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POLYPEPTIDES COMPRISING A MODIFIED BACTERIOPHAGE G3P 
AMINO ACID SEQUENCE WITH REDUCED IMMUNOGENICITY 

[001] The invention relates to polypeptides that comprise a portion of filamentous 

bacteriophage gene 3 protein (g3p) sufficient to bind to ard/or disaggregate amyloid, e.g., the NI-N2 

portion of g3p and mutants and fragments thereof. wherein that g3 p amino acid sequence has been 

modified through amino acid substitution to be substantially less immunogenic than the corresponding 

wild-type g3p amino acid sequence when used in vivo. The polypeptides of the invention retain their 

ability to bind and/or disaggregate amyloid. The invention further relates to the use of these g3p

modified polypeptides in the treatment and/or prevention of diseases associated with misfoiding or 

aggregation of amyloid.  

10021 Filamentous bacteriophage g3p protein, and in particular the polypeptide portion thereof 

comprising the N1 -N2 region of g3p has been demonstrated to bind to and disaggregate various amyloids, 

such as B-amyloid, tau protein, and prion proteins. See co-pending PCT application 

PCT/US2012/066793, and US provisional applications U S 61/801,349, and US 61/801,849, the 

disclosure of each of which is incorporated herein by reference. See also, R. Krishnan et aL, J Mo. Biol.  

(2014). Despite that efficacy, it is expected that systemic administration of polypeptides comprising g3p 

or the N1-N2 region thereof to humans could cause a deleterious immune response. However, none of 

these teachings identify specific T cell epitopes that result in immunogenic properties of g3p or suggest 

the specific modifications provided here to reduce or eliminate these immunogenic properties, 

[0031 The efficacy of many recombinant or otherwise non-native therapeutic proteins or 

polypeptides may be limited by unwanted immune reactions of patients to the therapeutic protein or 

polypeptide. A principal factor in the induction of an immune response by a protein is the presence ofIT

cell epitopes within the protein, i.e., amino acid sequences that can stimulate the activity of'T-ceis via 

presentation on major histocompatibility complex (Mi-IC) class Ii molecules. T-cell epitopes are 

commonly defined as any amino acid residue sequence with the ability to bind to MHC class 11 

molecules. When bound to MHC molecules, T-cell epitopes can be recognized by a T-cell receptor
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(TCR), and can cause the activation of T-cells by engaging a 'f-cell receptor to promote a T-cell response.  

It is, however, generally understood that certain T-celi epitopes which bind to MHC class II molecules do 

not stimulate T-cel response because these peptides are recognized as "self" within the organism to 

which the protein is administered.  

[004] Some T-cell epitopes may be released as peptides during the degradation of the 

therapeutic protein or polypeptide within cells and then presented by molecules of the MHC to trigger the 

activation of T-cells. For peptides presented by MHC class 11 molecules, such activation of T-cells can 

then give rise, for example, to an antibody response by direct stimulation of B-cells to produce such 

antibodies.  

[0051 MHC class II molecules are a group of highly polymorphic proteins which play a central 

role in helper T-cell selection and activation. The human leukocyte antigen group DR (HLA-DR) are the 

predominant isotype of this group of proteins. However, isotypes HLA-DQ and HL A-DP perform similar 

functions. In humans approximately 70 different allotypes of the DR isotype are known, for DQ there are 

30 different allotypes and for DP 47 different allotypes are known. Each individual bears two to four DR.  

alleles, two DQ and two DP alleles.  

10061 The immune response to a protein or polypeptide in an individual is heavily influenced 

by' T-cel epitope recognition which is a function of the peptide binding specificity of that individual's 

HLA-DR allotype. In order to identify T-cell epitopes within a protein or polypeptide in the context of a 

global population, it is desirable to consider the binding properties of as diverse a set of HLA-DR 

allotypes as possible, thus covering as high a percentage of the world population as possible.  

[0071 T-cell epitope identification is the first step to epitope elimination. Methods enabling the 

detection of T-cell epitopes are known in the art and are disclosed in WO 98/52976, WO 00/34317, 

US2007/0269435; US 7,208,147, Kern et al., Nature MVfedicine 4:975-978 (1998); and Kwok et al,, hends 

in hnmunology 22:583-588 (2001). In these approaches, predicted or identified T-cell epitopes are 

removed by the use of judicious amino acid substitutions within the primary sequence of the therapeutic 

protein or polypeptide. Although these references enable putative identification of'T-cell epitopes, the 
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selection of amino acid substitutions that avoid negative impact on biological activity cannot be 

reasonably predicted, That can only be determined by testing each of the modified polypeptides for such 

activity.  

[008] Thus, it would be desirable to examine and reduce the immunogenicity of the N1*-N2 

portion of g3p without destroying its amyloid-binding/disaggregation properties so that a polypeptide 

comprising that NI-N2 portion can be chronically administered systemically for therapeutic and/or 

diagnostic purposes, The present invention meets this need, by identifying potential T-cell epitopes 

within the N1-N2 sequence. The invention further identifies specific amino acids substitutions within 

these potential T-cell epitopes to produce a variant N1-N2 sequence that will reduce or eliminate the 

immunogenicity of that T-cell epitope without destroying the ability of the variant N1-N2 to bind to 

amylOoid, prevent amyloid aggregation, and/or effect disaggregation of amyloid plaques.  

[0091 In one embodiment, the invention also provides polypeptides comprising a variant of an 

NI-N2 amino acid sequence, or a mutant or fragment thereof, having reduced irmunogenicity due to one 

or more amino acid substitutions within one or more of the identified T-cell epitopes. In one aspect, the 

invention provides fusion proteins comprising the variant NI-N2 sequence fused to a human 

immunoglobulin Fc region.  

[010] In another embodiment, the invention provides pharmaceutical compositions comprising 

the polypeptides of the invention and methods of treating or preventing diseases associated with 

misfolded and/or aggregated amyloid proteins by administering such pharmaceutical compositions to a 

subject suffering from or susceptible to such disease.  

[011] In a further embodiment, the invention provides nucleic acid molecules which code for 

the polypeptides of the invention, as well as vectors comprising those nucleic acid molecules and cells 

harboring such vectors.  

10121 In another embodiment, the invention provides methods for producing the polypeptides 

of the invention. In particular, such methods employ the nucleic acid molecules and/or cells harboring a 

vector that comprises such nucleic acid molecules.  

3
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BRIEF DESCRIPTION OF THE FIGURES 

10131 FlG. I presents the amino acid sequence ofan NI-N2-blgGl-Fc fusion protein (SEQ ID 

NO:1) with five T-cell epitopes identified by bold and underline. Amino acids 1-217 constitute the NI

N2 portion of the wild-type _3p sequence. Aino acids 218-256 represent a linker region consisting of 

the wild-type g3p glycine-rich N2-C-terminal linker present in M1 3 bacteriophage. This region is 

identified by shading. Amino acids 257-261 represent amino acids encoded by the multiple cloning site 

used to construct a nucleic acid molecule encoding the fusion protein. The IG-Fec portion of the protein 

begins at amino acid 262.  

[0141 FIG. 2 presents the amino acid sequence of an alternate embodiment of a g3p-higG1-Fc 

fusion protein (SEQ ID NO:2) with four T-cell epitopes identified by underline. The fifth T-cell epitope 

has been eliminated by deletion of amino acids corresponding to amino acids 258 and 259 of SEQ ID 

NO:1.  

[015] FIG, 3 presents the amino acid sequence of another alternate embodiment of a g3p

hIgGi-Fe fusion protein (SEQ ID NO:3) with three '-cell epitopes identified by bold and underline. The 

fourth T-cell epitope has been eliminated by substitution ofV215A and G220E as compared to SEQ ID 

NO:1 and the fifth T-cell epitope has been eliminated by deletion of amino acids corresponding to amino 

acids 258 and 259 of SEQ ID NO:1.  

[0161 FIG. 4A presents a DNA sequence (SEQ ID NO:4) encoding the g3p-higG1-Fe fusion 

protein of SEQ ID NO:i with a N-terminal mammalian signal sequence. FIG. 4B presents a DNA 

sequence (SEQ ID NO:5) encoding the g3p-higG I-Fe fusion protein of SEQ ID N10:2 with a N-terminal 

mammalian signal sequence.  

[01.71 FIG. 5 presents a DNA sequence (SEQ ID NO:6) encoding the g3p-bIgil-Fc fusion 

protein of SEQ ID NO:3 with a N-terminal mammalian signal sequence.  

10181 FIG. 6 provides a comparison of the frequency of donor allotypes expressed in the study 

described in Example 1.
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[019] FIG. 7 presents the amino acid sequence of another alternate embodiment of a g3p

hgGi-Fc fusion protein (SEQ ID NO:7) with three T-cel epitopes identified by bold and underline. The 

fourth T-eld epitope has been eliminated by a V21 5G substitution as compared to SEQ ID NO:i.  

f020] FIG. 8 presents a DN A sequence (SEQ ID NO:8) encoding the g3p-higG 1 -Fc fusion 

protein of SEQ ID NO:7 with a N-terminal mammalian signal sequence.  

DETAILED DESCRIPTION OF THE iNVENTION 

[021] In the present application the term "modified" (and its cognates) with respect to a 

reference (unmodified) amino acid or nucleic acid sequence refers to a sequence that contains one or more 

amino acids substitutions or corresponding substitution of codons. A modification does not necessarily 

require physical manipulation of the referece sequence. As long asa sequence contains such 

substitutions as compared to a reference sequence it will be considered "modified" regardless of how it 

was synthesized. The term "variant" refers to an amino acid or nucleic acid sequence that has been 

modified to reduce immunogenicity as compared to the reference sequence. As used herein, a "variant 

g3p" or "variant NI -N2"refers to an amino acid sequence (or the nucleic acid sequence encodes it) that 

comprises (a) an Nl-N2 portion of filamentous bacteriophage g3p protein (e.g., amino acids 1-217 of 

SEQ ID NO:I or (b) a mutant or fragment of that amino acid sequence (e.g., amino acids 1-217 of SEQ 

ID NO:3) that binds to and/or disaggregates amyloid, wherein the amino acid sequence (or the nucleic 

acid sequence that encodes it) has been modified to reduce immunogenicitv as compared to the reference 

(unmodified) amino acid sequence; and wherein the modifications consists of I to 9 amino acid 

substitutions selected from the group of amino acid substitutions set forth in any of Table ITable 2, 

Table 6 or Table 7, or a corresponding substitution. The term "corresponding substitution" as used herein 

means a substitution in a mutant or fragment of amino acids 1-21 7 of SEQ ID NO:1 that corresponds to 

the equivalent amino acid substitution in Table I, Table 2, Table 6 or Table 7 when such mutant or 

fragment is aligned with amino acids 1-217 of SEQ ID NO:i.  

10221 An example of a fragment of amino acids 1-217 of SEQ ID NO:I that binds to and/or 

disaggregates amyloid includes, but is not limited to, any fragment that comprises amino acids 1-67 of 
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SEQ ID NO: I. Example of mutants of amino acids 1-217 of SEQ ID NO: 1 that bind to and/or 

disaggregate amyloid include, but are not limited to: (1) amino acids 1-217 of SEQ ID NO:3; (2) amino 

acids 1-217 of SEQ ID NO:I, amino acids 1-217 of SEQ ID NO3, or amino acids 1-217 of SEQ ID NO:7 

bearing substitution of VVV at amino acids 43-45 with AAA; (3) amino acids 1-217 of SEQ ID NO:1, 

amino acids 1-217 of SEQ I) NO:3, or amino acids 1-217 of SEQ ID NO:7 having the substitution 

C53W; (4) amino acids 1-217 of SEQ ID NO:1, amino acids 1-217 of SEQ ID NO:3, or amino acids I

217 of SEQ ID NO:? having a deletion of amino acids 96-103; (5) amino acids 1-217 of SEQ ID NO:1, 

amino acids 1-217 of SEQ ID NO:3, or amino acids 1-217 of SEQ ID NO:7 bearing the substitution of 

QPP at amino acids 212-214 with AGA; (6) amino acids 1-217 of SEQ ID NO:1, amino acids 1-217 of 

SEQ ID N0:3, or amino acids 1-217 of SEQ ID NO:7 having the substitutions W181 A, F190A and 

Fl 94A; (7) other active mutants and fragments disclosed in PCT/US2012/066793; (8) amino acids 1-217 

of SEQ ID NO:7; (9) amino acids 2-217 of SEQ ID NO:I, amino acids 2-217 of SEQ ID NO:3, or amino 

acids 2-217 of SEQ ID NO:?; (10) amino acids 3-217 of SEQ ID NO:1, amino acids 3-217 of SEQ ID 

NO:3 or amino acids 3-217 of SEQ ID NO:7.  

[0231 The NI-N2 portion of filamentous bacteriophage g~p protein has previously been shown 

to possess amyloid binding and disaggregation properties (see PCT/U1S2012/066793), The Ni-N2 portion 

of native M13 phage is represented by amino acids 1-217 of SEQ ID NO:,I The same N1-N2 amino acid 

sequence is also present in fd and fl filamentous bacteriophage. It should be understood that amino acids 

218-256 of SEQ ID NO:I are also part of the native g3p sequence and are typically referred to as the 

glycine-rich linker connecting the N2 region of g3p to the C-terminal domain of g3p (CT), also known as 

the N3 domain. Amino acids 257-261 of SEQ ID NO:i represent amino acids encoded by the multiple 

cloning site used to construct a nucleic acid molecule encoding the fusion protein of SEQ ID NO:1.  

Polypeptides 

10241 Thus, in one embodiment, the invention provides a polypeptide comprising a variant g3p 

or variant N1-N2. A more specific embodiment of the invention provides a polypeptide comprising a 

variant of a starting amino acid sequence selected from amino acids 1-217 of SEQ ID NO:1, amino acids 

6
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1-217 of SEQ ID NO:3, and amino acids 1-217 of SEQ ID NO:7, wherein: (a) the polypeptide binds to 

and/or disaggregates amyloid; (b) the polypeptide has reduced immunogenicity as compared to a 

corresponding polypeptide comprising the starting amino acid sequence; and (c) the variant has from I to 

9 amino acid substitutions as compared to the starting amino acid sequence, wherein each amino acid 

substitution is selected from the group of amino acid substitutions set forth in Table I and Table 2. The 

term "corresponding polyeptide comprising the starting amino acid sequence" as used herein means a 

polypeptide which, except for the substitutionss, has the same amino acid sequence as the polypeptide 

comprising the starting amino acid sequence, 

Table 1. Deimmunizing Amino Acid Substitutions to Amino Acids 1-217 of SEQ lID NO:1, SEQ ID 
NO:2, SEQ ID N:103 or SEQ ID NO:7.  

Epitope Amino Acid # Amino Acid present at Substitution 
the indicated A mino 

Acid P of SEQ ID NO: 1 

1 48 G H, K R S T 
1 51 T G, - KR P Q, N 
1 54 Y, G -, H K RI 
1 56 T GH K R P 

2 _ A, DG, K N H R 
2 1 ........ 40,DE H, Q, A, G3 
2 - 141 FD E 

2 143 N A 

173 S C PK 
3 174 K R 
3 1 176 Mi GH KNR 3------17-------------------
3 178 D G NC QST 
3 181 .T. C, 1-, K R 

7
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Table 2. Alternate or Additional De-Inununizing Amino Acid Substitutions to Amino Acids 1 -217 of 
SEQ ID NO:1, SEQ ID NO:2, SEQ ID NO:3 or SEQ ID NO:7.  

Epitope Amino Acid # Amino Acid present at Substitution 
the indicated Amino 

Acid # of SEQ ID NO: 1* 

* 1 48 G D, XP - ----------- - ........-..............--- - - - - - - -----

1 50 E G, R. K, , R 
1 51 T W 

53 C F H, K, N, Q R, W, Y 

2 135 M C LPQS 
2 137 Q D, 
2 138 N D, EU,OH PQ, ST 
2 j140 _ R MN,TP S Y ____ 

----------------- T------
2 141 F N, P Q Y 

D 173 S DH, R, T 

3 175 A G, H, KPRR 
3 176 M P, O, W 

3 178 D F, H. K R, W, Y 
3 179 A I K, P, R 

3 -. 181 W- P 

*In Tables 1 and 2, each of the indicated amino acids is the same in SEQ ID NOS: 1, 3 and 7.  

[025] The amino acid substitutions set forth in Tables I and 2 were derived by identifying the 

T-cell epitopes present completely within the NI-N2 amino acid sequence. This was done by incubating 

different overlapping peptide portions of the NI -N2 sequence against the peripheral blood mononucear 

cells (PBMC) f-om a cohort of community blood donors best representing the world population of HLA

DR allotypes to identify the potential T-cell epitopes. This information was then subjected to software 

analysis against a database of known T-cell epitopes to identify optimal amino acid substitutions within 

those potential epitopes. These procedures are described in detail in the Examples.  

[026] In one aspect of these embodiments, the 1-9 amino acid substitutions are selected from 

those set forth in Table 1. In a more specific aspect of the embodiment set forth above, the polypeptide 

comprises a variant of amino acids 1-217 SEQ lD NO:1 or a variant of amino acids 1-217 of SEQ ID 

8
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NO:), or a variant of amino acids 1-217 SEQ ID NO:7 having only a specific single amino acid 

substitution, wherein the substitution is selected from one of the substitutions set fbrth in Table 3: 

Table 3. Specific De-Immunizing Single Amino Acid Substitutions in Amino Acids 1-217 of SEQ ID 
NO: 1, Amino Acids 1-217 of SEQ ID NO:3, or Amino Acids 1-217 of SEQ ID NO:7 

G48T T____1'51G TSIIH T5IK 
T51P T51R T51Q ThIN i_9 ........ .......... ... K.............6463 

Y154k T156G T56HI T56K
T56P T56R M35A M135D 

M135G MI35H M135K M135N 
TM35R M 35T R 40A RI 4SD 

R140E R140G R140H RI400 
-T g --- --- R111 .. 1i4IE..0 N143A- R143(Q 

S 173 G S 173P Mi760 j j M176H 
MI?6K MI 76N D178 G Di78N 

W 81K W181R S 73K K174R 
Mi176R D17 8T 

[027I in some embodiments, the polypeptide comprises a variant of amino acids 1-217 SEQ ID 

NO:i or a variant of amino acids 1-217 of SEQ ID NO:3, or a variant of amino acids 1-217 of SEQ ID 

NO:7 having 2-9 amino acid substitutions, wherein the substitutions are in at least two of epitopes 1, 2 

and 3. and wherein the substitutions are selected from those set forth in Tables 1 and 2. In a more specific 

aspect, at least two substitutions in the variant of amino acids 1-217 SEQ ID NO:1 or the variant of amino 

acids 1-217 of SEQ ID NO:3 or the variant of arnino acids 1-217 of SEQ ID NO:7 are selected from those 

set forth in Table 1. In an even more specific aspect the polypeptide comprises a variant of SEQ ID NO:1 

or SEQ ID NO:3 or SEQ ID NO:? that has oniy two amino acid substitutions, wherein thie subs~titutions 

are selected from any of the specific two amino acid substitutions set forth in Table 4: 

Table 4. Specific De-Immunizing Two Amino Acid Substitutions in Amino Acids 1-217 of SEQ ID 
NO:1. Amino Acids 1-2 17 of SEQ ID NO:3, or Amino Acids 1-217 of SEQ ID NO:7: 

. -----------------...........- ----- --------......- ------------ ----- --- .- III-----------------------, 
Y54KandM35K Y54K and M135T Y54K and RL40Q YS4R and M135K 
Y -,- n MUST Y54 an R4Q '56H and MI35K T561- and NM1351 

IT.561' and R140Q T5 16 K. an d Mi 35 K - I6K and MI 35T I (K and RP140Q 
Y54K and D178N Y54K and W18 H Y54K and W18IR YS4K and K174R 
Y)4R and D1 78N Y54Rand Wi81H Y5IR and WISIR Y54R and Kl?4R 

11 and D 1\ '8 N' 56H and W181 H' T561and WiR I andK 114R 9
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T56K and D178N T56K and W181H T56K and W181R T56K-and K174R 

M135TandD178N M135 andW81H M13 5 T andWi81R M135TandK174R 
R140Q and D178N R140Q and W1H , R1140Q and W8i8R I R140Q and KI74R 

[028 Inanother embodiment, the polypeptide comprises a variant o amino acids 1-217 SEQ 

ID NO:1 or a variant of amino acids 1-217 of SEQ ID NO:3, or a variant of amino acids 1-217 of SEQ ID 

NO:7 having 3-9 amino acid substitutions, wherein at least one amino acid substitution is in each of 

epitopes 1, 2 arid 3, and wherein the substitutions are selected from substitutions set forth in Table 1 and 

Table 2. In a more specific aspect, at least three amino acids substitution in the variant of amino acids 1

217 SEQ ID NO: 1 or the variant of amino acids 1-217 of SEQ ID NO:3, or the variant of amino acids 1

217 of SEQ ID NO:7 are selected from substitutions set forth in Table 2. In an even more specific aspect, 

the polypeptide comprising the variant of amino acids 1-217 SEQ ID NO:1 or the variant of amino acids 

1-217 of SEQ If) NO:3 ,or the variant of amino acids 1-217 of SEQ ID NO:7 has only three amino acid 

substitutions, wherein the substituJions are selected from any of the specific three amino acid substitutions 

set forth in Table 5.  

Table 5. Specific De-Imrnmunizing Three Amino Acid Substitutions in Amino Acids 1-215 of SEQ ID 
NO:1, Amino Acids 1-217 of SEQ ID NO:3, or Amino Acids 1-217 of SEQ ID NO:7: 

Y54K, M135K and Y54K, M135T and -YS4K, RI40Q and Y54R, M135K and 
DI78N j D178N i7N D7S 

Y 54R, Ml35T and Y154R<, R140Q and TS6H, M135K and T56H, M135T and 
D178N D178N D178N D178N 

Ti 6H R T40Q and T56K, M 35K and T56K, Mi3T and T56K, R140Q and 
D178N D 17 8N D178N D18N 

Y54K, M15K and Y54K, M135T and YS4K R 14 and Y R M1 35 and 
Wk181H W181HE W181H X W11H 

Y54R M'135T rid YS4R, Ri40Q and T56H M35aK ard TS6H, Mi35T and 
W181iH W181H W18i1H Wll181H 

T56H, R14Q and T6SK, M135K and T56K, M135T amd T56K, R140Q and 
W1Y781 W 181H1 WN81H W78iE 

Y54K, M135K and Y54K, M135T and Y54K, R140Q and Y54R, M135K and 
W181R wiR W181 W181RH 

YS4R, Mit3 T and N AR. R140Q and T,56-,, M I 3K and T51-1, M1351T and 

W181H W181R WI81 W181RH 
T5611, R140Q and T56K, M135K and T-56K, M135T and T56K, R140Q and 

W181R W181R W181R W181R 
Y54KIMI35IAY Y54R, I3ST and T6-1, RV4O5 and 15411NlM35K and 

K174Rt K174R K174R K174R 

10
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Y54R, M135T and Y54R, R140Q and T56H M135K and 561 N 35 1and 

K174R K174R Kl 7 4R K74R 

T5611, R140Q and T56K, M 135K and T56K M13 5T and T6K, R140Q and 
K174R KI74R K174R K1I 74R 

10291 in another embodiment, the invention provides a polypeptide comprise ng a gp variant 

wherein one of the I to 9 substitution is a substitution in epitope 4 selected from V2 15A, V2 15S, V2 SI 

or V215T, V215C, V215D, V215E, V215F, V215H, V215K, V215N, V215P, V215Q, or V215R. In still 

another embodiment, the invention provides a polypeptide comprising a vacant ot amino acids 1217 of 

SEQ ID NO:1, wherein one of the I to 9 substitutions is a substitution in epitope 4 selected from V215A 

V215S, V215G, V215T, V21 SC, V215D, V215E, V21SF, V2151-, V215K, V215N, V'21 5P, V2 15Q, or 

V215R. Through testing of overlapping potential T-cell epitope peptide portions of the N~N2 sequence, 

applicants have determined that V215 in SEQ ID NO:1 is part of a potential I cel epitope (epitope 4 in 

FIG. 1) spanning amino acids 2 15~223 of SEQ ID (the end ofN2 through a portion of the glycine-rich 

linker), V21 5A and G220E substitutions in epitope 4 (see SEQ ID NO:3) do not affect the ability of the 

polypeptide to bind to amyloid, but subsequent analysis suggested that one or both of these substitutions 

when combined with certain of the changes indicated in Tables I and 2 in each of epitopes 1, 2 and 3 

reduce the ability of the resulting polypeptide to disaggregate amyloid. A single V2156 substitution in 

epitope 4 as compared to SEQ ID NO:I (see SEQ ID NO:7) did not affect the ability of the polypeptide to 

bind to or disaggregate amyloid. Each of these epitope 4 substitutions were predicted by software and 

database analysis to eliminate the T-cell epitope. Each of the other substitutions for V215 set forth above 

are similarly predicted to eliminate the T-ceil epitope, while having little or no effect on amyloid binding.  

10301 In a more specific aspect, the polypeptide comprising a variant of amino acids 1-217 SEQ 

ID NO:1 has any one of the V215 substitutions set forth above, as well as 1-8 of the amino acid 

substitutions set forth in Table 1 or Table 2. In an even more specific embodiment, the 1-8 amino acid 

substitutions are selected from those set forth in Table 1. In an even more specific aspect, the polypeptide 

has any one of the V2 15 substitutions set forth above, and one additional single amino acid substitution 

selected from those set forth in Table 3. In a more specific aspect, the polypeptide comprising a variant 

11
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of amino acids 1-217 SEQ ID NO:1 has any one of the V215 substitutions set forth above and 2-8 

additional amino acid substitutions, wherein the additional substitutions are in at least two of epitopes 1, 2 

and 3, and wherein the substitutions are selected from those set forth in Table I or Table 2. In an even 

more specific embodiment, the at least one substitution in at least two of epitopes 1, 2 and 3, is selected 

from the substitutions set forth in Table 1. In a still more specific embodiment, the polypeptide has one 

of the V2 15 substitutions set forth above, and one of the specific two amino acid substitutions set forth in 

Table 4.  

[031f In a more specific aspect, the polypeptide comprising a variant of amino acids 1-217 SEQ 

ID NO:1 has any one the V'215 substitutions set forth above, and 3-8 additional amino acid substitutions 

selected from those set forth in Table I or Table 2, wherein each of epitopes 1, 2 and 3, comprise one of 

the additional substitutions. In an even more specific embodiment, the substitution in each of epitopes 1, 

2 and 3, is selected from those set forth in Table 1. In a still more specific embodiment, the polypeptide 

has one of the V215 substitutions set forth above, and one of the specific three amino acid substitutions 

set forth in Table 5. In an even more specific embodiment, the polypeptide has a V215G substitution and 

three amino acid substitutions selected from: T56H, M1 35K and D178N;' T56K, M135K and D178N; 

T56K., M135T and D178N; T56H, M135K and W181R; T56H, MI35T and W181R; Y54K, M135T and 

Kl74R; Y54R, M135K and K.174R; Y54R, M135T and K74R;' T56H, M135K and K174R; and T56H, 

M135T and K 174R.  

[032] In another embodiment, the polypeptide of the invention is a fusion protein consisting 

essentially ofa human or humanized immunoglobulin Fe polypeptide sequence fused via a peptide linker 

or directy to the C-terminus of the variant g3p amino acid sequence. The term "peptide linker" as used 

herein refers to a series of consecutive amino acids that will not interfere with the function of the 

polypeptide. As set forth above, in SEQ ID NOs: 1-3 and 7, amino acids 218-256 represent the glycine

rich linker that is normally present in the MI 3 g3p protein, That linker may be used or a different linker 

may be substituted therefor in the polypeptides of the invention. Alternatively, the Fc polypeptide 

sequence may be linked directly to the last amino acid encoding N2 (e.g., amino acid 217 of SEQ ID NOs 

12
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1-3). The choice of linker sequence and/or its absence may be made by those of skill in the art taking into 

account vectors available for the recombinant expression of the polypeptide of the invention, and any 

secondary or tertiary structure such a linker may impart to the polypeptide. In one aspect of this 

embodiment, the Fc polypeptide is the Fc portion of a human IgG. In a more specific aspect the 

polypeptide is a variant of SEQ ID NO:!, SEQ ID NO:2, SEQ ID NO:3 or SEQ ID NO:7 having the I to 

9 amino acid residue substitutions therein selected from the group of amino acid substitutions set forth in 

Table 1 Table 2, or Table 6, or Table 7, below: 

Table 6. Deimmunizing Amino Acid Substitutions to Amino Acids 215-223 of SEQ ID NO: 1, 

------------- .. ,.. ..- -------------

Epitope Anino Acid N Amino Acid present in Substitution 
Amino Acids 1-215 of 

SEQ ID NO: 1 

4 215 V* A* S G** T 

4 218 G C E N Pt Q ST 
-- - - -- -- - 1 - - -- -- - -

4-220 G E*, D, F W 

4 221 S DI G 

. 4 223 G-- --------------- D__ P 

Table 7 Alternate and Additionai Deimmunizing Amino Acid Substitutions to Amino Acids 215 223 of 
SEQ ID NO:1 or SEQ ID NO:2 

Epitope Amino Acid # Amino Acid present in-Substitut-on 
Amino Acids 1-215 of 

SEQ ID NOs 1-3 

21- 1 EF, K, N. P. Q R 

4 218 G ( A HW are...... 21 .... -----.--
4 220 G* IM, Y 

4 223 G E.K NG RT T --

V215A -ardG22a0E are already substituted in SEQ ID NO:3 so that a variant of SEQ ID NO:3 would not 

contain a further substitution at these amino acid residues.  

** V215G substitution is already present in SEQ ID NO:7 so that a va iant of SEQ ID NO:7 would not 
contain a further substitution at these amino acid residues.  

10331 In an even more specific aspect, the polypeptide is a variant of SEQ ID NO:1, or SEQ ID 

NO:2, having 2-9 amino acid substitutions, wherein one of the substitutions is a substitution set forth in 

Table 6 and Table 7; and at least one of the substitutions is a substitution set forth in Table I and Table 2.  

13



WO 2014/193935 PCT/US2014/039760 

In a more specific aspect., the polypeptide is a variant of SEQ ID NO:1, or SEQ ID NO:2 and has 2-9 

amino acid substitutions; at least one of the substitutions set forth in Table 6; and at least one of the 

substitutions set forth in Table 1. In another more specific aspect, the polypeptide is a variant of SEQ ID 

NO:1, or SEQ ID NO:2 and has 3-9 amino acid substitutions, wherein at least one of the substitutions is 

selected from substitutions set forth in Table 6 and Table 7, and wherein at least two of epitopes 1, 2, and 

3 contain at least one substitution selected from the substitutions set forth in Table 1 and Table 2. In a 

more specific aspect, the polypeptide is a variant of SEQ ID NO:!, or SEQ ID NO:2 and has at least one 

of the substitutions set forth in Table 6 and at least one substitution in at least two of epitopes 1, 2 and 3 

selected from the substitutions set forth in 'Table 1. In another more specific aspect, the polypeptide is a 

variant of SEQ ID NO: 1, or SEQ ID NO:2 and has 4-9 amino acid substitutions; at least one of 

substitutions set forth in Table 6 and Table 7; and at least one substitution in each of epitopes 1, 2 and 3 

selected from the substitutions set forth in Table I and Table 2. In a more specific aspect, the polypeptide 

is a variant of SEQ ID NO:1, or SEQ ID NO:2 and has at least one of the substitutions set forth in Table 6 

and at least one substitution in each of epitopes 1, 2 and 3 selected from those set forth in Table 1. In 

another more specific aspect, the polypeptide is a variant of SEQ ID NO:1, or SEQ ID NO:2 and has at 

least one of substitutions set forth in Table 6; and at least one of the specific substitutions one, two or 

three amino acid substitutions set forth in Table 3. Table 4 or Table 5, respectively In still another more 

specific aspect of this embodiment, the polypeptide is a variant of SEQ ID N0:1, or SEQ ID NO:2 and 

has only one of the amino acid substitutions set forth in Table 6 and only one, two or three additional 

amino acid substitutions selected from one of the specific one, two or three amino acid substitutions set 

forth in Table 3, Table 4 or Table 5, respectively.  

[034] In an alternate embodiment, the polypeptide is a variant of SEQ i) N0:3 or SEQ ID 

NO:7 and has 1 to 9 amino acid residue substitutions selected from the group of amino acid substitutions 

set forth in Table 1, and Table 2. In a more specific aspect, at least one substitution is set forth in Table 1.  

In another more specific aspect, the polypeptide is a variant of SEQ ID NO:3 or SEQ D NO:7 and has 2

9 amino acid substitutions and at least one substitution in at least two of epitopes 1, 2 and 3 selected from 
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any of the substitutions set forth in Table 1 and 2. In a more specific aspect, at least one substitution in at 

least two of epitopes 1, 2 and 3 is selected from those set forth in Table 1. in another more specific 

aspect, the polypeptide is a variant of SEQ ID NO:3 or SEQ i) NO:7 and has 3-9 amino acid 

substitutions, wherein at least one substitution is in each of epitopes 1, 2 and 3 and is selected from any of 

the substitutions set forth in Table I and 2. In a more specific aspect, the at least one substitution in each 

of epitopes 1, 2 and 3 is selected from those set forth in Table 1, In an even more specific embodiment, 

the polypeptide is a variant of SEQ ID NO:3 or SEQ ID NO:7 and has only one, two or three amino acid 

substitutions selected from one of the specific one, two or three amino acid substitutions set forth in Table 

3, Table 4 or Table 5, respectively.  

[03i] In another embodiment, the polypeptide of the invention is a variant of SEQ ID NO:3 or 

SEQ ID NO:7 having only 2 amino acid substitutions selected from any of the specific two amino acid 

substitutions set forth in Table 4. In another embodiment, the polypeptide of the invention is a variant of 

SEQ ID NO1:3 or SEQ ID NO:7 having only 3 amino acid substitutions selected from any of the specific 

three amino acid substitutions set forth in Table 5. In a more specific embodiment, the polypeptide of the 

invention is a variant of SEQ ID NO:? having only 3 amino acid substitutions selected from any of the 

specific three amino acid substitutions set forth in Table 5. In another more specific embodiment, the 

polypeptide of the invention is a variant of SEQ ID NO:7 having only 3 amino acid substitutions selected 

from any of the following sets of specific three amino acid substitutions: T56H, M135K and D178N; 

TS6K, M135K and D178N; T56K, M135T and D178N; T56H, M135K and Wl 8R; T561, M135T and 

W181R; Y54K, M135T and K1 74R; Y54-R, M135K and K174R;Y54R, M135T and K174R; T56H, 

M135K and K174R; and T561, MI35T and K 174R.  

Nucleic Acid Molecules, Sequences, Vectors and Host Cells 

[0361 In other embodiments, the invemion provides an isolated nucleic acid molecule that 

comprises a nucleic acid sequence coding for any of the polypeptides or fusion proteins comprising a g3p 

variant described above. In one aspect of this embodiment, the isolated nucleic acid molecule comprises 

a variant of nucleotides 64-714 of SEQ ID N0:4, that is modified by 1-9 codon substitutions, wherein
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each codon substitution corresponds to an amino acid substitution selected from the substitutions set forth 

in Table 1, and Table 2, and any one of the following V215 amino acid substitutions: V21SA, V215S, 

V215G or V215T, V215C, V215D, V215E, V215F, V2l1, V215K, V215N, V215P, V215Q, and 

V21 5R. In an even more specific aspect of these embodiments the variant nucleic acid sequence is 

modified by one codon substitution selected to code for any one of the V215 amino acid substitutions set 

forth above; and from ) -8 additional codon substitutions, wherein each of the additional codon 

substitutions is selected to code fir an amino acid substitution set forth in Table 1. In a still more specific 

aspect of these embodiments the variant nucleic acid sequence is modified by one codon substitution 

selected to code for any one of the V215 amino acid substitutions set forth above, and from 2-8 additional 

codon substitutions, wherein each additional codon substitutions encodes an amino acid substitution set 

forth in Table 1, and a codon substitution is present in each of at least two of epitopes 1, 2 and 3. in a still 

more specific embodiment, the variant nucleic acid sequence is modified by one codon substitution 

selected to code for any one of the V215 amino acid substitutions set forth above and from 3-8 additional 

codon substitutions, wherein each additional codon substitution encodes an amino acid substitution set 

forth in Table 1, and a codon substitution is present in each of epitopes 1, 2 and 3. In a still more specific 

embodiment, the variant nucleic acid sequence is modified by one codon substitution selected to code for 

a V21SA amino acid substitution; and one additional codon substitution selected to code for one of the 

single amino acid substitutions set forth in Table 3. In a still more specific embodiment, the variant 

nucleic acid sequence is modified by one codon substitution selected to code for a V215G amino acid 

substitution; and one additional codon substitution selected to code for one of the single amino acid 

substitutions set forth in Table 3. in another specific embodiment, the variant nucleic acid sequence is 

modified by one codon substitution selected to code for a V21 5A amino acid substitution set forth above; 

and two additional codon substitutions selected to code for one of the specific two amino acid 

substitutions set forth in Table 4. In another specific embodiment, the variant nucleic acid sequence is 

modified by one codon substitution selected to code for a V2156 amino acid substitution set forth above; 

and two additional codon substitutions selected to code for one of the specific two amino acid 
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substitutions set forth in Table 4. In a still more specific embodiment. the variant nucleic acid sequence is 

modified by one codon substitution selected to code for a V215 amino acid substitution set forth above; 

and three additional codon substitutions selected to code for one of the specific three amino acid 

substitutions set forth in Table 5. In a still more specific embodiment, the variant nucleic acid sequence is 

modified by one codon substitution selected to code for a V215G amino acid substitution set forth above; 

and three additional codon substitutions selected to code for one of the specific three amino acid 

substitutions set forth in Table 5.  

[037] In still other embodiments, the isolated nucleic acid molecule comprises a variant of 

nucleotides 64-1530 of SEQ ID N0:4 or nucleotides 64-1524 of SEQ ID NO:5, wherein the sequence is 

modified by 1-9 codon substitutions, wherein each codon substitution corresponds to an amino acid 

substitution selected from the substitutions set forth in Table 1, Table 2, and any one of the following 

V215 amino acid substitutions: V215S, V215G or V215T, V215C, V215D, V215E, V215F, V215H, 

V21SK, V215N, V215P, V215Q, and V215R, In a more specific embodiment, each codon substitution 

corresponds to an amino acid substitution selected from the substitutions set forth in Table 1, and any one 

of the V215 substitutions set forth above. In an even more specific embodiment, the variant nucleic acid 

sequence is modified by one codon substitution selected to code for any one of the V215 amino acid 

substitutions set forth above and from 1-8 additional codon substitutions. wherein each of the additional 

codon substitutions corresponds to an amino acid substitution selected from the substitutions set forth in 

Table 1. In a more specific aspect, the variant has one additional codon substitution corresponding to one 

of the specific one amino acid substitutions set forth in Table 3. In a still more specific embodiment, the 

variant of nucleotides 64-1530 of SEQ ID NO:4, or nucleotides 64-] 524 of SEQ ID NO:5 has a 

modification that consists of one codon substitution selected to code for any one of the V215 amino acid 

substitution set forth above; and from 2-8 additional codon substitutions, wherein each additional codon 

substitution corresponds to an amino acid substitution set forth in 'fable 1, and a codon substitution is 

present in each of at least two of epitopes 1, 2 and 3. In a more specific aspect, the variant has two 

additional codon substitutions corresponding to one of the specific two amino acid substitutions set forth 
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in Table 4. In a still more specific embodiment, the variant of any one of nucleotides 64-1530 of SEQ ID 

NO:4, or nucleotides 64-1524 of SEQ ID N0:5, has a modification that consists of one codon substitution 

selected to code for any one of the V215 amino acid substitution set forth above: and frorn 3-8 additional 

codon substitutions, wherein each additional codon substitution corresponds to an amino acid substitution 

set forth in Table 1, and a codon substitution is present in each of epitopes 1, 2 and 3. In a more specific 

aspect, the variant has three additional codon substitutions corresponding to one of the specific three 

amino acid substitutions set forth in Table 5.  

[038] In still other embodiments, the isolated nucleic acid molecule comprises a variant of 

nucleotides 64-1524 of SEQ ID NO:6 or nucleotides 64-1524 of SEQ ID NO:8, wherein the variant 

nucleic acid sequence is modified by 1-9 codon substitutions, wherein each codon substitution 

corresponds to an amino acid substitution selected from the substitutions set forth in Table I or Table 2.  

In a more specific embodiment, each codon substitution corresponds to an amino acid substitution 

selected from the substitutions set forth in Table I. In an even more specific embodiment, the variant has 

one codon substitution corresponding to one of the specific one amino acid substitutions set forth in Table 

3. In a still more specific embodiment, the variant of nucleotides 64-1524 of SEQ ID NO:6 or nucleotides 

64-1524 of SEQ ID NO:8 is modified by 2-8 codon substitutions, wherein each codon substitution 

corresponds to an amino acid substitution set fodh in Table 1, and a codon substitution is present in each 

of at least two of epitopes 1, 2 and 3. In a more specific aspect, the variant has two additional codon 

substitutions corresponding to one of the specific two amino acid substitutions set forth in Table 4. In a 

still more specific embodiment, the variant of nucleotides 64-1524 of SEQ ID NO:6 or nucleotides 64

1524 of SEQ ID NO:8 is modified by 3-8 codon substitutions, wherein each codon substitution 

corresponds to an amino acid substitution set forth in Table 1, and a codon substitution is present in each 

of epitopes 1, 2 and 3. in a more specific aspect, the variant has three additional codon substitutions 

corresponding to one of the specific three amino acid substitutions set forth in Table 5. in an even more 

specific aspect, the variant has three additional codon substitutions corresponding to one of the following 

specific sets of three amino acid substitutions: T56H, M135K and D178N; T56K, N4135K and D178N; 
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T56K, M 35T and D17SN; T561H, Mi 35K and W181R;T5611, MI35T and W181R; Y54K, M135T and 

Ki74R; Y54R. M135K and K174R;Y54R, MI35T and KI74R; T56.H, M135K and K1I74R; and T56H-, 

M135T and K174R.  

[039] In still other embodimems of the nucleic acid molecules of the invention, the nucleic acid 

molecule further comprises nucleic acid sequences encoding a signal sequence fused in phase and directly 

to the 5' end of the nucleic acid sequence encoding the variant gdp. In one aspect of these embodiments, 

the nucleic acid sequence encoding the signal sequence is nucleotides 1-63 of SEQ ID NO:4.  

[0401 The nucleic acid molecules of the invention encompass nucleic acid sequences that are 

degenerative to, but encode the same amino acid sequence as encoded by any of the nucleic acid nucleic 

acid molecules described above.  

[041] For recombinant production, any of the nucleic acid molecules of the invention may be 

inserted into an appropriate expression vector which contains the necessary elements for the transcription 

and translation of the inserted coding sequence., or in the case of an RNA viral vector, the necessary 

elements for replication and translation. The encoding nucleic acid is inserted into the vector in proper 

reading frame. Accordingly, the invention provides vectors comprising nucleic acid molecule and 

sequences of the invention. Such vectors include, but are not limited to, DNA vectors, phage vectors, 

viral vectors, retroviral vectors, etc. The choice of appropriate vector in which to clone the nucleic acid 

molecules and sequences of the invention may be made by those of skill in the art using weil-known 

knowledge of the compatibility of the vector with the chosen host cell in which to carry out expression.  

This may be done in any of mammalian cells, plant cells, insect cells, bacterial cells, yeast cells, etc.  

Appropriate vectors for each of these cell types are well-known in the art and are generally commercially 

available.  

[042] in another embodiment, the invention provides a host cell harboring the vector containing 

a nucleic acid molecule or nucleic acid sequence of the invention. Methods of transfecting or 

transforming or otherwi se getting a vector of the invention into a host cell are known in the art- A cell 

harboring the vector, when cultured under appropriate conditions, will produce the polypeptides of the 
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invention, Specific examples of vectors and cells used for the recombinant production of the polypeptides 

of the invention are set forth in the exarnple section below.  

Pharmaceuical Cops 

[043] In some embodiments, the invention provides a pharmaceutical composition comprising 

any polypeptide or fusion protein comprising a variant g3p, optionally together with a pharmaceutically 

acceptable carrier, diluent or excipient. A pharmaceutical composition" refers to a therapeutically 

effective amount of a composition as described herein with a physiologically suitable carrier and/or 

excipient. A pharmaceutical composition does not cause significant irritation to an organism. The 

phrases "physiologically suitable carrier" and pharmaceuticallyy acceptable carrier" which may be used 

interchangeably refer to a carrier or a diluent that does not cause significant irritation to an organism and 

does not abrogate the biological activity and properties of the administered composition. The term 

"excipient" refers to an inert substance added to a pharmaceutical composition to further facilitate 

administration of an active ingredient. Examples, without limitation, include, for example, saline, 

calcium carbonate, calcium phosphate, various sugars and types of starch, cellulose derivatives, gelatin, 

vegetable oils, polyethylene glycols, and surfactants, including, for example, polysorbate 20.  

[044] Pharmaceutical compositions for use in accordance with the present invention may be 

formulated in a conventional manner using one or more physiologically acceptable carriers comprising 

recipients and auxiliaries, which facilitate processing of the active ingredients into compositions which 

can be used pharmaceutically. Proper formulation is dependent upon the route of administration chosen 

and upon the nature of the composition delivered (e.g., size and solubility of the polypeptide), In one 

aspect of these embodiments, the pharmaceutical composition is formulated for injection or infusion into 

the bloodstream of a patient. In another aspect of these embodiments, the pharmaceutical composition is 

formulated for direct administration to the brain or central nervous system of the patient, for example, by 

direct intramedullary, intrathecal, or intraventricular injection.  

[045] The compositions described herein may be formulated for parenteral administration, e.g., 

by bolus injection or continuous infusion. Pharmaceutical compositions for parenteral administration 
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include aqueous solutions of the composition in water-soluble form. Additionally, suspensions of the 

active ingredients may be prepared as oily or water based injection suspensions. Suitable lipophilic 

solvents or vehicles include fatty oils such as sesame oil, or synthetic fatty acids esters such as ethyl 

oleate, triglycerides or liposomes, Aqueous injection suspensions may contain substances, which increase 

the viscosity of the suspension, such as sodium carboxymethyl cellulose, sorbitol or dextran. Optionally, 

the suspension may also contain suitable stabilizers or agents (e.g., surfactants such as polysorbate 

(Tween 20)) which increase the solubility of the active ingredients to allow for the preparation of highly 

concentrated solutions. A protein based agent such as, for example, albumin may be used to prevent 

adsorption of polypeptide of the invention to the delivery surface (I., IV bag, catheter, needle, etc.).  

[046] For oral administration, the compositions can be formulated readily by combining the 

active compounds with pharmaceutically acceptable carriers well known in the art.  

[047] Formulations may be presented in unit dosage form. e.g., in vials, ampoules or in 

multidose containers with optionally, an added preservative. The compositions may be suspensions, 

solutions or emulsions in oily or aqueous vehicles, and may contain formulatory agents such as 

suspending, stabilizing and/or dispersing agents. Single dosage forms may be in a liquid or a solid form.  

Single dosage forms may be administered directly to a patient without modification or may be diluted or 

reconstituted prior to administration. In certain embodiments, a single dosage form may be administered 

in bolus form, e.g., single infection, single oral dose, including an oral dose that comprises multiple 

tablets, capsule, pills, etc. In alternate embodiments, a single dosage form may be administered over a 

period of time, such as by infusion, or via an implanted pump, such as an 1CV pump. In the latter 

embodiment, the single dosage form may be an infusion bag or pump reservoir pre-filled with the 

appropriate amount of a polypeptide or fusion protein comprising a variant g3p. Alternatively, the 

infusion bag or pump reservoir may be prepared just prior to administration to a patient by mixing an 

appropriate dose of the variant g3p with the infusion bag or pump reservoir solution.  

10481 Another aspect of the invention includes methods for preparing a pharmaceutical 

composition of the invention. Techniques for formulation of drugs may be found, for example, in
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"Remington's Pharmaceutical Sciences," Mack Publishing Co., Easton, Pa.,, latest edition, which is 

incorporated herein by reference in its entirety, 

[0491 Pharmaceutical compositions suitable for use in the context of the present invention 

include compositions wherein the active ingredients are contained in an amount effective to achieve the 

intended purpose.  

10501 Determination of a therapeutically or diagnostically effective amount is well within the 

capability of those skilled in the art, especially in light of the detailed disclosure provided herein.  

[0511 Dosage amount and interval ray be adjusted individually to provide brain levels of the 

phage display vehicle which are sufficient to treat or diagnose a particular brain disease, disorder, or 

condition (minimal effective concentration, MEC). The MEC will vary for each preparation, but can be 

estimated from in vitro data. Dosages necessary to achieve the MEC will depend on individual 

characteristics.  

[0521 Dosage intervals can also be determined using the MEC value. Preparations should be 

administered using a regimen, which maintains brain levels above the MEC for 10-90% of the time, 

preferable between 30-90% and most preferably 50-90%.  

10531 Depending on the severity and responsiveness of the condition to be treated, dosing can 

be of a single or a plurality of administrations, with course of treatment lasting from several days to 

several weeks or until cure is effected or diminution of the disease state is achieved.  

10541 The amount of a composition to be administered will, of course, be dependent on the 

subject being treated or diagnosed, the severity of the affliction, the judgment of the prescribing 

physician, etc.  

[0551 Compositions of the present invention may, if desired, be presented in a pack or dispenser 

device, such as an FDA approved kit, which may contain one or more unit dosage forms containing the 

active ingredient, The pack may, for example, comprise metal or plastic foil, such as a blister pack. The 

pack or dispenser device may be accompanied by instructions for administration, The pack or dispenser 

may also be accommodated by a notice associated with the container in a form prescribed by a 
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governmental agency regulating the manufacture, use or sale of pharmaceuticals, which notice is 

reflective of approval by the agency of the form of the compositions or hurnan or veterinary 

administration. Such notice, for example, may be of labeling approved by the U.S, Food and Drug 

Administration for prescription drugs or of an approved product insert. Compositions comprising a 

preparation of the invention formulated in a cornpati ble pharmaceutical carrier may also be prepared, 

placed in an appropriate container, and labeled for treatment of an indicated condition, as if further 

detailed above.  

[056] It is to be understood that both the foregoing and following description are exemplary and 

explanatory only and are not restrictive of the invention, as claimed.  

Therapeutic Uses 

[0571 Another aspect of the invention relates to the use of any of the polypeptides, nucleic acid 

molecules, or compositions of the invention, in the treatment of protein misfoiding diseases, including, 

but not limited to, those diseases involving any of: fAp342, fasyn, INM, or ftau.  

[058] I the context of treatments, the terms "patient", "subject" and "recipient" are used 

interchangeably and include humans as well as other mammals. In some embodiments, a patient is a 

human who is positive for a biomarker associated with a protein misfolding disease, In one embodiment, 

the patient exhibits B-amvloid deposits as detected by PET imaging with florbetapir.  

[059] The term "treating" and its cognates are intended to mean reducing. slowi ng, or reversing 

the progression of a disease in a patient exhibiting one or more clinical symptoms of a disease, 

"Treating" is also intended to mean reducing, slowing, or reversing the symptoms of a disease in a patient 

exhibiting one more clinical symptoms of a disease. In one embodiment, the patient exhibits i-amyloid 

deposits as detected by PET imaging with florbetapir and the number of B-amyloid deposits is reduced by 

the treatment, In one embodiment, the patient exhibits -anyloid deposits as detected by the polypeptide 

or polypeptide compositions of the present invention and the number of B-amyloid deposits are reduced or 

maintained by the treatment. In another embodiment, the patient exhibits any type of amyloid deposits as
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detected by PET imaging and the cognitive function of the patient is improved by the treatment, 

Improvement in cognitive function may be assayed by the methods and tests of McKhann et aL, 

Alzheimer 's & Dementia 7(3):263-9(201 1) 

10601 "Prophylaxis" is distinct from treating and refers to administration of a composition to an 

individual before the onset of any clinical symptoms. Prophylaxis using any of the polypeptides or 

compositions thereof of the present invention is encompassed. Prophylaxis may be implicated in 

individuals who are known to be at increased risk for a disease, or whom are certain to develop a disease, 

solely on the basis of one or more genetic markers, Many genetic markers have been identified for the 

various protein misfolding diseases. For examples, individuals with one or more of the Swedish 

mutation, the Indiana mutation, or the London mutation in human amyloid precursor protein (hAPP) are 

at increased risk for developing early-onset Alzheimer's Disease and so are candidates for prophylaxis, 

Likewise. individuals with the trinucleotide CAG] repeats in the huntingtin gene, particularly those with 

36 or more repeats, will eventually develop Huntington's Disease and so are candidates for prophylaxis.  

10611 The term 'protein misfolding" refers to diseases characterized by formation of amyloid 

protein by an aggregating protein (amyloid forming peptide), such as, but not limited to, B-amyloid, 

serum amyloid A, cystatin C, IgG kappa light chain, or a prion protein. Diseases known to be associated 

with misfolded and/or aggregated amyloid protein include Aizheimer's disease, which includes early 

onset Alzheimer's disease, late onset AlAheimer's disease, and presymptomatic Alzheimer's disease, 

Parkinson's disease, SAA amyloidosis, cystatin C, hereditary Icelandic syndrome, senility, multiple 

myelomna, prion diseases including but not limited to kuru, Creutzfeldt-Jakob disease (CJD), Gerstmann

Straussler-Scheinker disease (0SS), fital familial insomnia (FF), scrapie, and bovine spongiform 

encephalitis (BSE); amyotrophic lateral sclerosis (ALS), spinocerebellar ataxia (SCAI), (SCA3), (SCA6), 

(SCA7), Huntington disease, entatorubral-pallidoluysian atrophy, spinal and bulbar muscular atrophy, 

hereditary cerebral anyloid angiopathy, familial amyloidosis, frontotemporal lobe dementia, 

British/Danish dementia, Progressive Supranuclear Palsey (PSP), and familial encephalopathy. The 

polypeptides and compositions of the invention may be used to treat "protein misfolding" diseases.  
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[062] Many of these risfolded and/or aggregated amyloid protein diseases occur in the central 

nervous system (CNS). Some examples of diseases occurring in the CNS are Parkinson's Disease: 

Alzheimer's Disease; frontotemporal dementia (FTD) including those patients having the following 

clinical syndromes: behavioral variant FTD (bvFTD), progressive non-fluent aphasia (PNFA) and 

semantic dementia (SD); frontotemporal lobar degenerations (FTLDs); and Huntington's Disease. The 

polypeptides and compositions of the invention may be used to treat diseases characterized by misfolided 

and/or aggregated amyloid protein that occur in the central nervous system (CNS), 

[0631 Misfolding and/or aggregation of proteins may also occur outside the CNS. Amyloidosis 

A (AA) (for which the precursor protein is serum acute phase apolipoprotein., SAA) and multiple 

myeloma (precursor proteins immunoglobulin light and/or heavy chain) are two widely known protein 

misfolding and/or aggregated protein diseases that occur outside the CNS, Other examples include 

disease involving amyloid formed by c2-microglobuiin, transthyretin (Familial Amyloidotic 

Polyneuropathy [FAP], Familial Amyloidotic Cardiomyopathy [FAC], and Senile Systemic Amyloidosis 

[SSA]), (apo)serum AA, apolipoproteins Al, All, and AIV, gelsolin (Finnish form of Familial 

Anyloidotic Polyneuropathy), lysozyme, fibrinogen, cystatin C (Cerebral Amyl oid Angiopathy, 

Hereditary Cerebral Hemorrhage with Amyloidosis, Icelandic Type), (pro)calcitonin, islet amyl oid 

polypeptide (IAPP amyloidosis), atrial natriuretic factor, prolactin, insulin, lactahedrin, kerato-epithelin, 

lactoferrin, odontogenic amieloblast-associated protein, and semenogelin 1. The polypeptides and 

compositions of the invention may be used to treat diseases involving misfolding and/or aggregation of 

proteins that occur outside the CNS.  

[0641 Neurodegenerative diseases may also involve tau lesions. Reviewed in Lee et al., Annu.  

Rev. Neurosci. 24:1121-159 (2001). Tau proteins are microtubule-associated proteins expressed in axons 

of both central and peripheral nervous system neurons. Neurodegenerative tauopathies (sometimes 

referred to as tauopathies) are encompassed, Examples of tauopathies include Alzheimer's Disease, 

Amynotrophic lateral sclerosis/parkinsonism-dementia complex, Argyrophilic grain dementia, 

Corticobasal degeneration, Creutzfeldt-Jakob disease, Dementia pugilistica, diffuse neurofibrillary tangles 

25



WO 2014/193935 PCT/US2014/039760 

with calcification, Down's syndrome, Frontotemporal dementias including frontotemporal dementia with 

parkinsonism linked to chromosome 17, Gerstmann-Straussler-Scheinker disease, Hall ervorden-Spatz 

disease, Myotonic dystrophy, Niemann-Pick disease type C, Non-Guarnanian motor neuron disease with 

neurofi brillary tangles, Pick's disease, Postencephalitic parkinsonism, Prion protein cerebral arnyloid 

angiopathy, Progressive subcortical gliosis, Progressive supranuclear palsy, Subacute sclerosing 

panencephalitis, and Tangle only dementia. Some of these diseases may also include deposits of fibrillar 

amyloid f3 peptides. For example, Alzheiner's disease exhibits both amyloid 0 deposits and tau lesions.  

Similarly, prion-medi ated diseases such as Creutzfeldt-Jakob disease., prion protein cerebral amyl oid 

angiopathy, and Gerstmann-StruusslerScheinker syndrome may have also have tau lesions, Thus an 

indication that a disease is a "tauopathy" should not be interpreted as excluding the disease from other 

neurodegenerative disease classifications or groupings, which are provided merely as a convenience. The 

polypeptides and compositions of the invention may be used to treat neurodegenerative diseases as well 

as diseases involving tau lesions.  

[065] In one embodiment, a pharmaceutical composition or formulation is for use in a method 

of reducing amyloid in a patient exhibiting symptoms related to the presence of amyloid or that is positive 

for a biomarker associated with a protein misfolding disease, such as florbetapir (AV-45, Eli Lilly), 

comprising administering to the patient an effective amount of a pharmaceutical composition or 

formulation as described herein. In one embodiment, the route of administration is selected from 

intrathecal infection or infusion, direct intraventricolar injection or infusion, intraparenchymal inj ection or 

infusion, or intravenous inj ection or infusion.  

[066] In one embodiment, a pharmaceutical composition or formulation is for use in a method 

of maintaining the level of amyloid in a patient exhibiting symptoms related to the presence of amyloid or 

that is positive for a biomarker associated with a protein misfolding disease, such as florbetapir (AV-45, 

Eli Lilly), comprising administering to the patient an effective amount of a pharmaceutical composition or 

formulation as described herein, In one embodiment, the route of administration is selected from 
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intrathecal injection or infusion, direct inraventricular injection or infusion, intraparenchymal injection or 

nfusion. or intravenous injection or infusion.  

[067] In one embodiment, a pharmaceutical composition or formulation is for use in a method 

of disaggregating amyloid in a patient comprising administering to a patient having amyloid an effective 

amount of a pharmaceutical composition or formulation as described herein. In one embodiment, the 

route of administration is selected from intrathecal injection or infusion, direct intraventricular injection 

or infusion, intraparenchymal injection or infusion, or intravenous injection or infusion.  

[068] In one embodiment, a pharmaceutical composition or formulation of the invention is for 

use in a method of causing the disaggregation of B-amyloid deposits in the brain, comprising injecting 

directly into the brain of a patient in need thereof an effective amount of pharmaceutical composition as 

described herein, thereby causing a reduction in B3-amnyloid deposits in the brain. In an alternate 

embodiment, a pharmaceutical composition or formulation of the invention is for use in a method of 

causing the disaggregation of 13-amyloid deposits in the brain, comprising injecting intravenous delivery 

into a patient in need thereof an effective amount of pharmaceutical composition as described herein, 

thereby causing a reduction in B-amyloid deposits in the brain.  

[069] In one embodiment, a pharmaceutical composition or formulation is for use in a method 

of reducing amyloid formation in the brain. Reducing amvloid formation in the brain may prevent, treat 

or reduce the symptoms or severity of a protein-misfolding or neurodegenerative disease. In one 

embodiment, the route of administration is selected from intrathecal injection or infusion, direct 

intraventricular injection or infusion, intraparenchymal injection or infusion, or intravenous injection or 

infusion.  

[070] In one embodiment, a pharmaceutical composition or formulation of the invention is for 

use in a method for promoting amyloid clearance in the brain. Promoting amyloid clearance may prevent, 

treat or reduce the symptoms or severity of a protein-misfolding or neurodegenerative disease. In one 

embodiment, the route of administration is selected from intrathecal injection or infusion, direct
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intraventricular injection or infusion, intraparenchymal injection or infusion, or intravenous injection or 

iusion, 

[071] In one embodiment, a pharmaceutical composition or formulation of the invention is for 

use in a method for inhibiting amyloid aggregaton in the brain. inhibiting amyloid aggregation in the 

brain may prevent, treat or reduce the symptoms or severity of a protein-misfoiding or neurodegenerative 

disease. In one embodiment, the route of administration is selected from intrathecal injection or infusion, 

direct intraventricular injection or infusion, inraparenchyrmal injection or infusion, or intravenous 

injection or infusion.  

[0721 In one embodiment, a pharmaceutical composition or formulation of the invention is for 

use in a method for clearing toxic amyloid oligomers in the brain. Clearing toxic amyloid oligomers in 

the brain may prevent, treat or reduce the symptoms or severity of a protein-misfolding or 

neurodegenerative disease. In one embodiment, the route of administration is selected from intrathecal 

injection or infusion, direct intraventricular injection or infusion, intraparenchymal injection or infusion, 

or intravenous injection or infusion.  

[073] In one embodiment, a pharmaceutical composition or formulation of the invention is for 

use in a method for preventing the formation of toxic amyloid oligomers in the brain. Preventing the 

formation of toxic oligomers in the brain may prevent, treat or reduce the symptoms or severity of a 

protein-misfolding or neurodegenerative disease, In one embodiment, the route of administration is 

selected from intrathecai injection or infusion, direct intraventricular injection or infusion, 

intraparenchymal injection or infusion, or intravenous injection or infusion.  

[074] In one embodiment, a pharmaceutical composition or formulation of the invention is for 

use in a method for protecting neurons from amyloid damage. Protecting neurons from amyloid damage 

may prevent, treat or reduce the symptoms or severity of a protein-misfolding or neurodegenerative 

disease. in one embodiment, the route of administration is selected from intrathecal injection or infusion.  

direct intra ventricular injection or infusion, intraparenchynal injection or infusion, or intravenous 
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injection or infusion. In one embodiment, a pharmaceutical composition or formulation of the invention 

for use in protecting neurons from amyloid damage is given prophylactically.  

[075] in some embodiments, the patient is positive for a biomarker associated with a protein 

misfolding and/or aggregation disease. In one embodiment, the biomarker is florbetapir (AV45, Eli 

Lilly).  

[076] In some embodiments, the patient is exhibiting symptoms of a neurodegenerative disease 

that is associated with the presence of amyloid, in various embodiments, the amyloid is any of IAp42, 

fdsyn, fNM, or flau.  

[077] In certain embodiments, the neurodegenerative disease is Parkinson's disease, 

Alzheimer's disease, or Huntington's disease. In one embodiment, the neurodegenerative disease is 

Alzheimer's disease, In one embodiment, the neurodegeneraive disease is Alzh.eimer's disease and the 

patient exhibits B-amyloid as detected by the imaging agent florbetapir (AV-45, Eli Lilly).  

[078] In some embodiments, the patient is exhibiting symptoms of a prion-mediated disease, 

[0791 In certain embodiments, the prion-mediated disease is chosen from Creutzfeldt-Jakob 

disease, kuru, fatal fami lial insomnia, or Cierstmarn-Straussler-Scheinoker syndrome.  

[080] In some embodiments, the patient is exhibiting symptoms of a neurodegenerative 

tauopathy other than Alzheimer's disease. In certain embodiments, the disease to be treated is selected 

from Argyrophilic grain dementia, Corticobasal degeneration, Dementia puglistica, diffuse 

neurofibrillary tangles with calcification, Down's syndrome, Frontotemporal dementias including 

frontotemporal dementia with parkinsonism linked to chromosome i7, 1-lallervorden-Spatz disease, 

Myotonic dystrophy, Niemann-Pick disease type C, Non-Guamanian motor neuron disease with 

neurofibrillary tangles, Pick's disease, Postencephalitic parkinsonism, Progressive sulbcortical gliosis, 

Progressive supranuclear palsy, Subacute sclerosing panencephalitis, and Tangle only dementia.  

[081] In another embodiment, any of the disease conditions described above may be treated by 

administration of a nucleic acid molecule of the invention (i.e,, one that encodes a variant g3p that
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exhibits reduced irmmunogenicity and possessing the ability to bind to amyloid, disaggregate amyloid 

plaques, and/or prevent aggregation of amyloid) alone or associated with a suitable carrier, such as, e.g., a 

lipid nanoparticle, a polymeric carrier, or a vector, such as a viral vector directly to a patient by any 

suitable route, such as, e.g., inhalation and intravenous infusion, The nucleic acid molecule encoding the 

variant g3p of the invention suitable for this treatment may be DNA or RNA.  

Diagnostics 

[082] In another aspect of the invention, the polypeptides and compositions described herein, 

are used in diagnostic applications associated with the various diseases described herein, For example, 

binding of a composition of the invention when used as an imaging agent either in vivo or in vitro may be 

part of a diagnosis of one of the protein misfolding diseases described. When used as diagnostic agents, 

the polypeptides of the invention may further comprise a detectable label, or may be otherwise detected in 

vivo. Various labels can be attached to the aimyloid binding component of the diagnostic composition 

using standard techniques for labeling proteins. Examples of labs include fluorescent labels and 

radiolabels. There are a wide variety of radiolabels that can be used, but in general the label is often 

selected from radiolabels including, but not limited to, "F, "C, and m31. These and other radioisotopes 

can be attached to the protein using well known chemistry. In one embodiment, the label is detected 

using positron emission tomography (ET). However, any other suitable technique for detection of 

radioisotopes may also be used to detect the radiotracer.  

[083] The polypeptides and compositions of the invention may be used as diagnostic imaging 

agents in combination with an imaging agent that is specific for BI-amyloid such as, for example, F1 8-AV

45, Eli Lilly. Since there are currently no known imaging agents for non-4-amyoid aggregates, the use of 

a diagnostic composition of the invention together with a B-amyloid-specific imaging agent will result in 

the detection of non-B-amvoid aggregates based on differential detection. Thus, in one embodimrent, a 

diagnostic composition of the invention is used as an imaging agent in combination with a PB-amyioid 

imaging agent to detect non-B-amyloid aggregates.  
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[0841 In another embodiment, the polypeptides or compositions of the invention is used as a 

diagnostic imaging agent to detect B-amvloid in the CNS, including the brain.  

10851 Diagnostic compositions of the invention may be administered using the sarne routes 

described for therapeutic compositions. In one embodiment, the route of administration is selected from 

intrathecal injection or infusion, direct intraventricular injection or infusion, intraparenchymal injection or 

infusion, or intravenous injection or infusion 

EIam ples 

Example 1: Mapping of CD4+ T Cell Epitopes in g3p 

[0861 87 overlapping peptides spanning the sequence of amino acids 1-240 of SEQ ID NOA 

(15 amino acids long with 12 amino acid overlaps) were synthesized and tested in a T cell epitope 

mapping assay for responses from human CD4- T cells. Individual peptides were tested in sextuplicate 

PBMC cultures and T cell responses were assessed in order to identify the location of epitopes as well as 

their relative potency.  

[087] PBMC (peripheral blood mononuclear cells) were isolated from healthy community 

donor buffy coats (from blood drawn within 24 hours) obtained from the UK National Blood Transfusion 

Service (Addenbrooke's Hospital, Cambridge, UK) and according to approval granted by Addenbrooke's 

Hospital Local Research Ethics Committee by Lymphoprep (Axis-shield, Dundee, UK) density 

centrifugation. CD8T T cells were depleted using CD8' RosetteSepTM (StemCell Technologieslnc, 

London, UK). Donors were characterized by identifying HLA-DR haplotypes using an HLA SSP-PCR 

based tissue-typing kit (Biotest, Solihuli, UK). T cell responses to a control ncoantigen protein (KLH 

protein (Pierce (Perbio), Cramlington, UK) and peptides derived from IFV and EBV) were also 

determined. PBMC were then frozen and stored in liquid nitrogen until required.  

[088] A cohort of 55 donors was selected for die assay to best represent the number and 

frequency of HLA-DR allotypes expressed in the world population. Analysis of the allotypes expressed in 

the cohort against those expressed in the world population revealed that coverage of >80% was achieved 

and that all maior HLA-DR alleles (individual allotypes with a frequency >5% expressed in the world 
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population) were wel represented. Details of individual donor haplotypes and a comparison of the 

frequency of MHC class 11 hapiotypes expressed in the world population and the sample population are 

shown in Table 8 and FIGure 3, respectively.  

Table 8. Donor details and haplotypes 

Donor one 

]DRB]101:01 DRB]*: 02D)RB3*03:01;DQB1*405:0;DQB1 1DB0610 0_ 

4 0(11 N5 Oi i5 2 01 DM320202 61131 63'Diil11 022 DQBI; O0 

5DRI3*13:01 DR3I* 1 0;DRB*01:0;DPB3*03 01 ;DQB1*06_03;DQB *4 0604 

7 UNRI361: 01 DRB0] O4 OQNNOI O5 03 05_ 

0 DiB1*0404 D112:1101;DRB3*02:02;DRB4*01:03;DQEI1*03:01;DQBI*03 02 

ii ] DM12300 n DM1ii I50I UN(1i3O01ni;DRB5*01 01;DQJ3*06: 0DQB1060 

12 DRB3Q401211]S0 * (131*03glR *119]01 Q011l*02 >110 
13 RB11*0132RB13*0?0 DRB3*0101 DB40 02;Q X030 *1 

15 DR1*003 01 DRB1* 3 01 DRB3 1*02:01;DQBI*06:03,DQ s 02 

18 ORB *01 0 DRBi09 01;DRBI4*01:03;DQB0I05 UQBI*0301 
1 DRB 0DM3*01 DRB0i301;DQB1*05 01;DQB 

*22 DRB *04:i01DRB1*04:03:DRB34*0i:03;DQB1l*03 02 

2 DRB1*03:01 DR1*15:01;DRB3* 301:01 ;DRB5*01:01;DQBi*02:0i;0DQBl*06:02 

2 6  DRB31 1 :0] Ri] 00015*0101DQl0S0]10B 6 
7DRB3*04:04 Db1*~o~0:01DM34*01:01;DRB4*0103;DQBI*02 ( 2 DO1*03 02 

3 DR1*13 :02,DRB1*15:0 i;DRB3*02:0;DRB5*01:0 jDQB*36:031DQB1*06 09 

20 DR]*S ]0112 1DRP 21 1DRB4*01 02038]061 
30 DRB*0 :0 3 f)RB*15 O;DRB3*0 01DQB1*01:01 DQB1*06:02 lQil t 60) 

35 DRM3* 01 01 0(Bl*1001 ORB3 *01 01 DRB 02 02 DQB]*02 (0 DQBI *053 
36 ORB * D 01 DR1*50 1;DRB3*001:01;DB *01 1 ;DQB1*06 02 1106:04 

34 R0(13*010 111I 4D~ .10 *])04*3] D(30 0 0 06 
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D honor Hapiotype 

0 DRB 10 01 DRB*I 3:02;DRB3*0 01 ;DQB *05 01 ;DQB *06 04 

42 DRBI*0;0 DRBUOL i013 03*t0r D uyi 0 D B 2 

44 DRB1*07 0 DRBi 1:04 DRB3*02:02;D 4 RB40 :01 DQBI*02 2 DQB1*03 01 45 1 1 3 0 .f ll ..B]*04 5-:01 - -- -Y~3 -- ..1 01" ...l D 1. R *01 l'031;- 1 4*02:1D PQ I* 030) 

46 DRB *04:04 DRB *1301;DRB3*020';DRB4*01;03 DIQB*03:02;DQB1*06 03 

4 SRBiPadi Sill66DW 0iaiis 1 fl5l*Q 2P18*0 3538*3 01 d io 
I 4S DSIl 20 DRil"001P( 056iDPJ1iOll:Ol;DQB1*03:01;DONIiO0'nI 494 0i 02,DR 3 0D IIBIAOI 01 QB5 5ol35 P01*05I: 

A D Il0 07 P 0I1 g ONhI636 IN ofZU 1*010 M910 0103:01 LR*D *06:0 

DRB* 001 D1(10*01:05;DQt1*02 01 
53 DR1*03:0 1)DR1*07:UlDRB3*1 01 DRB4*01:01;DQB1*02 :01;DQB 0202 I 

48 ~ l 40_RI1s01P840 3DD*30 081 *06:1D~ K-3:

4 D 1*0 1DRBI*0/_01 DRBj t1* 01 113D4*0* 3DQB3105 D * 

-8 PBMC fm each donor were thawed, conted and vablity was assessed Cels wer 

revived in room temperature AIM-V® culture medium (invitrogen, Paisley, UK) before adjusting the cell 

density to 2-3ix106 PBMC/mni (proliferation cell stock). The 15 amino acid long peptides were 

synthesized on a 1-3 mg scale with free N-terminal amine and C-terminal carboxylic acid. Peptides were 

dissolved in DMSO to a concentration of 10 mM and peptide culture stocks prepared by diluting into 

AIM-V® culture medium to a final concentration of 5 p.M in the well. For each peptide and each donor, 

sextuplcate cultures-were established in a flar bottomed 96 wel plate. Both positive and negative control 

cultures were also tested in sextuplicate. For each donor, three controls (KLHI protein and peptides 

derived from IFV and EB V) were also included, For a positive control, P1-A (Sigma, Dorset, UK) was 

used at a final concentration of 2.5 pg/mI.  

[090] Cultures were incubated for a total of 6 days before adding O,75 Citi NI-i]-thymidine 

(Perkin Elmer@, Beaconsfield, UK) to each well. Cultures were incubated for a further 18 hours be-fore 

harvesting onto filter mats using a TomTec Mach 111 cell harvester. Cpm for each well were determined 

by MeltilexTh (Perkin Elmer®, Beaconsfield, UK) scintillation counting on a Microplate Beta Counter 

(Perkin Elmer@, Beaconsfield, UK) in paralux, low background counting mode.  
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[091] For analysis of the data, a threshold of a stimulation index (SI) equal to or greater SI 

>2.00 was used (with consideration of borderline SI 1.90-1.99 responses). Positive responses were 

defined by the following statistical and empirical thresholds: 

1. Significance (p <0.05) of the response by comparing cpm of test wells against medium 

control wells using unpaired two sample Student's t-test.  

2. Stimulation index greater than 2.00 (SI 2.00), where SI = mean cpm of test wells /mean cpm 

medium control wells. Data presented in this way is indicated as SI>2.00, p <0.05.  

[092] In addition, intra-assay variation was assessed by calculating the CV and SD of the 

raw data from replicate cultures. Proliferation assays were set up in sextuplicate cultures ("non

adjusted data"). To ensure that intra-assay variability was low, the data were also analysed after 

removing the maximum and minimum cpm values ("adjusted data") and the SI of donor responses 

was compared using both data sets. T cell epitopes were identified by calculating the average 

frequency of positive responses (defined above) to all peptides in the study plus SD to give a 

background response rate. Any peptide that induced proliferative responses above the background 

response. rate in both the adjusted and non-adjusted data was considered to contain a T cell epitope.  

When two overlapping peptides induced a proliferative response rate the T-cell epitope was 

considered to be in the overlap region. Based upon this the following T-cell epitopes were identified 

in the tested polypeptide: 

Epitope 1: CTGDETQCYGTW(aminoacids46-57ofSEQIDNO:1) 

Epitope 2: T F M F Q N N R F R N R (amino acids 133-144 of SEQ ID NO:1) 

Epitope3: SSKAMYDAY W N G (amino acids 172-183 of SEQ ID NO:1) 

Epitope 4: P V N A G G G S G G G S (amino acids 214-225 of SEQ ID NO:1) 

Epitope 5: S G S G A M V R S D K T H T C (amino acids 253-267 of SEQ ID NO:1) 

Example 2: Design of Mutations in T Cell Epitopes 4 and 5 by In Silico Analysis 

[093] The sequences of peptides that were positive in the T cell assay were analysed using 

overlapping 9-mers from the epitope region using iTopeTM and TCEDTM in silico technologies. [Perry 

et al., Drugs R D 9(6):385-96 (2008).] Each 9-mer was tested against a database of MHC class II 

alleles (34 in total) and scored based on the fit and interactions with the MHC class II molecules. In 

addition, 
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each 9-mer was BLAST searched against a database of known CD4+ T cell epitopes in order to identify 

any !high sequence homology between that of the 9-mer and of database peptides from unrelated proteins 

that stimulated T cell responses in previous T cell assays. On the basis of information from the in silico 

analysis, mutations were identified for potential removal of CD4+ T cell epitope activity from the 

identified epitopes.  

[094] Epitope 5 spans the C-terminus of the native N2-CT Gly-rich tinker, the amino acids 

coded for by the multiple cloning site ("ICS") of the pFUSE vector used to produce the NI-N2-human 

Ig Fc fusion protein of SEQ ID NO:i, and the N-terminus of the human Ig Fc region. In s//ico analysis 

implicated M258 and V259 of SEQ ID NO: i as the P1 anchors responsible T-cell activity. Based on their 

location outside of the N1-N2 coding region, removal of these two amino acids was not expected to cause 

a loss of function. These two amino acids were encoded by the MCS, Therefore, a double-stranded DNA 

molecule that modified the MCS and eliminated the nucleotides encoding M258 and V259 of SEQ ID 

NO: 1 was produced by site-directed mutagenesis using appropriate oligonucleotide primers. This was 

followed by reckoning the resulting mutagenized DNA sequence back into the pFUSE vector using the 

using EcoRI and .Bgill restriction sites in the MCS. The resulting mature (lacking the signal sequence) 

fusion protein omitted M258 and V259, Its amino acid sequence is set forth in SEQ ID NO:2 and 

encoded by SEQ ID NO:5, That fusion protein retained the same ability to bind Abeta in the assay 

described below as the SEQ ID NO: I fusion protein.  

[0951 Epitope 4 overlaps the N2 domain and the native Gly-rich linker. Crystal structure of the 

g3p protein (not shown) sugested that Epitope 4 is located away from amyloid binding region and 

therefore would be tolerant to amino acid substitutions without afftcting activity. V215 (SEQ ID NO:2), 

which was identified as a P1 anchor, is surface exposed with slight orientation of side chain towards the 

protein core. From structural analysis, any of the substitutions for V215 set forth in Tables 6 and 7 should 

remove the epitope, In addition any of the substitutions of other amino acids within this epitope as set 

forth in Tables 6 and 7 should also be accommodated A nucleic acid sequence encoding an NsN2-ig Fc 

comprising a V215SA substitution (SEQ ID NO:6) was derived from the SEQ ID NO0:5 by site-directed
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mutagenesis using appropriate oligonucleotide primers. The resulting mature fusion protein (SEQ ID 

NO:3) demonstrated increased binding to Abeta in the binding assay as compared to a fusion protein 

having the amino acid sequence of either SEQ ID NO:1l or SEQ ID NO:2. The nucleic acid sequence of 

SEQ ID NO:6 was used as the parent sequence to create genes incorporating all modifications in epitopes 

1, 2 and 3, 

Example 3: Design of Mutations in T Cell Epitopes 1, 2 and 3 by In Silica Analysis 

[096] Epitope I lies just C-terminal to a putative Abeta binding portion of N! -N2, h silicon 

analysis of Epitope I highlighted armino acids 48-56 of SEQ ID NO:! as an area for amino acid 

substitution and removal of the T-cell epitope. Amino acids within this 9-mer were targeted for 

substitution based upon the nature of the existing amino acid, surface exposure, and interaction with the 

amyloid binding region of g3p, as interpreted from the X-ray crystal structure of g3p. in particular, (348, 

T51. Y54 and T56 were targeted for substitution with the changes indicated in Table 1. Other potential 

amino acid substitutions in this region are set forth in Table 2.  

[097] iTope 0 analysis of Epitope 2 pointed to amino acids 135-143 of SEQ ID NO:! as a 

target for reducing or eliminating that epitope. Based on the X-ray crystal structure, amino acids 136-139 

of SEQ ID NO:1 form a loop region that forms bonds with the hinge region of N1-N2 and thus may be 

important for amyloid binding activity, Changes to these amino acids are less preferred and are only 

presented in 'Table 2. The more preferred changes are to M135, R140, F141 and N143 and are set forth in 

Table 1. Other potential changes to this nine amino acid region are set forth in Table 2.  

[098] Amino acids 173-182 of SEQ ID NO:! were identified within Epitope 3 as targets for 

substitution by in silicon analysis. Epitope 3 is located in an alpha helical portion of the N2 domain, thus 

the strategy was to avoid introduction of hydrophobic residues and small polar uncharged residues. In 

addition, we wanted to avoid introducing polar residues acidic residues towards the C-terminus of this 

epitope. Based on X-ray crystallographic data, we targeted S173,Di174, M176, D178 and W182 for 

substitution with the changes indicated in 'Table 1, Other potential amino acid substitutions in this region 

are set forth in Table 2, 
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Example 4: Generation of N1-N2-Human IgG Fe Polypeptides Having Reduced T-Cell Eptiopes 

10991 Fifty-eight different nucleic acid molecules, each encoding NI-N2-human tgG Fe fosion 

proteins containing a different single amino acid substitution set forth in Table 3 were prepared, This was 

achieved by site-directed rnutagenesis of SEQ ID NO:6 using appropriate oligonucleotide primers to 

introduce the desired substitution, followed by recloning. of the PCR-amplified mutagenized sequence 

into the pFUSE-hlgG1i -Fe2 vector (Invivogen@, Toulouse, France, Catalogue No. pfuse-hgifdc2), 

[10t0l Genes encoding these "deimmunized" Fc fusion polypeptides were transiently expressed 

in individual pFUSE-hlgGi-Fe2 vectors in FreeStyle 293-F cells (Invitrogen, Paisley, Scotland, 

Catalogue # R790-07), On the day of transfection, cells were diluted to I x 10' /mL in FreeStyle 293 

Media (invitrogen, Catalogue # 12338) ensuring a viability of >90%. Piasmid DNA and 

polyethyleneimine (PEI) were diluted separately in Optimem (Invitrogen, Catalogue # 31985) and 

incubated for 5 minutes following which the PEI was added slowly to the DNA, and the DNA/PE 

mixtures were incubated for 5 minutes at room temperature, After incubation, the DNA/PET mixtures 

were added dropwise to the 293-F cells whilst swirling the flask. Transfected cultures were incubated at 

370C, 8% CO 2 on an orbital shaker )lattorm rotating at 135 rpm for 6-7 days, following which they were 

harvested.  

[0101] Culture medium containing the polypeptide was harvested by centrifugation and pH 

adjusted using lOx PBS. Proteins were bound to Protein A Sepharose beads (Sigma, Dorset, UK) by 

rotating overnight at 4"C. The beads were washed twice with 1x PBS and transferred to SigmaPrep spin 

columns (Sigma), Samples were eluted by centrifugation using .IM Glycine p13.0 and neutralized in 

the collection tube using 1/10" volume IM Tris--Cl pH8.0, Eluates were buffer exchanged into lx PBS 

using 2ml ZebaSpin columns (Pierce, Cramlington, UK, Catalogue #89890). Samples were filter

sterilized and the absorbance at 280nm was measured for each sample.  

Example 5: ABeta Binding Analysis of Deimmunized Polypeptides 

[0102] A ABet? (41,) Fiber Preparation. A(342 (1 mg, rPeptide A-1002-2) was dissolved in 

hexafluoroisopropanol (-FIP, I ml.). vortexed thoroughly and incubated at room temperature for 2-18 
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hours until a clear soluion appears. Aliquots (1 001p, 100pg) were placed in 1.5mL Eppendorf tubes and 

dry under vacuum (speed Vac, Eppendorf, Concentrator 5301) for 2-3hr. The resulting monomers were 

resuspended in 20pL DMSO, pipetted and vortexed thoroughly until completely dissolved, The solution 

was diluted with 260pL of 10mM HCI solution (final Ap42 concentration is 80pM) and vortexed for 20 

seconds. The clear solution is incubated (without shaking) for 3 days at 370 C to allow for aggregation.  

For use in the assay Af342 fibers from the resulting stock solution were diluted 50-fold to 1.6 pM final 

concentration in PBS.  

[O103] R. EL/ISA P/ate Preparation. To each well of a 96-well plate (F96 MAXISORP NUNC

IMMUNO PLATE Catalog number: 442404, Lot 125436 and 128158; Denmark) was added 200 pL of a 

1% BSA solution. The plates were sealed and incubated at 7*C for 3 hr. Plates were then washed with 

PBS (250 pL/well) x3, We added 50 pL of the diluted A342 fiber solution (1.6 pM) to each well and 

incubated uncovered at 370 C overnight to complete dryness. PBS (50 pll/well) is added to control wells 

(without Ap42 fibers). Plates were then washed 2X with water and IX with PBS (250 pL/well for each 

washing).  

[0104] CL ELISA Assav. Varying concentrations of each polypeptide (as well as the polypeptide 

of SEQ D NO:3) in 50 pL. were added to each well, as well as to non-A 42 fiber coated wells and 

incubated for lh at 370 C. Plates were then washed 3X with PBS-T (0.05% Tween 20 in PBS) and 3X 

with PBS (250 4/well for each washing). We then added 50 p1 of HRP-conjugated Goat anti-Human 

anti Fe-v (Jackson Labs, Catalog number. 109-035-008, Lot number: 106617) diluted 1:2500 (0.32 pg/mL 

final) in PBS-T + 1% Milk (DifcoIM Skim Milk, Becton, Dickinson and Company, USA, Catalog 

number: 232100, Lot number: 7320-448) to each well and incubated tr 40 min at 37 C. Plates were then 

washed 6X with PBS-T and 2X with PBS (250 iL/well for each washing). We then added 50 p1/well 

OP) solution (15 mg/75 ml 0.05 M Citrate buffer pH-5.5/3 p1 HPO2) and let color to develop for 3-6 

min. We next added 25 p1/well of 4N HCI solution to stop reaction, Plates were read for absorbance at 

492 un and 405 urn. The 405 nm absorbance was subtracted from the 492 nm absorbance and the results 
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plotted as a function of polypeptide concentrations, An IC30 for binding for each deimmunized 

polypeptide was then calculated and compared to the IC50 calculated for the polypeptide of SEQ ID NO:3 

The results are shown in Table 9, below.  

Table 9. Relative Change in ABeta Binding ICo for Polvpeptides with a Single Additional Amino Acid 
Substitution in Epitope 1, 2 or 3 as Compared to Polypeptide of SEQ ID NO:3 

Amino Acid ICso Amino Acid C Amino Ac-id IC
Substitution Relative Substitution .Relative Sunstitution Relative 

to SE to SEQ) to SEQ 
ID ID ID 

NO:( NO:3 N0:3* 
Ep tope I G48H I 8 Epitope I T56K 0-5 Epitope'2 Nl43A 1,9 

Epope 1 G48K 1E1 02pitope 2 N 4G 0 19 
p9Eiope 1 T56P M 0/0 Epitope I G48R 1.9 00, 0 I9 Ep-------top- - 0,[tpiope 3 S !i73G 0 2 

Epitope G48T 1 0 -p30ipe -- T 0- -
Epilope - EpIpitopc 2 M'3 5 0 43 K 0t 

Eeptope 2 MI 35G 0L 

Epitope 1 'P 002
Ep tpe51 M135K 04' U ~ oonpe 3 D18O 0.2 

Epitope 1 T51R 2 0 0 --------------- -
EpitopI Q 0Epnope 2 M 35N 0 Epitope 3 DI8N 0.4 

Epitope -T51QN 0 8- ....... -- - -- - -

~~~~~~Epitope 50 02 ptp 2 M135R 01 Epitope 3 D178Q 06 Epitope I T5 IN H 5 .

i-iitne IY54 02Epitope 2 M1351O 0.1 Epitope 3 D17S 047' 
Epitope I Y54G. Fp.t2e 0, 40- 0 3 

.------- 2 -F----------Epitope R34- ---- W 1 0 5 
Epitope2op e40A I 

FEpitope I Y54R Ut / Eptp 10 p tope 3 W181 0 47 

EIp tope2R40D 3) [ 35 
Epitope 1 T540 0 13 

t -. 32 - Ep- t-pe 3 W- 8--- ------ -

1p'oe I T61-I 047Epitope 2 RP4iG 02 2 i CIhiA 
0Ep' pitYS4PF IR07 Epiuope 33W 8 R 0508 

reflect-----E tope 2 Ri4nQ 0 2 in assaC 

E p iope 1 Tr d o anal ze------cell resp nse f- -any o p ef hn 

Eptp 3 K174R 1MI2 1 0 Epnope--- -T56H----- ------- 47lo e - 1? N 05 0 ----------- -- -
Eptp- 16 Epiop I1,1Q 0.77 Epitop e 2 F11 E 0 

in comparison to SEQ ID NO:i, a whole protein T cell assay was performed. PBMCs were isolated from 

20 healthy human donor buffv coats prepared as in Example 1. PBMCs were revived from frozen in 

AIM-V@ culture medium and CD 4' cells were isolated using Miltenvi CDi4 Microheads and LS 
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columns (Miltenyi Biotech, Oxford, UK). Monocytes were resuspended in AIM-V@R supplemented with 

1000U/rnl IL-4 and 1000U/nl GM-CSF ("DC culture medium") to 4 -6x106 PBMC/ml and then 

distributed in 24 well plates (2ml final culture volume). Cells were fed on day2 by replacement of a half 

volume DC culture medium, By day 3., monocytes had differentiated to semi-mature dendritic cells (DC) 

which were pre-incubated with antigens comprising either 40ug/rni of test polypeptide or 40ug/ml of the 

polypeptide of SEQ ID NO:1 and 100pg/ml KLH or medium only. Semi-mature DC were incubated with 

antigen for 24 hours after which excess antigen was removed by washing the cells twice and resuspending 

in DC culture medium supplemented with 50ng/ml TNF-a (Peprotech, London, UK). DC were fed on 

day 7 by replacement of a half volume DC culture medium supplemented with SOng/mi TNFa and mature 

DC were harvested on day 8. The harvested mature DC were counted and viability assessed using trypan 

blue dye exclusion. The DC were then y-irradiated (4000 rads) and resuspended at 2x10 5 cells per mi in 

AIM-V medium before use analysis in T cell proliferation and ELISpot assays as below. Additionally, on 

day 8, fresh CD4+ T cells were also prepared. To purify CD4+ T cells, PBMCs were revived in AIM-V® 

culture medium and CD4t cells isolated using Miltenyi CD4 Microbeads and LS columns (Mi ltenvi 

Biotech, Oxford, UK) and suspended in AIM-V® medium at 2x100 cells/ul.  

[0106] On day 8, T cell proliferation assays were established whereby lx10 5 autologous CD4 T 

cells were added to 1x10 4 antigen-loaded DC (ratio of 10:1) in 96 well U-bottomed plates, with AIM-V@ 

medium added to a final volume 200u1/well. On day 14, assay plates were pulsed with I uCi [JH] (Perkin 

Elmer, Beaconsfield, UK) per well in 25ul AIM-V® for 6 hours before harvesting onto filter mats (Perkin 

Elmer) using a TormTec Mach III (Hamden CT, USA) cell harvester. All polypeptides were tested in 

sextuplet cultures. Counts per minute (cpm) for each well were determined by MeltilexThM (Perkin Elmer) 

scintillation counting on a 1450 Microbeta Wallac Trilux Liquid Scintillation Counter (Perkin Elmer) in 

paralux, low background counting. Counts per minute for each antigen were nornmalised to the AIM'-V( 

medium only control.  

[01071 For ELISpot assays., ELISpot plates (Millipore, Watford, UK) were coated with 

100ul/well IL-2 capture anti body (R&D Systems, Abingdon, UK) in PBS. Plates were then washed twice 
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in PBS, incubated overnight in block buffer (1% BSA (Sigma) in PBS) and washed in AIM-V@ medium, 

On day 8, lx10 autologous CD4 T cells were added to Ix 04 antigen loaded DC (ratio of 10:1) in 96 

well ELISpot plates, All polypeptide preparations were tested in sextuplet cultures. For each donor 

PBMC. a negative control (AIM-V@ medium alone), no cells control and a PHA (1 Cg/ml) positive 

control were also included.  

[0108] After a further 7 day incubation period, ELISpot plates were developed by three 

sequential washes in dH 20 and PBS prior to the addition of 100ul filtered biotinylated detection antibody 

(R&D Systems, Abingdon, UK) in PBS/1% BSA. Following incubation at 370 C for 1.5 hour, plates were 

further washed three times in PBS and 100ul filtered streptavidin.AP (R&D Systems) in PBS12/% BSA 

was added for 1 hour (incubation at room temperature), Streptavidin-AP was discarded and plates were 

washed four times in PBS. BCIP/NBT (R&D Systems) was added to each well and incubated for 30 

minutes at room temperature. Spot development was stopped by washing the wells and the backs of the 

wells three times with d-1 20. Dried plates were scanned on an Immunoscan" Analyser and spots per well 

(spw) were determined using immunoscan" Version 4 software.  

[0109] For both proliferation and IL-2 ELISpot assays, results were expressed as a Stimulation 

Index (SI) defined as the ratio of cpm (proliferation assay) or spots (ELISpot assay) for the test 

polypeptide against a medium-only control using a threshold of SI equal to or greater than 2 (S1>2.0) for 

positive T cell responses, 

Example 7: Design of Double and Triple Mutations in T'wo or More of I Cell Epilopes 1, 2 and 3, 

[01101 Based on the results of the binding assay, the following substitutions were chosen at 

epitopes 1, 2 and 3 to be present in polypeptides that contain two amino acid substitutions as compared to 

SEQ ID NO:3, each substitution in a different epitope.  
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Table 10. Amino Acid Substitutions for Variants Comprising Two Epitope and Three Eptiope 
Modifications.  

Epitope Amino Acid Original Amino Substitution Amino 
Acid in SEQ ID Acids 

NO0:3 
54 Y K, R 

1 56T H, K 

2135 M K, 

2I4 R Q 
3 74 K R 
3 178 DN 

3 ] 181 W HLR 

[01111 DNA encoding N -N2-Human IG Fc fusion proteins having two of the amino acid 

substitutions set forth in Table 10, each in a different epitope, were prepared by using site-directed 

mutagenesis of the appropriate starting DNA (typically the DNA encoding for one of the two mutations 

prepared as set forth in Example 3. The resulting DNA encoding these fusion proteins were used to 

transform cells and were expressed and purified as set forth in Example 4, and tested for binding as set 

forth in Example 5. Polypeptides having one substitution in each of epitopes 1, 2 and 3 were then 

designed based on the results of the binding assay on the two amino acid substituted polypeptides.  

Polypeptides having one substitution in each of epitopes 1, 2 and 3 are assayed for both ABeta binding, as 

well as 'F-cell response as set forth in Example 6. In particular, the following double and triple epitope 

variants were made by substituting certain amino acids in SEQ ID NO:3 or SEQ ID NO:7, as indicated in 

Table 11, below.  

Table 1L Double and Triple Epitope Variant Polypeptides of the invention.  

Polvpeptide Epitope 1 Epitooe 2 Epitope 3 
No. taitiig Sequence Substittion Substitution Substitution 

63 SEQ ID NO:3Y 54K M135K 

64 SEQIDNO: YS4K M135T 

65 SEQID NO: Y54K R140Q 
66 SE-Q ID) NO:3 Y54R MI35K 

67 SEQ ID NO:3 YS4R M135T 

68 SEQ ID NO:3 Y54R Ri40Q 

69 SEQ JD NO:3 T56H M135K 

70 SEQ ID NO:3 T56Hi M 35T 
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Polypeptide Starting Epitope 1 Epitope 2 Epitope 3 
No. Sequence Substitution Substitution Substitution 

71 SEQ ID NO:3 T56H R140Q 
72 SEQ ID NO:3 T56K M135K 
73 SEQ ID NO:3 T56K M135T 
74 SEQ ID NO:3 T56K R140Q 
75 SEQ ID NO:3 Y54K D178N 
76 SEQ ID NO:3 Y54K W181H 
77 SEQ ID NO:3 Y54K W181R 
78 SEQ ID NO:3 Y54K K174R 
79 SEQ ID NO:3 Y54R D178N 
80 SEQ ID NO:3 Y54R W181H 
81 SEQ ID NO:3 Y54R W181R 
82 SEQ ID NO:3 Y54R K174R 
83 SEQ ID NO:3 T56H D178N 
84 SEQ ID NO:3 T56H W181H 
85 SEQ ID NO:3 T56H W181R 
86 SEQ ID NO:3 T56H K174R 
87 SEQ ID NO:3 T56K D178N 
88 SEQ ID NO:3 T56K W181H 
89 SEQ ID NO:3 T56K W181R 
90 SEQ ID NO:3 T56K K174R 
91 SEQ ID NO:3 M135K D178N 
92 SEQ ID NO:3 M135K W181H 

93 SEQ ID NO:3 M135K W181R 
94 SEQ ID NO:3 M135K K174R 

95 SEQ ID NO:3 M135T D178N 
96 SEQ ID NO:3 M135T W181H 

97 SEQ ID NO:3 M135T W181R 

98 SEQ ID NO:3 M135T K174R 

99 SEQ ID NO:3 R140Q D178N 
100 SEQ ID NO:3 R140Q W181H 

101 SEQ ID NO:3 R140Q W181R 

102 SEQ ID NO:3 R140Q K174R 

110 SEQ ID NO:7 T56H M135K D178N 
111 SEQ ID NO:7 T56H M135K W181H 

112 SEQ ID NO:7 T56H M135K W181R 

113 SEQ ID NO:7 T56H M135K K174R 

114 SEQ ID NO:7 T56H M135T D178N 
115 SEQ ID NO:7 T56H M135T W181H 

116 SEQIDNO:7 T56H M135T W181R 
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Polypeptide SatnSeuce Epitope I Epitope 2Epitope 3 S~tartmng Sequencet 
No. Substitution Subsitutit on Substitution 
1 SEQ ID NO:7 T6H 11351 KI74R 

118 SEQ ID NO:7 T56K MI 35K D178N 

119 SEQ ID NO7 T56K M15K W181H 

120 SEQ 1ID NO .7 56K Mv135K _ W 18 R 
---------.... -------------- ------------ - - - - - - - - - "I," , ---------.------ -------------- .............--- -- - - - -

122 SEQ ID NO:7 T56K M135T D178N 
\23 SEQ ID NO: T56K M13T Wi8iH 

124 SEQ ID NO:7 156K M13T W181R 

125 SEQ.ID.NO . ___6K M135T K1?4R 

126 SEQ ID NO:7 Y54K M135K K174R 

127 SEQ IDNO: 7 Y5K M135T K1?4R 

128 SEQ ID NO:7 Ya54R M135K K174R 

* 129 SEQ ID NO:7 YS4R MI35T K 174R 

130 SEQ ID NO:?7 T56H D178N 

131 SEQ HiD NO:? T56H W181 
132 SEQ ID NO:7 T56H W178 

133 SEQ ID NO: 7T5H K I 74R 

134 SEQ ID NO: 7 T5K Dl78N 
135 SEQ ID.NO:7 T56K W181H1I 

136 SEQ ID NO:7 T56K M135 W181p 

137 SEQ ID NO:7 T56K K174R 

The above-indicated polypeptides were assayed tor binding to beta-amyloid using the ELISA assay set 
forth in Example 5. The results are set forth in Ta:bles 12 and 13. Relative bndig values reflc t ICs 
(polypeptide of SEQ ID NO:3)/C 58 (tested polypeptide) (e.g. the lower the value the greater the binding 
of the polypeptide as compared to a polypeptide of SEQ ID NO:3), Multiple values reflect duplicate 
testing in the binding assay.  

Table 12. Relative Binding Values of a Polypeptide of SEQ ID NO:3 Versus Exemplary Polypeptides of 
the Invention.  

Poyepie Relative Povpie Relative olptie Relative 
Bmndmido Bmidmg N.No 1 oiu Value Value au 

63 0.12 71 0 42 79 008 
64 0.116 7 0140027 80 016 

650.18 3 0981 0N1 

66 I0.26 -___ 

67 0. 83 0i 18~ 0.3 

- -- 7 ---- .......  

68 0.19 7845 _ 0 26 0 48 
--- 0 .2 .7 0 1 8 0 1 6 --- 0 2 4 
70 SQ 04 4 10:7 86 0i 5 u.0 
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aIe R tive Relatie 
Poiypept Be PolypepUe PCfolypde .  

Binding Bin 
No No No.  

Value V alue Value 
8 0.5 0.83 9 99 0.l 

98 z0.65, 1.30 94 M3.a,0.48 1 100 0.36 
89 07 ..05 9007 -0- 0-2 
90 1.43, 64 6 0 15 102 0.23 
91 0 14 9 014 
92 0.24 98 0. 21 0 61 

Table 13 Relati ve Binding Values of a Po ypepti de of SEQ ID NO:7 Versus Exemplary Polypeptides of 
the Invention, 

Relative Reatv Relatj ye Polypeptide Polypept d e Polypeptd e Bmdi Bmdma Binding 
No. No No 

Value Value Value 
110 0,671 117 091 3 124 38 

11 0,348 118 03 125 0-575 
112 0.564 063 126 39 

l27 0,44 

15 05871 1 -129 0648 
- - - --- -- -- - , o 2 ----- 4 93-- ----- -- 

116 0.7 
-. - 123 088 

E example 8: Cellulose acetate filter retardation assay.  

[0112] This assay was used to monitor the destabilization (disaggregation) or remodeling of 

amyloaid fibers into non-amyloidogenic or soluble aggregates. The assay was primarily adapted from 

Chang, E. and Kuret, J. AnaI Biochem 373, 330-6, (2008) and Wanker, . E.F et a'., Methods Enzymol 

309, 375-86, (1999). Specifically, 2.5 pM preparations of fApl amyloid fibers were pre-Iicubated with 

different concentrations of the variant fusion polypeptides of the invention (1 nM to 2 pM) at 370C for 3 

days. After incubation, fibers with and without fusion polypeptide were diluted and spotted on cellulose 

acetate membranes on vacuum blots. The membranes were extensively washed with PBS and probed with 

an antibody specific for the N-terminal of AlB for 1 hr. HRP-conjugated secondary Ab was used to 

quantitate the fibrillar aggregates retained on the membrane. Spot color was analyzed and digitized using 

a densitaometric scanner. An E C1s (half maximal effective concentration) was calculated based upon the 

intensities of the signal of each spot versus the concentration of fusion polypeptide added to each spot.  
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[0113] When the polypeptide of SEQ ID NO:3 was tested in this assay, the EC50 was determined 

to be greater than 2 pM, indicating that this polypeptide had low disaggregation activity. The 

polypeptides of SEQ KD NO:1 and SEQ ID NO:7 were also tested in this assay and each demonstrated an 

EC( of 100 aM, indicating significant disaggregation activity. Based upon this result, all subsequent 

numbered polypeptides after polypeptide 102, including all of the variant polypeptides containing a 

deimmunizing substitution in each of epitopes 1, 2 and 3, were made using the polypeptide of SEQ ID 

NO:7 as the starting amino acid sequence to be modified. The ECo values for tested polypeptides are set 

forth below in Table 14.  

Table 14, fAD Amyloid Fiber Disaggregation Activity of Exemplary Variant Polypeptides of the 

invention.  

f Amyloid Fiber fAD Amyloid Fiber 
Po vpe-ptide Polypezptide 

Po Disaggregation Activity Pop d Dsaggregation Activitv 
No,(E ) NoCs 

110 100 nM 123 nd 

111 100 nM 124 nd 

112 100 nM 125 100 AM 

11 0 nNM 126 100 AM 
11 nd* 127 1 00 nM 

>2 uM 128 100 nM 

116 100 nM 129 100 nM 

11 100 aM 130 nd 

118 100 nm 131 100-400 nM 

1 0 ad400-800 nMA 
S134 nd 

21 100 nM - -

122 100 nMA 13 -0n 
136 400-800 aM 

*nd =a concentration range of the polypeptide was not tested to determined EC At the highest 
concentration tested these polypeptides did no demonstrate a significant EC(, 

[0114] As can be seen from the above Examples, the variant polypeptides of the invention al 

exhibited binding to AB as determined by the ELISA assay. Most of the variant polypeptides tested also 

exhibited disaggregation ofAB, as determined by the dot blot assay.  
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[0115] The term "comprise" and variants of the term such as "comprises" or 

"comprising" are used herein to denote the inclusion of a stated integer or stated integers but 

not to exclude any other integer or any other integers, unless in the context or usage an 

exclusive interpretation of the term is required.  

10116] Any reference to publications cited in this specification is not an admission that 

the disclosures constitute common general knowledge in Australia.  
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CLAIMS 

1 . A polypeptide comprising a variant of a starting amino acid sequence, wherein the 

starting amino acid sequence is amino acids 1-217 of SEQ ID NO: 1, 

wherein: 

(a) the polypeptide binds to and/or disaggregates amyloid; 

(b) the polypeptide has reduced immunogenicity as compared to a polypeptide 

comprising the starting amino acid sequence; 

(c) the variant has from 1 to 9 amino acid substitutions as compared to the starting 

amino acid sequence, wherein each amino acid substitution is selected from the group of 

amino acid substitutions set forth below: 

Amino Acid # Amino Acid present in the Amino Acid Substitutions 
Starting Amino Acid 

Sequence 
48 G H, K, R, S, T, D, P 

50 E G, H, K, P, R 

51 T G, H, K, R, P, Q, N, W 

53 C F, H, K, N, Q, R, W, Y 

54 Y G, H, K, R, P 

56 T G, H, K, R, P 

135 M A, D, G, K, N, T, H, R, C, E, P, Q, 
S 

137 Q D, E 
138 N D, E, G, H, P, Q, S, T 

140 R D, E, H, Q, A, G, M, N, P, S, Y 

141 F D, E, G, N, P, Q, Y 

143 N A, G 

173 S G, P, K, D, H, R, T 

174 K R 

175 A G, H, K, P, R 

176 M G, H, K, N, R, P, Q, W 

178 D G, N, Q, S, T, F, H, K, R, W, Y 

179 A H, K, P, R 

181 W G, H, K, R, P 

215 V S, T, C, D, E, F, H, K, N, P, Q, R 

and 

(d) the variant optionally further comprises one or more of the following modifications 

as compared to the starting amino acid sequence: 

(i) substitution of VVV at amino acids 43-45 with AAA; 
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(ii) substitution C53W; 

(iii) deletion of amino acids 96-103; 

(iv) substitution of QPP at amino acids 212-214 with AGA; 

(v) substitutions W181A, F190A and F194A; 

(vi) deletion of amino acid 1; and 

(vii) deletion of amino acids 1 and 2.  

2. A polypeptide comprising a variant of a starting amino acid sequence, wherein the 

starting amino acid sequence is amino acids 1-217 of SEQ ID NO:3, wherein: 

(a) the polypeptide binds to and/or disaggregates amyloid; 

(b) the polypeptide has reduced immunogenicity as compared to a polypeptide 

comprising the starting amino acid sequence; 

(c) the variant has from 1 to 9 amino acid substitutions as compared to the starting 

amino acid sequence, wherein each amino acid substitution is selected from the group of 

amino acid substitutions set forth below: 

Amino Acid Amino Acid present in the Amino Acid Substitutions in the 

# Starting Amino Acid Variant 
Sequence 

48 G H, K, R, S, T, D, P 
50 E G, H, K, P, R 

51 T G, H, K, R, P, Q, N, W 

53 C F, H, K, N, Q, R, W, Y 
54 Y G, H, K, R, P 

56 T G, H, K, R, P 

135 M A, D, G, K, N, T, H, R, C, E, P, 
Q, S 

137 Q D, E 

138 N D, E, G, H, P, Q, S, T 

140 R D, E, H, Q, A, G, M, N, P, S, Y 

141 F D, E, G, N, P, Q, Y 

143 N A, G 

173 S G, P, K, D, H, R, T 

174 K R 

175 A G, H, K, P, R 

176 M G, H, K, N, R, P, Q, W 

178 D G, N, Q, S, T, F, H, K, R, W, Y 

179 A H,K, P,R 

181 W G, H, K, R, P 

and 
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(d) the variant optionally further comprises one or more of the following modifications 

as compared to the starting amino acid sequence: 

(i) substitution of VVV at amino acids 43-45 with AAA; 

(ii) substitution C53W; 

(iii) deletion of amino acids 96-103; 

(iv) substitution of QPP at amino acids 212-214 with AGA; 

(v) substitutions W181A, F190A and F194A; 

(vi) deletion of amino acid 1; and 

(vii) deletion of amino acids 1 and 2.  

3. A polypeptide comprising a variant of a starting amino acid sequence, wherein the 

starting amino acid sequence is amino acids 1-217 of SEQ ID NO:7, wherein: 

(a) the polypeptide binds to and/or disaggregates amyloid; 

(b) the polypeptide has reduced immunogenicity as compared to a polypeptide 

comprising the starting amino acid sequence; 

(c) the variant has from 1 to 9 amino acid substitutions as compared to the starting 

amino acid sequence, wherein each amino acid substitution is selected from the group of 

amino acid substitutions set forth below: 

Amino Acid Amino Acid present in the Amino Acid Substitutions in the 

Starting Amino Acid Variant 

Sequence 

48 G H, K, R, S, T, D, P 

50 E G, H, K, P, R 

51 T G, H, K, R, P, Q, N, W 

53 C F, H, K, N, Q, R, W, Y 

54 Y G, H, K, R, P 

56 T G, H, K, R, P 

135 M A, D, G, K, N, T, H, R, C, E, P, 

Q, S 
137 Q D, E 

138 N D, E, G, H, P, Q, S, T 

140 R D, E, H, Q, A, G, M, N, P, S, Y 

141 F D, E, G, N, P, Q, Y 

143 N A, G 

173 S G, P, K, D, H, R, T 

174 K R 

175 A G, H, K, P, R 

176 M G, H, K, N, R, P, Q, W 

178 D G, N, Q, S, T, F, H, K, R, W, Y 
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179 A H, K, P, R 

181 W G, H, K, R, P 

and 

(d) the variant optionally further comprises one or more of the following modifications 

as compared to the starting amino acid sequence: 

(i) substitution of VVV at amino acids 43-45 with AAA; 

(ii) substitution C53W; 

(iii) deletion of amino acids 96-103; 

(iv) substitution of QPP at amino acids 212-214 with AGA; 

(v) substitutions W181A, F190A and F194A; 

(vi) deletion of amino acid 1; and 

(vii) deletion of amino acids 1 and 2.  

4. The polypeptide of any one of claims 1-3, wherein each of the 1 to 9 amino acid 

substitutions in the variant as compared to the starting amino acid sequence is selected from the 

group of amino acid substitutions set forth below: 

Amino Acid # Amino Acid present in the Starting Amino Acid Amino Acid 

Sequence Substitutions 

48 G H, K, R, S, T 

51 T G, H, K, R, P, Q, N 

54 Y G, H, K, R, P 

56 T G, H, K, R, P 

135 M A, D, G, K, N, T, H, 
R 

140 R D, E, H, Q, A, G 

141 F D, E 

143 N A, G 

173 S G, P, K 

174 K R 

176 M G, H, K, N, R 

178 D G, N, Q, S, T 

181 W G, H, K, R 

5. The polypeptide of any one of claims 1-4 , wherein the variant amino acid sequence has 

2 to 9 amino acid substitutions relative to the starting amino acid sequence, and wherein at least 

one substitution is present in at least two of: epitope 1, comprising amino acids 48-56 of SEQ 

ID NO:1, SEQ ID NO:3 or SEQ ID NO:7; epitope 2, comprising amino acids 135-143 of SEQ 
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ID NO:1, SEQ ID NO:3 or SEQ ID NO:7; and epitope 3, comprising amino acids 173-181 of 

SEQ ID NO:1, SEQ ID NO:3 or SEQ ID NO:7.  

6. The polypeptide of claim 5, wherein the variant amino acid sequence has only two 

amino acid substitutions, and wherein the substitutions are selected from the group of two 

amino acid substitutions set forth below: 

Y54K and M135K Y54K and M135T Y54K and R140Q Y54R andM135K 

Y54R and M135T Y54R and R140Q T56H and M135K T56H and M135T 

T56H and R140Q T56K and M135K T56K and M135T T56K and R140Q 

Y54K and D178N Y54KandW181H Y54KandW181R Y54K and K174R 

Y54R and D178N Y54R and W181H Y54R and W181R Y54R and K174R 

T56H and D178N T56H and W181H T56H and W181R T56H and K174R 

T56K and D178N T56K and W181H T56K and W181R T56K and K174R 

M135K and D178N M135K and W181H M135KandW181R M135K and K174R 

M135T and D178N M135T and W181H M135T and W181R M135T and K174R 

R140Q and D178N R140Q and W181H R140Q and W181R R140Q and K174R 

7. The polypeptide of any one of claims 1-4, wherein the variant amino acid sequence has 

3 to 9 amino acid substitutions relative to the starting amino acid sequence, and wherein at least 

one substitution is in each of epitope 1, comprising amino acids 48-56 of SEQ ID NO:1, SEQ 

ID NO:3 or SEQ ID NO:7; epitope 2, comprising amino acids 135-143 of SEQ ID NO:l, SEQ 

ID NO:3 or SEQ ID NO:7; and epitope 3, comprising amino acids 173-181 of SEQ ID NO:l, 

SEQ ID NO:3 or SEQ ID NO:7.  

8. The polypeptide of claim 7, wherein the variant amino acid sequence has only three 

amino acid substitutions compared to the starting amino acid sequence, and wherein the 

substitutions are selected from any of the following sets of amino acid substitutions: T56H, 

M135K and D178N; T56K, M135K and D178N; T56K, M135T and D178N; T56H, M135K and 

W181R; T56H, M135T and W181R; Y54K, M135T and K174R; Y54R, M135K and K174R; 

Y54R, M135T and K174R; T56H, M135K and K174R; and T56H, M135T and K174R.  

9. The polypeptide of any one of claims 1-8, consisting essentially of a human or 

humanized immunoglobulin Fc polypeptide sequence fused either via a peptide linker or 

directly to the C-terminus of the variant amino acid sequence.  

10. The polypeptide of claim 9, wherein the immunoglobulin Fc polypeptide sequence is the 

Fc portion of a human IgG.  
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11. The polypeptide of claim 10, wherein the amino acid sequence of the peptide linker and 

Fc portion of human IgG is selected from amino acids 218-488 of SEQ ID NO:1, amino acids 

218-486 of SEQ ID NO:3, and amino acids 218-488 of SEQ ID NO:7.  

12. A polypeptide variant consisting of a modified starting sequence, wherein the starting 

sequence is selected from SEQ ID NO:3 or SEQ ID NO:7 and the modification is two or three 

amino acid substitutions, the polypeptide being selected from any one of the polypeptides set 

forth below: 

Polypeptide Starting Epitope 1 Epitope 2 Epitope 3 

No. Sequence Substitution Substitution Substitution 

63 SEQ ID NO:3 Y54K M135K None 

64 SEQ ID NO:3 Y54K M135T None 

65 SEQ ID NO:3 Y54K R140Q None 

66 SEQ ID NO:3 Y54R M135K None 

67 SEQ ID NO:3 Y54R M135T None 

68 SEQ ID NO:3 Y54R R140Q None 

69 SEQ ID NO:3 T56H M135K None 

70 SEQ ID NO:3 T56H M135T None 

71 SEQ ID NO:3 T56H R140Q None 

72 SEQ ID NO:3 T56K M135K None 

73 SEQ ID NO:3 T56K M135T None 

74 SEQ ID NO:3 T56K R140Q None 

75 SEQ ID NO:3 Y54K None D178N 

76 SEQ ID NO:3 Y54K None W181H 

77 SEQ ID NO:3 Y54K None W181R 

78 SEQ ID NO:3 Y54K None K174R 

79 SEQ ID NO:3 Y54R None D178N 

80 SEQ ID NO:3 Y54R None W181H 

81 SEQ ID NO:3 Y54R None W18IR 

82 SEQ ID NO:3 Y54R None K174R 

83 SEQ ID NO:3 T56H None D178N 

84 SEQ ID NO:3 T56H None W181H 

85 SEQ ID NO:3 T56H None W181R 

86 SEQ ID NO:3 T56H None K174R 

87 SEQ ID NO:3 T56K None D178N 

88 SEQ ID NO:3 T56K None W181H 

89 SEQ ID NO:3 T56K None W181R 

90 SEQ ID NO:3 T56K None K174R 

91 SEQ ID NO:3 None M135K D178N 

92 SEQ ID NO:3 None M135K W181H 

93 SEQ ID NO:3 None M135K W181R 
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Polypeptide Starting Epitope 1 Epitope 2 Epitope 3 

No. Sequence Substitution Substitution Substitution 

94 SEQ ID NO:3 None M135K K174R 

95 SEQ ID NO:3 None M135T D178N 

96 SEQ ID NO:3 None M135T W181H 

97 SEQ ID NO:3 None M135T W181R 

98 SEQ ID NO:3 None M135T K174R 

99 SEQ ID NO:3 None R140Q D178N 

100 SEQ ID NO:3 None R140Q W181H 

101 SEQ ID NO:3 None R140Q W181R 

102 SEQ ID NO:3 None R140Q K174R 

110 SEQ ID NO:7 T56H M135K D178N 

111 SEQ ID NO:7 T56H M135K W181H 

112 SEQ ID NO:7 T56H M135K W181R 

113 SEQ ID NO:7 T56H M135K K174R 

114 SEQ ID NO:7 T56H M135T D178N 

115 SEQ ID NO:7 T56H M135T W181H 

116 SEQ ID NO:7 T56H M135T W181R 

117 SEQ ID NO:7 T56H M135T K174R 

118 SEQ ID NO:7 T56K M135K D178N 

119 SEQ ID NO:7 T56K M135K W181H 

120 SEQ ID NO:7 T56K M135K W181R 

121 SEQ ID NO:7 T56K M135K K174R 

122 SEQ ID NO:7 T56K M135T D178N 

123 SEQ ID NO:7 T56K M135T W181H 

124 SEQ ID NO:7 T56K M135T W181R 

125 SEQ ID NO:7 T56K M135T K174R 

126 SEQ ID NO:7 Y54K M135K K174R 

127 SEQ ID NO:7 Y54K M135T K174R 

128 SEQ ID NO:7 Y54R M135K K174R 

129 SEQ ID NO:7 Y54R M135T K174R 

130 SEQ ID NO:7 T56H None D178N 

131 SEQ ID NO:7 T56H None W181H 

132 SEQ ID NO:7 T56H None W181R 

133 SEQ ID NO:7 T56H None K174R 

134 SEQ ID NO:7 T56K None D178N 

135 SEQ ID NO:7 T56K None W181H 

136 SEQ ID NO:7 T56K None W181R 

137 SEQ ID NO:7 T56K None K174R 

13. The polypeptide of claim 12, selected from any one of Polypeptide Nos. 110, 112, 113, 

116, 117, 118, 122, 127, 128 and 129.  
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14. A pharmaceutical composition comprising the polypeptide of any one of claims 1-13 

and a pharmaceutically acceptable carrier.  

15. A method of reducing amyloid or tau protein aggregates in a patient in need thereof, 

comprising administering to the patient an effective amount of the polypeptide of any one of 

claims 1-13 or the pharmaceutical composition of claim 14.  

16. The method of claim 14 or claim 15, wherein the patient is positive for the biomarker 

florbetapir when that biomarker is used as an imaging agent in positron emission tomography.  

17. The method of claim 15 or claim 16, wherein the patient is suffering from a disease 

selected from Alzheimer's disease, early onset Alzheimer's disease, late onset Alzheimer's 

disease, presymptomatic Alzheimer's disease, Parkinson's disease, SAA amyloidosis, cystatin 

C, hereditary Icelandic syndrome, senility, multiple myeloma, familial amyloidotic 

polyneuropathy (FAP), Finnish form of FAP (aggregation of gelsolin), familial amyloidotic 

cardiomyopathy (FAC), senile systemic amyloidosis (SSA), islet amyloid polypeptide (IAPP) 

amyloidosis, disease characterized by amyloid formed by aggregation of IgG light chain, prion 

diseases, kuru, Creutzfeldt-Jakob disease (CJD), Gerstmann-Straussler-Scheinker disease 

(GSS), fatal familial insomnia (FFI), scrapie, bovine spongiform encephalitis (BSE), 

amyotrophic lateral sclerosis (ALS), spinocerebellar ataxia (SCA1, SCA3, SCA6, or SCA7), 

Huntington's disease, dentatorubral-pallidoluysian atrophy, spinal and bulbar muscular atrophy, 

hereditary cerebral amyloid angiopathy, familial amyloidosis, British/Danish dementia, familial 

encephalopathy, Amyotrophic lateral sclerosis/parkinsonism-dementia complex, Argyrophilic 

grain dementia, Corticobasal degeneration, Dementia pugilistica, diffuse neurofibrillary tangles 

with calcification, Down's syndrome, Hallervorden-Spatz disease, Myotonic dystrophy, 

Niemann-Pick disease type C, Non-Guamanian motor neuron disease with neurofibrillary 

tangles, Pick's disease, Postencephalitic parkinsonism, Prion protein cerebral amyloid 

angiopathy, Progressive subcortical gliosis, Progressive supranuclear palsy, Subacute sclerosing 

panencephalitis, Tangle only dementia, frontotemporal lobar degenerations (FTLDs), and 

frontotemporal lobe dementia (FTD) including a patient having one or more of the following 

clinical syndromes: behavioral variant FTD (bvFTD), progressive non-fluent aphasia (PNFA), 

frontotemporal dementia with parkinsonism linked to chromosome 17, Progressive 

Supranuclear Palsey (PSP), and semantic dementia (SD).  
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18. The method of claim 17, wherein the patient is suffering from a disease selected from 

Parkinson's disease, Alzheimer's disease, and Huntington's disease.  

19. The method of claim 17, wherein the patient is suffering from a disease selected from 

SAA amyloidosis, multiple myeloma, familial amyloidotic polyneuropathy (FAP), Finnish form 

of FAP (aggregation of gelsolin), familial amyloidotic cardiomyopathy (FAC), senile systemic 

amyloidosis (SSA), islet amyloid polypeptide (IAPP) amyloidosis, disease characterized by 

amyloid formed by aggregation of IgG light chain, hereditary cerebral amyloid angiopathy, 

familial amyloidosis, and prion protein cerebral amyloid angiopathy.  

20. A nucleic acid sequence encoding any one of the polypeptides of claims 1-13.  

21. A vector comprising a nucleic acid sequence of claim 20, wherein the nucleic acid 

sequence is operatively linked to an expression control sequence in the vector.  

22. A host cell comprising the vector of claim 21.  

23. A method of making a polypeptide of any one of claims 1-13 comprising the steps of 

expressing the protein encoded by the nucleic acid sequence of claim 20 or culturing the host 

cell of claim 22 under conditions sufficient to allow expression of the polypeptide; and isolating 

the expressed polypeptide.  

Date: 23 May 2018 
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