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PSEUDOMONAS AERUGINOSA PCRV BINDING SINGLE VARIABLE DOMAIN ANTIBODIES 

FIELD OF THE INVENTION 

The present invention relates to polypeptides that bind the PcrV protein of Pseudomonas 

5 aeruginosa. More specifically, the present invention relates to multiparatopic polypeptides (also referred 

to herein as "multiparatopic polypeptide(s) of the invention") that bind PcrV and neutralize P. aeruginosa. 

The invention further relates to monovalent polypeptides (also referred to herein as "monovalent 

polypeptide(s) of the invention") for use as building blocks iri the preparation of the multiparatopic 

polypeptides of the invention. 

io The invention also relates to nucleic acids encoding such polypeptides (also referred to herein as 

"nucleic acid(s) of the invention"; to methods for preparing such polypeptides; to host ceils expressing or 

capable of expressing such polypeptides; to compositions, and in particular to pharmaceutical 

compositions, that comprise such polypeptides, nucleic acids and/or host cells; and to uses of 

polypeptides, nucleic acids, host cells and/or compositions, in particular for prophylactic and/or 

15 therapeutic purposes, such as the prophylactic and/or therapeutic purposes mentioned herein. 

Other aspects, embodiments, advantages and applications of the invention will become clear from 

the further description herein. 

BACKGROUND ART 

20 Pseudomonas aeruginosa is an environmental Gram-negative bacterium, associated with a broad 

spectrum of infections in humans. It has a very large genome which is remarkably flexible metaboiically, 

explaining why it can be found in very diverse environments, This opportunistic pathogen can cause 

acute lung injury and mortality through the delivery of exotoxins by the type HI secretion system (TTSS). 

The Type III Secretion System (TTSS) of P. aeruginosa is a complex multi-protein structure crossing 

25 the complete celt wall. It is a specialised hollow needle-tike molecular structure secreting only TTSS 

proteins and pathogenicity related toxins. Many different proteins form the TTSS, both on the bacterial 

cytoplasmic side and externally. Externally, only the single 'barrel' homopolymeric forming protein and 

the 'needle tip' protein are accessible to antibodies. The needle protein PcrV is thought to form a ring-

type structure on the tip of the needle. The TTSS complex can inject various exotoxins, produced by the 

30 bacterium, directly into the cytoplasm of host cells. 

The involvement of this translocation apparatus in pathogenesis may not be limited to the 

transport of exotoxins, as indeed mutants expressing TTSS but not the toxins are cytotoxic as well (Lee et 
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ai. Infect, Immun. 73: 1695-1705, 2005), The translocation pore itself is sufficient to cause the death of 

host cells, either directly through pore-mediated increases in membrane permeability, or indirectly 

through the activation of broad cellular defence responses. The TTSS virulence mechanism on the 

bacteria's external surface enables P. aeruginosa to evade human immune defences by kilting white 

5 blood ceils and epithelial cells and triggering tissue-damaging inflammation. 

Under normal circumstances, the bacterium is perfectly harmless. However, under certain 

circumstances, the bacterium can colonise hosts with a weakened immune system. It is recognized as a 

major cause of nosocomial bacteremia and infections associated with invasive devices, mechanical 

ventilation, bum wounds, or surgery in the immunocompromised and the immunocompetent patients 

w (Giamarellou and Kanellakopoulou Grit, Care Clin. 24: 261-2.78, 2008), such as bone marrow transplant 

patients (Velasco et at Clin. Microbiol. Infect, 10; 542-549, 2004). P. aeruginosa typically causes 

nosocomial infections of the pulmonary tract, urinary tract, (burn) wounds and also sepsis. 

In Cystic Fibrosis (CF) patients, P, aeruginosa infection follows a well-established pattern of 

recurrent pulmonary infection in early childhood leading to the establishment of chronic infection in 

15 older CF patients, where it is a major contributing factor in the progressive decline in lung function and 

disease exacerbations leading to respiratory failure (FitzSimmons J. Pediatr, 122:1-9,1993; Kerem et ai. 

J, Pediatr, 118: 714-719,1990; Lyczak et al. Clin, Microb. Rev, 15:194-222, 2002). Once chronic P. 

aeruginosa pulmonary infection is established, eradication of the organism appears impossible using 

current therapies (lee Chronic Respiratory Disease 6: 39-107, 2009). 

20 P. aeruginosa has several different manifestations in the setting of chronic obstructive pulmonary 

disease (CORD), The organism is a colonizer that is cleared quickly, causes acute exacerbations and also 

may cause chronic infections in a subset of adults with CORD (Murphy Curr, Opin. Pulm. Med. 15; 138-

142, 2009). 

A good overview on the current treatment of P, aeruginosa pneumonia is given by Giamarellou and 

25 Kanellakopoulou (Crit, Care Clin, 24: 261-278, 2008), Malcolm and Heim (Curr, Opin, Pharmacol, 9: 558-

565, 2009), EI Solh and Alhajhusain (J, Antimicrobial Chemotherapy 64: 229-238, 2009) and Roux and 

Ricard (Infectious Disorders - Drug Targets 11: 389-394, 2011). Current treatment for patients still relies 

on antibiotics. Antibiotics of the four major structural classes are in use against P aeruginosa infection 

(Giamarellou and Kanellakopoulou Crit, Care Clin, 24: 261-278, 2008). Importantly, once P. aeruginosa 

30 colonisation has been established, it cannot be successfully cleared using antibiotics due to biofilm 

formation, Biofilm limits the access of certain antibiotics to the deeper layers of the film (diffusion 

limiting). More importantly, the deeper layers of biofilm contain many P. aeruginosa bacteria which are 
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live but virtually completely inactive for tack of nutrient access. Antibiotics of various classes act on celi 

division or highly active metabolic pathways, and are thus unable to kill these dormant bacteria. Once 

therapy is tapered back or withdrawn, these cells rapidly re-colonise the patient. 

Furthermore, P. aeruginosa has the ability to evade new antimicrobial therapies and develop 

5 resistance, being on one hand intrinsically resistant to many drugs, on the other hand rapidly acquiring 

resistance via a number of mechanisms (Malcolm and Heim Curr, Opin. Pharmacol. 9: 558-565, 2009). 

Because of the versatility and the large size of P. aeruginosa genome, various resistance mechanisms can 

be present simultaneously, causing cross-resistance to several antipseudomonal agents (Giamarellou and 

Kanellakopoulou Crit. Care Clin. 24: 261-278, 2008). Novel variants on the same basic antibiotic 

w structures are in development and may alleviate current resistance to some extent, but are very likely to 

give rise to novel resistance once in widespread clinical use. No novel classes of antibiotics are known to 

be in clinical development. Because the development of new classes of antibiotics has lagged far behind 

our growing need for such drugs, we now face a post-antibiotic era with limited capacity to combat these 

infections. 

15 Topical administration of existing antibiotics (e.g., aerosol administration of tobramycin or colistin) 

has been used to deliver higher local concentrations of antibiotics without exposing the patient to high 

systemic levels which may be toxic to the patient (Luyt et al. Curr. Opin. Infect. Dis. 22:154-158, 2009). 

However, continued concerns are raised about its efficacy and potential emergence of resistance as well 

(El Solh and Aihajhusain J, Antimicrobial Chemotherapy 64: 229-238, 2009; Roux and Ricard Infectious 

20 Disorders - Drug Targets 11: 389-394, 2011). 

With the pipeline of new antimicrobial agents running dry, treatment of P. aeruginosa continues to 

rely on the theoretical advantages of combination therapy and the revival of old drugs previously 

abandoned because of serious toxicity, like polymyxins (Giamarellou and Kanellakopoulou Crit. Care Clin. 

24: 261-278, 2008; El Solh and Aihajhusain J. Antimicrobial Chemotherapy 84: 229-238, 2009). However, 

25 resistance to such treatment is rapidly emerging with very worrisome latest resistance rates, and the 

appearance of Pseudomonas strains with multidrug-resistant, or even pan-resistant, phenotypes 

(Malcolm and Heim Curr. Opin. Pharmacol. 9: 558-585, 2009). Based on the reported resistance 

surveillance data, it is evident that the current therapeutic approach for P. aeruginosa infections is 

approaching its limits (Giamarellou and Kanellakopoulou Crit. Care Clin. 24: 281-278, 2008). 

30 There are currently no non-antibiotic based treatments on the market. However, there are a 

number of drug candidates in development. 
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Various monoclonal antibodies, mostly directed to P. aeruginosa flagellin or strain-specific LPS 

have been, described. Most did not reach clinical stage. One LPS-reactive IgM (Kenta (Berna/Crucell) is 

listed as in active Phase II development However, the serotype specificity of this antibody underscores 

the need for a quick assay to determine the serotype of the infectious agent in the hospital setting and 

5 the development of antibodies specific for other clinic-relevant serotypes (Roux and Ricard Infectious 

Disorders - Drug Targets 11; 389-334, 2011). 

A mouse monoclonal anti-PcrV antibody, monoclonal antibody (Mab) 168, with potent neutralizing 

activity in mouse and rat models of Pseudomonas infection had been described by Frank et al. (J. Infect, 

Pis, 186: 64-73, 2002} and Faure et al (J. Immune based Therapies and Vaccines 1: 2, 2003). WO 

10 2009/073631A2 and Baer et a!. (Infection and Immunity 77: 1083-1090) describes several engineered 

human antibody Fab fragments (amongst which FablAS) specific for P. aeruginosa PcrV protein and 

which compete with MAb 166 for binding to the same epitope on PcrV, These Fabs show potent 

neutralization activity against the P. aeruginosa Type III secretion system. KB001 (KaloBios, US) is a 

Humaneered™ anti-PcrV PEGyiated antibody Fab' fragment (Anti-PcrV Program Fact Sheet, KaloBios) that 

15 showed potent Type III Secretion System {TTSS) neutralising activity in cellular cytotoxicity assays, KB001 

is being developed for the prevention of Pa ventilator-associated pneumonia (VAP) and for the treatment 

of CF. Preliminary evidence of activity and safety has been demonstrated in both indications in Phase 1/2 

trials conducted by KaloBios, It still remains to be determined, however, whether or not escape mutants 

will develop to this monospecific monoclonal antibody once administered to patients, 

20 Taken together, the increased incidence in certain types of infections, the increased use of invasive 

devices in the hospital as well as the increased frequency of multi-resistant Pseudomonas strains, have 

clearly let to a shortage of treatment options for nosocomial Pseudomonas infections. Despite the above 

efforts, management of P. aeruginosa infection represents a difficult therapeutic challenge for critical 

care physicians {El Solh and Aihajhusain J. Antimicrobial Chemotherapy 64; 229-238, 2009), For patients 

25 with multi-drug resistant strains, very few clinical options remain. It is therefore considered imperative 

to discover arid develop novel ani\-Pseudomonas drugs to fill a dangerous void in the anti-bacterial 

armamentarium of the clinician (Malcolm and Heim Curr, Opin. Pharmacol, 9:558-585, 2009). 

SUMMARY OF THE INVENTION 

30 The present invention provides polypeptides with improved prophylactic, therapeutic and/or 

pharmacological properties, in addition to other advantageous properties (such as, for example, 

improved ease of preparation, good stability, and/or reduced costs of goods), compared to the prior art 
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amino acid sequences and antibodies. More particularly, the present invention provides multivalent 

polypeptides comprising two or more immunoglobulin single variable domains that show improved 

properties for neutralizing PcrV compared to the PcrV neutralizing molecules described in the prior art. 

The inventors surprisingly observed that biparatopic polypeptides comprising two different PcrV-binding 

immunoglobulin single variable domains showed a significant increase in PcrV-neutraiizing efficacy as 

compared to the PcrV neutralizing capacity of the monovalent PcrV-binding building blocks alone, For 

this purpose, the present invention in addition also makes available a number of highly advantageous 

immunoglobulin single variable domains {i.e., monovalent polypeptides} that specifically bind PcrV 

and/or that are capable of significantly inhibiting or neutralizing PcrV, These PcrV-binding 

immunoglobulin single variable domains and polypeptides comprising the same form further aspects of 

the invention. 

Accordingly, the present invention provides polypeptides comprising or essentially consisting of 

two or more immunoglobulin single variable domains that specifically bind to the PcrV protein of P. 

aeruginosa (herein referred to as "PcrV"). Such polypeptides are also referred to herein as "multivalent 

polypeptide(s) of the invention". The two or more immunoglobulin single variable domains may 

optionally be linked via one or more peptidic linkers. 

Preferably, the multivalent polypeptide comprises two or more immunoglobulin single variable 

domains directed against PcrV, wherein the "first" immunoglobulin single variable domain directed 

against PcrV and the "second" immunoglobulin single variable domain directed against PcrV have a 

different paratope. Such polypeptides are also referred to herein as "multiparatopic polypeptide(s) of the 

invention". Accordingly, the present invention relates to a polypeptide comprising or consisting of two or 

more immunoglobulin single variable domains that are directed against PcrV, wherein the "first" 

immunoglobulin single variable domain directed against PcrV and the "second" immunoglobulin single 

variable domain directed against PcrV have different paratopes. Such polypeptides comprise or consist of 

two or more immunoglobulin single variable domains that are directed against different epitopes on 

PcrV, More specifically, such polypeptides comprise at least one "first" immunoglobulin single variable 

domain that is directed against a first epitope on PcrV and at least one "second" immunoglobulin single 

variable domain that is directed against a second epitope on PcrV different from the first epitope on 

PcrV. Preferably, these multiparatopic polypeptides of the invention are biparatopic ortriparatopic 

polypeptides (also referred to herein as "biparatopic poiypeptidetsj of the invention" and "triparatopic 

polypeptide(s) of the invention"), as further defined herein. 
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Multiparatopic (such as the biparatopic or triparatopic) polypeptides as described herein, showed 

improved properties for neutralizing PcrV compared to the PcrV neutralizing molecules described in the 

prior art. The multiparatopic (such as biparatopic or triparatopic) polypeptide of the invention is capable 

of neutralizing PcrV with 100% efficacy in a cytotoxicity assay, such as e.g., a cytotoxicity assay with 

5 P3X63 cells as target at an MOI of 12. Apart from this and/or in addition, the multiparatopic {such as 

biparatopic or triparatopic) polypeptide of the invention is capable of neutralizing PcrV with an ICSO of 

5.0x1010 M or lower in 3 cytotoxicity assay {such as e.g., a cytotoxicity assay with P3X63 cells as target at 

an MOi of 12. Apart from this and/or in addition, the multiparatopic {such as biparatopic or triparatopic) 

polypeptide of the invention has a decrease in potency after 24 hours in the presence of P. aeruginosa 

w elastase (3 ug/ug polypeptide) of maximal 5 fold {e.g., 5 fold, 3 fold, 2 fold or lower). Apart from this 

and/or in addition, the multiparatopic (such as biparatopic or triparatopic) polypeptide of the invention 

has a decrease in potency after 24 hours in the presence of human neutrophil elastase (1-2 ug/ug 

polypeptide) of maximal 15 fold (e.g., 10 fold, 5 fold, 3 fold, 2 fold or lower). 

Preferred multiparatopic (such as biparatopic or triparatopic) polypeptides of the invention 

15 comprise or essentially consist of two or more immunoglobulin single variable domains, wherein at least 

one immunoglobulin single variable domain consists of 4 framework regions (FR1 to FR4, respectively) 

and 3 complementarity determining regions (CDR1 to C0R3, respectively), in which (see Table A-6): 

CDR1 is chosen from the group consisting of; 

a) the amino acid sequences of SEQ ID NQs: 20-37; 

20 b) amino acid sequences that have at least 80% amino acid identity with at least one of the amino 

acid sequences of SEQ ID NOs: 20-37; 

c) amino acid sequences that have 3, 2, or 1 amino acid difference with at least one of the amino acid 

sequences of SEQ ID NOs: 20-37; 

and/or 

25 - CDR2 is chosen from the group consisting of: 

d) the amino acid sequences of SEQ ID NOs: 38-56; 

e) amino acid sequences that have at least 80% amino acid identity with at least one of the amino 

acid sequences of SEQ. ID NOs: 38-58; 

f) amino acid sequences that have 3, 2, or 1 amino acid difference with at least one of the amino acid 

30 sequences of SEQ ID NOs: 38-56; 

and/or 

CDR3 is chosen from the group consisting of: 
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g) the amino acid sequences of SEC} ID NOs: 57,75; 

h) amino acid sequences that have at least 80% amino acid identity with at least one of the amino 

acid sequences of SEQ ID NOs: 57-75; 

i) amino acid sequences that have 3, 2, or 1 amino acid difference with at least one of the amino acid 

5 sequences of SEQ ID NOs: 57-75. 

More particularly, the multiparatopic (such as biparatopic or triparatopic) polypeptide of the 

invention comprise or essentially consist of two or more immunoglobulin single variable domains, 

wherein at least one of the immunoglobulin single variable domains consists of 4 framework regions (FR1 

to FR4, respectively) arid 3 complementarity determining regions (CDR1 to CDR3, respectively), in which: 

10 - CDR1 is chosen from the group consisting of: 

a) the amino acid sequences of SEQ ID NQs: 20-37; 

b) amino acid sequences that have at least 80% amino acid identity with at least one of the amino 

acid sequences of SEQ ID NOs: 20-37; 

c) amino acid sequences that have 3, 2, or 1 amino acid difference with at least one of the amino acid 

15 sequences of SEQ ID NOs: 20-37]; 

and 

CDR2 is chosen from the group consisting of: 

d) the amino acid sequences of SEQ ID NQs: 38-58; 

e) amino acid sequences that have at least 80% amino acid identity with at least one of the amino 

.20 acid sequences of SEQ ID NQs: 38-56; 

f) amino acid sequences that have 3, 2, or 1 amino acid difference with at least one of the amino acid 

sequences of SEQ ID NOs: 38-56; 

and 

CDR3 is chosen from the group consisting of: 

25 g) the amino acid sequences of SEQ ID NOs: 57-75; 

h) amino acid sequences that have at least 80% amino acid identity with at least one of the amino 

acid sequences of SEQ ID NOs: 57-75; 

i) amino acid sequences that have 3, 2, or 1 amino acid difference with at least one of the amino acid 

sequences of SEQ ID NOs: 57-75, 

30 Preferred multiparatopic (such as biparatopic or triparatopic} polypeptides of the invention 

comprise or essentially consist of two or more immunoglobulin single variable domains wherein, in at 

least one of the immunoglobulin single variable domains, the CDR sequences have at least 70% amino 
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acid identity, preferably at least 80% amino acid identity, more preferably at least 90% amino acid 

identity, such as 35% amino acid identity or more, or even essentially 100% amino acid identity with the 

CDR sequences of at least one of the immunoglobulin single variable domains with SEQ ID NOs: 1-19 

liable A-4), 

5 In a preferred aspect, the multiparatopic (such as biparatopic or triparatopic) polypeptides of the 

invention comprise or essentially consist of two or more immunoglobulin single variable domains, 

wherein at least one of the immunoglobulin single variable domains cross-blocks the binding to PcrV of 

at least one of the immunoglobulin single variable domains with SEQ ID NOs: 1-19 and/or is cross-

blocked from binding to PcrV by at least one of the immunoglobulin single variable domains with SEQ ID 

10 NOs: 1-19. 

In a preferred aspect, each of the two or more immunoglobulin single variable domains present in 

the multiparatopic (such as biparatopic or triparatopic) polypeptides of the invention are as defined 

above. Examples of multiparatopic (such as biparatopic or triparatopic) polypeptides of the invention are 

SEQ ID NOs 118-151 {Table A-5). 

15 In a preferred aspect, each of the two or more immunoglobulin single variable domains of the 

multiparatopic (such as biparatopic or triparatopic) polypeptide of the invention, that is directed against 

PcrV belongs to a different epitope bin. Accordingly, the present invention relates to a polypeptide 

comprising or essentially consisting of two or more immunoglobulin single variable domains directed 

against PcrV, wherein each of the two or more immunoglobulin single variable domains that are directed 

20 against PcrV belong to a different epitope bin. Immunoglobulin single variable domains that belong to a 

different epitope bin, by definition do not cross-compete with each other for binding the target, PcrV. 

Accordingly, the present invention relates to a polypeptide comprising or essentially consisting of two or 

more immunoglobulin single variable domains against PcrV, wherein the first immunoglobulin single 

variable domain does not cross-block the binding to PcrV of the second immunoglobulin single variable 

25 domain and/or wherein the first immunoglobulin single variable is not cross-blocked from binding to 

PcrV by the second immunoglobulin single variable domain. 

Preferred combination of immunoglobulin single variable domains present in the multiparatopic 

(such as biparatopic or triparatopic) polypeptide of the invention may encompass any of the following: 

the first immunoglobulin single variable domain cross-blocks the binding to PcrV of at least one 

30 of the immunoglobulin single variable domains with SEQ ID NOs: 3-10 [epitope binl] and/or is 

cross-blocked from binding to PcrV by at least one of the immunoglobulin single variable 

domains with SEQ ID NOs: 3-10 [epitope binl]; and the second immunoglobulin single variable 
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domain cross-blocks the binding to PcrV of at least one of the immunoglobulin single variable 

domains with SEQ ID NQs: 1-2 [epitope binl] and/or is cross-blocked from binding to PcrV by at 

least one of immunoglobulin single variable domains with SEQ ID NOs: 1-2 [epitope bin2]; 

the first immunoglobylin single variable domain cross-blocks the binding to PcrV of at least one 

of the immunoglobulin single variable domains with SEQ ID NOs: 3-10 {epitope binl] and/or is 

cross-blocked from binding to PcrV by at least one of the immunoglobulin single variable 

domains with SEQ ID NQs: 3-10 [epitope binl]; and the second immunoglobulin single variable 

domain cross-blocks the binding to PcrV of at least one of the immunoglobulin single variable 

domains with SEQ ID NQs: 11-12 [epitope bin.3] and/or is cross-blocked from binding to PcrV by 

at least one of the immunoglobulin single variable domains with SEQ ID NOs: 11-12 [epitope 

bio3|; 

the first immunoglobulin single variable domain cross-blocks the binding to PcrV of at least one 

of the immunoglobulin single variable domains with SEQ ID NOs: 1-2 [epitope bin2] and/or is 

cross-blocked from binding to PcrV by at least one of the immunoglobulin single variable 

domains with SEQ ID NOs: 1-2 [epitope bin2]; and the second immunoglobulin single variable 

domain cross-blocks the binding to PcrV of at least one of the immunoglobulin single variable 

domains with SEQ. ID NOs: 3-10 [epitope binl] arid/or is cross-blocked from binding to PcrV by at 

least one of the immunoglobulin single variable domains with SEQ ID NOs: 3-10 [epitope binl]; 

the first immunoglobulin single variable domain cross-blocks the binding to PcrV of at least one 

of the immunoglobulin single variable domains with SEQ. ID NOs: 1-2 [epitope binl] and/oris 

cross-blocked from binding to PcrV by at least one of the immunoglobulin single variable 

domains with SEQ ID NQs: 1-2 [epitope bin2]; and the second immunoglobulin single variable 

domain cross-blocks the binding to PcrV of at least one of the immunoglobulin single variable 

domains with SEQ ID NQs: 11-12 [epitope bin3] and/or is cross-blocked from binding to PcrV by 

at least one of the immunoglobulin single variable domains with SEQ ID NOs: 11-12 [epitope 

bin3]; 

the first immunoglobulin single variable domain cross-blocks the binding to PcrV of at least one 

of the immunoglobulin single variable domains with SEQ ID NOs: 11-12 [epitope binB] and/or is 

cross-blocked from binding to PcrV by at least one of immunoglobulin single variable domains 

with SEQ ID NQs: 11-12 [epitope bin3]; and the second immunoglobulin single variable domain 

cross-blocks the binding to PcrV of at least one of the immunoglobulin single variable domains 
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with SEQ ID NOs: 3-10 [epitope binl] and/or is cross-blocked from binding to PcrV by at least one 

of the immunoglobulin single variable domains with SEQ ID NOs: 3-10 [epitope binl]; or 

the first immunoglobulin single variable domain cross-blocks the binding to PcrV of at least one 

of the immunoglobulin single variable domains with SEQ ID NQs: 11-12 [epitope bin3] and/or is 

cross-blocked from binding to PcrV by at least one of the immunoglobulin single variable 

domains with SEQ ID NOs: 11-12 [epitope birtB]; artel the second Immunoglobulin single variable 

domain cross-blocks the binding to PcrV of at least one of the immunoglobulin single variable 

domains with SEQ. ID NOs: 1-2 [epitope bin2] and/or is cross-blocked from binding to PcrV by at 

least one of the immunoglobulin single variable domains with SEQ ID NQs: 1-2 [epitope binl]. 

Preferred multiparatopic {such as biparatopic or triparatopic) polypeptides of the invention may 

comprise or essentially consist of one of the following combinations of immunoglobulin single variable 

domains: 

- the first immunoglobulin single variable domain is a polypeptide that belongs to epitope bin 1 and is 

selected from any one of: 

o a polypeptide that binds full length PcrV (SEQ ID NO: 159) and that shows reduced binding (30-

90% compared to full length PcrV) or no binding to chimera 4 (SEQ, ID NO: 202) and chimera 6 

fSEQIDNQ: 204); 

o a polypeptide in which the CDR sequences have at least 70% amino acid identify, preferably at 

least 80% amino acid identity, more preferably at least 90% amino acid identity, such as 95% 

amino acid identity or more or even essentially 100% amino acid identity with the CDR 

sequences of at least one of the immunoglobulin single variable domains with SEQ ID NOs: 3-10; 

o a polypeptide that cross-blocks the binding to PcrV of at least one of the immunoglobulin single 

variable domains with SEQ ID NOs: 3-10 and/or that is cross-blocked from binding to PcrV by at 

least one of the immunoglobulin single variable domains with SEQ ID NOs: 3-10; and 

o a polypeptide that is any of SEQ ID NOs: 3-10; 

and the second immunoglobulin single variable domain is a polypeptide that belongs to epitope bin 2 

and is selected from any one of: 

o a polypeptide that binds to full length PcrV {SEQ ID NO: 159) and that shows reduced binding 

(30-90% compared to full length PcrV) or no binding to chimera 7 (SEQ ID NO; 205); 

o a polypeptide, in which the CDR sequences have at least 70% amino acid identity, preferably at 

least 80% amino acid identity, more preferably at least 90% amino acid identity, such as 95% 

amino acid identity or more or even essentially 100% amino acid identity with the CDR 
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sequences of at least one of the immunoglobulin single variable domains with SEQ ID NOs: 1 and 

2; 

o a polypeptide that cross-blocks the binding to PcrV of at least one of the immunoglobulin single 

variable domains with SEQ ID NOs: 1 and 2. and/or that is cross-blocked from binding to PcrV by 

at least one of the immunoglobylin single variable domains with SEQ ID NOs: 1 and 2; and 

o a polypeptide that is any of SEQ ID NOs: 1 and 2; 

the first immunoglobulin single variable domain is a polypeptide that belongs to epitope bin 1 and is 

selected from any one of: 

o a polypeptide that binds full length PcrV (SEQ ID NO: 153) and that shows reduced binding (30-

90% compared to full length PcrV) or no binding to chimera 4 (SEQ ID NO: 202) and chimera 6 

(SEQ ID NO: 204); 

o a polypeptide in which the CDR sequences have at least 70% amino acid identity, preferably at 

least 80% amino acid identity, more preferably at least 30% amino acid identity, such as 95% 

amino acid identity or more or even essentially 100% amino acid identity with the CDR 

sequences of at least one of the immunoglobulin single variable domains with SEQ ID NQs: 3-10; 

o a polypeptide that cross-blocks the binding to PcrV of at least one of the immunoglobulin single 

variable domains with SEQ ID NOs: 3-10 and/or that is cross-blocked from binding to PcrV by at 

least one of the immunoglobulin single variable domains with SEQ ID NOs: 3-10; and 

o a polypeptide that is any of SEQ ID NOs: 3-10; 

and the second immunoglobulin single variable domain is a polypeptide that belongs to epitope bin 3 

and is selected from any one of: 

o a polypeptide that binds full length PcrV (SEQ ID NO: 159) and that shows reduced binding (30-

90% compared to full length PcrV) or no binding to chimera 2 (SEQ ID NO: 200); 

o a polypeptide in which the CDR sequences have at least 70% amino acid identity, preferably at 

least 80% amino acid identity, more preferably at least 90% amino acid identity, such as 95% 

amino acid identity or more or even essentially 100% amino acid identity with the CDR 

sequences of at least one of the immunoglobulin single variable domains with SEQ ID NOs: 11 

and 12; 

o a polypeptide that cross-blocks the binding to PcrV of at least one of the immunoglobulin single 

variable domains with SEQ ID NOs; 11 and 12 and/or that is cross-blocked from binding to PcrV 

by at least one of the immunoglobulin single variable domains with SEQ ID NOs: 11 and 12; and 

o a polypeptide that is any of SEQ ID NOs: 11 and 12; 
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the first immunoglobulin single variable domain is a polypeptide that belongs to epitope bin 2 and is 

selected from any one of: 

o a polypeptide that binds to full length PcrV (SEQ ID NO: 159) arid that shows reduced binding 

(30-30% compared to full length PcrV) or no binding to chimera 7 (SEQ ID NO: 205); 

o a polypeptide, in which the CDR sequences have at least 70% amino acid identity, preferably at 

ieast 80% amino acid identity, more preferably at least 90% amino acid identity, such as 95% 

amino acid identity or more or even essentially 100% amino acid identity with the CDR 

sequences of at least one of the immunoglobulin single variable domains with SEQ ID NOs: 1 and 

2; 

o a polypeptide that cross-blocks the binding to PcrV of at least one of the immunoglobulin single 

variable domains with SEQ ID NQs: 1 and 2 and/or that is cross-blocked from binding to PcrV by 

at least one of the immunoglobulin single variable domains with SEQ. ID NQs: 1 and 2; and 

o a polypeptide that is any of SEQ ID NQs: 1 and 2; 

and the second immunoglobulin single variable domain is a polypeptide that belongs to epitope bin 1 

and is selected from any one of: 

o a polypeptide that binds full length PcrV (SEQ ID NO: 159} and that shows reduced binding (30-

90% compared to full length PcrV) or no binding to chimera 4 (SEQ. ID NO: 202) and chimera 8 

(SEQ ID NO: 204); 

o a polypeptide in which the CDR sequences have at least 70% amino acid identity, preferably at 

least 80% amino acid identity, more preferably at ieast 30% amino acid identity, such as 95% 

amino acid identity or more or even essentially 100% amino acid identity with the CDR 

sequences of at least one of the immunoglobulin single variable domains with SEQ ID NQs: 3-10; 

o a polypeptide that cross-blocks the binding to PcrV of at ieast one of the immunoglobulin single 

variable domains with SEQ ID NOs: 3-10 and/or that is cross-blocked from binding to PcrV by at 

least one of the immunoglobulin single variable domains with SEQ ID NQs: 3-10; and 

o a polypeptide that is any of SEQ ID NOs: 3-10; 

the first immunoglobulin single variable domain is a polypeptide that belongs to epitope bin 2 and is 

selected from any one of: 

o a polypeptide that binds to full length PcrV (SEQ ID NO: 159) and that shows reduced binding 

(30-90% compared to full length PcrV) or no binding to chimera 7 (SEQ ID NO: 205); 

o a polypeptide, in which the CDR sequences have at least 70% amino acid identity, preferably at 

least 80% amino acid identity, more preferably at least 90% amino acid identity, such as 95% 
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amino acid identity or more or even essentially 100% amino acid identity with the CDR 

sequences of at least one of the immunoglobulin single variable domains with SEQ ID NOs: 1 and 

2; 

o a polypeptide that cross-blocks the binding to PcrV of at least one of the immunoglobulin single 

variable domains with SEQ ID NOs; 1 and 2 and/or that is cross-blocked from binding to PcrV by 

at least one of the immunoglobulin single variable domains with SEQ ID NOs: 1 and 2; and 

o a polypeptide that is any of SEQ ID NOs: 1 and 2; 

and the second immunoglobulin single variable domain is 3 polypeptide that belongs to epitope bin 3 

and is selected from any one of: 

o a polypeptide that binds full length PcrV (SEQ ID NO: 159) and that shows reduced binding {30-

90% compared to full length PcrV) or no binding to chimera 2 (SEQ ID NO: 200); 

o a polypeptide in which the CDR sequences have at least 70% amino acid identity, preferably at 

least 80% amino acid identity, more preferably at least 90% amino acid identity, such as 95% 

amino acid identity or more or even essentially 100% amino acid identity with the CDR 

sequences of at least one of the immunoglobulin single variable domains with SEQ ID NOs: 11 

and 12; 

o a polypeptide that cross-blocks the binding to PcrV of at least one of the immunoglobulin single 

variable domains with SEQ ID NOs: 11 and 12 and/or that is cross-blocked from binding to PcrV 

by at least one of the immunoglobulin single variable domains with SEQ ID NOs: 11 and 12; and 

o a polypeptide that is any of SEQ ID NOs: 11 and 12; 

the first immunoglobulin single variable domain is a polypeptide that belongs to epitope bin 3 and is 

selected from any one of: 

o a polypeptide that binds full length PcrV {SEQ ID NQ: 1591 and that shows reduced binding (30-

90% compared to full length PcrV) or no binding to chimera 2 {SEQ ID NQ: 200); 

o a polypeptide in which the CDR sequences have at least 70% amino acid identity, preferably at 

least 80% amino acid identity, more preferably at least 90% amino acid identity, such as 95% 

amino acid identity or more or even essentially 100% amino acid identity with the CDR 

sequences of at least one of the immunoglobulin single variable domains with SEQ ID NOs: 11 

and 12; 

o a polypeptide that cross-blocks the binding to PcrV of at least one of the immunoglobulin single 

variable domains with SEQ ID NOs: 11 and 12 and/or that is cross-blocked from binding to PcrV 

by at least one of the immunoglobulin single variable domains with SEQ ID NOs: 11 and 12; and 
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o a polypeptide that is any of SEQ ID NOs: 11 and 12; 

and the second immunoglobulin single variable domain is a polypeptide that belongs to epitope bin 1 

and is selected from any one of: 

o a polypeptide that binds full length PcrV {SEQ. ID NO: 159) and that shows reduced binding (30-

90% compared to full length PcrV) or no binding to chimera 4 (SEQ ID NO: 202) and chimera 6 

(SEQ ID NQ: 204); 

o a polypeptide in which the CDR sequences have at least 70% amino acid identity, preferably at 

least 80% amino acid identity, more preferably at least 90% amino acid identity, such as 95% 

amino acid identity or more or even essentially 100% amino acid identity with the CDR 

sequences of at least one of the immunoglobulin single variable domains with SEQ ID NOs: 3-10; 

o a polypeptide that cross-blocks the binding to PcrV of at least one of the immunoglobulin single 

variable domains with SEQ 10 NOs: 3-10 and/or that is cross-blocked from binding to PcrV by at 

least one of the immunoglobulin single variable domains with SEQ ID NOs: 3-10; and 

o a polypeptide that is any of SEQ ID NOs: 3-10; or 

the first immunoglobulin, single variable domain is a polypeptide that belongs to epitope bin 3 and is 

selected from any one of: 

o a polypeptide that binds full length PcrV (SEQ ID NO: 159) and that shows reduced binding (30-

90% compared to full length PcrV) or no binding to chimera 2 (SEQ ID NQ: 200); 

o a polypeptide in which the CDR sequences have at ieast 70% amino acid identity, preferably at 

least 80% amino acid identity, more preferably at least 30% amino acid identity, such as 95% 

amino acid identity or more or even essentially 100% amino acid identity with the CDR 

sequences of at least one of the immunoglobulin single variable domains with SEQ ID NOs: 11 

and 12; 

o a polypeptide that cross-blocks the binding to PcrV of at least one of the immunoglobulin single 

variable domains with SEQ ID NOs: 1.1 and 12 and/or that is cross-blocked from binding to PcrV 

by at least one of the immunoglobulin single variable domains with SEQ ID NOs: 11 and 12; and 

o a polypeptide that is any of SEQ ID NOs: 11 and 12; 

and the second immunoglobulin single variable domain is a polypeptide that belongs to epitope bin 2 

and is selected from any one of: 

o a polypeptide that binds to full length PcrV (SEQ ID NQ: 153) and that shows reduced binding 

(30-90% compared to full length PcrV) or no binding to chimera 7 (SEQ ID NQ: 205); 
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o a polypeptide, in which the CDR sequences have at least 70% amino acid identity, preferably at 

least 80% amino acid identity, more preferably at least 90% amino acid identity, such as 35% 

amino acid identity or more or even essentially 100% amino acid identity with the CDR 

sequences of at ieast one of the immunoglobulin single variable domains with SEQ ID NQs: 1 and 

5 2; 

o a polypeptide that cross-biocks the binding to PcrV of at least one of the immunoglobulin single 

variable domains with SEQ ID NQs: 1 and 2 and/or that is cross-blocked from binding to PcrV by 

at least one of the immunoglobulin single variable domains with SEQ ID NOs: 1 and 2; and 

o a polypeptide that is any of SEQ ID NOs; 1 and 2, 

10 Preferred polypeptides of the invention are selected from any of SEQ ID NQs: 124-141 {Table A-5}. 

In a preferred aspect, the invention relates to a polypeptide as defined above, wherein the first 

immunoglobulin single variable domain is SEQ ID NO: 12. in another preferred aspect, the invention 

relates to a polypeptide wherein the second immunoglobulin single variable domain is selected from any 

of SEQ ID NQs: 1 and 10. in another preferred aspect, the invention relates to a polypeptide which is 

is selected from any of SEQ ID NOs: 129 and 134. In another preferred aspect, the invention relates to a 

polypeptide, wherein the second immunoglobulin single variable domain is SEQ ID NQ: 1, In another 

preferred aspect, the invention relates to a polypeptide, wherein the first immunoglobulin single variable 

domain is selected from any of SEQ ID NQs: 3 and 12, In another preferred aspect, the invention relates 

to a polypeptide which is selected from any of SEQ ID NOs: 129 and 137, 

20 In a further aspect, each of the two or more immunoglobulin single variable domains of the 

multiparatopic (such as biparatopic or triparatopic) polypeptide of the invention, that are directed 

against PcrV belong to the same epitope bin. Accordingly, the present invention also relates to a 

polypeptide comprising or essentially consisting of two or more immunoglobulin single variable domains 

directed against PcrV, wherein each of the two or more immunoglobulin single variable domains that are 

25 directed against PcrV belong to the same epitope bin. Immunoglobulin single variable domains that 

belong to the same epitope bin, by definition cross-compete with each other for binding the target, PcrV. 

Accordingly, the present invention relates to a polypeptide comprising or essentially consisting of two or 

more immunoglobulin single variable domains directed against PcrV, wherein the first immunoglobulin 

single variable domain cross-blocks the binding to PcrV of the second immunoglobulin single variable 

30 domain and/or wherein the first immunoglobulin single variable is cross-blocked from binding to PcrV by 

the second immunoglobulin single variable domain. 
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Preferred combinations of iminunoglobulin single variable domains present in such multiparatopic 

(such as biparatopic or triparatopic) polypeptide of the invention may encompass any of the following; 

the first and the second immunoglobulin single variable domains cross-block the binding to PcrV 

of at least one of immunoglobulin single variable domains with SEQ ID NOs; 3-10' [epitope binl] 

and/or the first and the second immunoglobulin single variable domains are cross-blocked from 

binding to PcrV by at least one of the immunoglobulin single variable domains with SEQ ID NOs: 

3-10 [epitope binl]; 

the first arid the second immunoglobulin single variable domains cross-block the binding to PcrV 

of at least one of the immunoglobulin single variable domains with SEQ ID NOs: 1-2 [epitope 

bin2] and/or the first and the second immunoglobulin single variable domains are cross-blocked 

from binding to PcrV by at least one of the immunoglobulin single variable domains with SEQ. ID 

NQs: 1-2 [epitope bin2]; or 

the first and the second immunoglobulin single variable domains cross-block the binding to PcrV 

of at least one of the immunoglobulin single variable domains with SEQ ID NQs: 11-12 [epitope 

bin.3] and/or the first and the second immunoglobulin single variable domains are cross-blocked 

from binding to PcrV by at least one of the immunoglobulin single variable domains with SEQ ID 

NOs: 11-12 [epitope bm3j. 

Such preferred multiparatopic (such as biparatopic or triparatopic) polypeptides of the invention 

may comprise or essentially consist of one of the following combinations of immunoglobulin single 

variable domains: 

the first and the second immunoglobulin single variable domains are polypeptides that belong to 

epitope bin 1 and are selected from any one of: 

o a polypeptide that binds full length PcrV (SEQ ID NO; 159) and that shows reduced binding (30-

30% as compared to full length PcrV) or no binding to chimera 4 {SEQ ID NO: 202) and chimera 6 

(SEQ ID NO: 204); 

o a polypeptide in which the CDR sequences have at least 70% amino acid identity, preferably at 

least 80% amino acid identity, more preferably at least 90% amino acid identity, such as 35% 

amino acid identity or more or even essentially 100% amino acid identity with the CDR 

sequences of at least one of the immunoglobulin single variable domains with SEQ ID NOs: 3-10; 

o a polypeptide that cross-blocks the binding to PcrV of at least one of the immunoglobulin single 

variable domains with SEQ ID NQs: 3-10 and/or that is cross-blocked from binding to PcrV by at 

least one of the immunoglobulin single variable domains with SEQ ID NOs: 3-10; and 
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o a polypeptide that is any of SEQ ID NOs: 3-10; 

the first and the second immunoglobulin single variable domains are polypeptides that belong to 

epitope bin 7 and are selected from any one of: 

o a polypeptide that binds to full length PcrV {SEQ, ID NO: 153J and that shows reduced binding 

{30-90% as compared to full length PcrV) or no binding to chimera 7 {SEQ ID NO: 205}; 

o a polypeptide, in which the CDR sequences have at least 70% amino acid identity, preferably at 

least 80% amino acid identity, more preferably at least 90% amino acid identity, such as 95% 

amino acid identity or more or even essentially 100% amino acid identify with the CDR 

sequences of at (east one of the immunoglobulin single variable domains with SEQ ID NOs: 1 and 

2; 

o a polypeptide that cross-blocks the binding to PcrV of at least one of the immunoglobulin single 

variable domains with SEQ ID NOs: 1 and 2 and/or that is cross-blocked from binding to PcrV by 

at least one of the immunoglobulin single variable domains with SEQ ID NQs: 1 and 2; and 

o a polypeptide that is any of SEQ ID NOs: 1 and 2; or 

the first and the second immunoglobulin single variable domains are polypeptides that belong to 

epitope bin 3 and are selected from any one of: 

o a polypeptide that binds full length PcrV (SEQ. ID NO: 159) and that shows reduced binding (30-

90% as compared to full length PcrV) or no binding to chimera 2 (SEQ ID NO: 200]; 

o a polypeptide in which the CDR sequences have at least 70% amino acid identity, preferably at 

least 80% amino acid identity, more preferably at least 90% amino acid identity, such as 35% 

amino acid identity or more or even essentially 100% amino acid identity with the CDR 

sequences of at least one of the immunoglobulin single variable domains with SEQ ID NOs; 11 

and 12; 

o a polypeptide that cross-blocks the binding to PcrV of at least one of the immunoglobulin single 

variable domains with SEQ ID NOs: 11 and 12 and/or that is cross-blocked from binding to PcrV 

by at least one of the immunoglobulin single variable domains with SEQ ID NOs: 11 and 12; and 

o a polypeptide that is any of SEQ ID NOs: Hand 12. 

In a preferred aspect, the invention relates to a polypeptide as defined above, which is selected 

from any of SEQ ID NOs: 118-123 (Table A-5). 

In another preferred aspect, the invention relates to a polypeptide as defined above, wherein at 

least one immunoglobulin single variable domain is SEQ. ID NO: 3. In another preferred aspect, the 

invention relates to a polypeptide as defined above, which is selected from any of SEQ ID NOs: 118, 120 
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and 121. In another preferred aspect, the invention relates to a polypeptide as defined above, wherein at 

least one immunoglobulin single variable domain is SEQ ID NO: 1. In another preferred aspect, the 

invention relates to a polypeptide as defined above, which is selected from any of SEQ ID NOs: 122 arid 

123, 

s The two or more immunoglobulin single variable domains present in the polypeptide of the 

invention may consist of a light chain variable domain sequence (e.g., a V.-sequence) or of a heavy chain 

variable domain sequence (e.g., a VH-sequence), They may consist of a heavy chain variable domain 

sequence that is derived from, a conventional four-chain antibody or of a heavy chain variable domain 

sequence that is derived from heavy chain antibody. They may consist of a domain antibody {or an amino 

w acid that is suitable for use as a domain antibody), of a single domain antibody for an amino acid that is 

suitable for use as a single domain antibody), of a "dAb" {or an amino acid that is suitable for use as a 

dAb) or of a Nanobody (including but not limited to a VHH). In a preferred aspect, the two or more 

immunoglobulin single variable domains consist of a partially or fully humanized Nanobody or a partially 

or fully humanized VHH, 

15 The multivalent, such as multiparatopic, polypeptides of the invention can generally be provided 

{and in particular, purposefully designed for a specific biological action) by suitably linking (optionally via 

suitable linkers) or combining two or more {monovalent) immunoglobulin single variable domains (or by 

suitably linking or combining nucleotide sequences encoding such (monovalent) immunoglobulin single 

variable domains to provide a nucleic acid that encodes the desired multivalent construct, and then 

20 suitably expressing said multivalent construct). Thus, it is clear that the invention not only makes 

available the multivalent, preferably multiparatopic, polypeptides described herein, but also provides -

by making available the monovalent polypeptides described herein - the skilled person with a range of 

different "binding domains" or "binding units" that can be used as "building blocks" to provide a range of 

different multivalent, preferably multiparatopic (and in particular, biparatopic and triparatopic) 

25 polypeptides (which may have different binding affinities, avidities, specificities, potencies and/or 

efficacies) through the use of suitable "building blocks" as described herein. 

Consequently, the various immunoglobulin single variable domains and/or monovalent 

polypeptides of the invention (arid/or nucleotide sequences and/or nucleic acids encoding the same) and 

their use of as "building blocks" in or for preparation of multivalent and/or multiparatopic polypeptides 

30 (or nucleotide sequences/nucleic acids encoding the same) form an important aspect of the invention. 
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Accordingly, in a further aspect, the invention also relates to a polypeptide (also referred to herein 

as "monovalent polypeptide(s) of the invention") that comprises at least one stretch of amino acid 

residues that chosen from the group consisting of: 

CDR1 sequences: 

5 a) SEQ ID NOs: 20-3?; 

b) stretches of amino acid sequences that have at least 80% amino acid identity with at least one of 

the amino acid sequences of SEQ ID NOs: 20-37; 

c) stretches of amino acid sequences that have 3, 2, or 1 amino acid difference with at least one of the 

amino acid sequences of SEQ ID NQs: 20-37; 

10 and/or 

CDR2 sequences: 

d) SEQ ID NOs: 38-56; 

e) stretches of amino acid sequences that have at least 80% amino acid identity with at least one of 

the amino acid sequences of SEQ ID NOs: 38-56; 

15 f) stretches of amino acid sequences that have 3, 2, or 1 amino acid difference with at least one of the 

amino acid sequences of SEQ ID NQs: 38-56; 

and/or 

CDR3 sequences: 

g) SEQ ID NOs: 57-75; 

20 h) stretches of amino acid sequences that have at least 80% amino acid identity with at least one of 

the amino acid sequences of SEQ ID NOs; 57-75; 

i) stretches of amino acid sequences that have 3, 2, or 1 amino acid difference with at least one of the 

amino acid sequences of SEQ ID NOs: 57-75, 

Monovalent polypeptides comprising one or more of the above specified stretches of amino acid 

25 residues show improved properties such as e.g. improved binding characteristics {suitably measured 

and/or expressed as a Kt,-value (actual or apparent), a KA-value (actual or apparent), a kon-rate and/or a 

koff-rate, or alternatively as an IC50 value., as further described herein), improved affinity and/or improved 

avidity for PcrV and/or improved efficacy and/or potency for neutralizing PcrV. 

For example, in a TTSS-dependent cytotoxicity assay with P3X63 celts as the target at an average 

30 MOI of 2.8, the monovalent polypeptides of the invention may have IC50 values between 1 nM and 

10000 nM, between 5 nM and 1000 nM, preferably between S nM and 500 nM, more preferably 

between 5 nM and 200 nM, such as between 5 nM and 50 nM or less. 
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Apart from this and/or in addition, in such a TTSS-dependent cytotoxicity assay, the monovalent 

polypeptides of the invention may have an efficacy {% inhibition; see Example 4.4) of 50% or more, 

preferably 90% or more, such as 100%. 

In a preferred aspect, the monovalent polypeptides of the invention have the structure FR1-CDR1-

5 FR2-CDR2-FR3-CDR3FR4, in which CDR1, CDR2 and CDR3 are as defined herein for the monovalent 

polypeptides of the invention, and FR1, FR2, FR3 and FR4 are framework sequences. Accordingly, the 

present invention also relates to a monovalent polypeptide that essentially consists of 4 framework 

regions (FR1 to FR4, respectively) and 3 complementarity determining regions fCDRl to CDR3, 

respectively), in which: 

10 - CDRl is chosen from the group consisting of: 

a) the amino acid sequences of SEQ ID NOs: 20-37; 

b) amino acid sequences that have at least 80% amino acid identity with at least one of the amino acid 

sequences of SEQ ID NOs: 20-37; 

c) amino acid sequences that have 3, 2, or 1 amino acid difference with at least one of the amino acid 

15 sequences of SEQ ID NOs: 20-37; 

and/or 

CDR2 is chosen from the group consisting of; 

d} the amino acid sequences of SEQ iD NOs: 38-58; 

e) amino acid sequences that have at ieast 80% amino acid identity with at least one of the amino acid 

20 sequences of SEQ ID NOs: 38-56; 

f) amino acid sequences that have 3, 2, or 1 amino acid difference with at least: one of the amino acid 

sequences of SEQ ID NOs: 38-58; 

and/or 

CDR3 is chosen from the group consisting of: 

25 g) the amino acid sequences of SEQ ID NOs: 57-75; 

h) amino acid sequences that have at least 80% amino acid identity with at least one of the amino acid 

sequences of SEQ ID NOs: 57.75; 

i) amino acid sequences that have 3, 2, or 1 amino acid difference with at least one of the amino acid 

sequences of SEQ ID NOs: 57-75. 

30 Preferred monovalent polypeptides essentially consist of 4 framework regions (FR1 to FR4, 

respectively) and 3 complementarity determining regions (CDRl to CDR3, respectively), in which: 

CDRl is chosen from the group consisting of: 
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a) the amino acid sequences of SEQ ID NOs: 20-37; 

b) amino acid sequences that have at least 80% amino acid identity with at least one of the amino acid 

sequences of SEQ ID NOs: 20-37; 

c) amino acid sequences that have 3, 2, or 1 amino acid difference with at least one of the amino acid 

sequences of SEQ ID NOs: 20-37; 

and 

CDRl is chosen from the group consisting of: 

d) the amino acid sequences of SEQ ID NOs: 38-56; 

e) amino acid sequences that have at least 80% amino acid identity with at least one of the amino acid 

sequences of SEQ ID NOs: 38 56; 

f) amino acid sequences that have 3, 2, or 1 amino acid difference with at least one of the amino acid 

sequences of SEQ ID NOs: 38-56; 

and 

CDR3 is chosen from the group consisting of: 

g) the amino acid sequences of SEQ ID NOs: 57-75; 

h) amino acid sequences that have at least 80% amino acid identity with at least one of the amino acid 

sequences of SEQ ID NOs: 57-75; 

i} amino acid sequences that have 3, 2, or 1 amino acid difference with at least one of the amino acid 

sequences of SEQ ID NOs: 57-75, 

In a preferred monovalent polypeptide of the invention, the CDR sequences have at least 70% 

amino acid identity, preferably at least 80% amino acid identity, more preferably at least 90% amino acid 

identity, such as 95% amino acid identity or more or even essentially 100% amino acid identity with the 

CDR sequences of at least one of the immunoglobulin single variable domains with SEQ ID NOs: 1-19. 

The invention also relates to monovalent polypeptides directed against PcrV, that cross-block the 

binding to PcrV of at least one of the immunoglobulin single variable domains with SEQ ID NOs: 1-19 

and/or that are cross-blocked from binding to PcrV by at least one of the immunoglobulin single variable 

domains with SEQ ID NOs: 1-19. 

Preferred monovalent polypeptides of the invention are selected from any of SEQ ID NOs: 1-13, 

The present inventors furthermore observed that immunoglobulins belonging to certain epitope 

bins are particularly suited for binding to PcrV, neutralization of P. aeruginosa and/or as a binding unit 

for the preparation of multiparatopic, such as e.g. biparatopic or triparatopic polypeptides. Preferred 

immunoglobulins belong to epitope bins 1, 2 or 3 (as further defined herein). 
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Accordingly, in a further aspect, the present invention relates to an immunoglobulin that belongs 

to epitope bin 1 and that has one or more of the following features: 

• it cross-blocks the binding to PcrV of at least one of the immunoglobulin single variable domains 

with SEQ ID NOs: 3-10; 

5 • it is cross-blocked from binding to PcrV by at least one of the immunoglobulin single variable 

domains with SEQ. ID NOs: 3-10; 

• it binds full length PcrV (SEQ ID NO: 159} while showing reduced (30-90% as compared to full 

length PcrV) or no (lower than 30% as compared to full length PcrV) binding to chimera 4 {SEQ ID 

NQ: 202) and chimera 6 (SEQ ID NO: 204); 

w • it consists of 4 framework regions {FR1 to FR4. respectively) and 3 complementarity determining 

regions (CDRl to CDR3. respectively), in which: 

CDRl is chosen from the group consisting of: 

a) the amino acid sequences of SEQ ID NQs: 22-28; 

b) amino acid sequences that have at least 80% amino acid identity with at least one of the amino 

15 acid sequences of SEQ ID NOs: 22-28; 

c) amino acid sequences that have 3, 2, or 1 amino acid difference with at least one of the amino 

acid sequences of SEQ ID NOs; 2.2-28; 

and 

CDR2 is chosen from the group consisting of: 

20 d) the amino acid sequences of SEQ ID NOs: 40-47; 

e) amino acid sequences that have at ieast 80% amino acid identity with at least one of the amino 

acid sequences of SEQ ID NOs; 40-47; 

f) amino acid sequences that have 3, 2, or 1 amino acid difference with at ieast one of the amino 

acid sequences of SEQ ID NOs: 40-47; 

25 and 

CDR3 is chosen from the group consisting of: 

g) the amino acid sequences of SEQ ID NQs: 59-66; 

h) amino acid sequences that have at ieast 80% amino acid identity with at least one of the amino 

acid sequences of SEQ ID NOs: 59-66; 

30 i) amino acid sequences that have 3, 2, or 1 amino acid difference with at least one of the amino 

acid sequences of SEQ ID NQs: 59-66; 
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• its CDR sequences have at least 70% amino acid identity, preferably at ieast 80% amino acid 

identity, more preferably at least 90% amino acid identity, such as 95% amino acid identity or 

more, or even essentially 100% amino acid identity with the CDR sequences of at least one of the 

immunoglobulin single variable domains with SEQ ID NOs: 3-10; or 

5 • it is selected from any of SEQ. ID NOs: 3-10. 

In another aspect, the present invention relates to an immunoglobulin that belongs to epitope bin 

2 arid that has one or more of the following features: 

• it cross-blocks the binding to PcrV of at least one of the immunoglobulin single variable domains 

with SEQ ID NOs: 1 and 2; 

10 • It is cross-blocked from binding to PcrV by at least one of the immunoglobulin single variable 

domains with SEQ ID NOs: 1 and 2; 

• It binds to full length PcrV (SEQ ID NO: 159), while it shows reduced (30-90% as compared to full 

length PcrV) or no (below 30% as compared to full length PcrV) binding to chimera 7 {SEQ ID NO: 

205); 

15 • it consists of 4 framework regions {FR1 to FR4, respectively) and 3 complementarity determining 

regions (CDRl to CDR3. respectively}, in which; 

CDRl. is chosen from the group consisting, of: 

a) the amino acid sequences of SEQ ID NOs: 2.0-21; 

b) amino acid sequences that have at least 80% amino acid identity with at least one of the amino 

20 acid sequences of SEQ ID NQs: 20-21; 

c) amino acid sequences that have 3, 2, or 1 amino acid difference with at least one of the amino 

acid sequences of SEQ ID NOs: 20-21; 

and 

CDR2 is chosen from the group consisting of: 

25 d} the amino acid sequences of SEQ ID NOs: 38-33; 

e) amino acid sequences that have at least 80% amino acid identity with at least one of the amino 

acid sequences of SEQ ID NOs; 38-39; 

f) amino acid sequences that have 3, 2, or 1 amino acid difference with at least one of the amino 

acid sequences of SEQ ID NOs: 38-39; 

30 and 

CDR3 is chosen from the group consisting of: 

g) the amino acid sequences of SEQ ID NQs: 57-53; 
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h) amino acid sequences that have at least 80% amino acid identity with at least one of the amino 

acid sequences of SEQ ID NOs: 57-58; 

i) amino acid sequences that have 3, 2, or 1 amino acid difference with at least ooe of the amino 

acid sequences of SEQ ID NOs: 57-58; 

• its CDR sequences have at least 70% amino acid Identity, preferably at least 80% amino acid 

identity, more preferably at least 30% amino acid identity, such as 35% amino acid identity or 

more or even essentially 100% amino acid identity with the CDR sequences of at ieast one of the 

immunoglobulin single variable domains with SEQ ID NOs: 1 and 2; or 

• it is selected from any of SEQ ID NOs: 1 and 2. 

In another aspect, the present invention relates to an immunoglobulin that belongs to epitope bin 

3 and that has one or more of the following features: 

• it cross-blocks the binding to PcrV of at least one of the immunoglobulin single variable domain 

with SEQ ID NOs: 11 and 12; 

• it is cross-blocked from binding to PcrV by at least one of the immunoglobulin single variable 

domains with SEQ ID NOs: 11 and 12; 

• it binds to full length PcrV {SEQ ID NO: 159), while it shows reduced (30-90% as compared to full 

length PcrV) or no (below 30% as compared to full length PcrV) binding to chimera 2 {SEQ ID NO: 

200); 

• it consists of 4 framework regions (FR1 to FR4, respectively) and 3 complementarity determining 

regions (CDRl to CDR3, respectively), in which: 

CDRl is chosen from the group consisting of: 

a) the amino acid sequences of SEQ ID NOs: 29-30; 

b) amino acid sequences that have at least 80% amino acid identity with at least one of the amino 

acid sequences of SEQ ID NQs; 29-30; 

c) amino acid sequences that have 3, 2, or 1 amino acid difference with at least one of the amino 

acid sequences of SEQ ID NOs: 29-30; 

and 

CDRl is chosen from the group consisting of: 

d) the amino acid sequences of SEQ ID NOs: 48-49; 

e) amino acid sequences that have at least 80% amino acid identity with at least one of the amino 

acid sequences of SEQ ID NOs: 48-49; 
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f) amino acid sequences that have 3, 2, or 1 amino acid difference with at least one of the amino 

acid sequences of SEQ ID NOs: 48-49; 

and 

CDR3 is chosen from the group consisting of: 

5 g) the amino acid sequences of SEQ ID NOs: 67-68; 

h) amino acid sequences that have at least 80% amino acid identity with at least one of the amino 

acid sequences of SEQ ID NOs: 67-68; 

i) amino acid sequences that have 3, 2, or 1 amino acid difference with at least one of the amino 

acid sequences of SEQ ID NOs: 67-68; 

to • its CDR sequences have at least 70% amino acid identity, preferably at least 80% amino acid 

identity, more preferably at ieast 90% amino acid identity, such as 95% amino acid identity or 

more or even essentially 100% amino acid identity with the CDR sequences of at least one of the 

immunoglobulin single variable domains with SEQ ID NOs: 11 and 12; 

• it is selected from any of SEQ ID NOs: 11 and 12. 

15 The monovalent polypeptides of the invention may essentially consist of an immunoglobulin single 

variable domain selected from a light chain variable domain sequence {e.g., a VL-sequence) and from a 

heavy chain variable domain sequence (e.g., a VH-sequence). The monovalent polypeptides of the 

invention may essentially consists of an immunoglobulin single variable domain selected from a heavy 

chain variable domain sequence that is derived from a conventional four-chain antibody and from a 

20 heavy chain variable domain sequence that is derived from heavy chain antibody. The monovalent 

polypeptides of the invention may essentially consists of an immunoglobulin single variable domain 

selected from a domain antibody (or an amino acid that is suitable for use as a domain antibody}, a single 

domain antibody (or an amino acid that is suitable for use as a single domain antibody), a "dAb" {or an 

amino acid that is suitable for use as a dAb) or a Nanobody (including but not limited to a VHH). In a 

.25 preferred aspect, the monovalent polypeptide of the invention essentially consists of a partially or fully 

humanized Nanobody, such as a partially or fully humanized VHH. 

As described above, the invention also relates to the use of a monovalent polypeptide as described 

herein in preparing a multivalent, preferably multiparatopic polypeptide of the invention. Accordingly, 

the present invention relates to the use of a monovalent polypeptide of the invention as a binding 

30 domain or binding unit in preparing a multivalent polypeptide of the invention. 

The invention further relates to a polypeptides (also referred to herein as a "polypeptide^} of the 

invention") that comprises or essentially consists of one or more monovalent polypeptide or one or more 
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multivalent, preferably multiparatopic, polypeptide of the invention, and optionally further comprises 

one or more other groups, residues, moieties or binding units, optionally linked via one or more peptidic 

tinkers. As will become clear to the skilled person from the further disclosure herein, such further groups, 

residues, moieties, binding units or amino acid sequences may or may not provide further functionality 

s to the monovalent or multivalent, preferably multiparatopic, polypeptide of the invention and may or 

may not modify the properties of the monovalent or multivalent polypeptide of the invention. 

The "invention also relates to nucleic acids or nucleotide sequences that encode a polypeptide of 

the invention. Such a nucleic acid will also be referred to herein as "nucleic acid(s) of the invention" and 

may for example be in the form of a genetic construct, as further described herein. Accordingly, the 

10 present invention also relates to a nucleic acid or nucleotide sequence that is in the form of a genetic 

construct. 

Nucleic acids encoding a monovalent polypeptide of the invention can be linked to obtain a nucleic 

acid encoding a multivalent, preferably multiparatopic, polypeptide of the invention. Accordingly, the 

present invention also relates to the use of a nucleic acid or nucleotide sequence that encodes a 

15 monovalent polypeptide of the invention for the preparation of a genetic construct that encodes a 

multivalent, preferably multiparatopic, polypeptide of the invention. 

The invention further relates to a host or host cell that expresses (or that under suitable 

circumstances is capable of expressing) a polypeptide of the invention; and/or that contains a nucleic 

acid of the invention. Some preferred but non-limiting examples of such hosts or host cells will become 

20 clear from the further description herein. 

The invention further relates to a composition containing or comprising at least one polypeptide of 

the invention and/or at least one nucleic acid of the invention, and optionally one or more further 

components of such compositions known per se, i.e. depending on the intended use of the composition. 

Such a composition may for example be a pharmaceutical composition {as described herein) or a 

25 veterinary composition. Some preferred but non-limiting examples of such compositions will become 

clear from the further description herein. 

The invention further relates to methods for preparing polypeptides, nucleic acids, host cells, and 

compositions described herein. 

The invention further relates to applications and uses of the polypeptides, nucleic acids, host cells, 

30 and compositions described herein, as well as to methods for the prevention and/or treatment of P. 

aeruginosa infections. Some preferred but non-limiting applications and uses will become clear from the 

further description herein. 
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As such, polypeptides and compositions of the present invention can be used for the prevention 

and/or treatment of P. aeruginosa infections, Patient groups susceptible to P. aeruginosa infections will 

be clear to the skilled person and for example include (without being limiting) ventilator-associated 

pneumonia (VAP), burn victims, mechanical ventilated patients, Cystic Fibrosis (CF) patients, 

5 hematopoietic cell transplantation patients, bone marrow transplant patients, patients undergoing 

surgery, patients with chronic obstructive pulmonary disease (COPD), patients with bronchiectasis, 

patients with sepsis and patients with cancer-associated neutropenia. 

Accordingly, the present invention also relates to a method for the prevention and/or treatment of 

P, aeruginosa infections in least one of ventilator-associated pneumonia (VAP), burn victims, mechanical 

10 ventilated patients, Cystic Fibrosis (CF) patients, hematopoietic cell transplantation patients, bone 

marrow transplant patients, surgery, chronic obstructive pulmonary disease (COPD), bronchiectasis, 

sepsis, cancer-associated neutropenia, said method comprising administering, to a subject in need 

thereof, 3 pharmaceutically active amount of at least one polypeptide of the invention or composition of 

the invention, 

15 The invention also relates to the use of a polypeptide of the invention in the preparation of a 

pharmaceutical composition for the prevention and/or treatment of P. aeruginosa infections in. least one 

of ventilator-associated pneumonia (VAP), burn victims, mechanical ventilated patients, Cystic Fibrosis 

(CF) patients, hematopoietic celt transplantation patients, bone marrow transplant patients, surgery, 

chronic obstructive pulmonary disease (COPD), bronchiectasis, sepsis, cancer-associated neutropenia; 

20 and/or for use in one or more of the methods described herein. 

The invention also relates to a polypeptide of the invention or a composition of the invention for 

prevention and/or treatment of P. aeruginosa infections in least one of ventilator-associated pneumonia 

(VAP), burn victims, mechanical ventilated patients, Cystic Fibrosis (CF) patients, hematopoietic cell 

transplantation patients, bone marrow transplant patients, surgery, chronic obstructive pulmonary 

25 disease (COPD), bronchiectasis, sepsis, cancer-associated neutropenia. 

Other applications and uses of the polypeptides and compositions of the invention will become 

clear to the skilled person from the further disclosure herein, 

FIGURE LEGENDS 

30 Figures 1A-1D: Analysis of monovalent anti-PcrV Nanobodies in cytotoxicity assay with P3X63 cells 

as target as described in Example 5, 
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Figures 2A-2B: Analysis of bivalent/biparatopic anti-PcrV Nanobodies in cytotoxicity assay with 

P3X63 cells as target as described in Example 7, 

Figure 3: Schematic representation of molecules used for epitope mapping. The PcrV-LcrV chimera 

' design was based on primary sequence and structural {particularly secondary structure} information, 

s Seven different chimeric molecules were designed by introducing seven fragments of LcrV (transparent 

bars) of length between 17 arid 47 amino acid residues in replacement of the structurally corresponding 

counterparts of PcrV (black bars). A PcrV fragment (amino acids 144-257) described by Frank et al. (The 

Journal of infectious diseases 186; 64-73, 2002 and US 6,827,935) was also generated. Numbers above 

and below the bars indicate PcrV or LcrV amino acid residue numbers, respectively. The amino acid 

10 sequence of the different constructs is given in Table A-7. 

Figures 4A-4B; Survival curves obtained in acute P. aeruginosa infection mouse model after 

inoculation with Nanobodies 333, 360 and 376. 7 to S C57BI/8 mice per group were intranasally 

challenged with a premix of either Nanobody, Fab 13.37 or buffer alone premixed with Pseudomonas 

aeruginosa. The mice were monitored for survival during 96 hours or 125 hours, 

15 figures 5A-5C: Lung inflammation parameters and bacterial burden. 3 to 5 C57BI/6 mice per group 

were intranasally challenged with a premix of either Nanobody, Fab 13.37 or buffer alone premixed with 

Pseudomonas aeruginosa. An additional group received Tobramycin at lOmg/kg i.p. to serve as positive 

control. All the mice were sacrificed at 24 hours post-infection, following which myeloperoxidase activity 

(A), bacterial burden (B) and percentage lung weights to total body weight (C) were assessed. Results are 

20 depicted as meaniSEM. Statistics were performed using a one-way AN OVA with a post-hoc Bonferroni's 

multiple comparison test. P-values <0.05 were considered statistically significant 

figure 6: Relative weight loss. 7 to 8 C57BI/6 mice per group were intranasally challenged with a 

premix of either Nanobody, Fab 13.37 or buffer alone premixed with Pseudomonas aeruginosa. The mice 

were monitored for 5 days and body weights were recorded daily at 1pm. Results are depicted as 

25 meaniSEM. 

Figure 7, DD500 values of the Nanobody samples before and after nebulisation. The polypeptides 

339, 360, 354 and 376 (in D-PBS with and without Tween80) were nebulized by the AKITA2* AP1XNEB 

nebulizer system (Activaeroi. The nebulisation experiment was performed in duplicate, 500 Hi of sample 

was nebulised continuously via a mesh nebulizer with a 4 um membrane. The aerosol was collected in a 

so 100 mL glass bottle and then analysed. 
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DETAILED DESCRIPTION 

Definitions 

Unless indicated or defined otherwise, ail terms used have their usual meaning in the art, which 

5 will be clear to the skilled person. Reference is for example made to the standard handbooks, such as 

Sambrook et al. (Molecular Cloning: A Laboratory Manual ( 2nd.Ed.) Vols. 1-3, Cold Spring Harbor 

Laboratory Press, 1989), F. Ausubel et al. (Current protocols in molecular biology, Green Publishing and 

Wiley Interscience, New York, 1987), Lewin (Genes II, John Wiley & Sons, New York, N.Y., 1985), Old et al. 

(Principles of Gene Manipulation: An Introduction to Genetic Engineering {2nd edition) University of 

10 California Press, Berkeley, CA, 1981); Roitt et al. (Immunology (6th. Ed.) Mosby/Elsevier, Edinburgh, 

2001), Roitt et al. (Roitt's Essential Immunology (10th Ed.) Btackwefl Publishing, UK, 2001), and Janeway et 

al. (Immunobiology (6th Ed.) Garland Science Publishing/Churchill Livingstone, New York, 2005), as well 

as to the general background art cited herein. 

Unless indicated otherwise, all methods, steps, techniques and manipulations that are not 

m specifically described in detail can be performed and have been performed in a manner known per se, as 

will be clear to the skilled person.. Reference is for example again made to the standard handbooks and 

the general background art mentioned herein and to the further references cited therein; as well as to 

for example the following reviews Presta (Adv. Drug Deliv. Rev. 58 (5-6); 640-56, 2006), Levin and Weiss 

(Mol. Biosyst. 2(1): 49-57, 2008), Irving et al. (J. Immunol. Methods 248(1-2): 31-45, 2001), Schmitz et al. 

20 (Placenta 21 Suppi. A: $106-12, 2000), Gonzales et al. (Tumour Biol. 26(1): 31-43, 2005), which describe 

techniques for protein engineering, such as affinity maturation and other techniques for improving the 

specificity and other desired properties of proteins such as immunoglobulins. 

The term "sequence" as used herein (for example in terms like "immunoglobulin sequence", 

"antibody sequence", "variable domain sequence", "VHH sequence" or "protein sequence"), should 

25 generally be understood to include both the relevant amino acid sequence as well as nucleic acids or 

nucleotide sequences encoding the same, unless the context requires a more limited interpretation. 

Amino acid residues will be indicated according to the standard three-letter or one-letter amino 

acid code. Reference is made to Table A-2 on page 48 of WO 08/020079. 

A nucleic acid or amino acid is considered to be "(in) (essentially) isolated (form)" - for example, 

30 compared to the reaction medium or cultivation medium from which it has been obtained - when it has 

been separated from at least one other component with which it is usually associated in said source or 

medium, such as another nucleic acid, another protein/polypeptide, another biological component or 
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macromolecule or at least one contaminant, impurity or minor component. In particular, a nucleic acid or 

amino acid is considered "(essentially) isolated" when it has been purified at least 2-fold, in particular at 

least 10-fold, more in particular at least 100-fold, and up to 1000-fold or more. A nucleic acid or amino 

acid that is "in (essentially) isolated form" is preferably essentially homogeneous, as determined using a 

s suitable technique, such as a suitable chromatograpnical technique, such as polyacrylamide get 

electrophoresis. 

When a nucleotide sequence or amino acid sequence is said to "comprise" another nucleotide 

sequence or amino acid sequence, respectively, or to "essentially consist of" another nucleotide 

sequence or amino acid sequence, this may mean that the latter nucleotide sequence or amino acid 

m sequence has been incorporated into the first mentioned nucleotide sequence or amino acid sequence, 

respectively, but more usually this generally means that the first mentioned nucleotide sequence or 

amino acid sequence comprises within its sequence a stretch of nucleotides or amino acid residues, 

respectively, that has the same nucleotide sequence or amino acid sequence, respectively, as the latter 

sequence, irrespective of how the first mentioned sequence has actually been generated or obtained 

15 (which may for example be by any suitable method described herein). By means of a non-limiting 

example, when a polypeptide of the invention is said to comprise an immunoglobulin single variable 

domain, this may mean that said immunoglobulin single variable domain sequence has been 

incorporated into the sequence of the polypeptide of the invention, but more usually this generally 

means that the polypeptide of the invention contains within its sequence the sequence of the 

20 immunoglobulin single variable domains irrespective of how said polypeptide of the invention has been 

generated or obtained. Also, when a nucleic acid or nucleotide sequence is said to comprise another 

nucleotide sequence, the first mentioned nucleic acid or nucleotide sequence is preferably such that, 

when it is expressed into an expression product (e.g. a polypeptide), the amino acid sequence encoded 

by the latter nucleotide sequence forms part of said expression product (in other words, that the latter 

25 nucleotide sequence is in the same reading frame as the first mentioned, larger nucleic acid or 

nucleotide sequence). 

By "essentially consist of" is meant that the immunoglobulin single variable domain used in the 

method of the invention either is exactly the same as the polypeptide of the invention or corresponds to 

the polypeptide of the invention which has a limited number of amino acid residues, such as 1-20 amino 

30 acid residues, for example 1-10 amino acid residues and preferably 1-6 amino acid residues, such as 1, 2, 

3, 4, 5 or 6 amino acid residues, added at the amino terminal end, at the carboxy terminal end, or at both 

the amino terminal end and the carboxy terminal end of the immunoglobulin single variable domain. 
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For the purposes of comparing two or more nucleotide sequences, the percentage of "sequence 

identity" between a first nucleotide sequence and a second nucleotide sequence may be calculated by 

dividing [the number of nucleotides in the first nucleotide sequence that are identical to the nucleotides 

at the corresponding positions in the second nucleotide sequence] by [the total nymber of nucleotides in 

5 the first nucleotide sequence] and multiplying by [100%], in which each deletion, insertion, substitution 

or addition of a nucleotide in the second nucleotide sequence - compared to the first nucleotide 

sequence - is considered as a difference at a single nucleotide (position). Alternatively, the degree of 

sequence identity between two or more nucleotide sequences may be calculated using a known 

computer algorithm for sequence alignment such as NCBI Blast v2,0, using standard settings. Some other 

10 techniques, computer algorithms and settings for determining the degree of sequence identity are for 

example described in WO 04/037999, EP 0967284, EP 1085089, WO 00/55318, WO 00/78972, WO 

98/49185 and GB 2357768. Usually, for the purpose of determining the percentage of "sequence 

identity" between two nucleotide sequences in accordance with the calculation method outlined 

hereinabove, the nucleotide sequence with the greatest number of nucleotides will be taken as the 

15 "first" nucleotide sequence, and the other nucleotide sequence will be taken as the "second" nucleotide 

sequence. 

For the purposes of comparing two or more amino acid sequences, the percentage of "sequence 

identity" between a first amino acid sequence and a second amino acid sequence (also referred to herein 

as "amino acid identity") may be calculated by dividing [the number of amino acid residues in the first 

20 amino acid sequence that are identical to the amino acid residues at the corresponding positions in the 

second amino acid sequence] by [the total number of amino acid residues in the first amino acid 

sequence] and multiplying by [100%], in which each deletion, insertion, substitution or addition of an 

amino acid residue in the second amino acid sequence - compared to the first amino acid sequence - is 

considered as a difference at a single amino acid residue (position), i.e., as an "amino acid difference" as 

25 defined herein. Alternatively, the degree of sequence identity between two amino acid sequences may 

be calculated using a known computer algorithm., such as those mentioned above for determining the 

degree of sequence identity for nucleotide sequences, again using standard settings. Usually, for the 

purpose of determining the percentage of "sequence identity" between two amino acid sequences in 

accordance with the calculation method outlined hereinabove, the amino acid sequence with the 

30 greatest number of amino acid residues will be taken as the "first" amino acid sequence, and the other 

amino acid sequence will be taken as the "second" amino acid sequence. 
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Also, in determining the degree of sequence identity between two amino acid sequences, the 

skilled person may take into account so-called "conservative" amino acid substitutions, which can 

generally be described as amino acid substitutions in which an amino acid residue is replaced with 

another amino acid residue of simitar chemical structure and which has little or essentially no influence 

5 on the function, activity or other biological properties of the polypeptide. Such conservative amino acid 

substitutions are well known in the art, for example from WO 04/037999, GB 335768, WO 98/49185, WO 

00/46383 and WO 01/09300; and (preferred) types and/or combinations of such substitutions may be 

selected on the basis of the pertinent teachings from WO 04/037999 as well as WO 98/49185 and from 

the further references cited therein, 

10 Such conservative substitutions preferably are substitutions in which one amino acid within the 

following groups (a) - (e) is substituted by another amino acid residue within the same group; (a) small 

aliphatic, nonpolar or slightly polar residues: Ala, Ser, Thr, Pro and Gly; (b) polar, negatively charged 

residues and their (uncharged) amides; Asp, Asn, Glu and Gin; (c) polar, positively charged residues: His, 

Arg and tys; (d) large aliphatic, nonpolar residues: Met, leu, He, Vat and Cys; and (e) aromatic residues: 

15 Phe. Tyr and Trp, Particularly preferred conservative substitutions are as follows: Ata into Gly or into Ser; 

Arg into Lys; Asn into Gin or into His; Asp into Giu; Cys into Ser; Gin into Asn; Glu into Asp; Gly into Ala or 

into Pro; His into Asn or into Gin; Ite into teu or into Val; Leu into lie or into Val; Lys into Arg, into Gin or 

into Glu; Met into Leu, into Tyr or into lie; Phe into Met, into teu or into Tyr; Ser into Thr; Thr into Ser; 

Trp into Tyr; Tyr into Trp; and/or Phe into Val, into He or into Leu. 

20 Any amino acid substitutions applied to the polypeptides described herein may also be based on 

the analysis of the frequencies of amino acid variations between homologous proteins of different 

species developed by Schulz et ai. {"Principles of Protein Structure", Springer-Verlag, 1978), on the 

analyses of structure forming potentials developed by thou and Fasman (Biochemistry 13: 211,1974; 

Adv. Enzymol., 47: 45-149,1973), and on the analysis of hydrophobicity patterns in proteins developed 

25 by Eisenberg et at. (Proc. Natl. Acad Sci. USA 81:140-144,1984), Kyte and Doolittle (i. Molec, Biol. 157: 

105-132, 1981), arid Goldman et al. (Ann. Rev. Biophys, Chem. 15: 321-353,1986), alt incorporated 

herein in their entirety by reference. Information on the primary, secondary and tertiary structure of 

Nanobodies is given in the description herein and in the general background art cited above. Also, for 

this purpose, the crystal structure of a VHH domain from a llama is for example given by Desmyter et al. 

30 (Nature Structural Biology, 3: 303,1996), Spinelil et al. (Natural Structural Biology, 3: 75.2-757,1996) and 

Decanniere et al. (Structure, 7 (4): 361,1999). Further information about some of the amino acid 
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residues that in conventional VH domains form the VH/VL interface and potential cameiizing substitutions 

on these positions cm be found in the prior art cited above. 

Amino acid sequences and nucleic acid sequences are said to be "exactly the same" if they have 

100% sequence identity {as defined herein} over their entire length. 

When comparing two amino acid sequences, the term "amino acid difference" refers to an 

insertion, deletion or substitution of a single amino acid residue on a position of the first sequence, 

compared to the second sequence; it being understood that two amino acid sequences can contain one, 

two or more such amino acid differences. More particularly, in the amino acid sequences and/or 

polypeptides of the present invention, the term "amino acid difference" refers to art insertion, deletion 

or substitution of a single amino acid residue on a position of the CDR sequence specified in c), f) or i), 

compared to the CDR sequence of respectively a), d) or g); it being understood that the CDR sequence of 

c), f) and i) can contain one., two or maxima! three such amino acid differences compared to the CDR 

sequence of respectively a), d) or g). 

The "amino acid difference" can be any one, two or maximal three substitutions, deletions or 

insertions, or any combination thereof, that either improve the properties of the polypeptide of the 

invention or that at ieast do not detract too much from the desired properties or from the balance or 

combination of desired properties of the polypeptide of the invention, in this respect, the resulting 

polypeptide of the invention should at ieast bind PcrV with the same, about the same, or a higher affinity 

compared to the polypeptide comprising the one or more CDR sequences without the one, two or 

maximal three substitutions, deletions or insertions, said affinity as measured by surface plasmon 

resonance. 

In this respect, the amino acid sequence according to c), f) and/or i) may be an amino acid 

sequence that is derived from an amino acid sequence according to a), d) and/or g) respectively by 

means of affinity maturation using one or more techniques of affinity maturation known per se. 

For example, and depending on the host organism used to express the polypeptide of the 

invention, such deletions and/or substitutions may be designed in such a way that one or more sites for 

post-translational modification (such as one or more glycosylation sites) are removed, as will be within 

the ability of the person skilled in the art. 

The terms "epitope" and "antigenic determinant", which can be used interchangeably, refer to the 

part of a macromolecule, such as a polypeptide or protein that is recognized by antigen-binding 

molecules, such as immunoglobulins, conventional antibodies, immunoglobulin single variable domains 

and/or polypeptides of the invention, and more particularly by the antigen-binding site of said 
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molecules. Epitopes define the minimum binding site for an immunoglobulin, arid thus represent the 

target of specificity of an immunoglobulin. 

The part of an antigen -binding molecule (such as an immunoglobulin, a conventional antibody., an 

immunoglobulin single variable domain and/or a polypeptide of the invention) that recognizes the 

5 epitope is called a "paratope", 

A polypeptide {such as an immunoglobulin, an antibody, an immunoglobulin, single variable 

domain, a polypeptide of the invention, or generally an antigen binding molecule or a fragment thereof) 

that can "bind to" or "specifically bind to", that "has affinity for" and/or that, "has specificity for" a 

certain epitope, antigen or protein (or for at least one part, fragment or epitope thereof) is said to be 

10 "against11 or "directed against" said epitope, antigen or protein or is a "binding" molecule with respect to 

such epitope, antigen or protein, or is said to be "anti"-epitope, "anti"-antigen or "anti"-protein {e.g., 

"anti"-PcrV). 

The term "specificity" has the meaning given to it in paragraph n) on pages 53-56 of WO 

08/020079; and as mentioned therein refers to the number of different types of antigens or antigenic 

is determinants to which a particular antigen-binding molecule or antigen-binding protein (such as an 

immunoglobulin single variable domain and/or a polypeptide of the invention) can bind. The specificity 

of an antigen-binding protein can be determined based on affinity and/or avidity, as described on pages 

53-56 of WO 03/020079 (incorporated herein by reference), which also describes some preferred 

techniques for measuring binding between an antigen-binding molecule {such as an iminunoglobulin 

20 single variable domain and/or polypeptide of the invention) and the pertinent antigen. Typically, antigen-

binding proteins {such as the immunoglobulin single variable domains and/or polypeptides of the 

invention) will bind to their antigen with a dissociation constant (K0) of 10~5 to 10"12 moles/liter or less, 

and preferably 10"' to 10"12 moles/liter or less and more preferably ID"8 to 10"12 moles/liter (i.e. with an 

association constant (KA) of 10s to 1012 liter/ moles or more, and preferably 107 to 10lz liter/moles or 

25 more and more preferably 10s to 101' liter/moles). Any KD value greater than 104 moi/liter (or any KA 

value lower than 104 M"1) liters/mo! is generally considered to indicate non-specific binding. Preferably, a 

monovalent polypeptide of the invention will bind to the desired antigen with an affinity less than 500 

nM, preferably less than .200 nM, more preferably less than 10 nM, such as e.g., between 10 and 5 nM or 

less. Specific binding of an antigen-binding protein to an antigen or antigenic determinant can be 

30 determined in any suitable manner known per se, including, for example, Scatchard analysis and/or 

competitive binding assays, such as radioimmunoassays (RIA), enzyme immunoassays {ElA) and sandwich 

competition assays, arid the different variants thereof known per se in the art; as well as the other 
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techniques mentioned herein. As will be clear to the skilled person, and as described on pages 53-56 of 

WO 08/020079, the dissociation constant may be the actual or apparent dissociation constant. Methods 

for determining the dissociation constant will be clear to the skilled person, and for example include the 

techniques mentioned on pages 53-56 of WO 08/020079. 

5 An immunoglobulin single variable domain arid/or polypeptide is said to be "specific for" a first 

target or antigen compared to a second target or antigen when it binds to the first antigen with an 

affinity (as described above, and suitably expressed as a K0 value, KA value, Koff rate and/or Kon rate) that 

is at least 10 times, such as at least 100 times, and preferably at least 1000 times, and up to 10000 times 

or more better than the affinity with which the immunoglobulin single variable domain and/or 

10 polypeptide binds to the second target or antigen. For example, the immunoglobulin single variable 

domain and/or polypeptide may bind to the first target or antigen with a KD value that is at least 10 times 

less, such as at ieast 100 times less, and preferably at least 1000 times less, such as 10000 times less or 

even less than that, than the K0 with which said immunoglobulin single variable domain and/or 

polypeptide binds to the second target or antigen. Preferably, when an immunoglobulin single variable 

15 domain and/or polypeptide Is "specific for" a first target or antigen compared to a second target or 

antigen, It is directed against (as defined herein) said first target or antigen, but not directed against said 

second target or antigen. 

The terms "(cross)-block", "(cross)-blocked", "(cross)-blocking", "competitive binding™, "(cross)-

compete". "(cross)-competing" and "(cross)-competition" are used interchangeably herein to mean the 

20 ability of an immunoglobulin, antibody, immunoglobulin single variable domain, polypeptide or other 

binding agent to interfere with the binding of other immunoglobulins, antibodies, immunoglobulin single 

variable domains, polypeptides or binding agents to a given target. The extent to which an 

immunoglobulin, antibody, immunoglobulin single variable domain, polypeptide or other binding agent is 

able to interfere with the binding of another to the target, and therefore whether it can be said to cross-

25 block according to the invention, can be determined using competition binding assays. One particularly 

suitable quantitative cross-blocking assay uses a Biacore instrument which can measure the extent of 

interactions using surface plasmon resonance technology. Another suitable quantitative cross-blocking 

assay uses an ELISA-based approach to measure competition between immunoglobulins, antibodies, 

immunoglobulin single variable domains, polypeptides or other binding agents in terms of their binding 

30 to the target. 

The following generally describes a suitable Biacore assay for determining whether an 

immunoglobulin, antibody, immunoglobulin single variable domain, polypeptide or other binding agent 
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cross-blocks or is capable of cross-blocking according to the invention. It will be appreciated that the 

assay can be used with any of the immunoglobulins, antibodies, immunoglobulin single variable domains, 

polypeptides or other binding agents described herein. The Biacore instrument (for example the Biacore 

3000) is operated in line with the manufacturer's recommendations. Thus in one cross-blocking assay, 

5 the target protein (e.g. PcrV) is coupled to a CMS Biacore chip using standard amine coupling chemistry 

to generate a surface that is coated with the target. Typically 200-800 resonance units of the target 

would be coupled to the chip (an amount that gives easily measurable levels of binding but that is readily 

saturable by the concentrations of test reagent being used). Two test binding agents {termed A* and B*} 

to be assessed for their ability to cross- block each other are mixed at a one to one molar ratio of binding 

w sites in a suitable buffer to create the test mixture. When calculating the concentrations on a binding site 

basis the molecular weight of a binding agent is assumed to be the total molecular weight of the binding 

agent divided by the number of target binding sites on that binding agent. The concentration of each 

binding agent in the test mix should be high enough to readily saturate the binding sites for that binding 

agent on the target molecules captured on the Biacore chip. The binding agents in the mixture are at the 

15 same molar concentration (on a binding basis) and that concentration would typicalty be between 1.00 

and 1.5 micromolar (on a binding site basis). Separate solutions containing A* alone and B* alone are 

also prepared. A* and B* in these solutions should be in the same buffer and at the same concentration 

as in the test mix. The test mixture is passed over the target-coated Biacore chip and the total amount of 

binding recorded. The chip is then treated in such a way as to remove the bound binding agents without 

20 damaging the chip-bound target. Typically this is done by treating the chip with 30 mM HC1 for 60 

seconds. The solution of A* alone is then passed over the target-coated surface and the amount of 

binding recorded. The chip is again treated to remove alt of the bound binding agents without damaging 

the chip-bound target. The solution of B* alone is then passed over the target-coated surface and the 

amount of binding recorded. The maximum theoretical binding of the mixture of A* and B* is next 

25 calculated, and is the sum of the binding of each binding agent when passed over the target surface 

alone. If the actual recorded binding of the mixture is less than this theoretical maximum then the two 

binding agents are said to cross-block each other. Thus, in general, a cross-blocking immunoglobulin, 

antibody, immunoglobulin single variable domain, polypeptide or other binding agent according to the 

invention is one which will bind to the target in the above Biacore cross-blocking assay such that during 

30 the assay and in the presence of a second immunoglobulin, antibody, immunoglobulin single variable 

domain, polypeptide or other binding agent the recorded binding is between 80% and 0,1% (e.g. 80% to 

4%) of the maximum theoretical binding, specifically between 75% and 0.1% (e.g. 75% to 4%) of the 
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maximum theoretical binding, and more specifically between 70% and 0.1% (e.g. 70% to 4%} of 

maximum theoretical binding {as Just defined above) of the two immunoglobulins, antibodies, 

immunoglobulin single variable domains, polypeptides or binding agents in combination. The Biacore 

assay described above is a primary assay used to determine if immunoglobulins, antibodies, 

immunoglobulin single variable domains, polypeptide or other binding agents cross-block each other 

according to the invention. On rare occasions particular immunoglobulins, antibodies, immunoglobulin 

single variable domains, polypeptides or other binding agents may not bind to a target coupled via amine 

chemistry to a CMS Biacore chip (this usually occurs when the relevant binding site on the target is 

masked or destroyed by the coupling to the chip). In such cases cross-blocking can be determined using a 

tagged version of the target, for example a N-terminal His-tagged version. In this particular format, an 

anti-His antibody would be coupled to the Biacore chip and then the His-tagged target would be passed 

over the surface of the chip and captured by the anti-His antibody. The cross blocking analysis would be 

carried out essentially as described above, except that after each chip regeneration cycle, new His-

tagged target would be loaded back onto the anti-His antibody coated surface. In addition to the 

example given using N-terminal His-tagged target, C-terminal His-tagged target could alternatively be 

used. Furthermore, various other tags and tag binding protein combinations that are known in the art 

could be used for such a cross-blocking analysts (e.g. HA tag with anti-HA antibodies; FLAG tag with anti-

FLAG antibodies; biotin tag with streptavldin). 

The following generally describes an ELISA assay for determining whether an immunoglobulin, 

antibody, immunoglobulin single variable domain, polypeptide or other binding agent directed against a 

target (e.g., PcrV} cross-blocks or is capable of cross-blocking as defined herein. It will be appreciated 

that the assay can be used with any of the immunoglobulins, antibodies, immunoglobulin single variable 

domains, polypeptides or other binding agents described herein. The general principal of the assay is to 

have an immunoglobulin, antibody, immunoglobulin single variable domain, polypeptide or binding 

agent that is directed against the target coated onto the wells of an ELISA plate. An excess amount of a 

second, potentially cross-blocking, anti-target immunoglobulin, antibody, immunoglobulin single variable 

domain, polypeptide or other binding agent is added in solution (i.e. not bound to the ELISA plate). A 

limited amount of the target is then added to the wells. The coated immunoglobulin, antibody, 

immunoglobulin single variable domain, polypeptide or other binding agent and the immunoglobulin, 

antibody, immunoglobulin single variable domain, polypeptide or other binding agent in solution 

compete for binding of the limited number of target molecules. The plate is washed to remove excess 

target that has not been bound by the coated immunoglobulin, antibody, immunoglobulin single variable 
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domain, polypeptide or other binding agent and to also remove the second, solution phase 

immunoglobulin, antibody, immunoglobulin single variable domain, polypeptide or other binding agent 

as well as any complexes formed between the second, solution phase immunoglobulin, antibody, 

immunoglobulin single variable domain, polypeptide or other binding agent and target. The amount of 

5 bound target is then measured using a reagent that is appropriate to detect the target. An 

immunoglobulin, antibody, immunoglobulin single variable domain, polypeptide or other binding agent 

in. solution that is able to cross-block the coated immunoglobulin, antibody, immunoglobulin single 

variable domain, polypeptide or other binding agent will be able to cause a decrease in the number of 

target molecules that the coated immunoglobulin, antibody, immunoglobulin single variable domain, 

10 polypeptide or other binding agent can bind relative to the number of target molecules that the coated 

immunoglobulin, antibody, immunoglobulin single variable domain, polypeptide or other binding agent 

can bind in the absence of the second, solution phase, immunoglobulin, antibody, immunoglobulin single 

variable domain, polypeptide or other binding agent. In the instance where the first immunoglobulin, 

antibody, immunoglobulin single variable domain, polypeptide or other binding agent, e.g., an Ab-X, is 

15 chosen to be the immobilized immunoglobulin, antibody, immunoglobulin single variable domain, 

polypeptide or other binding agent, it is coated onto the wells of the ELISA plate, after which the plates 

are blocked with a suitable blocking solution to minimize non-specific binding of reagents that are 

subsequently added. An excess amount of the second immunoglobulin, antibody, immunoglobulin single 

variable domain, polypeptide or other binding agent, i.e. Ab-Y, is then added to the ELISA plate such that 

20 the moles of Ab-Y target binding sites per well are at least 10 fold higher than the moles of Ab-X target 

binding sites that were used, per well, during the coating of the ELISA plate. Target is then added such 

that the moles of target added per well are at least 25-fold lower than the moles of Ab-X target binding 

sites that were used for coating each well. Following a suitable incubation period the ELISA plate is 

washed and a reagent for detecting the target is added to measure the amount of target specifically 

25 bound by the coated anti-target immunoglobulin, antibody, immunoglobulin single variable domain, 

polypeptide or other binding agent {in this case Ab-X). The background signal for the assay is defined as 

the signal obtained in wells with the coated immunoglobulin, antibody, immunoglobulin single variable 

domain, polypeptide or other binding agent (in this case Ab-X), second solution phase immunoglobulin 

single variable domain, polypeptide or other binding agent {in this case Ab-Y), target buffer only {i.e., 

30 without target) and target detection reagents. The positive control signal for the assay is defined as the 

signal obtained in wells with the coated immunoglobulin, antibody, immunoglobulin single variable 

domain, polypeptide or other binding agent (in this case Ab-X), second solution phase immunoglobulin, 



WO 2013/128031 
39 

PCT/EP2013/054262 

antibody, immunoglobulin single variable domain, polypeptide or other binding agent buffer only (i.e., 

without second solution phase immunoglobulin, antibody, immunoglobulin single variable domain, 

polypeptide or other binding agent), target and target detection reagents. The ELISA assay may be run in 

such a manner so as to have the positive control signal be at least 6 times the background signal. To 

5 avoid any artefacts (e.g. significantly different affinities between Ab-X and Ab-Y for the target) resulting 

from the choice of which immunoglobulin, antibody, immunoglobulin single variable domain, 

polypeptide or other binding agent to use as the coating immunoglobulin, antibody, immunoglobulin 

single variable domain, polypeptide or other binding agent and which to use as the second (competitor) 

immunoglobulin, antibody, immunoglobulin single variable domain, polypeptide or other binding agent,. 

10 the cross-blocking assay may to be run in two formats: 1) format 1 is where Ab-X is the immunoglobulin, 

antibody, immunoglobulin single variable domain, polypeptide or other binding agent that is coated onto 

the ELISA plate and Ab-Y is the competitor immunoglobulin, antibody, immunoglobulin single variable 

domain, polypeptide or other binding agent that is in solution and 2) format 2 is where Ab-Y is the 

immunoglobulin, antibody, immunoglobulin single variable domain, polypeptide or other binding agent 

w that is coated onto the ELISA plate and Ab-X is the competitor immunoglobulin, antibody, 

immunoglobulin single variable domain, polypeptide or other binding agent that is in solution. Ab-X and 

Ab-Y are defined as cross-blocking if, either in format 1 or in format 2, the solution phase anti-target 

immunoglobulin, antibody, immunoglobulin single variable domain, polypeptide or other binding agent is 

able to cause a reduction of between 60% and 100%, specifically between 70% and 100%, and more 

20 specifically between 80% and 100%, of the target detection signal [i.e., the amount of target bound by 

the coated immunoglobulin, antibody, immunoglobulin single variable domain, polypeptide or other 

binding agent) as compared to the target detection signal obtained in the absence of the solution phase 

anti- target immunoglobulin, antibody, immunoglobulin single variable domain, polypeptide or other 

binding agent (i.e., the positive control wells). 
25 Other methods for determining whether an immunoglobulin, antibody, immunoglobulin single 

variable domain, polypeptide or other binding agent directed against a target cross-blocks, is capable of 

cross-blocking, competitively binds or is cross-competitive as defined herein are described e.g. in Xiao-

Chi Jia et al. (Journal of Immunological Methods 288: 91-98, 2004), Miller et al. (journal of 

Immunological Methods 365:118-125, 2011) and/or the methods described herein (see e.g. Example 

30 5,4). 

"Epitope binning" refers to the use of competitive binding assays or cross-blocking assays to 

identify pairs of immunoglobulins, antibodies, immunoglobulin single variable domains, polypeptides, or 
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other binding agents that are, or are not, capable of binding the target {e.g., PcrV) simultaneously 

thereby identifying immunoglobulins, antibodies, immunoglobulin single variable domains, polypeptides 

or other binding agents that bind to the same, or overlapping epitopes on the target. 

An. "epitope bin" as used in the present specification therefore is a family of immunoglobulins, 

s antibodies, immunoglobulin single variable domains, polypeptides, or other binding agents having the 

same or overlapping binding specificity. As described above, the sorting of the immunoglobulins, 

antibodies, immunoglobulin single variable domains, polypeptides, or other binding agents into epitope 

bins is based on cross-competition (cross-blocking) of the immunoglobulins, antibodies, immunoglobulin 

single variable domains, polypeptides, or other binding agents for antigen binding. The cross-competition 

10 (cross-blocking) assay analyzes the simultaneous binding (pairing) of the immunoglobulins, antibodies, 

immunoglobulin single variable domains, polypeptides or other binding agents to the antigen and groups 

together immunoglobulins, antibodies, immunoglobulin single variable domains, polypeptides, or other 

binding agents with similar pairing profiles. Immunoglobulins, antibodies, immunoglobulin single variable 

domains, polypeptides or other binding agents with similar profiles {i.e. belonging to the same epitope 

15 bin) may bind to the same, closely related and/or overlapping epitopes. 

An amino acid sequence is said to be "cross-reactive" for two different antigens or antigenic 

determinants (such as e.g., serum albumin from two different species of mammal, such as e.g., human 

serum albumin and cyno serum albumin, such as e.g., PcrV from different strains of P. aeruginosa) if it is 

specific for (as defined herein) both these different antigens or antigenic determinants. 

20 The term "PcrV" as used herein refers to the needle protein PcrV present in the Type II! Secretion 

System (TTSS) of Pseudomonas aeruginosa (P. aeruginosa). 

The term "potency" of a polypeptide of the invention, as used herein, is a function of the amount 

of polypeptide of the invention required for its specific effect to occur. It is measured simply as the 

inverse of the 1C50 for that polypeptide. It refers to the capacity of said polypeptide of the invention to 

25 neutralize P. aeruginosa; such as to modulate, inhibit and/or prevent infectivity of P. aeruginosa, to 

modulate, inhibit and/or prevent colonization of the host by P. aeruginosa, to modulate, inhibit and/or 

prevent TTSS virulence mechanisms of P. aeruginosa, to modulate, inhibit and/or prevent injection by P. 

aeruginosa into the host cell of various exotoxins, to modulate, inhibit and/or prevent pore-mediated 

increases in host ceil membrane permeability induced by P. aeruginosa, to modulate, inhibit and/or 

30 prevent activation of broad cellular defence responses induced by P. aeruginosa arid/or to modulate, 

inhibit arid/or prevent triggering of tissue-damaging inflammation induced by P. aeruginosa. The potency 

may be measured by any suitable assay known in the art or described herein, such as e.g., art in vitro 
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cytotoxicity assay (e.g., as described by Frank et al,, The Journal of infectious diseases 186:. 64-73, 2002; 

Vance et al. infection and Immunity 73; 1706-1713, 2005; El Solh et al. Am. J. Respir. Crit. Care Med. 178: 

513-519, .2008; and/or the cytoxicity assays as described in the Example section) and/or in vivo assays 

(e.g., the acute mouse model described by Secher et al., Journal of Antimicrobial Chemotherapy 66; 

5 1100-1109,2011), 

In contrast, the "efficacy" of the polypeptide of the invention measures the maximum strength of 

the effect itself, at saturating polypeptide concentrations. Efficacy indicates the maximum response 

achievable from the polypeptide of the invention. It refers to the ability of a polypeptide to produce the 

desired (therapeutic) effect, 

10 The "half-life" of a polypeptide of the invention can generally be defined as described in paragraph 

o) on page 57 of WO 08/020079 and as mentioned therein refers to the time taken for the serum 

concentration of the polypeptide to be reduced by 50%, in vivo, for example due to degradation of the 

polypeptide and/or clearance or sequestration of the polypeptide by natural mechanisms. The in vivo 

half-life of a polypeptide of the invention can be determined in any manner known, per se, such as by 

15 pharmacokinetic analysis. Suitable techniques will be clear to the person skilled in the art, and may for 

example generally be .as described in paragraph o) on page 57 of WO 08/020079. As also mentioned in 

paragraph o) on page 57 of WO 08/020079,. the half-life can be expressed using parameters such as the 

tl/2-alpha, tl/2-beta and the area under the curve (AUG), Reference is for example made to the 

standard handbooks, such as Kenneth et al (Chemical Stability of Pharmaceuticals: A Handbook for 

20 Pharmacists, John Wiley & Sons Inc, 1986) and M Gibaldi and D Perron {"Pharmacokinetics", Marcel 

Dekker, 2nd Rev. Edition, 1982). The terms "increase in half-life" or "increased half-life" are also as 

defined in paragraph o) on page 57 of WO 08/020079 and in particular refer to an increase in the tl/2-

beta, either with or without an increase in the tl/2-alpha and/or the AUC or both. 

Unless indicated otherwise, the term "immunoglobulin" - whether used herein to refer to a heavy 

25 chain antibody or to a conventional 4-chain antibody - is used as a general term to include both the full-

size antibody, the individual chains thereof, as well as all parts, domains or fragments thereof (including 

but not limited to antigen-binding domains or fragments such as VHH domains or VH/Vt domains, 

respectively), 

The term "domain" (of a polypeptide or protein) as used herein refers to a folded protein structure 

30 which has the ability to retain its tertiary structure independently of the rest of the protein. Generally, 

domains are responsible for discrete functional properties of proteins, and in many cases may be added, 
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removed or transferred to other proteins without loss of function of the remainder of the protein and/or 

of the domain. 

The term "immunoglobulin domain" as used herein refers to a globular region of an antibody chain 

{such as e.g., a chain of a conventional 4-chain antibody or of a heavy chain antibody), or to a 

5 polypeptide that essentially consists of such a globular region. Immunoglobulin domains are 

characterized in that they retain the immunoglobulin fold characteristic of antibody molecules, which 

consists of a two-layer sandwich of about seven antiparallet beta-strands arranged in two beta-sheets, 

optionally stabilized by a conserved disulphide bond. 

The term "immunoglobulin variable domain" as used herein means an immunoglobulin domain 

10 essentially consisting of four "framework regions" which are referred to in the art and herein below as 

"framework region 1" or "FR1"; as "framework region 2" or "FR2"; as "framework region 3" or "FR3"; 

and as "framework region 4" or "FR4", respectively; which framework regions are interrupted by three 

"complementarity determining regions" or "CDRs", which are referred to in the art and herein below as 

"complementarity determining region 1" or "CDRl"; as "complementarity determining region 2" or 

15 "CDR2"; and as "complementarity determining region 3" or "CDR3", respectively. Thus, the general 

structure or sequence of an immunoglobulin variable domain can be indicated as follows: FR1 - CDRl -

FR2 - CPR.2 - FR3 - CDR3 - FR4. it is the immunoglobylin variable domain(s) that confer specificity to an 

antibody for the antigen by carrying the antigen-binding site. 

The term "immunoglobulin single variable domain", interchangeably used with "single variable 

20 domain", defines molecules wherein the antigen binding site is present on, and formed by, a single 

immunoglobulin domain. This sets immunoglobulin single variable domains apart from "conventional" 

immunoglobulins or their fragments, wherein two immunoglobulin domains, 'in particular two variable 

domains, interact to form an antigen binding site. Typically, in conventional immunoglobulins, a heavy 

chain variable domain (VH) and a light chain variable domain (VL) interact to form an antigen binding 

25 site. In this case, the complementarity determining regions (CDRs) of both VH and VL will contribute to 

the antigen binding site, i.e. a total of 6 CDRs will be involved in antigen binding site formation. 

In view of the above definition, the antigen-binding domain of a conventional 4-chain antibody 

{such as an IgG, IgM, IgA, IgP or IgE molecule; known in the art) or of a Fab fragment, a F(ab')2 fragment, 

an Fv fragment such as a disulphide linked Fv or a scFv fragment, or a dtabody (all known in the art} 

30 derived from such conventional 4-chain antibody, wouid normally not be regarded as an immunoglobulin 

single variable domain, as, in these cases, binding to the respective epitope of an antigen would normally 

not occur by one (single) immunoglobulin domain but by a pair of (associating) immunoglobulin domains 
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such as light arid heavy chain variable domains, i.e., by a VH-VL pair of immunoglobulin domains, which 

jointly bind to an epitope of the respective antigen. 

In contrast, immunoglobulin single variable domains are capable of specifically binding to an 

epitope of the antigen without pairing with an additional immunoglobulin variable domain. The binding 

5 site of an immunoglobulin single variable domain is formed by a single VH/VHH or VL domain. Hence, the 

antigen binding site of an immunoglobulin single variable domain is formed by no more than three CDRs. 

As such, the single variable domain may be a light chain variable domain sequence (e.g., a VL-

sequence) or a suitable fragment thereof; or a heavy chain variable domain sequence (e.g., a VH-

sequence or VHH sequence) or a suitable fragment thereof; as long as it is capable of forming a single 

w antigen binding unit (i.e., afunctional antigen binding unit that essentially consists of the single variable 

domain, such that the single antigen binding domain does not need to interact with another variable 

domain to form a functional antigen binding unit). 

In one embodiment of the invention, the immunoglobulin single variable domains are heavy chain 

variable domain sequences (e.g., a VH-sequence); more specifically, the immunoglobulin single variable 

15 domains can be heavy chain variable domain sequences that are derived from a conventional four-chain 

antibody or heavy chain variable domain sequences that are derived from a heavy chain antibody. 

for example, the immunoglobulin single variable domain may be a (single) domain antibody (or an 

amino acid that is suitable for use as a (single) domain antibody), a "dAb" or dAb (or an amino acid that is 

suitable for use as a dAb) or a Nanobody (as defined herein, and including but not limited to a VHH); 

20 other single variable domains, or any suitable fragment of any one thereof. 

In particular, the immunoglobulin single variable domain may be a Nanobody* (as defined herein) 

or a suitable fragment thereof, [Note: Nanobody®, Nanobodies* and Nanoclone* are registered 

trademarks of Ablynx N.V.j For a general description of Nanobodies, reference is made to the further 

description below, as well as to the prior art cited herein, such as e.g. described in WO 08/020079 (page 

25 16). 

"VHH domains", also known as V'HHs, VHH domains, VHH antibody fragments, and VHH antibodies, 

have originally been described as the antigen binding immunoglobulin (variable) domain of "heavy chain 

antibodies" (i.e., of "antibodies devoid of light chains"; Hamers-Casterman et at. Nature 363; 446-448, 

1993). The term "VHH domain" has been chosen in order to distinguish these variable domains from the 

30 heavy chain variable domains that are present in conventional 4-chain antibodies (which are referred to 

herein as "VH domains™ or "VH domains") and from the light chain variable domains that are present in 

conventional 4-chain antibodies (which are referred to herein as "VL domains" or "VL domains"). For a 
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further description of VHH's and Nanobodies, reference is made to the review article by Muyldermans 

(Reviews in Molecular Biotechnology 74: 277-302, 2001), as well as to the following patent applications, 

which are mentioned as general background art: WO 34/04678, WO 95/04079 and WO 96/34103 of the 

Vrije Universiteit Brussel; WO 94/25591, WO 99/37681, WO 00/40968, WO 00/43507, WO 00/65057, 

5 WO 01/40310, WO 01/44301, EP 1134231 and WO 02/48193 of Unilever; WO 97/49805, WO 01/21817, 

WO 03/035634, WO 03/054016 and WO 03/055527 of the Vlaams instituut voor Biotechnologie (VIB); 

WO 03/050531 of Aigonomics N.V. and Ablynx N.V.; WO 01/90190 by the National Research Council of 

Canada; WO 03/025020 (= EP 1433793) by the Institute of Antibodies; as well as WO 04/041887, WO 

04/041862, WO 04/041865, WO 04/041863, WO 04/062551, WO 05/044858, WO 06/40153, WO 

10 06/079372, WO 06/122786, WO 06/122787 and WO 06/122825, by Ablynx N.V, and the further 

published patent applications by Ablynx N.V. Reference is also made to the further prior art mentioned in 

these applications, and in particular to the list of references mentioned on pages 41-43 of the 

International application WO 06/040153, which list and references are incorporated herein by reference. 

As described in these references, Nanobodies (in particular VHH sequences and partially humanized 

15 Nanobodies) can in particular be characterized by the presence of one or more "Hallmark residues" in 

one or more of the framework sequences. A further description of the Nanobodies, including 

humanization and/or camelization of Nanobodies, as well as other modifications, parts or fragments, 

derivatives or "Nanobody fusions", multivalent constructs (including some non-limiting examples of 

linker sequences) and different modifications to increase the half-life of the Nanobodies and their 

20 preparations can be found e.g. in WO 08/101985 and WO 08/142164. For a further general description 

of Nanobodies, reference is made to the prior art cited herein, such as e.g., described in WO 08/020079 

(page 16). 

"Domain antibodies", also known as "Dab"s, "Domain Antibodies", and "dAbs" (the terms "Domain 

Antibodies" and "dAbs" being used as trademarks by the GlaxoSmithKline group of companies) have 

25 been described in e.g., EP 0368684, Ward et al. (Nature 341: 544-546,1989), Holt et ai. (Tends in 

Biotechnology 21: 484-490, 2003) and WO 03/002609 as well as for example WO 04/068820, WO 

06/030220, WO 06/003388 and other published patent applications of Domantis Ltd. Domain antibodies 

essentially correspond to the VH or VL domains of non-camelid mammalians, in particular human 4-chain 

antibodies. In order to bind an epitope as a single antigen binding domain, i.e., without being paired with 

30 a VL or VH domain, respectively, specific selection for such antigen binding properties is required, e.g. by 

using libraries of human single VH or VL domain sequences. Domain antibodies have, like VHHs, a 
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molecular weight of approximately 13 to approximately 18 kDa and, if derived from fully human 

sequences, do not require humanization for e.g. therapeutical use in humans. 

It should also be noted that, although less preferred in the context of the present invention 

because they are not of mammalian origin, single variable domains can be derived from certain species 

5 of shark (for example, the so-called "IgNAR domains", see for example WO 05/18629). 

Thus, in the meaning of the present invention, the term "immunoglobulin single variable domain" 

or "single variable domain" comprises polypeptides which are derived from a non-human source, 

preferably a camelid, preferably a camelid heavy chain antibody. They may be humanized, as previously 

described. Moreover, the term comprises polypeptides derived from non-camelid sources, e.g. mouse or 

10 human, which have been "camelized", as e.g., described in Davies and Riechmann (FEBS 339: 285-290, 

1994; Biotechnol. 13: 475-479,1995; Prot. Eng. 9: 531-537,1996) and Riechmann and Muyldermans (J. 

Immunol. Methods 231: 25-38, 1999). 

The amino acid residues of a VHH domain are numbered according to the general numbering for VH 

domains given by Kabat et al, ("Sequence of proteins of immunological interest", US Public Health 

15 Services, NIH Bethesda, MD, Publication No. 91), as applied to VHH domains from Cameiids, as shown 

e.g., in Figure 2 of Riechmann arid Muyldermans (J. Immunol. Methods 231: 25-38,1999). Alternative 

methods for numbering the amino acid residues of VH domains, which methods can also be applied in an 

analogous manner to VHH domains, are known in the art. However, in the present description, claims 

and figures, the numbering according to Kabat applied to VHH domains as described above will be 

20 followed, unless indicated otherwise. 

It should be noted that - as is well known in the art for VH domains and for VHH domains - the total 

number of amino acid residues in each of the CDRs may vary and may riot correspond to the total 

number of amino acid residues indicated by the Kabat numbering (that is, one or more positions 

according to the Kabat numbering may not be occupied in the actual sequence, or the actual sequence 

25 may contain more amino acid residues than the number allowed for by the Kabat numbering). This 

means that, generally, the numbering according to Kabat may or may not correspond to the actual 

numbering of the amino acid residues in the actual sequence. The total number of amino acid residues in 

a VH domain arid a VHH domain will usually be in the range of from 110 to 120, often between 112 and 

115. It should however be noted that smaller and longer sequences may also be suitable for the 

30 purposes described herein. 

Determination of CDR regions may also be done according to different methods. In the CDR 

determination according to Kabat, FR1 of a VHH comprises the amino acid residues at positions 1-30, 
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CDRl of a VHH comprises the amino acid residues at positions 31-35, FRl of a VHH comprises the amino 

acids at positions 36-49, CDR2 of a VHH comprises the amino acid residues at positions 50-65, FR3 of a 

VHH comprises the amino acid residues at positions 66-34, CDRS of a VHH comprises the amino acid 

residues at positions 95-102, and FR4 of a VHH comprises the amino acid residues at positions 103-113. 

5 In the present application, however, CDR sequences were determined according to Kontermarin 

arid Dubel (Eds,, Antibody Engineering, voi 2, Springer Verlag Heidelberg Berlin, Martin, Chapter 3, pp. 

33-51, 2010}, According to this method, FRl comprises the amino acid residues at positions 1-25, CDRl 

comprises the amino acid residues at positions 26-35, FR2 comprises the amino acids at positions 36-43, 

CDR2 comprises the amino acid residues at positions 50-58, FR3 comprises the amino acid residues at 

w positions 53-94, CDR3 comprises the amino acid residues at positions 95-102, arid FR4 comprises the 

amino acid residues at positions 103-113, 

Immunoglobulin single variable domains such as Domain antibodies and Nanobodies (including 

VHH domains) can be subjected to humanization. In particular, humanized immunoglobulin single 

variable domains, such as Nanobodies (including VHH domains) may be immunoglobulin single variable 

15 domains that are as generally defined for in the previous paragraphs, but in which at least one amino 

acid residue is present (and in particular, in at least one of the framework residues) that is and/or that 

corresponds to a humanizing substitution (as defined herein}. Potentially useful humanizing substitutions 

can be ascertained by comparing the sequence of the framework regions of a naturally occurring VHK 

sequence with the corresponding framework sequence of one or more closely related human VH 

20 sequences, after which one or more of the potentially useful humanizing substitutions (or combinations 

thereof) thus determined can be introduced into said VHH sequence (in any manner known per se, as 

further described herein) and the resulting humanized VHH sequences can be tested for affinity for the 

target, for stability, for ease and level of expression, and/or for other desired properties. In this way, by 

means of a limited degree of trial and error, other suitable humanizing substitutions (or suitable 

25 combinations thereof} can be determined by the skilled person based on the disclosure herein. Also, 

based on the foregoing, (the framework regions of) an immunoglobulin single variable domain, such as a 

Nanobody (including VHH domains) may be partially humanized or fully humanized. 

Immunoglobulin single variable domains such as Domain antibodies and Nanobodies (including 

VHH domains and humanized VHH domains), can also be subjected to affinity maturation by introducing 

30 one or more alterations in the amino acid sequence of one or more CDRs, which alterations result in an 

improved affinity of the resulting immunoglobulin single variable domain for its respective antigen, as 

compared to the respective parent molecule. Affinity-matured immunoglobulin single variable domain 
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molecules of the invention may be prepared by methods known in the art, for example, as described by 

Marks et al. {Biotechnology 10:779-783, 1992}, Barbas, et al. (Proc. Nat, Acad. Sci, USA 91: 3809-3813, 

1994}, Shier et at, {Gene 169:147-155,1995), Yelton et al. (Immunol. 155: 1994-2004,1995), Jackson et 

at. (J. Immunol 154: 3310-9, 1995), Hawkins et al. (J, Mol. Biol. 226: 889 898,1992), Johnson and 

5 Hawkins {Affinity maturation of antibodies using phage display, Oxford University Press, 1996). 

The process of designing/selecting and/or preparing a polypeptide, starting from an 

immunoglobulin single variable domain such as a Domain antibody or a Nanobody, is also referred to 

herein as "formatting™ said immunoglobulin single variable domain; and an immunoglobulin single 

variable domain that is made part of a polypeptide is said to be "formatted" or to be "in the format of 

10 said polypeptide. Examples of ways in which an immunoglobulin single variable domain can be formatted 

and examples of such formats will be clear to the skilled person based on the disclosure herein; and such 

formatted immunoglobulin single variable domain form a further aspect of the invention. 

for example, and without limitation, one or more immunoglobulin single variable domains may be 

used as a "binding unit", "binding domain" or "building block" (these terms are used interchangeable} for 

15 the preparation of a polypeptide, which may optionally contain one or more further immunoglobulin 

single variable domains that can serve as a binding unit (i.e., against the same or another epitope on PcrV 

and/or against one or more other antigens, proteins or targets than PcrV). 

Monovalent polypeptides comprise or essentially consist of only one binding unit {such as e.g., 

immunoglobulin single variable domains). Polypeptides that comprise two or more binding units (such as 

20 e.g., immunoglobulin single variable domains) will also be referred to herein as "multivalent" 

polypeptides, and the binding units/immunoglobuiin single variable domains present in such 

polypeptides will also be referred to herein as being in a "multivalent format". For example a "bivalent" 

polypeptide may comprise two immunoglobulin single variable domains, optionally linked via a linker 

sequence, whereas a "trivalent" polypeptide may comprises three immunoglobulin single variable 

26 domains, optionally linked via two linker sequences; etc.. 

In a multivalent polypeptide, the two or more immunoglobulin single variable domains may be the 

same or different, and may be directed against the same antigen or antigenic determinant (for example 

against the same part(s) or epitope(s) or against different parts or epitopes) or may alternatively be 

directed against different antigens or antigenic determinants; or any suitable combination thereof. 

30 Polypeptides that contain at least two binding units (such as e.g., immunoglobulin single variable 

domains) in which at least one binding unit is directed against a first antigen {i.e., PcrV) and at least one 

binding unit is directed against a second antigen (i.e., different from PcrV) will also be referred to as 
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"muttispedfic" polypeptides, and the binding units {such as e.g., immunoglobulin single variable 

domains) present in such polypeptides will also be referred to herein as being in a "mukispetWtt format". 

Thus, for example, a "bispecific" poiypeptide of the invention is a poiypeptide that comprises at least one 

immunogiobuiin single variable domain directed against a first antigen (i.e., PcrV) and at least one further 

5 immunoglobulin single variable domain directed against a second antigen {i.e., different from PcrV)., 

whereas a "trispecific" polypeptide of the invention is a polypeptide that comprises at feast one 

immunoglobulin single variable domain directed against a first antigen (i.e., PcrV), at feast one further 

immunoglobulin single variable domain directed against a second antigen {i.e., different from PcrV) and 

at ieast one further immunogiobuiin. single variable domain directed against a third antigen {I.e., 

w different from both PcrV arid the second antigen}; etc. 

"Multiparatopic polypeptides", such as e.g.," biparatopic polypeptides" or "triparatopic 

polypeptides", comprise or essentially consist of two or more binding units that each have a different 

paratope {as will be further described herein; see chapter on multivalent polypeptides of the invention). 

is Monovalent polypeptides of the invention 

The present invention provides stretches of amino acid residues (SEQ ID NOs: 20-37, SEQ ID NOs; 

38-56 and SEQ ID NOs; 57-75,• Table A-6) that are particularly suited for binding to PcrV. These stretches 

of amino acid m%Mms may be present in, and/or may be incorporated into, a polypeptide of the 

invention, in particular in such a way that they form (part of) the antigen binding site of the poiypeptide 

20 of the invention. These stretches of amino acid residues have been generated as CDR sequences of heavy 

chain antibodies or VHH sequences that were raised against PcrV. These stretches of amino acid residues 

are also referred to herein as "CDR sequence(s) of the invention" {i.e., as "CDRl sequence(s) of the 

invention", "CDR2 sequencers) of the invention" and "CDR'i sequencefs) of the invention", respectively). 

It should however be noted that the invention in its broadest sense is not limited to a specific 

25 structural role or function that these stretches of amino acid residues may have in a polypeptide of the 

invention, as long as these stretches of amino acid residues allow the polypeptide of the invention to 

bind to PcrV with 3 certain affinity and potency (as defined herein). Thus, generally, the invention in its 

broadest sense provides monovalent polypeptides {also referred to herein as "monovalent polypeptide^J 

of the invention") that are capable of binding to PcrV with a certain specified affinity, avidity, efficacy 

30 and/or potency and that comprises one or more CDR sequences as described herein and, in particular a 

suitable combination of two or more such CDR sequences, that are suitably linked to each other via one 

or more further amino acid sequences, such that the entire polypeptide forms a binding domain and/or 
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binding unit that is capable of binding to PcrV. It should however also be noted that the presence of only 

one such CDR sequence in a monovalent polypeptide of the invention may by itself already be sufficient 

to provide the monovalent polypeptide of the invention the capacity of binding to PcrV; reference is for 

example again made to the so-called "Expedite fragments" described in WO 03/050531, 

5 Thus, in a specific, but non-limiting aspect, the monovalent poiypeptide of the invention may 

comprise at least one stretch of amino acid residues that is chosen from the group consisting of: 

CDRl sequences: 

a) SEQ ID NOs: 20-37; 

b) stretches of amino acid sequences that have at least 80% amino acid identity with at least one of 

to the amino acid sequences of SEQ ID NOs: 20-37; 

c) stretches of amino acid sequences that have 3, 2, or 1 amino acid difference with at least one of the 

amino acid sequences of SEQ ID NOs: 20-37; 

and/or 

CDR2 sequences: 

15 d) SEQ ID NOs: 38-56; 

e) stretches of amino acid sequences that have at least 80% amino acid identity with at least one of 

the amino acid sequences of SEQ ID NQs: 38-56; 

f) stretches of amino acid sequences that have 3, 2, or 1 amino acid difference with at ieast one of the 

amino acid sequences of SEQ ID NOs: 38-56; 

20 and/or 

CDR3 sequences: 

g) SEQ ID NOs: 57-75; 

h) stretches of amino acid sequences that have at (east 80% amino acid identity with at least one of 

the amino acid sequences of SEQ ID NOs: 57-75; 

25 i) stretches of amino acid sequences that have 3, 2, or 1 amino acid difference with at least one of the 

amino acid sequences of SEQ ID NOs: 57-75, 

Monovalent polypeptides comprising one or more of the above specified stretches of amino acid 

residues show improved properties such as e.g., improved binding characteristics (suitably measured 

and/or expressed as a K0-value (actual or apparent), a KA-value {actual or apparent), a kon~rate and/or a 

30 k0ff~rate, or alternatively as an IC50 value, as further described herein), improved affinity and/or improved 

avidity for PcrV and/or improved efficacy and/or potency for neutralizing PcrV, 
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More in particular, the monovalent polypeptides of the invention comprising one or more of the 

above specified stretches of amino acid residues can bind to protein PcrV with an affinity {suitably 

measured and/or expressed as a KD-value (actual or apparent), a KA-value (actual or apparent), a kon-rate 

and/or a kofrrate, or alternatively as an IC50 value, as further described herein) preferably such that they: 

5 - bind to PcrV with a dissociation constant (KD) of 1000 nM to 1 nM or less, preferably 100 nM to 1 

nM or less, more preferably 15 nM to 1 nM or even 10 nM to 1 nM or less; 

and/or such that they: 

bind to PcrV with a k^-rate of between 10s M'V1 to about 107 M~V\ preferably between 10s M'V 
1 arid 107 M'V1, more preferably about 10" M'V1 or more; 

10 and/or such that they: 

bind to PcrV with a koff rate between 1Q~2 s"1 (ti/2=0.69 s) and 10"4 s1 (providing a near irreversible 

complex with a ti/2 of multiple days), preferably between 10~3 s"1 and ID"4 s"1, or lower. 

Some preferred 1CS0 values for binding of the monovalent polypeptides of the invention to PcrV will 

become clear from the further description and examples herein. 

15 Assays to determine the IC50 include binding in ELISA or, more preferably, cytotoxicity assays such 

as the TTSS-dependent cytotoxicity assay described by Frank et al. (The Journal of infectious diseases 

188: 64-73, 2002), Vance et al. (infection and Immunity 73:1706-1713,. 2005), El Solh et al, {Am, J. Respir. 

Crit, Care Med, 178: 513-513, 2008), modifications of these assays such as e.g. described in Example 4,4, 

or a cytotoxicity assay with human lung epithelial cells (A549 celts) as described in Example 7.2, and 

20 modifications thereof. 

For example, in a TTSS-dependent cytotoxicity assay with P3X63 cells as the target at an average 

MOI of 2.8, the monovalent polypeptides of the invention may have IC50 values between 1 nM and 10000 

nM, between 5 nM and 1000 nM, preferably between 5 nM and 500 nM, more preferably between 5 nM 

and 200 nM, such as between 5 nM and 50 nM or less. 

25 In such a TTSS-dependent cytotoxicity assay, the monovalent polypeptides of the invention may 

have an efficacy (% inhibition; see Example 4,4) of 50% or more, preferably 90% or more, such as 100%. 

In particular, a monovalent polypeptide of the invention may be a monovalent poiypeptide that 

comprises one antigen binding site, wherein said antigen binding site comprises at least one stretch of 

amino acid residues that is chosen from the group consisting of the CDRl sequences, CDR2 sequences 

30 and CDRS sequences as described above (or any suitable combination thereof). In a preferred aspect, 

however, the monovalent polypeptide of the invention comprises more than one, such as two or more 

stretches of amino acid residues chosen from the group consisting of the CDRl sequences of the 
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invention, the CDR2 sequences of the invention and/or the CDR3 sequences of the invention. Preferably, 

the monovalent polypeptide of the invention comprises three stretches of amino acid residues chosen 

from the group consisting of the CDRl sequences of the invention, the CDR2 sequences of the invention 

and the CDR3 sequences of the invention, respectively. The combinations of CDR s that are mentioned 

5 herein as being preferred for the monovalent polypeptides of the invention are listed in Table A-6. 

It should be noted that the invention is not limited as to the origin of the monovalent polypeptide 

of the invention (or of the nucleic acid of the invention used to express it), nor as to the way that the 

monovalent polypeptide or nucleic acid of the invention is (or has been) generated or obtained. Thus, 

the monovalent polypeptides of the invention may be naturally occurring monovalent polypeptides 

io (from any suitable species) or synthetic or semi-synthetic monovalent polypeptides. 

Furthermore, it will also be clear to the skilled person that it is possible to "graft" one or more of 

the CDR s mentioned above onto other "scaffolds", including but not limited to human scaffolds or non-

immunoglobulin scaffolds. Suitable scaffolds and techniques for such CDR grafting will be clear to the 

skilled person and are well known in the art, see for example US 7.180,370, WO 01/27150, EP 0605522, 

15 EP 0460167, US 7,054,297, Nicaise et al, (Protein Science 13:1882-1891, 2004), Ewert et al. (Methods 34: 

184-199, 2004), Kettleborough et al. (Protein Eng. 4: 773-783,1991), O'Brien and Jones (Methods Mol. 

Biol. 207: 81-100, 2003), Skerra (J. Mol. Recognit. 13:167-187, 2000) and Saerens et al (J, Mol, Biol. 352: 

597-607, 2005) and the further references cited therein. For example, techniques known per se for 

grafting mouse or rat CDR's onto human frameworks and scaffolds can be used in an analogous manner 

20 to provide chimeric proteins comprising one or more of the CDR sequences defined herein for the 

monovalent polypeptides of the invention and one or more human framework regions or sequences. 

Suitable scaffolds for presenting amino acid sequences will be clear to the skilled person, and for 

example comprise, without limitation, to binding scaffolds based on or derived from immunoglobulins 

(i.e. other than the immunoglobulin sequences already described herein), protein scaffolds derived from 

25 protein A domains (such as Affibodies™), tendamistat, fibronectin, lipocalin, CTLA-4, T-cell receptors, 

designed ankyrin repeats, avimers and PDZ domains (Binz et ai. Nat. Biotech., 23: 1257, 2005), and 

binding moieties based on DNA or RNA including but not limited to DNA or RNA aptamers (Ulrich et ai. 

Comb. Chem. High Throughput Screen 9: 619-32, 2006), 

In said monovalent polypeptides of the invention, the CDR's may be linked to further amino acid 

30 sequences and/or may be linked to each other via amino acid sequences, in which said amino acid 

sequences are preferably framework sequences or are amino acid sequences that act as framework 

sequences, or together form a scaffold for presenting the CDR's, 
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According to a preferred, but non-limiting embodiment, the monovalent polypeptides of the 

invention comprise at least three CDR sequences linked to at least two framework sequences, in which 

preferably at least one of the three CDR sequences is a CDR3 sequence, with the other two CDR 

sequences being CDRl or CDR2 sequences, and preferably being one CDRl sequence arid one CDR2 

5 sequence. According to one specifically preferred, but non-limiting embodiment, the monovalent 

polypeptides of the invention have the structure FR1-CDR1-FR2-CDR2-FR3-CDR3-FR4, in which CDRl, 

CDR2 and CDR3 are as defined herein for the monovalent polypeptides of the invention, and FRl, FR2, 

FR3 and FR4 are framework, sequences. In such a monovalent polypeptide of the invention, the 

framework sequences may be any suitable framework sequences, and examples of suitable framework 

10 sequences will be clear to the skilled person, for example on the basis the standard handbooks and the 

further disclosure and prior art mentioned herein. 

Accordingly, the present invention also relates to a monovalent polypeptide against PcrV which 

essentially consists of 4 framework regions (FRl to FR4, respectively) and 3 complementarity 

determining regions (CDRl to CDRS, respectively), in which: 

15 - CDRl is chosen from the group consisting of: 

a} the amino acid sequences of SEQ ID NOs: 20-37; 

b) amino acid sequences that have at ieast 80% amino acid identity with at ieast one of the amino acid 

sequences of SEQ ID NOs: 20-37; 

c) amino acid sequences that have 3, 2, or 1 amino acid difference with at least one of the amino acid 

20 sequences of SEQ ID NOs: 20-37; 

and/or 

CDR2 is chosen from the group consisting of: 

dj the amino acid sequences of SEQ ID NOs: 38-58; 

e) amino acid sequences that have at least 80% amino acid identity with at least one of the amino acid 

25 sequences of SEQ ID NOs: 38-56; 

fj amino acid sequences that have 3, 2, or 1 amino acid difference with at least one of the amino acid 

sequences of SEQ, ID NOs: 38-56; 

and/or 

CDR3 is chosen from the group consisting of: 

30 g) the amino acid sequences of SEQ ID NOs: 57-75; 

h) amino acid sequences that have at least 80% amino acid identity with at least one of the amino acid 

sequences of SEQ ID NOs: 57.75; 
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i) amino acid sequences that have 3, 2, or 1 amino acid difference with at least one of the amino acid 

sequences of SEQ ID NOs: 57-75, 

In particular, according to this preferred but non-limiting aspect, the invention relates to a 

monovalent polypeptide against PcrV, which consists of 4 framework regions (FRl to FR4 respectively) 

5 and 3 complementarity determining regions (CDRl to CDRS respectively), in which: 

CDRl is chosen from the group consisting of: 

a) the amino acid sequences of SEQ ID NOs: 20-37; 

b) amino acid sequences that have at least 80% amino acid identity with at least one of the amino acid 

sequences of SEQ ID NOs: 20-37; 

10 c) amino acid sequences that have 3, 2, or 1 amino acid difference with at least one of the amino acid 

sequences of SEQ ID NOs: 20-37; 

and 

CDR2 is chosen from the group consisting of: 

d) the amino acid sequences of SEQ ID NOs: 38-56; 

15 e) amino acid sequences that have at least 80% amino acid identity with at least one of the amino acid 

sequences of SEQ ID NOs: 38-56; 

f) amino acid sequences that have 3, 2, or 1 amino acid difference with at least one of the amino acid 

sequences of SEQ ID NOs: 38-56; 

and 

20 - CDR3 is chosen from the group consisting of; 

g) the amino acid sequences of SEQ ID NOs: 57-75; 

h) amino acid sequences that have at least 80% amino acid identity with at ieast one of the amino acid 

sequences of SEQ ID NOs: 57-75; 

i) amino acid sequences that have 3, 2, or 1 amino acid difference with at ieast one of the amino acid 

25 sequences of SEQ ID NOs: 57-75, 

The invention also relates to a monovalent polypeptide in which the CDR sequences have at least 

70% amino acid identity, preferably at least 80% amino acid identity, more preferably at ieast 90% amino 

acid identity, such as 95% amino acid identity or more or even (essentially) 100% amino acid identity 

with the CDR sequences of at least one of the amino acid sequences of SEQ ID NOs: 1-19, 

30 In one specific, but non-limiting aspect, the monovalent polypeptide of the invention may be a 

monovalent polypeptide that comprises an immunoglobulin fold or a monovalent polypeptide that, 

under suitable conditions (such as physiological conditions) is capable of forming an immunoglobulin fold 
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(i.e., by folding). Reference is inter alia made to the review by Hatabv et al. (J. Protein Eng. 12: 563-71, 

1999), Preferably, when properly folded so as to form an immunoglobulin fold, the stretches of amino 

acid residues may be capable of properly forming the antigen binding site for binding PcrV. 

Accordingly, the framework sequences are preferably {a suitable combination of) immunogiobuiin 

5 framework sequences or framework sequences that have been derived from immunoglobulin framework 

sequences (for example, by sequence optimization such as humanization or camelization). for example, 

the framework sequences may be framework sequences derived from an immunoglobulin, single variable 

domain such as a light chain variable domain (e.g., a VL-sequence) and/or from a heavy chain variable 

domain {e.g., a VH-sequence). In one particularly preferred aspect, the framework sequences are either 

10 framework sequences that have been derived from a VKH-sequence (in which said framework sequences 

may optionally have been partially or fully humanized) or are conventional VH sequences that have been 

cameiszed (as defined herein). 

The framework sequences may preferably be such that the monovalent polypeptide of the 

invention is an immunoglobulin single variable domain such as a Domain antibody (or an amino acid 

15 sequence that is suitable for use as a domain antibody); is a single domain antibody (or an amino acid 

that is suitable for use as a single domain antibody); is a "dAb" (or an amino acid that is suitable for use 

as a dAb); or is a Nanobody* (including but not limited to VHH). Again, suitable framework sequences will 

be clear to the skilled person, for example on the basis the standard handbooks and the further 

disclosure and prior art mentioned herein. 

20 In particular, the framework sequences present in the monovalent polypeptides of the invention 

may contain one or more of Hallmark residues (as defined in WO 08/020079 (Tables A-3 to A-8}), such 

that the monovalent polypeptide of the invention is a Nanobody. Some preferred, but non-limiting 

examples of (suitable combinations of} such framework sequences will become clear from the further 

disclosure herein (see e.g.. Table A-6), Generally, Nanobodies {in particular VHH sequences and partially 

.25 humanized Nanobodies) can in particular be characterized by the presence of one or more "Hallmark 

residues" in one or more of the framework sequences (as e.g., further described in WO 08/020079, page 

61, line .24 to page 98, line 3). 

More in particular, a Nanobody can be an immunoglobulin single variable domain and/or 

polypeptide with the (general) structure 

30 

FRl - CDRl - FR2 - CDR2 - FR3 - CDR3 - FR4 
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in which FRl to FR4 refer to framework regions 1 to 4, respectively, arid in which CDRl to CDRS refer to 

the complementarity determining regions 1 to 3, respectively, and which: 

i) have at least 80% amino acid identity with at least one of the amino acid sequences of SEQ ID 

NOs: 1-19 (see Table A-4), in which for the purposes of determining the degree of amino acid 

identity, the amino acid residues that form the CDR sequences are disregarded. In this 

respect, reference is also made to Table A-6, which lists the framework 1 sequences (SEQ ID 

NOs: 76-80), framework 2 sequences (SEQ ID NOs: 81-93), framework 3 sequences (SEQ ID 

NOs: 94-112.) and framework 4 sequences (SEQ. ID NOs: 113-11.7) of the immunogiobuiin 

single variable domains of SEQ ID NOs: 1-19 (see Table A-4); or 

ii) combinations of framework sequences as depicted in Table A-6; 

and in which: 

iii) preferably one or more of the amino acid residues at positions 11, 37, 44, 45, 47, 83, 84,103, 

104 and 108 according to the Kabat numbering are chosen from the Hallmark residues 

mentioned in Table A-3 to Table A-8. of WO 08/020079, 

In a preferred aspect, the present invention provides an immunoglobulin single variable domain or 

monovalent polypeptide that is selected from any of SEQ ID NOs: 1-19. 

The present invention also provides monovalent polypeptides that belong to the same epitope bin 

as any one of the immunoglobulin single variable domains with SEQ ID NOs: 1-19. Accordingly, the 

present invention also relates to monovalent polypeptides directed against PcrV, that cross-blocks the 

binding to PcrV of at least one of the immunoglobulin single variable domains with SEQ ID NOs: 1-19 

and/or that are cross-blocked from binding to PcrV by at least one of the immunoglobulin single variable 

domains with SEQ ID NOs: 1-19, 

Again, such monovalent polypeptides may be an immunoglobulin single variable domain derived in 

any suitable manner and from any suitable source, and may for example be naturally occurring VHB 

sequences {i.e., from a suitable species of Camelid) or synthetic or semi-synthetic amino acid sequences, 

including but not limited to "humanized" (as defined herein) Nanobodies or VHH sequences, "camelized" 

(as defined herein} immunogiobuiin sequences (and in particular camelized heavy chain variable domain 

sequences), as well as Nanobodies that have been obtained by techniques such as affinity maturation 

(for example, starting from synthetic, random or naturally occurring immunoglobulin sequences), CDR 

grafting, veneering, combining fragments derived from different immunoglobulin sequences, PCR 

assembly using overlapping primers, and similar techniques for engineering immunoglobulin sequences 

well known to the skilled person; or any suitable combination of any of the foregoing as further 
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described herein. Also, when an immunoglobulin single variable domain comprises a VHH sequence, said 

immunoglobulin single variable domain may be suitably humanized, as further described herein, so as to 

provide one or more further (partially or fully) humanized immunogiobuiin single variable domains of the 

invention. Similarly, when an immunoglobulin single variable domain comprises a synthetic or semi­

synthetic sequence (such as a partially humanized sequence}, said immunoglobulin single variable 

domain may optionally be further suitably humanized, again as described herein, again so as to provide 

one or more further (partially or fully) humanized immunoglobylin single variable domains of the 

invention.. 

These monovalent polypeptides of the invention, and in particular the immunoglobulin single 

variable domains comprising the CDR sequences of the invention are particularly suited for use as 

building block or binding unit for the preparation of multivalent polypeptides. 

Accordingly, the monovalent, polypeptides of the invention that bind PcrV can be in essentially 

isolated form (as defined herein), or they may form part of a protein or polypeptide, which may comprise 

or essentially consist of one or more monovalent polypeptides that bind PcrV and which may optionally 

further comprise one or more further amino acid sequences (all optionally linked via one or more 

suitable linkers). The present invention also relates to a protein or polypeptide that comprises, or 

essentially consists of one or more monovalent polypeptides of the invention (or suitable fragments 

thereof). 

The one or more monovalent polypeptides of the invention are thus used as a binding unit or 

building block in such a protein or polypeptide, so as to provide a monovalent, multivalent or 

multiparatopic polypeptide of the invention, respectively, all as described herein. The present invention 

thus also relates to a polypeptide which is a monovalent construct comprising or essentially consisting of 

one monovalent polypeptide of the invention. The present invention thus also relates to a polypeptide 

which is a multivalent polypeptide, such as e.g., a bivalent or trivalent polypeptide comprising or 

essentially consisting of two or more monovalent polypeptides of the invention (for multivalent and 

multispecific polypeptides containing one or more VHH domains and their preparation, reference is also 

made to Conrath et al., J. Biol. Chem. 276: 7346-7350', 2001, as well as to for example WO 96/34103, WO 

93/23221 and WO 2010/115998). 

immunogiobuiin $ belonging to prefp rred epitope bins 

The present inventors furthermore found that immunoglobulins belonging to certain epitope bins 

are particularly suited for binding to PcrV, neutralization of P. aeruginosa and/or as a binding unit for the 
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preparation of the multiparatopic, such as e.g., biparatopic or triparatopic, polypeptides of the invention. 

Preferred immunoglobulins include immunoglobulins (such as heavy chain antibodies, conventional 4-

chain antibodies (such as IgG. IgM, IgA, IgD or IgE molecules), Fab fragments, F(ab')2 fragments, fv 

fragments such as disulphide linked Fv or scFv fragments, or diabodies derived from such conventional 4-

5 chain antibody, the individual chains thereof, as well as all parts, domains or fragments thereof (including 

but riot limited to antigen-binding domains or fragments such as immunoglobulin single variable 

domains), monovalent polypeptides of the invention,, or other binding agents) that belong to epitope 

bins 1, 2 or 3 (as further defined). 

Accordingly, In a first aspect, the present invention relates to an immunoglobulin that belongs to 

10 epitope bin 1. Epitope binl encompasses a family of Immunoglobulins (including monovalent 

polypeptides of the invention) that have the same or overlapping binding specificity, based on cross-

competition (cross-blocking) of the immunoglobulins. More particularly, immunoglobulins belonging to 

epitope bin 1 cross-block the binding to PcrV of at least one of the immunoglobulin single variable 

domains with SEQ ID NOs: 3-10 and/or are cross-blocked from binding to PcrV by at least one of the 

15 immunoglobulin single variable domains with SEQ ID NOs; 3-10, 

The immunoglobulins belonging to epitope bin 1 are expected to bind to the same, closely related 

and/or overlapping epitopes. More particularly, the immunoglobulins belonging to epitope bin 1 bind full 

length PcrV (SEQ ID NO: 159) while showing reduced (30-30% as compared to full length PcrV) or no 

(lower than 30% as compared to full length PcrV) binding to chimera 4 (SEQ ID NO: 202) and chimera 6 

20 (SEQ ID NO: 204). 

Preferred immunoglobulins belonging to epitope bin 1 include monovalent polypeptides of the 

invention (as defined above) in which: 

CDRl is chosen from the group consisting of: 

a) the amino acid sequences of SEQ ID NQs: 22-28; 

25 b) amino acid sequences that have at least 80% amino acid identity with at least one of the amino acid 

sequences of SEQ ID NQs: 22-28; 

c) amino acid sequences that have 3, 2, or 1 amino acid difference with at least one of the amino acid 

sequences of SEQ ID NOs: 22-28; 

and/or 

30 - CDR2 is chosen from the group consisting of: 

d) the amino acid sequences of SEQ ID NOs: 40-47; 
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e) amino acid sequences that have at least 80% amino acid identity with at least one of the amino acid 

sequences of SEQ ID NOs: 40-47; 

f) amino acid sequences that have 3, 2, or 1 amino acid difference with at least one of the amino acid 

sequences of SEQ ID NOs: 40-47; 

5 and/or 

CDRS is chosen from the group consisting of: 

g) the amino acid sequences of SEQ ID NOs: 59-66; 

h) amino acid sequences that have at least 80% amino acid identity with at ieast one of the amino acid 

sequences of SEQ ID NOs: 59-66; 

10 i) amino acid sequences that have 3, 2, or 1 amino acid difference with at least one of the amino acid 

sequences of SEQ ID NOs: 59-66. 

More particularly, monovalent polypeptides in which: 

CDRl is chosen from the group consisting of: 

a) the amino acid sequences of SEQ ID NOs: 22-2E; 

15 b) amino acid sequences that have at least 80% amino acid identity with at least one of the amino acid 

sequences of SEQ ID NOs: 22-28; 

c) amino acid sequences that have 3, 2, or 1 amino acid difference with at least one of the amino acid 

sequences of SEO ID NOs: 22-28; 

and 

20 - CDR2 is chosen from the group consisting of: 

d) the amino acid sequences of SEQ ID NQs: 40-47; 

e) amino acid sequences that have at least 80% amino acid identity with at least one of the amino acid 

sequences of SEQ ID NOs; 40-47; 

f) amino acid sequences that have 3, 2, or 1 amino acid difference with at ieast one of the amino acid 

25 sequences of SEQ ID NQs; 40-47; 

and 

CDR3 is chosen from the group consisting of: 

g) the amino acid sequences of SEQ ID NOs: 59-68; 

hj amino acid sequences that have at least 80% amino acid identity with at least one of the amino acid 

30 sequences of SEQ ID NOs: 59-66; 

i) amino acid sequences that have 3, 2, or 1 amino acid difference with at least one of the amino acid 

sequences of SEQ, ID NOs; 59-66, 
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More particularly, the present invention relates to monovalent polypeptides of the invention that 

belong to epitope bin 1, in which the CDR sequences of said monovalent polypeptides have at least 70% 

amino acid identity, preferably at least 80% amino acid identity, more preferably at least 30% amino acid 

identity, such as 35% amino acid identity or more, or even {essentially) 100% amino acid identity with the 

5 CDR sequences of at least one of the immunoglobulin single variable domains with SEQ ID NOs: 3-10, 

Preferred monovalent polypeptides of the invention belonging to epitope bin 1 are selected from 

any of SEQ ID NOs: 3-10, 

In another aspect, the present invention relates to an immunoglobulin that belongs to epitope bin 

2, Epitope bin 2 encompasses a family of immunoglobulins that have the same or overlapping binding 

10 specificity, based on cross-competition (cross-blocking) of the immunoglobulins. More particularly, 

immunoglobulins belonging to epitope bin 2 cross-block the binding to PcrV of at least one of the 

immunoglobulin single variable domains with SEQ ID NOs: 1 and 2 and/or are cross-blocked from binding 

to PcrV by at least one of the immunoglobulin single variable domains with SEQ ID NOs: 1 and 2. 

The immunoglobulins belonging to epitope bin 2 are expected to bind to the same, closely related 

15 and/or overlapping epitopes. More particularly, the immunoglobulins belonging to epitope bin 2 bind to 

full length PcrV {SEQ ID NO: 159), while they show reduced (30-90% as compared to full length PcrV) or 

no (below 30% as compared to full length PcrV) binding to chimera 7 (SEQ ID NO: 205), 

Preferred immunoglobulins belonging to epitope bin 2 include monovalent polypeptides of the 

invention (as defined above) in which: 

20 - CDRl is chosen from the group consisting of: 

a) the amino acid sequences of SEQ ID NOs: 20-21; 

b) amino acid sequences that have at ieast 80% amino acid identity with at least one of the amino acid 

sequences of SEQ ID NQs: .20-21; 

c) amino acid sequences that have 3, 2, or 1 amino acid difference with at least one of the amino acid 

25 sequences of SEQ ID NOs: 20-21; 

and/or 

CDR2. is chosen from the group consisting of: 

d) the amino acid sequences of SEQ ID NQs: 38-39; 

e) amino acid sequences that have at least 80% amino acid identity with at least one of the amino acid 

30 sequences of SEQ ID NOs: 38-39; 

f) amino acid sequences that have 3, 2, or 1 amino acid difference with at least one of the amino acid 

sequences of SEQ ID NQs: 38-39; 
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and/or 

CDRS is chosen from the group consisting of: 

g) the amino acid sequences of SEQ ID NOs: 57-58; 

h) amino acid sequences that have at least 80% amino acid identity with at least one of the amino acid 

5 sequences of SEQ ID NOs; 57-58; 

i) amino acid sequences that have 3, 2, or 1 amino acid difference with at least one of the amino acid 

sequences of SEQ ID NOs: 57-58. 

More particularly, monovalent polypeptides in which: 

CDRl is chosen from the group consisting of; 

10 a) the amino acid sequences of SEQ iD NOs: 20-21; 

b) amino acid sequences that have at least 80% amino acid identity with at ieast one of the amino acid 

sequences of SEQ ID NOs: 20-21; 

c) amino acid sequences that have 3, 2, or 1 amino acid difference with at least one of the amino acid 

sequences of SEQ ID NQs: 20-21; 

15 and 

CDRl is chosen from the group consisting of; 

d) the amino acid sequences of SEQ ID NQs: 38-39; 

e) amino acid sequences that have at least 80% amino acid identity with at least one of the amino acid 

sequences of SEQ ID NQs: 38-39; 

20 fj amino acid sequences that have 3, 2, or 1 amino acid difference with at least one of the amino acid 

sequences of SEQ ID NOs: 38-39; 

and 

CDRS is chosen from the group consisting of: 

g) the amino acid sequences of SEQ ID NQs: 57-58; 

25 h) amino acid sequences that have at least 80% amino acid identity with at least one of the amino acid 

sequences of SEQ ID NOs: 57-58; 

i) amino acid sequences that have 3, 2, or 1 amino acid difference with at least one of the amino acid 

sequences of SEQ ID NOs: 57-58, 

More particularly, the present invention relates to monovalent polypeptides of the invention that 

30 belong to epitope bin 2, in which the CDR sequences of said monovalent polypeptide have at least 70% 

amino acid identity, preferably at least 80% amino acid identity, more preferably at least 90% amino acid 
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identity, such as 95% amino acid identity or more or even (essentially) 100% amino acid identity with the 

CDR sequences of at least one of the immunogiobuiin single variable domains with SEQ ID NOs: 1 and 2, 

Preferred monovalent polypeptides of the invention belonging to epitope bin 2 are selected from 

any of SEQ ID NOs: land 2. 

5 In another aspect, the present invention relates to an immunoglobulin that belongs to epitope bin 

3, Epitope bin 3 encompasses a family of immunoglobulins that have the same or overlapping binding 

specificity, based on cross-competition (cross-blocking) of the immunoglobulins. More particularly, 

immunoglobulins belonging to epitope bin 3 cross-block the binding to PcrV of at least one of the 

immunogiobuiin single variable domain with SEQ ID NOs: 11 and 12 and/or are cross-blocked from 

to binding to PcrV by at ieast one of the immunoglobulin single variable domains with SEQ ID NOs: 11 and 

12. 

The immunoglobulins belonging to epitope bin 3 are expected to bind to the same, closely related 

and/or overlapping epitopes. More particularly, the immunoglobulins belonging to epitope bin 3 bind to 

full length PcrV (SEQ iD NQ: 159), while they show reduced (30-90%' as compared to full length PcrV) or 

15 no (below 30% as compared to full length PcrV) binding to chimera 2 (SEQ ID NO: 200), 

Preferred immunoglobulins belonging to epitope bin 3 include monovalent polypeptides of the 

invention (as defined above) in which: 

CDRl is chosen from the group consisting of: 

a) the amino acid sequences of SEQ ID NOs: 29-30; 

20 b) amino acid sequences that have at least 80% amino acid identity with at least one of the amino acid 

sequences of SEQ ID NQs: 29-30; 

c) amino acid sequences that have 3, 2, or 1 amino acid difference with at least one of the amino acid 

sequences of SEQ ID NQs: 29-30; 

and/or 

25 - CDR2 is chosen from the group consisting of: 

d) the amino acid sequences of SEQ ID NOs: 48-49; 

e) amino acid sequences that have at least 80% amino acid identity with at least one of the amino acid 

sequences of SEQ ID NQs: 48-49; 

f) amino acid sequences that have 3, 2, or 1 amino acid difference with at least one of the amino acid 

30 sequences of SEQ ID NOs: 43-49; 

and/or 

CDR3 is chosen from the group consisting of; 
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g) the amino acid sequences of SEQ ID NOs; 67-68; 

h} amino acid sequences that have at least 80% amino add identity with at least one of the amino acid 

sequences of SEQ, ID NOs; 67-68; 

i) amino acid sequences that have 3, 2, or 1 amino acid difference with at least one of the amino acid 

5 sequences of SEQ ID NOs: 67-68. 

More particularly, monovalent polypeptides in which: 

CDRl is chosen from the group consisting of: 

a) the amino acid sequences of SEQ ID NOs: 29-30; 

b) amino acid sequences that have at least 80% amino acid identity with at least one of the amino acid 

w sequences of SEO ID NOs: 29-30; 

c) amino acid sequences that have 3, 2, or 1 amino acid difference with at least one of the amino acid 

sequences of SEQ ID NOs; 29-30; 

and 

CDR2 is chosen from the group consisting of: 

15 d) the amino acid sequences of SEQ ID NOs: 48-49; 

e} amino acid sequences that have at least 80% amino acid identity with at least one of the amino acid 

sequences of SEQ ID NOs: 48-49; 

f) amino acid sequences that have 3, 2, or 1 amino acid difference with at least one of the amino acid 

sequences of SEQ ID NOs: 48-49; 

20 and 

CDRS is chosen from the group consisting of: 

g) the amino acid sequences of SEQ ID NOs: 67-68; 

h) amino acid sequences that have at least 80% amino acid identity with at least one of the aniino acid 

sequences of SEQ ID NOs: 67-68; 

25 i) amino acid sequences that have 3, 2, or 1 amino acid difference with at least one of the amino acid 

sequences of SEQ ID NOs: 67-68, 

More particularly, the present invention relates to monovalent polypeptides of the invention that 

belong to epitope bin 3, in which the CDR sequences of said monovalent polypeptide have at least 70% 

amino acid identity, preferably at (east 80% amino acid identity, more preferably at least 90% amino acid 

30 identity, such as 95% amino acid identity or more, or even (essentially) 100% amino acid identity with the 

CDR sequences of at least one of the immunogiobuiin single variable domains with SEQ ID NOs: 11 and 

12. 
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Preferred monovalent polypeptides of the invention belonging to epitope bin 3 are selected from 

SEQ ID NOs; 11 and 12, 

Multivalent polypeptides of the invention 

5 The invention further relates to a multivalent polypeptide (also referred to herein as a "multivalent 

polypeptide(s) of the invention") that comprises or (essentially) consists of two or more immunoglobulin 

single variable domains (or suitable fragments thereof) directed against PcrV. The multivalent 

polypeptide of the invention preferably is a multiparatopic polypeptide (also referred to herein as 

"multiparatopic polypeptide(s) of the invention"), such as e.g., (a) "biparatopic poiypeptide(s) of the 

w invention" or "triparatopic polypeptide^) of the invention". The term "multiparatopic" (antigen-)binding 

molecule or "multiparatopic" polypeptide as used herein shall mean a polypeptide comprising at least 

two {i.e. two or more) immunoglobulin single variable domains, wherein a "first" immunogiobuiin single 

variable domain is directed against PcrV and a "second" immunoglobulin single variable domain is 

directed against PcrV, and wherein these "first" and "second" immunoglobylin single variable domains 

is have a different paratope. Accordingly, the multiparatopic polypeptide comprises or consists of two or 

more immunoglobulin single variable domains that are directed against PcrV, wherein at ieast one "first" 

immunoglobulin single variable domain Is directed against a first epitope on PcrV and at least one 

"second" immunoglobulin single variable domain is directed against a second epitope on PcrV different 

from the first epitope on PcrV. 

20 In a preferred aspect, the polypeptide of the invention is a biparatopic polypeptide. The term 

"biparatopic" (antigen-)binding molecule or "biparatopic" polypeptide as used herein shall mean a 

polypeptide comprising a "first" immunoglobulin single variable domain directed against PcrV and a 

"second" immunoglobulin single variable domain directed against PcrV, wherein these "first" and 

"second" immunoglobulin single variable domains have a different paratope. Accordingly, the 

25 biparatopic polypeptide comprises or consists of two or more immunogiobuiin single variable domains 

that are directed against PcrV, a "first" immunoglobulin single variable domain is directed against a first 

epitope on PcrV and a "second" immunoglobulin single variable domain Is directed against a second 

epitope on PcrV different from the first epitope on PcrV. 

The biparatopic polypeptides of the invention show improved properties such as e.g. improved 

30 binding characteristics (suitably measured and/or expressed as a K0-vaiue (actual or apparent), a KA-value 

(actual or apparent), a kon-rate and/or a kofrtate, or alternatively as an IC50 value, as further described 
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herein), improved affinity and/or improved avidity for PcrV and/or improved efficacy and/or potency for 

neutralizing PcrV, 

More in particular, the biparatopic polypeptides of the invention can bind to PcrV with an affinity 

(suitably measured and/or expressed as a KD-value (actual or apparent), a K.A-vaIue (actual or apparent), a 

5 kon~rate and/or a kofrrate, or alternatively as an IC50 value, as further described herein) preferably such 

that they: 

bind to PcrV with 3 dissociation constant (K0) of 1000 nM to 1 nM or less, preferably 100 nM to 1 

nM or less, more preferably 15 nM to 1 nM or even 10 nM to 1 nM or less; 

and/or such that they: 

10 - bind to PcrV with a k,H-rate of between 104 M'V1 to about 107 M'V1, preferably between 105 M'V 
1 and 1Q? M'V1, more preferably about 106 ft/fV1 or more; 

arid/or such that they: 

bind to PcrV with a koff rate between ICf2 s"1 {t^Q.63 s) and 10~4 s"1 (providing a near irreversible 

complex with 3 ti/2 of multiple days), preferably between 103 s"1 and ItX4 s~!, or tower; 

16 Some preferred ICS0 values for binding of the biparatopic polypeptides of the invention to PcrV will 

become clear from the further description and examples herein. 

Assays to determine the tCS0 include binding in ELISA or more preferably cytotoxicity assays such as 

the TTSS-dependent cytotoxicity assay described by Frank et al. (The Journal of infectious diseases 1E6: 

64-73, 2002), Vance et al, (infection and Immunity 73: 1706-1713, 2005), El Solh et al, (Am, J. Respir, Crit, 

20 Care Med, 178: 513-519, 2008), modifications of this assay such as e.g. described in Example 4,4, or a 

cytotoxicity assay with human lung epithelial cells (A549 cells) as described in Example 7.2, and 

modifications thereof, 

For example, in a TTSS-dependent cytotoxicity assay with P3X63 cells as the target at an MOl of 12, 

the biparatopic polypeptides of the invention may have ICM values between 0.01 nM and 50 nM, 

25 between 0.01 nM and 10 nM, preferably between 0.01 nM and 5 nM, more preferably between 0,01 nM 

and 1 nM, such as between 0.01 nM and 0,1 nM or less. 

Apart from this and/or in addition, in such a TTSS-dependent cytotoxicity assay, the biparatopic 

polypeptides of the invention have an efficacy {% inhibition; see Example 4,4) of 100%, 

Moreover, the biparatopic polypeptides of the invention were shown to be stable and maintained 

30 functionality in the presence of elastases. 

After 24 hours in the presence of P. aeruginosa elastase, the biparatopic polypeptides of the 

invention may have a decrease in potency of maximal 10 fold, preferably maximal 5 fold, such as 3 fold, 2 
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fold, 1 fold or lower. After 24 hours in the presence of human neutrophil Elastase, the biparatopic 

polypeptides of the invention may have a decrease in potency of maximal 100 fold, preferably maximal 

30 fold, such as 15 fold, 10 fold, 5 fold, 3 fold, 2 fold or lower, 

In another preferred aspect, the polypeptide of the invention is a triparatopic polypeptide. The 

5 term "triparatopic" (antigen-)binding molecule or "triparatopic" polypeptide as used herein shall mean a 

polypeptide comprising a "first" immunoglobulin single variable domain directed against PcrV, a 

"second" immunoglobulin single variable domain directed against PcrV arid a "third" immunoglobulin 

single variable domain directed against PcrV, wherein these "first", "second™ and "third" immunoglobulin 

single variable domains have a different paratope. Accordingly, the triparatopic polypeptide comprises or 

w consists of three or more immunoglobulin single variable domains that are directed against PcrV, 

wherein a "first" immunoglobulin single variable domain is directed against a first epitope on PcrV, a 

"second" immunoglobulin single variable domain is directed against a second epitope on PcrV different 

from the first epitope on PcrV, and a "third" immunoglobulin single variable domain is directed against a 

third epitope on PcrV different from the first and second epitope on PcrV, 

15 The two or more immunoglobulin single variable domains present in the multiparatopic 

polypeptide of the invention may consist of a light chain variable domain sequence {e.g., a VL-sequence) 

or of a heavy chain variable domain sequence (e.g., a Vv,-sequence); they may consist of a heavy chain 

variable domain sequence that is derived from a conventional four-chain antibody or of a heavy chain 

variable domain sequence that is derived from heavy chain antibody. In a preferred aspect, they consist 

20 of a Domain antibody (or an amino acid that is suitable for use as a domain antibody), of a single domain 

antibody for an amino acid that is suitable for use as a single domain antibody), of a "dAb" (or an amino 

acid that is suitable for use as a dAb) or of a Nanobody (including but not limited to a VHH}- The two or 

more immunoglobulin single variable domains may consist of a partially or fully humanized Nanobody or 

a partially or fully humanized VHH. In a preferred aspect of the invention, the immunoglobulin single 

25 variable domains encompassed in the multiparatopic polypeptide of the invention are one or more 

monovalent polypeptides of the invention, as defined herein. 

In a preferred aspect of the invention, the first immunoglobulin single variable domain and the 

second immunoglobulin single variable domain present in the multiparatopic {preferably biparatopic or 

triparatopic) polypeptide of the invention do not (cross)-compete with each other for binding to PcrV 

30 and, as such, belong to different epitope bins. Accordingly, the present invention relates to a 

multiparatopic (preferably biparatopic or triparatopic) polypeptide comprising two or more 

immunoglobulin, single variable domains wherein each immunoglobulin single variable domain belongs 
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to a different epitope bin. Accordingly, the first immunogiobuiin single variable domain of this preferred 

multiparatopic {preferably biparatopic or triparatopic) polypeptide of the invention does not cross-block 

the binding to PcrV of the second immunoglobulin single variable domain of this preferred 

multiparatopic (preferably biparatopic or triparatopic) polypeptide of the invention and/or the first 

5 immunoglobulin single variable is not cross-blocked from binding to PcrV by the second immunoglobulin 

single variable domain. 

Different epitope bins (1 to 3} have been identified amongst the monovalent polypeptides of the 

invention {see Tables B-4 and B-10). Accordingly, the present invention relates to a multiparatopic 

polypeptide comprising two or more immunogiobuiin single variable domains wherein each 

w immunoglobulin single variable domain belongs to a different epitope bin as defined herein. In a 

preferred aspect, following combination of two or more immunoglobulin single variable domains are 

envisaged in the multiparatopic (preferably biparatopic or triparatopic) polypeptide of the invention: 

"first" immunoglobulin single variable 

domain belongs to: 

"second" immunoglobulin single variable 

domain belongs to: 

Epitope bin 1 Epitope bin 2 

Epitope bin 1 Epitope bin 3 

Epitope bin 2 Epitope bin 1 

Epitope bin 2 Epitope bin 3 

Epitope bin 3 Epitope bin 1 

Epitope bin 3 Epitope bin 2 

15 Preferred immunoglobulin single variable domains for use in these multiparatopic, (preferably 

biparatopic or triparatopic) polypeptides of the invention are the monovalent polypeptides of the 

invention (as described above), belonging to the respective epitope bins. In another preferred aspect, 

the multiparatopic polypeptide of the invention is selected from any of SEQ ID NOs: 124-141. 

Preferred combination of immunoglobulin single variable domains for use in the multiparatopic 

20 (preferably biparatopic or triparatopic) polypeptides of the invention are: 

immunoglobulin single variable domains belonging to epitope bins 1 and 2; 

immunoglobulin single variable domains belonging to epitope bins 3 and 1; 

immunoglobulin single variable domains belonging to epitope bins 3 and 2, 
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Preferred immunogiobuiin single variable domains for use in these multiparatopic {preferably 

biparatopic or triparatopic) polypeptides of the invention are the monovalent polypeptides of the 

invention (as described above) belonging to the respective epitope bins. In a preferred aspect the first 

immunoglobulin single variable domain belongs to epitope bin 3, and is preferably SEQ ID NO: 12. In 

5 another preferred aspect the second immunoglobulin single variable domain belongs to epitope bin 2, 

and is preferably SEQ ID NO; 1. In yet another preferred aspect the multiparatopic polypeptide of the 

invention is selected from any of SEQ ID NQs: 129,134 and 137. 

In another aspect, the first immunoglobulin single variable domain and the second 

immunoglobulin single variabie domain present in the multiparatopic (preferably biparatopic or 

10 triparatopic) polypeptides of the invention belong to the same epitope bin. Accordingly, the present 

invention relates to a multiparatopic (preferably biparatopic or triparatopic) polypeptide comprising two 

or more immunoglobulin single variable domains wherein both immunoglobulin single variable domains 

belong to the same epitope bin. While these immunoglobulin single variable domains have different 

paratopes, these immunoglobulin single variable domains bind to closely related arid/or overlapping 

15 epitopes and, as such, (cross)-compete with each other for binding to PcrV. Accordingly, the first 

immunoglobulin single variable domain of these multiparatopic (preferably biparatopic or triparatopic) 

polypeptides of the invention cross-blocks the binding to PcrV of the second immunoglobulin single 

variabie domain of these multiparatopic (preferably biparatopic or triparatopic) polypeptides of the 

invention and/or the first immunoglobulin single variable is cross-blocked from binding to PcrV by the 

20 second immunoglobulin single variable domain. 

In a preferred aspect the immunoglobulin single variable domains present in such multiparatopic 

{preferably biparatopic or triparatopic) polypeptides of the invention belong to an epitope bin (1 to 3) as 

defined herein (see Tables B-4 and B-10). Accordingly, the present invention relates to a multiparatopic 

polypeptide comprising two or more immunoglobulin single variable domains wherein both 

25 immunoglobulin single variable domains belong to the same epitope bin as defined herein. 

Preferred immunoglobulin single variable domains for use in these multiparatopic {preferably 

biparatopic or triparatopic} polypeptides of the invention are the monovalent polypeptides of the 

invention (as described earlier) belonging to the respective epitope bins. In another preferred aspect, the 

multiparatopic polypeptide of the invention is selected from any of SEQ ID NOs; 118-123. 

30 Preferred combination for use in the multiparatopic (preferably biparatopic or triparatopic) 

polypeptides of the invention are: 

two immunoglobulin single variable domains belonging to epitope bin 1; 
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two immunoglobulin single variable domains belonging to epitope bin 2. 

Preferred immunoglobulin single variable domains for use in these multiparatopic (preferably 

biparatopic or triparatopic) polypeptides of the invention are the monovalent polypeptides of the 

invention (as described earlier) belonging to the respective epitope bins, In a preferred aspect, two 

5 immunoglobulin single variable domain present in the multiparatopic polypeptide of the invention 

belong to epitope bin 1, and one of the two or more immunoglobulin single variable domains is 

preferably SEQ ID NO: 3. Preferred multiparatopic polypeptides of the invention include SEQ ID NOs: 118, 

120 and 121, In another preferred aspect, two immunoglobulin single variable domain present in the 

multiparatopic polypeptide of the invention belong to epitope bin 2, and one of the two or more 

10 immunoglobulin single variable domains is preferably SEQ, ID NO: 1, Preferred multiparatopic 

polypeptides of the invention include SEQ ID NOs: 122 and 123, 

Polypeptides of the invention 

The monovalent polypeptide of the invention and the multivalent (multiparatopic) polypeptide of 

is the invention, may or may not further comprise one or more other groups, residues, moieties or binding 

units (these monovalent polypeptides as well as multivalent (multiparatopic) polypeptides (with or 

without additional groups, residues, moieties or binding units) are all referred to as "polypeptide(s) of the 

invention"). If present, such further groups, residues, moieties or binding units may or may not provide 

further functionality to the immunoglobulin single variable domain (and/or to the polypeptide in which it 

20 is present) and may or may not modify the properties of the immunogiobuiin single variable domain. 

For example, such further groups, residues, moieties or binding units may be one or more 

additional amino acid sequences, such that the polypeptide Is a (fusion) protein or (fusion) polypeptide. 

In a preferred but non-iimiting aspect, said one or more other groups, residues, moieties or binding units 

are immunoglobulins. Even more preferably, said one or more other groups, residues, moieties or 

25 binding units are immunoglobulin single variable domains chosen from the group consisting of Domain 

antibodies, amino acids that are suitable for use as a domain antibody, single domain antibodies, amino 

acids that are suitable for use as a single domain antibody, "dAb"'s, amino acids that are suitable for use 

as 3 dAb, or Nanobodies (such as e.g. VHH, humanized VHH). 

As described above, additional binding units, such as immunoglobulin single variable domains 

30 having different antigen specificity can be linked to form multispecific polypeptides, By combining 

immunoglobulin single variable domains of two or more specificities, bispecific, trispecific etc, constructs 

can be formed. For example, a polypeptide according to the invention may comprise one, two or more 
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immunoglobulin single variable domains directed against PcrV and one immunoglobulin single variable 

domain against another target. Such constructs and modifications thereof, which the skilled person can 

readily envisage, are all encompassed by the term "polypeptide of the invention" as used herein, 

in the polypeptides described above, the one, two or more immunoglobulin single variable 

5 domains and the one or more groups, residues, moieties or binding units may be linked directly to each 

other arid/or via one or more suitable linkers or spacers. For example, when the one or more groups, 

residues, moieties or binding units are amino acid sequences, the linkers may also be amino acid 

sequences, so that the resulting polypeptide is a fusion (protein) or fusion (polypeptide). 

The one or more further groups, residues, moieties or binding units may be any suitable and/or 

10 desired amino acid sequences. The further amino acid sequences may or may not change, alter or 

otherwise influence the {biological) properties of the poiypeptide of the invention, and may or may not 

add further functionality to the polypeptide of the invention.. Preferably, the further amino acid 

sequence is such that it confers one or more desired properties or functionalities to the polypeptide of 

the invention, 

15 Example of such amino acid sequences will be clear to the skilled person, and may generally 

comprise all amino acid sequences that are used in peptide fusions based on conventional antibodies 

and fragments thereof (including but not limited to ScFv's and single domain antibodies). Reference is for 

example made to the review by Holliger and Hudson (Nature Biotechnology 23:1126-1136, 2005). 

For example, such an amino acid sequence may be an amino acid sequence that increases the half-

20 life, the solubility, or the absorption, reduces the immunogenicity or the toxicity, eliminates or 

attenuates undesirable side effects, and/or confers other advantageous properties to and/or reduces the 

undesired properties of the polypeptide of the invention, compared to polypeptide of the invention per 

se. Some non-limiting examples of such amino acid sequences are serum proteins, such as human serum 

albumin (see for example WO 00/27435) or haptenic molecules (for example haptens that are recognized 

25 by circulating antibodies, see for example WO 98/22141). 

in one specific aspect of the invention, a poiypeptide is prepared that has an increased half-life, 

compared to the corresponding polypeptide of the invention. Examples of polypeptides of the invention 

that comprise such half-life extending moieties for example include, without limitation, polypeptides in 

which the immunoglobulin single variable domains are suitable linked to one or more serum proteins or 

30 fragments thereof {such as (human) serum albumin or suitable fragments thereof) or to one or more 

binding units that can bind to serum proteins (such as, for example, Domain antibodies, amino acids that 

are suitable for use as a domain antibody, single domain antibodies, amino acids that are suitable for use 
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as a single domain antibody, "dAb"'s, amino acids that are suitable for use as a dAb, or Nanobodies) that 

can bind to serum proteins (such as serum albumin (such as human serum albumin)), serum 

immunoglobulins (such as IgG). transferrin or one of the other serum proteins listed in WO 04/003019; 

polypeptides in which the immunoglobulin single variable domain is linked to an Fc portion (such as a 

5 human Fc} or a suitable part or fragment thereof; or polypeptides in which the one or more 

immunoglobulin single variable domains are suitable linked to one or more small proteins or peptides 

that can bind to serum proteins (such as, without limitation, the proteins and peptides described in WO 

91/01743, WO 01/45746 or WO 02/076489). Reference is also made to the dAb's described in WO 

03/002609 and WO 04/003019 and to Harmsen et al. (Vaccine 23; 4926-42, 2005); to EP 0388684, as well 

10 as to WO 08/028977, WO 08/043821, WO 08/043822 by Ablynx N.V. and WO 08/068280, 

According to a specific, but non-limiting aspect of the invention, the polypeptides of the invention 

may contain, besides the two or more immunoglobulin single variable domains and/or monovalent 

polypeptides of the invention against PcrV, at least one Nanobody against human serum albumin. These 

Nanobodies against human serum albumin may be as generally described in the applications by Ablynx 

18 N.V. cited above (see for example WO 04/062551), Some particularly preferred Nanobodies that provide 

for increased half-life and that can be used in the polypeptides of the invention include the Nanobodies 

ALB-1 to ALB-10 disclosed in WO 06/122787 (see Tables II and 111) of which ALB-8 (SEO ID NO: 62 in WO 

06/122787) is particularly preferred, as well as the Nanobodies disclosed in WO 2012/175400 (SEQ ID 

NOs: 1-11 of WO 2012/175400). 

20 The polypeptide of the invention may, for example, be a trivalent, bispecific polypeptide, 

comprising two immunogiobuiin single variable domains, preferably monovalent polypeptides of the 

invention against PcrV and a third immunoglobulin single variable domain directed against (human) 

serum albumin, in which said first, second and third immunoglobulin single variable domain may 

optionally be linked via one or more, and in particular two, linker sequences. 

25 According to one specific aspect, one or more polypeptides of the invention may be linked 

{optionally via a suitable linker or hinge region) to one or more constant domains (for example, 2 or 3 

constant domains that can be used as part of/to form an Fc portion), to an Fc portion and/or to one or 

more antibody parts, fragments or domains that confer one or more effector functions to the 

polypeptide of the invention and/or may confer the ability to bind to one or more fc receptors. For 

30 example, for this purpose, and without being limited thereto, the one or more further amino acid 

sequences may comprise one or more CH2 and/or CH3 domains of an antibody, such as from a heavy 

chain antibody {as described herein) and more preferably from a conventional human 4-chain antibody; 
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and/or may form (part of} and Fc region, for example from IgG (e.g. from IgG!, lgG2, IgGB or lgG4), from 

IgE or from another human Ig such as IgA, IgD or IgM. For example, WO 94/04678 describes heavy chain 

antibodies comprising a Camelid VHH domain or a humanized derivative thereof (i.e. a Nanobody), in 

which the Camelidae CH2 and/or CH3 domain have been replaced by human C„2 and CH3 domains, so as 

5 to provide an immunoglobulin that consists of 2 heavy chains each comprising a Nanobody arid human 

CH2 and CH3 domains (but no CH1 domain), which immunoglobulin has the effector function provided by 

the CH2 and CH3 domains and which immunoglobulin can function without the presence of any light 

chains. Other amino acid sequences that can be suitably linked to the polypeptides of the invention so as 

to provide art effector function will be clear to the skilled person, and may be chosen on the basis of the 

to desired effector function(s). Reference is for example made to WO 04/058820, WO 99/42077, WO 

02/056910 and WO 05/017148, as well as the review by Hofiiger and Hudson, supra; and to WO 

09/068628. Coupling of a polypeptide of the invention to an Fc portion may also lead to an increased 

half-life, compared to the corresponding polypeptide of the invention. For some applications, the use of 

an Fc portion and/or of constant domains {i.e., CH2 and/or CH3 domains) that confer increased half-life 

15 without any biologically significant effector function may also be suitable or even preferred. Other 

suitable constructs comprising one or more polypeptides of the invention and one or more constant 

domains with increased half-life in vivo will be clear to the skilled person, and may for example comprise 

polypeptides linked to a CH3 domain, optionally via a linker sequence. Generally, any fusion protein or 

derivatives with increased half-fife will preferably have a molecular weight of more than 50 kO, the cut-

20 off value for renal absorption. 

In another specific, but non-limiting, aspect, the polypeptides of the invention may be linked 

(optionally via a suitable linker or hinge region) to naturally occurring, synthetic or semi-synthetic 

constant domains (or analogs, variants, mutants, parts or fragments thereof) that have a reduced (or 

essentially no) tendency to self-associate into dimers (i.e. compared to constant domains that naturally 

25 occur in conventional 4-chain antibodies). Such monomeric (i.e. not self-associating) Fc chain variants, or 

fragments thereof, will be clear to the skilled person. For example, Helm et al, (J, Biol, them. 271: 7494, 

1996), describe monomeric Fc chain variants that can be used in the polypeptide chains of the invention. 

Also, such monomeric Fc chain variants are preferably such that they are still capable of binding to 

the complement or the relevant Fc receptor(s) (depending on the Fc portion from which they are 

30 derived), and/or such that they still have some or all of the effector functions of the Fc portion from 

which they are derived (or at a reduced level still suitable for the intended use). Alternatively, in such a 

polypeptide chain of the invention, the monomeric Fc chain may be used to confer increased half-life 
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upon the polypeptide chain, in which case the monomeric Fc chain may aiso have no or essentially no 

effector functions. 

Generally, the polypeptides of the invention with increased half-life preferably have a half-life that 

is at least 1.5 times, preferably at least 2 times, such as at least 5 times, for example at least 10 times or 

more than 20 times, greater than the half-life of the corresponding immunoglobulin single variable 

domain or polypeptide of the invention per se. 

Generally, the polypeptides of the invention with increased half-life preferably have a half-life that 

is increased with more than 1 hours, preferably more than 2 hours, more preferably more than 6 hours, 

such as more than 12 hours, or even more than 24, 48 or 72 hours, compared to the half-life of the 

corresponding immunogiobuiin single variable domain or polypeptide of the invention per se. 

In another preferred, but non-limiting aspect, such polypeptides of the invention exhibit a serum 

half-life in human of at least about 12 hours, preferably at least 24 hours, more preferably at least 48 

hours, even more preferably at least 72 hours or more. For example, polypeptides of the invention may 

have a half-life of at least 5 days (such as about 5 to 10 days), preferably at least 3 days (such as about 9 

to 14 days), more preferably at least about 10 days (such as about 10 to 15 days), or at least about 11 

days (such as about 11 to 16 days), more preferably at least about 12 days (such as about 12 to 18 days 

or more), or more than 14 days (such as about 14 to 13 days). 

The further amino acid residues may or may not change, alter or otherwise influence other 

(biological) properties of the polypeptide of the invention and may or may not add further functionality 

to the polypeptide of the invention. For example, such amino acid residues: 

a) can comprise an N-terminal Met residue, for example as result of expression in a heterologous host 

cell or host organism, 

b) may form a signal sequence or leader sequence that directs secretion of the polypeptide from a host 

cell upon synthesis {for example to provide a pre-, pro- or prepro- form of the polypeptide of the 

invention, depending on the host cell used to express the polypeptide of the invention). Suitable 

secretory leader peptides will be clear to the skilled person, and may be as further described herein. 

Usually, such a leader sequence will be linked to the N-terminus of the polypeptide, although the 

invention in its broadest sense is not limited thereto; 

c) may form a "tag", for example an amino acid sequence or residue that allows or facilitates the 

purification of the polypeptide, for example using affinity techniques directed against said sequence 

or residue. Thereafter, said sequence or residue may be removed (e.g. by chemical or enzymatical 

cleavage) to provide the polypeptide (for this purpose, the tag may optionally be linked to the 
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amino acid sequence or polypeptide sequence via a tleavable linker sequence or contain a cieavable 

motif). Some preferred, but non-limiting examples of such residues are multiple histidine residues, 

glutathione residues and a myc-tag such as AAAEQKL1SEEDLNGAA (SEQ ID NO: 206); 

d) may be one or more amino acid residues that have been functionalized and/or that can serve as a 

5 site for attachment of functional groups. Suitable amino acid residues arid functional groups will be 

clear to the skilled person and include, but are not limited to, the amino acid residues and functional 

groups mentioned herein for the derivatives of the polypeptides of the invention. 

The multivalent (such as biparatopic or triparatopic} polypeptides of the invention can generally be 

prepared by a method which comprises at least the step of suitably linking the immunoglobulin single 

10 variable domain and/or monovalent polypeptide of the invention to one or more further 

immunoglobulin single variable domains and/or monovalent polypeptides of the invention, optionally via 

the one or more suitable linkers, so as to provide the multivalent polypeptide of the invention. 

Polypeptides of the invention can also be prepared by a method which generally comprises at least the 

steps of providing a nucleic acid that encodes a polypeptide of the invention, expressing said nucleic acid 

15 in a suitable manner, and recovering the expressed polypeptide of the invention. Such methods can be 

performed in a manner known per se, which will be clear to the skilled person, for example on the basis 

of the methods and techniques further described herein. 

A method for preparing multiparatopic polypeptides of the invention may comprise at least the 

steps of linking two or more immunoglobulin single variable domains and/or monovalent polypeptides of 

20 the invention and for example one or more linkers together in a suitable manner. The immunogiobuiin 

single variable domains and/or monovalent polypeptides of the invention (and linkers) can be coupled by 

any method known in the art and as further described herein. Preferred techniques include the linking of 

the nucleic acid sequences that encode the immunoglobulin single variable domains and/or monovalent 

polypeptides of the invention (and linkers) to prepare a genetic construct that expresses the 

25 multiparatopic polypeptide. Techniques for linking amino acids or nucleic acids will be clear to the skilled 

person, and reference is again made to the standard handbooks, such as Sambrook et al. and Ausubel et 

al., mentioned above, as well as the Examples below. 

Accordingly, the present invention also relates to the use of an immunoglobulin single variable 

domain and/or monovalent polypeptide of the invention in preparing a multivalent, preferably 

30 multiparatopic polypeptide of the invention. The method for the preparation of a multivalent 

polypeptide will comprise the linking of an immunoglobulin single variable domain and/or monovalent 

polypeptide of the invention to at least one further immunoglobulin single variable domain and/or 
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monovalent polypeptide of the invention, optionally via one or more linkers. The immunoglobulin single 

variable domain and/or monovalent polypeptide of the invention is then used as a binding domain or 

binding unit in providing and/or preparing the multivalent, preferably multiparatopic polypeptide 

comprising two (e.g., in a bivalent polypeptide), three (e.g., in a trivaient poiypeptide) or more (e.g., in a 

s multivalent poiypeptide) binding units. In this respect, the immunoglobulin singe variable domain and/or 

the monovalent polypeptide of the invention may be used as a binding domain or binding unit in 

providing and/or preparing a multivalent (preferably multiparatopic), such as bivalent (preferably 

biparatopic) or trivaient {preferably triparatopic) polypeptide of the invention comprising two, three or 

more binding units. 

10 Accordingly, the present invention also relates to the use of an immunoglobylin single variable 

domain and/or particularly, a monovalent polypeptide of the invention (as described herein) in preparing 

a multivalent, preferably multiparatopic polypeptide. The method for the preparation of the multivalent, 

preferably multiparatopic polypeptide will comprise the linking of the immunoglobulin single variable 

domain and/or monovalent polypeptide of the invention to at least one further immunoglobulin single 

15 variable domain and/or monovalent polypeptide of the invention, optionally via one or more linkers. 

Suitable spacers or linkers for use in multivalent, preferably multiparatopic polypeptides of the 

invention will be clear to the skilled person, and may generally be any linker or spacer used in the art to 

link amino acid sequences. Preferably, said linker or spacer is suitable for use in constructing 

polypeptides that are intended for pharmaceutical use. 

20 Some particularly preferred spacers include the spacers and linkers that are used in the art to link 

antibody fragments or antibody domains. These include the linkers mentioned in the general background 

art cited above, as well as for example linkers that are used in the art to construct diabodies or ScFv 

fragments (in this respect, however, it should be noted that, whereas in diabodies and in ScFv fragments, 

the linker sequence used should have a length, a degree of flexibility and other properties that allow the 

25 pertinent VH and VL domains to come together to form the complete antigen-binding site, there is no 

particular limitation on the length or the flexibility of the linker used in the polypeptide of the invention, 

since each immunoglobulin single variable domain by itself forms a complete antigen-binding site). 

For example, a linker may be a suitable amino acid sequence, and in particular amino acid 

sequences of between 1 and 50, preferably between 1 and 30, such as between 1 arid 10 amino acid 

30 residues. Some preferred examples of such amino acid sequences include gly-ser linkers, for example of 

the type (giy*ser¥)z, such as (for example (gly4ser)3 or (gly35er2b, as described in WO' 99/42077, hinge-like 
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regions such as the hinge regions of naturally occurring heavy chain antibodies or similar sequences 

{such as described in WO 94/04678). 

Some other particularly preferred linkers are mentioned in Table A-8, of which GS40 (SEQ ID NO: 

193) is particularly preferred. 

5 Other suitable linkers generally comprise organic compounds or polymers, in particular those 

suitable for use in proteins for pharmaceutical use. For instance, poly(ethyieneglycol) moieties have been 

used to link antibody domains, see for example WO 04/081026. 

It is encompassed within the scope of the invention that the length, the degree of flexibility and/or 

other properties of the linker(s) used (although not critical, as it usually is for linkers used in ScFv 

10 fragments) may have some influence on the properties of the final polypeptide of the invention, 

including but not limited to the affinity, specificity or avidity for PcrV, or for one or more of the other 

antigens. Based on the disclosure herein, the skilled person will be able to determine the optimal 

linker(s) for use in a specific polypeptide of the invention, optionally after some limited routine 

experiments. 

15 It is also within the scope of the invention that the linker(s) used confer one or more other 

favourable properties or functionality to the polypeptides of the invention, and/or provide one or more 

sites for the formation of derivatives and/or for the attachment of functional groups (e.g., as described 

herein for the derivatives of the polypeptides of the invention), For example, linkers containing one or 

more charged amino acid residues can provide improved hydrophilic properties, whereas linkers that 

20 form or contain small epitopes or tags can be used for the purposes of detection, identification and/or 

purification. Again, based on the disclosure herein, the skilled person will be able to determine the 

optimal linkers for use in a specific polypeptide of the invention, optionally after some limited routine 

experiments. 

Finally, when two or more linkers are used in the polypeptides of the invention, these linkers may 

25 be the same or different. Again, based on the disclosure herein, the skilled person will be able to 

determine the optimal linkers for use in a specific polypeptide of the invention, optionally after some 

limited routine experiments. 

Usually, for ease of expression and production, a polypeptide of the invention will be a linear 

polypeptide. However, the invention in its broadest sense is not limited thereto. For example, when a 

30 polypeptide of the invention comprises three of more amino acid sequences or Nanobodies, it is possible 

to link them by use of a linker with three or more "arms", which each "arm" being linked to an amino 
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acid sequence or Nanobody, so as to provide a "star-shaped" construct. It is also possible, although 

usually less preferred, to use circular constructs. 

Also encompassed in the present invention are fused immunoglobulin sequences, comprising tags 

or other functional moieties, e.g., toxins, labels, radiochemicals, etc.. 

5 Alternatively, the additional groups, residues, moieties or binding units may for example be 

chemical groups, residues, moieties, which may or may not by themselves be biologically and/or 

pharmacologically active. For example, and without limitation, such groups may be linked to the two or 

more immunoglobulin single variable domains or monovalent polypeptides so as to provide a 

"derivative" of the polypeptide of the invention. 

n Accordingly, the invention in its broadest sense also comprises derivatives of the polypeptides of 

the invention. Such derivatives can generally be obtained by modification, and in particular by chemical 

and/or biological {e.g., enzymatical} modification, of the polypeptides of the invention and/or of one or 

more of the amino acid residues that form polypeptide of the invention. 

Examples of such modifications, as well as examples of amino acid residues within the polypeptide 

is sequences that can be modified in such a manner (i.e. either on the protein backbone but preferably on 

a side chain), methods and techniques that can be used to introduce such modifications and the 

potential uses and advantages of such modifications will be clear to the skilled person, 

For example, such a modification may involve the introduction (e.g., by covalent linking or in any 

other suitable manner) of one or more functional groups, residues or moieties into or onto the 

20 polypeptide of the invention, and in particular of one or more functional groups, residues or moieties 

that confer one or more desired properties or functionalities to the polypeptide of the invention. 

Example of such functional groups will be clear to the skilled person. 

For example, such modification may comprise the introduction {e.g., by covalent binding or in any 

other suitable manner) of one or more functional groups that that increase the half-life, the solubility 

25 and/or the absorption of the polypeptide of the invention, that reduce the immunogenicity and/or the 

toxicity of the polypeptide of the invention, that eliminate or attenuate any undesirable side effects of 

the polypeptide of the invention, and/or that confer other advantageous properties to and/or reduce the 

undesired properties of the polypeptide of the invention; or any combination of two or more of the 

foregoing. Examples of such functional groups and of techniques for introducing them will be clear to the 

30 skilled person, and can generally comprise all functional groups and techniques mentioned in the general 

background art cited hereinabove as well as the functional groups and techniques known per se for the 

modification of pharmaceutical proteins, and in particular for the modification of antibodies or antibody 
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fragments (including ScFv's arid single domain antibodies), for which reference is for example made to 

Remington (Pharmaceutical Sciences, 16th ed,, Mack Publishing Co., Easton, PA, 1980), Such functional 

groups may for example be linked directly (for example covalentiy) to a polypeptide of the invention, or 

optionally via a suitable linker or spacer, as will again be clear to the skilled person, 

5 One specific example is a derivative polypeptide of the Invention wherein the polypeptide of the 

invention has been chemically modified to increase the half-life thereof (for example, by means of 

pegylation). This is one of the most widely used techniques for increasing the half-life and/or reducing 

the immunogenicity of pharmaceutical proteins and comprises attachment of a suitable 

pharmacologically acceptable polymer, such as poly(ethyleneglycol) (PEG) or derivatives thereof (such as 

w methoxypoly(ethvieneglycol) or mPEG). Generally, any suitable form of pegylation can be used, such as 

the pegylation used in the art for antibodies and antibody fragments (including but not limited to (single) 

domain antibodies and ScFv's); reference is made to for example Chapman (Nat, Biotechnol. 54: 531-545, 

2002), Veronese and Harris (Adv. Drug Deliv. Rev, 54: 453-456, 2003), Harris and Chess (Nat. Rev, Drug. 

Discov, 2: 214-221, 2003) and WO 04/060965. Various reagents for pegylation of proteins are also 

15 commercially available, for example from Nektar Therapeutics, USA, 

Preferably, site-directed pegylation is used, in particular via a cysteine-residue (see for example 

Yang et al. (Protein Engineering 16: 761-770, 2003). For example, for this purpose, PEG may be attached 

to a cysteine residue that naturally occurs in a polypeptide of the invention, a polypeptide of the 

invention may be modified so as to suitably introduce one or more cysteine residues for attachment of 

20 PEG, or an amino acid sequence comprising one or more cysteine residues for attachment of PEG may be 

fused to the N- and/or C-terminus of a polypeptide of the invention, all using techniques of protein 

engineering known per se to the skilled person. 

Preferably, for the polypeptides of the invention, a PEG is used with a molecular weight of more 

than 5000, such as more than 10,000 and less than 200,000, such as less than 100,000; for example in 

.25 the range of 20,000-80,000, 

Another, usually less preferred modification comprises N-iinked or O-linked glycosylation, usually 

as part of co-translational and/or post-translationai modification, depending on the host cell used for 

expressing the polypeptide of the invention. 

Yet another modification may comprise the introduction of one or more detectable labels or other 

30 signal-generating groups or moieties, depending on the intended use of the labelled polypeptide of the 

invention. Suitable labels and techniques for attaching, using and detecting them will be clear to the 

skilled person, and for example include, but are not limited to, fluorescent labels (such as fluorescein, 
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isothiocyanate, rhodamine. phycoerythrin,. phycocyanin, allophycocyanin, o-phthaldehyde, and 

fluorescamine and fluorescent metals such as 1SzEu or others metais from the lanthanide series), 

phosphorescent labels, chemituminescent labels or bioluminescent labels (such as luminal, isoluminol, 

theromatic acridinium ester, imidazole, acridinium salts, oxalate ester, dioxetane or GFP and its analogs 

5 ), radio-isotopes (such as 3H, l2% 32P, 358, WC, 5ICr, 36C1,57Co, 5SCo, 59Fe, and 75Se), metals, metals chelates 

or metallic cations (for example metallic cations such as "mTc, iBl, mln, 131I, ®'Ru, 67tu, 67Ga, and 6SGa or 

other metals or metallic cations that are particularly suited for use in in vivo, in vitro or in situ diagnosis 

and imaging, such as (15'Gd, 55Mn, 162Dy, 52Cr, and ssFe)), as well as chromophores and enzymes (such as 

malate dehydrogenase, staphylococcal nuclease, delta-V-steroid isomerase, yeast alcohol 

io dehydrogenase, alpha-glycerophosphate dehydrogenase, triose phosphate isomerase, biotinavidin 

peroxidase, horseradish peroxidase, alkaline phosphatase, asparaginase, glucose oxidase, P-

galactosidase, ribonuclease, urease, catalase, glucose-VI-phosphate dehydrogenase, glucoamylase and 

acetylcholine esterase). Other suitable labels will be clear to the skilled person, and for example include 

moieties that can be detected using NMR or ESR spectroscopy. 

15 Such labelled polypeptides of the invention may for example be used for in vitro, in vivo or in situ 

assays (including immunoassays known perse such as ELISA, RiA, ElA and other "sandwich assays", etc.) 

as well as in vivo diagnostic and imaging purposes, depending on the choice of the specific label. 

As will be clear to the skilled person, another modification may involve the introduction of a 

chelating group, for example to chelate one of the metals or metallic cations referred to above. Suitable 

20 chelating groups for example include, without limitation, diethyl-enetriaminepentaacetic acid (DTPA) or 

ethyienediaminetetraacetic acid (EDTA). 

Yet another modification may comprise the introduction of a functional group that is one part of a 

specific binding pair, such as the biotin-(strept)avidin binding pair. Such a functional group may be used 

to link the polypeptide of the invention to another protein, polypeptide or chemical compound that is 

25 bound to the other half of the binding pair, i.e. through formation of the binding pair. For example, a 

polypeptide of the invention may be conjugated to biotin, and linked to another protein, polypeptide, 

compound or carrier conjugated to avidin or streptavidin, For example, such a conjugated polypeptide of 

the invention may be used as a reporter, for example in a diagnostic system where a detectable signal-

producing agent is conjugated to avidin or streptavidin. Such binding pairs may for example also be used 

30 to bind the polypeptide of the invention to a carrier, including carriers suitable for pharmaceutical 

purposes. One non-limiting example are the liposomal formulations described by Cao and Suresh 
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(Journal of Drug Targeting 8: 257, 2000). Such binding pairs may also be used to link a therapeutically 

active agent to the polypeptide of the invention. 

Other potential chemical and enzymatical modifications will be clear to the skilled person. Such 

modifications may also be introduced for research purposes (e.g. to study function-activity relationships). 

5 Reference is for example made to Lundblad and Bradshaw (Biotechnol. Appl. Biochem. 26: 143-151, 

1997). 

Preferably, the derivatives are such that they bind to PcrV, with an affinity {suitably measured 

and/or expressed as a Kt.-value (actual or apparent}, a KA-value (actual or apparent), a kon-rate and/or a 

k0f.-rate, or alternatively as an ICS0 value, as further described herein) that is as defined herein (i.e. as 

m defined for the polypeptides of the invention). Such derivatives will usually also have a PcrV 

neutralization efficacy and/or potency as defined herein. 

Such polypeptides of the invention and derivatives thereof may also be in essentially isolated form 

(as defined herein). 

The invention further relates to methods for preparing the polypeptides, nucleic acids, host cells, 

15 and compositions described herein. 

The polypeptides and nucleic acids of the invention can be prepared in a manner known per se, as 

will be clear to the skilled person from the further description herein. For example, the polypeptides of 

the invention can be prepared in any manner known per se for the preparation of antibodies and in 

particular for the preparation of antibody fragments (including but not limited to (single) domain 

20 antibodies and ScFv fragments). Some preferred, but non-limiting methods for preparing the 

polypeptides and nucleic acids include the methods and techniques described herein. 

The method for producing a polypeptide of the invention may comprise the following steps: 

- the expression, in a suitable host cell or host organism (also referred to herein as a "host of the 

invention") or in another suitable expression system of a nucleic acid that encodes said 

25 polypeptide of the invention (also referred to herein as a "nucleic acid of the invention"), 

optionally followed by: 

- isolating and/or purifying the polypeptide of the invention thus obtained. 

In particular, such a method may comprise the steps of: 

- cultivating and/or maintaining a host of the invention under conditions that are such that said host 

30 of the invention expresses and/or produces at least one polypeptide of the invention; 

optionally followed by: 

- isolating and/or purifying the polypeptide of the invention thus obtained. 
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Accordingly, the present invention also relates to a nucleic acid or nucleotide sequence that 

encodes a polypeptide of the invention (also referred to as "nucleic add of the invention"). A nucleic acid 

of the invention can be in the form of single or double stranded DNA or RNA, and is preferably in the 

form of double stranded DMA. For example, the nucleotide sequences of the invention may be genomic 

5 DNA, cDNA or synthetic DNA (such as DNA with a codon usage that has been specifically adapted for 

expression in the intended host ceil or host organism}. 

According to one embodiment of the invention, the nucleic acid of the invention is in essentially 

isolated from, as defined herein. The nucleic acid of the invention may also be in the form of, be present 

in and/or be part of a vector, such as for example a plasmid, cosmid or YAC, which again may be in 

10 essentially isolated form. 

The nucleic acids of the invention can be prepared or obtained in a manner known per se, based 

on the information on the polypeptides of the invention given herein, and/or can be isolated from a 

suitable natural source. Also, as will be clear to the skilled person, to prepare a nucleic acid of the 

invention, also several nucleotide sequences, such as at least two nucleic acids encoding an 

15 immunoglobulin single variable domain or a monovalent polypeptide of the invention and for example 

nucleic acids encoding one or more linkers can be linked together in a suitable manner. 

Techniques for generating the nucleic acids of the invention will be clear to the skilled person and 

may for instance include, but are not limited to, automated DNA synthesis; site-directed mutagenesis; 

combining two or more naturally occurring and/or synthetic sequences (or two or more parts thereof), 

20 introduction of mutations that lead to the expression of a truncated expression product; introduction of 

one or more restriction sites (e.g. to create cassettes and/or regions that may easily be digested and/or 

ligated using suitable restriction enzymes), and/or the introduction of mutations by means of a PGR 

reaction using one or more "mismatched" primers. These and other techniques will be clear to the skilled 

person, and reference is again made to the standard handbooks, such as Sambrook. et al. and Ausubel et 

25 a I., mentioned above, as welt as the Examples below. 

The nucleic acid of the invention may also be in the form of, be present in and/or be part of a 

genetic construct, as will be clear to the person skilled in the art. Such genetic constructs generally 

comprise at least one nucleic acid of the invention that is optionally linked to one or more elements of 

genetic constructs known per se, such as for example one or more suitable regulatory elements (such as 

30 a suitable promoter(s), enhancer(s), terminator(s), etc.) and the further elements of genetic constructs 

referred to herein. Such genetic constructs comprising at least one nucleic acid of the invention will also 

be referred to herein as "genetic constructs of the invention". 
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The genetic constructs of the invention may be DNA or RNA, and are preferably double-stranded 

DNA. The genetic constructs of the invention may also be in a form suitable for transformation of the 

intended host cell or host organism, in a form suitable for integration into the genomic DNA of the 

intended host cell or in a form suitable for independent replication, maintenance and/or inheritance in 

5 the intended host organism. For instance, the genetic constructs of the invention may be in the form of a 

vector, such as for example a piasmid, cosmid, YAC, a viral vector or transposon. In particular, the vector 

may be an expression vector, i.e. a vector that can provide for expression in vitro and/or In vivo (e.g. in a 

suitable host cell, host organism and/or expression system). 

In a preferred but non-limiting embodiment, a genetic construct of the invention comprises 

10 a) at least one nucleic acid of the invention; operably connected to 

b) one or more regulatory elements, such as a promoter and optionally a suitable terminator; 

and optionally also 

c) one or more further elements of genetic constructs known per se; 

in which the terms "regulatory element", "promoter", "terminator" and "operably connected" have their 

15 usual meaning in the art (as further described herein); and in which said "further elements" present in 

the genetic constructs may for example be 3'- or 5'-UTR sequences, leader sequences, selection markers, 

expression markers/reporter genes, and/or elements that may facilitate or increase (the efficiency of) 

transformation or integration. These and other suitable elements for such genetic constructs will be clear 

to the skilled person, and may for instance depend upon the type of construct used; the intended host 

20 cell or host organism; the manner in which the nucleotide sequences of the invention of interest are to 

be expressed (e.g. via constitutive, transient or inducible expression); and/or the transformation 

technique to be used. For example, regulatory sequences, promoters and terminators known per se for 

the expression and production of antibodies and antibody fragments (including but not limited to (single) 

domain antibodies and ScFv fragments) may be used in an essentially analogous manner. 

25 Preferably, in the genetic constructs of the invention, said at least one nucleic acid of the invention 

and said regulatory elements, and optionally said one or more further elements, are "operably linked" to 

each other, by which is generally meant that they are in a functional relationship with each other. For 

instance, a promoter is considered "operably linked" to a coding sequence if said promoter is able to 

initiate or otherwise control/regulate the transcription and/or the expression of a coding sequence (in 

30 which said coding sequence should be understood as being "under the control of" said promoter). 

Generally, when two nucleotide sequences are operably linked, they will be in the same orientation and 
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usually also in the same reading frame. They will usually also be essentially contiguous, although this may 

also not be required. 

Preferably, the regulatory and further elements of the genetic constructs of the invention are such 

that they are capable of providing their intended biological function In the intended host cell or host 

s organism. 

For instance, a promoter, enhancer or terminator should be "operable" in the intended host ceil or 

host organism, by which is meant that (for example) said promoter should be capable of initiating or 

otherwise controlling/regulating the transcription and/or the expression of a nucleotide sequence - e.g., 

a coding sequence - to which it is operably linked (as defined herein). 

10 Some particularly preferred promoters include, but are not limited to, promoters known per se for 

the expression in the host cells mentioned herein; and in particular promoters for the expression in the 

bacterial cells, such as those mentioned herein and/or those used in the Examples. 

A selection marker should be such that it allows - i.e., under appropriate selection conditions - host 

cells and/or host organisms that have been (successfully) transformed with the nucleotide sequence of 

15 the invention to be distinguished from host cells/organisms that have not been (successfully) 

transformed. Some preferred, but non-limiting examples of such markers are genes that provide 

resistance against antibiotics (such as kanamycin or ampiciiitn), genes that provide for temperature 

resistance, or genes that allow the host cell or host organism to be maintained in the absence of certain 

factors, compounds and/or (food) components in the medium that are essential for survival of the non-

20 transformed cells or organisms. 

A leader sequence should be such that - in the intended host cell or host organism - it allows for 

the desired post-translational modifications and/or such that it directs the transcribed mRNA to a 

desired part or organelle of a cell. A leader sequence may also allow for secretion of the expression 

product from said cell. As such, the leader sequence may be any pro-, pre-, or prepro-sequence operable 

25 in the host cell or host organism:. Leader sequences may not be required for expression in a bacterial cell, 

For example, leader sequences known per se for the expression and production of antibodies and 

antibody fragments (including but not limited to single domain antibodies and ScFv fragments) may be 

used in an essentially analogous manner. 

An expression marker or reporter gene should be such that - in the host cell or host organism - it 

30 allows for detection of the expression of (a gene or nucleotide sequence present on) the genetic 

construct. An expression marker may optionally also allow for the localisation of the expressed product, 

e.g., in a specific part or organelle of a cell and/or in (a) specific cell(s), tissue(s), organ(s) or part(s) of a 
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multicellular organism. Such reporter genes may also be expressed as a protein fusion with the amino 

acid sequence or polypeptide of the invention. Some preferred, but non-limiting examples include 

fluorescent proteins such as GFP. 

Some preferred, but non-limiting examples of suitable promoters, terminator and further elements 

5 include those that can be used for the expression in the host cells mentioned herein; and in particular 

those that are suitable for expression in bacterial cells, such as those mentioned herein and/or those 

used in the Examples below. For some (further) non-limiting examples of the promoters, selection 

markers, leader sequences, expression markers and further elements that may be present/used in the 

genetic constructs of the invention - such as terminators, transcriptional and/or translational enhancers 

w and/or integration factors - reference is made to the general handbooks such as Sambrook et al. and 

Ausubel et al. mentioned above, as well as to the examples that are given in WO 95/07483, WO 

96/23810, WO 95/07463, WO 95/21191, WO 97/11094, WO 97/42320, WO 98/06737, WO 98/21355, US 

7,207,410, US 5,693,492 and EP 1085089. Other examples will be ciearto the skilled person. Reference is 

also made to the general background art cited above and the further references cited herein, 

15 The genetic constructs of the invention may generally be provided by suitably linking the 

nucleotide sequence(s) of the invention to the one or more further elements described above, for 

example using the techniques described in the general handbooks such as Sambrook et al. and Ausubel 

et al., mentioned above. 

Often, the genetic constructs of the invention will be obtained by inserting a nucleotide sequence 

20 of the invention in a suitable (expression) vector known per se. Some preferred, but non-limiting 

examples of suitable expression vectors are those used in the Examples below, as well as those 

mentioned herein. 

The nucleic acids of the invention and/or the genetic constructs of the invention may be used to 

transform, a host cell or host organism, i.e., for expression and/or production of the polypeptide of the 

25 invention. Suitable hosts or host cells will be clear to the skilled person, and may for example be any 

suitable fungal, prokaryotic or eukaryotic cell or cell line or any suitable fungal, prokaryotic or (non-

human) eukaryotic organism, for example; 

- a bacterial strain, including but not limited to gram-negative strains such as strains of Escherichia coii; 

of Proteus, for example of Proteus mirabilis; of Pseudomonas, for example of Pseudomonas 

30 fiuorescens; and gram-positive strains such as strains of Bacillus, for example of Bacillus subtilis or of 

Bacillus brevis; of Streptomyces, for example of Streptomyces livid cms; of Staphylococcus, for example 

of Staphylococcus camosus; and of Lactococcus, for example of Laciococcus lactis; 
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- a fungal cell, including but not limited to cells from species of Trichoderma, for example from 

Trichoderma reesei; of Neurospora, for example from Neurospora crass a-, of Sordaria, for example 

from Sordaria macrospora; of Aspergillus, for example from Aspergillus niger or from Aspergillus 

sojae; or from other filamentous fungi; 

5 - a yeast cell, including but not limited to cells from species of Saccharomyces, for example of 

Saccharomyces cerevisiae; of Schizosaccharomyces, for example of Schizosaccharomyces pombe; of 

Pichia, for exam.pie of Pichia pastoris or of Pichia methanolica; of Hansenula, for example of 

Hansenula polymorphc; of Kluyveromyces, for example of Kluyveromyces lactis; of Arxula, for 

example of Arxula adeninivorans; of Yarrowia. for example of Yarrowia lipolytica; 

10 - an amphibian cell or cell line, such as Xenopus oocytes; 

- an insect-derived cell or cell line, such as cells/cell lines derived from lepidoptera, including but not 

limited to Spodoptera SF9 and Sf21 cells or cells/cell lines derived from Drosophilc, such as Schneider 

and Kc cells; 

- a plant or plant cell, for example in tobacco plants; and/or 

15 - a mammalian cell or cell line, for example a cell or cell line derived from a human, a cell or a cell line 

from mammals including but not. limited to CHO-celis, BHK-cells (for example BHK-21 cells) and 

human cells or eel! lines such as HeLa, COS {for example C05-7) and PER.Co cells; 

as well as all other host cells or (non-human) hosts known per se for the expression and production of 

antibodies and antibody fragments (including but not limited to (single) domain antibodies and ScFv 

20 fragments), which will be clear to the skilled person. Reference is also made to the general background 

art cited hereinabove, as well as to for example WO 94/29457; WO 96/34103; WO 99/42077; Frenken et. 

al. (Res Immunol. 149; 589-99,1.998); Riechmann and Muyldermans (1999), supra; van der Linden (J. 

Biotechnol. SO; 261-70, 2000); Joosten et al. (Microb. Cell Fact. 2; 1, 2003); Joosten et al, (Appl. 

Microbiol, Biotechnol, 66: 384-92, 2005); and the further references cited herein. 

25 The polypeptides of the invention may also be expressed as so-called "intrabodies", as for example 

described in WO 94/02610, WO 95/22618 and US 7,004,940; WO 03/014960; in Cattaneo and Biocca 

("Intracellular Antibodies: Development and Applications" Landes and Springer-Veriag, 1997); and in 

Kontermann (Methods 34:163-170, 2004), 

The polypeptides of the invention can for example also be produced in the milk of transgenic 

30 mammals, for example in the milk of rabbits, cows, goats or sheep (see for example US 6,741,957, US 

6,304,489 and US 6,849,992 for general techniques for introducing transgenes into mammals), in plants 



WO 2013/128031 
85 

PCT/EP2013/054262 

or parts of plants including but not limited to their leaves, flowers, fruits, seed, roots or tubers (for 

example in tobacco, maize, soybean or alfalfa) or in for example pupae of the silkworm Bombix mori. 

Furthermore, the polypeptides of the invention can also be expressed and/or produced in cell-free 

expression systems, and suitable examples of such systems will be ciearto the skilled person. Some 

5 preferred, but non-limiting examples include expression in the wheat germ system; in rabbit reticulocyte 

lysates; or in the E. coli Zubay system. 

Preferably, in the invention, an (in vivo or in vitro) expression system, such as a bacterial 

expression system, is used that provides the polypeptides of the invention in a form that is suitable for 

pharmaceutical use, and such expression systems will again be ciearto the skilled person. As also wiil be 

to clear to the skilled person, polypeptides of the invention suitable for pharmaceutical use can be 

prepared using techniques for peptide synthesis. 

For production on industrial scale, preferred heterologous hosts for the (industrial) production of 

immunoglobulin single variable domains or immunoglobulin single variable domain-containing 

polypeptide therapeutics include strains of £ colt, Pichia pastoris, S. cerevisiae that are suitable for large 

15 scale expression/production/fermentation, and in particular for large scale pharmaceutical 

expression/production/fermentation. Suitable examples of such strains will be ciearto the skilled person. 

Such strains and production/expression systems are also made available by companies such as Biovitrum 

{Uppsala, Sweden). 

Alternatively, mammalian cell lines, in particular Chinese hamster ovary (CHO) cells, can be used 

20 for iarge scale expression/production/fermentation, and in particular for large scale pharmaceutical 

expression/production/fermentation. Again, such expression/production systems are also made 

available by some of the companies mentioned above. 

The choice of the specific expression system would depend in part on the requirement for certain 

post-translational modifications, more specifically glycosylation. The production of a immunoglobulin 

25 single variable domain-containing recombinant protein for which glycosylation is desired or required 

would necessitate the use of mammalian expression hosts that have the ability to glycosylate the 

expressed protein. In this respect, it will be ciearto the skilled person that the glycosylation pattern 

obtained (i.e., the kind, number and position of residues attached) will depend on the cell or cell line that 

is used for the expression. Preferably, either a human cell or cell Sine is used (i.e., leading to a protein 

30 that essentially has a human giycosylation pattern) or another mammalian cell line is used that can 

provide a glycosylation pattern that is essentially and/or functionally the same as human glycosylation or 

at least mimics human glycosylation. Generally, prokaryotic hosts such as E. coli do not have the ability to 
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glycosylate proteins, and the use of lower eukaryotes such as yeast usually leads to a glycosylation 

pattern that differs from human glycosylation. Nevertheless, it should be understood that all the 

foregoing host cells and expression systems can be used in the invention, depending on the desired 

polypeptide to be obtained, 

5 Thus, according to one non-limiting embodiment of the invention, the polypeptide of the invention 

is glycosylated. According to another non-limiting embodiment of the invention, the polypeptide of the 

Invention is non-giycosylated. 

According to one preferred, but non-limiting embodiment of the invention, the polypeptide of the 

invention is produced in a bacterial cell, in particular a bacterial cell suitable for large scale 

10 pharmaceutical production, such as cells of the strains mentioned above. 

According to another preferred, but non-limiting embodiment of the invention, the polypeptide of 

the invention is produced In a yeast cell, in particular a yeast cell suitable for large scale pharmaceutical 

production, such as cells of the species mentioned above. 

According to yet another preferred, but non-limiting embodiment of the invention, the 

15 polypeptide of the invention is produced in a mammalian cell, in particular in a human cell or in a cell of a 

human cell line, and more in particular in a human cell or in a cell of a human cell line that is suitable for 

large scale pharmaceutical production, such as the cell lines mentioned hereinabove. 

When expression in a host cell is used to produce the polypeptides of the invention, the 

polypeptides of the invention can be produced either intracellullarly (e.g., in the cytosol, in the 

20 periplasma or in inclusion bodies) and then isolated from the host celts and optionally further purified; or 

can be produced extraceliularly {e.g., in the medium in which the host cells are cultured} and then 

isolated from the culture medium and optionally further purified. When eukaryotic host cells are used, 

extracellular production is usually preferred since this considerably facilitates the further isolation and 

downstream processing of the polypeptides obtained. Bacterial ceils such as the strains of E. coii 

25 mentioned above normally do not secrete proteins extraceliularly, except for a few classes of proteins 

such as toxins and hemolysin, and secretory production in E, coli refers to the translocation of proteins 

across the inner membrane to the periplasmic space. Periplasmic production provides several 

advantages over cytosolic production. For example, the N-terminal amino acid sequence of the secreted 

product can be identical to the natural gene product after cleavage of the secretion signal sequence by a 

30 specific signal peptidase. Also, there appears to be much less protease activity in the periplasm than in 

the cytoplasm. In addition, protein purification is simpler due to fewer contaminating proteins in the 

periplasm. Another advantage is that correct disulfide bonds may form because the periplasm provides a 
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more oxidative environment than the cytoplasm. Proteins overexpressed in E. coli are often found in 

insoluble aggregates, so-called inclusion bodies. These inclusion bodies may be located in the cytosol or 

in the periplasm; the recovery of biologically active proteins from these inclusion bodies requires a 

denaturation/refolding process, Many recombinant proteins, including therapeutic proteins, are 

5 recovered from inclusion bodies. Alternatively, as will be clear to the skilled person, recombinant strains 

of bacteria that have been genetically modified so as to secrete a desired protein, and in particular a 

polypeptide of the invention, can be used. 

Thus, according to one non-limiting embodiment of the invention, the polypeptide of the Invention 

is a polypeptide that has been produced intracellular^ and that has been isolated from the host cell, and 

10 in particular from a bacterial cell or from an inclusion body in a bacterial cell. According to another non-

limiting embodiment of the invention, the polypeptide of the invention is a polypeptide that has been 

produced extraceliularly, and that has been isolated from the medium in which the host cell is cultivated. 

Some preferred, but non-limiting promoters for use with these host cells include: 

for expression in E. coli: lac promoter (and derivatives thereof such as the lacUVS promoter); 

15 arabinose promoter; left- (PL) and rightward (PR) promoter of phage lambda; promoter of the trp 

operon; hybrid lac/trp promoters (tac and trc); T7-promoter (more specifically that of T7-phage 

gene 10) and other T-phage promoters; promoter of the TnlO tetracycline resistance gene; 

engineered variants of the above promoters that include one or more copies of an extraneous 

regulatory operator sequence; 

20 - for expression in S. cerevisiae: constitutive: ADH1 (alcohol dehydrogenase 1), ENO (enolase), CYC1 

(cytochrome c iso-1), GAPDH (glyceraldehydes-3-pbosphate dehydrogenase), PGK1 

(phosphogtycerate kinase), PYK1 (pyruvate kinase); regulated: GAL1,10,7 (galactose metabolic 

enzymes), ADH2 (alcohol dehydrogenase 2), PH05 (acid phosphatase), CUP1 (copper 

metallothionein); heterologous: CaMV (cauliflower mosaic virus 3SS promoter); 

25 - for expression in Pichia pastoris: the AOX1 promoter (alcohol oxidase I); 

for expression in mammalian cells: human cytomegalovirus (hCMV) immediate early 

enhancer/promoter; human cytomegalovirus (hCMV) immediate early promoter variant that 

contains two tetracycline operator sequences such that the promoter can be regulated by the Tet 

repressor; Herpes Simplex Virus thymidine kinase (TK) promoter; Rous Sarcoma Virus long terminal 

30 repeat (RSV LTR) enhancer/promoter; elongation factor la (hEF-la) promoter from human, 

chimpanzee, mouse or rat; the SV40 early promoter; HIV-1 long terminal repeat promoter; p-actin 

promoter; 
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Some preferred, but non-limiting vectors for use with these host cells include: 

vectors for expression in mammalian cells: pMAMneo (Clontech), pcDNA3 (Invitrogen), pMClneo 

(Stratagene). pSG5 (Stratagene), EBO-pSV2-neo (ATCC 37593), pBPV-1 (8-2) (ATCC 37110), pdBPV-

MMTneo (342-12) (ATCC 37224), pRSVgpt (ATCC37199), pRSVneo (ATCC37198), pSV2-dhfr (ATCC 

37146), pUCTag (ATCC 37460) and 1ZD3S (ATCC 37565), as well as viral-based expression systems, 

such as those based on adenovirus; 

vectors for expression in bacterial cells: pET vectors (Novagen) and pQE vectors (Qiagen); 

vectors for expression in yeast or other fungal ceils: pYES2. (Invitrogen) and Pichia expression 

vectors (Invitrogen); 

vectors for expression in insect cells: pBlueBacll (Invitrogen) and other baculovirus vectors 

vectors for expression in plants or plant cells: for example vectors based on cauliflower mosaic 

virus or tobacco mosaic virus, suitable strains of Agrobacterium, or Ti-ptasmid based vectors. 

Some preferred, but non-limiting secretory sequences for use with these host cells include: 

for use in bacterial ceils such as E, coli: PelB, Bla, OmpA, OmpC, OmpF, OmpT, Stll, PhoA, PhoE, 

MalE, Lpp, LamB, and the like; TAT signal peptide, hemolysin C-terminal secretion signal; 

for use in yeast: a-mating factor prepro-sequence, phosphatase (phol), invertase (Sue), etc.; 

for use in mammalian cells: indigenous signal in case the target protein is of eukaryotic origin; 

murine Ig K-chain V-J2-C signal peptide; etc. 

Suitable techniques for transforming a host or host cell of the invention will be dear to the skilled 

person and may depend on the intended host cell/host organism and the genetic construct to be used. 

Reference is again made to the handbooks and patent applications mentioned above. 

After transformation, a step for detecting and selecting those host cells or host organisms that 

have been successfully transformed with the nucleotide sequence/genetic construct of the invention 

may be performed. This may for instance be a selection step based on a selectable marker present in the 

genetic construct of the invention or a step involving the detection of the polypeptide of the invention, 

e.g., using specific antibodies. 

The transformed host cell (which may be in the form or a stable cell line) or host organisms (which 

may be in the form of a stable mutant line or strain) form further aspects of the present invention. 

Preferably, these host cells or host organisms are such that they express, or are (at least) capable 

of expressing (e.g., under suitable conditions), a polypeptide of the invention (and in case of a host 

organism: in at least one celt, part, tissue or organ thereof). The invention also includes further 
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generations, progeny and/or offspring of the host cell or host organism of the invention, that may for 

instance be obtained by cell division or by sexual or asexuai reproduction, 

To produce/obtain expression of the polypeptides of the invention, the transformed host cell or 

transformed host organism may generally be kept, maintained and/or cultured under conditions such 

s that the (desired) polypeptide of the invention is expressed/produced. Suitable conditions will be clear to 

the skilled person and will usually depend upon the host cell/host organism used, as well as on the 

regulatory elements that control the expression of the (relevant) nucleotide sequence of the invention. 

Again, reference is made to the handbooks and patent applications mentioned above in the paragraphs 

on the genetic constructs of the invention. 

10 Generally, suitable conditions may include the use of a suitable medium, the presence of a suitable 

source of food and/or suitable nutrients, the use of a suitable temperature, and optionally the presence 

of a suitable inducing factor or compound (e.g., when the nucleotide sequences of the invention are 

under the control of an inducible promoter); all of which may be selected by the skilled person. Again, 

under such conditions, the polypeptides of the invention may be expressed in a constitutive manner, in a 

15 transient manner, or only when suitably induced. 

It will also be clear to the skilled person that the polypeptide of the invention may {first) be 

generated in an immature form (as mentioned above), which may then be subjected to post-

transiational modification, depending on the host cell/host organism used. Also, the polypeptide of the 

invention may be glycosylated, again depending on the host cell/host organism used. 

20 The polypeptide of the invention may then be isolated from the host cell/host organism and/or 

from the medium in which said host cell or host organism was cultivated, using protein isolation and/or 

purification techniques known per se. such as (preparative) chromatography and/or electrophoresis 

techniques, differential precipitation techniques, affinity techniques (e.g., using a specific, cleavable 

amino acid sequence fused with the polypeptide of the invention) and/or preparative immunological 

25 techniques (i.e. using antibodies against the polypeptide to be isolated). 

Compositions of the invention 

The invention further relates to a product or composition containing or comprising at least one 

polypeptide of the invention, and/or at least one nucleic acid of the invention, and optionally one or 

30 more further components of such compositions known per se, i.e. depending on the intended use of the 

composition. Such a product or composition may for example be a pharmaceutical composition (as 

described herein}, a veterinary composition or a product or composition for diagnostic use (as also 
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described herein). Some preferred but non-limiting examples of such products or compositions will 

become clear from the further description herein. 

Generally, for pharmaceutical use, the polypeptides of the invention may be formulated as a 

pharmaceutical preparation or compositions comprising at least one polypeptide of the invention and at 

5 least one pharmaceutically acceptable carrier, diluent or excipient and/or adjuvant, and optionally one or 

more further pharmaceutically active polypeptides and/or compounds. Such suitable administration 

forms - which may be solid, semi-solid or liquid, depending on the manner of administration - as well as 

methods and carriers for use in the preparation thereof, will be ciearto the skilled person, and are 

further described herein. 

10 Thus, In a further aspect, the invention relates to a pharmaceutical composition that contains at 

least one polypeptide of the invention and at least one suitable carrier, diluent or excipient [i.e., suitable 

for pharmaceutical use), and optionally one or more further active substances. In a particular aspect, the 

invention relates to a pharmaceutical composition that contains a polypeptide of the invention selected 

from any of SEQ ID NOs: 118-141 and at least one suitable carrier, diluent or excipient {i.e. suitable for 

15 pharmaceutical use), and optionally one or more further active substances. 

Generally, the polypeptides of the invention can be formulated and administered in any suitable 

manner known perse, for which reference is for example made to the general background art cited 

above (and in particular to WO 04/041862, WO 04/041863, WO 04/041865, WO 04/041867 and WO 

08/020079) as well as to the standard handbooks, such as Remington's Pharmaceutical Sciences, 18th Ed., 

20 Mack Publishing Company, USA (1990), Remington, the Science and Practice of Pharmacy, 21st Edition, 

Lippincott Williams and Wilkins (2005); or the Handbook of Therapeutic Antibodies (S. Dubel, Ed.), Wiley, 

Weinheim, 2007 (see for example pages 252-255). 

For example, the polypeptides of the invention may be formulated and administered in any 

manner known per se for conventional antibodies and antibody fragments (including ScFv's and 

25 diabodies) and other pharmaceutically active proteins. Such formulations and methods for preparing the 

same will be clear to the skilled person, and for example include preparations suitable for parenteral 

administration {for example intravenous, intraperitoneal, subcutaneous, intramuscular, intraluminal, 

intra-arterial or intrathecal administration). 

Preparations for parenteral administration may for example be sterile solutions, suspensions, 

30 dispersions or emulsions that are suitable for infusion or injection. Suitable carriers or diluents for such 

preparations for example include, without limitation, those mentioned on page 143 of WO 08/020079. 

Usually, aqueous solutions or suspensions will be preferred. 
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The polypeptides of the invention may be administered intravenously or intraperitoneal^ by 

infusion or injection. Solutions of the polypeptides of the invention can be prepared in water, optionally 

mixed with a nontoxic surfactant. Dispersions can also be prepared in glycerol, liquid polyethylene 

glycols, triacetin, and mixtures thereof and in oils. Under ordinary conditions of storage and use, these 

5 preparations contain a preservative to prevent the growth of microorganisms. 

The pharmaceutical dosage forms suitable for injection or infusion can include sterile aqueous 

solutions or dispersions or sterile powders comprising the active ingredient which are adapted for the 

extemporaneous preparation of sterile injectable or infusible solutions or dispersions, optionally 

encapsulated in liposomes. In all cases, the ultimate dosage form must be sterile, fluid and stable under 

10 the conditions of manufacture and storage. The liquid carrier or vehicle can be a solvent or liquid 

dispersion medium comprising, for example, water, ethanol, a polyol (for example, glycerol, propylene 

glycol, liquid polyethylene glycols, and the like), vegetable oils, nontoxic glyceryl esters, and suitable 

mixtures thereof. The proper fluidity can be maintained, for example, by the formation of liposomes, by 

the maintenance of the required particle size in the case of dispersions or by the use of surfactants. The 

15 prevention of the action of microorganisms can be brought about by various antibacterial and antifungal 

agents, for example, parabens, chlorobutanoi, phenol, sorbic acid, thimerosal, and the like, in many 

cases, it will be preferable to include isotonic agents, for example, sugars, buffers or sodium chloride. 

Prolonged absorption of the injectable compositions can be brought about by the use in the 

compositions of agents delaying absorption, for example, aluminum monostearate and gelatin, 

20 Sterile injectable solutions are prepared by incorporating the polypeptides of the invention in the 

required amount in the appropriate solvent with several of the other ingredients enumerated above, as 

required, followed by filter sterilization. In the case of sterile powders for the preparation of sterile 

injectable solutions, the preferred methods of preparation are vacuum drying and the freeze drying 

techniques, which yield a powder of the active ingredient pius any additional desired ingredient present 

25 in the previously sterile-filtered solutions, 

in a preferred aspect, the polypeptides of the invention and/or compositions comprising the same 

are administered to the pulmonary tissue, in the context of the present invention, "pulmonary tissue" is 

for the purposes of this invention equivalent with lung tissue or lung. The lung comprises 2 distinct 

zones:, a conducting and a respiratory zone, within which the airway and vascular compartments lie (see 

30 e.g., "Pulmonary Drug Delivery", Edited by Karoline Bechtold-Peters and Henrik Luessen, ISBN 978-3-

87193-322-6 pp. 16-28, 2007). 
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For pulmonary delivery, the polypeptides of the invention may be applied in pure form, i.e., when 

they are liquids or a dry powder. However, it will be preferred to administer them to the pulmonary 

tissue as composition or formulation comprising a polypeptide of the invention and a carrier suitable for 

pulmonary delivery. Accordingly, the present invention also relates to a pharmaceutical composition 

5 comprising the polypeptide of the invention and a carrier suitable for pulmonary delivery. Carriers 

suitable for pulmonary delivery are known in the art. 

The polypeptides of the invention may also be administered as micro- or nanoparticles of pure 

drugs with particle sizes and distributions favorable for pulmonary delivery. 

Accordingly, the present invention also relates to a pharmaceutical device suitable for the 

10 pulmonary delivery of the polypeptides of the invention and suitable in the use of a composition 

comprising the same. This device may be an inhaler for liquids [e.g., a suspension of fine solid particles or 

droplets} comprising the polypeptide of the invention. Preferably this device is an aerosol, nebulizer or 

metered dose inhaler comprising the poiypeptide of the invention. The device may also be a dry powder 

inhaler comprising the polypeptide of the invention in the form of a dry powder. 

15 In a preferred method, the administration to the pulmonary tissue is performed by inhaling the 

polypeptides of the invention and/or the composition comprising the same in an aerosol cloud, 

According to the invention, inhaling of the aerosol cloud can be performed by an inhaler device. The 

device should generate from a formulation comprising the polypeptides of the invention (and/or 

composition comprising the same) an aerosol cloud of the desired particle size (distribution) at the 

20 appropriate moment of the mammal's inhalation cycle, containing the right dose of the polypeptides of 

the invention ("Pulmonary drug delivery", Bechtold-Peters and Luessen, eds„ ISBN 978-3-87193-322-6, 

page 125, 2007). 

In the context of the present invention, "aerosol" denotes a suspension of fine solid particles or 

liquid droplets (or combination thereof) in a gas wherein, for the purposes of this invention, the particles 

25 and/or droplets comprise the polypeptides of the invention. 

The device should generate from the formulation an aerosol cloud of the desired particle size 

(distribution} at the appropriate moment of the mammal's inhalation cycle, containing the right dose of 

polypeptides of the invention. 

Various inhalation systems are e.g. described on pages 129 to 148 in the review ("Pulmonary Drug 

30 Delivery", Bechtold-Peters and Luessen, eds... supra} and include, but are not limited to, nebulizers, 

metered dose inhaiers, metered dose liquid inhalers, and dry powder inhalers. Devices talcing into 

account optimized and individualized breathing pattern for controlled inhalation manoeuvres may also 
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be used (see AK1TA* technology on page 157 of "Pulmonary Drug Delivery", Bechtold-Peters and 

Luessen, eds,, supra). 

However, not only the device is important to pulmonary delivery of the polypeptides of the 

invention but also the right formulation is critical to achieve an effective delivery. This can be In principle 

s achieved by using one of the following approaches: 

Administration of aqueous solutions or suspensions comprising the polypeptides of the invention 

(e.g., nasal drops) into the nasal cavities; 

Nebulisation of aqueous solutions or suspensions comprising the polypeptides of the invention; 

Atomization by means of liquefied propellents; and 

10 - Dispersion of dry powders. 

Hence formulations of the polypeptides of the invention have to be adopted and adjusted to the 

chosen inhalation device, Appropriate formulations, i.e. the excipients in addition to the polypeptides of 

the invention, are e.g., described in chapter IV of "Pulmonary Drug Delivery", Bechtold-Peters and 

Luessen, eds., supra. In this respect, reference is also made to WO 2010/081856. 

15 The amount of the polypeptides of the invention required for use in treatment will vary not only 

with the particular polypeptide selected but also with the route of administration, the nature of the 

condition being treated and the age and condition of the patient and will be ultimately at the discretion 

of the attendant physician or clinician. Also the dosage of the polypeptides of the invention will vary. 

The desired dose may conveniently be presented in a single dose or as divided doses administered 

20 at appropriate intervals, for example, as two, three, four or more sub-doses per day. The sub-dose itself 

may be further divided, e.g., Into a number of discrete loosely spaced administrations; such as multiple 

inhalations from an insufflator. 

An administration regimen could include long-term, daily treatment. By "long-term" is meant at 

least two weeks and preferably, several weeks, months, or years of duration. Necessary modifications in 

25 this dosage range may be determined by one of ordinary skill in the art using only routine 

experimentation given the teachings herein. See Remington's Pharmaceutical Sciences (Martin, E.W., ed. 

4), Mack Publishing Co., Easton, PA. The dosage can also be adjusted by the individual physician in the 

event of any complication, 

30 Uses of the polypeptides of the invention 

The invention further relates to applications and uses of the polypeptides, nucleic acids, host cells, 

and compositions described herein, as well as to methods for the prevention and/or treatment P. 
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aeruginosa infection. Some preferred but non-limiting applications and uses will become clear from the 

further description herein. 

The polypeptides and compositions of the present invention can generally be used to neutralize P, 

aeruginosa; such as to modulate, inhibit and/or prevent infectivity of P. aeruginosa, to modulate, inhibit 

5 and/or prevent colonization of the host by P, aeruginosa, to modulate, inhibit and/or prevent TTSS 

virulence mechanisms of P. aeruginosa, to modulate, inhibit and/or prevent injection by P. aeruginosa 

into the host cell of various exotoxins, to modulate, inhibit arid/or prevent pore-mediated increases in 

host cell membrane permeability induced by P. aeruginosa, to modulate, inhibit and/or prevent 

activation of broad cellular defence responses induced by P, aeruginosa and/or to modulate, inhibit 

w and/or prevent triggering of tissue-damaging inflammation induced by P. aeruginosa. 

In one aspect, the polypeptides, and compositions of the present invention can neutralize P, 

aeruginosa infectivity at least 1%, preferably at least 5%, such as at least 10% or at least 25%, preferably, 

at least 50%, at least 60%, at least 70%, at least 80%, or at least 90% or more, such as 100%. compared to 

the P. aeruginosa infectivity under the same conditions but without the presence of the polypeptide of 

15 the invention, measured in any suitable manner known per se, for example using one of the assays 

described herein (such as the TTSS-dependent cytotoxicity assay as described in the Example section). 

The invention also relates to a method for the prevention and/or treatment of infection with P. 

aeruginosa, said method comprising administering, to a subject in need thereof, a pharmaceutically 

active amount of a polypeptide of the invention, and/or of a pharmaceutical composition comprising the 

20 same. 

As such, the polypeptides and compositions of the present invention can be used for the 

prevention and/or treatment of P. aeruginosa infection. Examples of patient groups susceptible to P, 

aeruginosa infection will be clear to the skilled person based on the disclosure herein, and for example 

include (without being limiting) the following patient groups; ventilator-associated pneumonia (VAP), 

25 burn victims, mechanical ventilated patients, Cystic Fibrosis (CF) patients, hematopoietic cell 

transplantation patients, bone marrow transplant patients, patients undergoing surgery, patients with 

chronic obstructive pulmonary disease (COPD), patients with bronchiectasis, patients with sepsis and 

patients with cancer-associated neutropenia. 

Accordingly, the present invention also relates to a method for the prevention and/or treatment of 

30 P. aeruginosa infections in ventilator-associated pneumonia (VAP), burn victims, mechanical ventilated 

patients, Cystic Fibrosis (CF) patients, hematopoietic cell transplantation patients, bone marrow 

transplant patients, surgery, chronic obstructive pulmonary disease (COPD), bronchiectasis, sepsis, 
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cancer-associated neutropenia, said method comprising administering, to a subject in need thereof, a 

pharmaceutically active amount of at least one polypeptide of the invention or a composition of the 

invention. 

The invention also relates to the use of a poiypeptide of the invention in the preparation of a 

5 pharmaceutical composition for prevention and/or treatment of P. aeruginosa infection including but 

not limited to P. aeruginosa infections in ventilator-associated pneumonia (VAP), burn victims, 

mechanical ventilated patients, Cystic Fibrosis (CF) patients, hematopoietic cell transplantation patients, 

bone marrow transplant patients, surgery, chronic obstructive pulmonary disease (COPD), 

bronchiectasis, sepsis, cancer-associated neutropenia; and/or for use in one or more of the methods 

10 described herein. 

The invention also relates to a polypeptide of the invention, or a composition comprising the same 

for prevention and/or treatment of P. aeruginosa infection such as P. aeruginosa infections including 

(but not limited to) P, aeruginosa infections in ventilator-associated pneumonia (VAP), burn victims, 

mechanical ventilated patients, Cystic Fibrosis (CF) patients, hematopoietic ceil transplantation patients, 

15 bone marrow transplant patients, surgery, chronic obstructive pulmonary disease (COPD), 

bronchiectasis, sepsis, cancer-associated neutropenia. 

In the context of the present invention, the term "prevention and/or treatment" not only 

comprises preventing and/or treating the infection, but aiso generally comprises slowing or reversing the 

progress of the infection, reducing the severity and/or the duration of the infection and/or preventing a 

20 further increase in the severity of the infection, and generally any pharmacological action that is 

beneficial to the patient being treated. 

In another aspect, the invention relates to a method for immunotherapy, and in particular for 

passive immunotherapy, which method comprises administering, to a subject suffering from or at risk of 

P, aeruginosa infection, a pharmaceutical active amount of a polypeptide of the invention, and/or of a 

25 pharmaceutical composition comprising the same. 

The subject to be treated may be any warm-blooded animal, but is in particular a mammal, and 

more in particular a human being. As will be clear to the skilled person, the subject to be treated will in 

particular be a person suffering from, or at risk of P, aeruginosa infection, including but not limited to the 

patient groups susceptible to P. aeruginosa infection mentioned herein. 

30 Thus, in general, the polypeptides according to the invention and/or the compositions comprising 

the same can be administered in any suitable manner. For example (but not limited thereto) the 

polypeptides according to the invention and compositions comprising the same can be administered 
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intranasally, intratracheal^', by inhalation and/or by any other suitable form of pulmonary delivery. 

Methods for pulmonary delivery, intranasal delivery, intratracheal and/or delivery by inhalation of a 

polypeptide of the invention will be known to the skilled person and are e.g. described in the handbook 

"Drug Delivery: Principles and Applications" (2005) by Binghe Wang, Teruna Siahaan and Richard Soltero 

5 (Eds. Wiley interscience (John Wiley & Sons)); in "Pharmacology PreTest™ Self-Assessment and Review" 

(11th Edition} by Rosenfeld G.C., Loose-Mitchell D.S.; and in "Pharmacology" (3rd Edition) by Lippincott 

Williams & Wilkins, New York; Shlafer M. McGraw-Hill Medical Publishing Division, New York; Yang K.Y,, 

Graff L.R., Caughey A.B. Blueprints Pharmacology, Blackwell Publishing. 

Accordingly, the present invention also relates to a method for administering an effective amount 

10 of a poiypeptide of the invention and/or a composition comprising the same, wherein said method 

comprises the step of administering the polypeptide and/or composition comprising the same to the 

pulmonary tissue. In such method, the polypeptide and/or a composition comprising the same can be 

administered by any method known in the art for pulmonary delivery such as e.g., by use of an inhaler 

(aerosol, metered dose inhaler, nebulizer) or intranasal delivery device. 

15 In a preferred aspect of the invention, the poiypeptide will bind and/or neutralize P. aeruginosa 

present in the pulmonary tissue. Preferably in such method for pulmonary delivery at least 5%, 

preferably at least 10%, 20%, 30%, 40%, more preferably at least 50%, 80%, 70%, and even more 

preferably at least 80% or more of the polypeptide of the invention is stable in the pulmonary tissue for 

at least 12 hours, preferably at least 24 hours more preferably at ieast 48 hours. 

20 Accordingly, the invention relates to a method for delivering a polypeptide of the invention to the 

pulmonary tissue of a subject without being inactivated, said method comprising the step of pulmonary 

administering said polypeptide of the invention to said subject. 

The invention also relates to a method for the prevention and/or treatment of P. aeruginosa 

infection, said method comprising administering to the pulmonary tissue of a subject in need thereof, a 

25 pharmaceutically active amount of a polypeptide of the invention and/or of a pharmaceutical 

composition comprising the same. 

More in particular, the invention relates to a method for the prevention and/or treatment of P. 

aeruginosa infections in ventilator-associated pneumonia (VAP), burn victims, mechanical ventilated 

patients, Cystic fibrosis (CF) patients, hematopoietic cell transplantation patients, bone marrow 

30 transplant patients, surgery, chronic obstructive pulmonary disease (COPD), bronchiectasis, sepsis, 

cancer-associated neutropenia, said method comprising administering, to the pulmonary tissue of a 
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subject in need thereof, a pharmaceuticaliy active amount of a polypeptide of the invention and/or of a 

pharmaceutical composition comprising the same, 

The polypeptides of the invention and/or the compositions comprising the same are administered 

according to a regime of treatment that is suitable for preventing and/or treating the P. aeruginosa 

5 infection. The clinician will generally be able to determine a suitable treatment regimen, depending on 

factors such as the patient group to be treated, the severity of the infection and/or the severity of the 

symptoms thereof, the specific polypeptide of the invention to be used, the specific route of 

administration and pharmaceutical formulation or composition to be used, the age, gender, weight, diet, 

general condition of the patient, and similar factors well known to the clinician, 

10 Generally, the treatment regimen will comprise the administration of one or more polypeptides of 

the invention, or of one or more compositions comprising the same, in one or more pharmaceutically 

effective amounts or doses. The specific amount(s) or doses to administered can be determined by the 

clinician, again based on the factors cited above. 

Generally, for the prevention and/or treatment of the P, aeruginosa infection and depending on 

15 the specific patient group to be treated, the potency of the polypeptide of the invention to be used, the 

specific route of administration and the specific pharmaceutical formulation or composition used, the 

polypeptides of the invention will generally be administered in an amount between 1 gram and 1 

microgram per kg body weight per day, preferably between 0,1 gram and 10 microgram per kg body 

weight per day, most preferably between 0,01 gram and 100 microgram per kg body weight per day such 

20 as about 0,1, 0.5,1, 2, 5 or 10 milligram per kg body weight per day, either continuously (e.g. by 

infusion), as a single daily dose or as multiple divided doses during the day. Polypeptides of the invention 

that contain a half-life extending moiety may be administered in an amount between 1 milligram and 

100 milligram per kg body weight, preferably between 1 milligram and 50 milligram per kg body weight, 

such as about 10,15, 20 or 30 milligram per kg body weight once or twice a month. The clinician will 

25 generally be able to determine a suitable daily dose, depending on the factors mentioned herein, it will 

aiso be clear that in specific cases, the clinician may choose to deviate from these amounts, for example 

on the basis of the factors cited above and his expert judgment. 

When the polypeptide and/or a composition comprising the same is administered to the 

pulmonary tissue the treatment regime may be once or twice daily, preferably once dally, or once every 

30 2, 3, 4, 5, 6, or 7 days. 

Usually, in the above method, a single polypeptide of the invention will be used. It is however 

within the scope of the invention to use two or more polypeptides of the Invention in combination. 
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The polypeptides of the invention may also be used in combination with one or more further 

pharmaceutically active compounds or principles, i.e. as a combined treatment regimen, which may or 

may not lead to a synergistic effect. Again, the clinician will be able to select such further compounds or 

principles, as well as a suitable combined treatment regimen, based on the factors cited above and his 

5 expert judgement. 

In particular, the polypeptides of the invention may be used in combination with other 

pharmaceutically active compounds or principles that are or can be used for the prevention and/or 

treatment of P. aeruginosa infection, as a result of which a synergistic effect may or may not be 

obtained. Examples of such compounds and principles, as well as routes, methods and pharmaceutical 

10 formulations or compositions for administering them will be clear to the clinician and include (without 

being limiting): Aminoglycosides (tobramycin, gentamicin, sisomycin, amikacin, netilmicin), 

Fluoroquinolones (sitafloxacin, ciprofloxacin, levofloxacin, ofloxacin), Polymyxins (polymyxin A, 

polymyxin B, polymyxin C, polymyxin D, polymyxin E (colistin; colimycin)), UDP-IV-acetylglucosamine-3-

enolpyruvyltransferase (NAM; MurA) inhibitors (fosfomycin), Macrolides (azithromycin), Oxazolidinones 

is (linezolid), Penicillins (methicillin; Carboxypenicillins: ticarcillin; Ureidopenicillins: piperacillin, azlocillin), 

Carbapenems (doripenem, biapenem, imipenem, meropenem, topopenem), Cephalosporins 

(ceftazidime, cefepime, aztreonam, ceftobiprole, CXA-1Q1 (Calixa)), or other beta-lactamase inhibitors 

such as clavulanate, and beta-lactamase inhibitor combinations (combination of piperacillin and 

tazobactam, combination of ticarcillin and clavulanic acid, combination of imipenem and cilastatin); or 

20 any combination thereof, 

When two or more substances or principles are to be used as part of a combined treatment 

regimen, they can be administered via the same route of administration or via different routes of 

administration, at essentially the same time or at different times (e.g. essentially simultaneously, 

consecutively, or according to an alternating regime). When the substances or principles are to be 

25 administered simultaneously via the same route of administration, they may be administered as different 

pharmaceutical formulations or compositions or part of a combined pharmaceutical formulation or 

composition, as will be clear to the skilled person. 

Also, when two or more active substances or principles are to be used as part of a combined 

treatment regimen, each of the substances or principles may be administered in the same amount and 

30 according to the same regimen as used when the compound or principle is used on its own, and such 

combined use may or may not lead to a synergistic effect. However, when the combined use of the two 

or more active substances or principles leads to a synergistic effect, it may also be possible to reduce the 
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amount of one, more or al! of the substances or principles to be administered, while stiil achieving the 

desired therapeutic action. This may for example be useful for avoiding, limiting or reducing any 

unwanted side-effects that are associated with the use of one or more of the substances or principles 

when they are used in their usual amounts, while stiil obtaining the desired pharmaceutical or 

s therapeutic effect. 

The effectiveness of the treatment regimen used according to the invention may he determined 

and/or followed in any manner known per se for the disease or disorder involved, as will be clear to the 

clinician. The clinician will also be able, where appropriate and on a case-by-case basis, to change or 

modify a particular treatment regimen, so as to achieve the desired therapeutic effect, to avoid, limit or 

10 reduce unwanted side-effects, and/or to achieve an appropriate balance between achieving the desired 

therapeutic effect on the one hand and avoiding, limiting or reducing undesired side effects on the other 

hand. 

Generally, the treatment regimen will be followed until the desired therapeutic effect is achieved 

and/or for as long as the desired therapeutic effect is to be maintained. Again, this can be determined by 

15 the clinician, 

further uses of the polypeptides, nucleic acids, genetic constructs and hosts and host cells of the 

invention will be clear to the skilled person based on the disclosure herein. For example, and without 

limitation, the polypeptides of the invention can be linked to a suitable carrier or solid support so as to 

provide a medium than can be used in a manner known per se to purify PcrV protein from P, aeruginosa 

20 from compositions and preparations comprising the same. Derivatives of the polypeptides of the 

invention that comprise a suitable detectable label can also be used as markers to determine 

(qualitatively or quantitatively) the presence of PcrV protein of P, aeruginosa in a composition or 

preparation. 

The invention will now be further described by means of the following non-limiting preferred 

25 aspects, examples and figures. 

The entire contents of all of the references (including literature references, issued patents, 

published patent applications, and co-pending patent applications) cited throughout this application are 

hereby expressly incorporated by reference, in particular for the teaching that is referenced 

hereinabove. 

30 
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EXAMPLES 

Example 1 Materials and methods 

1.1 Generation of recombinant PcrV protein (rPcrV) 

5 The gene encoding full length PcrV protein of reference strain PAOl (amino acid residues 1-294, 

see Table A-l) was cloned into an in house pUC119 derived expression vector. The vector contained the 

LacZ promoter, a resistance gene for kanamycm, a multicloning site and the pel B leader sequence. In 

frame with the rPvrV coding sequence, the vector coded for a C-terminal His* tag. Upon transformation 

in £ coli (TG-1), expression cultures were grown and expression was induced by addition of 1 mM 1PTG 

w and allowed to continue for 4 hours at 37*C. Cells were harvested by centrifugation and cell pellets were 

lysed by sonication. Cytosolic fractions were isolated by centrifugation. The recombinant protein was 

purified from the crude extracts via immobilized metal affinity chromatography (IMAC) on HisTrap FF 

crude 1 ml columns and buffer exchange into D-PBS (HiPrep 26/10 column), followed by ion exchange 

chromatography using a SourcelSQ (2ml CV) coiumn and finally a gel filtration with a Superdex7S 10/300 

15 GL column (GE Healthcare Bio-Sciences AB, Uppsala, Sweden), The purity and homogeneity of the 

protein was confirmed by SDS-PAGE. and analytical size exclusion, 

1.2 Generation of GST-PcrV protein 

The PcrV coding sequence from strain PAOl (amino acid residues 1-294, see Table A-l) was cioned 

20 into the expression vector pET42a(+) (EMBBiosciences, Darmstadt, Germany) to generate a GST-PcrV 

genetic fusion. The resulting vector was transformed into £ coli BL21 DEB cells (Invitrogen). GST-rPcrV 

fusion protein was expressed and purified from £ coli (BL21 DE3) as follows. A 1 liter culture batch of E, 

coli expressing GST-PcrV was grown and induced for expression by addition of ImM IPTG. Following 

further growth for 3 hrs at 37"€, bacterial cells were pelleted by centrifugation and lysed via sonication. 

25 After the lysate was cleared by centrifugation, it was passed over a glutathione sepharose column 

(GSTrap FF) followed by a desalting step (HiPrep2S/10 column) and an additional ion exchange 

chromatography step using a SourcelSQ coiumn (GE Healthcare Bio-Sciences AB, Uppsala, Sweden). The 

purity (>30%) and homogeneity of the protein was confirmed by SDS-PAGE. 

30 1.3 Generation of PcrV sequence variants 

To determine whether anti-PcrV therapy is universally applicable to a variety of P. aeruginosa 

clinical isolates, lynch (Microbial pathogenesis 48; 197-204, 2010) determined the genetic heterogeneity 
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of PcrV by sequencing PcrV from 90 clinical isolates collected from 3 distinct geographical areas. This 

way, they identified 14 different PcrV variants (see Table A-l, PcrV variant 01 - PcrV variant 15), 

Using a similar approach, 207 clinical isolates - collected over geographically well spread locations 

(Prof, Vaneechoutte, UGent, Belgium} - were used to provide additional information about the genetic 

5 heterogeneity of PcrV. Eight novel PcrV sequence variants were identified this way (see Table A-l, PcrV 

variant 16 - PcrV variant 23). 

For the generation of all PcrV sequence variants, genes encoding the 23 different PcrV variants 

(amino acid residues 1-294, see Table A-l) were cloned together with the gene coding for the His6 tag 

into the pET42a(+) vector (EMBiosciences, Darmstadt, Germany) to generate GST-PcrV-His6 genetic 

10 fusions. GST~PcrV-His6 fusion protein was expressed and purified from E. coli {BL21 DE3) transformed 

with pET42a(+)-PcrV-His6 as follows. A 1 liter culture was grown and induced for expression by addition 

of ImM IPTG. Following further growth for 3 hrs at 37°€, bacterial cells were pelleted by centrifugation 

and lysed via sonication. After the iysate was cleared by centrifugation, it was passed over a GSTrap FF 

column (GE Healthcare Bio-Sciences AB, Uppsala, Sweden) and buffer exchanged to D-PBS, after which 

15 pure proteins {>90 %) were obtained. 

1.4 Generation of anti-PcrV Fab molecules 

The gene segments encoding VL and VH from 3 Fab molecules, Fab 13.37 (WO 2009/073631; SEQ 

ID NOs: 13 and 37), Fab 26.24 (WO 2009/073631; SEQ. ID NOs: 26 and 24) and Fab 35,36 (WO 

20 2009/073631; SEQ ID NOs: 35 and 36) were cloned into an in-house human IgGI/'K Fab expression 

vector. This vector contained the lacZ promoter, a resistance gene for kanamycine, two separate cloning 

sites preceded by a pelB (tight chain) or a gene 3 (heavy chain) leader sequence. In frame with the heavy 

chain coding sequence, the expression vector encoded a C-termina! HA tag and a His6 tag. The Fab 

fragments were expressed in E. coli and purified under native, non-reducing conditions via immobilized 

25 metai affinity chromatography (IMAC) on HisTrap FF crude 1 mi (GE healthcare, Buckinghamshire, United 

Kingdom) followed by affinity chromatography for the human Fabx light chain (CaptureSelect LC-kappa 

(Hu), BAG) and size exclusion chromatography on a Superdex75 10/300 GL column (GE Healthcare GE 

healthcare, Buckinghamshire, United Kingdom) or desalting via Zeba spin columns (Pierce, Rockford, It, 

USA), Amino acid sequences of the variable heavy and variable light chain of the 3 Fabs are shown in 

30 Table A-2. The amino acid sequences of the constant heavy and light chain are shown in Table A-3. 
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Example 2: Immunization of llamas with rPcrV protein, cloning of the heavy chain-only antibody 

fragment repertoires and preparation of phage 

2..1 immunizations 

After approval of the Ethical Committee of the faculty of Veterinary Medicine {University Ghent, 

5 Belgium), 4 llamas (designated No. 504, 505, 506 and 507) were immunized with 4 intramuscular 

injections (25 or 10 ug/dose at two weekly intervals) of rPcrV protein formulated in Stimune (Prionics, 

lelystad, the Netherlands), 

2,2 Cloning of heavy chain-only antibody fragment repertoires and preparation of phage 

10 Following the final immunogen injection, two 150-ml blood samples, collected 4 and 3 days after 

the last antigen injection were collected per animal. From the blood samples, peripheral blood 

mononuclear cells (PBMCs) were prepared using Ficoll-Hypaque according to the manufacturer's 

instructions (Amersham Biosciences, Piscataway, NJ, USA), From, the PBMCs, total RNA was extracted 

and used as starting material for RT-PCR to amplify the VHH/Nanobody-encoding DNA segments. The 

15 PCR-amplified VHH repertoire was cloned via specific restriction sites into a vector designed to facilitate 

phage display of the VHH library. The vector was derived from pUC11.9 and contained the tacZ promoter, 

a MIS phage gill protein coding sequence, a resistance gene for ampicillirt or carbenictllin, a multiple 

cloning site and a hybrid glll-peiB leader sequence. In frame with the VHH/Nanobody coding sequence, 

the vector encoded a C-terminal triple Flag tag and a His,, tag. Phage were prepared according to 

20 standard protocols (see for example WO 04/041865, WO 04/041863, WO 04/062551, WO 05/044858 

and other prior art and applications filed by Ablynx N.V. cited herein) and stored after filter sterilization 

at 4st for further use. 

Example 3: Selection of PcrV specific VHHs via phage display 

25 VHH repertoires obtained from all llamas and cloned in phage library were used in two selection 

strategies. In a first selection strategy, rPcrV protein (in house produced, see Example 1, section 1.1) was 

immobilized at a concentration of 15 ug/ml on a Nunc Maxisorp plate next to a negative control of 0 

ug/ml antigen. Following incubation with the phage libraries and extensive washing, bound phages were 

eluted with trypsin (1 mg/mL). Eiuted phages were amplified and applied in a second round of selection 

30 on 10 ug/ml rPcrV and 0 ug/ml (control). 

In a second selection strategy, 50 nM and 5 nM of biotinylated rPcrV protein (bio-rPcrV; 

biotinylated according to the manufacturer instructions using Sulfo-NHS-LC-Biotin (Pierce, Rockford, II, 
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USA}) were captured on a neutravidin coated (1 ug/ml) Nunc Maxisorp plate, next to a negative control 

of only neutravidin (1 ug/ml). Following incubation with the phage libraries arid extensive washing, 

bound phages were eluted with trypsin (1 mg/mt). Eluted phages were used to infect E. coli. Infected E, 

coli cells were either used to prepare phage for the next selection round on 5 nM, 0,5 nM, 0.05 nM, 

5 0.005 nM bio-rPcrV and a control {neutravidin 1 ug/ml) or plated on agar plates (LB+amp+glucose2%) for 

analysis of individual VHH clones. 

Outputs of all selection rounds were analyzed for enrichment factor {number of phages present in 

eluate relative to controls) and the best selection conditions were chosen for further analysis. In order to 

screen a selection output for specific binders, single colonies were picked from the agar plates and grown 

10 in 1 ml 96-deep-well plates. LacZ-controlled VHH expression was induced by addition of IPTG (ImM 

final) in the absence of glucose. Periplasmic extracts {in a volume of ~ 80 ul) were prepared according to 

standard protocols (see for example WO 03/035694, WO 04/041865, WO 04/041863, WO 04/062551 

and other prior art and applications filed by Ablynx N.V. cited herein). 

15 Example 4; Screening of periplasmic extracts for functional blocking Nanobodies 

4.1 Screening in ELISA 

In a first step, periplasmic extracts were tested for binding to bio-rPcrV by binding ELISA. in brief, 

10 nM bio-rPcrV protein was captured on neutravidin (2 ug/ml) coated 96-well MaxiSorp plates (Nunc, 

Wiesbaden, Germany). Wells were blocked with a casein solution (1%). After addition of a 10-fold 

20 dilution of the periplasmic extracts, Nanobody binding was detected using a mouse anti-Flag-HRP 

conjugate (Sigma) and a subsequent enzymatic reaction in the presence of the substrate esTMB 

(3.3',5,5'-tetramentylbenzidine) (5DT, Brussels, Belgium). Clones showing ELISA signals of >2-fold above 

background were considered to encode positive PcrV binding Nanobodies. 

25 4.2 Sequence determination 

The DNA sequence of the positive clones was determined, The amino acid sequences of the anti-

PcrV Nanobodies are shown in Table A-4. 

4.3 Off-rate determination 

30 Off-rate analysis of all unique PcrV-binding Nanobodies was done by means of surface plasmon 

resonance on a P rote On instrument (BioRad). To this end, recombinant PcrV protein was covalently 

bound to a GLC ProteOn Sensor chip via amine coupling on one ligand channel after which remaining 
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reactive groups were inactivated. Periplasmic extracts prepared from E, coli cells expressing anti-PcrV 

Nanobodies were diluted 10-fold arid injected at a flow rate of 45 ul/min during 2 minutes for binding to 

the immobilized rPcrV. Between sample injections, the surface was regenerated with ProteOn 

Phosphoric acid solution, 0.85%. Off-rates were determined by fitting a 1:1 interaction model (Langmuir 

5 model) onto the individual dissociation curves. Determined off-rates ranged from below detection limit 

of 3 x 10"5 sl to 4 x 10"2 s"1, with the vast majority of the clones having off-rates in the range of 1 x 10"3 -1 

x 10'4 s"1. 

4.4 Analysis in TTSS-dependent cytotoxicity assay 

10 To identify Nanobodies able to prevent Pseudomonas aeruginosa TTSS-mediated infection, 

representative clones were tested in a TTSS-dependent cytotoxicity assay using P3-XS3-AgS (P3X63) 

mouse myeloma cells (ECACC Ceil line) as the target. Examples of Pseudomonas aeruginosa cytotoxicity 

assays are e.g. provided in Frank et al. (The Journal of infectious diseases 186: 64-73, 2002), Vance et al. 

(Infection and Immunity 73; 1706-1713, 2005), El Solh et al. (Am. J. Respir. Crit. Care Med. 178: 513-519, 

15 2008). A total of 2 x 105 P3X63 cells/well were seeded In 96 well plates. Periplasmic extracts (diluted %) 

containing PcrV binding Nanobodies were pre-incubated with P, aeruginosa strain PA103. which was 

grown under calcium-depleted conditions (LB medium + 5 mM EGTA; Kim, Microbiology 151: 3575-3587, 

2005) to induce expression of the TTSS. Following pre-incubation, the mixtures of periplasmic extracts 

and bacteria were added to the P3X63 cells and after an incubation step of 3h at 37°C, P3X63 cells were 

20 stained with Propidium Iodide (Sigma-Aldrich, St Louis, MO) and fixated with 2% formaldehyde (Sigma-

Aldrich, St Louis, MO). The ability to prevent Pseudomonas aeruginosa infection and mediated cell death 

was quantified by monitoring the uptake of the propidium iodide dye by dead cells using a FACS Array 

(Becton Dickinson, USA) and FCS Express software (Denovo, USA). Infections with strain PA103 were 

done at an average multiplicity of infection (MOI) of S bacteria to 1 myeloma cell (range 6:1 - 10:1). The 

25 data were analyzed using Prism5 software (Graphpad). Cytotoxicity was normalized to dead cells in 

untreated samples and normalized data were used to calculate the % inhibition according to the 

following formula: 

30 
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Wherein: 

y = average (% dead cells) of the PA 103 treated wells, incubated with irrelevant control Nanobody 

i = average (% dead cells) of the untreated wells, incubated with irrelevant control Nanobody 

x=% of dead cells of evaluated data point 

A summary of the periplasmic extract screening data is given in Table B-1. 

Table B-1: Screening of peripiasmlc extracts containing expressed anti-PcrV Nanobodies 

Nanobody binding ELISA off-rate (s1) cytotox assay 

(OD 450nm) |% inhibition) 

IF.11 2,56 3.5 x Iff04 33 

2B02 2,40 3.7 x 10"M 46 

2B10 2.57 1 1.8 x 10"04 38 

2G09 J J7 £<* f am* / 1.0 x 1Q"03 45 

3B11 0.55 2.7 x ID"03 26 

3E10 2,51 1.5 x 10"® 25 

4C03 0.89 6.8 x 10"03 22 

4610 2.60 1.3 x 10"°* 81 

5E02 2.43 5.7 x 10"04 71 

5H01 2,69 76 

6 805 2,55 1.8 x 10"04 32 

7C10 2.55 8,2 x 10'04 58 

7E09 2,59 4.0 x 10"04 16 

10C05 ND 6,0 x 10"04 25 

11B09 ND 4.8 x Iff03 37 

12B02 ND 4.4 x 10"05 14 

13F07 ND 9,2 x 10"04 13 

14B1G ND 9.2 x 10"04 20 

14E10 ND 22 
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Example 5: Characterization of purified monovalent anti-PcrV Nanobodies 

5.1 Preparation of selected Nanobodies 

Clones selected from the screening described in Example 4 were further characterized. Selected 

Nanobodies were subcloned into an In-House pUC119 derived expression vector. The vector contained 

the LacZ promoter, a resistance gene for kanamycin, a multicloning site and the pei B leader sequence. In 

frame with the Nanobody coding sequence, the vector coded for a C-terminal triple Flag and Hiss tag. 

Upon transformation in E. coli (TG-1), expression cultures were grown and expression was induced by 

addition of 1 mM IPTG and allowed to continue for 4 hours at 37X. After spinning the cell cultures, 

periplasmic extracts were prepared by freeze-thawing the pellets followed by centrifugation. These 

extracts were then used as starting material for purification via IMAC on HisTrap FF crude 1 ml columns 

{GE healthcare, Buckinghamshire, United Kingdom) followed by desalting via Zeba spin columns {Pierce, 

Rockford, 1L, USA) resulting in 95% purity as assessed via SDS-PAGE. 

5.2 Evaluation of PcrV blocking Nanobodies in cytotoxicity assay 

The ability of the Nanobodies to prevent Pseudomonas aeruginosa TTSS-induced cytotoxicity was 

tested in a cytotoxicity assay with P3X63 cells as the target, In brief, serial dilutions of purified 

Nanobodies were pre-incubated with Pseudomonas aeruginosa PA103 which was cultured under TTSS 

inducing conditions (LB medium + 5 mM EGTA; Kim. Microbiology 151: 3575-3587, 2005), The mixtures 

were added to the P3X63 cells and cell mediated death was analysed as in example 4.4. Infections were 

done at an average MOI of 2,8 bacteria to 1 myeloma cell (range 4:1 - 1.5:1). Data are summarized in 

Figure 1 and Table B-2. 
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Table B-2: Evaluation of monovalent anti-PcrV Nanobodies in P3X63 cytoxicity assay 

Nanobody MOI IC50 (nM) 95% C! on IC50 (nM) % inhibition 

lEli 4 23 11-51 58 

2B02 4 1732 577-5196 100 

2B10 4 647 428-976 100 

2G09 4 4 0,4-51 55 

3B11 4 1145 640-2051 54 

3E10 4 48 19-119 94 

4 COS 1,5 8830 5500-14300 >20 

4G10 4 105 39-284 100 

5E02 4 38 16-91 100 

5H01 4 7 4-14 100 

6 605 3 435 | 162-1172 100 

7C10 4 42 1nn l ijZ. I 1UU 

7E09 4 No blocking observed in tested concentration range 

10C05 3 > 1000 0 100 

11B09 3 100 29-336 100 

12B02 4 No blocking observed in tested concentration range 

13F07 1.5 35600 7100-178000 >20 

14B10 3 > 3000 0 >70 

14E10 3 >3000 0 100 

Fab 13,37 

4 8 4-15 100 

Fab 13,37 1.5 1 0 7-1 5 100 Fab 13,37 

3. 1 0,4-1,5 100 

Fab 24,26 
4 48 24-96 100 

Fab 24,26 
1,5 34 23-50 100 

5.3 Affinity determination 

The kinetic binding parameters for a subset of Nanobodies was determined with Surface Plasmon 

5 Resonance (SPR) on a Biacore TlOO instrument. To this end, recombinant GST-PcrV was immobilized onto 

a CMS chip via amine coupling using EDC and NHS. Purified Nanobodies were injected for 2 minutes at 

different concentrations (between 1 and 1000 nM) and allowed to dissociate for 20 mirs at a flow rate of 
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45 iil/min. Between sample injections, the surfaces were regenerated with 10 mM glycine pH1.5 and 100 

mM HCI, HBS-N (Hepes buffer pH7,4) was used as running buffer. The kinetic constants were computed 

from the sensorgrams using the BiAEvaiuation software (1:1 interaction). The affinities of the 6 anti-PcrV 

Nanobodies ranged from 0,5 - 5 nM (Table B-3). 

5 

Table B-3: Affinity KD (nM) of purified Nanobodies for recombinant GST-PcrV 

Nanobody ka (M'V1) kd (s1) KD (nM) 

2B10 5.10 x 10+os 2.50 x 10"04 0,5 

3E10 2.70 x 10+06 3.90 xlQ"03 1 

4G10 1.40 x 10+os 6.50 x 10"04 5 

5E02 1.80 x 10+os 6.80 x 10"04 4 

5H01 1,60 x 10+os lT40x 10'^ 1 

7C10 j 1.20 x 10+06 

L 
1.80 x 10"03 2 

5.4 Epitope binning 

To sort Nanobodies in different epitope bins, competitive binding ELISA assays were performed. In 

10 a first experiment, 1 ug/mL of GST-PcrV protein was coated in a 96-well MaxiSorp piate (Nunc, 

Wiesbaden, Germany}. Dilution series (concentration range 100 nM - 6.4 pM) of the purified Nanobodies 

in PBS buffer containing 0.1% casein and 0.05% Tween 20 (Sigma) were incubated in the presence of 1 

nM FablB.3? (SEQ ID NOs: 142 and 143). Residual binding of Fabl3.37 (SEQ ID NO: 142 and 143) to GST-

PcrV was detected using mouse anti-HA IgG (Zymed Laboratories, South San Francisco, California) 

15 followed by horseradish peroxidase (HRP) conjugated rabbit anti-mouse IgG (Dako, Glostrup, Denmark) 

and a subsequent enzymatic reaction in the presence of the substrate esTMB (3,3',5,5'-

tetramentylbenzidine) (SDT, Brussels, Belgium). 

In the second experiment, 2 nM biotinylated rPcrV protein was captured on a 96-well MaxiSorp 

plate (Nunc, Wiesbaden, Germany) coated with 2 ug/ml neutravidin. A mixture of periplasmic extracts 

20 and Nanobody-phage particles from different Nanobodies (both prepared according to the standard 

protocol, see for example the prior art and applications filed by Ablynx N.V. cited herein) was incubated 

and residual binding of the phages to biotinylated rPcrV proteins was detected using an monoclonal anti-

M13-HRP conjugate (GE healthcare, Buckinghamshire, United Kingdom) and a subsequent enzymatic 

reaction in the presence of the substrate esTMB (3,3',5,5'-tetramentylbenzidine) (SDT, Brussels, 
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Belgium), Based on the results from these two approaches, Nanobodies were divided into different 

epitope bins (see Table B-4). 

Table B-4: Epitope bins of anti-PcrV Nanobodies 

Nanobody Nanobody epitope binning Fab epitope binning Epitope bin 

1E11 bin 1 non- competing bin 1 

2. BO 2 bin 1 non- competing bin 1 

2B10 bin 1 non- competing bin 1 

2G09 bin 1 non- competing bin 1 

3B11 ND non- competing ND./NC 

3E10 ND competing ND/C 

4C03 ND non- competing ND/NC 

4G10 ND non- competing ND/NC 

5E02. ND competing ND/C 

5H01 bin 2 competing bin 2 

6 BOS bin 1 non- competing bin 1 

7C10 bin 2 competing bin 2 

7E09 bin 3 non- competing bin 3 

10C05 bin 1 non- competing bin 1 

11B09 bin 1 non- competing bin 1 

12B02 ND non- competing ND/NC 

13F07 bin 3 non- competing bin 3 

14B10 ND non- competing ND/NC 

14 E 1.0 bin 1 non- competing bin 1 

5 ND = not determined 
NC = non-competing 

Example 6: Generation and screening of multivalent PcrV blocking Nanobodies 

6.1 Construction of a bivalent/biparatopic anti-PcrV Nanobody library 

w A bivalent/biparatopic anti-PcrV Nanobody library was constructed as follows. The coding 

sequences of 18 monovalent anti-PcrV Nanobodies (Table A-4) were amplified by means of PCR in two 

separate reactions: N-terminat building block (5'-GAGGTGCAATTGGTGGAGTCTGGG-3'; SEQ ID NO: 150 

and 5'-ACC6CCTCCGGAGGAGACCGT6 AGCAGGGT-3'; SEQ ID NO': 151) and C-terminat building block (5'-
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TCTTGGATCCGAGGTGCAGCTGGTGGAGTCTGGG-3'; SEQ ID NO: 152 and 5'-TGAGGAGA€GGTGACCAG6GT-

3'; SEQ ID NO: 153). For Nanobody 5H01 different primer sets were used for the N-terminal building 

block PCR (S'-GAGGTGCAATT6GTGGAGTCTGGG-3'; SEQ ID NO: 154 and 5'-

ACTTGAAGACCTCCGGAGGAGACCGTGACCAGGGT-3'; SEQ ID NO: 155) and C-terminal building block PCR 

5 (5'-ACTTGAAGACTGGATCCGAGGTGCAGTTGGTGGAGTCTGGG-3'; SEQ ID NQ: 156 and 5'-

TGAGGAG ACGGTGACCAGGGT-3'; SEQ ID NO: 157). The N-terminal building block PCR pool of the 19 anti-

PcrV Nanobodies was cloned in an expression vector upstream and in frame with the coding information 

of a flexible glycine-serine linker (40GS: G6GGSG66G56GGGSG66GSGGGG5GGGG5GGGG5GGGGS; SEQ 

ID NO: 193) whereas the C-terminal pool of the 19 anti-PcrV Nanobodies was cloned downstream and in 

10 frame of the 40GS linker coding sequence. 

The expression vector was derived from pUC119, containing the LaeZ promoter to drive transgene 

expression, a resistance gene for kanamycin, a multiple cloning site and the OmpA leader sequence. In 

frame and downstream of the multivalent Nanobody coding sequence, the vector coded for a C-terminal 

triple Flag tag and a His* tag. The resulting plasmid pool harbouring the bivalent/biparatopic anti-PcrV 

15 Nanobody library (with a theoretical diversity of 19 x 19 = 361) was transformed into E, coli TGI cells and 

plated on agar plates (LB + Km + 2% glucose). 864 single colonies (representing an expected 

completeness of >90% of the library) were picked from the agar plates. Periplasmic extracts were 

prepared as described above. 

20 6.2 Screening of a bivalent/biparatopic anti-PcrV Nanobody library 

The periplasmic extracts of the bivalent/biparatopic library were used in a screening campaign to 

select for the most potent functional blocking anti-PcrV Nanobodies, To this end, the periplasmic extracts 

(final dilution 1/150) were tested for their ability to prevent TTSS-induced P, aeruginosa infection in a 

cytotoxicity assay using P3X63cells as target (as described in Example 4.4). The screening results (% 

25 inhibition) from the 48 most potent of 864 (13%) library clones are summarized in Table 6-5. Table B-5 

captures all 361 potential bivalent/biparatopic combinations as a function of their N-terminal and C-

terminal building blocks, which are grouped by their relative epitope bins as determined in Example 5.4. 

The corresponding sequences of the 48 most potent library clones were determined as shown In 

Table A-5. The sequence analysis revealed the following observations: within the 48 most potent 

30 constructs (i) no (0/48) monospecific bivalent Nanobodies (consisting of two identical Nanobody building 

blocks) were present (ii) the majority (42/48 clones) consisted of building blocks from two different 
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epitope bins. After screening, 24 unique biparatopic Nanobodies (SEQ ID NO: 118-141) were selected for 

further characterization. 

Table B-5: Screening results (% inhibition in P3X63 cytotoxicity assay) of 48 most potent bivalent anti-

5 PcrV Nanobodies 

C-terminal building block 
bin 1 bin 2 bin 3 ND| NC ND|C 
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Example 7: Characterization of bivalent/biparatopic anti-PcrV Nanobodies 

7.1 Preparation of selected Nanobodies 

Coding sequences from selected bivalent/biparatopic anti-PcrV Nanobodies were cloned into an in­

to house constructed piasmid allowing expression in Pichia pastoris arid secretion into the cultivation 

medium. The expression vector was derived from pPiCZa (Invitrogen) and contained the AOXl promoter 

for tightly regulated, methanol induced expression, a resistance gene for Zeocin'", a multicloning site and 
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the a-factor secretion signal. In frame with the Nanobody coding sequence, the vector coded for a C-

terminal GlyAlaAla sequence followed by a triple Flag tag and a HisS tag. Upon transformation expression 

cultures were grown and Nanobody expression was induced by addition of methanol and allowed to 

continue for 48 hours at 30°C. The cleared supernatants were used as starting material for immobilized 

5 metal ion affinity chromatography (IMAC) using a HisTrap™ column {GE Healthcare). Nanobodies were 

eluted from the column using imidazole step gradient from 20mM to 250mM. In a next step, Nanobodies 

were buffer changed to D-PBS (Invitrogen) using HiPrep™ 26/10 desalting columns (GE Healthcare), 

7.2 Evaluation of bivalent/biparatopic anti-PcrV Nanobodies in cytotoxicity assay 

10 The bivalent/biparatopic anti-PcrV Nanobodies were tested for their ability to prevent TTSS 

induced P. aeruginosa infection in the cytotox assay with P3X63 cells as target at an MOI of 12 (as 

described in section 5,2), The results, shown in Figure 2, demonstrate that all Nanobodies are able to 

prevent P, aeruginosa infection with IC50 values ranging from 1.3 x 10"11 to 3.7 x 1Q"09 M, as summarized 

in Table B-6, 

15 

Table B-6: Performance of bivalent/biparatopic anti-PcrV Nanobodies in cytotoxicity assay with P3X63 

cells as target 

Nanobody IC50 value (M) 95% CI on. 1C50 value (M) Efficacy (%) 

Fab 13.37 5,4 x 10"10 3.4 x 10 "10 to 8,8 x ID*10 100 
£ JU 5.4 x 10'" 3.5 x 10"11 to 8,4 x 10"11 100 
257 1.3 x 10"10 8.7 x 10"" to 2.1 x 1040 100 
258 9.0 x 10"11 5.6 x 10"" to 1.4 xlO"10 100 
£» 3.9 x 10'" 2,2 x 10"11 to 6.8 x 10"n 100 
261 4 8 x 10~io 2.9 x 10 "10 to 8,1 x 10"M 100 
269 8.2 x 10"10 5.0x10""' to 1,4 x 10"® 100 
271 5.9 x 1G"10 3,5 x 10"10 to 9.8 x 10"10 100 
275 3.7 x 10w 2.3 x 10"® to 6.0 x 10"™ 100 
277 1.3 x 1Q'U 7.5 x 10"12 to 2.4 x 10"" 100 
283 7.6 x 1Q"11 4,5 x 10 11 to 1,3 x 10"M) 100 
285 6.1 v 10'" 3.7x10"" to 9.9x10"" 100 
308 1.8 x 10"10 8.2 x 10"11 to 3,9 x 10"10 100 
319 8,1 x 10"" 5,3x10"" to 1.2 xlO'10 LOO 
335 6.4 x 1G"11 3.9x10"" tol.OxlO"10 100 
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An additional cytotoxicity assay with human lung epithelial celts (A549 cells) as the target was also 

established arid used to characterize the formatted Nanobodies, To this end, 6 x 104 A549 (ABL 161 -

ATCC; CCL-1E5) cells per well were added to a 96-well E-plate (Roche Cat No 05232368001) and placed in 

the xCELLigence RTCA workstation (Roche Analyser Model W380) for 6 -8 h at 37 "C. P. aeruginosa (strain 

s PA103), grown under inducing conditions for TTSS expression, was pre-incubated during 1 h at 37°C with 

10 different concentrations of purified Nanobody arid then added to the A549 cells and incubated during 

another 24h at 37 °C. Data were analyzed at the time points where drop in cell index of the treated welts 

was between 75% - 90% of the cell index window. Data were normalized to the time point where the 

PA103 inoculum was added to the cells. Potencies of the tested bivalent/biparatopic anti-PcrV 

JO Nanobodies from three independently performed experiments are presented as ratios relative to the 

potency of a reference molecule Fab 13.37 (Table B-7). 

Table B-7: Performance of bivalent/biparatopic anti-PcrV Nanobodies in cytotoxicity assay with A549 

cells as target 

Nanobody Ratio* (mean fold improvement 
over Fab 1337} 

Range {from three independent 
experiments) 

-yc.fi £.JU 21 (7-50) 

257 10 (1-54) 

258 1 . 

259 9 (1-180) 

261 1 (1-1) 

289 1 (1-1) 

271 1 (1-1) 

275 1 , 

277 8 (1-64) 

283 1 (1-1) 

285 1 (1-1) 

308 0,3 (O.i 

319 2 (1-5,3) 

35b 1 (1-1) 

15 * Ratio = IC.50 value Fab 13.37/IC50 value Nanobody 
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7.3 Cross-reactivity to PcrV clinical variants 

Cross reactivity of the bivalent/biparatopic anti-PcrV Nanobodies to 23 PcrV sequence variants (see 

Table A-l) was evaluated by binding ELISA. To this end, microtiter plates were coated overnight with 1 

ug/ml of each PcrV variant at 4°t, Nanobodies were applied as dilution series {concentration range: S nM 

5 - 4 pM) in PBS buffer containing 0.1% casein and 0.05% Tween 20 (Sigma). Nanobody binding was 

detected using a mouse anti-Flag-HRP conjugate (Sigma) and a subsequent enzymatic reaction in the 

presence of the substrate esTMB (3,3',5,5'-tetramentyibenzidine) (SDT, Brussels, Belgium). Alt 

Nanobodies couid bind to the all different PcrV variants to a very similar extent as they bind to PcrV 

reference from strain PAOl. The range of ECSO values against the different PcrV variants and reference 

w strain PAOl obtained for each Nanobody is presented in Table B-8. 

Table B-8: Binding of bivalent/biparatopic anti-PcrV Nanobodies to PcrV clinical variants 

Nanobody ECSO Range (M) 

256 7 x 10'11- Ix MT10 

25? 7x 10*"- 9x 10'11 

259 1 x lO^11- 2 x Iff"11 

261 6 x 10"11 - 7 x 10"11 

271 6 x 10"1'" - 1 x 10"10 

275 6 x 10"10- 9 x 10~1Q 

277 7x 10"11- lx 10'10 

285 1 x 10"10- lx Iff10 

319 8 x 10"11 -1 x 10"10 

335 7 x 1G'11 - 9 x 10'" 

7.4 Stability of Nanobodies towards human neutrophil elastase and Pseudomonas aeruginosa 

15 elastase 

Stability and maintenance of functionality in the presence of pathogen derived protease 

{Pseudomonas aeruginosa elastase) and host cell derived protease (human neutrophil Elastase (HNE)) 

was tested in vitro by incubation of the Nanobodies with either HNE or Pseudomonas aeruginosa 

elastase and subsequent analysis of the degradation products by binding ELISA. 

20 To this end, Nanobodies were incubated either with human neutrophil Elastase (1-2 U elastase/ug 

Nanobody) or Pseudomonas aeruginosa elastase (3 ug/ug Nanobody) in Tris pH 7.8, 150 mM NaCI; 



WO 2013/128031 
115 

PCT/EP2013/054262 

10mM CaCI2 buffer at 37°C for varying intervals of time (2 hr,4 hr ,24 hr and 48 hr). For sample analysis, 1 

ug/ml of recombinant PcrV protein was immobilized overnight at 4"C in a 96-well MaxiSorp plate (Nunc, 

Wiesbaden, Germany), Wells were blocked with a casein solution (1%) and samples were applied as 

dilution series in PBS buffer containing 0.1% casein and 0.05% Tween 20 {Sigma), As reference, untreated 

5 Nanobody was taken along, Nanobody binding was detected using polyclonal rabbit anti-VHH antibody 

(Ablynx N.V.) followed by horseradish peroxidase (HRP) conjugated goat anti-rabbit IgG (Dako, Glostrup, 

Denmark) and a subsequent enzymatic reaction in the presence of the substrate esTMB (3,3',5,5'-

tetramentylbenzidine) (SDT, Brussels, Belgium), 

Results are summarized in Table B-9. 

Table B-9: Proteolytic stability of selected bivalent/biparatopic anti-PcrV Nanobodies 

Fold decrease in potency* 

Nanobody Pseudomonas elastase HNE 

24 hr 48 hr 24 hr 48 hr 

256 2 5 5 30 

257 1 3 9 30 

258 1 2 3 15 

259 5 91 15 550 

261 j 4 12 27 350 

271 3 8 8 h 15 

275 2 4 8 500 

277 10 11 4 16 

285 2 2 3 3 

319 1 2. 1 2 

J Jw* 3 22 15 100 

*Fold decrease in potency = EC50 value treated sample/EC50 value of untreated sample 

Example 8: Epitope mapping 

15 A chimeric molecule-based strategy was used to map the conformational binding epitopes of 

selected monovaient anti-PcrV Nanobodies, To this end, discrete solvent-exposed parts of PcrV were 

replaced by their counterparts of LcrV, a PcrV homolog from Yersinia spp. (Sato et al. Frontiers in 
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Microbiology 2:142, 2011}. In total 7 chimeric molecules covering the most of the sequence range of 

PcrV protein were generated (see Figure 3; Table A-7). 

Chimeric molecules together with full length PcrV protein (amino acids 1-294, see Table A-l) were 

cloned into an in house expression vector derived from pUC119 which contained the LacZ promoter, a 

5 resistance gene for kanamycin and a multicioning site. In frame with the chimera coding sequence, the 

vector coded for a C-terminal c-myc tag and a His6 tag. In addition, a small PcrV fragment (amino acids 

144-257, see Figure 3) described as PcrV blocking epitope (Frank et ai. J, Inf. Dis, 186: 64-73, 2002; US 

6,827,935) was also cloned in the expression vector. Upon transformation in £ coli (TG-1), expression 

cultures were grown and expression was induced by addition of 1 mM 1PT6 and allowed to continue for 

w 4 hours at 37'C. After spinning the cell cultures, periplasmic extracts were prepared by freeze-thawing 

the pellets followed by centrifugation. The remaining cell pellets were resuspended and lysed by 

sonication. Cytosolic fractions were isolated by centrifugation and pooled with the periplasmic extracts. 

The recombinant proteins were purified via immobilized metal affinity chromatography (IMAC) using Ni-

Sepharose 6 Fast Flow beads {GE Healthcare, Uppsala, Sweden) followed by desalting using Zeba Desalt 

15 Spin Columns {Thermo Scientific). 

To evaluate whether selected monovalent anti-PcrV Nanobodies could bind to the small PcrV 

fragment and the 7 chimeric molecules, a binding EtlSA was carried out. In brief, Nanobodies were 

coated overnight at 4°C at 3 ug/ml in a 96-well MaxiSorp plate (Nunc, Wiesbaden, Germany). Welts were 

blocked with a casein solution (1% in PBS), PcrV proteins were applied (1/10) and binding was detected 

20 using a biotinylated mouse anti-myc antibody (Serotec) followed by horseradish peroxidase (HRP) 

conjugated extravidin (Sigma, St Louis, MO, USA) and a subsequent enzymatic reaction in the presence of 

the substrate esTMB (3,3',5,5'-tetramentylbenzidine) (SDT, Brussels, Belgium), As reference Fab 13.37 

was taken along {9 ug/ml coating in 96 well plate). Since all tested Nanobodies bind to at least 5 out of 7 

chimeric molecules with similar binding levels as on full-length PcrV, and that each chimeric molecule is 

25 bound by at least 3 out of 7 Nanobodies with similar binding levels as on full-length PcrV, it could be 

concluded that only discrete parts of the PcrV protein were replaced by their LcrV counterpart and that 

the overall ternary structure of the chimeric molecules was not dramatically affected in comparison with 

the full-length PcrV molecule. Comparison of the binding patterns of the anti-PcrV Nanobodies to the 

different PcrV molecules revealed 3 major epitope groups (see Table B-1.G), These data are in line with 

30 data retrieved from the epitope binning experiments as described in Example 5.4. Nanobodies from bin 1 

bind to PrcV region with amino acids 156-177 arid amino acids 195-211, Nanobodies from bin 3 recognize 

the PcrV region with amino acids 57-91 and Nanobodies from bin 2 bind to amino acids 209-249, More 
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so, this experiment further delineated the proposed binding epitope of Fabl3.37 (Frank et al. 1 Inf. Dis, 

186: 84-73, 2002) and US 6,827,935) from amino acids 144-257 to amino acids 203-249. A representation 

of the 3 different PcrV blocking epitope regions is shown in Figure 3 

5 Table B-10: Epitope mapping of anti-PcrV Nanobodies 

Binl Bin 2 Bin3 

02610 14E10 01E11 06B05 05H01 13F07 07E09 Fab 13.37 

Full length PcrV 
(aa 1-294) 

B B B B B B B 

PcrV fragment 
(aa 144-257) 

B NB B B B NB NB B 

Chimera 1 B B B B B B B B 

Chimera 2 B B B B B ^RB ' RB B 

Chimera 3 B B B B B B B B 

Chimera 4 NB NB NB RB B B B B 

Chimera 5 B B B B B B B B 

Chimera 6 NB NB RB RB B B B B 

Chimera 7 B B B B RB B B RB 

B: Binding: binding signal = binding signal on full length PcrV protein 
NB: No binding: binding signal = background signal 
RB: Reduced binding: binding signal = 30-90% reduction as compared to binding signal on full length PcrV 

protein 
10 

Example 9: Nebulization of the polypeptides of the invention 

9,1 Materials and methods 

Nanobodies 339, 354, 360 and 376 (tagless versions of respectively Nanobodies 256 (SEQ ID NO: 

129), 319 (SEQ ID NQ: 138), 259 (SEQ ID NO: 137} and 258 (SEQ ID NO: 134)) were produced using a 

15 Pichia pastoris X33 standard fermentation set-up at 21 or 101 fermentor scale depending on expected 

expression level. After fermentation all four Nanobodies were clarified using a generic tangential flow 

filtration step and further purified via resin chromatography using a capture step, polish step and 

preparative Size Exclusion Chromatography. The Nanobodies were then concentrated to approximately 

50 mg/rrtl both in D-PBS and D-PBS +0.01% TweenSO. 

20 A reference Nanobody (SEQ ID NO: 207; 

DVQLVESGGGLVQAGGSLSISCAASGGSLSNYVLGWFRQAPGKEREFVAAINWRGDITIGPPNVEGRFTISRDNAKNTG 



WO 2013/128031 
118 

PCT/EP2013/054262 

YLQMNSLAPDDTAVYYCGAGTPLNPGAYIYDWSYDYWGRGTQVTVSSGGGGSGGGGSGGGGSEVQLVESGGGLVQ 

AGGSLSISCAASGG5LSNYVLGWFRQAPGKEREFVAAINWRGDITIGPPNVEGRFTISRDNAKNTGYLQMNSLAPDDTA 

VYYCGAGTPLNPGAYIYDWSYDYWGRGTQVTVSSGGGGSGGGGSGGGGSEVQLVESGGGLVQAGGSLSISCAASGG 

SLSNYVLGWFRQAPGKEREFVAAINWRGDITIGPPNVEGRFTISRDNAKNTGYLQMNSLAPDDTAVYYCGAGTPLNPG 

AYIYDWSYDYWGRGTQVTVS5; SEQ ID NO: 2 in WO 2011/098552) was aiso nebulised in parallel. This 

reference Nanobody was used at 55.2 mg/mL in lOmM NaH2P04/Na2HP04+0.13M Natl, pH 7.0. 

The nebulisation sequence of the samples was based on OD 500 data obtained for the different 

Nanobodies from the stirring and freeze/thaw experiment: the most stable polypeptides were nebulised 

first, the polypeptides which showed more turbidity in stirring or F/T stress were nebulised later. The 

reference Nanobody was nebulised before, in between and afterwards as control. On day 1 all samples 

were nebulised according to the order {1 to 11) in Table 8-11. The same experiment was repeated on day 

2, 

The polypeptides were nebulized by the AKITA2* APIXNEB nebulizer system (Activaero) according 

to the manufacturers instruction. The nebulisation experiment was performed in duplicate. 500 ul of 

sample was nebulised continuously via a mesh nebulizer with a 4 pm membrane. The aerosol was 

collected in a 100 ml glass bottle and then analysed. 

The samples before and after nebulisation were evaluated via turbidity measurement {OD 500) 

and SE-HPLC analysis, 

9.2 Turbidity measurement 

ODSOO was measured as a turbidity parameter. Blank setting was done with D-PBS. 

The OD 500 values measured for the reference samples (before nebulisation) and the nebulised samples 

(day 1 and day 2) are shown Table B-ll. 
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Table B-ll: Overview 0D50Q values before and after nebulisation 

Sample Reference Nebuhzec .riayl) Nebulized (day2) 

1 Reference Nanobody 0.0202 0.0284 0.0391 

2 Nanobody 339 + Tween 80 0,0091 0.0149 0.019 

3 Nanobody 360 + Tween 80 0,007 0.0167 0.0181 

4 Nanobody 354 f Tween 80 0.012 0.0757 0.0699 

5 Nanobody 376 + Tween 80 0.0165 0,0702 0.0871 

6 Reference Nanobody 0.0202 0.0201 0,04 

•7 Nanobody 339 0,0151 0.0107 0.024 

8 Nanobody 360 0.006S 0.0099 0.0467 

9 Nanobody 354 0.0167 0,0171 0.071 

10 Nanobody376 0.0168 0.0454 0.0162 

11 Reference Nanobody 0.0202 0,0175 0.0375 

The 00500 values of the samples before and after nebulisation are further presented in Figure 7'. 

5 9,3' SE-HPLC analysis 

The SE-HPLC assay consisted of a BioSEC-5, 7,8 x 300 mm, Sum, Agilent, 5190-2521 (SEC85) 

column, a mobiie phase consisting of 0.3M arginin.HCI + phosphate buffer pH6 and UV detection at A2E0 

nm. The relative amount of specific protein impurity was expressed as relative area %, and was 

calculated by dividing the peak area corresponding to the specific protein or protein impurity by the total 

io integrated area, lOug sample was injected. The method is intended for quantification of higher 

molecular weight species (HMW's) which elute as pre-peaks in the chromatogram. 

An overview of the SE-HPLC integration data is given in Table B-12. As is known for the Reference 

Nanobody (see WO 2011/098552), an increase of pre-peaks {HMW's) was induced by the nebulisation. 

This phenomenon was riot observed in all nebulised polypeptides of the invention. Nebulisation did not 

15 affect the formation of high molecular weight molecules. The addition of Tween 80 to the samples did 

not seem necessary. In the last column the total peak area on SE-HPLC is given which is relative to the 

concentration of the injected sample. No significant differences were seen for any of the samples 

between the group area before and after nebulization, indicating no loss in concentration. 
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Table B-12: Overview SE-HPLC integration data of polypeptides and reference Nanobody before and 

after nebulisation 

Sample name Rel. Area % 

Pre-peak 2 

Rel. Area % 

Pre-peak i 

Rel. Area % 

Main-peak 1 

Rel. Area % 

Post-peak 1 

Group area 

mAU* min 

Reference samples (before nebulization) 

Ref. Nanobody 0.08 0,30 99.09 0.47' 49.12 

339 + TweenSO na 0.33 98,81 0.86 30.25 

354 + TweenSO na 0.40 98.89 0.71 33.89 

360 + TweenSO 0.08 0.89 98.36 0.67 33.43 

376 4 TweenSO na 0,17 99.19 0.63 36.73 

339 na 0.21 99.05 0.73 1 30,39 

354 na 0.36 99.02 0.62 34.04 

360 0.06 0.94 98.32 0.68 33.76 

376 na 0.17 99.23 0.60 36.97 

Nebulised samples (day 1) 

Ref, Nanobody 0.28 0.84 98.24 0,38 47.88 

339 + TweenSO na 0.45 98.92 ra63~ 29.83 

354 +TweenSO na 0.43 98.93 0.64 **» i *7r Ji,/5 

360 + TweenSO 0.08 1.03 98.27 0.61 33.95 

376 + TweenSO na 0.21 99.29 0.51 36.29 

339 na 0.40 99.02 0.58 30.20 

354 na 0.42 98,95 0,63 34.33 

360 0.08 1.06 98.22 0.65 34.25 

376 na 0,21 99.28 0,5 37.15 

Nebulised samples (day 2} 

Ref, Nanobody 0.27 0.92 98.19 0,38 47.33 

339 + TweenSO na 0.74 98.61 0,65 29.93 

354 + TweenSO na 0.46 98.96 0.58 33.58 

360 + TweenSO 0,08 1.02 98.33 0.57 33.61 

376 + TweenSO na 0.23 99.22 0.54 36.93 

339 na 0.33 99.04 0.63 28.92 

354 na 0.41 98.99 0.6 33.87 

360 0.06 1.05 98,32 0.57 33.76 

376 na 0.19 99.31 0.5 37.44 
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Example 10; In vivo efficacy of anti-PcrV Nanobodies 

An acute P, aeruginosa infection mouse model was used to assess the in vivo efficacy of 3 

Nanobodies, namely 339, 360 and 376. The model was conducted as described in Secher et al. (Journal of 

Antimicrobial Chemotherapy 68:1100-1109, 2011). In brief, P. aeruginosa strain PA2310.55 serotype 01 

5 was grown at 37°C overnight with shaking at ISOrptn in BHi medium (Brain Heart Infusion) supplemented 

with lOnM nitrilotriacetic acid (Sigma). Following the exponential growth phase, the inoculums were 

prepared by diluting the P, aeruginosa to 5xl07 cfu/ml. The Nanobodies or the Fab 13,37 were diluted in 

D-PBS to the appropriate concentrations arid subsequently premixed with the Pseudomonas aeruginosa 

culture at a 1 to 1 ratio. The premix (40 |il) was immediately administered intranasally to 8-10 week old 

JO anaesthetized C57BI/S mice using an ultra-fine pipette tip. 

The infected mice were monitored for 4 or 5 days and both survival and body weights (7-8 animals 

per group) were recorded daily throughout the study. Additionally, 3-5 animals per group were sacrificed 

at 24 hours post-infection. In these animals, the right lung and the other lobes (except the big lobe) of 

left lung were weighed and homogenized in 1.5 ml of isotonic saline solution using the sterile disposable 

15 homogenization system Dispomix (Medic Tools AG, 6300-Zug, Switzerland). Ten-fold serial dilutions of 

lung homogenates, made in isotonic saline solution were plated on BHI agar plates to determine viable 

bacteria in the lung (cfu). After lung homogenization for CFU determination, lung homogenates were 

subsequently centrifuged, the supernatant discarded and the pellet resuspended in 1 ml PBS containing 

0.5% hexadecyltrimethyl ammonium bromide (HTAB) and 5 mM ethylene-diamine tetra-acetic acid 

20 (EDTA). After centrifugation, 100 pL of supernatants were placed in test tubes with 200|iL PBS-HTA8-

EDTA, 1 ml Hanks' balanced salt solution (HBSS), 100 fit of o-dianisidine dihydrochloride (1.25 mg/mL), 

and 100 pL H202 0.05%. The reaction was stopped with 100|il NaN31% after 15 min of incubation at 37°C 

in an agitator. The myeloperoxidase activity was determined as absorbance at 460 nm against medium. 

A low (0.028 |jg/mouse) and a high dose (10 pg/mouse) of each Nanobody were tested in this 

25 model. The survival curves depicted in Figure 4 show that all the tested anti-PcrV Nanobodies completely 

protected the mice from P. aeruginosa infection-related lethality at a dose of 10 pg/'mouse. In contrast, 

the irrelevant Nanobody treated animals and buffer treated animals all died within the first 48 hours 

post-infection. At the lower dose of 0.028 pg/mouse still all three Nanobodies provided complete (A339) 

or near complete (A360 and A376) protection. 

30 The prolonged survival of the infected Nanobody-treated or Fabl3.37 treated mice versus the 

infected buffer-treated mice or the infected Irrelevant Nanobody-treated mice was correlated with a 

decrease in lung inflammation parameters. More specifically, neutrophilic lung infiltration as measured 



WO 2013/128031 
122 

PCT/EP2013/054262 

by the myeloperoxidase activity in the lung homogenates {Figure 5A) and the relative iung weights 

(Figure 5C) were clearly reduced by all the anti-PcrV Nanobodies at a dose as low as 0.028 ng/mouse. In 

addition to these positive effects on lung inflammation, bacterial burden at 24 hours was also reduced by 

more than 1.4log10 CFUs (Figure 5B). Conversely, the irrelevant control Nanobody had no effect on these 

s parameters indicating that the observed effects were anti-PcrV Nanobody related. 

Finally, also the percent weight loss was analyzed, A339 treated mice (Figure 8) had a maximal 

mean percent weight loss of only 8.3% and reached this minimum already at day 1 post-infection. Mice 

treated with an 0,028 pg/mouse dose of A376 and A360 or an 0.05 pg/mouse dose of Fabl3.37 displayed 

a mean percent weight loss of 11.9%, 14.1% and 13.5%, respectively which only reached a minimum at 

10 day 2 post-infection. 



WO 2013/128031 
123 

PCT/EP2013/054262 

TABLES 

Table A-l: Amino acid sequences (1-294) from PcrV variants 

PcrV 
variant 

SEQ ID 
MO; 

Sequence 

01 
= PAOl 

159 MEVRNLNAARELFLDELLAASAAPASAEQEKLLALLRSERIVLAHAGQPLSEAQVLKALAWLLAANPSA 
PPGQGLEVLREVLQARRQPGAQWDLREFLVSAYFSLHGRLDEDVXGVYKDVLQTQDGKRKALUDELKAL 
TAELKVYSVIQSQINAALSAKQGIRIDAGGIDLVDPTLYGYAVGDPRWKDSPEYALLSNLDTFSGKLSI 
KDFLSGSPKQSGELKGLSDEYPFEKDHNPVGNFATTVSDRSRPLNDKVNEKTTLLNDTSSRYNSAVEAL 
NRFIQKYDSVLRDILSAI 

02 16 0 MEVRNLNAARELFLDELLAASAAPASAEQEELLALLRSERIVLAHAGQPLSEAQVLKALAWLLAANPSA 
PPGQGLEVLREVLQARRQPGAQWDLREFLVSAYFSLHGRLDEDVIGVYKDVLQTQDGKRKALLDELKAL 
TAELKVYSVIQSQINAALSAKQGXRIDAGGIDLVDPTLYGYAVGDPRWKDS PEYALLSNLDTFSGKLSI 
ICDFLSGSPKQS GELKGLGDEYPFEKDNNFVGNFATTVSDRSRPLND KVNEKTTLLNDTS SRYNSAVEAL 
NR FIQ KYD S VIiRD I LS AI 

03 _• 1 MEVRNLNAARELFLDELLAASAAPASAEQEELLALLRSERIVLAHAGQPLSEAQVLKALAWLLAANPSA 
PPGQGLEVLREVLQARRQPGAQWDLREFLVSAYFS LHGRLDEDVIGVYKDVLQTQDGKRKALLDELKAL 
TAELKVY S VX QS Q INAAL S AKQGIRI DAGGIDLVD PTLY GYAVGD PRW KDS PEYALLHMLDT FSGKLSI 
KDFVSGSPKQSGELKGLSDEYPFEKDNNPVGNFATTVSDRSRPLNDKVNEKTTLLNDTSSRYlfSAVEAL 
HR FIQKYDSVLRDILSA1 

04 - : M E VRNXJNAAR E LFLDELLAASAAPASAEQEE LLALLR S ERI VL AHAGQ PLS EAQVLKAL AWLLAANP S A 
PPGQGLEVLREVLQARRQPGAQWDLREFLVSAYFSLHGRLDEDVIGVYKDVLQTQDGKRKALLDELKAL 
TAELKVYSVIQSQINAALSAKQGIRIDAGGIDLVDPTLYGYAVGDPRWKDSPEYALLSNLDTFSGKL5I 
KDFLSGSPKQSGELKGLRDEYPFEKDNHPVGNFATTVSDRSRPLNDKVNEKTTLLNDTSSRYNSAVEAL 
HRFIQKYDSVLRDILSAI 

05 163 MEVRWLNAARE LFLDELLAAS AAPASAEQEEIILALLRSERIVXJAHAGQPLSEAQVLKALAWLLAANPS A 
P PGQGLEVLREVLQARRQPGAQWDLREFLVSAYFSLYGRLDEDVIGVYKD VIiQTQDGKRKALLDELKAL 
TAELKVYSVIQSQINAALSAKQGIRIDAGGIDLVDPTLYGYAVGDPRWKDS PEYALLSNLDTFSGKLSI 
KDFLSGSPKQSGELKGLSDEYPFEKDNNPVGHFATTVSDRSRPLHDKVHEKTTIiLNDTSSRYNSAVEAL 
MR F1QICYB S VLRD I LS AI 

06 164 MEVRNLtfAARELFLDELLAASAAPASAEQEELLALLRSERIVLAHAGQPLSEAQVLKALAWLLAANPSA 
PPGQGLEVLREVLQARRQPGAQWDLREFLVSAYFSLHGRLDEDVIGVYKDVLQTQDGKRKALLDELKAL 
TAELKVYSVIQSQINAALSAKQGIRIDAGGIDLVDPTLYGYAVGDPRWKDSPEYALLSNLDTFSGKLSI 
KDFLSGSPKQSGELKGFSDEYPFEKDNNPVGNFATTVSDRSRPLNDKVNEKTTLLNDTSSRYNSAVEAL 
HRFIQKYDSVLRDILSAI 

0? 1S5 MEVRNLNAARELFLDELLAASAAPASAEQEELLALLRSERIVLAHAGQPLSEAQVLKALAWLLAANPSA 
P P GQGLEVLREVLHARRQPGAQWDLREFLVSAYFSLHGRLDEDVIGVYKDVLQTQDGKRKALLDELKAL 
TAELKVYSVIQSQINAALSAKQGIRIDAGGIDLVDPTLYGYAVGDPRWKDSPEYALLSNLDTFSGKLSI 
KDFLSGSPKQSGELKGLRDEYPF3KDNNPVGNFATTVSDRSRPLNDKVNEKTTLLNDTSSRYNSAVEAL 
NRFIQKYDSVLRDILSAI 

OS "... b 6 MEVRNFNAGRELFLDELLAAPAAPASAEQEELLAL LRS ERIVLAHAGQP L5EAQVLKALAWLLAANP S A 
P PGQGLEVLREVLQARRQPGAQWDLREFLVSAYFS LHGRLDEDVIGVYKDVLQTQDGKRKALLDELKAL 
TAELKVYSVIQSQINAALSAKQGIRIDAGGIDLVDPTLYGYAVGDPRWKDSPEYALLSNLD7FSGKLSI 
KDFLSGSPKQSGELKGLRDEYPFEKDNNPVGNFATTVSDRSRPLNDKVNEKTTIiLNDTSSRYTilSAVEAL 
NRFIQKYDSVLRDILSAI 

09 16? MEVRWFNAARELFLDEIiLAAPAAPASAEQEELLALLRSERIVLAHAGQPLSEAQVLKALAWLLAANPSA 
PPGQGLEVLREVLQARRQPGAQWDLREFLVSAYFSLHGRLDEDVIGVYKDVLQTQDGKRKALLDELKAL 
TAELKVYSVIQS QINAALSAKQGIRIDAGGIDLVDPTLYGYAVGDPRWKDS PEYALLSNLDTFSGKLSI 
KDPLSGSPKQS GELKGLRDEY P FEKDNNFVGNFATTVS DRS R P LND KVNEKTTLLNDTSSRYNSAVEAL 
NRFIQKYDSVLRDILSAI 

10 1 - MEVRNFNAGRELFLDELIiAAPAAPASAEQEELLALLRSERIVLAHAGQPLSEAQVLKALAWLLAANPSA 
P P GQGLEVLREVLQARRQPGAQWDLREFLVSAYFSLHGRLDEDVIGVYKDVLQTQDGKRKALLDELKAL 
TAB LEVY SVIQS QINAALSAKQGIRIDAGGXDLVDPTLYGYAVGDPRWKDS PEYALLSNLDTFSGKLSI 
KDFLS G S PKQS GELKGLKDEYPFEKDNNPVGNFATTVSDRSRPLNDKVNEKTTLLMDTSSRYHSAVEAL 
NRFIQKYDSVLRDILSAI 

11 16 9 MEVRNFNAARE LFLD E LLAAPAAPASAEQEE LLALLRS ERIVLAHAGQP LS E AQ VL KALA WLLAANP S A 
P PGQGLEVLREVLQAR RQPGAQWDLREFLVSAYFS LHGRLDEDVX GVYKDVLQTQDGKRKALLDEL KAL 
TAELKVYSVIQSQINAALSAKQGIRIDAGGIDLVDPTLYGYAVGDPRWKDSPESALLSNLDTFSGKLSI 
KDFLSGSPKQSGELKGLKDEYPFEKDNNPVGNFATTVSDRSRPLNDKVNEKTTLLNDTSSRYNSAVEAL 
NRFIQKYDSVLRDILSAI 

12 17 0 MEVRNFNAARELFLDELIiDAPAAPASAEQEELLALLRSERIVLAHAGQPLSEAQVLKALAWLLAANPSA 
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PPGQGLEVLREVLQARRQ PGAQWDLRE FLVSAYFS LHGRLD ED VT GVY KDVLQTQDGKRKALLDELKAL 
TAELKVYSVIQSQINAALSAKQGIRIDAGGIDLVDPTLYGYAVGDPRWKDSPEYALLSHLDTFSGKLSI 
KDFLSGSPKQSGELKGLRDEYPFEKDNNPVGNFATTVSDRSRPLNDKV1IEKTTLLNDTSSRYNSAVEAL 
NRFIQKYDSVLRDILSAI 

13 171 MEVRNLNAGRELFLDELLAAPAAPASAEQEELLALLRSERIVLAHAGQPLSEAQVLKALAWLLAANPSA 
P P GQGLE VLREVLQARRQ PGAQWDLRE FLV SAY FS LHGRLDED VI GVY KDVLQTQDG KRKALLDE L KAL 
TAELKVYSVIQSQINAALSAKQGIRIDAGGIDLVDPTLYGYAVGDPRWKDSPEYALLSNLDTFSGKLSI 
KDFLSGSPKQSGELKGLRDEYPFEKDSNPVGNFATTVSDRSRPLNDKVNEKTTLLNDTSSRYNSAVEAL 
HRFIQKYDSVLRDILSAI 

1 •'! 172 I MEVRNFNAGRELFLDELLAAPAAPASAEQKELLALLRSERIVLAHAGQPLSEAQVLKALAWLLAANPSA 
P PGQG LE VLRE V LQAR RQ PGAQWDLRE FLV S AY FS LHGRLDED VI GVY KD VLQTQDGKRKALLDE L KAL 
TAELKVYSVIQSQINAALSAKQGIRIDAGGIDLVDPTLYGYAVGDPRWKDS PEYALLSNLDTFSGKLS I 

i KDFLS GS P KQS GE LXG LRDE Y P FEKDNNPV GNFATTV SDR S RP LND KVNE KTTLLKDTSS R YNS AVEAL 
iNRFIQKYDSVLRDILSAI 

15 173 MEVRNFNASRELFLDELLAAPAAPASAEQEELLALLRSERI VLAHAGQ PLS EAQVLKALAWLLAANPSA 
P PGQG LEVLREVLQARRQ PGAQWDLRE FLV S AY FS LHGRLDED VI GVY KD VLQTQDG KRKALLDE L KAL 
TAELKVYSVIQSQINAALSAKQGIRIDAGGIDLVDPTLYGYAVGDPRWKDSPE YALLS NLDTFSGKLS I 
KDFLSGSPKQSGELKGLRDEYPFEKDNNPVGNFATTVSDRSRPLNDKVNEKTTLLNDTSSRYNSAVEAL 
NRFIQKYDSVLRDILSAI 

16 174 MEVRNLNAARELFLDELLAASAAPASAEQEELLALLRSERI VLAHAGQ PLS EAQVLKALAWLLAANPS A 
P PGQGLEVLRE VLQARRQ PGAQWDLRE F LV S AY FS LHGRLD EDVX GVY KD VLQTQDGKRKALLDE LKAL 
TAELKVYSVIQSQINAALSAKQGIRIDAGGIDLVDPTLYGYAVGDPRWKDSPEYALLSNLDTFSGKLSI 
KDFLSGSPKQSGELKGLSDEYSFEKDNNPVGNFATTVSDRSRPLNDKVNEKTTLLNDTSSRYNSAVEAL 
NRFIQKYDSVLRDILSAI 

17 175 MEVRNFNAAREL FLD E LLAAPAAPAS AEQEE LLALLRS ER I VLAHAGQ PLS EAQVLKALAWLLAANP S A 
PPGQGLEVLREVLQARRQPGAQWDLREFLVSAYFSLHGRLDBDVIGVYKDVLQTQDGKRKALLDELKAL 
TAB LKVYS VIQ S QINAALSAKQGIRID AGG ID LVD PTL YGYAVGD PRW KDS PE YALLS NLDT F S GKLSI 
KDFLSGSPKQSGELKGLKDEYPFEKDNNPVGNFATTVSDRSRPLNDBCVNEKTTLLNDTSSRYNSAVEAL 
NRFIQKYDSVLRDILSAI 

18 :-r H E VRNLNAAREL FLD E LLAA P AA PAS AEQEE LLALLRS ER I VLAHAGQ PLS E AQVLKALAWLLAANP S A 
PPGQGLEVLREVLQARRQPGAQWDLREFLVSAYFSLHGRLDENVIGVYKDVLQTQDGKRKALLDELKAL 
TAELKVYSVIQSQINAALSAKQGIRIDAGGIDLVDPTLYGYAVGDPRWKDSPEYALLSNLDTFSGKLS I 
KDFLS G S P KQS GE LKG LKDEY PFE KDNNPVGNFATTVS DRS RPLND KVNEKTTLLNDT S S R YN S AVE AL 
NRFIQKYDSVLRDILSAI 

19 177 MEVRNFNAGRELFLDELLAAPAAP AS AEQEELLALLRSERI VLAHAGQ PLS EAQVLKALAWLLAANPSA 
PPGQGLEVLREVLQARRQ PGAQWDLRE FLVSAYFS LHGRLDEDVI GVY KDVLQTQDGKRKALLDELKAL 
T AE LKVY S VIQ S Q INAALSAKQG IR X DAGG ID LVD PTL YG Y AVGD PR WKDS P E Y ALL S NLDT FSGKL SI 
KD FLS GS P KQS GVLKGLRDEY PFE KDNNP V GN FATTV S DRS RP LND KVNE KTTLLNDT S S R YNS AVEAL 
NRFIQKYDSVLRDILSAI 

20 . /fc MEVRNLNAGRELFLDELLAAPAAPASAEQKELLALLRSERIVLAHAGQPLSEAQVLKALAWLLAANPSA 
P PGQGLEVLRE VLQARRQ PGAQWDLRE FLVS AY FS LRGRLD EDVi GVYKDVLQTQDGKRKALLDE LKAL 
TAELKVYSVTQSQINAALSAKQGIRIDAGGIDLVDPTLYGYAVGDPRWKDSPEYALLSNLDTFSGKLSI 
KDFLSGSPKQSGELKGLRDEYPFEKDNNPVGNFATTVSDRSRPLNDKVNEKTTLLNDTSSRYNSAVEAL 
HRFIQKYDSVLRDILSAI 

11 179 M E VRNFNAGRE L FLD E LLAAPAAPAS AE QEE LMALLR S ER I VLAHAGQ PLS E AQVLKALAWLLAANP S A 
P P GQGLE VLRE VLQARRQ PGAQtfDLRE FLVS AY FS LHG RLDEDVIG VY KDVLQTQDG KRKALLDE L KAL 
T AELKVYSVIQS QINAALSAKQGIRIDAGGIDLVDPTLYGYAVGDPRWKDSPEYALLSNLDTFSGKLSI 
KD FLS G S P KQS GE LKGLSDE Y PFE KDNN P VGN FATT V S DR S RP LND KVNE KTTLLNDT S S R YN S AVE AL 
HRFIQKYDSVLRDILSAI 

!<-. MEVRNLNAGRELFLDELLAAPAAPASAEQEELLALLRSERIVLAHAGQPLSEAQVLKALAWLLAANPSA 
P PGQGLE VLREVLQARRQ PGAQWDLRE FLVS AY FS LHGRLDED VI GVY KDVLQTQDG KRKALLDEL KAL 
TAELKVYSVTQSQINAALSAKQGIRIDAGGIDLVDPTLYGYAVGDPRWKDSPEYALLSNLDTFSGKLSI 
KDFLSGSPKQSGELKGLSDEYPFEKDNNPVGNFATTVSDRSRPLNDKVNEKTTLLNDTSSRYNSAVEAL 
NRFIQKYDSVLRDILSAI 

181 MEVRNFNAARELFLDELLAASAAPASAEQEELLALLRS ERIVLAHAGQPLSEAQVLKALAWLLAANPSA 
P PGQGLE VLRE VLQARRQ PGAQWDLR E FLVS AY F S LHGRLD EDVI GVYKDVLQTQDG KRKALLDE L KAL 
TAELKVYSVIQSQINAALSAKQGIRIDAGGIDLVDPTLYGYAVGDPRWKDSPEYALLSNLDTFSGKLSI 
KDFLSGSPKQSGELKGLSDEYPFEKDNNPVGNFATTVSDRSRPLNDKVNEKTTLLNDTSSRYNSAVEAL 
NRFIQKYDSVLRDILSAI 
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Table A-2: Amino acid sequences of VH and VL regions present In 3 anti-PcrV Fab molecyles (WO 

2009/073631) 

ID Fab SSQ ID 
MO: 

Sequence 

Fab 
13 , 37 

VH 142 QVQLVESGGGWQPGRSLRLSCAASGFTFSSYPLHWVRQAPGKGLEWVSFISYDG 
S S KYY AS S VK GR FTISRDMSBMTLYLQMNSLRPEDX AYY YCARNRGDIYYDFTYA 
MDIWGQGTMVTYSS 

Fab 
13 , 37 

143 DIQMTQSPSSLSASVGDRVTITCRASQS1SRWVAWYQQRPGKAPNLLIYDAS S LK 
SGVPSRFSGSGSGTEFTLTISSLQPEDIATYYCQQFWGTPYTFGQGTKLEIK 

Fab 
26 . 24 

v„ 144 EVQLVESGGGVVQPGRSLRLSCAASGFTFSNYPMHWVRQAPGKGLEWVAVISYDG 
SEKWYADSVKGRFTISRDNSKNTLYLEMNSLRPEDTAVYYCARNRGDIYYDFTYA 
MDIWGQGTTVTVSS 

Fab 
26 . 24 

145 ZC^LTQSPSTLSASVGDSVTITCRASEGVDRWLAWYQQKPGRAPKLLIYDASTLQ 
SGVPSRFSGSGSGTEFSLTISSLQPDDVATYYCQHFWGTPYTFGQGTKLEIK 

Fab 
35 . 36 

VK 1-lt EVQLVE SGGGWQPGRS LRLSCAASGFTFSNYPMHWVRQAPGKGLEWVAV1 S YDG 
SEKWYADSVKGRFTISRDNSKNTLYLEMNSLRPEDTAVYYCARNRGDIYYDFTYA 
MDYWGQGTTVTVSS 

Fab 
35 . 36 

VL |14 7 

1 

11JLTQSPSTLSASVGDSVTITCRASEGVDRWLAWYQQKPGRAPKLLIYDASTLQ 
SGVPSRFSGSGSGTEFSLTISSLQPDDVATYYCQHFWSTPYTFGQGTKLEIK 

5 Table A-3 Sequences from constant heavy and light chain (WO 2009/073631) 

Region SEQ ID NO: Sequence 
- 148 ASTKGPSVFPLAPSSKSTSGGTAALGCLVKDYFPEPVTVSWNSGALTSGVHTFPAVL 

QSSGLYSLSS WTVPSSSLGTQTYICNVNHKPSWTKVDKKVEPKS C 
CL 149 RTVAAP SVFIFPPSDEQLKSGTASWCLLNNFYPREAKVQWKVDNALQSGNSQESVT 

EQDSKDSTYSLSSTL TL SKM) YEKHKVYACEVTHQGLSS PVTK SFNRGE C 
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Table A-4: SEQ ID NOs and amino add sequences of monovalent anti-PcrV Nanobodies 

Nanobody SEQ ID 
HO: 

Sequence 

5H01 1 E VQ LVES GGGL VQ FG G S L RL SC AASGSTLDYYAIGWF RQAPGK ERE GVSCTSNSGSTYYGG 
SVKGRFTASRDNAKNTVYLQMNSLRPEDTAVYYCVATIGCATLGGTLDVQRYYYRGQGTQV 
TVSS 

7C10 2 EVQLVESGGGLVQAGGSLRLSCTASGRTLSSYTMGWFRQAPGTEREFVAAMTRSGFNTYYA 
DSVKGRFTISRDSTENTMALQMS SLKPEDTAVYYCTAGRGLTSYRADYWGQGTLVTVSS 

1E11 3 EVQLVESGGGLVQPGGSLRLSCAASGSTRSVNPMAWFRQAPGRQREWVATISRSGYATYAD 
SVKGRFTISGDNAKSSVYLQMNSLKPEDTAVYYCVTGTYWGQGTLVTVSS 

2B02 4 EVQLVESGGGLVQPGDSLRLSCAASGRILSINNMVWYRQAPGKQRELVAHITSSGSTGYAD 
SVKGRFTISRDNAKNTFYLQMTNLN PEDTAVYYCNCWVS SDSNAPLKNYWGQGTQVTVSS 

2B10 5 EVQLVESGGGLVQPGGSLRLSCAASGSIFSINNMGWYRQAPGKQRELVTWTSNLITTYAD 
SVKGRFTISRDNAKNTVYLQMNSLKPEDTAVYYCNAWARSVGSVPYSQFWGQGTLVTVSS 

2G09 6 E VQ LVE S GGG LVQ PGG S L RL S CAAS G S F GDNY E LYAMTWF RQAPGE R R D FVASVT GD G ST S 
Y AD SVKD RFTISRDNAKKLMY LQMNS LK P ED TAVYYCRLLNYWGQGTLVTVS S 

6BQ5 7 EVQLVESGGGLVQPGGSLRLSCAASGSIFSINTMGWYRQAPGKQRELVSTITSNLVPHYAD 
SVQGRFTISRDNARNTVYLQMNSLKPQDTAHYYCMAWARSSGATPYTNYWGQGTLVTVSS 

10C05 8 EVQLVESGGGLVQPGGSLRLSCAASGSIFSINTMGWYRQAPGKQRDLVASITMNQVPNYAD 
SVQGRFTIS RDNVRNTVH LQMNAVK PED T AD Y F CNAWVRS S GAS P Y TNYWGQ GT Q VTV S S 

11B0 9 9 EVQLVESGGGLVQAGGSLRLSCAASRLTFNHYNMGWFRQAPGKERERVAEVTWSGDKIYYV 
DSVKGRFTISRDNTPNPVYLYLQMNSLKPEDTAVYYCATAPRGLPYANGYWGQGTQVTVSS 

14E10 10 E VQLVE SGGGLVQPGG SLRLSCAASGRIFSINTMGWYRQAPGKQRELVAGVTINAITNYAD 
SVKGRFTISRDNAKNTVWLQMNSLKPEDTAVYYGHAWARS SG SAPYSQNWGQGTQVTVSS 

7E09 11 EVQLVESGGGLVQAGGSLRLSCAASGRTFSSYIMGWFRQAPGKAREFVADITWGQRPYYAD 
SVKGRFTISRDNAKNTVYLEMNSLKPEDTAVYYCAADLGWIREEHAYWGQGTLVTVSS 

13F07 12 E VQ LVE S GGGLVQ AG G S L S L S C&AS GUT F S I'M PM Y WYRQ AEG KQRE LV AS IS S RGI TNY AD 
SVRGRFSISRDNTKDTVYLQMNSLKPEDTAVYYCRLASLSSGTVYWGKGTLVTVSS 

3B11 13 EVQLVES GGGLVQAGGSLRLSCAASGFTFDDYViGWFRQAPGKEREGVSCISRLDGRTYYT 
DSVKGRFTIS SDNAKNTVYLQMNS LKPEDTAVYYCALEPRYTGDYYPVHPELYDYWGQGTQ 
VTVSS 

4C03 14 E V Q LVE S GGGLVQAGG S LKL S CVISASTVRNYDMGWFRQAPGKEREFVAAIDWSGGSTRYA 
D SVKGRFTVSRDNAKNTVYLQMNS LKPEDTAVYYCVAAGFYNNYLRTAPNDWNYWGQGTLV 
TVSS 

4G10 15 EVQLVESGGGLVQAGGSLRLSCVISEDGVRNYDMGWFRQAPGKEREFVATINWSGGSTNYA 
DSVKGRFTVSRDNAKNTMYLQMDSLKPEDTAVYYCVAAG FYNNYLRTAPNDWNDWGQGTQV 
TVSS 

12B02 16 EVQLVESGGGLVQPGGSLRLS CAASGFS LGVFAIGWFRQAPGKEREGVSCIDS SDGRTTYA 
DSVKGRFTISRDNAKNTVYLQMNSLKPEDTAVYYCATDIETDVCSGAGWGFWGQGTQVTVS 
S 

liBl - 17 EVQ LVE S GGG LVQPGGSLRLS CAAS GRIFSINNMGWYHQAPGKQKELVATITMNGITTYAD 
SVKGRFTISRDNAKNTVYLQMNSLKPEDTAVYY CS CWVRS SGGDPYRDYWGQGTQVTVSS 

3E10 18 EVQLVESGGGLVQAGGSLRLSCTASGHTFSSYTMGWFRQAPGKEREFVAAMTRSGFNTHYS 
DSVKGRFTISRDNTSRDNTKITMALQMNSLKPEDTAVYYCTTGRGLTSYVANFWGQGTQVT 
VSS 

5E02 19 EVQ LVE S GGG LVQ P GG S L R LS CAAS GITLDSIAICWFRQAPGKEREGVSCSRGSDGSTYYA 
DSVKGRFTISRVNAKNTVYLQMNSLKPEDTAVYYCAAAPSIFYSGGYFPSGMDYWGKGTQV 
TVSS 
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Table A-5: Amino acid sequences of selected bivalent/biparatopic anti-PcrV Nanobodies 

Hanobody SEQ ID j Sequence 
NO: I 

260 
(1E11-40GS-2B10) 

118 EVQLVESGGGLVQPGGSLRLSCAASGSTRSVNPMAWFRQAPGRQREWVATISRSGYAT 
YADSVKGRFTISGDNAKSSVYLQMNSLKPEDTAVYYCVTGTYWGQGTLVTVSSGGGGS 
GGGGS GGG6S GGGG S GGGGS GGGGS GGGGS GGGG S EVQLVE SGGGLVQ PGGSLRLSCA 
ASGSIFSINNMGWYRQAPGKQRELVTWTSNLITTYADSVKGRFTISRDNAKNTVYLQ 
MNSLKPEDTAVYYCNAWARSVGSVPYSQFWGQGTLVTVSS 

272 
(11B09-40GS-10C0S) 

II- EVQLVESGGGLVQAGGSLRLSCAASRLTFNHYNMGWFRQAPGKERERVAEVTWSGDKI 
YYVDSVKGRFTISRDNTPNPVYLYLQMNSLKPEDTAVYYCATAPRGLPYANGYWGQGT 
LVTVS SGGGGSGGGGSGGGGSGGGGSGGGGSGGGGSGGGGSGGGGSE VQ LVESGGGLV 
QPGGSLELSCAASGSIFSINTMGWYRQAPGKQRDLVASITMNQVPNYADSVQGRFTIS 
RDNVRNTVHLQMNAVKPEDTADYFCNAWVRSSGASPYTNYWGQGTLVTVSS 

308 
(6B05-40GS-1E11) 

120 EVQLVESGGGLVQPGGSLRLS CAASGSIFSINTMGWYR QAPGKQRE LVS TITSNLVPH 
YADSVQGRFTISRDNARNTVYLQMNSLKPQDTAHYYCNAWARSSGATPYTNYWGQGTL 
VTVS S GGGGS GGGGS GGGGS GGGGS GGGGS GGGGS GGGG S GGGG S EVQ LVE SGGGLVQ 
PGGS LRLS CAAS G S TRSVNPMAWFRQAPGRQREWVATISR SGYATYADSVKGRFTISG 
DNAKSSVYLQMNSLKPEDTAVYYCVTGTYWGQGTLVTVSS 

264 
(1E11-40GS-2B02S 

121 EVQLVESGGGLVQPGGSLRLSCAASGSTRSVNPMAWFRQAPGRQREWVATISRSGYAT 
YfiD SVKGRFT X SGDNAKSSVYLQMNS LKPEDTAVYYCVTGTYWGQGTLVTVSSGGGGS 
GGGGS GGGG S GGGGS GGGGS GGGG S G GGGS GGGGS EVQ LVE SGGGLVQPGDS LRLS CA 
ASGRILSINNMVWYRQAPGKQRELVAHITSSGSTGYADSVKGRFTISRDNAKNTFYLQ 
MTNLNPEDTAVYYCNCIVSSDSNAPLKNYWGQGTLVTVSS 

302 
(SH01-40GS-7C10! 

122 EVQLVESGGGLVQPGGSLRLSCAASGSTLDYYAIGWFRQAPGKEREGVSCTSNSGSTY 
YGGSVKGRFTAS RDNAKNTVYLQMNS LR P E DTAVYYCVATIGCATLGGTLDVQRYYYR 
GQGTLVTVSSGGGGSGGGGSGGGGSGGGGSGGGGSGGGGSGGGGSGGGGSEVQLVESG 
GGLVQAGGSLRLSCTASGRTLSSYTMGWFRQAPGTEREFVAAMTRSGFNTYYADSVKG 
RFTISRDSTENTMALQMSSLKPEDTAVYYCTAGRGLTSYRADYWGQGTLVTVSS 

234 
(7C10-40GS-5HD1) 

123 EVQLVESGGGLVQAGGSLRLSCTASGRTLSSYTMGWFRQAPGTEREFVAAMTRSGFNT 
YYADSVKGRFTISRDSTENTMALQMSSLKPEDTAVYYCTAGRGLTSYRADYWGQGTLV 
TVSSGGGGSGGGGSGGGGSGGGGSGGGGSGGGGSGGGGSGGGGSEVQLVESGGGLVQP 
GGSLRLSCAASGSTLDYYAIGWFRQAPGKEREGVSCTSNSGSTYYGGSVKGRFTASRD 
NAKNTVYLQMNSLRPEDTAVYYCVATIGCATLGGTLDVQRYYYRGQGTLVTVSS 

064 
(13F07-40GS-7C10) 

124 EVQLVESGGGLVQAGG SLRLSCAASGNTFSTNPMYWYRQAEGKQRELVASISSRGITN 
YADSVRGRFSISRDNTKDTVYLQMNSLKPEDTAVYYCRLASLSSGTVYWGKGTLVTVS 
S GGGG S GGGG S GGGGS GGGGS GGGGSGGGGSGGGGS GGGGS EVQ LVE S GGGLVQAGGS 
LRLS CTASGRTLS S YTMGWFRQAPGTEREFVAAMTRSGFNTYYADSVKGRFTISRDST 
ENTMALQMSSLKPEDTAVYYCTAGRGLTSYRADYWGQGTLVTVSS 

275 
(2G09-40GC-5H1QS 

125 5VQLVE S GGGLVQ PGGSLRLSCAASGSFGDNYELYAMTWFRQAPGERRDFVASVTGDG 
S T S YAD S VKDRFTISRDNAKKLMYLQMNSLKPEDTAVYYCRLLNYWGQGTLVTVSSGG 
GGS GGGGS GGGGS GGG GS GGGGSGGGGS GGGGS GGGGS EVQLVE S GGGLVQ PGG S LRL 
SCAA5GSTLDYYAIGWFRQAPGKEREGVSCTSNSGSTYYGGSVKGRFTASRDNAECNTV 
YLQMNSLRPEDTAVYYCVATIGCATLGGTLDVQRYYYRGQGTLVTVSS 

083 
(7C10-400S-11B09) 

126 EVQLVE S GGGLVQAGGSLRLSCTASGRTLSSYTMGWFRQAPGTEREFVAAMTRSGFNT 
YYADSVKGRFTISRDSTENTMALQMSSLKPEDTAVYYCTAGRGLTSYRADYWGQGTLV 
TVS S GGGG S GGGG S GGGG SGGGGS GGGG S GGGGS GGGGS GGGG S EVQLVE S GGGLVQA 
GGSLRLSCAASRLTFNHYNMGWFRQAPGKERERVAEVTWSGDKIYYVDSVKGRFTISR 
DNTPK PVYLYLQMNS L KPEDTAVYYCATAPRGLPYANGYWGQGTLVTVS S 

087 
(1EU-40GS-7C10! 

1 ""j T 
X <5W EVQLVESGGGLVQPGGSLRLSCAASGSTRSVNPMAWFRQAPGRQREWVATISRSGYAT 

YADSVKGRFTISGDHAKS SVYI^MNSLKPEDTAVYYCVTGTYWGQGTLVTVSSGGGGS 
GGGG S GGGGS GGGG SGGGG SGGGGS GGGGS GGGG S EVQ LVES GGGLVQAGGS LRLS CT 
ASGRTLSSYTMGWFRQAPGTEREFVAAMTRSGFNTYYADSVKGRFTISRDSTENTMAL 
QMSSLKPEDTAVYYCTAGRGLTSYRADYWGQGTLVTVSS 

269 
(6B05-40GS-13F07) 

128 EVQLVESGGGLVQPGGSLRLS CAASGSIFSINTMGWYRQAPGKQRELVSTITSNLVPH 
YADSVQGRFTISRDNARNTVYLQMNSLKPQDTAHYYCNAWARSSGATPYTNYWGQGTL 
VTVSSGGGGSGGGGSGGGGSGGGGSGGGGSGGGGSGGGGSGGGGSEVQLVESGGGLVQ 
AGG SLRLS CAASGNTFSTNPMYWYRQAEGKQRELVASISSRGITNYADSVRGRFSISR 
DfTT KDTVYLQMNS LK PEDTAVYYCRLAS LS S GTVYWGKGTLVTVSS 

256 
(13F07-40GS-5H01) 

129 EVQLVESGGGLVQAGGSLRLSCAASGNTFSTNPMYWYRQAEGKQRELVASISSRGITN 
YADSVRGRFSISRDMTKDT'VYLQMNSLKPEDTAVYYCRLASLSSGTVYWGKGTLVTVS 
SGGGGSGGGGSGGGGSGGGGSGGGGSGGGGSGGGGSGGGGSEVQLVESGGGLVQPGGS 
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LRLSCAASGSTLDYYAIGWFRQAPGKEREGVSCTSNSGSTYYGGSVKGRFTASRDNAK 
NTVYLQMNSLRPEDTAVYYCVATIGCATLGGTLDVQRYYYRGQGTLVTVS S 

:v 
(5H01-40GS-11B09) 

130 EVQLVESGGGLVQPGGSLRLSCAASGSTLDYYAIGWFRQAPGKEREGVSCTSNSGSTY 
YGGSVKGRFTASRDNAKNTVYLQMNSLRPEDTAVYYCVATIGCATLGGTLDVQRYYYR 
liy Ls i Ju ¥ 1V b b b ubWjb bGGbv? b bljb\jb bbbb b a v y b y h b b 

GGLVQAGGSLRLSCAASRLTFNHYNMGWFRQAPGKERERVAEVTWSGDKIYYVDSVKG 
RFTISRDNTPNPVYLYLQMNSLKPEDTAVYYCATAPRGLPYANGYWGQGTLVTVSS 

257 
(13F07-40GS-2B10) 

131 EVQLVESGGGLVQAGGSLRLSCAASGNTFSTNPMYWYRQAEGKQRELVASISSRGITN 
YADSVRGRFSISRDNTKDTVYLQMNSLKPEDTAVYYCRLASLS SGTVYWGKGTLVTVS 
S GGGG S GGGG S GGGGS GGGGS GGGGS GGGGS GGGGS GGGG S EVQLVES GGGLVQ PGGS 
LRLSCAASGSIFSINNMGWYRQAPGKQRELVTWTSNLI TT YADS VKGRFTISRDNAK 
NTVYLQMNSLKPEDTAVYYCNAWARSVGSVPYSQFWGQGTLVTVSS 

1 - : 
U3F07-40GS-2B02) 

132 EVQLVESGGGLVQAGGSLRLS CAASGNT FSTNPMYWYRQAEGKQRELVASISSRGITN 
YAD S VRGRFSISRDNTKDTVYLQMNS LKPEDTAVYYCRLASLSSGTVYWGKGTLVTVS 
S GGGG S GGGGSGGGGS GGGGS GGGGS GGGGS GGGGS GGGGS BVQLVE S GGGLVQPGDS 
LRLSCAASGRILSINNMVWYRQAPGKQRELVAH1TSSGSTGYADSVKGRFTISRDNAK 
NTFYXiQMTNLHPEDTAVYYCNCWVSSDSNAPLKNYWGQGTLVTVSS 

115 
(11B09-40GS-13F07) 

133 EVQLVESGGGLVQAGGSLRLSCAASRLTFNHYNMGWFRQAPGKERERVAEVTWSGDKI 
YYVDSVKGRFTISRDNTPNPVYLYLQMNSLKPEDTAVYYCATAPRGLPYANGYWGQGT 
LVTVSSGGGGSGGGGSGGGGSGGGGSGGGGSGGGGSGGGGSGGGGS EVQLVESGGGLV 
QAGGS LRLS CAASGNTFSTNPMYWYRQAEGKQRELVAS X S SRGITNYADSVRGRFS X S 
RDNTKDTVYLQMNSLKPEDTAVYYCRLASLSSGTVYWGKGTLVTVSS 

(13F07-40GS-14E10) 
134 EVQLVESGGGLVQAGGSLRLSCAASGNTFSTNPMYWYRQAEGKQRELVASISSRGITN 

YADSVRGRFSISRDNTKDTVYLQMNSLKPEDTAVYYCRLASLSSGTVYWGKGTLVTVS 
SGGGGSGGGGSGGGGS GGGGSGGGGS GGGGSGGGGS GGGGS EVQLVE S GGGLVQPGGS 
LRLS CAASGRIFSINTMGWYRQAPGKQRBLVAGVTINAITNYADSVKGRFTISRDNAK 
NTVWLQMNS LKPEDTAVYYCHAWARS SGSAPYSQNWGQGTLVTVS S 

283 
{7EQ9-40GS-6B05) 

135 EVQ LVE SGGGLVQAGGS LRLS CAAS GET F S S YIMGW FRQAPGKARE FVADIIWGQR P Y 
YADSVKGRFTISRDNAKNTVYLEMNSLKPEDTAVYYCAADLGWIREEKAYWGQGTLV 
TVS S GGGG S GGGG 5 GGGGS GGGG S GGGG S GGGG S GGGGS GGGGS EVQ LVES GGGLVQ P 
GGSLRLSCAASGSIFSINTMGWYRQAPGKQRELVSTITSNLVPHYADSVQGRFTISRD 
NARNTVYLQMNS LK PQDT AH YY CNAWAR S S GAT PYTNYWGQGTLVTVS S 

271 
(7C10-40GS-14E10) 

136 EVQLVESGGGLVQAGGSLRLSCTASGRTLSSYTMGWFRQAPGTEREFVAAMTRSGFNT 
YYADSVKGRFTISRDSTENTMALQMSSLKPEDTAVYYCTAGRGLTSYRADYWGQGTLV 
TVSSGGGGSGGGGSGGGGSGGGGSGGGGSGGGGSGGGGSGGGGSEVQLVESGGGLVQP 
GGSLRLSCAASGRX FSINTMGWYRQAPGKQRELVAGVTINAITNYADSVKGRFTISRB 
NAKNTVWLQMNSLKPEDTAVYYCHAWARS SGSAPYSQNWGQGTLVTVS S 

25 9 
UE11-40GS-5H01) 

137 3VQLVESGGGLVQPGGSLRLSCAASGSTRSVNPMAWFRQAPGRQREWVATISRSGYAT 
YADS VKGR FTISGDNAKSSVYLQMNSLKPEDTAVYYCVTGTYWGQGTLVTVSSGGGGS 
GGGGSGGGGSGGGGSGGGGSGGGGSGGGGSGGGGSEVQLVESGGGLVQPGGSLRLSCA 
ASGSTLDYYAIGWFRQAPGKEREGVSCTSNSGSTYYGGSVKGRFTASRDNAKNTVYLQ 
MHSLRPEDTAVYYCVATIGCATLGGTLDVQRYYYRGQGTLVTVSS 

31S 
(13F07-40GS-SB05) 

13 c EVQLVE SGGGLVQAGGSLRLSCAASGNT FSTNPMYWYRQAEGKQRELVASISSRG1TN 
YADSVRGRFSISRDNTKDTVYLQMNSLKPEDTAVYYCRLASLSSGTVYWGKGTLVTVS 
S GGGGS GGGGS GGGG S GGGGS GGGGS GGGGS GGGG S GGGGS EVQLVE S GGGLVQ PGGS 
LRLS CAASGS X FS XNTMGWYRQAPGKQRELVSTITSNLVPHYADSVQGRFTISRDNAR 
jlY'yy LQMNS L KPQDTAHYY CNAWARS S GAT PYTNYWGQGTLVTVS S 

33 5 
(5HQ1-40GS-1E11) 

139 EVQLVES GGGLVQ PGGS LRLS CAAS GST LDYYAIGWFRQAPGKEREGVSCTSNSGSTY 
YGG SVKGR FIAS RDNAKNTVYLQMNS LRPEDTAWYCVATIGCATLGGTLDVQRYYYR 
GQGTLVTVSSGGGGSGGGGSGGGGSGGGGSGGGGSGGGGSGGGGSGGGGSEVQLVESG 
GGLVQPGGSLRLSCAASGSTRSVNPMAWFRQAPGRQREWVATISRSGYATYADSVKGR 
FTISGDNAKSSVYLQMNSLKPEDTAVYYCVTGTYWGQGTLVTVSS 

L • 
(5H01-40GS-2B10) 

j_ 'rt *J EVQLVESGGGLVQPGGSLRLSCAASGSTLDYYAXGWFRQAPGKEREGVSCTSNSGSTY 
YGGS VKGRFTASRDNAKNTVYLQMNS LRPEDTAVYYCVATIGCATLGGTLDVQRYYYR 
GQGTLVTVSSGGGGSGGGGSGGGGSGGGGSGGGGSGGGGSGGGGSGGGGSEVQLVESG 
GGLVQPGGSLRLSCAASGSIFSINNMGWYRQAPGKQRELVTVVTSNLITTYADSVKGR 
FTISRDNAKNTVYLQMNSLKPEDTAVYYCNAWARSVGSVPYSQFWGQGTLVTVS S 

J7E09-40G8-7C10) 
141 EVQLVESGGGLVQAGGSLRLSCAASGRTFSSYIMGWFRQAPGKAREFVADITWGQRPY 

YADSVKGRFTISRDNAKNTVYLEMNSLKPEDTAVYYCAADLGWIREEKAYWGQGTLV 
TVSSGGGGSGGGGSGGGGSGGGGSGGGGSGGGGSGGGGSGGGGSEVQLVESGGGLVQA 
GGSLRLSCTASGRTLSSYTMGWFRQAPGTEREFVAAMTRSGFNTYYADSVKGRFTISR 
DSTENTMALQMSSLKPEDTAVYYGTAGRGLTSYRADYWGQGTLVTVSS 



Table A-6: Preferred combinations of CDR sequences, preferred combinations of framework sequences, and preferred combinations of 
framework and CDR sequences. 

Nanobody FW1 CDRl* FW2 CDR2* 1 FW3 CDR3* FW4 
1 5H01 76 EVQLVESGGGLVQ 

PGGSLRLSCAAS 
20 GSTLDY 

v-T'-
81 WFRQAPG 

KEREGVS 
3 8 CTSMS 

GSTY 
94 YGGSVKG.RFTASilDNAENTVY 

LQMMSLRPEDTAVYYCVA 
57 TIGCATLGG 

TLDVQRYYY 
113 RGQGTQ 

VTVSS 
2 7C1Q 7 7 EVQLVESGGGLVQ 

AGG SLR L S CTAS 
21 GRTLSS 

YTMG 
82 WFRQAPG 

TEREFVA 
3* AMTRS 

GFNTY 
95 YADSVEGRFTISRDSTENTMA 

LQMSSLKPEDTAVYYCTA 
58 GRGLTSYRA 

DY 
114 WGQGTL 

VTVSS 
3 1111 76 EVQLVESGGGLVQ 

PGG S LR LS CAAS 
22 GSTRSV 

KPMA 
83 WFRQAPG 

RQREWVA 
40 TISRS 

GYAT 
96 YADSVKGR FTISGDHAKSSVY 

LQMNSLKPEDTAVYYCVT 
59 GTY 114 WGQGTL 

VTVSS 

2 BO 2 78 EVQLVESGGGLVQ 
PGDSLKLSCAAS 

2 3 GRILSI 
mm 

84 WYRQAPG 
KQRELVA 

41 H1TSS 
GSTG 

97 YADSVKGRFTISRDNAKNTFY 
LQMTNLNPED T AVYY CMC 

60 WVSSDSNAP" 
L::;J 

115 WGQGTQ 
VTVSS 

5 2 BIO 76 EVQLVESGGGLVQ 
PGGSLRLSCAAS 

24 GSIFSl 
NNMG 

85 WYRQAPG 
KQRELVT 

42 VVTSN 
LITT 

98 YADSVKGRFT1SRDWAKNTVY 
LQMNSLKPEDTAVYYCNA 

61 WARSVGSVP 
YSQF 

114 WGQGTL 
VTVSS 

6 2G09 76 EVQLVESGGGLVQ 
PGGSLRLSCAAS 

25 GSFGDN 
YELYAM 
T 

86 WFRQAPG 
ERRDFVA 

43 SVTGD 
GSTS 

99 YADSVKDRFTISFZWAFT.LMY 
IrQMNSLKPEDTAVYYCRL 

62 LNY 114 WGQGTL 
VTVSS 

7 6BQ5 7€ EVQLVESGGGLVQ 
PGGSLRLSCAAS 

26 GSIFSl 
NTMG 

87 WYRQAPG 
KQRELVS 

44 TITSM 
LVPH 

100 YADSVQG RFT I SRD Wm MTV Y 
LQMNSLKPQDTAHYYCNA 

63 WAR5SGATP 
YTNY 

114 WGQGTL 
VTVSS 

S 10C05 76 EVQLVESGGGLVQ 
PGGSLRLSCAAS 

26 GSIFSl 
NT MG 

88 WYRQAPG 
KQRDLVA 

45 si Tim 
QVPII 

10.1 YADSVQGRFT ISRDWVPJ3 TVH 
LQMNAVKPEDTABYFCNA 

64 WVRSSGASP 
YTNY 

115 WGQGTQ 
VTVSS 

9 11B09 79 EVQLVESGGGLVQ 
AGGSLRLSCAAS 

27 RLTFHH 
YNMG 

8 9 WFRQAPG 
KERERVA 

46 EVTWS 
GDKIY 

102 YVDSVKGRFTISRDNTPNPVY 
LYLQMNSLKPEDTAVYYCAT 

65 APRGLPYAN 
GY 

115 WGQGTQ 
VTVSS 

10 14E10 76 EVQLVESGGGLVQ 
PGGSLRLSCAAS 

28 GRIFSI 
NTMG 

84 WYRQAPG" 
KQRELVA 

17 GVTIM 
AITII 

103 YADSVKGR FTX SRDHAKNTVW 
LQMMSLKPEDTAVYYCHA 

66 WARSSGSAP 
YSQN 

115 WGQGTQ 
VTVSS 

11 7K09 79 EVQLVESGGGLVQ 
AGG SLRLSCAAS 

29 GRTFSS 
YIMG 

90 WFRQAPG 
KAREFVA 

4 8 DITWG 
QRPY 

104 YADSVKGRFT 1SF DRAKllTVY 
LEMHSLKPEDTAVYYCAA 

67 DLGVVIREE 
HAY 

114 WGQGTL 
VTVSS 

12 13F07 79 EVQLVESGGGLVQ 
AGGSLRLSCAAS 

30 GNTFST 
NPMY 

91 WYRQAEG 
KQRELVA 

SISSR 
GITN 

10S YADSVRGRFS1SRDNTKDTVY 
LQMNSLKP EDTAVY YC'RL 

68 ASLSSGTVY 116 WGKGTL 
VTVSS 

13 3311 79 EVQLVESGGGLVQ 
AGGSLRLSCAAS 

31 GFTFDD 
YVIG 

WFRQAPG 
KEREGVS 

50 CISRL 
DGRTY 

.106 YTDSVKGRFTISSDNAKNTVY 
LQMNSLKPEDTAVYYCAL 

6 9 EPRYTGDYY 
PVHPELYDY 

115 WGQGTQ 
VTVSS 

14 4 CO 3 • 80 EVQLVESGGGLVQ 
AGG SLRLS CV IS 

32 ASTVRN 
YDMG 

92 WFRQAPG 
KEREFVA 

51 AIDWS 
GGS TP. 

107 YADSVKGRETV SRDWAJCtJTVY* 
LQMNSLKPEDTAVYYCVA 

70 AGFYNNYLR 
TAFNDWNY 

114 WGQGTL 
VTVSS 

15 4 G1 0 80 EVQLVESGGGLVQ 
AGGSLRLSCVIS 

33 EDGVFM 
YDMG 

92 WFRQAPG 
KEREFVA 

52™ TINWS 
OGSTM 

108 YADSVKGRFTVSRDHAKNTMY 
LQMDSLKPEDTAVYYCVA 

71 AGFYNNYLR 
TAPNDWND 

115 WGQGTQ 
' 1 JGS 

16 1.2E02 76 EVQLVESGGGLVQ 
PGGSLRLSCAAS 

34 GFSLGV 
FAIG 

81 WFRQAPG 
KEREGVS 

53 CIDSS 
DGRTT 

109 Y AD S VKGRFT 1SRDNA KKfTVY 
LQMNSIiKPEDTAVYYCAT 

72 DIETDVCSG 
AGWGF 

115 WGQGTQ 
VTVSS 

17 14E1Q. 76 EVQLVESGGGLVQ 
PGG S LRLS CAAS 

3S GRIFSI 
NNMG 

93 WYBQAPG 
KQRELVA 

54 TITMN 
GITT 

110 YADSVKGRFTISRDNAKNTVY 
LQMN5LKPEDTAVYYC3C 

73 WVRSSGGDP 
YRDY 

115 WGQGTQ 
VTVSS 

10 3E1Q 7 7 EVQLVESGGGLVQ 
AGG S LRLS CTAS 

36 GHTFSS 
YTMG 

92 WFRQAPG 
KEREFVA 

55 AMTRS 
GFNTH 
YSDSV 

111 KGRFTISRDNTSRDNTKITMA 
LQMNSLKPEDTAVYYCTT 

74 GRGLTSYVA 
NF 

115 WGQGTQ 
VTVSS 

19 5E02 76 EVQLVESGGGLVQ 
PGGSLRLSCAAS 

37 GITLDS 
IAIC 

81 WFRQAPG 
KEREGVS 

56 CSRGS 
DGSTY 

112 YADSVKGR FTISRVNAKNTVY 
LQMNS LKPED TAV Y Y C AA 

75 APSIFYSGG 
YFPSGMDY 

117 WGKGTQ 
VTVSS 

*CDR sequences were determined according to Antibody Engineering, vol 2 by Kontermann 8 Oijbei (Eds.}, Springer Verlag Heidelberg Berlin, Chapter 3: Martin pp. 33-51, 2010. 
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Table A-7: Amino acid sequences from PcrV fragment (amino acids 144-257) and chimeric molecyles 

used for epitope mapping 

Molecule TH J-M 

NO: 
Sequence 

PcrV fragment 
(AA 144-25?) 

198 MEVRNLNAARELFLDELLAASAAPASAVYSVIQSQINAALSAKQGIRIDAG 
GIDLVDPTLYGYAVGDPRWKDSPEYALLSNLDTFSGKLSIKDFLSGSPKQS 
GELKGLBD1YPFE KDNNPVGNFATTVSDRSRPLNDKVNE 

Chimera 1 199 MIRAYEQNPQHFIEDLEKVRVEQLTGHGSSVLEELVQLVKDKNIDISAEQE 
ELLALLRSERIVLAHAGQPLSEAQVLKALAWLLAANPSAPPGQGLEVLREV 
LQARRQPGAQWDLREFLVSAYFSLHGRLDEDVIGVYKDVLQTQDGKRKALL 
D ELKAL TAE LKVY SVIQSQINAALSAKQGIRIDAGGIDLVD PTLYGYAVGD 
PRWKDSPEYALLSNLDTFSGKLSIKDFLSGSPKQSGELKGLSDEYPFEKDN 
NPVGNFATTVSDRSRPLNDKVNEKTTLLNDTS SRYNSAVEALNRFIQKYDS 
VLRD1LSAI 

Chimera 2 200 MEVRNLNAARELFLDELLAAS AAPASAEQEELLALLRS ERIVLAHAGQ PLSE 
AQVLKGGHYDNQLQNGIKRVICEPLES S PNTQWDLREFLVSAYFSLHGRLDED 
VIGVYKDVLQTQDGKRKALLDELKALTAELKVYSVIQSQINAALSAKQG1RI 
DAGGIDLVDPTLYGYAVGDPRWKDSPEYALLSNLDTFSGKLSIKDFLSGSPK 
QSGELKGLSDEYPFEKDNNPVGNFATTVSDRSRPLNDKVNEKTTLLNDTSSR 
YNSAVEALNRFIQKYDSVLRDILSAI 

Chimera 3 201 MEVRNLNAARELFLDELLAASAAPASAEQEELLALLRSERIVLAHAGQPLS 
EAQVLKALAWLLAANPSAPPGQGLEVLREVLQARRQPGAQWDLREFLVSAY 
FSLTADRIDDDILKVIVDSMNHHGGKRKALLDELKALTAELKVYSVIQSQI 
NAALSAKQG IRI DAGG IDLVDPTLYGYAVGDPRWKDS PE YALLSNLDTFSG 
KLSIKDFLSGSPKQSGELKGLSDEYPFEKDNNPVGNFATTVSDRSRPLNDK 
VNEKTTLLNDTSSRYNSAVEALNRFIQKYDSVLRDILSAI 

Chimera 4 MEVRNLNAARELFLDELLAASAAPASAEQEELLALLRSERIVLAHAGQPLS 
EAQVLKALAWLLAANPSAPPGQGLEVLREVLQARRQPGAQWDLREFLVSAY 
FSLHGRLDEDVIGVYKDVLQTQDGKRKALLDELKALTAELKVYSVIQSQIN 
AALS S SGTINIHDKSINLMDKNLYGYAVGD PRWKDS PEYALLSNLDTF SGK 
LSIKDFLSGSPKQSGELKGLSDEYPFEKDNNPVGNFATTVSDRSRPLNDKV 
NEKTTLLNDTS SRYNSAVEALNRFIQKYDSVLRDILSAI 

Chimera 5 203 MEVRNLNAARELFLDELLAASAAPASAEQEELLALLRSERIVLAHAGQPLS 
EAQVLKALAWLLAANPS AP PGQGLEVLREVLQARRQPGAQWDLREFLVSAY 
FSLHGRLDED VIGVYKDVLQTQDGKRKA! iT/nELKALTAELKVYSVIQSQ~N 
AAL S AKQ61RIDAGGIDLVDPTLYGYTDEEIFKASAEYKILSNLDTFSGKL 
SIKDFLSGS PKQ SGE LKGLSDEYPF EKDNNPVGNFATTVS D R S R P LND KVN 
EKTTLLNDTSSRYNSAVEALNRFIQKYDSVLRDILSAI 

Chimera 6 2 04 MEVRNLNAARELFLDELLAASAAP A.SAEQBELLALLRSERIVLAH 
EAQVLKALAWLL AANPSAP PGQGLEVLREVLQARRQPGAQWDLREFLVSAY 
FSLHGRLDEDVIGVYKDVLQTQDGKRKALLDELKALTAELKVYSVIQSQIN 
AAL SAKQGIRIDAGGIDLVDPTLYGYAVGD PRWKDSPEYAILEKMPQTTIQ 
VDGSEKKIVSIKDFLSGSPKQSGELKGLSDEYPFEKDNNPVGNFATTVSDR 
S RP LNDKVNEKTTLLNDTSS R YNSAVEALNRFIQKYDSVLRDILSAI 

Chimera 7 205 MEVRNLNAARELFLDELLAASAAPASAEQEELLALLRSERIVLAHAGQ 
EAQVLKALAWLLAANPSAP PGQGLEYLREVLQARRQPGAQWDLREFLVSAY 
FSLHGRLDEDVIGVYKDVLQTQDGKRKALLDELKALTAELKVYSVIQSQIN 
AALSAKQGIRIDAGGIDLVDPTLYGYAVGDPRWKDSPEYALLSNLDTFSGK 
LSIKDFLGSENKRTGALGNLKNSYSYNKDNNELSHFATTCSDKSRPLNDKV 
NEKTTLLNDTSSRYNSAVEALNRFIQKYDSVLRDILSAI 
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Table A-8: Linker sequences 

Linker SSQ ID HO Sequence 

5GS linker 182 

7GS linker 163 sggsggs 

8GS linker 184 ggggcgggs 

9GS linker 185 GGGGSGGGS 

10GS linker 186 GGGGSGGGGS 

15GS linker 187 \3 'o bbouobb 'or Ira b 

18GS linker 188 GGGG S GGGG SGGGGGGG S 

20GS linker 1 QQ X O _? 
<•"*1 /"i Ci /"*' /"I /"•< £"** I"*I £*<11*™1 /"I ib Ly-oo o LsLzo'o fc- LKJ-SJO b 

25GS linker 130 s-* V? V7 v-' tw 

3 0GS linker 191 GGGGSGGGGSGGGGSGGGG S GGGG SGGGGS 

35GS linker 192 GGGGSGGGGSGGGGSGGGGSGGGGSGGGGSGGGGS 

4 0GS linker 19 3 GGGGSGGGG SGGGG S GGGG S GGGG SGGGGSGGGGSGGGGS 

G1 hinge 194 EPKSCDKTHTC°PCP 

9™'* G1 ninge 135 GGGGSGGGSEPKSGDKTHTCPPCP 

Llama upper long 
hinge region 

195 epktpkpqpaaa 

G3 hinge 197 ELKTPLGDTTHTGPRCPEPKSCDTPPPCPRCPEPKSGDTPPP 
CPRCPEPKSCDTPPPCPRCP 

Equivalents 

5 The foregoing written specification is considered to be sufficient to enable one skilled in the art 

to practice the invention. The present invention is not to be limited in scope by examples provided, since 

the examples are intended as an illustration of certain aspects and embodiments of the invention. Other 

functionally equivalent embodiments are within the scope of the invention. Various modifications of the 

invention in addition to those shown and described herein will become apparent to those skilled in the 

10 art from the foregoing description and fall within the scope of the appended claims. The advantages and 

objects of the invention are not necessarily encompassed by each embodiment of the invention. 

What is claimed is: 
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CLAIMS 

1. Polypeptide comprising or consisting of two or more immunogiobuiin single variable domains that 

are directed against PcrV, wherein at least one "first" immunoglobulin single variable domain is 

5 directed against a first epitope on PcrV and at least one "second" immunoglobylin single variable 

domain is directed against a second epitope on PcrV different from the first epitope on PcrV. 

2. The polypeptide according to claim 1, which is capable of neutralizing PcrV with 100% efficacy and 

with an IC50 of 5,OxlO'10 M or lower in a cytotoxicity assay with P3X63 cells as target at an MOi of 12. 

10 

3. The polypeptide according to any of claims 1 or 2, for which the decrease in potency after 24 hours 

in the presence of P. aeruginosa elastase {3 ug/ug polypeptide) is maximal 5 fold (e.g. 5 fold, 3 fold, 2 

fold or lower), 

15 4. The polypeptide according to any of claims 1 to 3, for which the decrease in potency after 24 hours in 

the presence of human neutrophil elastase {1-2 ug/ug polypeptide) is maximal 15 fold (e.g. 10 fold, 5 

fold, 3 fold, 2 fold or lower). 

5. The polypeptide according to any of claims 1 to 4, wherein the two or more immunoglobulin single 

20 variable domains consist of a light chain variable domain sequence (e.g. a VL-sequerice) or of a heavy 

chain variable domain sequence (e.g. a VH-sequence). 

6. The polypeptide according to any of claims 1 to 5, wherein the two or more immunoglobulin single 

variable domains consist of a heavy chain variable domain sequence that is derived from a 

25 conventional four-chain antibody or consist of a heavy chain variable domain sequence that is 

derived from heavy chain antibody. 

7. The polypeptide according to any of claims 1 to 6, wherein the two or more immunoglobulin single 

variable domains consist of a domain antibody (or an amino acid that is suitable for use as a domain 

30 antibody), of a single domain antibody {or an amino acid that is suitable for use as a single domain 

antibody), of a "dAb" (or an amino acid that is suitable for use as a dAb) or of a Nanobody (including 

but not limited to a VHH). 
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The polypeptide according to any of claims 1 to 7, wherein the two or more immunoglobulin single 

variable domains consist of a partially or fully humanized Nanobody or a partially or fully humanized 

VHH. 

The polypeptide according to any of claims 1 to 8 wherein at least one ofthe immunoglobulin single 

variable domains consists of 4 framework regions (FRl to FR4, respectively) and 3 complementarity 

determining regions (CDRl to CDR3, respectively), 

in which; 

CDRl is chosen from the group consisting of: 

a} the amino acid sequences of SEQ ID NOs: 20-37; 

b) amino acid sequences that have at least 80% amino acid identity with at least one of the amino 

acid sequences of SEQ, ID NOs: 20-37; 

c) amino acid sequences that have 3, 2, or 1 amino acid difference with at least one ofthe amino 

acid sequences of SEQ ID NOs: 20-37; 

and/or 

CDR2 is chosen from the group consisting of: 

d) the amino acid sequences of SEQ ID NOs: 38-56; 

e) amino acid sequences that have at least 80% amino acid identity with at least one of the amino 

acid sequences of SEQ ID NOs: 38-56; 

f) amino acid sequences that have 3, 2, or 1 amino acid difference with at least one of the amino 

acid sequences of SEQ ID NOs: 38-58; 

and/or 

CDR3 is chosen from the group consisting of: 

g) the amino acid sequences of SEQ ID NOs: 57-75; 

h) amino acid sequences that have at least 80% amino acid identity with at least one of the amino 

acid sequences of SEQ ID NOs: 57-75; 

i) amino acid sequences that have 3, 2, or 1 amino acid difference with at least one ofthe amino 

acid sequences of SEQ ID NOs: 57-75, 
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10. The polypeptide according to any of claims 1 to 9, wherein at least one ofthe immunoglobulin single 

variable domains consists of 4 framework regions (FRl to FR4, respectively) and 3 complementarity 

determining regions (CDRl to CDRS, respectively), 

in which: 

CDRl is chosen from the group consisting of: 

a) the amino acid sequences of SEQ ID NOs: 20-37; 

b) amino add sequences that have at least 80% amino acid identity with at least one of the amino 

acid sequences of SEQ ID NOs: 20-37; 

c) amino acid sequences that have 3, 2, or 1 amino acid difference with at least one of the amino 

acid sequences of SEQ ID NOs: 20-37]; 

and 

CDR2 is chosen from the group consisting of: 

d) the amino acid sequences of SEQ ID NQs: 38-56; 

e) amino acid sequences that have at least 80% amino acid identity with at least one of the amino 

acid sequences of SEQ ID NOs: 38-56; 

f) amino acid sequences that have 3, 2, or 1 amino acid difference with at least one of the amino 

acid sequences of SEQ ID NOs: 38-56; 

and 

CDRS is chosen from the group consisting of: 

g) the amino acid sequences of SEQ ID NQs: 57-75; 

h) amino acid sequences that have at least 80% amino acid identity with at least one of the amino 

acid sequences of SEQ ID NOs: 57-75; 

i) amino acid sequences that have 3, 2, or 1 amino acid difference with at least one of the amino 

acid sequences of SEQ ID NOs: 57-75. 

11. The polypeptide according to any of claims 1 to 10, wherein, in at least one ofthe immunoglobulin 

single variable domains, the CDR sequences have at least 70% amino acid identity, preferably at least 

80% amino acid identity, more preferably at ieast 90% amino acid identity, such as 95% amino acid 

identity or more or even essentially 100% amino acid identity with the CDR sequences of at least one 

of the immunoglobulin single variable domains with SEQ ID NOs: 1-19. 
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12. The polypeptide according to any of claims 1 to 11, wherein at least one of the immunoglobulin 

single variable domains cross-blocks the binding to PcrV of at least one of the immunoglobulin single 

variable domains with SEQ ID NOs: 1-19 and/or is cross-blocked from binding to PcrV by at least one 

ofthe immunoglobulin single variable domains with SEQ, ID NOs: 1-19, 

5 

13. The polypeptide according to any of claims 1 to 12, wherein at least one ofthe immunoglobulin 

single variable domains is selected from any of SEQ. ID NOs: 1-19. 

14. The polypeptide according to any of claims 1 to 13, wherein bot immunoglobulin single variable 

10 domains are immunoglobulin single variable domains as defined in any of claims 9 to 13, 

15. The polypeptide according to any of claims 1 to 14, wherein each of the two immunoglobulin single 

variable domains that are directed against PcrV belong to a different epitope bin. 

15 16. The polypeptide according to any of claims 1 to 15, wherein the first immunoglobulin single variable 

domain does not cross-blocks the binding to PcrV ofthe second immunoglobulin single variable 

domain and/or wherein the first immunoglobulin single variabie is not cross-blocked from binding to 

PcrV by the second immunoglobulin single variabie domain. 

20 17, The polypeptide according to claim 16, wherein: 

the first immunoglobulin single variable domain cross-blocks the binding to PcrV of at least one 

ofthe immunoglobulin single variable domains with SEQ ID NOs: 3-10 [epitope binl] and/or is 

cross-blocked from binding to PcrV by at least one of the immunoglobulin single variable 

domains with SEQ. ID NOs: 3-10 [epitope binl]; arid the second immunoglobulin single variable 

25 domain cross-blocks the binding to PcrV of at least one of the immunoglobulin single variable 

domains with SEQ ID NOs: 1-2 [epitope bin2] and/or is cross-blocked from binding to PcrV by at 

least one of immunoglobulin single variable domains with SEQ ID NOs: 1-2 [epitope bin2j; 

the first immunoglobulin single variable domain cross-blocks the binding to PcrV of at least one 

ofthe Immunoglobulin single variable domains with SEQ ID NOs: 3-10 [epitope binl] and/or is 

30 cross-blocked from binding to PcrV by at least one of the immunogiobuiin single variable 

domains with SEQ ID NOs: 3-10 [epitope binl]; and the second immunoglobulin single variable 

domain cross-blocks the binding to PcrV of at least one of the immunoglobulin single variable 
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domains with SEQ ID NOs: 11-12 [epitope binB] and/or is cross-blocked from binding to PcrV by 

at least one ofthe immunoglobulin single variable domains with SEQ ID NOs: 11-12 [epitope 

binB]; 

the first immunoglobulin single variable domain cross-blocks the binding to PcrV of at ieast one 

of the immunoglobulin single variable domains with SEQ ID NOs: 1-2 [epitope bin2) and/or is 

cross-blocked from binding to PcrV by at least one ofthe immunoglobulin single variable 

domains with SEQ ID NOs: 1-2 [epitope bin2]; and the second immunoglobulin single variable 

domain cross-blocks the binding to PcrV of at least one ofthe immunogiobuiin single variable 

domains with SEQ ID NOs: 3-10 [epitope binl] and/or is cross-blocked from binding to PcrV by at 

least one ofthe immunoglobulin single variable domains with SEQ ID NOs: 3-10 [epitope binl]; 

the first immunoglobulin single variable domain cross-blocks the binding to PcrV of at least one 

ofthe immunoglobulin single variable domains with SEQ ID NOs: 1-2 [epitope bin2] and/or is 

cross-blocked from binding to PcrV by at least one ofthe immunoglobulin single variabie 

domains with SEQ ID NOs: 1-2 [epitope bin2J; and the second immunogiobuiin single variable 

domain cross-blocks the binding to PcrV of at least one of the immunoglobulin single variable 

domains with SEQ ID NOs: 11-12 [epitope bin3] and/or is cross-blocked from binding to PcrV by 

at least one ofthe immunoglobulin single variable domains with SEQ ID NOs: 11-12 [epitope 

bin3]; 

the first immunoglobulin single variable domain cross-blocks the binding to PcrV of at least one 

ofthe immunoglobulin single variable domains with SEQ ID NOs: 11-12 [epitope binB} and/or is 

cross-blocked from binding to PcrV by at least one of immunoglobulin single variable domains 

with SEQ ID NQs: 11-12 [epitope btn3]; and the second immunoglobulin single variable domain 

cross-blocks the binding to PcrV of at least one ofthe immunoglobulin single variable domains 

with f SEQ ID NOs: 3-10 [epitope binl) and/or is cross-blocked from binding to PcrV by at least 

one of the immunoglobulin single variable domains with SEQ ID NOs: 3-10 [epitope binl]; or 

the first immunoglobulin single variable domain cross-blocks the binding to PcrV of at least one 

ofthe immunoglobulin single variable domains with SEQ ID NOs: 11-12 [epitope binB] and/or is 

cross-blocked from binding to PcrV by at least one of the immunoglobulin single variable 

domains with SEQ ID NOs: 11-12 [epitope bin3]; and the second immunoglobulin single variable 

domain cross-blocks the binding to PcrV of at least one of the immunoglobulin single variable 

domains with SEQ ID NOs: 1-2 [epitope btn2] arid/or is cross-blocked from binding to PcrV by at 

least one ofthe immunoglobulin single variable domains with SEQ ID NOs: 1-2 [epitope bin2]. 
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18, The polypeptide according to claim 16, wherein: 

the first immunoglobulin single variable domain is selected from the polypeptide of any of claims 

47-53 [epitope binl]; and the second immunoglobulin single variable domain is selected from 

the polypeptide of any of claims 40-46 [epitope bin2]: 

the first immunoglobulin single variable domain is selected from the polypeptide of any of claims 

47-53 [epitope binl]; and the second immunoglobulin single variable domain is selected from 

the polypeptide of any of claims 54-60 {epitope bin3]; 

the first immunoglobulin single variable domain is selected from the polypeptide of any of claims 

40-46 [epitope bin2]; and the second immunoglobulin single variable domain is selected from 

the polypeptide of any of claims 47-53 [epitope binl]; 

the first immunoglobulin single variabie domain is selected from the polypeptide of any of claims 

40-46 [epitope bin2); and the second immunoglobulin single variable domain is selected from 

the polypeptide of any of claims 54-60 [epitope bin3]; 

the first immunoglobulin single variable domain is selected from the polypeptide of any of claims 

54-60 [epitope bin3]; and the second immunoglobulin single variable domain is selected from 

the polypeptide of any of claims 47-53 [epitope binl]; or 

the first immunoglobulin single variable domain is selected from the polypeptide of any of claims 

54-80 [epitope bin3]; and the second immunoglobulin single variable domain is selected from 

the polypeptide of any of claims 40-46 [epitope bin2], 

19, The polypeptide according to any of claims 1 to 18, which is selected from any of SEQ ID NOs: 124-

141. 

20, The polypeptide according to any of claims 1 to 19, wherein the first immunoglobulin single variable 

domain is SEQ ID NQ: 12. 

21, The polypeptide according to claim 20, wherein the second immunoglobulin single variable domain is 

selected from any of SEQ ID NOs: 1 and 10, 

22, The polypeptide according to claim 21, which is selected from any of SEQ ID NOs: 129 and 134, 
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23, The polypeptide according to any of claims 1 to 19, wherein the second immunoglobulin single 

variable domain is SEQ ID NO: 1. 

24, The polypeptide according to claim 23, wherein the first immunoglobulin single variable domain is 

5 selected from any of SEQ ID NOs: 3 and 12. 

25, The polypeptide according to claim 24, which is selected from any of SEQ. ID NOs: 129 and 137. 

26, The polypeptide according to any of claims 1 to 14, wherein the two or more immunoglobulin single 

10 variable domains that are directed against PcrV belong to the same epitope bin. 

27, The polypeptide according to claim 26, wherein the first immunogiobuiin single variable domain 

cross-blocks the binding to PcrV ofthe second immunoglobulin single variable domain and/or 

wherein the first immunogiobuiin single variabie domain is cross-blocked from binding to PcrV by the 

15 second immunoglobulin single variable domain. 

28, The polypeptide according to claim 27, wherein: 

the first and the second immunoglobulin single variable domain cross-block the binding to PcrV 

of at least one of immunoglobulin single variable domains with SEQ ID NOs: 3-10 [epitope binl] 

20 and/or the first and the second immunogiobuiin single variable domain are cross-blocked from 

binding to PcrV by at least one of the immunoglobulin single variable domains with SEQ ID NOs: 

3-10 [epitope binl]; 

the first and the second immunoglobulin single variabie domain cross-block the binding to PcrV 

of at least one of the immunoglobulin single variable domains with SEQ ID NOs: 1-2 [epitope 

25 bin.2] and/or the first and the second immunoglobulin single variable domain are cross-blocked 

from binding to PcrV by at least one ofthe immunoglobulin single variable domains with SEQ ID 

NOs: 1-2 [epitope bin!]; or 

the first and the second immunoglobulin single variable domain cross-block the binding to PcrV 

of at least one of the immunoglobulin single variabie domains with SEQ ID NOs: 11-12 [epitope 

30 bin3] and/or the first and the second immunoglobulin single variable domain are cross-blocked 

from binding to PcrV by at least one ofthe immunoglobulin single variable domains with SEQ ID 

NOs: 11-12 [epitope bin3]. 
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29. The polypeptide according to claim 27, wherein; 

the first and the second immunoglobulin single variabie domain are selected from the 

polypeptide of any of claims 47-53 [epitope binl]; 

the first and the second immunoglobulin single variable domain are selected from the 

polypeptide of any of claims 40-46 [epitope bin2); or 

the first and the second Immunoglobulin single variable domain are selected from the 

polypeptide of any of claims 54-80 [epitope bin3], 

30. The polypeptide according to any of claims 26 to 29, which is selected from any of SEQ, ID NOs: 118-

123. 

31. The poiypeptide according to any of claims 26 to 30, wherein at least one immunoglobulin single 

variable domain is SEQ ID NO: 3,. 

32. The poiypeptide according to claim 31, which is selected from any of SEQ ID NOs: 118,120 arid 121. 

33. The polypeptide according to any of claims 26 to 30, wherein at least one immunoglobulin single 

variable domain is SEQ ID NQ: 1. 

34. The polypeptide according to claim 33, which is selected from any of SEQ ID NOs: 122 and 123. 

35. Polypeptide that essentially consists of 4 framework regions (FRl to FR4, respectively) and 3 

complementarity determining regions (CDRl to CDR3, respectively), in which: 

CDRl is chosen from the group consisting of: 

a) the amino acid sequences of SEQ ID NQs: 20-37; 

b) amino acid sequences that have at least 80% amino acid identity with at least one of the amino 

acid sequences of SEQ ID NOs: 20-37; 

c) amino acid sequences that have 3, 2., or 1 amino acid difference with at least one of the amino 

acid sequences of SEQ ID NOs: 20-37; 

and/or 

CDR2 is chosen from the group consisting of: 
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d) the amino acid sequences of SEQ ID NQs; 38-56; 

e) amino acid sequences that have at least 80% amino acid identity with at least one of the amino 

acid sequences of SEQ iD NQs; 38-56; 

f) amino acid sequences that have 3, 2, or 1 amino acid difference with at least one of the amino 

5 acid sequences of SEQ ID NOs: 38-56; 

and/or 

CDR3 is chosen from the group consisting of: 

g) the amino acid sequences of SEQ ID NOs: 57-75; 

h) amino acid sequences that have at least 80% amino acid identity with at ieast one of the amino 

w acid sequences of SEQ ID NQs; 57-75; 

i) amino acid sequences that have 3., 2, or 1 amino acid difference with at least one ofthe amino 

acid sequences of SEQ ID NOs: 57-75. 

36. The polypeptide according to claim 35, in which: 

15 - CDRl is chosen from the group consisting of: 

a) the amino acid sequences of SEQ ID NQs: 20-37; 

b) amino acid sequences that have at least 80% amino acid identity with at least one of the amino 

acid sequences of SEQ ID NOs: 20-37; 

c) amino acid sequences that have 3, 2, or 1 amino acid difference with at least one of the amino 

20 acid sequences of SEQ ID NOs: 20-37; 

and 

CDR2 is chosen from the group consisting of: 

d) the amino add sequences of SEQ ID NQs: 38-56; 

e) amino acid sequences that have at least 80% amino acid identity with at least one of the amino 

25 acid sequences of SEQ ID NOs: 38-56; 

f) amino acid sequences that have 3, 2, or 1 amino acid difference with at least one of the amino 

acid sequences of SEQ ID NOs: 38-56; 

and 

CDR3 is chosen from the group consisting of: 

30 g) the amino acid sequences of SEQ ID NOs: 57-75; 

h) amino acid sequences that have at ieast 80% amino acid identity with at least one of the amino 

acid sequences of SEQ ID NOs: 57-75; 
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i) amino acid sequences that have 3, 2, or 1 amino acid difference with at least one of the amino 

acid sequences of SEQ ID NOs; 57-75. 

37. The polypeptide according to any of claims 35 or 36, in which the CDR sequences of said polypeptide 

have at least 70% amino acid identity, preferably at least 80% amino acid identity, more preferably at 

least 90% amino acid identity, such as 95% amino acid identity or more or even essentially 100% 

amino acid identity with the CDR sequences of at least one of the immunoglobulin single variable 

domains with SEQ ID NQs: 1-19. 

38. Polypeptide directed against PcrV, that cross-blocks the binding to PcrV of at least one ofthe 

immunoglobulin single variable domains with SEQ ID NOs: 1-19 and/or that is cross-blocked from 

binding to PcrV by at least one of the immunoglobulin single variable domains with SEQ ID NQs: 1-19. 

39. The polypeptide according to any of claims 35 to 38, that is selected from any of SEQ ID NOs: 1-19. 

40. The polypeptide according to any of claims 35 to 39, that belongs to epitope bin 2. 

41. The polypeptide according to claim 40, that binds to full length PcrV (SEQ ID NO: 159) and that shows 

reduced binding (30-90%) or no binding to chimera 7 (SEQ ID NO: 205). 

42. The polypeptide according to any of claims 40 or 41, in which: 

CDRl is chosen from the group consisting of: 

a) the amino acid sequences of SEQ. ID NOs: 20-21; 

b) amino acid sequences that have at least 80% amino acid identity with at least one of the amino 

acid sequences of SEQ ID NOs; 20-21; _ 

c) amino acid sequences that have 3, 2, or 1 amino acid difference with at least one of the amino 

acid sequences of SEQ ID NOs; 20-21; 

and/or 

CDR2 is chosen, from the group consisting of: 

d) the amino acid sequences of SEQ ID NOs: 38-39; 

e) amino acid sequences that have at least 80% amino acid identity with at least one of the amino 

acid sequences of SEQ ID NQs: 38-39; 
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10 

f) amino acid sequences that have 3, 2, or 1 amino acid difference with at least one of the amino 

acid sequences of SEQ ID NOs: 38-39; 

and/or 

CDR3 is chosen from the group consisting of: 

g) the amino acid sequences of SEQ ID NOs: 57-58; 

h) amino acid sequences that have at least 80% amino acid identity with at least one of the amino 

acid sequences of SEQ ID NQs: 57-58; 

i) amino acid sequences that have 3, 2, or 1 amino acid difference with at least one of the amino 

acid sequences of SEQ ID NOs: 57-58. 

43. The polypeptide according to claim 42, in which: 

CDRl is chosen from the group consisting of: 

a) the amino acid sequences of SEQ ID NOs: 20-21; 

b) amino acid sequences that have at least 80% amino acid identity with at least one of the amino 

15 acid sequences of SEQ ID NQs: 20-21; 

c) amino acid sequences that have 3, 2, or 1 amino acid difference with at least one of the amino 

acid sequences of SEQ ID NQs: 20-21; 

and 

CDR2 is chosen from the group consisting of: 

20 d) the amino acid sequences of SEQ ID NOs: 38-39; 

e) amino acid sequences that have at least 80% amino acid identity with at least one ofthe amino 

acid sequences of SEQ ID NQs: 38-39; 

f) amino acid sequences that have 3, 2, or 1 amino acid difference with at least one ofthe amino 

acid sequences of SEQ ID NOs: 38-39; 

25 and 

CDR3 is chosen from the group consisting of: 

g) the amino acid sequences of SEQ ID NOs: 57-58; 

h) amino acid sequences that have at least 80% amino acid identity with at least one of the amino 

acid sequences of SEQ ID NQs: 57-58; 

30 i) amino acid sequences that have 3, 2, or 1 amino acid difference with at least one of the amino 

acid sequences of SEQ ID NOs: 57-58, 
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44, The polypeptide according to any of claims 40 to 43, in which the CDR sequences of said polypeptide 

have at least 70% amino acid identity, preferably at least 80% amino acid identity, more preferably at 

least 90% amino acid identity, such as 95% amino acid identity or more or even essentially 100% 

amino acid identity with the CDR sequences of at least one ofthe immunoglobulin single variable 

5 domains with SEQ ID NOs: 1 and 2. 

45, The polypeptide directed against PcrV, that cross-blocks the binding to PcrV of at least one of the 

immunoglobulin single variable domains with SEQ ID NOs: 1 and 2 and/or that is cross-blocked from 

binding to PcrV by at least one ofthe immunoglobulin single variable domains with SEQ ID NOs: 1 

10 and 2. 

46, The polypeptide according to any of claims 40 to 45, that is selected from SEQ ID NOs: 1 and 2. 

47, The polypeptide according to any of claims 35 to 39, that belongs to epitope bin 1. 

15 

48, The polypeptide according to claim 47, that binds full length PcrV (SEQ ID NO: 159) and that shows 

reduced binding (30-90%) or no binding to chimera 4 (SEQ ID NO: 202) and chimera 6 (SEQ ID NO: 

204). 

20 49. The polypeptide according to any of claims 47 or 48, in which: 

CDRl is chosen from the group consisting of: 

a) the amino acid sequences of SEQ ID NOs: 22-28; 

b) amino acid sequences that have at least 80% amino acid identity with at least one of the amino 

acid sequences of SEQ ID NOs: 22-28; 

25 c) amino acid sequences that have 3, 2, or 1 amino acid difference with at least one of the amino 

acid sequences of SEQ ID NOs: 22-28; 

and/or 

CDR2 is chosen from the group consisting of: 

d) the amino acid sequences of SEQ ID NOs: 40-47; 

30 e) amino acid sequences that have at least 80% amino acid identity with at least one of the amino 

acid sequences of SEQ ID NOs: 40-47; 
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f) amino acid sequences that have 3, 2, or 1 amino acid difference with at ieast one of the amino 

acid sequences of SEQ ID NOs: 40-47; 

and/or 

CDR3 is chosen from the group consisting of: 

g) the amino acid sequences of SEQ ID NOs: 59-66; 

h) amino acid sequences that have at ieast 80% amino acid identity with at least one of the amino 

acid sequences of SEQ ID NOs: 59-66; 

i) amino acid sequences that have 3, 2, or 1 amino acid difference with at least one ofthe amino 

acid sequences of SEQ ID NOs: 59-66. 

50, The polypeptide according to claim 49, in which: 

CDRl is chosen from the group consisting of: 

a) the amino acid sequences of SEQ ID NOs: 22-28; 

b) amino acid sequences that have at least 80% amino acid identity with at least one of the amino 

acid sequences of SEQ ID NOs: 22-28; 

c) amino acid sequences that have 3, 2, or 1 amino acid difference with at least one of the amino 

acid sequences of SEQ ID NOs: 22-28; 

and 

CDR2 is chosen from the group consisting of: 

d) the amino acid sequences of SEQ ID NOs: 40-47; 

e) amino acid sequences that have at least 80% amino acid identity with at least one of the amino 

acid sequences of SEQ ID NOs: 40-47; 

f) amino acid sequences that have 3, 2, or 1 amino acid difference with at ieast one of the amino 

acid sequences of SEQ ID NOs: 40-47; 

and 

GDR3 is chosen from the group consisting of: 

g) the amino acid sequences of SEQ ID NOs: 59-66; 

h) amino acid sequences that have at least 80% amino acid identity with at least one of the amino 

acid sequences of SEQ ID NOs: 59-66; 

i) amino acid sequences that have 3, 2, or 1 amino acid difference with at least one of the amino 

acid sequences of SEQ ID NOs: 59-66. 
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51, The polypeptide according to any of claims 47 to 50, in which the CDR sequences of said polypeptide 

have at least 70% amino acid identity, preferably at least 80% amino acid identity, more preferably at 

least 90% amino acid identity, such as 95% amino acid identity or more or even essentially 100% 

amino acid identity with the CDR sequences of at least one of the immunoglobulin single variable 

5 domains with SEQ ID NOs: 3-10. 

52, Polypeptide directed against PcrV, that cross-blocks the binding to PcrV of at least one ofthe 

immunoglobulin single variable domains with SEQ ID NOs; 3-10 and/or that is cross-blocked from 

binding to PcrV by at least one of the immunoglobulin single variable domains with SEQ ID NOs: 3-10, 

10 

53, The polypeptide according to any of claims 47 to 52, that is selected from any of SEQ ID NOs: 3-10, 

54, The polypeptide according to any of claims 35 to 39, that belongs to epitope bin 3, 

15 55. The polypeptide according to claim 54, that binds full length PcrV (SEQ ID NO: 159) and that shows 

reduced binding (30-90%) or no binding to chimera 2 (SEQ ID NO: 200). 

56. The polypeptide according to any of claims 54 or 55, in which: 

CDRl is chosen from the group consisting of; 

20 a) the amino acid sequences of SEQ ID NOs: 29-30; 

b) amino acid sequences that have at least 80% amino acid identity with at least one of the amino 

acid sequences of SEQ ID NOs: 29-30; 

c) amino acid sequences that have 3, 2, or 1 amino acid difference with at least one ofthe amino 

acid sequences of SEQ ID NOs: 29-30; 

25 and/or 

CDR2 is chosen from the group consisting of: 

d) the amino acid sequences of SEQ ID NOs: 4S-49; 

e) amino acid sequences that have at least 80% amino acid identity with at least one of the amino 

acid sequences of SEQ ID NOs: 48-49; 

30 f> amino acid sequences that have 3, 2, or 1 amino acid difference with at least one of the amino 

acid sequences of SEQ ID NOs: 48-49; 

and/or 
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CDRS is chosen from the group consisting of: 

g) the amino acid sequences of SEQ ID NOs: 67-68; 

h) amino acid sequences that have at least 80% amino acid identity with at least one of the amino 

acid sequences of SEQ ID NQs: 67-68: 

5 i) amino acid sequences that have 3, 2, or 1 amino acid difference with at least one of the amino 

acid sequences of SEQ ID NQs: 67-68, 

57, The polypeptide according to claim 56, in which: 

CDRl is chosen from the group consisting of: 

10 a) the amino acid sequences of SEQ ID NOs: 29-30; 

b) amino acid sequences that have at least 80% amino acid identity with at least one of the amino 

acid sequences of SEQ ID NOs: 29-30; 

c) amino acid sequences that have 3, 2, or 1 amino acid difference with at least one of the amino 

acid sequences of SEQ ID NQs: 29-30; 

15 and 

CDR2 is chosen from the group consisting of: 

d) the amino acid sequences of SEQ ID NQs: 48-49; 

e) amino acid sequences that have at least 80% amino acid identity with at least one of the amino 

acid sequences of SEQ ID NOs: 48-49; 

20 f) amino acid sequences that have 3, 2, or 1 amino acid difference with at least one ofthe amino 

acid sequences of SEQ ID NOs: 48-49; 

and 

CDR3 is chosen from the group consisting of: 

g) the amino acid sequences of SEQ ID NOs: 67-68; 

25 h) amino acid sequences that have at least 80% amino acid identity with at least one ofthe amino 

acid sequences of SEQ ID NOs: 67-68; 

i) amino acid sequences that have 3, 2, or 1 amino acid difference with at least one of the amino 

acid sequences of SEQ ID NOs: 67-68. 

JO 58. The polypeptide according to any of claims 54 to 57, in which the CDR sequences of said polypeptide 

have at least 70% amino acid identity, preferably at least 80% amino acid identity, more preferably at 

least 90% amino acid identity, such as 95% amino acid identity or more or even essentially 100% 
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amino acid identity with the CDR sequences of at ieast one of the immunoglobulin single variable 

domains with SEQ ID NOs: 11 and 12, 

59, Polypeptide directed against PcrV, that cross-blocks the binding to PcrV of at ieast one ofthe 

s immunoglobulin single variable domains with SEQ ID NOs: 11 and 12 and/or that is cross-blocked 

from binding to PcrV by at least one ofthe immunoglobulin single variable domains with SEQ ID NOs: 

11 and 12. 

60, The polypeptide according to any of claims 54 to 59, that is selected from any of SEQ ID NQs: 11 and 

10 12. 

61, The polypeptide according to any of claims 35 to 60., that essentially consists of an immunoglobulin 

single variable domain selected from a light chain variable domain sequence {e.g. a V-.-sequence) and 

of a heavy chain variable domain sequence (e.g. a VH-sequence}. 

15 

62, The polypeptide according to any of claims 35 to 61, that essentially consists of an immunoglobulin 

single variable domain selected from a heavy chain variable domain sequence that is derived from a 

conventional four-chain antibody and a heavy chain variable domain sequence that is derived from 

heavy chain antibody. 

20 

63, The polypeptide according to any of claims 35 to 62, that essentially consists of an immunoglobulin 

single variable domain selected from a domain antibody (or an amino acid that is suitable for use as a 

domain antibody), a single domain antibody (or an amino acid that is suitable for use as a single 

domain antibody), a "dAb" (or an amino acid that is suitable for use as a dAb) or a Nanobody 

25 (including but not limited to a VHH or a humanized VHH). 

64, The polypeptide according to any of claims 35 to 63, that essentially consists of a partially or fully 

humanized Nanobody, such as a partially or fully humanized VHH, 

30 65. Use of a polypeptide according to any of claims 35 to 64, in preparing a polypeptide according to any 

of claims 1 to 34. 
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66. Use of a polypeptide according to any of claims 35 to 64, as a binding domain or binding unit in 

preparing a polypeptide according to any of claims 1 to 34, 

67. The polypeptide according to any of claims 1 to 64, further comprising one or more other groups, 

5 residues, moieties or binding units, optionally linked via one or more peptidic linkers. 

68. The polypeptide according to claim 67, in which said one or more other groups, residues, moieties or 

binding units are chosen from the group consisting of domain antibodies, amino acids that are 

suitable for use as a domain antibody, single domain antibodies, amino acids that are suitable for use 

10 as a single domain antibody, "dAb's", amino acids that are suitable for use as a dAb, or Nanobodies. 

69. The polypeptide according to any of claims, 67 or 68, which has an increased half-life, compared to 

the corresponding polypeptide according to any of claims 1 to 64, perse. 

15 70. The polypeptide according to claim 69, in which said one or more other groups, residues, moieties or 

binding units provide the polypeptide with increased half-life, compared to the corresponding 

polypeptide according to any of claims 1 to 64, per se. 

71. The polypeptide according to claim 70, in which said one or more other groups, residues, moieties or 

20 binding units that provide the polypeptide with increased half-life is chosen from the group 

consisting of serum proteins or fragments thereof, binding units that can bind to serum proteins, an 

Fc portion, and small proteins or peptides that can bind to serum proteins. 

72. The polypeptide according to any of claims 70 or 71, in which said one or more other groups, 

25 residues, moieties or binding units that provide the polypeptide with increased half-life is chosen 

from the group consisting of human serum albumin or fragments thereof. 

73. The polypeptide according to any of claims 70 or 71, in which said one or more other binding units 

that provides the polypeptide with increased half-life are chosen from the group consisting of 

30 binding units that can bind to serum albumin {such as human serum albumin) or a serum 

immunoglobulin (such as IgG). 
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74. The polypeptide according to claims 73, in which said one or more other binding units that provides 

the polypeptide with increased half-life are chosen from the group consisting of domain antibodies, 

amino acids that are suitable for use as a domain antibody, single domain antibodies, amino acids 

that are suitable for use as a single domain antibody, "dAb"'s, amino acids that are suitable for use as 

§ a dAb, or Nanobodies that can bind to serum albumin (such as human serum albumin) or a serum 

immunoglobulin (such as IgG). 

75. The poiypeptide according to any of claims 70 to 74, that has a serum half-life that is at least 1.5 

times, preferably at least 2 times, such as at least 5 times, for example at least 10 times or more than 

10 20 times, greater than the half-life ofthe corresponding polypeptide according to any of claims 1 to 

64, perse, 

76. The polypeptide according to any of claims 70 to 75, that has a serum half-life that is increased with 

more than 1 hours, preferably more than 2 hours, more preferably more than 6 hours, such as more 

is than 12 hours, or even more than 24, 48 or 72 hours, compared to the corresponding polypeptide 

according to any of claims 1 to 64, per se, 

77. The polypeptide according to any of claims 70 to 76, that has a serum half-life in human of at least 

about 12 hours, preferably at least 24 hours, more preferably at least 48 hours, even more 

20 preferably at least 72 hours or more; for example, of at least 5 days {such as about 5 to 10 days), 

preferably at least 9 days (such as about 9 to 14 days), more preferably at least about 10 days (such 

as about 10 to 15 days), or at least about 11 days (such as about 11 to 16 days), more preferably at 

least about 12 days (such as about 12 to IS days or more), or more than 14 days (such as about 14 to 

19 days). 

25 

78. Nucleic acid or nucleotide sequence, that encodes a poiypeptide according to any of claims 1 to 64 

and 67 to 77, 

79. Nucleic acid or nucleotide sequence according to claim 78, that is in the form of a genetic construct. 

30 
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80. Use of a nucleic acid or nucleotide sequence according to claim 78, that encodes polypeptide 

according to any of claims 35 to 64, for the preparation of a genetic construct that encodes a 

polypeptide according to any of claims 1 to 34, 

s 81. Host or host cell that expresses, or that under suitable circumstances is capable of expressing a 

polypeptide according to any of claims 1 to 64 and 67 to 77; and/or that comprises a nucleic acid or 

nucleotide sequence according to claim 78 or a genetic construct according to claim 79. 

82. Composition comprising at least one polypeptide according to any of claims 1 to 64 and 67 to 77, or 

10 nucleic acid or nucleotide sequence according to any of claims 7B and 79. 

83. Composition according to claim 82, which is a pharmaceutical composition, 

84. Composition according to claim 83, which Is a pharmaceutical composition, that further comprises at 

15 least one pharmaceutically acceptable carrier, diluent or excipient and/or adjuvant, and that 

optionally comprises one or more further pharmaceutically active polypeptides and/or compounds. 

85. Composition according to claim 84, comprising at least one polypeptide according to any of claims 1 

to 64 and 67 to 77, or nucleic acid or nucleotide sequence according to any of claims 78 and 79, and 

20 a carrier suitable for pulmonary delivery. 

86. Pharmaceutical device suitable for the pulmonary delivery of at least one polypeptide according to 

any of claims 1 to 64 and 67 to 77, or nucleic acid or nucleotide sequence according to any of claims 

78 and 79, comprising at least one polypeptide according to any of claims 1 to 64 and 67 to 77, or 

25 nucleic acid or nucleotide sequence according to any of claims 78 and 79. 

87. Pharmaceutical device according to claim 86, that is selected from an inhaler for liquids (e.g. a 

suspension of fine solid particles or droplets), a nebulizer, metered dose inhaler, aerosol and a dry 

powder inhaler. 

30 

88. Method for producing a polypeptide according to any of claims 1 to 64 and 67 to 77, said method at 

least comprising the steps of: 
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a) expressing, in a suitable host cell or host organism or in another suitable expression system, a 

nucleic acid or nucleotide sequence according to claim 78, or a genetic construct according to 

claim 79; 

optionally followed by; 

5 b) isolating and/or purifying the polypeptide according to any of claims 1 to 64 and 87 to 77, thus 

obtained. 

89. Method for producing a polypeptide according to any of claims 1 to 64 and 67 to 77, said method at 

least comprising the steps of: 

10 a) cultivating and/or maintaining a host or host cell according to claim SO under conditions that are 

such that said host or host cell expresses arid/or produces at least one polypeptide according to 

any of claims 1 to 64 and 67 to 77; 

optionally followed by: 

b) isolating and/or purifying the polypeptide according to any of claims 1 to 64 and 67 to 77, thus 

15 obtained. 

90. Method for preparing a polypeptide according to any of claims 1 to 34, said method comprising at 

least the steps of linking two or more polypeptides according to any of claims 35 to 64, and 

optionally one or more linkers. 

20 

91. Method for the prevention and/or treatment of infection with P. aeruginosa, said method 

comprising administering, to a subject in need thereof, a pharmaceutically active amount of at least 

one polypeptide according to any of claims 1 to 64 and 67 to 77, and/or composition according to 

any of claims 83 and 84. 

25 

92. Method according to claim 90, for the prevention and/or treatment of infection with P, aeruginosa in 

at least one of ventilator-associated pneumonia (VAP), burn victims, mechanical ventilated patients, 

Cystic Fibrosis (CF) patients, hematopoietic cell transplantation patients, bone marrow transplant 

patients, surgery, chronic obstructive pulmonary disease (COPD), bronchiectasis, sepsis, cancer-

30 associated neutropenia, said method comprising administering, to a subject In need thereof, a 

pharmaceutically active amount of at least one polypeptide according to any of claims 1 to 64 and 67 

to 77 and/or composition according to any of claims 83 and 84. 
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93. Method according to claim 91, for the prevention and/or treatment of infection with P. aeruginosa, 

said method comprising administering to the pulmonary tissue of a subject in need thereof, a 

pharmaceutically active amount of at least one polypeptide according to any of claims 1 to 64 and 67 

5 to 77, and/or composition according to any of ciaims 83 to 85. 

94. Method for the prevention and/or treatment of infection with P. aeruginosa in at least one of 

ventilator-associated pneumonia (VAP), burn victims, mechanical ventilated patients, Cystic Fibrosis 

(CF) patients, hematopoietic cell transplantation patients, bone marrow transplant patients, surgery, 

10 chronic obstructive pulmonary disease (COPD), bronchiectasis, sepsis, cancer-associated 

neutropenia, said method comprising administering to the pulmonary tissue of a subject in need 

thereof, a pharmaceutically active amount of at least one polypeptide according to any of claims 1 to 

64 and 67 to 77, and/or composition according to any of claims 83 to 85, 

15 95. Use of a polypeptide according to any of claims 1 to 64 and 67 to 77and/or composition according to 

any of claims 83 to 85 in the preparation of a pharmaceutical composition for prevention and/or 

treatment of infection with P. aeruginosa; and/or for use in one or more ofthe methods according to 

claims 91 to 94, 

20 96, Use of a polypeptide according to any of claims 1 to 64 and 67 to 77' and/or composition according to 

any of claims 83 and 85 in the preparation of a pharmaceutical composition for prevention and/or 

treatment of infection with P. aeruginosa in at least one of ventilator-associated pneumonia (VAP), 

burn victims, mechanical ventilated patients, Cystic Fibrosis (CF), hematopoietic cell transplantation 

patients, bone marrow transplant patients, surgery, chronic obstructive pulmonary disease (COPD), 

25 bronchiectasis, sepsis, cancer-associated neutropenia. 

97, Polypeptide according to any of claims 1 to 64 and 67 to 77 and/or composition according to any of 

claims 83 to 85, for prevention and/or treatment of Infection with P, aeruginosa. 

30 98. Polypeptide according to any of claims 1 to 67 and 67 to 77 and/or composition according to any of 

claims 83 to 85, for prevention and/or treatment of infection with P. aeruginosa in at least one of 

ventilator-associated pneumonia (VAP), burn victims, mechanical ventilated patients, Cystic Fibrosis 
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(CF), hematopoietic celi transplantation patients, bone marrow transplant patients, surgery, chronic 

obstructive pulmonary disease (COPD), bronchiectasis, sepsis, cancer-associated neutropenia. 


