQAGVLQKGQTIKYDEV 

QKFDGHVWVSWETFEGETVYMPVRTWDAKTGKVGKLWGEIKVDGGKLEVS 

KAATIKQSDVKQEVKKQEAKQIVKATDWKQNKDGIWYKAEHASFTVTAPEGI 

ITRYKGPWTGHPQAGVLQKGQTIKYDEVQKFDGHVWVSWETFEGETVYMPV 

RT WD AKT GKV GKLW GEIKLQP SLIS 
30 
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Claims 

1. A nucleic acid molecule comprising a first nucleotide sequence, wherein said 

nucleotide sequence has at least 80% sequence identity with SEQ ID NO: 12. 

5 

2. A nucleic acid molecule according to claim 1, wherein said first nucleotide sequence 

encodes a cell wall-binding domain binding the peptidoglycan cell wall of 

Staphylococcus genera. 

10 3. A nucleic acid molecule according to claim 1 and/or 2, wherein said first nucleotide 

sequence originates from S. aureus bacteriophage €>2638a endolysin. 

4. A nucleic acid molecule according to any of the claims 1-3, wherein said nucleic 

acid molecule has at least 80%> sequence identity with SEQ ID NO: 1, or wherein said 

15 nucleic acid molecule further comprises a heterologous nucleotide sequence encoding a 

lytic domain. 

5. A nucleic acid molecule according to any of the claims 1-3, wherein said nucleic 

acid molecule further comprises a heterologous nucleotide sequence encoding a lytic 

20 domain, wherein said lytic domain is a second and third nucleotide sequences, and 

wherein said second nucleotide sequence encodes an M23 endopeptidase domain and 

said third nucleotide sequences encodes an amidase domain. 

6. A nucleic acid molecule according to claim 5, wherein said second and third 

25 nucleotide sequences originate from a gene encoding for an enzyme selected from the 

group consisting of S. aureus bacteriophage <J>2638a endolysin, S. aureus 

bacteriophage €>11 endolysin, S. aureus bacteriophage <J>Twort endolysin and S. 

Simulans lysostaphin. 

30 7. A nucleic acid molecule according to claim 6, wherein said second nucleotide 

sequence has at least 80%> sequence identity with SEQ ID: 14 or 15 and said third 

nucleotide sequences has at least 80%> sequence identity with SEQ ID NO: 16 or 17. 



WO 2012/150858 PCT/NL2011/050307 

75 

8. A nucleic acid molecule according to claims 7, wherein said nucleotide molecule has 

at least 80% sequence identity with SEQ ID NO: 9. 

9. A nucleic acid molecule according to any one of the claims 4-8, further comprising 

5 a fourth nucleotide sequence encoding a CHAP (cysteine, histidine-dependent 

amidohydrolases/peptidases) domain. 

10. A nucleic acid molecule according to claim 9, wherein said fourth nucleotide 

sequences originates from S. aureus bacteriophage <J> 11 or S. aureus bacteriophage 

10 OTwort endolysin. 

11. A nucleic acid molecule according to claim 10 , wherein said fourth nucleotide 

sequences has at least 80%> sequence identity with SEQ ID NO: 18 or SEQ ID NO: 19. 

15 12. A nucleic acid molecule according to any one of the claims 4-11 encoding a 

polypeptide which has the same or an increased lytic activity and/or the same or a 

decreased pH optimum as compared to S. aureus bacteriophage 02638a endolysin 

encoded by SEQ ID NO: 1. 

20 13. A polypeptide encoded by a nucleic acid molecule as identified in any one of 

claims 1-12. 

14. A nucleic acid construct comprising a nucleic acid molecule as identified in any of 

the claims 1-12. 

25 

15. An expression vector comprising a nucleic acid construct as defined in claim 14 

operably linked to one or more control sequences, which direct the production or 

expression of the encoded polypeptide in a cell, a subject, or a cell-free expression 

system. 

30 

16 A cell comprising the nucleic acid construct as identified in claim 14 or the 

expression vector as identified in claim 15, said cell being a microbial, prokaryotic or 

eukaryotic cell. 
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17. A method for producing, optionally purifying and optionally freeze-drying a 

polypeptide as defined in claim 13, said method comprising the steps of: 

i) producing said polypeptide in a cell as identified in claim 16 comprising a nucleic 

5 acid construct as defined in claim 14, optionally 

ii) purifying said polypeptide, and optionally 

iii) freeze-drying said purified polypeptide. 

18. A method for producing a polypeptide with an enhanced lytic activity by treating a 

10 polypeptide as identified in claim 13 and/or a polypeptide as obtainable by the method 

of 17, wherein said method comprises the steps of: 

i) dialyzing said polypeptide against a buffer comprisinging a chelating compound, 

ii) dialyzing said polypeptide against a divalent metal ion-containing buffer, 

preferably said divalent metal ion being selected form the group consisting of 

15 Co2+, Cu2+, Mn2+ and Zn2+. 

19. A composition comprising a nucleic acid molecule as identified in any one of the 

claims 1 - 12, a polypeptide as identified in claim 13 and/or as obtainable by a method 

as identified in claim 17 and/or 18, and/or a nucleic acid construct as identified in claim 

20 14 and/or a vector as indentified in claim 15 and/or a cell as identified in claim 16. 

20. A composition according to claim 19, comprising one or more additional active 

ingredients, preferably selected from the group consisting of a bacteriophage and 

antibiotic. 

21. A composition according to claim 19 and/or 20 for use as a medicament. 

22. A composition according to claim 21 for use as a medicament in the treatment of an 

infectious disease 

30 

23. Use of a nucleic acid molecule according to any of the claims 1 - 12, a polypeptide 

according to claim 13, and/or as obtainable by a method as identified in claim 17 and/or 

18, a nucleic acid construct according to claim 14, a vector as indentified in claim 15, a 
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cell as identified in claim 16 and/or a composition according to claim 19 and/or 20 as 

an antimicrobial, preferably as a food additive or a disinfectant. 

24. Use of a nucleic acid molecule according to any of the claims 1 - 3, a polypeptide 

5 encoded by such nucleic acid molecule, a nucleic acid construct and/or vector and/or 

cell comprising such nucleic acid construct or a composition comprising any of such 

polypeptide, nucleic acid molecule, nucleic acid, vector and/or cell for detecting a 

Staphylococcus, preferably in a diagnostic application. 

10 25. Method for treating, delaying and/or preventing an infectious disease by 

administering a composition as defined in claim 19 and/or 20. 


