
(12) STANDARD PATENT (11) Application No. AU 2017259275 C1 
(19) AUSTRALIAN PATENT OFFICE 

(54) Title 
Compositions and methods related to HIV-1 immunogens 

(51) International Patent Classification(s) 
C07K 14/005 (2006.01) C12N 7/00 (2006.01) 
A61K 45/06 (2006.01) 

(21) Application No: 2017259275 (22) Date of Filing: 2017.05.01 

(87) WIPO No: W017/192434 

(30) Priority Data 

(31) Number (32) Date (33) Country 
62/330,604 2016.05.02 US 

(43) Publication Date: 2017.11.09 
(44) Accepted Journal Date: 2021.06.24 
(44) Amended Journal Date: 2022.01.27 

(71) Applicant(s) 
The Scripps Research Institute 

(72) Inventor(s) 
Kong, Leopold;Wilson, Ian A.;De Val, Natalia;Ward, Andrew B.;Burton, Dennis;He, 
Linling;Zhu, Jiang 

(74) Agent / Attorney 
RnB IP Pty Ltd, PO Box 9530, DEAKIN, ACT, 2600, AU 

(56) Related Art 
GEORGIEV et al., "Single-Chain Soluble BG 505.SOSIP gp140 Trimers as 
Structural and Antigenic Mimics of Mature Closed HIV-1 Env", J Virol., (2015-05), 
vol. 89, no. 10 
WO 2016037154 Al 
US 20140212458 Al 
KWINTEN SLIEPEN ET AL, "Presenting native-like HIV-1 envelope trimers on 
ferritin nanoparticles improves their immunogenicity", RETROVIROLOGY, 
(2015-09-26), vol. 11, no. 1, doi:10.1186/s12977-015-0210-4, page e1004767 
WO 2008063331 A2



(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 

(19) World Intellectual Property 
(1) OrganizationIIIIIIIIIIIDIIIIIIIIIIDIIIIIIIII 

International Bureau (10) International Publication Number 

(43) International Publication Date W O 2017/192434 Al 
09 November 2017 (09.11.2017) W IPO I PCT 

(51) International Patent Classification: San Diego, CA 92109 (US). BURTON, Dennis; 6044 
C07K14/005(2006.01) C12N7/00 (2006.01) Beaumont Avenue, La Jolla, CA 92037 (US). HE, Lin
A61K 45/06 (2006.01) ling; 4267 Robins Street, San Diego, CA 92122(US). ZHU, 

(21) International Application Number: Jiang; 4267 Robins Street, San Diego, CA 92122 (US).  

PCT/US2017/030375 (74) Agent: FITTING, Thomas et al.; The Scripps Research In

(22) InternationalFilingDate: stitute, 10550 North Torrey Pines Road, TPC-8, La Jolla, 

01 May 2017 (01.05.2017) CA92037(US).  

(25) Filing Language: English (81) Designated States (unless otherwise indicated, for every 
kind of national protection available): AE, AG, AL, AM, 

(26) Publication Language: English AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY, BZ, 
.30) .riority DatCA, CH, CL, CN, CO, CR, CU, CZ, DE, DJ, DK, DM, DO, 

(30) Priority Data: DZ, EC, EE, EG, ES, Fl, GB, GD, GE, GH, GM, GT, HN, 
62/330,604 02May2016(02.05.2016) US HR, HU, ID, IL, IN, IR, IS, JP, KE, KG, KH, KN, KP, KR, 

(71) Applicant: THE SCRIPPS RESEARCH INSTITUTE KW, KZ, LA, LC, LK, LR, LS, LU, LY, MA, MD, ME, MG, 
[US/US]; 10550 North Torrey Pines Road, La Jolla, CA MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ, OM, 
92037 (US). PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA, SC, 

SD, SE, SG, SK, SL, SM, ST, SVSY, TH, TJ, TM, TN, TR, 
(72) Inventors: KONG, Leopold; 4920 Battery Lane, #3, TT,TZ, UA, UG, US, UZ,VC, VN, ZA, ZM, ZW.  

Bethesda, MD 20814 (US). WILSON, Ian, A.; 1025 

Newkirk Drive, La Jolla, CA 92037 (US). DE VAL, Na- (84) Designated States (unless otherwise indicated, for every 

talia; 4860 Clairemont Mesa Blvd., #4, San Diego, CA kind of regional protection available): ARIPO (BW, GH, 
92117 (US). WARD, Andrew, B.; 4965 Academy Street, GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, ST, SZ, TZ, 

(54) Title: COMPOSITIONS AND METHODS RELATED TO HIV-1 IMMUNOGENS 

b 

Raionre aYedsignof HRI N-termhinu gp120 4 5 664 

A5010 T605C 

- lctiganimuerspne rtraig Inifctos 

Step 3 

ON FIG.I1 
(57) Abstract: The present invention provides HiV-1Ivaccine immunogens. Some of the immunogens contain asoluble gpl4-derived 
protein that harbors amodified N- terminus of the HRl region in gp4 1. Some of the immunogens contain an HW1 IEnv- derived trimer 

protein that ispresentedon 8nanoparticle platform. The invention also provides methods of using the HPJ Ivaccine immnogens for 
eliciting an immune response or treating HVinfections.



W O 20 17/19243 4 A||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 

UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ, 
TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK, 
EE, ES, Fl, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV, 
MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK, SM, 
TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ, GW, 
KM, ML, MR, NE, SN, TD, TG).  

Published: 
- with international search report (Art. 21(3)) 
- before the expiration of the time limit for amending the 

claims and to be republished in the event of receipt of 
amendments (Rule 48.2(h))



WO 2017/192434 PCT/US2017/030375 

COMPOSITIONS AND METHODS.RELATEDTO HV-1 IMMUNOGENS 

CROSS-REFERENCE TO RELATED APPLICATIONS 

[0001] The subject patent application claims the benefit of priority to U.S.  

Provisional Patent Application Numbers 62/330,604 (filed May 2,2016). The full 

5 disclosure of the priority application is incorporated herein by reference in its entirety 

and for all purposes.  

STATEMlENT OF GOVERNMENT SUPPORT 

[0002] This invention was made with government support under Al100663 and 

10 A1084817 awarded by the National Institutes ofHealth. The government has certain 

rights in the invention.  

BACKGROUND OF THE INVENTION 

[00031 Human immunodeficiency virus type I (HIV-1) is the primary cause of the 

15 acquired immune deficiency syndrome (AIDS) which is regarded as one of the world's 

major health problems. It is an RNA virus of the family Retroviridae. The HIV-1 

genome encodes at least nine proteins which are divided into three classes: the major 

structural proteins Gag, Pol and Env, the regulatory proteins Tat and Rev, and the 

accessory proteins Vpu, Vpr, Vif and Nef. HIV-1 can be divided intoseveral different 

20 clades, for example A, B, C, D, E, F, G, -, J and K., which vary in prevalence 

throughout the world. Each clade comprises differentstrains of HIV-1 which have been 

grouped together on the basis of their genetic similarity.  

[0004] The initial phase of the IV-1 replicative cycle involves the attachment of 

the virus to susceptible host cells followed by fusion of viral and cellular membranes.  

25 These events are mediated by the exterior viral envelope glycoproteins which are first 

synthesized as a fusion-incompetent precursor envelope glycoprotein (Env) known as 

gp160. The genetic diversity of HIV-1 renders extremely difficult for the development 

of an effective vaccine against strains from multiple HIV-1 clades. Tremendous efforts 

have been expended in the past two decades to produce a preventive I1V vaccine.  

I
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While several candidate vaccines have been developed, they all failed to prevent HIV-1 

infection in clinical testing, 

[0005] The generation of an antibody response capable of neutralizing a broad 

range of clinical isolates remains a major challenge in human immunodeficiency virus 

5 type I (HIV-1) vaccine development. There is a strong and urgent need for a vaccine 

that that is safe and efficacious around the world. The present invention addresses this 

and other unmet needs in the art.  

SUMMARY OF THE INVENTION 

10 [0006] In one aspect, the invention provides modified IIV-I envelope gp140 

proteins. The proteins are composed of a gp120 polypeptide and a gp4l polypeptide, 

with the N-terminus of heptad I region (R1) of the gp41 polypeptide being replaced 

by a loop sequence of about 6 to about 14 amino acid residues in length that stabilizes 

the pre-fasion gp140 structure. In some of these proteins, the gp4 polypeptide is 

15 gp4lEC-o. Preferably, the modified HIV-i gp140 protein is a trimer, In some 

embodiments, the gp120 polypeptide and the gp4i polypeptide are derived from the 

same HIV-i strain or subtype. For example, both the gp120 polypeptide and the gp41 

polypeptide in the modified HIV-i gp140 protein can be derived from mV-1 strain 

BGS05. In some embodiments, the gp120 polypeptide and the gp41 polypeptide are 

20 derived from different HI-V- strains or subtypes. For example, an engineered gp41 

polypeptide from HIV-1 strain BG505 as exemplified herein can be used to form 

chimeric gp140 immunogens with a gp120 polypeptide derived from many other HIV

strains or subtypes.  

100071 In some modified HIV-1 envelope gpi40 proteins of the invention, the loop 

25 sequence contains (GS)n (SEQ ID NO:23), with n being any integer between 3 and 7, 

inclusive. In some of these embodiments, the loop sequence is (GS) 4 (SEQ ID NO:24).  

In some embodiments, the loop sequence is obtained via rational redesign. In some of 

these embodiments, the loop sequence is obtained by ensemble-based protein design.  

In some modified IV-I gp140 proteins of the invention, the loop sequence contains 10 

30 amino acid residues. Some examples of these loop sequences are shown in SEQ ID 

NOs:1-5, In some other modified HIV- Igp140 proteins, the loop sequence contains 8 

amino acid residues. Some examples of these loop sequences are shown in SEQ ID 

NOs:6-10.  

2
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[0008] In some embodiments, the modified HIV-I gp140 proteins of the invention 

further contain a flexible linker sequence that substitutes for the cleavage site sequence 

between gpl20 and gp4l. In some of these embodiments, the linker sequence has a 

sequence of (G4S)2(SEQ ID NO:22) or SGS, which substitutes for residues 508-511 at 

5 the cleavage site. In some other embodiments, the linker sequence contains 8 amino 

acid residues and substitutes for residues 501-518 at the cleavage site. In these 

embodiments, numbering of the amino acid residues corresponds to that of HIV-1 strain 

B0505. SOSIP664 gp140, In some exemplified proteins, the linker sequence contains 

the sequence shown in any one of SEQ ID NOs:1620.  

10 [0009] In some embodiments, the modified HIV-1 gp140 proteins of the invention 

further contains (a) an engineered disulfide bond between gp120 and gp4l and/or (b) a 

stabilizing mutation in gp4i. In some of these embodiments, the engineered disulfide 

bond is between residues A501C and T605C, and the stabilizing mutation is 559R 

[0010] Some modified HIV-1 gp140 proteins of the invention contain a gp140 

15 trimer derived from HIV-1 strain BG505, with each gpi40 monomer containing a 

gp120 polypeptide and a gp4lECTO polypeptide, and the N-terminus of heptad I region 

(HRI) (SEQ ID NO:28) in gp4 lECTo polypeptide being replaced with a loop sequence 

shown in SEQ ID NO:6. In some of these embodiments, the protein additionally 

contains (a) a tinker sequence (G4S)(SEQ ID N10:22) that substitutes for residues 508

20 511 at the cleavage site, and (b) an engineered disulfide bond between residues A501C 

and T605C.  

[00111 In another aspect, the invention provides HIV-1 vaccine immunogens that 

contain a modified trimeric HIV-1 envelope gp140 protein, In these immunogens, the 

gp140 protein contains a gp120 polypeptide and a gp4IcTo polypeptide, with the.N

25 terminus of heptad I region (HR1) of the gp41ECTO POlypeptide being replaced with a 

loop sequence of about 6 to about 14 amino acid residues that stabilizes the pre-fusion 

gp140 structure. In some embodiments, the loop sequence contains (GS)n (SEQ ID 

NO:23), with n being any integer between 3 and 7, inclusive. In some of these 

embodiments, the loop sequence has a sequence of (GS) 4 (SEQ ID N0:24). In some 

30 embodiments, the loop sequence is obtained via rational redesign, e.g., by ensemble

based protein design. In some embodiments, the loop sequence contains 10 amino acid 

residues, e.g, any sequence as shown in SEQ ID NOs:1-5. In some other 

3
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embodiments, the loop sequence contains 8 amino acid residues, e,g., a sequence as 

shown in any one of SEQ ID NOs:6-10.  

[0012] Some HIV-1 vaccine inmunogens of the invention additionally contain a 

flexible linker sequence that substitutes for the cleavage site sequence between gp120 

5 andgp41CTO, In some of these embodiments, the linkersequencecontains(G4S)2or 

SGS, and substitutes for residues 508-511 at the cleavage site. In some embodiments, 

the linker sequence contains 8 amino acid residues and substitutes for residues 501-518 

at the cleavage site. In these embodiments, numbering of the amino acid residues 

corresponds to that of HI-1 strain BG505. SOSIP.664 gp40. In some embodiments, 

10 the linker sequence contains a sequence as shown in any one of SEQ ID NOs:16-20.  

[0013] Some HIV- Ivaccine immunogens of the invention additionally contain an 

engineereddisulfide bond between gp20 and gp4L In some of these embodiments, 

the engineered disulfide bond is between residues A501C and T605C. Some of the 

HIV-1 vaccine immunogens contain a gp40 trimer derived from HIV-1 strain BG505, 

15 with each gp140 monomer containing a gp120 polypeptide and a gp4IEcTo polypeptide, 

and with the N-terminus of heptad 1 region (HR1) (SEQ ID NO:28) in gp4 ECTo 

polypeptide being replaced with a loop sequence shown in SEQ ID NO:6. In some 

embodiments, the modified HIV-1 gp140 protein further contains (a) a linker sequence 

(G4S)2(SEQ ID NO:22) that substitutes for residues 508-511 at the cleavage site, and 

20 (b) an engineered disulfide bond between residues A501C and T605C.  

[0014] In another aspect, the invention provides HIV-1 vaccine compositions that 

contain an HIV-I Env-derived trimer immunogen presented on a self-assembling 

nanoparticle or a virus-like particle (VLP), In some of these embodiments, the HIV-1 

Env-derived trimer immunogen is VIV2, gp120 or gp140. In some embodiments, the 

25 HIV-1 Env-derived trimer immunogen is a modified gp140 protein that contains a 

gp120 polypeptide and a gp41ECT polypeptide that has the N-terminus of heptad I 

region (HR1) of the gp4 Bcro polypeptide being replaced with a loop sequence of about 

6 to about 14 amino acid residues that stabilizes the pre-fusion gpl40 structure 

10015] In some embodiments, the loop sequence contains (a) a sequence of (GS)n 

30 (SEQ ID NO:23), with n being any integer between 3 and 7, inclusive, or (b) a 

rationally redesigned sequence via ensemble-based protein design. In some 

embodiments, the modified gp140 protein is covalently fused to the nanoparticle 

platform. In various embodiments, the nanoparticle platform contains a trimeric 

4
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sequence. In some of these embodiments, the nanoparticle platform is dihydrolipoyl 

acyltransferase (E2P), fcritin, or lumazine synthase (LS). In some embodiments, the 

nanoparticle platform has one or more 3-fold axes on the surface with the N-terminus of 

each monomer subunit being in close proximity to the 3-fold axis, and the spacing of 

5 the three N-termini matching the spacing of the C-termini of the modified gp 1 40 

protein trimer. In some embodiments, the C-terminus of the modified gp140 protein 

sequence is fused to the N-terminus of the subunit of the nanoparticle platform 

sequence. In some embodiments, the nanoparticle platform contains a self-assembling 

nanoparticle with a diameter of about 20nm or less that is assembled from 12 or 24 

10 subunits. Some HV-1 vaccine compositions of the invention can further contain an 

adjuvant.  

[0016] In some HIV-i vaccine compositions of the invention, the gp140 trimer is 

derived from HIV-i strain BG505, with a loop sequence as shown in SEQ ID NO:6, 

Some of the compositions further contains (a) a linker sequence (G4S)2(SEQ ID 

15 NO:22) that substitutes for residues 508-511 at the cleavage site, and (b) an engineered 

disulfide bond between residues A501C and T605C.  

[0017) In still another aspect, the invention provides methods of preventing HIV-1 

infection in a subject. These methods entail administering to the subject a 

therapeutically effective amount of the HIV-1 immunogen or vaccine composition 

20 described herein. The administration of the immunogen results in prevention of HIV-1 

infection in the subject. In a related aspect, the invention provides methods of treating 

HIV-1 infection or eliciting an immune response against HIV-1 in a subject. These 

methods involve administering to the subject a pharmaceutical composition that 

contains a therapeutically effective amount of the HIV-1 immunogen or vaccine 

25 described herein, 

[0018] A further understanding of the natureand advantages of the present 

invention may be realized by reference to the remaining portions of the specification 

and claims.  

30 DESCRIPTION OF THE DRAWINGS 

[0019] Figure 1 illustrates computational redesign of HR N-terminus and 

cleavage site. (a) Atomic model and molecular surface of BG505 SOSIP.664 trimer 

(PDB ID: 4TVP) with gpl20 and two regions of gp41ECTo(residues 518-547 and 569

5
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664) within one gp140 protomer colored in blue, orange, and red,respectively.A 

zoomed-in view of the gp140 structure surrounding the HRI N-terminus (residues 548

568) and the cleavage site-containing region (residues 505-518) is shown on the right 

with the structural gaps connected by black dotted lines. (b) Schematic presentation of 

5 the HRI redesign. (c) Computational procedure for ensemble-based de novo protein 

design of the HRI region (residues 548-568). After local backbone sampling in torsion 

space (step 1) and exhaustive search in sequence-structure space (step 2), the designed 

sequences #1-5 (SEQ ID NOs:I1-15, respectively) are ranked by energy (step 3) prior 

to manual selection of candidates for experimental validation.  

10 [0020] Figure 2 shows design and validation of a generic HR1 loop sequence 

(linker), (GS) 4 (SEQ ID NO:24), to stabilize Env trimer. (a) Schematic representation 

of a generic HR1 linker (HR-G) design. (b) SEC profiles of SOSIP and HR-G trimers 

from a Superdex 200 10/300 column for clade-A BG505 (top, left), clade-B JFL (top, 

right), clade-C DU172.17 (middle, two HR1 redesigns obtained from ensemble-based 

15 de novo protein design included on the right), and B/C recombinant strain C115.12 

(bottom, CSF-SOS included on the right).The UV value of the trimer peak and the 

ratios of UV values for aggregate peak (at 9 mL) and dimer/monomer peak (at 12 mL) 

relative to the trimer peak (at 10.5 mL) are labeled.  

[00211 Figure 3 shows ensemble-based protein design of the HRI region with loop 

20 lengths of 8 and 10 residues. (a) Conformational ensembles of 8- (left) and 10-residue 

(right) HR Iloops colored in green with gp120 and two gp4EcTo regions (518-547 and 

569-664) within one gp140 protoner colored in blue, orange, and red, respectively. (b) 

Ca root-mean-square (RMS) fluctuation of 8- (upper panel) and 10-residue (lower 

panel) redesigned HR1 loops. (c) Correlation between RAPDF score and Ca. root

25 mean-square (RMS) fluctuation determined for 8- (left) and I0-residue (right) 

redesigned HR1 loops. (d) 5 top-ranking sequences manually selected for 8-residue 

HR1 redesign (left; SEQ ID NOs:6-10, respectively) and 10-residue HR1 redesign 

(right; SEQ ID NOs:1-5, respectively) between residues G547 and T569. HRI 

sequence encompassing its N-terminus (SEQ ID NO:27), including residues 548-568 

30 (SEQ ID NO:28) being replaced by the loop sequences, is shown above these top 

ranking loop sequences. The region in WT SOSIP.664 that was subjected to 

computational design.  

6
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[0022] Figure 4 shows ensemble-based protein design of the cleavage she

containing region (500-519) and biochemical characterization of top 5 designs. (a) 

Conformational ensemble of 8-residue loops connecting R500 and F519 (left),Ca 

RMSF distribution of 8-residue loops (upper right), and correlation between RAPDF 

5 score and Ca RMSF (lower right). (b) 5 top-ranking 8-residue CST designs (SEQ ID 

NOs:16-20, respectively) are shown below the cleavage site-containing sequence (SEQ 

ID NO:21).The region in WT SOSIP.664 that was subjected to computational design is 

highlighted in yellow. (c) BN-PAGE of five 293 F-expressed, GNL-purified cleavage 

site truncated (CST) BG505 constructs, CSTi-5, after SEC on a Superdex 200 10/300 

10 column. For each trimer construct, the range of SEC fractions is labeled. For CST 1, 

trimer, dimer, monomer, and an unknown Env form are labeled on the BN gel.  

DETAILED DESCRIPTION 

1, Overview 

15 [0023] The goal of vaccine development for human immunodeficiency virus type

1 (HIV-1) is to induce protective or therapeutic broadly neutralizing antibody (bNAb) 

responses by vaccination. All bNAbs identified thus far target the envelope 

glycoprotein (Env) timer on the surface of IV-1 virions, The precursor Env protein,.  

gp160, is trafficked from the endoplasmic reticulum (ER) to the Golgi and cleaved by 

20 cellular protease of the furin family into its mature form. The cleaved Env trimer 

engages host receptors to mediate viral entry and is the primary target of humoral 

immune responses. Functional Env is a trimer of heterodimers, each containing a 

receptor-binding protein, gp120, and a transmembrane protein, gp41, which are held 

together by non-covalent interactions. This mature form of Env is metastable as it is 

25 poised to undergo dramatic and irreversible confonnational changes upon binding to 

host receptor and co-receptor to mediate membrane fusion. Env metastability also 

facilitates immune evasion by causing gp120 shedding and generating a diverse 

assortment of native, more open and non-native conformations.  

[0024] Various strategies have been proposed in attempts to overcome Env 

30 metastability, and to create stable, homogeneous gp140 timers for structural and 

vaccine studies. For example, development of the BG505 SOSIP.664 gp140 trimer 

(Sanders et al, PLoS Pathog. 9(9):e1003618, 2013) has facilitated high-resolution 

structural analyses, provided a rational basis for trimer-based vaccine design, allowed 

7
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expansion of the SOSIP design to other HTV-I strains and incorporation of new 

stabilizing mutations, and removal of furin dependency by cleavage site modification.  

However, a premium is placed on timer purification in order to minimize unwanted 

Env forms and misfolded timers. Complex methods such as bNAb affinity purification, 

5 negative selection, and multi-cycle SEC have been developedfor timer purification, 

which can certainly be adapted for industrial scale production but will likely require 

special considerations. It is plausible that timer impurity and general protein 

production inefficiency are linked to the fundamental causes of metastability that have 

not been completely solved by previous HIV-1 trimer designs.  

10 [0025] The present invention is predicated in part on the present inventors' 

development of computationally redesigned HIV-1 Env timer molecules as vaccine 

immunogens. As detailed in the Examples below, the inventors investigated the 

primary causes of HIV-1 timer metastability and explored alternative timer designs.  

The inventors hypothesized that the disorder observed at the HRI N-terminus (residues 

15 548-568) is indicative of metastability that could potentially be minimized by protein 

engineering. The inventors redesigned a largely disordered bend in heptad region 1 

(HR) that connects thelong, central HRI helix to the fusion peptide region, 

substantially improving the yield of well-folded trimers, Additionally the cleavage site 

between gp120 and gp4l was replaced with various linkers in the context of the HR1 

20 redesign, Specifically, the inventors tested 10 BG505 trimers with the N-terminus 

region of HRI redesigned computationally. These constructs showed substantially 

higher trimer yield and purity, with SOSIP-like properties demonstrated by crystal 

structures, EM, and antibody binding. The inventors then examined the structural and 

antigenic effect of replacing the furin cleavage site between gp120 and gp4I with a 

25 linker in the context of a selected HR redesign. Thesestudies uncovered the sensitivity 

of gp140 folding to modification of this proteolytic site, with a fusion intermediate state 

observed for timers with short linkers lacking the SOS mutation. By contrast, the 

HR1-redesigned timers with a long linker, termed uncleaved pre-fusion-optimized 

(UFO) trimers, adopted a native-like conformation that resembled many salient features 

30 of the SOSIP trimer. Additionally, the inventors demonstrated the utility of a generic 

HRI linker in timer stabilization for diverse strains of HIV-1. Further studies 

undertaken by the inventors showed that the engineered gp41 domains described herein 

can be used to pair with a gp120 polypeptide from many different HIV-1 strains or 

8
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subtypes to form "chimeric" gp140 trimers, e.g., "UFO-BG" or "UFO-U" as 

exemplified herein. Together, these studies demonstrated a general approach for 

stabilization of Env trimers from diverse HIV-1 strains.  

[0026] Other than the gp40-derived soluble trimer immunogenswith modified 

5 HRI region, the inventors further investigated the display of trimeric HV-1 antigens on 

nanoparticles with an in-depth structural and antigenic characterization. The inventors 

hypothesized that the trimeric Env antigens, such as VIV2 and gp120., can be presented 

in native-like conformations around the threefold axes on the surface of nanoparticles 

To test this hypothesis, the inventors designed constructs containing VIV2 and gp120 

10 fused to the N-terminus of ferritin subunit. These chimeric antigens assembled into 

nanoparticles with high affinity for bNAbs targeting the apex as well as other key 

epitopes consistent withnative-like trimer conformations. The inventors then 

investigated the particulate display of a stabilized gpl40 trimer with a redesigned 

heptad repeat I (HRI) bend that showed substantial improvement in trimer purity. To 

15 facilitate this analysis, the inventors designed three gp140-ferritin constructs containing 

different linkers, with gp4 truncated at either position 664 or 681. While all gp140

ferritin nanoparticles bound to the apex-directed bNAbs with sub-picomolar affinities, 

the MPER-containing gp140nanoparticle could also be recognized by MPER-specific 

bNAb 4E10. In addition to ferritin, the inventors also examined the utility of a large, 

20 60-meric E2p nanoparticle to present gp120 and gp40 trimers. As demonstrated herein, 

the gp140-E2p nanoparticle carrying 20well-folded trimers demonstrated efficient 

particle assembly and desired antigenicity.  

[0027] In accordance with these exemplified studies, the invention provides 

various HIV- Ivaccine immunogens and their clinical applications. Some HV-1 

25 vaccine immunogens of the invention are soluble gp140-derived protein that harbors a 

modified N-terminus of the HRI region in gp4I as disclosed herein. Some HIV-I 

immunogens of the invention contain an HV-1 Env-derived trinier protein that is 

presented on a nanoparticle platform. Therapeutic and preventive uses of the HIV-1 

vaccine compositions of the invention are also provided in the invention.  

30 [0028] Unless otherwise specified herein, the vaccine immunogens of the 

invention, the encoding polynucleotides, expression vectors and host cells, as well as 

the related therapeutic applications, can all be generated or performed in accordance 

with the procedures exemplified herein or routinely practiced methods well known in 

9
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the art. See, e.g., Methods in Enzymology, Volume 289: Solid-Phase Peptide 

Synthesis, J. N. Abelson, M. 1. Simon, G. B. Fields (Editors), Academic Press; I st 

edition (1997) (ISBN-13: 978-0121821906); U.S. Pat Nos. 4,965,343, and 5,849,954; 

Sambrook et al., Molecular Cloning: A Laboratory Manual, Cold Spring Harbor Press, 

5 N.Y., (3 rd ed, 2000); Brent et aL, Current Protocols in Molecular Biology, John Wiley 

& Sons, Inc. (ringbou ed., 2003); Davis et al., Basic Methods in Molecular Biology, 

Elsevier Science Publishing, Inc., New York, USA (1986); or Methods in Enzymology: 

Guide to Molecular Cloning Techniques Vol. 152, S. L, Berger and.A. R. Kimmerl 

Eds, Academic Press Inc. San Diego, USA (1987); Current Protocols in Protein 

10 Science (CPPS) (John E. Coligan, et at, ed, John Wiley and Sons, Inc.), Current 

Protocols in Cell Biology (CPCB) (Juan S, Bonifacino et. al. ed, John Wiley and Sons, 

Inc.), and Culture ofAnimal Cells: A Manual of Basic Technique by R. Ian Preshney, 

Publisher: Wiley-Liss; 5th edition (2005), Animal Cell Culture Methods (Methods in 

Cell Biology, Vol. 57, Jennie P. Mather and David Barnes editors, Academic Press, 1st 

15 edition, 1998). The following sections provide additional guidance for practicing the 

compositions and methods of the present invention.  

i. De-firons 

[0029] Unless defined otherwise, all technical and scientific terms used herein 

20 have the same meaning as commonly understood by those of ordinary skill in the art to 

which this invention pertains. The following references provide one of skill with a 

general definition of many of the tenms used in this invention: Academic Press 

Dictionary ofScience and Technology, Morris (Ed.), Academic Press (1 led., 1992); 

OxfbrdDictionary ofBiochemistry and Molecular Biology, Smith et al. (Eds.), Oxford 

25 University Press (revised ed., 2000); Encyclopaedic Dictionary of Chemistry, Kumar 

(Ed.), Anmol Publications Pvt. Ltd. (2002); Dictionary ofMicrobiology and Molecular 

Biology, Singleton et al. (Eds.), John Wiley & Sons (3d ed., 2002); Dictionaryof 

Chemistry, Hunt (Ed.), Routledge (1" ed., 1999); Dictionary ofPharmaceutical 

Medicine. Nahler (Ed.), Springer-Verlag Telos (1994); Dictionary of Organic 

30 Chemistry, Kumar and Anandand (Eds.), Anmol Publications Pvt Ltd. (2002); and A 

Dictionary of Biology (Oxford Paperback Reftrence), Martin and Hine (Eds.), Oxford 

University Press (4" ed., 2000). Further clarifications of some of these terms as they 

apply specifically to this invention are provided herein.  

10
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[0030] As used herein, the singular forms "a," "an," and "the," refer to both the 

singular as well as plural, unless the context clearly indicates otherwise. For example, 

"an Eny-derived trimer" can refer to both single or plural Eny-derived trimer molecules, 

and can be considered equivalent to the phrase "at least one Eny-derived trimer." 

5 [0031] As used herein, the terms "antigen" or "immunogen" are used 

interchangeably to refer to a substance, typically a protein, which is capable of inducing 

an immune response in a subject. The term also refers to proteins that are 

immunologically active in the sense that once administered to a subject (either directly 

or by administering to the subject a nucleotide sequence or vector that encodes the 

10 protein) is able to evoke an immune response of the hurnoral and/or cellular type 

directed against that protein.  

[00321 Conservative amino acid substitutions providing functionally similar amino 

acids are well known in the art.The following six groups each contain amino acids that 

are conservative substitutions for one another: 1) Alanine (A), Serine (S), Threonine (T); 

15 2) Aspartic acid (D), Glutamic acid (E); 3) Asparagine (N), Glutamine (Q); Arginine 

(R), Lysine (K); 5) Isoleucine (I), Leucine (L), Methionine (M), Valine (V); and 6) 

Phenylalanine (F), Tyrosine (Y), Tryptophan (W). Not all residue positions within a 

protein will tolerate an otherwise "conservative" substitution. For instance, if an amino 

acid residue is essential for a function of the protein, even an otherwise conservative 

20 substitution may disrupt that activity, for example the specific binding of an antibody to 

a target epitope may be disrupted by a conservative mutation in the target epitope.  

[0033] Epitope refers to an antigenic determinant. These are particular chemical 

groups or peptide sequences on a molecule that are antigenic, such that they elicit a 

specific immune response, for example, an epitope is the region of an antigen to which 

25 B and/or T cells respond. Epitopes can be formed both from contiguous amino acids or 

noncontiguous amino acids juxtaposed by tertiary folding of a protein 

[0034] Effective amount of a vaccine or other agent that is sufficient to generate a 

desired response, such as reduce or eliminate a sign or symptom of a condition or 

disease, such asAIDS. For instance, this can be the amountnecessary to inhibit viral 

30 replication or to measurably alter outward symptoms of the viral infection, such as 

increase of T cell counts in the case of an HIV-1 infection. In general, this amountwill 

be sufficient to measurably inhibit virus (for example, HIV) replication or infectivity.  

When administered to a subject, a dosage will generally be used that will achieve target 
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tissue concentrations (for example, in lymphocytes) that has been shown to achieve in 

vitro inhibition of viral replication. In some examples, an "effective amount" is one that 

treats (including prophylaxis) one or more symptoms and/or underlying causes of any 

of a disorder or disease, for example to treat HIV. In one example, an effective amount 

5 is a therapeutically effective amount. In one example, an effective amount is an amount 

that prevents one or more signs or symptoms of a particular disease or condition from 

developing, such as one or more signs or symptoms associated with AIDS.  

[00351 Ferritin is a globular protein found in all animals, bacteria, and plants. It 

acts primarily to control the rate and location of polynuclear Fe(III) 203 formation 

10 through the transportation of hydrated iron ions and protons to and from a mineralized 

core. The globular form of ferritin is made up of monomeric subunit proteins (also 

referred to as monomeric ferritin subunits), which are polypeptides having a molecule 

weight of approximately 17-20 kDa.  

[00361 As used herein, a fusion protein is a recombinant protein containing amino 

15 acid sequence from at least two unrelated proteins that have been joined together, via a 

peptide bond, to make a single protein. The unrelated amino acid sequences can be 

joined directly to each other or they can bejoined using a linker sequence. As used 

herein, proteins are unrelated, if their amino acid sequences are not normally found 

joined together via a peptide bond in their natural environment(s) (e.g., inside a cell).  

20 For example, the amino acid sequences of monomeric subunits that make up ferritin, 

and the amino acid sequences of HV-1 gp120 or gp41 glycoproteins are not normally 

found joined together via a peptide bond.  

[00371 HIV-1 envelope protein (Env) is initially synthesized as a longer precursor 

protein of 845-870 amino acids in size, designated gp160. gp160 forms a homotrimer 

25 and undergoes glycosylation within the Golgi apparatus. In vivo, gp160 glycoprotein is 

endo-proteolytically processed to the mature envelope glycoproteins gp120 and gp41, 

which are noncovalently associated with each other in a complex on the surface of the 

virus.The gp120 surface protein contains the high affinity binding site for human CD4, 

the primary receptor for HIV, as well as domains that interact with fusion coreceptors, 

30 such as the chemokine receptors CCR5 and CXCR4. The gp4I protein spans the viral 

membrane and contains at its amino-terminus a sequence of amino acids important for 

the fusion of viral and cellular membranes. The native, fusion-competent form of the 

HIV-I envelope glycoprotein complex is a trimeric structure composed of three gp120 

12
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and three gp4l subunits.The receptor-binding (CD4 and co-receptor) sites are located 

in the gpl20 moieties, whereas the fusion peptides are located in the gp4 components.  

Exemplary sequence of wildtype gp160 polypeptides are shown in GenBank, e.g, 

under accession numbers AAB05604 and AAD12142.  

5 [0038] gp140 refers to an oligomeric form of HIV envelope protein, which 

contains all of gp20 and the entire gp41 ectodomain.  

100391 gp120 is an envelope protein of the Human Immunodeficiency Virus (HV).  

gp120 contains most of the external, surface-exposed, domains of the HIV envelope 

glycoprotein complex, and it is gp120 which binds both to cellular CD4 receptors and 

10 to cellular chemokine receptors (such as CCR5). The mature gp120 widtype 

polypeptides have about 500 amino acids in the primary sequence. p120 is heavily N

glycosylated giving rise to an apparent molecular weight of 120 kD. The polypeptide is 

comprised of five conserved regions (C1-05) and five regions of high variability (V1

V5). In its tertiary structure, the gp120 glycoprotein is comprised of three major 

15 structural domains (the outer domain, the inner domain, and the bridging sheet) plus the 

variable loops. See, e~g, Wyatt et al., Nature 393, 705-711, 1998; and Kwong et al, 

Nature 393, 649-59,1998. The inner domain is believed to interact with the gp4 

envelope glycoprotein, while the outer domain is exposed on the assembled envelope 

glycoprotein trimer.  

20 [0040] Variable region 1 and Variable Region 2 (VI/N2 domain) of gp120 are 

comprised of about 50-90 residues which contain two of the most variable portions of 

HIV-1 (the V1 loop and the V2 loop), and one in ten residues of the V/V2 domain are 

N-glycosylated.  

100411 gp41 is a proteolytic product of the precursor HIV envelope protein. It 

25 contains an N-terminal fusion peptide (FP), a transmembrane domain, as well as an 

ectodomain that links the fusion peptide and a transmembrane domain. gp4i remains in 

a trimeric configuration and interacts with gp120 in a non-covalent manner. The amino 

acid sequence of an exemplary gp41 is set forth in GenBank, under Accession No.  

CAD20975.  

30 [0042] BG505 SOSIP.664 gpl40 is a HIV-1 Env immunogen developed with the 

gp140 trimer from clade-A strain BG505. It contains a covalent linkage between the 

cleaved gp120 and gp4lECro with an engineered disulfide bond (termed SOS). In 

addition, it has an 1559P mutation (termed IP) to destabilize the gp4 post-fasion 
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conformation and also a truncation of the membrane-proximal external region (MPER) 

at residue 664 to improve solubility. This HIV- immunogen has an outstanding 

antigenic profile and excellent structural mimicry of the native spike. Using the SOSIP 

trimer as a sorting probe, new bNAbs have been identified and characterized. The 

5 SOSIP design has also been extended to other HIV-1 strains and permitted the 

incorporation of additional stabilizing mutations. Recently, immunogenicity of SOSIP 

trimers in rabbits and nonhuman primates was reported, paving the way for human 

vaccine trials.  

[0043] HXB2 numbering system is a reference numbering system for HIV protein 

10 and nucleic acid sequences, using HIV-1 HXB2 strain sequences as a reference for all 

other HIV strain sequences, The person of ordinary skill in the art is familiar with the 

H1XB2 numbering system, and thissystem is set forth in "Numbering Positions in HIV 

Relative to HXB2CG," Bette Korber et al, Human Retroviruses and AIDS 1998: A 

Compilation and.Analysis of Nucleic Acid and Amino Acid Sequences. Korber B, 

15 Kuiken C L, Foley B, Hahn B, McCutchan F, Mellors J W, and Sodroski J, Eds 

Theoretical Biology and Biophysics Group, Los Alamos National Laboratory, Los 

Alamos, N. Mex.  

[00441 Immunogen is a protein or a portion thereof that is capable of inducing an 

immune response in a mammal, such as a mammal infected or at risk of infection with a 

20 pathogen. Administration of an immunogen can lead to protective immunity and/or 

proactive imununity against a pathogen of interest.  

[0045] Immunogenic surface is a surface of a molecule, for example a protein such 

as gp120, capable of eliciting an immune response, An immunogenic surface includes 

the defining features of that surface, for example the three-dimensional shape and the 

25 surface charge. in some examples, an immunogenic surface is defined by the amino 

acids on the surface of a protein or peptide that are in contact with an antibody, such as 

a neutralizing antibody, when the protein and the antibody are bound together. A target 

epitope includes an immunogenic surface. Immunogenic surface is synonymous with 

antigenic surface.  

30 10046] Immune response refers to a response of a cell of the immune system, such 

as a B cell, T cell, or monocyte, to a stimulus. In some embodiment, the response is 

specific for a particular antigen (an "antigen-specificresponse.In some embodiments, 

an immune response is a T cell response, such as a CD4+ response or a CD8+ response, 
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In some other embodiments, the response is a B cell response, and results in the 

production of specific antibodies, 

[00471 Immunogenic composition refers to a composition comprising an 

immunogenic polypeptide that induces a measurable CTL response against virus 

5 expressing the immunogenic polypeptide, or induces a measurable B cell response 

(such as production of antibodies) against the immunogenic polypeptide, 

100481 Sequence identity or similarity between two or more nucleic acid sequences, 

or two or more amino acid sequences, is expressed in terms of the identity or similarity 

between the sequences. Sequence identity can be measured in terms of percentage 

10 identity; the higher the percentage, the more identical the sequences are. Homologs or 

orthologs of nucleic acid or amino acid sequences possess a relatively high degree of 

sequence identity/similarity when aligned using standard methods, Methods of 

alignmentof sequences for comparison are well known in the art. Various programs 

and alignment algorithms are described in: Smith & Waterman, Adv,.Appi. Math, 2:482, 

15 1981; Needleman & Wunsch, J. Mol. Biol 48:443, 1970; Pearson & Lipman, Proc, 

Nati Acad, Sci USA 85:2444, 1988; Higgins & Sharp, Gene, 73:237-44, 1988; 

Higgins & Sharp, CABIOS 5:151-3, 1989; Corpet et at, Nuc. Acids Res. 16:10881-90, 

1988; luang et al Computer Appls in the Biosciences 8, 155-65, 1992; and Pearson et 

al,.Meth.MoBio.24:30731, 1994, Altschul et al, J. Mol Biol 215:403-10,1990, 

20 presents a detailed consideration of sequence alignment methods and homology 

calculations, 

[00491 Rotational symmetry, also known in biological contexts as radial symmetry, 

refers to the property of an object that looks the same after a certain amount of rotation, 

An object may have more than one rotational symmetry; for instance, if reflections or 

25 turning it over are not counted. The degree of rotational symmetry is how many degrees 

the shape has to be turned to look the same on a different side or vertex. It cannot be the 

same side or vertex. Rotational symmetry of order n, also called n-fold rotational 

symmetry, or discrete rotational symmetry of the nth order, with respect to a particular 

point (in 2D) or axis (in 3D; e.g, 3-fold axis described herein) means that rotation by 

30 an angle of 360°/n (180°, 120', 90°, 720, 60, 511 37, etc.) does not change the object.  

100501 Bacteriophage Qp (Q or Q as denoted herein) is an icosahedral virus with a 

diameter of 25 nm. Its host is Escherichia coli. Qp enters its host cell through the side of 

the F pilus. The genome of Q is 4217 nucleotides long. The genome has three open 
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reading frames and encodes four proteins: Al, A2, CP and qp replicase, See, e.g., van 

Duin et at, "Single-stranded RNA phages. Chapter 15" In Calendar, R. L. The 

Bacteriophages (Second ed., 2006). Oxford University Press, pp. 175-196.The genome 

of Q is highly structured, which regulates gene expression and protects the genome 

5 from host RNases.  

[0051J The term"subject" refers to any animal classified as a mammal, e.g., human 

and non-human mammals. Examples of non-human animals include dogs, cats, cattle, 

horses, sheep, pigs, goats, rabbits, and etc. Unless otherwise noted, the terms"patient" 

or "subject" are used herein interchangeably. Preferably, the subject is human, 

10 [0052] The term "treating" or "alleviating" includes the administration of 

compounds or agents to a subject to prevent or delay the onset of the symptoms, 
complications, or biochemical indicia of a disease (e.g., an HV infection), alleviating 

the symptoms or arresting or inhibiting further development of the disease, condition, 

or disorder. Subjects in need of treatment include those already suffering from the 

15 disease or disorder as well as those being at risk of developing the disorder. Treatment 

may be prophylactic (to prevent or delay the onset of the disease, or to prevent the 

manifestation of clinical or subclinical symptoms thereof) or therapeutic suppression or 

alleviation of symptoms after the manifestation of the disease.  

[00531 Vaccine refers to a pharmaceutical composition that elicits a prophylactic 

20 or therapeutic immune response in a subject. In some cases, the immune response is a 

protective immune response. Typically, a vaccine elicits an antigen-specific immune 

response to an antigen of a pathogen, for example a viral pathogen, or to a cellular 

constituent correlated with a pathological condition. A vaccine may include a 

polynucleotide (such as a nucleic acid encoding a disclosed antigen), a peptide or 

25 polypeptide (such as a disclosed antigen), a virus, a cell or one or more cellular 

constituents.  

[0054) Virus-like particle (VLP) refers to a non-replicating, viral shell, derived 

from any of several viruses, VLPs are generally composed of one or more viral proteins, 
such as, but not limited to, those proteins referred to as capsid, coat, shell, surface 

30 and/or envelope proteins, or particle-forming polypeptides derived from these proteins.  

VLPs can form spontaneously upon recombinant expression of the protein in an 

appropriate expression system,.Methods for producing particular VLPs are known in 

the art. The presence of VLPsfollowing recombinant expression of viral proteins can 
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be detected using conventional techniques known in the art, such as by electron 

microscopy, biophysical characterization, and the like. See, for example, Baker et al.  

(1991) Biophys. J60:1445-1456; and Hagensee et aL. (1994) I Virol 68:4503-4505.  

For example, VLPs can be isolated by density gradient centrifugation and/or identified 

5 by characteristic density banding. Alternatively, cryoelectron microscopy can be 

performed on vitrified aqueous samples of the VLP preparation in question, and images 

recorded under appropriate exposure conditions.  

IIL od Ifi edJV -i4gm sd0 mviesgdRegion 

10 [0055] HIV-1 Env is a heterodimer of a transmembrane glycoprotein (gp 4 1) and a 

surface glycoprotein (gp120). These dimers are organized as trimers on the surface of 

the viral membrane. The HIV-1 trimer immunogens of the invention are formed of a 

gp140-related protein that contains a gpI20-derived polypeptide and a gp4-derived 

polypeptide with a redesigned N-terminus (residues 548-568) of the heptad region 1 

15 (HR1) in gp41. The gp140-related protein should maintain an appropriate trimeric 

structure described herein (e.g., a native-like trimeric conformation).The gpl20

derived polypeptide and the gp41-derived polypeptid canbeassociatednon-covalently 

as in the natural HIV- gp140 protein or covalently linked via a linker sequence 

described herein. The well characterized gp120 glycoprotein contains the core and 

20 several variable loops or domains (e.g., the VIV2 domain and the'V3 domain). Various 

gpI20-derived polypeptides can be employed in the practice of the invention. The 

gp120-derived polypeptide does not have to contain the full-length sequence of a 

wildtype gpI20 glycoprotein. Thus, the gp120-derived polypeptide can be, e.g, the 

natural gp120 protein, the VIV2 domains of the gp120 glycoprotein, the gpl120 core 

25 (i.e., the inner domain and the outer domain), and just the outerdomain of gp120 core.  

In some embodiments, the employed gp120-derived polypeptide encompasses its gp4

interactive region and the antigenic epitopes (e.g, the outer domain).  

[0056] Typically, the gp140-derived polypeptide should harbor and expose the 

native epitopes (e.g., "sites of HIV-1 vulnerability"or"broadly neutralizing epitopes") 

30 recognized by one or more of the well characterized HIV bnAbs (e.g., PG9, PG16, 

CH03, PGDM1400, VRCO1, 4E10 and 10E8). For example, PG9 is a broadly 

neutralizing monoclonal antibody that specifically binds to the V/V2domain of HIV-1 

gp120 and prevents HIV-1 infection of target cells (see, e.g., Walker et al., Nature, 
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477:466-470, 2011; and WO/2010/107939). In addition, sequences with conservative 

amino acid substitutions or sequences that are substantially identical to the gp140

derived polypeptide exemplified herein can also be used in the invention. In various 

embodiments, the vaccine immunogens of the invention are further characterized by 

5 their antigenicity of specifically binding to one or more (e.g.,2, 3, 4, 5 or more) of the 

well known HIV- IbnAbs (e.g, PG9, PG16, CH03, PGDMI1400, VRCO1, 4E10 and 

10E8). Such antigenicity can be readily assessed via methods routinely practiced in the 

art, e.g., the Octet measurement (ForteBio, Inc.). See, e.g., Fera et al, Proc. Nati, Acad.  

Sci. USA. 111: 10275-10280, 2014; and McGuire et al, J. Virol. 88: 2645-2657, 2014.  

10 [0057] Other than the gp120-derived polypeptide, thegp140-related protein for 

producing the HIV-1 trimer immunogens of the invention also contains a gp4l-derived 

polypeptide with a redesigned N-terminus (residues 548-568) of the heptad region 1 

(HRl). In some embodiments, the gp12O and gp4 polypeptides in the engineered 

gp140 immunogens of the invention are derived from the same HIV-1 strain or subtype.  

15 In some embodiments, the gp120 and gp120 polypeptides in the gpl40 protein are 

derived from different HIV-1 strains or subtypes. For example, as exemplified herein, 

modified p4 from strainBG505 or a universal gp4l domain derivedfrom the IIV

I sequence database can be combined with gp120 from various other WV-strains or 

subtypes to form different chimeric gp140 trimer immunogens. The modified gp4l

20 derived polypeptide in the engineered gp140 inmunogens of the invention typically 

harbors the HR1 region of thenative gp4l protein excerpt for the N-terminus 

modification described herein. The HRi region undergoes drastic conformational 

change during vial fusion with host cells. Preferably, the gp41-derived polypeptide isk 

soluble polypeptide that has the transmembrane region truncated, e.g, a polypeptide 

25 containing the ectodomain (gp41scTo) or a polypeptide containing the fusion peptide 

and the ectodomain, In various embodiments, the 21 residue N-terminus of HRI 

(residues 548-568) of the gp4I-derived polypeptide is replaced with a shorter loop 

sequence tostabilize the pre-fusion gpl40 structure. The loop sequence can contain 

from about 6 to about 14 amino acid residues. Specific loop sequences suitable for the 

30 HIV-1 trimer immunogens of the invention can be obtained by rational design to ensure 

proper function (e.g., stabilizing the pre-fusion conformation of gp140). For example, 

shorter loop sequences replacing the HRl N-terminus can be designed via the 

ensemble-based de novo protein design method exemplified herein. As detailed in the 
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Examples herein, almost all HRI redesigns based on the computational method showed 

substantial improvement in terms of trimer yield and purity.  

[0058] In some embodiments, the inserted loop sequence replacing the[HR N

terminus contains 10 amino acid residues. Specific examples of such loop sequences 

5 are shown in SEQ ID NOs:1-5. In some other embodiments, the substituting loop 

sequence contains 8 amino acid residues. Examples of such loop sequences are shown 

in SEQ ID NOs:6-15. In still some other embodiments, the loop sequence replacing the 

HR1 N-terminus can contain about 6, 7, 9, 11, 12, 13, or 14 amino acid residues. Such 

loop sequences can be readily obtained by applying the same rational resign methods 

10 exemplified herein for the 8-residue and 10-residue loop sequences. In some other 

embodiments, a generic loop sequence containing 2-7 tandem repeats of GS ((GS)n; 

SEQ ID NO:23) can be used in the redesign of the HRI N-terminus. As demonstrated 

herein (e.g, Fig. 2a), a generic loop sequence (GS) 4 (SEQ ID NO:24) was shown to be 

effective in constructing modified gp140 immunogens from various HIV-1 strains 

15 [0059] In addition to the HRI N-terminus modification, some gp140-derived 

proteins for forming HIV-1 trimer immunogen of the invention also have the protease 

cleavage site between gp120 and gp4l replaced with a linker sequence to create non

cleavable gp140 protein. As exemplified herein, various cleavage site linkers can be 

used in the gp140-derived protein immunogens of the invention. In various 

20 embodiments, the linkers can contain different amino acid residues of varying length.  

In some embodiments, the 4-residue cleavage site (i.e., residues 508-511) is replaced 

with the linker sequence. For example, the cleavage site can be replaced with a linker 

containing one or more tandem repeats of a SGS motif. Alternatively, the cleavage site 

can be replaced with a linker of(G4S) 2 (SEQ ID NO:22). In some other embodiments, 

25 a longer cleavage site-containing region (e.g,, residues 501-518) is replaced with the 

linker sequence. In some of these embodiments, the linker contains an 8-amino acid 

residue sequence. Somespecific linker sequences that replace the cleavage site in the 

gp140-derived protein are shown in SEQ ID NOs:16-20. As exemplified herein, a 

combination of the cleavage site linker sequence and the redesigned HR1 N-terminus in 

30 the gpl40 inununogens of the invention lead to further improvement in trimer yield and 

purity.  

[0060] In some embodiments, the association between gp120 and gp4l can be 

stabilized by the introduction of a correctly positioned intennolecular disulfide bond to 
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make a soluble form of Env, SOS gp140. Such astabilized, native Env complex would 

increase the time that the trimeric gpl20-gp4l complex is presented to the immune 

system. The gpi20-gp4I interactions in SOS gp140 can also be stabilized by deleting 

the first and second variable (Vi and'V2) loops and by introducing amino acid 

5 substitutions into the N-terminal heptad repeat region around position 559 of gp41 (see, 

e.g, WO 03/022869). One such modified gpi40 protein is SOSIP gp140, which 

contains an 1559P substitution SOSIP gp140 is properly folded, proteolytically 

cleaved, substantially trimeric, and has appropriate receptor binding andantigenic 

properties. Stability and immunogenicity of gp140 or other Env-derived trimers can be 

10 additionally enhanced by the trimer-presenting formats described herein.  

[0061] In some embodiments, the modified gp140-related protein may additional 

include modified glycan site at residue 332 (T332N). In some other embodiments, the 

modifiedgp140 protein harboring a redesigned HRI N-terminus also has other 

mutations or alterations introduced at the cleavage site, e.g., replacing REKR (SEQ ID 

15 NO:25) with RRRRRR (SEQ ID NO:26). In various embodiments, the C terminus of 

the modified gp140 protein can be truncated to either residue 664 or 681 (according to 

HXB2 nomenclature), resulting in the two gp140 versions like"BG505 

SOSIP.gp140.664" and "BG505 SOSIP.gpl40.681" which are known in the art,. Also, 

the HIV-1 immunogens of the invention can employ the different gp140 derived 

20 proteins from various HIV-1 clades or strains (e.g, strains B0505 (clade A), JRFL 

(clade B) CAP45 (clade C), ZM109 (clade C), DU172.17 (clade C), and CHI15.12 

(clade BVC) exemplified herein). HIV-I can be classified into four groups: the"major' 

group M, the "outlier" group 0, group N, and group P. Within group M, there are 

several genetically distinct clades (or subtypes) of HIV-1 The gp140 trimers for the 

25 present invention can be derived from any subtype of HIV, such as groups I, N, 0, or 

P or Glade A, B, C, D. F, G, H, J or K and the like. Sequences encoding HIV-1 Env 

glycoproteins and methods for the manipulation and insertion of such nucleic acid 

sequences into vectors, are known (see, e.g, HIV Sequence Compendium, Division of 

AIDS, National Institute of Allergy and Infectious Diseases (2003); HIV Sequence 

30 Database (hiv-web.lanl.gov/content/hiv-db/mainpagehtml); Sambrook et al, Molecular 

Cloning: A Laboratory Manual, Cold Spring HarborPress, N.Y., (3d ed., 2000); and 

Brent et al., Current.Protocols in Molecular Biology, John Wiley & Sons, Inc. (ringbou 

ed., 2003). Further, there is an HRI-type region in most enveloped viruses that employ 
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a similar type-] fusion mechanism, such as influenza virus, Ebola, and respiratory 

syncytial virus (RSV). The strategy for generating 1IV-1 gp140 immunogens of the 

invention can also be employed for stabilizing Env spikes in designing and producing 

vaccine immunogens for the other enveloped viruses.  

5 [0062] As detailed below, the gp140-derived protein may be conjugated to the 

presenting platform (e.g., nanoparticles or VLPs) via various means. Preferably, the 

conjugation is achieved via covalent linkage, e.g., protein fusions or insertions. In 

some preferred embodiments, the protein sequence is fused with the presenting 

platform sequence via a linker sequence. In the various immunogens of the invention, 
10 other modifications can also be made to the gp140-derived trimers or the conjugating 

partner in order to improve stability or antigenicity.  

[0063] The various gpl40-derived proteins used in the invention can be obtained 

or generated in accordance with the protocols exemplified herein or methods well 

known in the art. Uponrecombinant expression (e.g., in -EK293 F cells as detailed 

15 herein), the proteins can be purified by any of the routinely practiced procedures. See 

for example Guide to Protein Purification, ed. Deutscher, Meth. Enzymol. 185, 

Academic Press, San Diego, 1990; and Scopes, Protein Purification: Principles and 

Practice, Springer Verlag, New York, 1982. Substantial purification denotes 

purification from other proteins or cellular components. A substantially purified protein 

20 is at least 60%, 70%, 80%, 90%, 95% or 98% pure. Once purified, antigenicity and 

other properties of gp140 trimer immunogens formed of the gp140 derived protein can 

also be readily examined with standard methods, e.g., antigenic profiling using known 

bNAbs and non-Nabs, differential scanning calorimetry (DSC), electron microscopy, 

binding analysis via ELISA and Biolayer Light Interferometry (BLI), and co

25 crystallography analysis as exemplified herein.  

IV. ScaffoldedHIVLtmrime aunenomposiions 

[0064] Other than soluble gpI40-based timer immunogens described above, the 

invention also provides 1IV-1 immunogens that contain a heterologous scaffold that 

30 presents or incorporates a trimeric Env-derived protein. In some embodiments, the 

heterologous scaffold is a nanoparticie or virus-like particle (VLP). Various 

nanoparticle platforms canbe employed in generating the vaccine compositions of the 

invention. In general, the nanoparticles employed in the invention need to be formed 
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by multiple copies of a single subunit Additionally or alternatively, the amino

terninus of the particle subunit has to be exposed and in close proximity to the 3-fold 

axis, and the spacing of three amino-termini has to closely match the spacing of the 

carboxyol-termini of various HIV-1 trimeric components. In some preferred 

5 embodiments, the immunogens comprise self-assembling naoparticles with a diameter 

of about 20nm or less (usually assembled from 12, 24, or 60 sububits) and 3-fold axes 

on the particle surface. Such nanoparticles provide suitable particle platforms to 

produce multivalent HIV-1 trimer vaccines.  

[00651 In some embodiments, the HIV-1 trimer-presenting nanoparticles are 

10 naturally existing nanoparticles such as ferritin ion cages with 3-fold axes on the 

surface. They allow presentation of multiple copies of the trimeric component oflHIV

1 envelope complex (Env), enabling a series of multivalent trimer vaccine candidates.  

As an example, one of such nanoparticles is the ferritin nanoparticle from Helicobacter 

pylori. Ferritin is a globular protein found in all animals, bacteria, and plants. Its 

15 primary function is to control the rate and location of polynuclear Fe(Ill)O3 formation 

through the transportation of hydrated iron ions and protons to and from a mineralized 

core. The globular form of ferritin is made up of monomeric subunit proteins (also 

referred to as monomeric ferritin subunits), which are polypeptides having a molecule 

weight of approximately 17-20 kDa.  

20 [0066] A monomeric ferritin subunit used in the invention is a full length, single 

polypeptide of a frritin protein, or any portion thereof, which is capable of directing 

self-assembly of monomeric ferritin subunits into the globular form of the protein.  

Amino acid sequences from monomeric ferritin subunits of any known ferritin protein 

can be used to produce fusion proteins of the present invention, so long as the 

25 monomeric ferritin subunit is capable of self-assembling into a nanoparticle displaying 

HIV-1 epitopes on its surface. In addition to ferritin, the invention can also employ 

many other self-assembling nanoparticles with similar molecular traits. These include, 

e.g., molecules with the following PBIDs:. 1G (I2-mer Dp-2 from Bacillus 

anthracis), IUVH (12-mer DPS from Mycrobacterium Smegmatis), 2YGD (24-mer eye 

30 lens chaperone aB-crystallin), 3CS 0(24-mer DegP24), 3MH6 and 3MH7 (24-meHtrA 

proteases), 3PV2 (12-mer ItrA homolog DegQ VT), 4A8C (12-mer DegQ from L 

Coli.). 4A9G (24-mer DegQ from K Coli.), 4EVE (12-mer HP-NAP from Helicobacter 

pylori strain YS29), and 4GQU (24-mer HisB from Mycobacterium tuberculosis).  
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[0067] In some embodiments, the HIV-1 trimer immunogen presenting 

nanoparticles are thermostable 60-meric nanoparticles, e.g., dihydrolipoyl 

acyltransferase (E2p) fromBacillus stearothermophilus. In some embodiments, the 

employed nanoparticles can be lumazine synthase (LS) from Aquifex aeolicus, E2p is a 

5 hollow dodecahedron with a diameter of 23.2 nm and 12 large openings separating the 

threefold vertices on the particle surface. LS, with a diameter of 14.8 m, is an 

assembly of 60 subunits arranged in a capsid with T % 1 icosahedral symmetry. As 

exemplified herein, trimer immunogens presented on these nanoparticles (e.g, E2p) 

have excellent structural and functional properties, including an optimal size for direct 

10 uptake by DCs and increased recognition by bNAbs.  

[0068] Any Eny-derived IIV-1 timer proteins can be used in the nanoparticle

presented vaccine compositions. In some embodiments, the nanoparticles present a 

native trimeric form of [IV-I Env based glycoproteins or domains, e.g., gp140, gp120 

or VIV2 domains as exemplified herein (see, eg., Table 2). In some embodiments, the 

15 nanoparticles present a modified gp140 trimer immunogen, e.g, a HR I-modified gp140 

timer described herein. As the receptor-binding protein of MV-I Env, gp120 has been 

extensively studied as a vaccine immunogen, but is now considered suboptimal due to 

the exposure of a non-neutralizing face that is buried within the native spike. As 

demonstrated herein, display of full-length gp120 with ferritin and E2p nanoparticles 

20 can restore thenative-like trimer conformation in the absence of gp4L With SOSIP-like 

antigenicity and variations in particle size and surface spacing, these nanoparticles 

provide versatile platforms to investigate gp120-based HIV-I vaccines.  

[0069] In addition, the Eny-derived trimer protein can be obtained from various 

I-V-l strains. In some embodiments, the Eny-derived trier is from HIV-1 strain 

25 BG505. As exemplifications, ViV2-ferritin nanoparticles were produced with trimer 

proteins of HIV-1 strains ZM109 and CAP45. Also exemplified herein are 

nanoparticles (E2 p or ferritin) displaying gpl40 timers, full length gp120, full length 

gpl20 with an additional disulfide band to stabilize the gpl20 termini, and gp120 

molecules of different lengths. These emplifications indicate that the general 

30 nanoparticle structure and design described herein strategy can be applied to create 

multivalent HIV-1 vaccine candidates based on other HV-1 strains.  

[0070] In various embodiments, nanparticle displaying any of these HJV-1 Env

derived immunogens can be constructed by fusing the trimer immunogen to the subunit 
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of the nanoparticle (e.g, E2p or ferritin subunit). The anrtigeniciy and structural 

integrity of these nanoparticle based HIV- Iimmunogens can be readily analyzed via 

standard assays, e.g., antibody binding assays and negative-stain electron microscopy 

(EM). As exemplified herein, the various fusion molecules can all self-assemble into 

5 nanoparticles that display immunogenic epitopes of the Env-derived timer (e.g, 

gp140). By eliciting a robust trimer-specific bnAbs, these nanoparticles are useful for 

vaccinating individuals against a broad range of HIV-1 viruses.  

[0071] In some embodiments, the heterologous scaffold that presents or 

incorporates a trimeric Env-derived protein, e.g., a gp14O-derived trimer protein 

10 described herein, is a virus-like particle (VLP) such as bacteriophage Qp VLP as 

exemplified herein, or a self-assembling nanoparticle possessing the same molecular 

and geometric traits as a VLP. In general, the VIPs to be used in the present invention 

need to meet at least one, and preferably all, of the following criteria: (1) the VLP has 

to be formed by multiple copies of a single subunit; (2) the VLP has to have 3-fold axes 

15 displayed on the surface; and (3) the N-terminus of each VLP subunit has to be exposed 

and in close proximity to the 3-fold axis, and the spacing of three N-ternini match the 

spacing of the C-termini of an HIV-i trimeric antigen so that theHIV- Iantigen can be 

fbsed to the N-terminus of the VLP subunit. Or alternatively, the 3-fold axis is 

surrounded by three surface loops, each from a VLP subunit, where the HIV-1 antigen 

20 can be inserted into the subunit chain.  

[0072] In various embodiments, the VLP based HIV-1 immunogens of the 

invention can have a minimum of 20-25 epitopes spaced by 5-10nm, which is sufficient 

for B-cell activation. In some embodiments, the VLPs have a diameter of 30-40 nm 

and 3-fold axes on the surface, which provide an ideal platform to develop multivalent 

25 HIV-1 timer vaccines. In some embodiments, the VLP based HIV-1 immunogens can 

employs any of the VLPs identified by the inventors via bioinfornatic analysis of an 

annotated database for icosahedral virus capsids, VIPERdb (http://viperdb.scripps.edu/), 

These include bacteriophage Q with a 3.5A crystal structure (PDB ID: IQBF), flock 

house virus (FHV) capsid with a 3.5A crystal structure (PDB ID: 4FSJ), Orsay virus 

30 capsid with a 3.25A crystal structure (PDB ID: 4NWV) in the PDB database 

(http://www.resb.org/pdb), and B-cell activating factor (BAFF) with a 3.0A crystal 

structure (PDB ID: 1315),,which forms a 60-mer VIP-like assembly. In some 

preferred embodiments, bacteriophage Q is used due to its optimal structural features.  
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Additional VLPs suitable for the invention can be readily identified via bioinformatic 

search of similar particle assembly and subunit structure as that identified for any of 

these exemplified VLPs. For example, bacteriophages MS2 (PDB ID: 2WBH) and P22 

(2XYY and 2XYZ) have been used to engineer antigen-presenting VLP vaccine 

5 platforms. These two bacteriophage VLPs can also be used to construct multivalent 

HV-i vaccine immunogens of the invention.  

[0073] The multivalently scaffolded HIV-1 timer immunogens of the invention 

can be constructed in accordance with the methods described herein (e.g., Examples 9

13). Various nanoparticle presenting HIV-1 timer immunogens are exemplified herein, 

10 These include ViV2 timers presented on ferritin (SEQ ID NOs:29-31), gp20 trimers 

presented on ferritin (SEQ ID NOs:32-34), gpl20 timers presented by E2p or LS (SEQ 

ID NOs:35-36), gp140 trimers presented on ferritin nanoparticles (SEQ ID NOs:37-39), 

and gpl40 timer immunogens presented on LS or E2p nanoparticles (SEQ ID NOs:40

41). In general, to construct the VLP presenting HIV-1 trimer immunogens, the timer 

15 sequences can either be fused with the VLP sequence (e.g., at the N-terminus of the 

VLP) or inserted into the VLP sequence. In some embodiments, the VLP is fused at its 

N-terminus with the HIV-1 Env-derived timer, e.g, HIV-1 VIV2, gpl20, and the two 

versions of SOSIP gp140 trimernoted above can be presented on the VP. Insome 

other embodiments, the -HV-1 Env-derived timer is inserted into the VLP. In these 

20 embodiments, the HIV-1 timer can be the VIV2 domains or the gp120 protein. Since 

the N- and C-termini of gp14 are distant, this Env-derived timer is not suited for 

insertion into the VLP. As exemplified herein, a series of VLP constructs were 

generated by fusing HIV-I VIV2, gp120, and twoversions of SOSIP gp140 to the Q 

subunit, by inserting VIV2 into the surface loops of FHV and Orsay subunits, and by 

25 insertingV1V2 and gp120 into a surfaceloop of BAFF. As detailed in the Examples 

below, antigenicity and VLP assembly were validated for all Q-based VLPs with 

antibody binding assays and negative stain electron microscopy (EM) Antigenicity was 

also validated for the FHV-, Orsay-, and BAFF-based VLPs.  

30 V. P3rmag .gogna gg..o'rs 

[0074] The invention provides pharmaceutical compositions and related methods 

of using the HIV-1 immrunogens (e.g., soluble gp40-derived proteins or nanoparticles 

displaying an Env-derived trimer) described herein for preventing and treating HV-1 

25



WO 2017/192434 PCT/US2017/030375 

infections. In some embodiments, the immunogens disclosed herein are included in a 

pharmaceutical composition. The pharmaceutical composition can be either a 

therapeutic formulation or a prophylactic formulation, Typically, the composition 

additionally includes one or more pharmaceutically acceptable vehicles and, optionally, 

5 other therapeutic ingredients (for example, antibiotics or antiviral drugs). Various 

pharmaceutically acceptable additives can also be used in the compositions.  

[00751 Some of the pharmaceutical compositions of the invention are vaccines.  

For vaccine compositions, appropriate adjuvants can be additionally included.  

Examples of suitable adjuvants include, e.g., aluminum hydroxide, lecithin, Freund's 

10 adjuvant, MPLE and IL-12. In some embodiments, the HTV-1 immunogens disclosed 

herein can be formulated as a controlled-release or time-release formulation. This can 

be achieved in a composition that contains a slow release polymer or via a 

microencapsulated delivery system or bioadhesive gel. The various pharmaceutical 

compositions can be prepared in accordance with standard procedures well known in 

15 the art, See, e.g., Remington's Pharmaceutical Sciences, 19.sup.th Ed., Mack 

Publishing Company, Easton, Pa., 1995; Sustained and Controlled Release Drug 

Delivery Systems, J. R. Robinson, ed., Marcel Dekker, Inc., New York, 1978); U.S.  

Pat Nos. 4,652,441 and 4,917,893; U.S. Pat. Nos. 4,677,191 and 4,728,721; and U,S.  

Pat. No. 4,675,189.  

20 [00761 The pharmaceutical compositions of the invention can be readily employed 

in a variety of therapeutic or prophylactic applications for treating 1V- Iinfection or 

eliciting an immune response to HIV-1 in a subject. For example, the composition can 

be administered to a subject to induce an immune response to HV-1, e.g., to induce 

production of broadly neutralizing antibodies to HIV-1 For subjects at risk of 

25 developing an HIV infection, a vaccine composition of the invention can be 

administered to provide prophylactic protection against viral infection. Depending on 

the specific subject and conditions, the pharmaceutical compositions of the invention 

can be administered to subjects by a variety of administration modes known to the 

person of ordinary skill in the art, for example, intramuscular, subcutaneous, 

30 intravenous, intra-arterial, intra-articular, intraperitoneal, or parenteral routes. In 

general, the pharmaceutical composition is administered to a subject in need of such 

treatment for a time and under conditions sufficient to prevent, inhibit, and/or 

ameliorate a selected disease or condition or one or more symptom(s) thereof The 
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immunogenic composition is administered in an amount sufficient to induce an immune 

response against -IV-1. For therapeutic applications, the compositionsshould contain 

a therapeutically effective amount of the HIV- Iimmunogen described herein. For 

prophylactic applications, the compositions should contain a prophylactically effective 

5 amount of the HV-1 Iimmunogen described herein, The appropriate amount of the 

immunogen can be determined based on the specific disease or condition to be treated 

or prevented, severity, age of the subject, and other personal attributes of the specific 

subject (e.g., the general state of the subject's health and the robustness of the subject's 

immune system). Determination of effective dosages is additionally guided with 

10 animal model studies followed up by human clinical trials and is guided by 

administration protocols that significantly reduce the occurrence or severity of targeted 

disease symptoms or conditions in the subject.  

[0077] For prophylactic applications, the innunogenic composition is provided in 

advance of any symptom, for example in advance of infection. The prophylactic 

15 administration of the immunogenic compositions serves to prevent or ameliorate any 

subsequent infection. Thus, in some embodiments, a subject to be treated is one who 

has, or is at risk for developing, an HIV infection, for example because of exposure or 

the possibility of exposure to HIV. Following administration of a therapeutically 

effective amount of the disclosed therapeutic compositions, the subject can be 

20 monitored for HV- Iinfection, symptoms associated with HIV-1 infection, or both.  

[0078] For therapeutic applications, the immunogenic composition is provided at 

or after the onset of a symptom of disease or infection, for example after development 

of a symptom of HIV-1 infection, or after diagnosis of HIV-I infection. The 

immunogenic composition can thus be provided prior to the anticipated exposure to 

25 HIV virus so as to attenuate the anticipated severity, duration or extent of an infection 

and/or associated disease symptoms, after exposure or suspected exposure to the virus, 

or after the actual initiation of an infection.  

[0079] The pharmaceutical composition of the invention can be combined with 

other agents known in the art for treating or preventing IV infections. These include, 

30 e.g., antibodies or other antiviral agents such as nucleoside reverse transcriptase 

inhibitors, such as abacavir, AZT, didanosine, emtricitabine, lamivudine, stavudine, 

tenofovir, zalcitabine, zidovudine, and the like, non-nucleoside reverse transcriptase 

inhibitors, such as delavirdine, efavirenz, nevirapine, protease inhibitors such as 
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anprenavir, atazanavir, indinavir, lopinavir, nelfinavir, osamprenavir, ritonavir, 

saquinavir, tipranavir, and the like, and fusion protein inhibitors such as enfuvirtide and 

the like. Administration of the pharmaceutical compostion and the known antiHIV 

agents can be either concurrently or sequentially.  

5 [0080] The HMV- Ivaccine immunogens or pharmaceutical compositions of the 

invention can be provided as components of a kit. Optionally, such a kit includes 

additional components including packaging, instructions and various other reagents, 

such as buffers, substrates, antibodies or ligands, such as control antibodies or ligands, 

and detection reagents. An optional instruction sheet can be additionally provided in 

10 the kits.  

EXAMPLES 

[0081] The following examples are offered to illustrate, but not to limit the present 

invention.  

15 

ExampleI En obasedHprotein desig rteiHR1regin 

10082] We hypothesized that the N-terminus of 11 (residues 548-568) is a 

critical determinant of HIV-I timer metastability because it is poised to elongate 

during fusion and is disordered in all but one reported structure of the SOSIP trimer, 

20 where it still appears less ordered compared to the surrounding regions (Fig. 1a).  

Disorder at the top of the long HR I central helix is somewhat unexpected because this 

region is at the core of the Env complex; however, this region is expected to refold and 

become helical in the post-fusion form, as in the equivalent region of influenza 

hemagglutinin and other type I viral fusion proteins (Wilson ct al, Nature 289, 1981), 

25 and therefore less ordered in the pre-fusion form or at least adopt a completely different 

conformation. In the SOSIP design, in addition to an engineered disufide bond 

(A501CT605C), the 1559P mutation was introduced to destabilize the post-fusion state 

and was critical for production of high-quality Env protein, strongly supporting the 

notion that this HRI region might be related to Env metastability.  

30 J00831 In this study, the HR bend was subjected to rational redesign aimed to 

stabilize the pre-fusion conformation, rather than to just destabilize the post-fusion 

conformation as in the BG505 SOSIP.664 trimer (Fig. Ib) Although this wild-type 

(WI) HRI region consists of 21 residues, the Ca distance between G547 and T569 is 
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merely 24,8A, which is equivalent to a filly extended polypeptide backbone of only 6.3 

residues. Here, we decided to examine two loop lengths - 8 and 10 amino acids - for 

the HRi redesign, allowing for a small degree of flexibility while dramatically 

shortening the WIT R Iloop, We utilized ensemble-based protein design (see 

5 Methods) to identify sequences that may stabilize the pre-fusion trimmer structure (Fig, 

1c), Given a specified loop length, a large ensemble of backbone conformations was 

generated to bridge the gap between 0547 and T569 (Fig. 3a). For 8-residue loops, the 

Ca root-mean-square fluctuation (RMSF) ranges from 1.3 to 53A with an average of 

2,3A, whereas for 10-residue loops, a greater conformational space was sampled with 

10 an average Ca. RMSF of 3.6A (Fig. 3b), After an exhaustive sampling in sequence 

space, all designs were ranked by their energy scores (Fig. 3c). The 5 top-ranking 

sequences for each loop length, totaling 10, were advanced to experimental validation 

(Fig. 3d).  

15 Example 2 Biochemical andbiopbysialcharateization of HRIl redesigns 

[0084] As demonstrated for SOSIP, sc-gpl40, and NFL timers, biochemical and 

biophysical properties provide an initial assessment of trimer designs. Following a 

similar strategy, we assessed the 10 HRI-redesigned BO505 trimers containing the 

same T332N (to restore the N332 epitope), SOS (A501C/T605C), and R6 mutations as 

20 the SOSIP.664 trimer (except for 1559P). As noted, various purification protocols can 

produce timers of varying quality. Here, we adopted a rather simple protocol utilizing 

materials that are readily available to most researchers and can be scaled up in an 

industrial setting. All constructs were expressed transiently in HEK293 F cells with co

transfected furin as previously described (Sanders et al. PLoS Pathog. 9, e1003618, 

25 2013). The secreted Env proteins were purified using a Galanthus nivalis lectin (GNL) 

column followed by a single SEC on a Superdex 200 10/300 column. One-liter 

expression produced sufficient quantities (3-7 ing) of HR I-redesigned trimers, 

compared to three separate two-liter expressions for the SOSIP trimer. Although GNL 

purification does not yield the purest timers, it enables the comparison of basic 

30 properties for various timer constructs such asmonomer/dimer and higher multimeric 

species that would otherwise be filtered out by more sophisticated purification methods.  

[0085] We compared the SEC profiles based on simple metrics utilizing the 

ultraviolet 280 nm absorbance values (UV), The UV value of the trinier peak was used 
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as an indicator of the timer yield, with the aggregate and dimer/monomer peaks 

measured as ratios of their UV values versus that of the trimer peak. The two-liter 

SOSIP expression showed an average UV value of 371 for the trimer peak, with 

average ratios of 31% and 49% for the aggregate and dimer/monomer peaks, 

5 respectively. The five 8-residue HRI redesigns (named I-HR-redesign 1-5, respectively) 

showed significantly increased trimer yield with reduced aggregate and dimer/monomer 

peaks in the SEC profiles. Overall, HR Iredesigns 1 and 2 appeared to be the best 

performers in this group. For example, the HR Iredesign 2 showed a near two-fold 

increase in the UV value of the timer peak, with a 16% and 22% reduction in UV 

10 values for aggregate and dimer/monomer peaks relative to SOSIP, indicative of 

improvement in both trimer yield and purity. The five 10-residue HR Iredesigns 

(named HR1-redesign 6-10, respectively) presented a similar trend, but less pronounced 

improvement. Notwithstanding, HRI redesign 10 showed a UV value for the trimier 

peak that is comparable to the SOSIP trimer from two-liter expression, with the same 

15 low level of unwanted Env species as HR redesigns 1 and 2. This finding was 

consistent with the blue native polyacrylamide gel electrophoresis (BN-PAGE) analysis 

that showed more concentrated timer bands on the gel.The trimer-containing fractions 

were eluted at 10.25-10.75 mL for the initial assessment of thermal stability by 

differential scanning calorimetry (DSC). For all 10 tested HRI redesigns, the DSC 

20 profiles showed similar unfolding peaks with a thermal denaturation midpoint (Tm) 

ranging from 65.7 to 69,2tC, closely resembling the Tm of 6&1°Creported for the 

SOSIP trimer.  

[00861 Overall, shortening and redesign of this HR1 region exerted a positive 

effect on the composition of produced Env proteins. In addition to increasing the timer 

25 yield and reducing other Env species, HR1 redesigns retained the thermal stability of 

parent SOSIP.664 timer, supporting the notion that this FIR Iconnecting loop region is 

a key determinant of HIV-1 timer metastability with respect to expression and the 

presence of unwanted Env species.  

30 Example3 > og-hc nayss-h g 

100871 HRI redesigns 1 and 9 were selected for crystallographic analysis. These 

two constructs differed not only in the redesigned loop length (8 versus 10 amino 

acids), but also notably in their SEC profiles, with redesign 9 displaying higher 
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quantities of dimer, providing anopportunity to examine how HR1 truncation and 

design variation affect gp140 timer structure. Due to the stringent requirement of 

sample homogeneity for crystallization, we prepared the HR1-redesigned and WT 

SOSIP trimers as previously described in Kong et at Acta Crystallogr. Sect D-Biol.  

5 Crystallogr. 71, 2099-2108, 2015. In brief, all trimers were produced in N

acetylglucosaminyltransferase-negative (GnrlT'~) HEK293 S cells and purified using a 

2012 affinity column followed by SEC on a Superdex 200 16/600 column. For the WT 

SOSP trimer, the SEC profile displayed a notable aggregate peak of high molecular 

weight, with a UV value that is 58% of the trimer peak and a lower peak containing 

10 monomeric gpl40. By contrast, the 212-purified HR redesigns showed a marked 

improvement in trimer yield and purity. Of particular note, the -ER1 redesign 1 showed 

an almost undetectable level of gpl40 monomer, whereas HR.1 redesign 9 still 

contained a small fractionof monomer. Nevertheless, the SEC profiles of 293 S

expressed, 2G12-purified trimers are consistent with that of the 293 F-expressed, GNL

15 purified trimers described above. This finding was further confirmed by BN-PAGE and 

the thermal stability of the modified trimers measured by DSC, suggesting that the 

improved trimer properties are an intrinsic feature of the HR.1 redesigns and 

independent of the expression and purification systems.  

10088] Co-crystallization with antigen-binding fragments (Fabs) of PGT128 and 

20 8ANC195 yielded complex structures at resolutions of 6.9 and 6.3A for the 8- and 10

residue HR1-redesigned trimers, respectively (Table 1), Overall, the redesigned timers 

displayed nearly identical structures to that of the SOSIP timer at this modest solution, 

with Ca root-mean-square deviations (RMSD) < 0.25k. Thus the results confirmed that 

gpi40 trimers with shortened and redesigned HR1 still adopt a SOSIP-like pre-fusion 

25 structure. Limited by the resolution, we could only determine the approximate 

backbone conformation of the redesignedHR1 loop, which alluded to how these two 

distinct designs stabilize the pre-fusion timer. We speculated that the shortened loop 

length (8 or 10 versus 21 amino acids) and a redesigned sequence disrupted the heptad 

motif and stabilized the pre-fusion form Furhermore, both HR1 redesigns contained 

30 prolines, at positions 2 and 6 in the 8-residue loop and at position 8 in the 10-residue 

loop, which likely increased the rigidity of the backbone. Of note, Asp 6 in HR 

redesign 9 is poised to form a salt bridge with Arg 579 of the neighboring HR1 helix, 

stabilizing the slightly turned loop. In conclusion, gp140 appears to be highly tolerant 

31



WO 2017/192434 PCT/US2017/030375 

of the HR1 redesign, which greatly enhances protein production efficiency without 

sacrificing overall structural integrity.  

Example 4 MigeniczfLilin' esi Xendt g --.I>r....ers.  

5 [0089] The BG505 SOSIP664 trimer represents a close mimic of the native spike 

in immune recognition by antibodies. Here we sought to investigate whether HR1I 

redesign would affect Env timer binding to bNAbsor affect binding to non-NAbs 

using bio-layer interferometry (BLI) and immunoglobulin G (IgG). Again, we studied 

timers prepared using a simple GNL purification so we could more readily compare 

10 the basic properties of different trimer constructs. BN-PAGE of SEC fractions obtained 

from a Superdex 200 16/600 column following GNL purification was performed to 

facilitate selection of well-folded timers for antigenic profiling. In this context, we also 

characterized the HRI redesign 1 by negative-stain EM. In the unliganded state, the 

22A reconstruction displayed a morphology closely resembling that of the SOSIP 

15 trimer prepared using the same protocol. The agreement of crystal andEM structures 

further confirmed the integrity of HR-redesigned timers prior to antigenic 

characterization, 

[00901 First, we measured trimer binding to a panel of representative bNAbs. We 

utilized VIV2 apex-directed, quaternary bNAbs PGDMI1400, PGT145, and PG16 to 

20 examine whether the trimeric structure with associated glycan shield was native-like.  

For PGDM1400, the IR Iredesigns I and 9 displayed faster on- and off-rates than WT 

SOSIP, with a comparable KD (Koff/Kon) of 7 to I InM. A similar pattern was 

observed for PG16 and PGT145. For VRC0I, a representative of a class of CD4

binding site (CD4bs)-directed bNAbs, all three timers showed nearly identical binding 

25 profiles, suggesting that the HR Iredesign had little effect on the presentation of this 

conserved site of vulnerability. A similar pattern was also seen for NAb b12, which 

engages the CD4bs with a different angle of approach relative to VRC01, For bNAbs 

targeting the V3 stem and surrounding glycans (PGT121, PGT128 and PGTI35) and 

the high-mannose gp120 glycan cluster (2G12), all three timers showed identical 

30 binding profiles, indicating that these glycan epitopes remained intact upon HRI 

redesign. Finally, we measured timer binding to two bNAbs thatrecognize 

conformational epitopes spanning regions in both gpl20 and gp4l. All three timers 
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bound strongly to POT151 with a fast on-rate and a flat dissociation curve, with subtle 

differences observed in 35022 binding kinetics.  

[0091] Next, we measured trimer binding to a panel of representative non-NAbs.  

All three tested timers bound to CD4bs-specific MAbs, b6 and F105. The HR1

5 redesigned trimers displayed weaker binding to F105 than did the SOSIP trimer, with a 

slightly faster off-rate detected for HRI redesign 1. However, no differences in kinetics 

were observed for b6. For two V3-specific MAbs, 19b and 447-52D, all three timers 

showed fast association and slow dissociation, indicative of some V3 exposure that was 

confirmed by surface plasmon resonance (SPR) using the 2G12-purified SOSIP timer, 

10 Previously, 19b was found to bind the SOSIP timer by ELISA, but onlyto a limited 

extent by EM. Nevertheless, the V3 exposure may be minimized by conformational 

fixation as demonstrated recently for the SOSIP trimer.We then tested two MAbs 

targeting the immunodominant epitopes in cluster I of gp4Ecro, F240 and 712. The 

SOSIP timer appeared to bind both MAbs at a low level with a slight preference for 

15 F240. Interestingly, the two HR1 redesigns showed reduced binding to F240 and an 

almost negligible binding to 712, indicating a more closed or less flexible gp4hCro.  

We also investigated the binding of two CD4i MAbs, 17b and A32. All three timers 

showedno binding to 17b in the absence of sCD4, with the HRI redesign 1 exhibiting 

only a minimal level of A32 recognition although all timers bound weakly to this 

20 MAb.  

[0092] Overall, the two HRI redesigns displayed broadly similar patterns in their 

recognition by bNAbs with an exception of altered kinetics for apex-directed 

quaternary bNAbs, While all three trimers showed some V3 exposure, the two HRI 

redesigns appeared to shield non-neutralizing gp4Ecro epitopes more effectively. The 

25 observed binding to non-NAbs may be attributed to the use of IgG instead of Fab and a 

different immobilization strategy in the BLI experiment.  

Example 5 Repiacingthe iancriavag'se ttshortlinkrs 

100931 Sharma ei at recently reported a native-like, cleavage-independent gp140 

30 trimer designated NFL (Cell Rep. 11, 539-550, 2015). In a separate study, Georgiev et 

al replaced the cleavage site between gp120 and gp4l with linkers of up to 20 residues 

designatedsc-gpl40(J.Virol.89,5318-5329,2015), Although the presence of 

aberrant structures was speculated for sc-gp140 timers with short linkers, the precise 
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effect of cleavage site modification on gp140 folding and structure remained unclear.  

Here, we addressed this critical issue in the context of the HRi redesign 1 that had been 

validated both structurally and antigenically (Figs. 2 and 3) 

[0094] We first examined the outcome of replacing the cleavage site-containing 

5 region (residues 500-519) with a redesigned connecting loop between gp120 and gp4l.  

The Ca distance between R500 and F519 is 16.8 A, equivalent to a fully extended 

backbone of 4.4 residues. Ensemble-based protein design yielded a large pool of 8

residue loops connecting R500 and F519 (Fig, 4a). Of note, this design strategy was 

rather aggressive in that these loops may pack differently than the uncleaved WT 

10 sequence due to a 10-residue truncation in this region, and exclusion of the SOS 

mutation since A501 was now part of the region subjected to redesign (with the T605C 

mutation reversed). Similar to the HRI redesign, the 5 top-ranking designs (termed 

CSTl-5, Fig. 4b) were characterized by SEC following transient expression in HEK293 

F cells without furin followed by GNL purification. Overall, CSTI-5 showed reduced 

15 trimer yield, as well as increased aggregates comparedtotheparent IRredesign, 

indicated by a higher shoulder left of the main timer peak in the SEC profiles. For all 5 

CSTredesigns, an extra band was observed in BN-PAGE analysis, suggesting the 

presence of an uncharacterized Env species in the produced proteins (Fig. 4c).  

[00951 We next examined the effect of replacing the cleavage site (5oREKR51 ) 

20 with a near full-length SGS linker (termed CSF). Interestingly, CSF displayed a notably 

reduced aggregate peak in the SEC profile compared to CST1-5, which was further 

improved by adding back the SOS mutation (termed CSF-SOS). Similar to CST]-5, an 

extra band was observed for the CSF trimer in BN-PAGE analysis of trimer-containing 

fractions after SEC on a Superdex 200 16/600 column, suggesting a common pattern 

25 associated with short cleavage site linkers. To identify this unknown Env species, we 

usednegative-stain EM to obtain 3D reconstructionsfor the CSF trimer.Remarkably, 

two distinct morphologies were observed for the unliganded trimer: one in the pre

fusion state (20A) similar to the SOSIP trimerand the other in a non-pre-fusion state 

(17A) that has not been previously reported. This non-pre-fusion timer conformation 

30 contains an extended gp41 (approximately 40-45A) and is termed "fusion intermediate" 

hereafter, The ~20A EM reconstructions of PGV04-bound CSF timers in the two 

different states showed some unoccupied densities that could not be interpreted at this 

resolution, By contrast, a single conformation was observed for the EM reconstruction 
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of the CSF-SOS trimer in both unliganded (21A) and PGV04-bound form (20A). In 

summary, EM suggested that with short cleavage site linkers the CSTand CSF trimers 

contain a fusion intermediate state that can be effectively suppressed by the SOS 

mutation.  

5 [0096] We then tested the CSF and CSF-SOS timer binding to a small panel of 

bNAbsandnon-NAbs. For bNAbs, we utilized PGDM1400, VRC01, and PGTI51, 

which target the VIV2 apex, CD4bs, and gp20-gp4 interface, respectively. Both CSF 

and CSF-SOS timers bound to PGDM1400 with similar kinetic profiles and affinities.  

However, due to the two mixed timer forms, CSF showed a reduced binding relative to 

10 CSF-SOS. CSF and CSF-SOS exhibited identical VRC01 binding profiles similar to 

that of the SOSIP trimer, suggesting that the CD4bs is equally accessible in these 

timers. For PGTi51, CSF and CSF-SOS showed reduced binding with a notable off

rate, suggesting that the linker between gp120 and gp4l may affect PGT151 binding.  

Three non-neutralizing MAbs were also tested. CSF bound more strongly to CD4bs

15 directed F105 than CSF-SOS due to the mixed fusion intermediates. Forthe V3

directed 19b, both CSF trimers displayed similar binding profiles relative to the SOSP 

trimer and HRI redesign 1 By contrast, CSF showed enhanced binding to the gp4l

directed F240 that was effectively reduced by the SOS mutation in CSF-SOS.  

20 Example 6 Rni itong liners 

[0097] Based on our analysis thus far and the reports on NFL and sc-gp140 

timers, we hypothesized that HR1 redesign combined with a long cleavage site linker 

may overcome the tendency to form fusion intermediates and render an uncleaved, pre

fusion optimized (LFO) trimer. To this end, we tested two trimers based on the HRI 

25 redesign I and an NFL-like linker (2.G4S). These two constructs, termed CSL and 

CSL-SOS, were transiently expressed in HEK293 F cells followed by GNL purification 

and SEC on a Superdex 200 16/600 column. Both CSL timers showed reasonable 

yields with similar SEC profiles to that of the CSF timers. For CSL, although no extra 

bands were definitively identified on the BN gel, the timer bands appeared to be more 

30 diffuse than those observed for CSL-SOS. To further characterize their structures, we 

obtained EM reconstructions for the unliganded CSL and CSL-SOS timers at 17 and 

20A resolutions, respectively. The CSL trimer showed a somewhat different 

morphology than of WT SOSIP, HRI redesign 1, pre-fusion CSF and CSF-SOS timers: 
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the density of CSL trimer appeared to be narrower at the top of the trimer apex with 

additional densities pointing outwards and a wider bottom around gp4l. The overall 

shape of the CSL-SOS trimer was consistent with that of the CSF-SOS timer. The 

-20A reconstructions of PGV04-bound CSL and CSL-SOS timers resembled that of 

5 the SOSIP trimer, indicative of stabilization upon bNAb binding, Taken together, a 

long cleavage site linker can reduce the formation of fusion intermediates, likely at the 

cost of greater conformational variability, as suggested by EM.  

[0098] We performed antigenic profiling for the CSL and CSL-SOS trimers using 

the same panel of bNAbs and non-NAbs as for the two HRI redesigns. For apex

10 directed bNAbs PGDM1400, PG16, and PGDM145, two CSL trimers showed similar 

binding kinetics and KD values to those of HRI redesign For CD4bs-directed bNAb 

(VR COI), NAb b12, and glycan-reactive bNAbs (PGT121, PGT128, PGTI35 and 

2G12), the two CSL timers showed nearly identical binding profiles to those of HR1 

redesign I and the SOSIP trimer. As expected, the most visible difference was found 

15 for bNAbs PGT151 and 35022. For PGT151, which binds an epitope consisting of one 

gpl20 and two adjacent gp4is in trimer, the cleaved HR.1-redesigned trimers and 

SOSIP trimer showed flat dissociation curves. However, the CSL trimers showed faster 

off-rates similar to those observed for the CSF trimers, indicating a consistent effect 

caused by cleavage site linkers. By contrast, for 35022, which binds to gp120 and gp41 

20 in a single gp140 protomer, the off-rates appeared to be cleavage-independent. MAbs 

F240 and 7132 revealed less accessible non-neutralizing epitopes on gp4l for CSL-SOS 

but not for CSL, consistent with observations for the two CSF trimers.  

[0099] In summary, an NFL-like long linker between gpI20and gp4i used in 

combination with an optimal HR1 redesign yielded an uncleaved gp140 that retained 

25 the most desirable traits of a pre-fusion trimer. Our detailed analysis of linker length 

also revealed complex consequences of cleavage site modification. Thus, changing the 

linker length at the cleavage site must he carefully evaluated in each case in trimer 

immunogen design.  

30 Example7 ee i; re yar 

100100] Although cleavage site linkage might cause complications, the HRI 

redesign appeared to have an overall positive effect on trimer structure and antigenicity.  

In light of this finding, we revisited the HRI redesign strategy by examining the utility 
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of a simple GS linker (Fig. 2a) Such a"generic".HR1 tinker (termed HR.1-G), if proven 

successful, will not only confirm the role of this HRI region in Env metastability but 

also enable development of stable trimers for diverse HIV-1 strains. To this end, we 

tested the generic HR1 linker in the backgrounds of clade-A BG505, clade-B JRFL, 

5 clade-C DUl72.17, and a B'/C recombinant strain CH115,12 (tier 3), with their SOSIP 

trimers included for comparison. All timer constructs were transiently expressed in 

HEK293 Fcells with furin, followed by GNL purification and SEC on a Superdex 200 

10/300 column. For the four strains studied, the generic HR1 linker showed consistent 

improvement on timer yield and purity (Fig. 2b). The most substantial improvement 

10 was observed for the clade-C strain: a 46% increase of trimer peak relative to WT 

SOSIP with the aggregate and dimer/monomner peaks reduced by 34% and 37%, 

respectively. For this clade-C strain, two top-ranking HRI redesigns from ensemble

based protein design further increased the timer peak by ~50% with identical SEC 

profiles to the generic HRI redesign, HR I-G. The results thus indicate that the generic 

15 HRI linker offers a general framework for stabilization of Env while further 

optimization of trimer properties can be achieved by computational design in a strain

specific manner, 

Example Someenileretos rdre in l:1mug 

20 100101] Ensemble-based de novo protein design. We developed an ensemble-based 

de novo protein design method (Fig. Ic). Given the timer structure (PDB ID: 4TVP) 

and a specified loop length, a three-step design process was undertaken: (1) an 

ensemble (1,000) of backbone conformations is generated to connect the two anchor 

residues using a torsion-space loop sampling algorithm48; (2) for each backbone, a 

25 starting sequence is selected from a pool of 50 random sequences based on the RAPDF 

potential" and subjected to 500 steps of Monte Carlo simulated annealing (MCSA) 

with the temperature linearly decreasing from 300 to 10K; (3) the lowest-energy 

sequence for each backbone is recorded and all MCSA-derived designs are ranked 

based on energy at the completion of the process. The top 20 designs are manually 

30 inspected to facilitate selection of 5 candidates for experimental validation.  

[00102] Antibodies for antigenic profiling. We utilized a panel of bNAbs and non

NAbs to characterize the antigenicity of designed trimers. The bNAbs 2G12 and b12 as 

well as MAbs F240, 7B2, 17b, and A32 were requested from the NIH AIDS Reagent 
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Program (https://www.aidsreagent.org), Other bNAbs and non-NAbs were provided by 

D.S. and D.R.B.  

[00103] Expression and purification of HIV-1 Env timers. Env trimers were 

transiently expressed in IEK293 F cells (Life Technologies, CA) except for 

5 crystallographic analysis. Briefly, 293F cells were thawed and incubated with 

FreeStyle'TM 293 Expression Medium (Life Technologies, CA) in the Shaker incubator 

at 37C, with 120 rpm and 8% C02. When the cells reached a density of 2.x10 6/l, 

expression medium was added to reduce cell density to ILOx0/ml for transfection with 

polyethyleneimine (PEI) (Polysciences, Inc). For SOSIP and HR-redesigned timers, 

10 800 pg of Env plasmid and 300 ig of furin plasmid in 25 ml of Opti-MEM transfection 

medium (Life Technologies, CA) was mixed with 5 ml of PEI-MAX (1.0 mg/mi) in 25 

ml of OptiMEM, whereas for uncleaved trimers, 900 pg of Env plasmid was used 

without furin, After incubation for 30 min, the DNA-PEI-MAX complex was added to 

L 293F cells. Culture supernatants were harvested five days after transfection, 

15 clarified by centrifugation at 1800 rpm for 20 min, and filtered using a 0.45 pm filters 

(Thermo Scientific). The Env proteins were extracted from the supernatants using a 

Galanthus nivalis lectin (GNU) column (Vector Labs). The bound proteins were eluted 

with PBS containing 500 mM NaCl and 1 M methyla-D-mannopyranoside and then 

purified by size exclusion chromatography (SEC) on a Superdex 200 Increase 10/300 

20 GL column for initial assessment and a HiLoad 16/600 Superdex 200 PG column (GE 

Healthcare) for EM analysis and antigenic profiling. Protein concentrations were 

determined using UV2 8 absorbance with theoretical extinction coefficients.  

[00104] Blue Native (BN) PAGE. Env proteins were analyzed by blue native 

polyacrylamide gel electrophoresis (BN-PA GE) and stained with Coomassie blue. The 

25 protein samples were mixed with loading dye and loaded onto a 4-12% Bis-Tris 

NuPAGE gel (Life Technologies). BN PAGE gels were run for 2 hours at 150 V using 

NativePAGE T ' running buffer (Life Technologies) according to the manufacturer's 

instructions.  

[00105] Differential Scanning Calorimetry (DSC). Thermal melting Curves of 

30 SOSIP and HRI-redesigned timers were obtained with a MicroCal'VP-Capillary 

calorimeter (Malvern). The SEC purified glycoproteins were butter exchanged into IX 

PBS and concentrated to 0.5-1 gM prior to analysis by the instrument. Melting was 

probed at a scan rate of 90 C/hr. Data processing including buffer correction, 
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normalization, and baseline subtraction were conducted using the standardized protocol 

from the Origin 7.0 software, 

[00106] Protein production and purification for crystallization. The two HRI

redesigned timers, as well as the SANC195 and PGTI28 Fabs, were produced and 

5 purified as described in Kong et aL, Aca Crystalogr Set, D-Bio. Cystallogr. 7 1, 

2099-2108,2015. Briefly, all constructs were cloned into the expression vector 

phCMV3. Fabs were transiently transfected into mammalian Freestyle m 293F cells, 

and trimers were transiently transfected in in GnTil 293 S cells, After one week of 

transfection, the supernatants of the antibody transfected cells were harvested and 

10 purified using a Lambda or a Kappa Capture Select column (BAC BV) for PGT128 and 

8ANC195 respectively before further purification using ion exchange chromatography 

and SEC. The supernatants of the timer transfected cells were purified using a 2G12 

affinity column followed by SEC. The trimer complexes used for crystallization trials 

were prepared by mixing the trimer proteins with Fabs PGT128 and 8ANC195 at a 

15 molar ratio of 1.0:1.21 at room temperature for 20 min. This mixture was then 

deglycosylated using endoglycosidase H (Endol) in 200 mM NaCl, 50 mM sodium 

citrate, pH 5.5, for 37 °C for 1 hr following themanufacturer's protocol (New England 

Biolabs) before final purification by SEC, 

[00107] Protein crystallization and data collection. Two purified protein complexes 

20 containing Fabs PGT128 and 8ANC195 bound to HRI-redesigned trimers were 

prepared for crystallization by buffer exchange into 50 mM NaCN, 20 mMTris-HCI, pH 

7.2. The complexes were then concentrated to 5 mg/ml and passed through a 0.22 pn 

filter before crystal screening using the IAV/JCSG/TSRI CrystalMation robot (Rigaku) 

at the JCSG. Similarly to a previously described complex containing Fabs PGTl28 and 

25 8ANC195 bound to SOSIP gp140 timer, the HR- redesigned trimer/Fab complexes 

crystallized at 25 C in 0.05 M lithium sulfate, 0.05 M sodium sulfate, 20% (w/v) PEG 

400 and 0.05 M Tris-HC, pH 8.7 (JCSG Core Suite condition: JCSGI A03, Qiagen) 

All crystals for X-ray data collection were cryoprotected by brief immersion in mother 

liquor supplemented with 40% PEG 400 prior to flash-cooling in liquid nitrogen. For 

30 the HRI redesign I complex, diffraction data to 6.3 A resolution were collected at 

beamline 231D-B at the Advanced Photon Source, processed with HKL-2000, and 

indexed in space group 123 with 100% completeness and an <1/<q,> of 2.3 in the 

highest resolution shell. For the HRI redesign 9 complex, diffraction data to 6,9 A 
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resolution were collected at beamline 12-2 at the Stanford Synchrotron Radiation 

Lightsource, processed with HKL-2000, and indexed in space group 123 with 100% 

completeness and an <1>/<cT> of 1.3 in the highest resolution shell. Data collection and 

processing statistics are summarized in Table 1.  

5 [00108] Structure determination and refinement. The structures of PGT128 and 

8ANC195 bound to the HRI-redesigned gpl4 timers were solved by the molecular 

replacement method using the Phaser software and a search model consisting of a 

complex with SOSIP gp140 trimer bound to Fabs PGT128 and 8ANC195 (PDBID: 

5C7K). As described previously, refinement consisted of alternating rounds of manual 

10 model building using Coot-0.7 and automated refinement as implemented by the.Phenix 

program, Given the limited resolution of the datasets, grouped B-factor refinement for 

each residue was used. Furthermore, positional coordinate refinement was enforced 

using a reference model set of restraints. The starting model for each automated 

refinement session in Phenix was defined as the reference model for that session.  

15 Finally, the model was minimally modified except at the HR1 site of redesign. Thefinal 

Resand Rfe values converged at 28.1% and 32,2%, and 28.4% and 32.2% for the 

complex structures of HR1 redesigns I and 9, respectively. SeeTable I for final 

refinement statistics. The Buried molecular surface areas were analyzed with the 

Molecular Surface Package 

20 (http://www.csb.yale.edu/userguides/graphics/msp/msulocal html) using a 1,7 A probe 

radius and standard van der Waals radii. Fab residues werenumbered according to 

Kabat nomenclature and gpl 4 0 was numbered using the standard HXB2 convention.  

[00109] Electron microscopy sample preparation. The gp140 timers alone, and in 

complex with PGV04, were analyzed by negative stain EM. A 3 pL aliquot containing 

25 ~0.02 mg/mL of the timers was applied for 15 s onto a carbon-coated 400 Cu mesh 

grid that had been glow discharged at 20 mA for 30 s, then negatively stained with 2% 

uranyl format for 30 s. Datawere collected using a FEI Teenai Spirit electron 

microscope operating at 120 kV, with an electron dose of~30 e~/A2 and a magnification 

of 52,000 x thatresulted in a pixel size of 2.05 A at the specimen plane. Images were 

30 acquired with a Tietz 4k x 4kTemCam-F416 CMOS camera using a nominal defocus 

of 1000 nm and the Leginon package.  

[00110] Electron microscopy data processing and image reconstruction. Particles 

were picked automatically using DoG Pickerand put into a particle stack using the 
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Appion software package. Initial, reference-free, two-dimensional (2D) class averages 

were calculated using particles binned by two via iterative multivariate statistical 

analysis (MSA)/multireference alignment (MRA) and sorted into classes. Particles 

corresponding to trimers or to trimers bound to PGO04 were selected into a substack 

5 and binned by two before another round of reference-free alignment was carried out 

using the iterative MSA/MRA and Xmipp Clustering and 2D alignment programs. To 

analyze the quality of the trimers (closed native-like, open native-like, and non-native), 

the reference free 2D class averages were examined by eye using the metrics described 

in Pugach et al. J ViroL 89, 3380-3395, 2015). An ab iniio common lines modelwas 

10 calculated from reference-free 2D class averages in EMAN2 imposing symmetry C3, 

This model was then refined against raw particles for an additional 25 cycles using 

EMAN (Ludtke et al, 1 Struct Biol. 128, 82-97, 1999). The resolutions of the final 

models were determined using a Fourier Shell Correlation (FSC) cut-off of 0.5.  

[00111] Binding Analysis by ELISA and Biolayer Light Interferometry (BL). The 

15 kinetics of trimer binding to bNAbs and non-NAbs was measured using an Octet Red96 

instrument (fortdBio, Pall Life Sciences). All assays were performed with agitation set 

to 1000 rpm in fort6BIO Ix kinetic buffer. The final volume for all the solutions was 

200 pl/well. Assays were performed at 30 °C in solid black 96-well plates (Geiger Bio

One). 5 pg/ml of protein in 1x kinetic buffer was used to load an antibody on the 

20 surface of anti-human Fc Capture Biosensors (AHC) for 300s, A 60s biosensor baseline 

step was applied prior to the analysis of the association of the antibody on the biosensor 

to the Env trimer in solution for 200s. A two-fold concentration gradient of trimer 

starting at 200 nM was used in a titration series of six. The dissociation of the 

interaction was followed for 300s. Correction of baseline drift was performed by 

25 subtracting the averaged shift recorded for a sensor loaded with antibody but not 

incubated with trimer, or a sensor without antibody but incubated with trimer. Octet 

data were processed by fortdBio's data acquisition software v.8.1. Experimental data 

were fitted for VIV2 apex-directed bNAbs using a global fit 1:1 model to determine the 

KD values and other kinetic parameters, 

30 

Example 9 Erinan * ar' c Nes tesen;'t wjihae 

[001121 The VTV2 region of gp120 ranges from 50 to 90 residues in length with I 

in 10 residuesN-glycosylated, forming a dense glycan shield on the HIV-I Env. The 
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VIV2-cncoded glycan epitopes can be recognized by bNAbs such as P9/PG16, 

CH010-04, PGTI41-145, and PGDM1400. Despite sequence variation, a short segment 

centered at N160 defines the specificity for most known VV2-specific bNAbs. The 

crystal structure of scaffolded VIV2 in complex with PG9 has been determined for two 

5 clade C strains, CAP45 and ZM109, revealing a Greek key motif with strands B and C 

harboring two critical glycans. The EM structures of PG9 and PGDM1400 in complex 

with BG505 SOSIP.664 gp140 trimer indicated that these two bNAbs are directed to 

the trimeric apex with different angles of approach as described in, e.g., Julien et al., 

Proc. Nail. Acad.Set. USA 110, 4351-4356, 2013; and Sok et al, Proc. Natl. Acad Sci.  

10 USA 111, 17624-17629, 2014. In this study, we hypothesized that the threefold axes on 

ferritin nanoparicle can be utilized to present VIV2 in a native-like trimeric 

conformation found in the cryo-EM and crystal structures of SOSIP trimer, To test this 

possibility, we designed two constructs based on the VIV2 of clade C ZM109: one 

containing all three disulfide bonds (termed VIV2Ext) and a shortened version 

15 containing two (termed VIV2Sht), with both VIV2 sequences fused to the N-terminus 

(D5) of ferritin subunit (FR) (Table 2a) (See, e.g, Kanekiyo et al., Nature 499, 102

106, 2013; and He et al, Sci Rep. 5, 12501, 2015). After fitting the C-termini of 

trimeric VIV2 to the N-termini of ferritin subunits around each threefold axis on the 

particle surface, structural modeling yielded Ca root-mean-square deviations (RMSDs) 

20 of 3.7 and 0.8 A for VV2Ext-FR and VV2Sht-FR, respectively. Further analysis 

revealed a dense glycan surface for both nanoparticles with diameters of 16.6 and 14.3 

nm for V1V2Ext-FR and VV2Sht-FR, respectively.  

[00113] The two VIV2-ferritin constructs and the monomeric V1V2 were expressed 

transiently iniacetylglucosaminytransferase -negative (GnTfl) HEK293 S cells and 

25 purified using a Galanthus nivalis lectin (GNL) column followed by SEC on a 

Superdex 200 10/300 GL column. For both V IV2-FR designs, the SEC profiles 

displayed a single peak indicative of well-formed nanoparticles, which were confirmed 

by bue naive polyacrylamide gel electrophoresis (BN-PACE). We then utilized 

negative stain EM to visualize the purified nanoparticles. Indeed, imaging by EM 

30 showed homogeneous VIV2Ext-FR particles, which enabled the calculation of two

dimension (2D) class averages. Similar results were observed for VIV2Sht-FR 

particles, suggesting that homogeneity and purity are intrinsic to these nanoparticles 

despite their differences in the VIV2 length and the number of disufide bonds 
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contained. However, the trimeric V1V2 spikes appeared diffuse in the 2D class 

averages, indicative of some mobility. To probe the antigenicity of the VIV2 apex, we 

measured particle binding to PG9, which recognizes VIV2 in both monomeric and 

trimeric forms, and PGDM1400, which targets the apex of the SOSIP-like trimer 

5 conformation. Analysis of both nanoparticles by enzyme-linked immunosorbent assay 

(ELISA) showed enhanced bNAb binding relative to the monomeric VIV2, with 

PGDM1400 demonstrating preferential binding to V1V2Ext-FR. Using bio-layer 

interferometry (BLI) and immunoglobulin G (IgG), we characterized the kinetics of 

ViV2 binding to bNAbs PG9 andPGDM1400 in monomeric and particulate forms. As 

10 expected, monomeric VIV2 bound to PG9 with low affinity and showed no binding to 

PGDM1400. By contrast, VIV2Ext-FR bound to both bNAbs with high affinity, but 

different kinetics. For PGDM1400, VIV2Ext-FR showed an extremely fast on-rate, 

indicating a stable apex that can be readily recognized by this apex-directed bNAb.  

VIV2Sht-FR exhibited similar binding kinetics with respect to VIV2Ext-FR, but with a 

15 reduced affinity for PGDM1400 thatsuggests an adversary effect of the shortened 

VlV2 on the apex structure and antigenicity consistent with ELISA.  

[00114] Our results demonstrate that the V1V2 region of HIV-1 Env can be 

presented in a native-like trimeric conformation on ferritin nanoparticles. Of note, this 

design strategy is likely strain-independent, since nanoparticles were also observed for 

20 V1V2Ext-FR designed based on clde C CAP45 (Figs. 8b-d), Overall, particulate 

display of trimeric VIV2 substantially improved its recognition by apex-directed 

bNAbs, suggesting that VIV2 nanoparticles may provide promising alternatives to 

gp140 trimers and focus B cell responses to thisquaternary epitope.  

25 Example 10 Ferit na cilreetetnede Vwh tiave-ike apex 

[00115] A 60-meric LS nanoparticle presenting an engineered gp120 core lacking 

variable loops (VIV2 and V3) and inner domain has been used to target germline 

precursors of VRCO1, a CD4-binding site (CD4bs)-directed bNAb. However, structures 

of BGS05 SOSIP timer in complex with the VRCOi-class bNAb POV04 revealed that 

30 glycans on the neighboring gp140 protomer are also involved in CD4bs recognition, 

suggesting an angle of approach constrained by the trimeric context. The importance of 

timer constraints for HIV-1 neutralization was further demonstrated in human Ig 

knock-in mice, in which only BG505 SOSIP trimer, but not eOD-LS nanoparticle, 
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elicited NAb responses. Basedon these previous studies and the results of VV2 

nanoparticles, we hypothesized that ferritin nanoparticle can be used to present full

length gp120 and expose all its encoded bNAb epitopes in their native-like 

conformations as does the SOSIP gp140 trimer. This design strategy maygenerate 

5 alternative inmunogens lacking the complications intrinsic to the gp140 trimers 

containing metastable gp41. To test this possibility, we designed three ferritin fusion 

constructs based on clade A BG505 gpl20: gpl20Ext-FR and gp20Sht-FR contained 

different lengths of gp120, while gpl20SS-FR incorporated an additional disufide 

bond aimed to stabilize the gp120 termini (Table 2b). In the case of gpl20Ext-FR, 

10 structural modeling revealed a nearly perfect superposition of gp120 C-terminus (G495) 

and ferritin N-terminus (DS) around each threefold axis on the particle surface, with a 

Cc RMSD of 1.9 A and a diameter of 26.2 m for the resulting nanoparticle.  

[00116] All three gpl20-ferritin constructs and the monomeric gp120 were 

expressed transiently in HEK293 F cells.The secreted proteins were purified using a 

15 GNL column followed by SEC on a Superose 6 10/300 GL column. Among the three 

chimeric constructs, gp120Sht-FR showed the most pronounced particle peak in the 

SEC profile. Of note, no particle peak was observed for gpl20SS-FR, suggesting 

misfolding of the mutant gpl20. BN-PAGE revealed high molecular weight (m.w.) 

bands for both gp20Ext-FR and gp20Sht-FR, corresponding to fully assembled 

20 nanoparticles. We then employed negative stain EM to visualize the purified gp120-FR 

nanoparticles. Homogeneous particles were observed for both gp20Ext-FR and 

gpl20Sht-FR, with 2D class averages calculated for the latter. Since gp20Sht-FR 

displayed more efficient particle assembly, cryo-EM was utilized to further characterize 

the nanoparticles, showing a particle surface decorated with gp120 spikes.  

25 [001171 To assess the antigenicity of gp120 nanoparticles, we measured the kinetics 

of particle binding to a panel of representative bNAbs and non-NAbs. We first tested 

apex-directed bNAbs PG16 and PGDM1400, As expected, gp120 monomer exhibited 

only minimal binding to PG16 and almost undetectable binding to PGDM1400. By 

contrast, gp120 nanoparticles showed substantially enhanced binding to both bNAbs 

30 with sub-nanomolar affinities, with gp120Sht-FR slightly outperforming gpI20Ext-FR.  

This confirmed that three gpl20s around each threefold axis on a ferritin nanoparticle 

can indeed form SOSIP-like triner conformations. For CD4bs-directed VRC01, both 

nanoparticles displayed an increased on-rate with flat dissociation curves. A similar 
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trend was observed for NAb b2, which targets the same site. The avidity effect 

resulting from multivalent display was most pronounced for bNAb PGT121, which 

targets the V3 base and surrounding glycans: while monomeric gp120 bound to 

PGT121 at a lower level with a fast off-rate, both gp20 nanoparticles showed 

5 enhanced binding with faster on-rates and flat dissociation curves. We then measured 

particle binding to non-neutralizing MAbs. For F105, which prefers an open gpl:20 

conformation, monomeric gp120 displayed rapid on- and off-rates, whereas 

nanoparticles showed slower on- and off-rates that may result from the steric hindrance 

caused by the dense display of gp120 trimers. However, gp120 nanoparticles did show 

10 enhanced recognition by the V3-specific 19b in comparison to monomeric gp120, 

which may be minimized by conformational fixation as recently demonstrated for the 

SOSIP trimer. Lastly, gp20-FR nanoparticles showed almost negligible binding to the 

CD4i MAb 17b in contrast to a notable recognition of monomeric gp120 by this MAb.  

15 Example I 60-meric nanopartiles resenting trimeric gP120 

[00118] We also investigated whether 60-meric nanoparticles could be utilized to 

present trimeric gp120. We selected two thermostable 60-mers with distinct structural 

features LS (Zhang et at, J MoR Biol 306,1099-1114, 2001) and E2p (Izard et a, 

Proc. Nat Acad. Sci. USA 96, 1240-1245, 1999) - to examine this possibility.  

20 Compared to the 122-nm diameter of ferritin, LS is only slightly larger in size, with a 

diameter of 14.8 nm, Structural modeling of the gp20Sht-LS nanoparticle indicated 

that the LS surface would be covered entirely by 20 trimeric gp120 spikes with an 

estimated diameter of 28.7 nm. Following transient expression in HEK293 F cells and 

GNL purification, the secreted protein was analyzed by SEC. However, no particle 

25 peak was observed in the SEC profile of this LS construct. Consistently, BN-PAGE 

showed a predominant pentamer band, which was confinned by the negative stain EM 

analysis. In brief, our results indicate that the relatively small LS nanoparticle may not 

be optimal for displaying full-length gp120 trimeric spikes.  

1001191 We next examined E2p, which is a hollow dodecahedron with a diameter of 

30 23.2 mn and 12 large openings separating the threefold vertices on the particle surface.  

Structural modeling yielded a gp120Sht-E2p nanoparticle with a diameter of 37.6 rm 

(Table 2c), which is close to the optimal size for direct uptake by DCs. The HEK293 F

expressed, GNL-purified gpl20Sht-E2p protein was analyzed by SEC on a Superose 6 
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10/300 GL column, which showed a distinctive high m.w. peak corresponding to the 

chimeric E2p particles, Concordantly, BN-PAGE showed a concentrated nanoparticle 

band on the gel, with a lighter band of low m,w. suggestive of dissociated gp20-E2p 

timer. We then utilized negative stain EM to characterize the assembly of this 60-mer 

5 and observed large, homogeneous nanoparticles. The 2D class averages revealed 

hollow protein cages resembling the crystal structure. However, while the EM analysis 

validated the robustness of E2p as a nanoparticle platform for large and complex 

antigens such as trimeric gp120, it also showed unexpected 2D class averages lacking 

the gpl20 spikes. It was unclear from the EM analysis alone whether the trimeric gpl 20 

10 spikes formed but remained mobile due to the large spacing, or if the three gp12s 

around each threefold axis failed to assemble into a stable trimer. To address this issue, 

we measured E2p particle binding to a small panel of bNAbs and non-NAbs by BLI .  

Remarkably, gp120Sht-E2p bound to the apex-directed bNAbs PG16 and PGDM1400 

with sub-picomolar affinities.'The fast on-rate and flat dissociation curves indicated 

15 native-like apexes resembling that of the SOSIP trimer but with additional advantage of 

avidity. Similar to the case of gpI20-ferritin nanoparticles, we observed increased 

recognition of the CD4bs and V3 base by bNAbs VRCO Iand PGT121, as well as NAb 

b12. For non-neutralizing MAbs, gpl2OSht-E2p bound to the CD4bs-specific Mab 

Fl05 and V3-specific 19b at a level similar to gpl20Sht-FR, suggesting a common 

20 feature shared by gpl20 nanoparticles irrespective of the size. Lastly, only minimal 

binding was observed for the CD4i MAb, 17b.  

100120] As the receptor-binding protein of HIV-1 Env, gp 12 0 has been extensively 

studied as a vaccine immunogen, but is now considered suboptimal due to the exposure 

of a non-neutralizing face that is buried within thenative spike, Our results indicate that 

25 display of full-length gpl20 with ferritin and E2p nanoparticles can restore the native

like timer conformation in the absence of gp41. With SOSIP-like antigenicity and 

variations in particle size and surface spacing, these nanoparticles provide versatile 

platforms to investigate gp120-based HIV-1 vaccines.  

30 Example12 errtjnaonartejlsbrjeqgsta-'zeg !40jm 

[00.121] The design and immunogenicity of a ferritin nanoparticle presenting the 

BG505 SOSIP gpl40 trimer were recently reported (Sliepen et al., Retrovirol. 12:82, 

2015). The analysis of this gp140 nanoparticle by ELISA showed notably reduced 
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binding to the apex-directed bNAbs PG9 and PGT145, and to a bNAb directed to the 

gp120-gp4l interface, PGT151. This is somewhat surprising given the antigenic 

profiles we observed for gpl20 nanoparticles using BLI. In this study, we sought to 

approach the ferritin display of gp140 trimer with a new stabilization design containing 

5 a modified HRI bend (residues 548-568, termed HR1 redesign 1), and a detailed 

analysis of linker length and gp4 truncation. The gp140 constructs tested here 

included: a gp140 truncated at position 664 (gp140.664), gp140.664 with a 10-residue 

linker (gp140.664-10aa), and a gp40 truncated at position 681 to include MPER with 

the same linker (gp140.681-I0aa) (Table 2d). Structural modeling of the HRI

10 redesigned gpl4O-ferritin particles indicated well-separated timer spikes with 

diameters of 30.1, 357, and 40.1 nm for gp140,664-FR, gp40.664-lOaa-FR, and 

gp140.681-1Oaa-FR, respectively.  

[00122] Since contaminant Env species cannot be eliminated during particle 

assembly, the purity of gp140 trimer will have a significant impact on the quality of 

15 gp140 nanoparticles. To illustrate this problem, we compared the SEC profiles of the 

BG505 SOSIP trimer and an HRD-redesigned gpi40 timer, which showed substantial 

differences in aggregate and dimer/monomer peaks, as indicated by the UV absorbance 

at 280 nm. All gpl4-ferritin nanoparticles, including a SOSIP-based design, were 

transiently co-expressed with furin in HEK293 F cells and purified using GNL followed 

20 by SEC on a Superose 6 10/300 GL column. Using negative stain EM, we first 

confirmed the assembly of SOSIP-ferritin nanoparticles. The GNL-purifted gp140

ferritin proteins containing the R Iredesign I exhibited similar SEC profiles with high 

trimer and dimer/monomer peaks relative to the particle-containing peak at 8.5-10.5 

mL. For gp140.664-10aa-FR, which contained more nanoparticles, EM revealed an 

25 unknown protein species with a hexagonal structure mixed with aggregates and well

assembled particles. To improve the particle purity, we investigated the utility of Capto 

Core 700 column, which has been used for VLP purification. After purification using 

Capto Core 700 and GNL columns, gp40.664-10aa-FR showed reduced non-particle 

peaks in the SEC profile. Consistently, higher-quality EM images were obtained with 

30 the hexagonal structures still present, indicating that an HIV-1 En-specific purification 

method is required. To this end, we examined the combined use of Capto Core 700 and 

2G12 affinity columns, the latter of which has been widely used to purify SOSIP 

trimers. Overall, gp140.664-1Oaa-FR remained the best performer, showing a more 
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visible particle peak in the SEC profile with a reduced trimer peak and. no 

dimer/monomer peak. For all three constructs, the particle-containing fractions were 

analyzed by BN-PAGE, which showed high m.w. bands corresponding to fully 

assembled gp140 nanoparticles relative to the individual timer. Of note, these bands 

5 are consistent with the SEC profile and the estimated shift from the gp120-ferritin 

particle bands, in contrast to the Sliepen et al. report. For gp140,664-10aa-FR, 

homogeneous nanoparticles with visible spikes on the surface were observed in 

negative stain EM. The stability of gp140.664-10aa-FR nanoparticles was confirmed by 

EM analysis of a sample that had been frozen and thawed. We also observedwell

10 formed nanoparticles for gp140.664-FR and gp140.681-1Oaa-FR in negative stain EM.  

Taken together, our results validated the assembly of gp140-ferritin nanoparticles, and 

highlighted the importance of proper purification and characterization in the 

development of gp140-based nanoparticles.  

[001231 We characterized the antigenic profiles of gp140 nanoparticles using BLI 

15 and a panel of representative bNAbs with the HRI-redesigned timer included as a 

control. We first utilized V1V2 apex-directed bNAbs PGDM1400, PGT145, and PG16 

to probe the apex of gp140 trimers displayed on the particle surface, Remarkably, all 

gp140 nanoparticles showed sub-picomolar affinities compared to the individual trimer, 

with flat dissociation curves due to avidity, For bNAb PGTI21, which targets the V3 

20 epitope centered at N332, gp140 nanoparticles showed similar binding profiles to that 

of the HRI-redesigned trimer with an increased on-rate. For CD4bs-directed bNAb 

VRC01, gp140-ferritin particles displayed slow association similar to gp20-ferritin 

particles. For bNAbs PGTI51 and 35022 that target the gp20-gp4l interface, we 

found enhanced recognition, but with different kinetics. For PGT151, a faster on-rate 

25 was observed with an unchanged dissociation pattern. By contrast, an increased on-rate 

was observed for 35022 that was accompanied by a rapid dissociation. In brief, all 

three gp140 nanoparticles showed improved recognition by bNAbs except for VRC01, 

suggesting that the crowded surface display of gp140 timers may have the most 

significant impact on the VRCOI-class bNAbs that bind the CD4bs with a restricted 

30 angle of approach.  

1001241 We next measured the binding kinetics of gp140 nanoparticles to non

NAbs. Notably, reduced binding was observed for the CD4bs-specific MAbs F105 and 

b6, with a more significant reduction seen for b6, In the case of V3-specific MAb 19b, 
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a slower association was observedfor gp140 nanoparticles compared to trimer and 

gp120 nanoparticles, suggesting a minimized V3 exposure due to the dense display of 

gp140 trimers. For MAb F240, which targets the immunodominant epitopes in cluster I 

of gp41, gp140 nanoparticles exhibited undetectable binding compared to the residual 

5 binding observed for the HRI-redesgined timer. For both gp140 trimer and gp40 

nanoparticles, binding to CD4iMAbs 17b and A332 was not detected. Lastly, we 

utilized MPER-directed bNAbs 4E10 and 10E8 to probe this gp4I epitope in the 

context of gp140.681-1Oaa-FR. Surprisingly, although this nanoparticle bound to 4E10 

with a rapid on-rate and flat dissociation curve, itshowed only minimal binding to 

10 10E8, which recognizes a conformational epitope spanning beyond the 4E10 binding 

site. As revealed by structural modeling, since MPER is proximal to the ferritin surface 

with a distance of 10 n from the outer surface, steric hindrance may have a more 

significant impact on bNAbs such as I108 that select for certain epitope conformations.  

[00125] Our analyses revealed critical characteristics of the designed gp140-ferritin 

15 nanoparticles. In contrast to the Sliepen et al. report, the antigenic profiling by BLI 

clearly demonstrated enhanced recognition by bNAbs and reduced binding to non

NAbs. The results suggest that these gpl40 nanoparticles may be superior immunogens 

to individual gp140 trimers in eliciting robust B cell responses towards the bNAb 

epitopes. Of note, the intrinsic purity of HR11-redesigned timer has played an 

20 indispensable role in the production of nanoparticles with native-like gp140 timers that 

demonstrated SOSIP-like antigenic profiles with notably reduced binding to non-NAbs.  

Example 13 A 60-meric E22 nanoparticle presenting stabilized gp140 timer 

[00126] Based on the promising results of gp40-ferritin nanoparticles, we 

25 investigated the particulate display of gpl40 timer on two 60-mers, LS and E2p. Given 

the small size of LS, we first designed a construct containing a 10-residue linker 

between the C-terminus of LS subunit and N-terminus of gpl40 (Table 2e). Structural 

modeling of LS-10aa-gp140.664 yielded an estimated diameter of 39.2 nm. Following 

furin co-expression in HEK293 F cells and GNL purification, the chimeric protein was 

30 analyzed by SEC and negative stain EM, in which well-formed nanoparticles were not 

identified. We then examined the utility of 60-meric E2p nanoparticle by fusing the 

BG505 gp140.664 containing a redesigned HR1 bend to the N-terminus of E2p core 

subunit (Table 2e). Structural modeling indicated that the gp140.664-E2p nanoparticle, 
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41,5 nm in diameter, can expose all bNAb epitopes except for MPER The gp140,664

E2p construct was co-transfected with furin in HEK293 F cells followed by the GNL 

purification and SEC on a Superose 6 10/300 GL column. Although the overall 

expression was low, the highest peak in the SEC profile corresponded to the large E2p 

5 nanoparticles, which was further confirmed by the SEC analysis of 2G12-purified 

sample. A possible explanation for the improved efficiency in particle assembly is that 

the association of three gp41 subunits can facilitate gp140 trimerization and E2p 

assembly simultaneously. BN-PAGE showed a band on the top of the gel characteristic 

of high m.w. nanoparticles. Homogeneous gpl40.664-E2p nanoparticles with a dense 

10 layer of trimer spikes were observed from the EM analysis. Our results thus indicate 

that gp140.664-E2p can fonn homogenous, VLP-size nanoparticles with desired 

structural regularity of gp140 trimers poised for immune recognition.  

100127] We then characterized the antigenicity of gp140.664-E2p nanoparticle 

using a panel of bNAbs For apex-directed PG16 and PGDM1400, gp140.664-E2p 

15 showed a slow on-rate with flat dissociation curves and less than picomolar affinities.  

For CD4bs-directed VRC01, gp40.664-E2p showed notably reduced binding and flat 

dissociation curves reminiscent of the gp140-ferritin nanoparticles, but weaker. For 

bNAb PGTI21, which binds to a glycan epitope at the V3 stem, we observed trimer

like kinetics with slightly reduced on-rate. For PGTi51 and 35022, gp140.664-E2p 

20 exhibited binding profiles similar to those of the gp140-ferritin nanoparticles. Overall, 

gp140.664-E2p showed reduced recognition by the bNAbs tested in this analysis, with 

the most visible change observed for VRC01 and the least for PGT151. This result 

raised the possibility that non-native gp140 trimer conformations were displayed on the 

E2p nanoparticle. To address this critical issue, we tested particle binding to a panel of 

25 non-NAbs. For CD4bs-specific Ab F105, we observed weakened binding with a 

more rapid dissociation relative to the individual trimer. Furthermore, to our surprise, 

19b binding revealed a notably reduced V3 exposure, as opposed to the enhancement 

observed for all other gp120 and gp140 nanoparticles. The gp140.664-E2p nanoparticle 

bound to the CD4i MAb 17b at a minimal level, consistentwith the previous 

30 observation for gp140-ferritin nanoparticles. For gp41-specific MAb F240, however, 

gp140.664-E2p showed slightly increased binding relative to the trimer and gp140

ferritin nanoparticles. Further analysis revealed an approximately 9A edge that made up 

the threefold vertices for E2p compared to a 20A edge for ferritin, suggesting that a 
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short linker might have caused some strain in the gp41-E2p connecting region, and 

consequently a less favorable gp41 conformation.  

[001281 The gp140.664-E2p nanoparticle, with an optimal size (40-50 nm) for DC 

update, may be more advantageous than gp 40-ferritin nanoparticles in eliciting strong 

5 and sustained B cell responses. Given the efficient assembly of gp140.664-E2p 

nanoparticles, it is possible that the particulate display of gp140.681 can be achieved 

using E2p and warrants further investigation. In summary, our characterization of 

gp140.664-E2p nanoparticle has provided an important step towards the development 

of high-valency, VLP-like IV-1 vaccines.  

10 
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bCalculated asaverage/average(al) 

R Iwi , /I , where Ig is the scaled intensity of the measurement 
of reflection h, k, 1, <It> is the average intensity for that reflection, and n is the redundancy,R , 
is a redundancy-independent measure of the quality of intensity measurements. R, = m (1/(n

1) Jn,- <;>|/4uI4A where Agj is the scaled intensity of the * measurement of 
reflection h, k, 1, < IA > is the average intensity for that reflection, and n isthe redundancy.  

dR,, = It | F.~ F,|| m| F.'| x 100 
*Rrm was calculated as ir R, but on a test setcomprising 10% other data excluded from 
refinement.  
These values were calculated using M lProbity(htp://roprobity.biohem.dke.edu/).  

-1 1 :Aino asxm-cd fH'-" b, na i ~ 

a.V1V2 triner-presenting ferritin nanoparticles 
ZM109 VIV2Ext-FR [PCVKLTPLCVTLNCTStAAHNESETRVKHCSFNITTDVKDRK 
(SEQ ID NO:29) QKVNATFYDLDIVPLSSSDNSSNSSLYRLISCNTSTITQACP]AS 

GDIIKLLNEQVNKEMQSSNLYMSMSSWCYTHSLDGAGLFLFD 
HAAEETH AKKLIIFLNENNVPVQLTSISAPEHKFEGLTQIFQK 
AYEHEQHISESINNIVDHAIKSKDHATFNFLQWYVAEQHEEEV 
LFKDILDKIELIGNENHGLYLADQYVKGIAKSRKS 

ZM109 VIV2Sht-FR JACVTLNCTSPAAHNESETRVKHCSFNITTDVKDRKQKVNATF 
(SEQID NO:30) YDLDIVPLSSSDNSSNSSLYRLISCAIASGDIIKLLNEQVNKEMQ 

SSNLYMSMSSWCYTIISLDGAGLFLFDHAAEEYEHAKKLIIFL 
NENNVPVQLTSISAPEHKFEGLTQIFQKAYEHEQHISESINNIV 
DHAIKSKDHATFNFLQWYVAEQHEEEVLFKDILDKIELIGNEN 
HGLYLADQYVKGIAKSRKS 

CAP45 VIV2Ext-FR [PCVKLTPLCVTLRCTNA.TINGSLTFFVKNCSFNITTELRDKKQ 
(SEQ IDN:3 1) KAYALFYRPDVVPLNKNSPSGNSSEYILINCNTSTI'QACP]ASG 

DUKLLNEQVNKEMQSSNLYMSMSSWCYTHSLDGAGLFLFDH 
AAEEYEHAKKLFLNENNVPVQLTSISAPEHKJFEGLI'QIFQKA 
YEHEQHIISESFNNIVDHAIKSKDHA TFNF LQWYVAEQHEEEVL 
FKDILDKIELIGNENHGLYLADQYVKGIAKSRKS 

b. gp120trimer-resentin ferritinnanoparicles 
BG505 gp12OExt-FR [GVPVWKDAETTLFCASDAKAYDTEKINVWHTACVPTDPN 
(SEQ ID NO:32) PQEIHLENVTEEFNMWKNNMVEQMHTDIISLWDQSLKPCVKL 

TPLCVTLQCTNVTNNITDDMRGELKNCSFNMTTELRDKKQK 
VYSLFYRLDVVQINENQGNRSNNSNKEYRLINCNTSAITQACP 
KVSFEPIPIHYCAPAGFAILKCKDKKFNGTGPCPSVSTVQCTIIG 
IKPVVSTQLLLNGSLAEEEVMIRSENITNNAKNILVQFNTPVQI 
NCTRPNNNTRKSIRIGPGQAFYATGDIIGDIRQAHCNVSKATW 
NETLGKVVKQLRKHFGNNTIIRFANSSGGDLEVTTHSFNCGGE 
FFYCNTSGLFNSTWISNTSVQGSNSTGSNDSITLPCRIKQIINM 
WQRIGQAMYAPPIQGVIRCVSNITGLILTRDGGSTNSTTETFRP 
GGGDMRDNWRSEIYKYKVVKIEPLG]ASGDIIKLLNEQVNKE 
MQSSNLYMSMSSWCYTHSLDGAGLFLFDHAAEEYEHAKKLII 
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VDHAIKSKDHA.TFNFLQWYVA EQHEEE 
NHGYLAQY-VIKGIAKSRKS 

BG505 gpl20Sht-FR [GVWKDAETTLFCASDAKAYDTEKHNVWATHACVPTDPNPQ 
(SEQ ID NO:33) EIHLENVTEEFNMWKNNMVEQMHTDUISLWDQSLKPCVKLTP 

LCVTLQCTNVTNNTT)DMRGELKNCSFNMTTELRDKKQKVY 
SLFYRLDVVQINENQGNRSNNSNKEYRLINCNTSAITQACPKV 
SFEPIPIHYCAPAGFAILSKCKDKKFNGTGPCPSVSTVQCTHGIK 
PVVSTQLLLNGSLAEEEVMIRSENITNNAKNILVQFNTPVQINC 
TRPNNNTRKSIRIGPGQAFYATGDIIGDIRQAHCNVSKATWNE 
TLGKVVKQLRKHFGNNTIIRFANSSGGDLEVIHSFNCGGEFF 
YCNTSGLFNSTWISNTSVQGSNSTGSNDSITLPCRIKQIINMWQ 
RIGQAMYAPPIQGVIRCVSNITGLILTRDGGSTNS'TETFRPGG 
GDMRDNWRSELYKYKVVIKIECASGDIIKLLNEQVNKEMQSS 
NLYMSMSSWCYTHSLDGAGLFLFDHAAEEYEHAKKLIIFLNE 
NNVPVQLTSISAPEHKFEGLTQIFQKAYEI-EQHISESINNIVDIH 
AIKSKDHATFNFLQWYVAEQIHEEEVLFKDILDKIELIGNENHG 
LYLADQYVKGIAKSRKS 

BG505 gp120SS-FR [GWCDAETTLFCASDAKAYDTEKHNVWATHACVPTDPNPQEI 
(SEQ ID NO:34) HLENVTEEFNMWKNNMVEQMHTDIISLWDQSLKPCVKLTPL 

CVTLQCTNVTNNITDDMRGELKNCSFNMTTELRDKKQKVYS 
LFYRLDVVQINENQGNRSNNSNKEYRLINCNTSAITQACPKVS 
FEPIPIHYCAPAGFAILKCKDKKFNGTGPCPSVSTWQCTHGIKP 
VVSTQLLLNGSLAEEEVMIRSENITNNAKNILVQFNTPVQINCT 
RPNNNTRKSIRIGPGQAFYATGDIIGDIRQAICNVSKATWNET 
LGKVVKQLRKHFGNNTIIRFANSSGGDLEVTTHSFNCGGEFFY 
CNTSGLFNSTWISNTSVQGSNSTGSNDSITLPCRIKQIINMWQR 
IGQAMYAPPIQGVIRCVSNITGLILTRDGGSTNSTTETFRPGGG 
DMRDNWRSELYKYKVVCIGIASGDIIKLLNEQVNKEMQSSNL 
YMSMSSWCYTHSLDGAGLFLFDH AAEEYEIIAKKLIIFLNENN 
VPVQLTSISAPEHKFEGLTQIFQKATHEQHISESINIVDHAIK 
SK DHAMTFNFLQWYVAEQI4IEEEV L FKDILDKIELIGNENHGLYL 
ADQYVKG-IAKSRKS (SEQ ID NO:34) 

e. gp120 trimer-presenting LS and E2p nanopartices 
BG505 gp120Sht-LS IGVWKDAE:ITLFCASDAKAYDTEKHNVWATIHACVPTDPNPQ 
(SEQ ID NO:35) E1-ILENVTEEFNMWKNNMVEQMHTDIISLWDQSLKPCVKLTP 

LCVTLQCTNVTNNITDDMRGELKNCSFNMTTELRDKKQKVY 
SLFYRLDVVQINENQGNRSNNSNKEYRLINCNTSAITQACPKV 
SFEPIPIHYCAPAGFAILKCKDKKFNGTGPCPSVSTVQCTHGIK 
PVVSTQLLLNGSLAEEEVMIRSENITNNAKNILVQFNTPVQINC 
TRPNNNTRKSIRIGPGQAFYATGDIIGDIRQAHCNVSKAI'WNE 
TLGKVVKQLRKI-IFGNNTIIRFANSSGGDLEVTTIISFNCGGEFF 
YCNTSGLFNSTWISNTSVQGSNSTGSNDSITLPCRIKQIINIWQ 
RIGQAMYAPPIQGVIRCVSNITGLILTRDGGSTNSTTETFRPGG 
GDMRDNWRSELYKYKVVKIEGlASGMQIYEGKLTAEGLRFGI 
VASRFNHALVDRLVEGAIDCIVRHGGREEDITLYRVPGSWEIP 
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ALELRKPITFGVITADTLEQATIERAGTKHGNKGWEAALSATEM 
ANLFKSLR 

BG505 gpl20Sht-E2p _GyWKDAETTLFCASDAKAYDTEKHINVWATHACVPTDPNPQ 
(SEQ ID NO:36) EIHLENVTEEFNMWKNNMVEQMHTDIISLWDQSLKPCVKLTP 

LCVTLQCTNVTNNITDDMRGELKNCSFNMTIELRDKKQKVY 
SLFYRLDVVQINENQGNRSNNSNKEYRLINCNTSAITQACPKV 
SFEPIPIIIYCAPAGFAILKCKDKKFNGTGPCPSVSTVQCTHGIK 
PVVSTQLLLNGSLAEEEVIv¶RSENITNN AKNILVQFNTPVQINC 
TRPNNNTRKSIRIGPGQAFYATGDIIGDIRQAICNVSKATWNE 
TLGKVVKQLRKHFGNNTIIRFANSSGGDLEVTTHSFNCGGEFF 
YCNTSGLFNSTWISNTSVQGSNSTGSNDSITLPCRIKQIINMWQ 
RIGQAMYAPPIQGVIRCVSNITGLILTRDGGSTNSTTETFRPGG 
GDMRDNWRSELYKYKVVKIEGjASGAAAKPATTEGEFPETRE 
KMSGIRRAIAKAMVHSKHTAPHVTLMDEADVTKLVAHRKKF 
KAIAAEKGIKLTFLPYVVKALVSALREYPVLNTADDETEEIIQ 
KHYYNIGIAADTDRGLLVPVIKHADRKPIFALAQEINELAEKA 
RDGKLTPGEMKGASCTITNIGSAGGQWFTPVINHPEVAILGIG 
RIAEKPIVRDGEIVAAPMILALSLSFDHRMIDGATAQKALNHIK 
RLLSDPELLLM 

d. gp140 trimer-presenting ferritin nanoparticles 
BG505 gp140,664-FR [AENLWVTVYYGVPVWKDAETTLFCASDAKAYETEKHNVW 
(SEQ ID NO:37) ATHACVPTDPNPQEIIILENVTEEFNMWKNNMVEQMHTDIISL 

WDQSLKPCVKLTPLCVTLQCTNVTNNITDDMRGELKNCSFN 
MTTE LRDKKQKVYSLFYRLDVVQINENQGNRSNNSNKEYRLI 
NCNTSAITQACPKVSFEPIPIHYCAPAGFAILKCKDKKFNGTGP 
CPSVSTVQCTHGIKPVVSTQLLLNGSLAEEEVMIR.SENITNNA 
KNILVQFNTPVQINCTRPNNNTRKSIRIGPGQAFYATGDIIGDIR 
QAHCNVSKATWNETLGKVVKQLRKHFGNNTIIRFANSSGGDL 
EVTTHSFNCGGEFFYCNTS0LFNSTWvIISNTSVQGSNSTGSNDSI 
TLPCRIKQIINMWQRIGQAMYAPPIQGVIRCVSNITGLILTRDG 
GSTNSTTETFRPGGGDMRDNWRSELYKYKVVKEPLGVAPTR 
CKRRVVGRRRRLMAVGIGAVFLGFLGAAGSTMGAA SMTLT 
VQARNLLSGNPDLDMTVWGIKQLQARVLAVERYLRDQQL 
LGIWGCSGKLICCTNVPWNSSWSNRNLSEIWDNMTWLQWDK 
EISNYTQIIYGLLEESQNQQEKNEQDLLALD]ASCDIIKLLNEQV 
NKEMQSSNLYMSMSSWCYTHSLDGAGLFLFDHAAEEYEHAK 
KLIIFLNENNVPVQLTSISAPEHKFEGLTQIFQKAYEfIEQHISES 

hINNIVDHAIKSKDHATFNTQWYVAEQHEEEVLFKDILDKIELI 
GNENHGLYLADQYVKGIAKSRKS 

BG505 gp140.664-10aa- [AENLWVTVYYGVPVWKDAETLFCASDAKAYETEKHNVW 
FR (SEQ ID NO:38) ATHACVPTDPNPQEIHLENVTEEFNMWKNNMVEQMHTDIISI 

WDQSLKPCVKLTPLCV TLQCTNVTNNITDDMRGELKNCSFN 
M'ITELRDKKQKVYSLFYRLDVVQNENQGNRSNNSNKEYRLI 
NCNTSAITQACPKVSFEPIPIHYCAPAGFAILKCKDKKFNGTGP 
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CPSVSTVQCTHGIKPVVSTQLLLNGSLAEEEVMIRSENFPNNA 
KNILVQFNTPVQINCTRPNNNTRKSIRIGPGQAFYATGDIIGDIR 
QAHCNVSKATWNETLGKVVKQLRKHFGNNTIIRFANSSGGDL 
EVTTHSFNCGGEFFYCNTSCLFNSTWISNTSVQGSNSTGSNDSI 
TLPCRIKQIINrMWQRIGQAMYAPPIQGVIRCVSNITGLILTRDG 
GSTNSTTETFRPGGGDMRDNWRSELYKYKVVKMEPLGVAPTR 
CKRRVVGRRRRRRAVGIGAVFLGFLGAAGSTMGAASMTLT 
VQARNLLSQIPD' D--TVWGIKQLQARVLAVERYLRDQQL 
LGIWGCSGKLICCTNVPWNSSWSNRNLSEIWDNMTWLQWDK 
EISNYTQIIYGLLEESQNQQEKNEQDLLALDGSGSGSGSGSASG 
DUIKLLNEQVNKEMQSSNLYMSMSSWCYTHSLDGAGLFLFDH 
AAEEYEHAKKLHFLNENNVPVQLTSISAPEHKFEGLTQIFQKA 
YEHEQHISESFNNIVDHAIKSKDHATFNFLQWYVAEQHEEEVL 
FKDILDKIELIGNENHGLYLADQYVKGIAKSRKS 

BG505 gp140.681-10aa- [AENLWVTVYYGVPVWKDAETLFCASDAKAYETEKHNVW 
FR (SEQ ID NO:39) ATHACVPTDPNPQEIHLENVTEEFNMWKNNMVEQMHTDIISL 

WDQSLKPCVKLTPLCVTLQCTNVTNNITDDMRGELKNCSFN 
NTTELRDKKQKVYSLFYRLDVVQINENQGNRSNNSNKEYRLI 
NCNTSAITQACPKVSFEPIHYCAPAGFAILKCKDKKFNGTGP 
CPS VSTVQCTHGIKPVVSTQLLLNGSLAEEEVMIRSENITNNA 
KNILVQFNTPVQINCTRPNNNTRKSIRIGPGQAFYATGDIIGDIR 
QAHCNVSKATWNETLGKVVKQLRKHFGNNTIIRFANSSGGDL 
EVTTHSFNCGGEFFYCNTSGLFNSTWISNTSVQGSNSTGSNDSI 
TLPCRIKQIINMWQRICQAMYAPPIQGVIRCVSNITGLILTRDG 
GSTNSTTFI'RPGGGDMRDNWRSELYKYKVVKIEPLGVAPTR 
CKRRVVGRRRRRRAVGIGAVFLGFLGAAGSTMGAASMTLT 
VQARNLLSGNPDWLPDMTVWGIKQLQARVLAVERYLRDQQL 
LGIWGCSGKLICCTNVPWNSSWSNRNLSEIWDNMTWLQWDK 
EISNYTQIIYGLLEESQNQQEKNEQDLLALDKWASLWNWFDIT 
NWLWYIRA]GSSGSGSGSGSASGDIIKLLNEQVNKEMQSSNLYM 
SMSSWCYTHSLDGAGLFLFDHAAEEYEHAKKLIIFLNENNVP 
VQLTSISAPEHKFEGLTQIFQKAYEHEQHISESINNIVDHA.IKSK 
DHATFNFLQWYVA EQHEEEVLFKDILDKIELIGNENHOLYLA 
DQYVKGI-AKSRKS ........................  

g40ti E~ree tnLad2pnanopartidcles _________________ 

BG505 LS-1aa- MQIYEGKLTAEGLRFGIVASRFNHALVDRLVEGAIDCIVRHGG 
gp140.664 (SEQ ID REEDITLVRVPGSWEIPVAAGELARKEDIDAVIAIGVLIRGATP 
NO:40) HFDYIASEVSKGLANLALELRKPITFGVITADTLEQAIERAGTK 

HGNKG WEAA LSAIEMANLFKSLRGSGGSGSGSASG[AENLW 
VTVYYGVPVWKDAETLFCASDAKAYETEKHNVWATHACV 
PTDPNPQEIHL ENVTEEFNMWKNNMVEQMHTDIISLWDQSLK 
PCVKLTPLCV'ILQCTNVTNNITLDDMRGELKNCSFNMTTELRD 
KKQKVYSLFYRLDVVQINFNQGNRSNNSNKEYRLINCNTSAI 
TQACPKVSFEPIPIHYCAPAGFAILKCKDKKFNGTGPCPSVSTV 
QCTHGIKPVVS'QLLLNGSLAEEEVMIR.SENTTNNAKNILVQF 
NTPVQINCTRPNNNTRKSIRIGPGQAFYATGDIIGDIRQA1CNV 
SK ATNVNETLOKVVKQLRKHFGNNhRFANSSGDEPYTHS 
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KQIINMWQRIGQAMYAPPIQOVIRCVSNITGLILTRDGGSTNST 
TETFRPGGGDMRDNWRSELYKYKVVKIEPLGVAPTRCKRRV 
VGRRRRRRAVGIGAVFLGFLGAAGSTMGAASMTLTVQARN 
LLSTNPDWIPDMTVWGIKQLQARVLAVERYLRDQQLLGIWG 
CSGKLI(CTNVPWNSSWSNRNLSEIWDNMTWLQWDKEISNY 
TQITYOLLEESQNQQEKNEQDLLALD] 

BG505 gp140.664-E2p [AENLWVTVYYGVPVWKDAETTLFCASDAKAYETEKHNVW 
(SEQ ID NO:41) ATHACVPTDPNPQEIHLENVTEEFNMWKNNMVEQMH'IDIISL 

WDQSLKPCVKLTPLCVTLQCTNVTNNITDDMRGELKNCSFN 
MITELRDKKQKVYSLFYRLDVVQINENQGNRSNNSNKEYRLI 
NCNTSAITQACPKVSFEPIPIHYCAPAGFAILKCKDKKFNGTGP 
CPSVSTVQCTIIOIKPVVSTQLLLNGSLAEEEVMIRSENITNNA 
KNILVQFNTPVQINCTRPNNNTRKSIRIGPGQAFYATGDIIGDIR 
QAHCNVSKATWNETLGKVVKQLRKHFGNNTIIRFANSSGGDL 
EVTHSFNCGGEFFYCNTSGLFNSTWISNTSVQGSNSTGSNDSI 
TLPCRIKQIINMWQRIGQAMYAPPIQGVIRCVSNITGLILTRDG 
GSTNSTTETFRPGGGDMRDNWRSELYKYKVVKIEPLGVAPTR 
CKRRVVGRRRRRRAVGIGAVFLGFLGAAGSTMGAASMITLT 
VQARNLLSGNPDJTEDMIVWGIKQLQARVLAVERYLRDQQL 
LGIWGCSGKLICCTNVPWNSSWSNRNLSEIWDNMTWLQWDK 
EISNYTQIIYGLLEESQNQQEKNEQDLLALD]ASGAAAKPATTE 
GEFPE'I'REKMSGIRRAIAKAMVHSKI-ITAPHVTLMDEADVTKL 
VAHRKKFKAIAAEKGIKLTFLPYVVKALVSALREYPVLNTAID 
DETEEIIQKHYYNIGIAADTDRGLLVPVIKIIADRKPIFALAQEI 
NELAEKARDGKLTPGEMKGASCTITNIGSAGGQWFTPVINHP 
EVAILGIGRIAEKPIVRDGEIVAAPMLALSLSFDHRMIDGATAQ 

----- ---- KALNHIKRLLSDPELLLM 
For each construct, the HIV- antigen is shown in brackets with the mutations shown in underlined fon Mutations 

in the lanoparticle sequence aimed to remove N-linked glycosylation sites areshown in double underlined font The 
enzymatic site (ASG) between HIV- I antigen and parlicle subunit is shown in italic font, 
bThe gp140 sequences ontain a redesigned heptad repeat I (IR) region that has been found to significantly 
improve trimer yield and purity while retaining the SOSIP-like structure and antigenicity.The modified HRI region 
isshons in italic/double underlined font, and the 10 residue GSlinker (SEQ ID NO:42) is shown in 
italic/underlined font. A leader sequence "MDAMKRLCCVLLLCG(AVFVSPSQE I-ARFRRGAR"(SEQ ID NO: 
43) is used for all gp140 nanopartice constructs, 

Example 14 SonecX methodss arWV-Ierimere 

[00129] Nanoparticle design and modeling. A Per] script was developed to (1) 

search for three-fold vertices on thesurface of a given nanoparticle or VP, (2) 

5 superpose the C-termini of trimeric HV-I antigen onto N-termini of three particle 

subunits around each three-fold axis on the particle surface, and (3) generate XYZ 

coordinates of the trimer-presenting particle with the diameter and other structural 

parameters calculated at the completion of the process.The particle model obtained was 
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visualized using UCSF Chimera (https://wwwcglucsfedu/chimera/)for manual 

inspection and selection of proper linkers.  

[00130] Antibodies for antigenic profiling. We utilized a panel of bNAbs and non~ 

NAbs to characterize the antigenicity of designed trimers.The bNAbs 2012 and b12 as 

5 well as MAbs F240, 7B2, 17b, and A32 were requested from the NIH AfDS Reagent 

Program (https:/wwwaidsreagent.org/).Other bNAbs and non-NAbs were obtained 

elsewhere, 

[00131] Expression and purification of HIV-1 Env antigens and nanoparticles.  

Trimers and trimer-presenting nanoparticles were transiently expressed in HEK293 F 

10 cells (Life Technologies, CA), with monomeric VIV2 and VIV2 nanoparticles 

transiently expressed in HEK293 S cells. Briefly, IEK293 F/S cells were thawed and 

incubated with FreeStyle TM 293 Expression Medium (Life Technologies, CA) in a 

Shaker incubator at 37°C, with 120 rpm and 8% CO2. When the cells reached a density 

of 2.x10/m, expression medium was added to reduce cell density to 1 x1
6/mnlfor 

15 transfection with polyethyleneimine (PE) (Polysciences, Inc). For gp140 nanoparticles, 

800 pg of fusion protein plasmid and 300 pg of furin plasmid in 25 ml of Opti-MEM 

transfection medium (Life Technologies, CA) was mixed with 5 ml of PEI-MAX (1.0 

mg/ml) in 25 ml of Opti-MEM; whereas for VIV2 and gp120 nanoparticles, 900 pg of 

chimeric Env plasmid was used without furin. After incubation for 30 min, the DNA

20 PEI-MAX complex was added to IL 293F/S cells. Culture supernatants were harvested 

five days after transfection, clarified by centrifugation at 1800 rpm for 22rnin, and 

filtered using 0.45 pm filters (Therino Scientific), The proteins were extracted from the 

supernatant using a Galanthus nivalis lectin (GNL) column (Vector Labs). The bound 

proteins were eluted with PBS containing 500 mM NaCI and 1 M methyl-a-D

25 mannopyranoside and purified by size exclusion chromatography (SEC) on a Superdex 

200 Increase 10/300 GL column or a Superose 6 10/300 GL column (GE Healthcare), 

Protein concentrations were determined using UV2 absorbance with theoretical 

extinction coefficients. For gpl40-ferritin nanoparticles, Capto 700 Core column (GE 

Healthcare) and 2G12 affinity column6 were used to improve particle purity.  

30 1001321 Blue Native (BN) PAGE, HIV-1 trimer-presenting nanoparticles were 

analyzed by blue native polyacrylamide gel electrophoresis (BN-PAGE) and stained 

using Coomassie blue. The proteinsamples were mixed with loading dye and loaded 

onto a 4-12%Bis-Tris NuPAGE gel (Life Technologies), BN-PAGE gels were run for 

57



WO 2017/192434 PCT/US2017/030375 

2 hours at 150 V using NativePAGE2 running buffer (Life Technologies) according to 

the manufacturer's instructions.  

[00133] Electron microscopy sample preparation and data processing. The purified 

nanoparticles were analyzed by negative stain EM. A 3 pL aliquot containing ~0,01 

5 mg/mL of the sample was applied for 15 s onto a carbon-coated 400 Cu mesh grid that 

had been glow discharged at 20 mA for 30 s, then negatively stained with 2% uranyl 

formate for 45s, Data were collected using a FE Teenai Spirit electron microscope 

operating at 120 kV, with an electron dose of0e~A2 and a magnification of 52,000 x 

that resulted in a pixel size of 2.05 A at the specimen plane. Images were acquired with 

10 aTietz 4k x 4k TemCam-F416 CMOS camera using a nominal defocus of 1000 rnm and 

the Leginon package. The nanoparticles were picked automatically using DoG Picker 

and put into a particle stack using the Appion software package. Reference-free, two

dimensional (2D) class averages were calculated using particles binned via the iterative 

msa/mra Clustering 2D Alignment and IMAGIC software systems and sorted into 

15 classes.  

[001341 Binding Analysis by Enzyme-Linked Immunosorbend Assay (ELISA).  

CostarTM 96-well assayplates (Coming) were coated with ViV2 antigens overnight at 

4°C.The wells were washed once with PBS + 0.05 %Tween 20, and then incubated 

with 150 pl of blocking buffer (PBS with 5% w/v dry milk) per well for 1 hour at room 

20 temperature (RT) followed by 5 times of washing in PBS +0.05% Tween 20. 50 pl of 

apex-directed bNAbs in blocking buffer were added, with a maximum concentration of 

2 pg/ml and a 5-fold dilution series, and incubated for 1 hour at RT. After washing 5 

times in PBS + 0.05% Tween 20, the wells were incubated with 50 ul of Peroxidase

AffiniPure Goat Anti-Human IgG antibody (Jackson ImmunoResearch Laboratories, 

25 Inc) at 1:5000 in PBS + 0.05% Tween 20 per well for Ih at RT. After washed 5 times in 

PBS + 0.05% Tween 20, the wells were developed using TMB at RT for 5 min and the 

reaction stopped with 2 N sulfuric acid.The readout was measured at a wavelength of 

450 nm.  

[001351 Binding Analysis by Biolayer Light Interferometry. The kinetics of HIV-1 

30 antigen andnanoparticle binding to bNAbs and non-N.Abs was measured using an Octet 

Red96 instrument (fort6Bio, Pall Life Sciences). All assays were performed with 

agitation set to 1000 rpm in fortdBIOj x kinetic buffer. The final volume for all the 

solutions was 200 pl/well. Assays were performed at 30°C in solid black 96-well plates 
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(Geiger Bio-One). 5 pg/ml of protein in lx kinetic buffer was used to load an antibody 

on the surface of anti-human Fe Capture Biosensors (AHC) for 300s. A 60s biosensor 

baseline step was applied prior to the analysis of the association of the antibody on the 

biosensor to the Env timer in solution for 200s. A two-fold concentration gradient of 

5 testing antigens was used in a titration series of six. The dissociation of the interaction 

was followed for 300s. Correction of baseline drift was performed by subtracting the 

averaged shift recorded for a sensor loaded with antibody but not incubated with trimer, 

or a sensor without antibody but incubated with trimer. Octet data were processed by 

fortdBio's data acquisition software v.8,1. Experimental data were fitted for VIV2 

10 apex-directed bNAbs using a global fit 1:1 model to determine the Kn values and other 

kinetic parameters.  

Example 15 Fihkmodieimonot hegp pj4dmano grover imero rogertes 

[00136] We hypothesize that other regions within gp4 also contribute to the HIV-1 

15 Env metastability, in addition to the N-terminal bend of the heptad region I (HRI), 

which is the primary cause of metastability, This is the master hypothesis that can be 

realized in two different implementations.  

[001371 In the first implementation, we hypothesize that the BG505 gp4l domain 

containing a redesigned HRI N-terminal bend and a cleavage-site linker can be used to 

20 replace the gp4l domain of diverse HIV-1 strains or subtypes to render "chimeric" 

gp140 trimers (termed "UFO-BG") with the same high yield, purity, and stability as the 

BG505 UFO gp140 trimer. Since the gp120 domain encodes most of the Env epitopes 

and thus defines the identity of an HIV-i strain or subtype, such a "chimeric" gp140 

timer will be antigenically similar to the wild-type (WT) gp140 trimmer but with 

25 significantly improved yield, purity, and stability. To validate this hypothesis, we 

selected 10 HIV- Istrains of 5 diverse clades (A, B, C, B'C, and A/E), covering the 

majority of the circulating HIV-1 isolates in different geographic regions around the 

globe.These 10 14V-1 strains include BG505 (clade A, tier 2), Q842-d12 (clade A, tier 

2), 6240.08.TA5.4622 (clade B, tier 2),11078.14 (clade B, tier 3), Dul72.17 (clade C, 

30 tier 2), 16055-23 (clade C, tier 2), CN54 (clade B'C, tier unknown), CHI15.12 (clade 

WIC, tier 3), 95TNIH022 (clade AE, tier unknown), and 93JP_NHl (clade AA, tier 

unknown). Indeed, the profiles obtained from size-exclusion chromatography (SEC) on 

a Superdex 200 16/600 Hi-Load column demonstrated exceptional purity for the UFO
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BG timers derived from diverse HiV- strains. Using bio-layer interferometry (BLI), 

we further measured the antigenic profiles for these 10 UFO-BG trimers against a panel 

of I1 broadly neutralizing antibodies (bNAbs) and 8 non-NAbs, showing broadly 

similar patterns to the wild-type (WT) gp140 trimers without swapping the gp 41 

5 domain. Negative-stain EM analysis of 10 UFO-BG trimers indicated that 80-100% of 

the produced Env protein corresponds to native-like gp140 trimers. Finally, a crystal 

structure has been determined for the UFO-BG gp1 4 0 trimer of a clade-B, tier-3 strain, 

H078.14, confirming the structural integrity of such chimeric gp140 designs.  

[00138] in the second implementation, we hypothesize that a "universal" (or 

10 "consensus") gp4 1 domain derived from the HIV-I sequence database containing a 

redesigned HRI N-terminal bend and a cleavage-site linker can be used to replace the 

gp41 domain of diverse HV-i strains or subtypes to render "chimeric" gp140 trimers 

(termed "IFO-U") with improved yield, purity, and antigenicity. Such universal (or 

consensus) gp4I can be calculated from the database of all HIV sequence (UFO

15 UALL), or from the database of HIV- sequences belonging to a specific HIV-I 

subtype (for example, UFO-UA, -UB, -U,-UBC, and -UAE) These databases and 

their use for obtaining "consensus" sequences are well known in the art See, e.g., 

Kothe et al- Virol. 352:438-449, 2006; and Korber et al., Brit. Med, Bullet. 58:19-42, 

2001. To demonstrate the effectiveness of this design strategy, we selected 5 

20 representative HV-1 Istrains, each from a different clade, to characterize the UFO

UALL trimers. Similar to the UFO-BG trimers, we observed improved SEC profiles 

and BLI antibody binding profiles for the UFO-UALL trimers compared to the wild

type (WT) gp140 timers without swapping the gp41 domain. Negative-stain EM 

analysis of the selected UFO-UALL trimers indicated that 90-100% of the produced 

25 Fnv protein corresponds to native-like gp140 trimers.  

Example 16 ispl-Ind lon) m j o ge Q iKtxaari 

[00139] Bacteriophage Qp is an icosahedral virus with a diameter of 25 nm that can 

infect Escherichia coi (E. coli). The virus-like particle (VLP) derived from Qp has been 

30 used as a multivalent carrier to display foreign antigens in vaccine development against 

influenza (Phase I), allergic rhinitis and asthma (Phase II, NCT00890734), malignant 

melanoma (Phase II, NCT00651703), Alzheimer's disease (Phase 11, NCT01097096), 

hypertension (NCT00500786), nicotine addiction (Phase U, NCT01280968), and type 11 

60



WO 2017/192434 PCT/US2017/030375 

diabetes mellitus (Phase 1 NCT00924105). Clinical trials have demonstrated its safety 

and immunogenicity in humans. TheQ VLP is made of 180 identical subunits and can 

in principle display 60 mVl gp4l timers. However, structural modeling suggested 

that there might not be enough space on the VLP surface to accommodate 60 gpl 40 

5 trimers.To reduce the surface density, we engineered the Qp VLP by covalently linking 

two Qp subunits with a short glcine-serine (GS) linker, We further removed an inward

facing glycosylation site that may affect the assembly of Q VLP in mammalian cells. A 

trimeric foldon of the T4 phagehead fibritin (PDB Identifiers: 4NCV, 4NCW, 4NCU, 

1RFO) was then included as a "neck"to connect the UO gp140 and engineered Qp 

10 subunit.The resulting construct, when expressed in mammalian cells, assembled into 

stable VLPs displaying 30 UFO gp140 timers on each particle.  

[00140] The invention thus has been disclosed broadly and illustrated in reference to 

representative embodiments described above. It is understood that various 

15 modifications can be made to the present invention without departing from the spirit 

and scope thereof.  

[00141] It is further noted that all publications, patents and patent applications cited 

herein are hereby expressly incorporated by reference in their entirety and for all 

purposes as if each is individually so denoted. Definitions that are contained in text 

20 incorporated by reference are excluded to the extent that they contradict definitions in 

this disclosure.  
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WHAT IS CLAIMED IS: 

1. A modified HIV-1 envelope gp140 protein, comprising a gp120 

polypeptide and a gp4l polypeptide, wherein amino acid residues 548-568 of the 

N-terminus of heptad 1 region (HR1) of the gp4l polypeptide is replaced with a 

5 shorter loop sequence of about 6 to about 14 amino acid residues in length that 

stabilizes the pre-fusion gp140 structure, wherein the numbering of the amino acid 

residues corresponds to HxB2 nomenclature.  

2. The modified HIV-1 gp140 protein of claim 1, wherein the gp4l 

polypeptide is gp 4 1ECTO.  

10 3. The modified HIV-1 gp140 protein of claim 1 or 2, which is a 

trimer.  

4. The modified HIV-1 gp140 protein of any one of claims 1-3, 

wherein the gp120 and gp41 polypeptides are from different HIV-1 strains.  

5. The modified HIV-1 gp140 protein of any one of claims 1-3, 

15 which is derived from HIV-1 strain BG505.  

6. The modified HIV-1 gp140 protein of any one of claims 1-5, 

wherein the loop sequence comprises (GS) 4 (SEQ ID NO:24).  

7. The modified HIV-1 gp140 protein of any one of claims 1-5, 

wherein the loop sequence comprises 10 amino acid residues.  

20 8. The modified HIV-1 gp140 protein of claim 7, wherein the loop 

sequence comprises any one of SEQ ID NOs:1-5.  

9. The modified HIV-1 gp140 protein of any one of claims 1-5, 

wherein the loop sequence comprises 8 amino acid residues.  

10. The modified HIV-1 gp140 protein of claim 9, wherein the loop 

25 sequence comprises any one of SEQ ID NOs:6-10.  
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11. The modified HIV-1 gp140 protein of any one of claims 1-10, 

further comprising a flexible linker sequence that substitutes for the furin cleavage 

site sequence between gp120 and gp41.  

12. The modified HIV-1 gp140 protein of claim 11, wherein the 

5 linker sequence comprises (G4 S)2(SEQ ID NO:22) or SGS and substitutes for 

residues 508-511 at the furin cleavage site.  

13. The modified HIV-1 gp140 protein of claim 11, wherein the 

linker sequence comprises 8 amino acid residues and substitutes for residues 501

518 at the furin cleavage site, and wherein numbering of the amino acid residues 

10 corresponds to that of HIV-1 strain BG505. SOSIP.664 gp140.  

14. The modified HIV-1 gp140 protein of claim 13, wherein the 

linker sequence comprises the sequence shown in any one of SEQ ID NOs:16-20.  

15. The modified HIV-1 gp140 protein of any one of claims 1-14, 

further comprising an engineered disulfide bond between gp120 and gp41.  

15 16. The modified HIV-1 gp140 protein of claim 15, wherein the 

engineered disulfide bond is between residues A501C and T605C.  

17. The modified HIV-1 gp140 protein of claim 1, comprising a 

gp140 trimer with each monomer comprising a gp120 polypeptide and a gp4 1ECTO 

polypeptide, wherein the gp 4 lECTO polypeptide is derived from HIV-1 strain 

20 BG505, and wherein the N-terminus of heptad 1 region (HR1) (SEQ ID NO:28) in 

the gp 4 1ECTO polypeptide is replaced with a loop sequence shown in SEQ ID 

NO:6.  

18. An HIV-1 vaccine composition, comprising an HIV-1 Env

derived trimer immunogen presented on a self-assembling nanoparticle or a virus

25 like particle (VLP), wherein the HIV-1 Env-derived trimer immunogen is a 

modified gp140 protein comprising a gp120 polypeptide and a gp 4 1ECTO 

polypeptide, and wherein amino acid residues 548-568 of the N-terminus of heptad 

1 region (HR1) of the gp 4 1ECTO polypeptide is replaced with a shorter loop 
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sequence of about 6 to about 14 amino acid residues that stabilizes the pre-fusion 

gp140 structure, wherein the numbering of the amino acid residues corresponds to 

HxB2 nomenclature.  

19. The HIV-1 vaccine composition of claim 18, or the modified 

5 HIV-1 gp140 protein of any one of claims 1-5, wherein the loop sequence 

comprises (GS)n (SEQ ID NO:23), wherein n is any integer between 3 and 7, 

inclusive.  

20. The HIV-1 vaccine composition of claim 18 or 19, wherein the 

modified gp140 protein is covalently fused to the nanoparticle platform.  

10 21. The HIV-1 vaccine composition of any one of claims 18-20, 

wherein the nanoparticle platform comprises dihydrolipoyl acyltransferase (E2P), 

or ferritin.  

22. The HIV-1 vaccine composition of any one of claims 18-20, 

wherein the nanoparticle platform has one or more 3-fold axes on the surface with 

15 the N-terminus of each monomer subunit being in close proximity to the 3-fold 

axis, and the spacing of the three N-termini matching the spacing of the C-termini 

of the modified gp140 protein trimer.  

23. The HIV-1 vaccine composition of any one of claims 18-20, 

wherein the C-terminus of the modified gp140 protein sequence is fused to the N

20 terminus of the subunit of the nanoparticle platform sequence.  

24. The HIV-1 vaccine composition of any one of claims 18-20, 

wherein the nanoparticle platform comprises a self-assembling nanoparticle with a 

diameter of about 20nm or less that is assembled from 12 or 24 subunits.  

25. The HIV-1 vaccine composition of any one of claims 18-24, 

25 further comprising an adjuvant.  

26. The HIV-1 vaccine composition of claim 18, wherein the gp140 

trimer is derived from HIV-1 strain BG505, and the loop sequence has a sequence 

shown in SEQ ID NO:6.  
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27. The HIV-1 vaccine composition of claim 26 or the modified 

HIV-1 gp140 protein of claim 17, further comprising (a) a linker sequence (G 4 S)2 

(SEQ ID NO:22) that substitutes for residues 508-511 at the furin cleavage site, 

and (b) an engineered disulfide bond between residues A501C and T605C.  

5 28. An HIV-1 vaccine immunogen, comprising a modified trimeric 

HIV-1 envelope gp140 protein of any one of claims 1-17, 19 or 27.  

29. A method of preventing HIV-1 infection in a subject, 

comprising administering to the subject a therapeutically effective amount of the 

vaccine composition of any one of claims 18-27 or the vaccine immunogen of 

10 claim 28, thereby preventing HIV-1 infection in the subject.  

30. A method of treating HIV-1 infection or eliciting an immune 

response against HIV-1 in a subject, comprising administering to the subject a 

pharmaceutical composition comprising a therapeutically effective amount of the 

vaccine composition of any one of claims 18-27 or the vaccine immunogen of 

15 claim 28, thereby treating HIV-1 infection or eliciting an immune response against 

HIV-1 in the subject.  
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                         SEQUENCE LISTING

<110>  The Scripps Rsearch Institute
 
<120>  COMPOSITIONS AND METHODS RELATED TO HIV-1 IMMUNOGENS

<130>  1745.1PC

<140>  PCT/US2017/030375
<141>  2017-05-01

<150>  US 62/330,604
<151>  2016-05-02

<160>  43    

<170>  PatentIn version 3.5

<210>  1
<211>  10
<212>  PRT
<213>  Artificial sequence

<220>
<223>  Synthetic sequence

<400>  1

Asp Asp Asp Ile Ser Tyr Asp Glu Ser Ile 
1               5                   10  

<210>  2
<211>  10
<212>  PRT
<213>  Artificial sequence

<220>
<223>  Synthetic sequence

<400>  2

Asp Asp Glu Glu Phe His Glu Asp Gly Phe 
1               5                   10  

<210>  3
<211>  10
<212>  PRT
<213>  Artificial sequence

<220>
<223>  Synthetic sequence

<400>  3

Leu Phe Val Val Pro Val Thr Ile Glu Ile 
1               5                   10  

<210>  4
<211>  10
<212>  PRT
<213>  Artificial sequence

<220>
<223>  Synthetic sequence
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<400>  4

Glu Asp Phe Thr Ile Asp Ile Pro Asp Val 
1               5                   10  

<210>  5
<211>  10
<212>  PRT
<213>  Artificial sequence

<220>
<223>  Synthetic sequence

<400>  5

Pro Glu Ile Asn Ile Asp Gln Ile Glu Ile 
1               5                   10  

<210>  6
<211>  8
<212>  PRT
<213>  Artificial sequence

<220>
<223>  Synthetic sequence

<400>  6

Asn Pro Asp Trp Leu Pro Asp Met 
1               5               

<210>  7
<211>  8
<212>  PRT
<213>  Artificial sequence

<220>
<223>  Synthetic sequence

<400>  7

Asp Asp Val His Pro Asp Trp Asp 
1               5               

<210>  8
<211>  8
<212>  PRT
<213>  Artificial sequence

<220>
<223>  Synthetic sequence

<400>  8

Arg Asp Thr Phe Ala Leu Met Met 
1               5               

<210>  9
<211>  8
<212>  PRT
<213>  Artificial sequence

<220>
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<223>  Synthetic sequence

<400>  9

Asp Glu Glu Lys Val Met Asp Phe 
1               5               

<210>  10
<211>  8
<212>  PRT
<213>  Artificial sequence

<220>
<223>  Synthetic sequence

<400>  10

Asp Glu Asp Pro His Trp Asp Pro 
1               5               

<210>  11
<211>  8
<212>  PRT
<213>  Artificial sequence

<220>
<223>  Synthetic sequence

<400>  11

Pro Leu Pro Asp Phe Glu Val Val 
1               5               

<210>  12
<211>  8
<212>  PRT
<213>  Artificial sequence

<220>
<223>  Synthetic sequence

<400>  12

Asp Met Pro Val Phe Pro Asp Ile 
1               5               

<210>  13
<211>  8
<212>  PRT
<213>  Artificial sequence

<220>
<223>  Synthetic sequence

<400>  13

Phe Asp Met Pro Phe Pro Asn Phe 
1               5               

<210>  14
<211>  8
<212>  PRT
<213>  Artificial sequence
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<220>
<223>  Synthetic sequence

<400>  14

Asp Pro Asp Ile Ser Ile Asp Val 
1               5               

<210>  15
<211>  8
<212>  PRT
<213>  Artificial sequence

<220>
<223>  Synthetic sequence

<400>  15

Pro Glu Asp Leu Val Leu Ile Val 
1               5               

<210>  16
<211>  8
<212>  PRT
<213>  Artificial sequence

<220>
<223>  Synthetic sequence

<400>  16

Pro Tyr Met Pro Gly Asn Pro His 
1               5               

<210>  17
<211>  8
<212>  PRT
<213>  Artificial sequence

<220>
<223>  Synthetic sequence

<400>  17

His Pro Asp Pro Asn His Pro Ser 
1               5               

<210>  18
<211>  8
<212>  PRT
<213>  Artificial sequence

<220>
<223>  Synthetic sequence

<400>  18

Pro Thr Pro Met Pro Pro Asn Gly 
1               5               

<210>  19
<211>  8
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<212>  PRT
<213>  Artificial sequence

<220>
<223>  Synthetic sequence

<400>  19

Ser Leu Asp Val Asn Lys Pro Glu 
1               5               

<210>  20
<211>  8
<212>  PRT
<213>  Artificial sequence

<220>
<223>  Synthetic sequence

<400>  20

Leu Pro Pro Gly Gly Pro Val Leu 
1               5               

<210>  21
<211>  30
<212>  PRT
<213>  Artificial sequence

<220>
<223>  Synthetic sequence

<400>  21

Val Ala Pro Thr Arg Cys Lys Arg Arg Val Val Gly Arg Arg Arg Arg 
1               5                   10                  15      

Arg Arg Ala Val Gly Ile Gly Ala Val Phe Leu Gly Phe Leu 
            20                  25                  30  

<210>  22
<211>  10
<212>  PRT
<213>  Artificial sequence

<220>
<223>  Synthetic sequence

<400>  22

Gly Gly Gly Gly Ser Gly Gly Gly Gly Ser 
1               5                   10  

<210>  23
<211>  14
<212>  PRT
<213>  Artificial sequence

<220>
<223>  Synthetic sequence

<220>
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<221>  MISC_FEATURE
<222>  (7)..(14)
<223>  residues 7-8, 9-10, 11-12, and 13-14 can be independently all 
       present or all absent.

<400>  23

Gly Ser Gly Ser Gly Ser Gly Ser Gly Ser Gly Ser Gly Ser 
1               5                   10                  

<210>  24
<211>  8
<212>  PRT
<213>  Artificial sequence

<220>
<223>  Synthetic sequence

<400>  24

Gly Ser Gly Ser Gly Ser Gly Ser 
1               5               

<210>  25
<211>  4
<212>  PRT
<213>  Artificial sequence

<220>
<223>  Synthetic sequence

<400>  25

Arg Glu Lys Arg 
1               

<210>  26
<211>  6
<212>  PRT
<213>  Artificial sequence

<220>
<223>  Synthetic sequence

<400>  26

Arg Arg Arg Arg Arg Arg 
1               5       

<210>  27
<211>  31
<212>  PRT
<213>  Artificial sequence

<220>
<223>  Synthetic sequence

<400>  27

Asn Leu Leu Ser Gly Ile Val Gln Gln Gln Ser Asn Leu Leu Arg Ala 
1               5                   10                  15      

Pro Glu Ala Gln Gln His Leu Leu Lys Leu Thr Val Trp Gly Ile 
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            20                  25                  30      

<210>  28
<211>  21
<212>  PRT
<213>  Artificial sequence

<220>
<223>  Synthetic sequence

<400>  28

Ile Val Gln Gln Gln Ser Asn Leu Leu Arg Ala Pro Glu Ala Gln Gln 
1               5                   10                  15      

His Leu Leu Lys Leu 
            20      

<210>  29
<211>  250
<212>  PRT
<213>  Artificial sequence

<220>
<223>  Synthetic sequence

<400>  29

Pro Cys Val Lys Leu Thr Pro Leu Cys Val Thr Leu Asn Cys Thr Ser 
1               5                   10                  15      

Pro Ala Ala His Asn Glu Ser Glu Thr Arg Val Lys His Cys Ser Phe 
            20                  25                  30          

Asn Ile Thr Thr Asp Val Lys Asp Arg Lys Gln Lys Val Asn Ala Thr 
        35                  40                  45              

Phe Tyr Asp Leu Asp Ile Val Pro Leu Ser Ser Ser Asp Asn Ser Ser 
    50                  55                  60                  

Asn Ser Ser Leu Tyr Arg Leu Ile Ser Cys Asn Thr Ser Thr Ile Thr 
65                  70                  75                  80  

Gln Ala Cys Pro Ala Ser Gly Asp Ile Ile Lys Leu Leu Asn Glu Gln 
                85                  90                  95      

Val Asn Lys Glu Met Gln Ser Ser Asn Leu Tyr Met Ser Met Ser Ser 
            100                 105                 110         

Trp Cys Tyr Thr His Ser Leu Asp Gly Ala Gly Leu Phe Leu Phe Asp 
        115                 120                 125             

His Ala Ala Glu Glu Tyr Glu His Ala Lys Lys Leu Ile Ile Phe Leu 
    130                 135                 140                 

Asn Glu Asn Asn Val Pro Val Gln Leu Thr Ser Ile Ser Ala Pro Glu 

Page 7



17451PCTSeqListing
145                 150                 155                 160 

His Lys Phe Glu Gly Leu Thr Gln Ile Phe Gln Lys Ala Tyr Glu His 
                165                 170                 175     

Glu Gln His Ile Ser Glu Ser Ile Asn Asn Ile Val Asp His Ala Ile 
            180                 185                 190         

Lys Ser Lys Asp His Ala Thr Phe Asn Phe Leu Gln Trp Tyr Val Ala 
        195                 200                 205             

Glu Gln His Glu Glu Glu Val Leu Phe Lys Asp Ile Leu Asp Lys Ile 
    210                 215                 220                 

Glu Leu Ile Gly Asn Glu Asn His Gly Leu Tyr Leu Ala Asp Gln Tyr 
225                 230                 235                 240 

Val Lys Gly Ile Ala Lys Ser Arg Lys Ser 
                245                 250 

<210>  30
<211>  234
<212>  PRT
<213>  Artificial sequence

<220>
<223>  Synthetic sequence

<400>  30

Ala Cys Val Thr Leu Asn Cys Thr Ser Pro Ala Ala His Asn Glu Ser 
1               5                   10                  15      

Glu Thr Arg Val Lys His Cys Ser Phe Asn Ile Thr Thr Asp Val Lys 
            20                  25                  30          

Asp Arg Lys Gln Lys Val Asn Ala Thr Phe Tyr Asp Leu Asp Ile Val 
        35                  40                  45              

Pro Leu Ser Ser Ser Asp Asn Ser Ser Asn Ser Ser Leu Tyr Arg Leu 
    50                  55                  60                  

Ile Ser Cys Ala Ala Ser Gly Asp Ile Ile Lys Leu Leu Asn Glu Gln 
65                  70                  75                  80  

Val Asn Lys Glu Met Gln Ser Ser Asn Leu Tyr Met Ser Met Ser Ser 
                85                  90                  95      

Trp Cys Tyr Thr His Ser Leu Asp Gly Ala Gly Leu Phe Leu Phe Asp 
            100                 105                 110         

His Ala Ala Glu Glu Tyr Glu His Ala Lys Lys Leu Ile Ile Phe Leu 
        115                 120                 125             
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Asn Glu Asn Asn Val Pro Val Gln Leu Thr Ser Ile Ser Ala Pro Glu 
    130                 135                 140                 

His Lys Phe Glu Gly Leu Thr Gln Ile Phe Gln Lys Ala Tyr Glu His 
145                 150                 155                 160 

Glu Gln His Ile Ser Glu Ser Ile Asn Asn Ile Val Asp His Ala Ile 
                165                 170                 175     

Lys Ser Lys Asp His Ala Thr Phe Asn Phe Leu Gln Trp Tyr Val Ala 
            180                 185                 190         

Glu Gln His Glu Glu Glu Val Leu Phe Lys Asp Ile Leu Asp Lys Ile 
        195                 200                 205             

Glu Leu Ile Gly Asn Glu Asn His Gly Leu Tyr Leu Ala Asp Gln Tyr 
    210                 215                 220                 

Val Lys Gly Ile Ala Lys Ser Arg Lys Ser 
225                 230                 

<210>  31
<211>  250
<212>  PRT
<213>  Artificial sequence

<220>
<223>  Synthetic sequence

<400>  31

Pro Cys Val Lys Leu Thr Pro Leu Cys Val Thr Leu Arg Cys Thr Asn 
1               5                   10                  15      

Ala Thr Ile Asn Gly Ser Leu Thr Glu Glu Val Lys Asn Cys Ser Phe 
            20                  25                  30          

Asn Ile Thr Thr Glu Leu Arg Asp Lys Lys Gln Lys Ala Tyr Ala Leu 
        35                  40                  45              

Phe Tyr Arg Pro Asp Val Val Pro Leu Asn Lys Asn Ser Pro Ser Gly 
    50                  55                  60                  

Asn Ser Ser Glu Tyr Ile Leu Ile Asn Cys Asn Thr Ser Thr Ile Thr 
65                  70                  75                  80  

Gln Ala Cys Pro Ala Ser Gly Asp Ile Ile Lys Leu Leu Asn Glu Gln 
                85                  90                  95      

Val Asn Lys Glu Met Gln Ser Ser Asn Leu Tyr Met Ser Met Ser Ser 
            100                 105                 110         

Trp Cys Tyr Thr His Ser Leu Asp Gly Ala Gly Leu Phe Leu Phe Asp 
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        115                 120                 125             

His Ala Ala Glu Glu Tyr Glu His Ala Lys Lys Leu Ile Ile Phe Leu 
    130                 135                 140                 

Asn Glu Asn Asn Val Pro Val Gln Leu Thr Ser Ile Ser Ala Pro Glu 
145                 150                 155                 160 

His Lys Phe Glu Gly Leu Thr Gln Ile Phe Gln Lys Ala Tyr Glu His 
                165                 170                 175     

Glu Gln His Ile Ser Glu Ser Ile Asn Asn Ile Val Asp His Ala Ile 
            180                 185                 190         

Lys Ser Lys Asp His Ala Thr Phe Asn Phe Leu Gln Trp Tyr Val Ala 
        195                 200                 205             

Glu Gln His Glu Glu Glu Val Leu Phe Lys Asp Ile Leu Asp Lys Ile 
    210                 215                 220                 

Glu Leu Ile Gly Asn Glu Asn His Gly Leu Tyr Leu Ala Asp Gln Tyr 
225                 230                 235                 240 

Val Lys Gly Ile Ala Lys Ser Arg Lys Ser 
                245                 250 

<210>  32
<211>  619
<212>  PRT
<213>  Artificial sequence

<220>
<223>  Synthetic sequence

<400>  32

Gly Val Pro Val Trp Lys Asp Ala Glu Thr Thr Leu Phe Cys Ala Ser 
1               5                   10                  15      

Asp Ala Lys Ala Tyr Asp Thr Glu Lys His Asn Val Trp Ala Thr His 
            20                  25                  30          

Ala Cys Val Pro Thr Asp Pro Asn Pro Gln Glu Ile His Leu Glu Asn 
        35                  40                  45              

Val Thr Glu Glu Phe Asn Met Trp Lys Asn Asn Met Val Glu Gln Met 
    50                  55                  60                  

His Thr Asp Ile Ile Ser Leu Trp Asp Gln Ser Leu Lys Pro Cys Val 
65                  70                  75                  80  

Lys Leu Thr Pro Leu Cys Val Thr Leu Gln Cys Thr Asn Val Thr Asn 
                85                  90                  95      
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Asn Ile Thr Asp Asp Met Arg Gly Glu Leu Lys Asn Cys Ser Phe Asn 
            100                 105                 110         

Met Thr Thr Glu Leu Arg Asp Lys Lys Gln Lys Val Tyr Ser Leu Phe 
        115                 120                 125             

Tyr Arg Leu Asp Val Val Gln Ile Asn Glu Asn Gln Gly Asn Arg Ser 
    130                 135                 140                 

Asn Asn Ser Asn Lys Glu Tyr Arg Leu Ile Asn Cys Asn Thr Ser Ala 
145                 150                 155                 160 

Ile Thr Gln Ala Cys Pro Lys Val Ser Phe Glu Pro Ile Pro Ile His 
                165                 170                 175     

Tyr Cys Ala Pro Ala Gly Phe Ala Ile Leu Lys Cys Lys Asp Lys Lys 
            180                 185                 190         

Phe Asn Gly Thr Gly Pro Cys Pro Ser Val Ser Thr Val Gln Cys Thr 
        195                 200                 205             

His Gly Ile Lys Pro Val Val Ser Thr Gln Leu Leu Leu Asn Gly Ser 
    210                 215                 220                 

Leu Ala Glu Glu Glu Val Met Ile Arg Ser Glu Asn Ile Thr Asn Asn 
225                 230                 235                 240 

Ala Lys Asn Ile Leu Val Gln Phe Asn Thr Pro Val Gln Ile Asn Cys 
                245                 250                 255     

Thr Arg Pro Asn Asn Asn Thr Arg Lys Ser Ile Arg Ile Gly Pro Gly 
            260                 265                 270         

Gln Ala Phe Tyr Ala Thr Gly Asp Ile Ile Gly Asp Ile Arg Gln Ala 
        275                 280                 285             

His Cys Asn Val Ser Lys Ala Thr Trp Asn Glu Thr Leu Gly Lys Val 
    290                 295                 300                 

Val Lys Gln Leu Arg Lys His Phe Gly Asn Asn Thr Ile Ile Arg Phe 
305                 310                 315                 320 

Ala Asn Ser Ser Gly Gly Asp Leu Glu Val Thr Thr His Ser Phe Asn 
                325                 330                 335     

Cys Gly Gly Glu Phe Phe Tyr Cys Asn Thr Ser Gly Leu Phe Asn Ser 
            340                 345                 350         

Thr Trp Ile Ser Asn Thr Ser Val Gln Gly Ser Asn Ser Thr Gly Ser 
        355                 360                 365             
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Asn Asp Ser Ile Thr Leu Pro Cys Arg Ile Lys Gln Ile Ile Asn Met 
    370                 375                 380                 

Trp Gln Arg Ile Gly Gln Ala Met Tyr Ala Pro Pro Ile Gln Gly Val 
385                 390                 395                 400 

Ile Arg Cys Val Ser Asn Ile Thr Gly Leu Ile Leu Thr Arg Asp Gly 
                405                 410                 415     

Gly Ser Thr Asn Ser Thr Thr Glu Thr Phe Arg Pro Gly Gly Gly Asp 
            420                 425                 430         

Met Arg Asp Asn Trp Arg Ser Glu Leu Tyr Lys Tyr Lys Val Val Lys 
        435                 440                 445             

Ile Glu Pro Leu Gly Ala Ser Gly Asp Ile Ile Lys Leu Leu Asn Glu 
    450                 455                 460                 

Gln Val Asn Lys Glu Met Gln Ser Ser Asn Leu Tyr Met Ser Met Ser 
465                 470                 475                 480 

Ser Trp Cys Tyr Thr His Ser Leu Asp Gly Ala Gly Leu Phe Leu Phe 
                485                 490                 495     

Asp His Ala Ala Glu Glu Tyr Glu His Ala Lys Lys Leu Ile Ile Phe 
            500                 505                 510         

Leu Asn Glu Asn Asn Val Pro Val Gln Leu Thr Ser Ile Ser Ala Pro 
        515                 520                 525             

Glu His Lys Phe Glu Gly Leu Thr Gln Ile Phe Gln Lys Ala Tyr Glu 
    530                 535                 540                 

His Glu Gln His Ile Ser Glu Ser Ile Asn Asn Ile Val Asp His Ala 
545                 550                 555                 560 

Ile Lys Ser Lys Asp His Ala Thr Phe Asn Phe Leu Gln Trp Tyr Val 
                565                 570                 575     

Ala Glu Gln His Glu Glu Glu Val Leu Phe Lys Asp Ile Leu Asp Lys 
            580                 585                 590         

Ile Glu Leu Ile Gly Asn Glu Asn His Gly Leu Tyr Leu Ala Asp Gln 
        595                 600                 605             

Tyr Val Lys Gly Ile Ala Lys Ser Arg Lys Ser 
    610                 615                 

<210>  33
<211>  615
<212>  PRT
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<213>  Artificial sequence

<220>
<223>  Synthetic sequence

<400>  33

Gly Val Trp Lys Asp Ala Glu Thr Thr Leu Phe Cys Ala Ser Asp Ala 
1               5                   10                  15      

Lys Ala Tyr Asp Thr Glu Lys His Asn Val Trp Ala Thr His Ala Cys 
            20                  25                  30          

Val Pro Thr Asp Pro Asn Pro Gln Glu Ile His Leu Glu Asn Val Thr 
        35                  40                  45              

Glu Glu Phe Asn Met Trp Lys Asn Asn Met Val Glu Gln Met His Thr 
    50                  55                  60                  

Asp Ile Ile Ser Leu Trp Asp Gln Ser Leu Lys Pro Cys Val Lys Leu 
65                  70                  75                  80  

Thr Pro Leu Cys Val Thr Leu Gln Cys Thr Asn Val Thr Asn Asn Ile 
                85                  90                  95      

Thr Asp Asp Met Arg Gly Glu Leu Lys Asn Cys Ser Phe Asn Met Thr 
            100                 105                 110         

Thr Glu Leu Arg Asp Lys Lys Gln Lys Val Tyr Ser Leu Phe Tyr Arg 
        115                 120                 125             

Leu Asp Val Val Gln Ile Asn Glu Asn Gln Gly Asn Arg Ser Asn Asn 
    130                 135                 140                 

Ser Asn Lys Glu Tyr Arg Leu Ile Asn Cys Asn Thr Ser Ala Ile Thr 
145                 150                 155                 160 

Gln Ala Cys Pro Lys Val Ser Phe Glu Pro Ile Pro Ile His Tyr Cys 
                165                 170                 175     

Ala Pro Ala Gly Phe Ala Ile Leu Lys Cys Lys Asp Lys Lys Phe Asn 
            180                 185                 190         

Gly Thr Gly Pro Cys Pro Ser Val Ser Thr Val Gln Cys Thr His Gly 
        195                 200                 205             

Ile Lys Pro Val Val Ser Thr Gln Leu Leu Leu Asn Gly Ser Leu Ala 
    210                 215                 220                 

Glu Glu Glu Val Met Ile Arg Ser Glu Asn Ile Thr Asn Asn Ala Lys 
225                 230                 235                 240 

Asn Ile Leu Val Gln Phe Asn Thr Pro Val Gln Ile Asn Cys Thr Arg 
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                245                 250                 255     

Pro Asn Asn Asn Thr Arg Lys Ser Ile Arg Ile Gly Pro Gly Gln Ala 
            260                 265                 270         

Phe Tyr Ala Thr Gly Asp Ile Ile Gly Asp Ile Arg Gln Ala His Cys 
        275                 280                 285             

Asn Val Ser Lys Ala Thr Trp Asn Glu Thr Leu Gly Lys Val Val Lys 
    290                 295                 300                 

Gln Leu Arg Lys His Phe Gly Asn Asn Thr Ile Ile Arg Phe Ala Asn 
305                 310                 315                 320 

Ser Ser Gly Gly Asp Leu Glu Val Thr Thr His Ser Phe Asn Cys Gly 
                325                 330                 335     

Gly Glu Phe Phe Tyr Cys Asn Thr Ser Gly Leu Phe Asn Ser Thr Trp 
            340                 345                 350         

Ile Ser Asn Thr Ser Val Gln Gly Ser Asn Ser Thr Gly Ser Asn Asp 
        355                 360                 365             

Ser Ile Thr Leu Pro Cys Arg Ile Lys Gln Ile Ile Asn Met Trp Gln 
    370                 375                 380                 

Arg Ile Gly Gln Ala Met Tyr Ala Pro Pro Ile Gln Gly Val Ile Arg 
385                 390                 395                 400 

Cys Val Ser Asn Ile Thr Gly Leu Ile Leu Thr Arg Asp Gly Gly Ser 
                405                 410                 415     

Thr Asn Ser Thr Thr Glu Thr Phe Arg Pro Gly Gly Gly Asp Met Arg 
            420                 425                 430         

Asp Asn Trp Arg Ser Glu Leu Tyr Lys Tyr Lys Val Val Lys Ile Glu 
        435                 440                 445             

Gly Ala Ser Gly Asp Ile Ile Lys Leu Leu Asn Glu Gln Val Asn Lys 
    450                 455                 460                 

Glu Met Gln Ser Ser Asn Leu Tyr Met Ser Met Ser Ser Trp Cys Tyr 
465                 470                 475                 480 

Thr His Ser Leu Asp Gly Ala Gly Leu Phe Leu Phe Asp His Ala Ala 
                485                 490                 495     

Glu Glu Tyr Glu His Ala Lys Lys Leu Ile Ile Phe Leu Asn Glu Asn 
            500                 505                 510         

Asn Val Pro Val Gln Leu Thr Ser Ile Ser Ala Pro Glu His Lys Phe 
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        515                 520                 525             

Glu Gly Leu Thr Gln Ile Phe Gln Lys Ala Tyr Glu His Glu Gln His 
    530                 535                 540                 

Ile Ser Glu Ser Ile Asn Asn Ile Val Asp His Ala Ile Lys Ser Lys 
545                 550                 555                 560 

Asp His Ala Thr Phe Asn Phe Leu Gln Trp Tyr Val Ala Glu Gln His 
                565                 570                 575     

Glu Glu Glu Val Leu Phe Lys Asp Ile Leu Asp Lys Ile Glu Leu Ile 
            580                 585                 590         

Gly Asn Glu Asn His Gly Leu Tyr Leu Ala Asp Gln Tyr Val Lys Gly 
        595                 600                 605             

Ile Ala Lys Ser Arg Lys Ser 
    610                 615 

<210>  34
<211>  613
<212>  PRT
<213>  Artificial sequence

<220>
<223>  Synthetic sequence

<400>  34

Gly Trp Cys Asp Ala Glu Thr Thr Leu Phe Cys Ala Ser Asp Ala Lys 
1               5                   10                  15      

Ala Tyr Asp Thr Glu Lys His Asn Val Trp Ala Thr His Ala Cys Val 
            20                  25                  30          

Pro Thr Asp Pro Asn Pro Gln Glu Ile His Leu Glu Asn Val Thr Glu 
        35                  40                  45              

Glu Phe Asn Met Trp Lys Asn Asn Met Val Glu Gln Met His Thr Asp 
    50                  55                  60                  

Ile Ile Ser Leu Trp Asp Gln Ser Leu Lys Pro Cys Val Lys Leu Thr 
65                  70                  75                  80  

Pro Leu Cys Val Thr Leu Gln Cys Thr Asn Val Thr Asn Asn Ile Thr 
                85                  90                  95      

Asp Asp Met Arg Gly Glu Leu Lys Asn Cys Ser Phe Asn Met Thr Thr 
            100                 105                 110         

Glu Leu Arg Asp Lys Lys Gln Lys Val Tyr Ser Leu Phe Tyr Arg Leu 
        115                 120                 125             
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Asp Val Val Gln Ile Asn Glu Asn Gln Gly Asn Arg Ser Asn Asn Ser 
    130                 135                 140                 

Asn Lys Glu Tyr Arg Leu Ile Asn Cys Asn Thr Ser Ala Ile Thr Gln 
145                 150                 155                 160 

Ala Cys Pro Lys Val Ser Phe Glu Pro Ile Pro Ile His Tyr Cys Ala 
                165                 170                 175     

Pro Ala Gly Phe Ala Ile Leu Lys Cys Lys Asp Lys Lys Phe Asn Gly 
            180                 185                 190         

Thr Gly Pro Cys Pro Ser Val Ser Thr Val Gln Cys Thr His Gly Ile 
        195                 200                 205             

Lys Pro Val Val Ser Thr Gln Leu Leu Leu Asn Gly Ser Leu Ala Glu 
    210                 215                 220                 

Glu Glu Val Met Ile Arg Ser Glu Asn Ile Thr Asn Asn Ala Lys Asn 
225                 230                 235                 240 

Ile Leu Val Gln Phe Asn Thr Pro Val Gln Ile Asn Cys Thr Arg Pro 
                245                 250                 255     

Asn Asn Asn Thr Arg Lys Ser Ile Arg Ile Gly Pro Gly Gln Ala Phe 
            260                 265                 270         

Tyr Ala Thr Gly Asp Ile Ile Gly Asp Ile Arg Gln Ala His Cys Asn 
        275                 280                 285             

Val Ser Lys Ala Thr Trp Asn Glu Thr Leu Gly Lys Val Val Lys Gln 
    290                 295                 300                 

Leu Arg Lys His Phe Gly Asn Asn Thr Ile Ile Arg Phe Ala Asn Ser 
305                 310                 315                 320 

Ser Gly Gly Asp Leu Glu Val Thr Thr His Ser Phe Asn Cys Gly Gly 
                325                 330                 335     

Glu Phe Phe Tyr Cys Asn Thr Ser Gly Leu Phe Asn Ser Thr Trp Ile 
            340                 345                 350         

Ser Asn Thr Ser Val Gln Gly Ser Asn Ser Thr Gly Ser Asn Asp Ser 
        355                 360                 365             

Ile Thr Leu Pro Cys Arg Ile Lys Gln Ile Ile Asn Met Trp Gln Arg 
    370                 375                 380                 

Ile Gly Gln Ala Met Tyr Ala Pro Pro Ile Gln Gly Val Ile Arg Cys 
385                 390                 395                 400 

Page 16



17451PCTSeqListing

Val Ser Asn Ile Thr Gly Leu Ile Leu Thr Arg Asp Gly Gly Ser Thr 
                405                 410                 415     

Asn Ser Thr Thr Glu Thr Phe Arg Pro Gly Gly Gly Asp Met Arg Asp 
            420                 425                 430         

Asn Trp Arg Ser Glu Leu Tyr Lys Tyr Lys Val Val Cys Ile Gly Ala 
        435                 440                 445             

Ser Gly Asp Ile Ile Lys Leu Leu Asn Glu Gln Val Asn Lys Glu Met 
    450                 455                 460                 

Gln Ser Ser Asn Leu Tyr Met Ser Met Ser Ser Trp Cys Tyr Thr His 
465                 470                 475                 480 

Ser Leu Asp Gly Ala Gly Leu Phe Leu Phe Asp His Ala Ala Glu Glu 
                485                 490                 495     

Tyr Glu His Ala Lys Lys Leu Ile Ile Phe Leu Asn Glu Asn Asn Val 
            500                 505                 510         

Pro Val Gln Leu Thr Ser Ile Ser Ala Pro Glu His Lys Phe Glu Gly 
        515                 520                 525             

Leu Thr Gln Ile Phe Gln Lys Ala Tyr Glu His Glu Gln His Ile Ser 
    530                 535                 540                 

Glu Ser Ile Asn Asn Ile Val Asp His Ala Ile Lys Ser Lys Asp His 
545                 550                 555                 560 

Ala Thr Phe Asn Phe Leu Gln Trp Tyr Val Ala Glu Gln His Glu Glu 
                565                 570                 575     

Glu Val Leu Phe Lys Asp Ile Leu Asp Lys Ile Glu Leu Ile Gly Asn 
            580                 585                 590         

Glu Asn His Gly Leu Tyr Leu Ala Asp Gln Tyr Val Lys Gly Ile Ala 
        595                 600                 605             

Lys Ser Arg Lys Ser 
    610             

<210>  35
<211>  606
<212>  PRT
<213>  Artificial sequence

<220>
<223>  Synthetic sequence

<400>  35

Gly Val Trp Lys Asp Ala Glu Thr Thr Leu Phe Cys Ala Ser Asp Ala 
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1               5                   10                  15      

Lys Ala Tyr Asp Thr Glu Lys His Asn Val Trp Ala Thr His Ala Cys 
            20                  25                  30          

Val Pro Thr Asp Pro Asn Pro Gln Glu Ile His Leu Glu Asn Val Thr 
        35                  40                  45              

Glu Glu Phe Asn Met Trp Lys Asn Asn Met Val Glu Gln Met His Thr 
    50                  55                  60                  

Asp Ile Ile Ser Leu Trp Asp Gln Ser Leu Lys Pro Cys Val Lys Leu 
65                  70                  75                  80  

Thr Pro Leu Cys Val Thr Leu Gln Cys Thr Asn Val Thr Asn Asn Ile 
                85                  90                  95      

Thr Asp Asp Met Arg Gly Glu Leu Lys Asn Cys Ser Phe Asn Met Thr 
            100                 105                 110         

Thr Glu Leu Arg Asp Lys Lys Gln Lys Val Tyr Ser Leu Phe Tyr Arg 
        115                 120                 125             

Leu Asp Val Val Gln Ile Asn Glu Asn Gln Gly Asn Arg Ser Asn Asn 
    130                 135                 140                 

Ser Asn Lys Glu Tyr Arg Leu Ile Asn Cys Asn Thr Ser Ala Ile Thr 
145                 150                 155                 160 

Gln Ala Cys Pro Lys Val Ser Phe Glu Pro Ile Pro Ile His Tyr Cys 
                165                 170                 175     

Ala Pro Ala Gly Phe Ala Ile Leu Lys Cys Lys Asp Lys Lys Phe Asn 
            180                 185                 190         

Gly Thr Gly Pro Cys Pro Ser Val Ser Thr Val Gln Cys Thr His Gly 
        195                 200                 205             

Ile Lys Pro Val Val Ser Thr Gln Leu Leu Leu Asn Gly Ser Leu Ala 
    210                 215                 220                 

Glu Glu Glu Val Met Ile Arg Ser Glu Asn Ile Thr Asn Asn Ala Lys 
225                 230                 235                 240 

Asn Ile Leu Val Gln Phe Asn Thr Pro Val Gln Ile Asn Cys Thr Arg 
                245                 250                 255     

Pro Asn Asn Asn Thr Arg Lys Ser Ile Arg Ile Gly Pro Gly Gln Ala 
            260                 265                 270         

Phe Tyr Ala Thr Gly Asp Ile Ile Gly Asp Ile Arg Gln Ala His Cys 
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        275                 280                 285             

Asn Val Ser Lys Ala Thr Trp Asn Glu Thr Leu Gly Lys Val Val Lys 
    290                 295                 300                 

Gln Leu Arg Lys His Phe Gly Asn Asn Thr Ile Ile Arg Phe Ala Asn 
305                 310                 315                 320 

Ser Ser Gly Gly Asp Leu Glu Val Thr Thr His Ser Phe Asn Cys Gly 
                325                 330                 335     

Gly Glu Phe Phe Tyr Cys Asn Thr Ser Gly Leu Phe Asn Ser Thr Trp 
            340                 345                 350         

Ile Ser Asn Thr Ser Val Gln Gly Ser Asn Ser Thr Gly Ser Asn Asp 
        355                 360                 365             

Ser Ile Thr Leu Pro Cys Arg Ile Lys Gln Ile Ile Asn Met Trp Gln 
    370                 375                 380                 

Arg Ile Gly Gln Ala Met Tyr Ala Pro Pro Ile Gln Gly Val Ile Arg 
385                 390                 395                 400 

Cys Val Ser Asn Ile Thr Gly Leu Ile Leu Thr Arg Asp Gly Gly Ser 
                405                 410                 415     

Thr Asn Ser Thr Thr Glu Thr Phe Arg Pro Gly Gly Gly Asp Met Arg 
            420                 425                 430         

Asp Asn Trp Arg Ser Glu Leu Tyr Lys Tyr Lys Val Val Lys Ile Glu 
        435                 440                 445             

Gly Ala Ser Gly Met Gln Ile Tyr Glu Gly Lys Leu Thr Ala Glu Gly 
    450                 455                 460                 

Leu Arg Phe Gly Ile Val Ala Ser Arg Phe Asn His Ala Leu Val Asp 
465                 470                 475                 480 

Arg Leu Val Glu Gly Ala Ile Asp Cys Ile Val Arg His Gly Gly Arg 
                485                 490                 495     

Glu Glu Asp Ile Thr Leu Val Arg Val Pro Gly Ser Trp Glu Ile Pro 
            500                 505                 510         

Val Ala Ala Gly Glu Leu Ala Arg Lys Glu Asp Ile Asp Ala Val Ile 
        515                 520                 525             

Ala Ile Gly Val Leu Ile Arg Gly Ala Thr Pro His Phe Asp Tyr Ile 
    530                 535                 540                 

Ala Ser Glu Val Ser Lys Gly Leu Ala Asn Leu Ala Leu Glu Leu Arg 
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545                 550                 555                 560 

Lys Pro Ile Thr Phe Gly Val Ile Thr Ala Asp Thr Leu Glu Gln Ala 
                565                 570                 575     

Ile Glu Arg Ala Gly Thr Lys His Gly Asn Lys Gly Trp Glu Ala Ala 
            580                 585                 590         

Leu Ser Ala Ile Glu Met Ala Asn Leu Phe Lys Ser Leu Arg 
        595                 600                 605     

<210>  36
<211>  694
<212>  PRT
<213>  Artificial sequence

<220>
<223>  Synthetic sequence

<400>  36

Gly Val Trp Lys Asp Ala Glu Thr Thr Leu Phe Cys Ala Ser Asp Ala 
1               5                   10                  15      

Lys Ala Tyr Asp Thr Glu Lys His Asn Val Trp Ala Thr His Ala Cys 
            20                  25                  30          

Val Pro Thr Asp Pro Asn Pro Gln Glu Ile His Leu Glu Asn Val Thr 
        35                  40                  45              

Glu Glu Phe Asn Met Trp Lys Asn Asn Met Val Glu Gln Met His Thr 
    50                  55                  60                  

Asp Ile Ile Ser Leu Trp Asp Gln Ser Leu Lys Pro Cys Val Lys Leu 
65                  70                  75                  80  

Thr Pro Leu Cys Val Thr Leu Gln Cys Thr Asn Val Thr Asn Asn Ile 
                85                  90                  95      

Thr Asp Asp Met Arg Gly Glu Leu Lys Asn Cys Ser Phe Asn Met Thr 
            100                 105                 110         

Thr Glu Leu Arg Asp Lys Lys Gln Lys Val Tyr Ser Leu Phe Tyr Arg 
        115                 120                 125             

Leu Asp Val Val Gln Ile Asn Glu Asn Gln Gly Asn Arg Ser Asn Asn 
    130                 135                 140                 

Ser Asn Lys Glu Tyr Arg Leu Ile Asn Cys Asn Thr Ser Ala Ile Thr 
145                 150                 155                 160 

Gln Ala Cys Pro Lys Val Ser Phe Glu Pro Ile Pro Ile His Tyr Cys 
                165                 170                 175     
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Ala Pro Ala Gly Phe Ala Ile Leu Lys Cys Lys Asp Lys Lys Phe Asn 
            180                 185                 190         

Gly Thr Gly Pro Cys Pro Ser Val Ser Thr Val Gln Cys Thr His Gly 
        195                 200                 205             

Ile Lys Pro Val Val Ser Thr Gln Leu Leu Leu Asn Gly Ser Leu Ala 
    210                 215                 220                 

Glu Glu Glu Val Met Ile Arg Ser Glu Asn Ile Thr Asn Asn Ala Lys 
225                 230                 235                 240 

Asn Ile Leu Val Gln Phe Asn Thr Pro Val Gln Ile Asn Cys Thr Arg 
                245                 250                 255     

Pro Asn Asn Asn Thr Arg Lys Ser Ile Arg Ile Gly Pro Gly Gln Ala 
            260                 265                 270         

Phe Tyr Ala Thr Gly Asp Ile Ile Gly Asp Ile Arg Gln Ala His Cys 
        275                 280                 285             

Asn Val Ser Lys Ala Thr Trp Asn Glu Thr Leu Gly Lys Val Val Lys 
    290                 295                 300                 

Gln Leu Arg Lys His Phe Gly Asn Asn Thr Ile Ile Arg Phe Ala Asn 
305                 310                 315                 320 

Ser Ser Gly Gly Asp Leu Glu Val Thr Thr His Ser Phe Asn Cys Gly 
                325                 330                 335     

Gly Glu Phe Phe Tyr Cys Asn Thr Ser Gly Leu Phe Asn Ser Thr Trp 
            340                 345                 350         

Ile Ser Asn Thr Ser Val Gln Gly Ser Asn Ser Thr Gly Ser Asn Asp 
        355                 360                 365             

Ser Ile Thr Leu Pro Cys Arg Ile Lys Gln Ile Ile Asn Met Trp Gln 
    370                 375                 380                 

Arg Ile Gly Gln Ala Met Tyr Ala Pro Pro Ile Gln Gly Val Ile Arg 
385                 390                 395                 400 

Cys Val Ser Asn Ile Thr Gly Leu Ile Leu Thr Arg Asp Gly Gly Ser 
                405                 410                 415     

Thr Asn Ser Thr Thr Glu Thr Phe Arg Pro Gly Gly Gly Asp Met Arg 
            420                 425                 430         

Asp Asn Trp Arg Ser Glu Leu Tyr Lys Tyr Lys Val Val Lys Ile Glu 
        435                 440                 445             
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Gly Ala Ser Gly Ala Ala Ala Lys Pro Ala Thr Thr Glu Gly Glu Phe 
    450                 455                 460                 

Pro Glu Thr Arg Glu Lys Met Ser Gly Ile Arg Arg Ala Ile Ala Lys 
465                 470                 475                 480 

Ala Met Val His Ser Lys His Thr Ala Pro His Val Thr Leu Met Asp 
                485                 490                 495     

Glu Ala Asp Val Thr Lys Leu Val Ala His Arg Lys Lys Phe Lys Ala 
            500                 505                 510         

Ile Ala Ala Glu Lys Gly Ile Lys Leu Thr Phe Leu Pro Tyr Val Val 
        515                 520                 525             

Lys Ala Leu Val Ser Ala Leu Arg Glu Tyr Pro Val Leu Asn Thr Ala 
    530                 535                 540                 

Ile Asp Asp Glu Thr Glu Glu Ile Ile Gln Lys His Tyr Tyr Asn Ile 
545                 550                 555                 560 

Gly Ile Ala Ala Asp Thr Asp Arg Gly Leu Leu Val Pro Val Ile Lys 
                565                 570                 575     

His Ala Asp Arg Lys Pro Ile Phe Ala Leu Ala Gln Glu Ile Asn Glu 
            580                 585                 590         

Leu Ala Glu Lys Ala Arg Asp Gly Lys Leu Thr Pro Gly Glu Met Lys 
        595                 600                 605             

Gly Ala Ser Cys Thr Ile Thr Asn Ile Gly Ser Ala Gly Gly Gln Trp 
    610                 615                 620                 

Phe Thr Pro Val Ile Asn His Pro Glu Val Ala Ile Leu Gly Ile Gly 
625                 630                 635                 640 

Arg Ile Ala Glu Lys Pro Ile Val Arg Asp Gly Glu Ile Val Ala Ala 
                645                 650                 655     

Pro Met Leu Ala Leu Ser Leu Ser Phe Asp His Arg Met Ile Asp Gly 
            660                 665                 670         

Ala Thr Ala Gln Lys Ala Leu Asn His Ile Lys Arg Leu Leu Ser Asp 
        675                 680                 685             

Pro Glu Leu Leu Leu Met 
    690                 

<210>  37
<211>  787
<212>  PRT
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<213>  Artificial sequence

<220>
<223>  Synthetic sequence

<400>  37

Ala Glu Asn Leu Trp Val Thr Val Tyr Tyr Gly Val Pro Val Trp Lys 
1               5                   10                  15      

Asp Ala Glu Thr Thr Leu Phe Cys Ala Ser Asp Ala Lys Ala Tyr Glu 
            20                  25                  30          

Thr Glu Lys His Asn Val Trp Ala Thr His Ala Cys Val Pro Thr Asp 
        35                  40                  45              

Pro Asn Pro Gln Glu Ile His Leu Glu Asn Val Thr Glu Glu Phe Asn 
    50                  55                  60                  

Met Trp Lys Asn Asn Met Val Glu Gln Met His Thr Asp Ile Ile Ser 
65                  70                  75                  80  

Leu Trp Asp Gln Ser Leu Lys Pro Cys Val Lys Leu Thr Pro Leu Cys 
                85                  90                  95      

Val Thr Leu Gln Cys Thr Asn Val Thr Asn Asn Ile Thr Asp Asp Met 
            100                 105                 110         

Arg Gly Glu Leu Lys Asn Cys Ser Phe Asn Met Thr Thr Glu Leu Arg 
        115                 120                 125             

Asp Lys Lys Gln Lys Val Tyr Ser Leu Phe Tyr Arg Leu Asp Val Val 
    130                 135                 140                 

Gln Ile Asn Glu Asn Gln Gly Asn Arg Ser Asn Asn Ser Asn Lys Glu 
145                 150                 155                 160 

Tyr Arg Leu Ile Asn Cys Asn Thr Ser Ala Ile Thr Gln Ala Cys Pro 
                165                 170                 175     

Lys Val Ser Phe Glu Pro Ile Pro Ile His Tyr Cys Ala Pro Ala Gly 
            180                 185                 190         

Phe Ala Ile Leu Lys Cys Lys Asp Lys Lys Phe Asn Gly Thr Gly Pro 
        195                 200                 205             

Cys Pro Ser Val Ser Thr Val Gln Cys Thr His Gly Ile Lys Pro Val 
    210                 215                 220                 

Val Ser Thr Gln Leu Leu Leu Asn Gly Ser Leu Ala Glu Glu Glu Val 
225                 230                 235                 240 

Met Ile Arg Ser Glu Asn Ile Thr Asn Asn Ala Lys Asn Ile Leu Val 
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                245                 250                 255     

Gln Phe Asn Thr Pro Val Gln Ile Asn Cys Thr Arg Pro Asn Asn Asn 
            260                 265                 270         

Thr Arg Lys Ser Ile Arg Ile Gly Pro Gly Gln Ala Phe Tyr Ala Thr 
        275                 280                 285             

Gly Asp Ile Ile Gly Asp Ile Arg Gln Ala His Cys Asn Val Ser Lys 
    290                 295                 300                 

Ala Thr Trp Asn Glu Thr Leu Gly Lys Val Val Lys Gln Leu Arg Lys 
305                 310                 315                 320 

His Phe Gly Asn Asn Thr Ile Ile Arg Phe Ala Asn Ser Ser Gly Gly 
                325                 330                 335     

Asp Leu Glu Val Thr Thr His Ser Phe Asn Cys Gly Gly Glu Phe Phe 
            340                 345                 350         

Tyr Cys Asn Thr Ser Gly Leu Phe Asn Ser Thr Trp Ile Ser Asn Thr 
        355                 360                 365             

Ser Val Gln Gly Ser Asn Ser Thr Gly Ser Asn Asp Ser Ile Thr Leu 
    370                 375                 380                 

Pro Cys Arg Ile Lys Gln Ile Ile Asn Met Trp Gln Arg Ile Gly Gln 
385                 390                 395                 400 

Ala Met Tyr Ala Pro Pro Ile Gln Gly Val Ile Arg Cys Val Ser Asn 
                405                 410                 415     

Ile Thr Gly Leu Ile Leu Thr Arg Asp Gly Gly Ser Thr Asn Ser Thr 
            420                 425                 430         

Thr Glu Thr Phe Arg Pro Gly Gly Gly Asp Met Arg Asp Asn Trp Arg 
        435                 440                 445             

Ser Glu Leu Tyr Lys Tyr Lys Val Val Lys Ile Glu Pro Leu Gly Val 
    450                 455                 460                 

Ala Pro Thr Arg Cys Lys Arg Arg Val Val Gly Arg Arg Arg Arg Arg 
465                 470                 475                 480 

Arg Ala Val Gly Ile Gly Ala Val Phe Leu Gly Phe Leu Gly Ala Ala 
                485                 490                 495     

Gly Ser Thr Met Gly Ala Ala Ser Met Thr Leu Thr Val Gln Ala Arg 
            500                 505                 510         

Asn Leu Leu Ser Gly Asn Pro Asp Trp Leu Pro Asp Met Thr Val Trp 
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        515                 520                 525             

Gly Ile Lys Gln Leu Gln Ala Arg Val Leu Ala Val Glu Arg Tyr Leu 
    530                 535                 540                 

Arg Asp Gln Gln Leu Leu Gly Ile Trp Gly Cys Ser Gly Lys Leu Ile 
545                 550                 555                 560 

Cys Cys Thr Asn Val Pro Trp Asn Ser Ser Trp Ser Asn Arg Asn Leu 
                565                 570                 575     

Ser Glu Ile Trp Asp Asn Met Thr Trp Leu Gln Trp Asp Lys Glu Ile 
            580                 585                 590         

Ser Asn Tyr Thr Gln Ile Ile Tyr Gly Leu Leu Glu Glu Ser Gln Asn 
        595                 600                 605             

Gln Gln Glu Lys Asn Glu Gln Asp Leu Leu Ala Leu Asp Ala Ser Gly 
    610                 615                 620                 

Asp Ile Ile Lys Leu Leu Asn Glu Gln Val Asn Lys Glu Met Gln Ser 
625                 630                 635                 640 

Ser Asn Leu Tyr Met Ser Met Ser Ser Trp Cys Tyr Thr His Ser Leu 
                645                 650                 655     

Asp Gly Ala Gly Leu Phe Leu Phe Asp His Ala Ala Glu Glu Tyr Glu 
            660                 665                 670         

His Ala Lys Lys Leu Ile Ile Phe Leu Asn Glu Asn Asn Val Pro Val 
        675                 680                 685             

Gln Leu Thr Ser Ile Ser Ala Pro Glu His Lys Phe Glu Gly Leu Thr 
    690                 695                 700                 

Gln Ile Phe Gln Lys Ala Tyr Glu His Glu Gln His Ile Ser Glu Ser 
705                 710                 715                 720 

Ile Asn Asn Ile Val Asp His Ala Ile Lys Ser Lys Asp His Ala Thr 
                725                 730                 735     

Phe Asn Phe Leu Gln Trp Tyr Val Ala Glu Gln His Glu Glu Glu Val 
            740                 745                 750         

Leu Phe Lys Asp Ile Leu Asp Lys Ile Glu Leu Ile Gly Asn Glu Asn 
        755                 760                 765             

His Gly Leu Tyr Leu Ala Asp Gln Tyr Val Lys Gly Ile Ala Lys Ser 
    770                 775                 780                 

Arg Lys Ser 
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785         

<210>  38
<211>  797
<212>  PRT
<213>  Artificial sequence

<220>
<223>  Synthetic sequence

<400>  38

Ala Glu Asn Leu Trp Val Thr Val Tyr Tyr Gly Val Pro Val Trp Lys 
1               5                   10                  15      

Asp Ala Glu Thr Thr Leu Phe Cys Ala Ser Asp Ala Lys Ala Tyr Glu 
            20                  25                  30          

Thr Glu Lys His Asn Val Trp Ala Thr His Ala Cys Val Pro Thr Asp 
        35                  40                  45              

Pro Asn Pro Gln Glu Ile His Leu Glu Asn Val Thr Glu Glu Phe Asn 
    50                  55                  60                  

Met Trp Lys Asn Asn Met Val Glu Gln Met His Thr Asp Ile Ile Ser 
65                  70                  75                  80  

Leu Trp Asp Gln Ser Leu Lys Pro Cys Val Lys Leu Thr Pro Leu Cys 
                85                  90                  95      

Val Thr Leu Gln Cys Thr Asn Val Thr Asn Asn Ile Thr Asp Asp Met 
            100                 105                 110         

Arg Gly Glu Leu Lys Asn Cys Ser Phe Asn Met Thr Thr Glu Leu Arg 
        115                 120                 125             

Asp Lys Lys Gln Lys Val Tyr Ser Leu Phe Tyr Arg Leu Asp Val Val 
    130                 135                 140                 

Gln Ile Asn Glu Asn Gln Gly Asn Arg Ser Asn Asn Ser Asn Lys Glu 
145                 150                 155                 160 

Tyr Arg Leu Ile Asn Cys Asn Thr Ser Ala Ile Thr Gln Ala Cys Pro 
                165                 170                 175     

Lys Val Ser Phe Glu Pro Ile Pro Ile His Tyr Cys Ala Pro Ala Gly 
            180                 185                 190         

Phe Ala Ile Leu Lys Cys Lys Asp Lys Lys Phe Asn Gly Thr Gly Pro 
        195                 200                 205             

Cys Pro Ser Val Ser Thr Val Gln Cys Thr His Gly Ile Lys Pro Val 
    210                 215                 220                 
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Val Ser Thr Gln Leu Leu Leu Asn Gly Ser Leu Ala Glu Glu Glu Val 
225                 230                 235                 240 

Met Ile Arg Ser Glu Asn Ile Thr Asn Asn Ala Lys Asn Ile Leu Val 
                245                 250                 255     

Gln Phe Asn Thr Pro Val Gln Ile Asn Cys Thr Arg Pro Asn Asn Asn 
            260                 265                 270         

Thr Arg Lys Ser Ile Arg Ile Gly Pro Gly Gln Ala Phe Tyr Ala Thr 
        275                 280                 285             

Gly Asp Ile Ile Gly Asp Ile Arg Gln Ala His Cys Asn Val Ser Lys 
    290                 295                 300                 

Ala Thr Trp Asn Glu Thr Leu Gly Lys Val Val Lys Gln Leu Arg Lys 
305                 310                 315                 320 

His Phe Gly Asn Asn Thr Ile Ile Arg Phe Ala Asn Ser Ser Gly Gly 
                325                 330                 335     

Asp Leu Glu Val Thr Thr His Ser Phe Asn Cys Gly Gly Glu Phe Phe 
            340                 345                 350         

Tyr Cys Asn Thr Ser Gly Leu Phe Asn Ser Thr Trp Ile Ser Asn Thr 
        355                 360                 365             

Ser Val Gln Gly Ser Asn Ser Thr Gly Ser Asn Asp Ser Ile Thr Leu 
    370                 375                 380                 

Pro Cys Arg Ile Lys Gln Ile Ile Asn Met Trp Gln Arg Ile Gly Gln 
385                 390                 395                 400 

Ala Met Tyr Ala Pro Pro Ile Gln Gly Val Ile Arg Cys Val Ser Asn 
                405                 410                 415     

Ile Thr Gly Leu Ile Leu Thr Arg Asp Gly Gly Ser Thr Asn Ser Thr 
            420                 425                 430         

Thr Glu Thr Phe Arg Pro Gly Gly Gly Asp Met Arg Asp Asn Trp Arg 
        435                 440                 445             

Ser Glu Leu Tyr Lys Tyr Lys Val Val Lys Ile Glu Pro Leu Gly Val 
    450                 455                 460                 

Ala Pro Thr Arg Cys Lys Arg Arg Val Val Gly Arg Arg Arg Arg Arg 
465                 470                 475                 480 

Arg Ala Val Gly Ile Gly Ala Val Phe Leu Gly Phe Leu Gly Ala Ala 
                485                 490                 495     
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Gly Ser Thr Met Gly Ala Ala Ser Met Thr Leu Thr Val Gln Ala Arg 
            500                 505                 510         

Asn Leu Leu Ser Gly Asn Pro Asp Trp Leu Pro Asp Met Thr Val Trp 
        515                 520                 525             

Gly Ile Lys Gln Leu Gln Ala Arg Val Leu Ala Val Glu Arg Tyr Leu 
    530                 535                 540                 

Arg Asp Gln Gln Leu Leu Gly Ile Trp Gly Cys Ser Gly Lys Leu Ile 
545                 550                 555                 560 

Cys Cys Thr Asn Val Pro Trp Asn Ser Ser Trp Ser Asn Arg Asn Leu 
                565                 570                 575     

Ser Glu Ile Trp Asp Asn Met Thr Trp Leu Gln Trp Asp Lys Glu Ile 
            580                 585                 590         

Ser Asn Tyr Thr Gln Ile Ile Tyr Gly Leu Leu Glu Glu Ser Gln Asn 
        595                 600                 605             

Gln Gln Glu Lys Asn Glu Gln Asp Leu Leu Ala Leu Asp Gly Ser Gly 
    610                 615                 620                 

Ser Gly Ser Gly Ser Gly Ser Ala Ser Gly Asp Ile Ile Lys Leu Leu 
625                 630                 635                 640 

Asn Glu Gln Val Asn Lys Glu Met Gln Ser Ser Asn Leu Tyr Met Ser 
                645                 650                 655     

Met Ser Ser Trp Cys Tyr Thr His Ser Leu Asp Gly Ala Gly Leu Phe 
            660                 665                 670         

Leu Phe Asp His Ala Ala Glu Glu Tyr Glu His Ala Lys Lys Leu Ile 
        675                 680                 685             

Ile Phe Leu Asn Glu Asn Asn Val Pro Val Gln Leu Thr Ser Ile Ser 
    690                 695                 700                 

Ala Pro Glu His Lys Phe Glu Gly Leu Thr Gln Ile Phe Gln Lys Ala 
705                 710                 715                 720 

Tyr Glu His Glu Gln His Ile Ser Glu Ser Ile Asn Asn Ile Val Asp 
                725                 730                 735     

His Ala Ile Lys Ser Lys Asp His Ala Thr Phe Asn Phe Leu Gln Trp 
            740                 745                 750         

Tyr Val Ala Glu Gln His Glu Glu Glu Val Leu Phe Lys Asp Ile Leu 
        755                 760                 765             
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Asp Lys Ile Glu Leu Ile Gly Asn Glu Asn His Gly Leu Tyr Leu Ala 
    770                 775                 780                 

Asp Gln Tyr Val Lys Gly Ile Ala Lys Ser Arg Lys Ser 
785                 790                 795         

<210>  39
<211>  817
<212>  PRT
<213>  Artificial sequence

<220>
<223>  Synthetic sequence

<400>  39

Ala Glu Asn Leu Trp Val Thr Val Tyr Tyr Gly Val Pro Val Trp Lys 
1               5                   10                  15      

Asp Ala Glu Thr Thr Leu Phe Cys Ala Ser Asp Ala Lys Ala Tyr Glu 
            20                  25                  30          

Thr Glu Lys His Asn Val Trp Ala Thr His Ala Cys Val Pro Thr Asp 
        35                  40                  45              

Pro Asn Pro Gln Glu Ile His Leu Glu Asn Val Thr Glu Glu Phe Asn 
    50                  55                  60                  

Met Trp Lys Asn Asn Met Val Glu Gln Met His Thr Asp Ile Ile Ser 
65                  70                  75                  80  

Leu Trp Asp Gln Ser Leu Lys Pro Cys Val Lys Leu Thr Pro Leu Cys 
                85                  90                  95      

Val Thr Leu Gln Cys Thr Asn Val Thr Asn Asn Ile Thr Asp Asp Met 
            100                 105                 110         

Arg Gly Glu Leu Lys Asn Cys Ser Phe Asn Met Thr Thr Glu Leu Arg 
        115                 120                 125             

Asp Lys Lys Gln Lys Val Tyr Ser Leu Phe Tyr Arg Leu Asp Val Val 
    130                 135                 140                 

Gln Ile Asn Glu Asn Gln Gly Asn Arg Ser Asn Asn Ser Asn Lys Glu 
145                 150                 155                 160 

Tyr Arg Leu Ile Asn Cys Asn Thr Ser Ala Ile Thr Gln Ala Cys Pro 
                165                 170                 175     

Lys Val Ser Phe Glu Pro Ile Pro Ile His Tyr Cys Ala Pro Ala Gly 
            180                 185                 190         

Phe Ala Ile Leu Lys Cys Lys Asp Lys Lys Phe Asn Gly Thr Gly Pro 
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        195                 200                 205             

Cys Pro Ser Val Ser Thr Val Gln Cys Thr His Gly Ile Lys Pro Val 
    210                 215                 220                 

Val Ser Thr Gln Leu Leu Leu Asn Gly Ser Leu Ala Glu Glu Glu Val 
225                 230                 235                 240 

Met Ile Arg Ser Glu Asn Ile Thr Asn Asn Ala Lys Asn Ile Leu Val 
                245                 250                 255     

Gln Phe Asn Thr Pro Val Gln Ile Asn Cys Thr Arg Pro Asn Asn Asn 
            260                 265                 270         

Thr Arg Lys Ser Ile Arg Ile Gly Pro Gly Gln Ala Phe Tyr Ala Thr 
        275                 280                 285             

Gly Asp Ile Ile Gly Asp Ile Arg Gln Ala His Cys Asn Val Ser Lys 
    290                 295                 300                 

Ala Thr Trp Asn Glu Thr Leu Gly Lys Val Val Lys Gln Leu Arg Lys 
305                 310                 315                 320 

His Phe Gly Asn Asn Thr Ile Ile Arg Phe Ala Asn Ser Ser Gly Gly 
                325                 330                 335     

Asp Leu Glu Val Thr Thr His Ser Phe Asn Cys Gly Gly Glu Phe Phe 
            340                 345                 350         

Tyr Cys Asn Thr Ser Gly Leu Phe Asn Ser Thr Trp Ile Ser Asn Thr 
        355                 360                 365             

Ser Val Gln Gly Ser Asn Ser Thr Gly Ser Asn Asp Ser Ile Thr Leu 
    370                 375                 380                 

Pro Cys Arg Ile Lys Gln Ile Ile Asn Met Trp Gln Arg Ile Gly Gln 
385                 390                 395                 400 

Ala Met Tyr Ala Pro Pro Ile Gln Gly Val Ile Arg Cys Val Ser Asn 
                405                 410                 415     

Ile Thr Gly Leu Ile Leu Thr Arg Asp Gly Gly Ser Thr Asn Ser Thr 
            420                 425                 430         

Thr Glu Thr Phe Arg Pro Gly Gly Gly Asp Met Arg Asp Asn Trp Arg 
        435                 440                 445             

Ser Glu Leu Tyr Lys Tyr Lys Val Val Lys Ile Glu Pro Leu Gly Val 
    450                 455                 460                 

Ala Pro Thr Arg Cys Lys Arg Arg Val Val Gly Arg Arg Arg Arg Arg 
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465                 470                 475                 480 

Arg Ala Val Gly Ile Gly Ala Val Phe Leu Gly Phe Leu Gly Ala Ala 
                485                 490                 495     

Gly Ser Thr Met Gly Ala Ala Ser Met Thr Leu Thr Val Gln Ala Arg 
            500                 505                 510         

Asn Leu Leu Ser Gly Asn Pro Asp Trp Leu Pro Asp Met Thr Val Trp 
        515                 520                 525             

Gly Ile Lys Gln Leu Gln Ala Arg Val Leu Ala Val Glu Arg Tyr Leu 
    530                 535                 540                 

Arg Asp Gln Gln Leu Leu Gly Ile Trp Gly Cys Ser Gly Lys Leu Ile 
545                 550                 555                 560 

Cys Cys Thr Asn Val Pro Trp Asn Ser Ser Trp Ser Asn Arg Asn Leu 
                565                 570                 575     

Ser Glu Ile Trp Asp Asn Met Thr Trp Leu Gln Trp Asp Lys Glu Ile 
            580                 585                 590         

Ser Asn Tyr Thr Gln Ile Ile Tyr Gly Leu Leu Glu Glu Ser Gln Asn 
        595                 600                 605             

Gln Gln Glu Lys Asn Glu Gln Asp Leu Leu Ala Leu Asp Lys Trp Ala 
    610                 615                 620                 

Ser Leu Trp Asn Trp Phe Asp Ile Thr Asn Trp Leu Trp Tyr Ile Arg 
625                 630                 635                 640 

Ala Gly Ser Gly Ser Gly Ser Gly Ser Gly Ser Ala Ser Gly Asp Ile 
                645                 650                 655     

Ile Lys Leu Leu Asn Glu Gln Val Asn Lys Glu Met Gln Ser Ser Asn 
            660                 665                 670         

Leu Tyr Met Ser Met Ser Ser Trp Cys Tyr Thr His Ser Leu Asp Gly 
        675                 680                 685             

Ala Gly Leu Phe Leu Phe Asp His Ala Ala Glu Glu Tyr Glu His Ala 
    690                 695                 700                 

Lys Lys Leu Ile Ile Phe Leu Asn Glu Asn Asn Val Pro Val Gln Leu 
705                 710                 715                 720 

Thr Ser Ile Ser Ala Pro Glu His Lys Phe Glu Gly Leu Thr Gln Ile 
                725                 730                 735     

Phe Gln Lys Ala Tyr Glu His Glu Gln His Ile Ser Glu Ser Ile Asn 

Page 31



17451PCTSeqListing
            740                 745                 750         

Asn Ile Val Asp His Ala Ile Lys Ser Lys Asp His Ala Thr Phe Asn 
        755                 760                 765             

Phe Leu Gln Trp Tyr Val Ala Glu Gln His Glu Glu Glu Val Leu Phe 
    770                 775                 780                 

Lys Asp Ile Leu Asp Lys Ile Glu Leu Ile Gly Asn Glu Asn His Gly 
785                 790                 795                 800 

Leu Tyr Leu Ala Asp Gln Tyr Val Lys Gly Ile Ala Lys Ser Arg Lys 
                805                 810                 815     

Ser 
    

<210>  40
<211>  788
<212>  PRT
<213>  Artificial sequence

<220>
<223>  Synthetic sequence

<400>  40

Met Gln Ile Tyr Glu Gly Lys Leu Thr Ala Glu Gly Leu Arg Phe Gly 
1               5                   10                  15      

Ile Val Ala Ser Arg Phe Asn His Ala Leu Val Asp Arg Leu Val Glu 
            20                  25                  30          

Gly Ala Ile Asp Cys Ile Val Arg His Gly Gly Arg Glu Glu Asp Ile 
        35                  40                  45              

Thr Leu Val Arg Val Pro Gly Ser Trp Glu Ile Pro Val Ala Ala Gly 
    50                  55                  60                  

Glu Leu Ala Arg Lys Glu Asp Ile Asp Ala Val Ile Ala Ile Gly Val 
65                  70                  75                  80  

Leu Ile Arg Gly Ala Thr Pro His Phe Asp Tyr Ile Ala Ser Glu Val 
                85                  90                  95      

Ser Lys Gly Leu Ala Asn Leu Ala Leu Glu Leu Arg Lys Pro Ile Thr 
            100                 105                 110         

Phe Gly Val Ile Thr Ala Asp Thr Leu Glu Gln Ala Ile Glu Arg Ala 
        115                 120                 125             

Gly Thr Lys His Gly Asn Lys Gly Trp Glu Ala Ala Leu Ser Ala Ile 
    130                 135                 140                 
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Glu Met Ala Asn Leu Phe Lys Ser Leu Arg Gly Ser Gly Ser Gly Ser 
145                 150                 155                 160 

Gly Ser Gly Ser Ala Ser Gly Ala Glu Asn Leu Trp Val Thr Val Tyr 
                165                 170                 175     

Tyr Gly Val Pro Val Trp Lys Asp Ala Glu Thr Thr Leu Phe Cys Ala 
            180                 185                 190         

Ser Asp Ala Lys Ala Tyr Glu Thr Glu Lys His Asn Val Trp Ala Thr 
        195                 200                 205             

His Ala Cys Val Pro Thr Asp Pro Asn Pro Gln Glu Ile His Leu Glu 
    210                 215                 220                 

Asn Val Thr Glu Glu Phe Asn Met Trp Lys Asn Asn Met Val Glu Gln 
225                 230                 235                 240 

Met His Thr Asp Ile Ile Ser Leu Trp Asp Gln Ser Leu Lys Pro Cys 
                245                 250                 255     

Val Lys Leu Thr Pro Leu Cys Val Thr Leu Gln Cys Thr Asn Val Thr 
            260                 265                 270         

Asn Asn Ile Thr Asp Asp Met Arg Gly Glu Leu Lys Asn Cys Ser Phe 
        275                 280                 285             

Asn Met Thr Thr Glu Leu Arg Asp Lys Lys Gln Lys Val Tyr Ser Leu 
    290                 295                 300                 

Phe Tyr Arg Leu Asp Val Val Gln Ile Asn Glu Asn Gln Gly Asn Arg 
305                 310                 315                 320 

Ser Asn Asn Ser Asn Lys Glu Tyr Arg Leu Ile Asn Cys Asn Thr Ser 
                325                 330                 335     

Ala Ile Thr Gln Ala Cys Pro Lys Val Ser Phe Glu Pro Ile Pro Ile 
            340                 345                 350         

His Tyr Cys Ala Pro Ala Gly Phe Ala Ile Leu Lys Cys Lys Asp Lys 
        355                 360                 365             

Lys Phe Asn Gly Thr Gly Pro Cys Pro Ser Val Ser Thr Val Gln Cys 
    370                 375                 380                 

Thr His Gly Ile Lys Pro Val Val Ser Thr Gln Leu Leu Leu Asn Gly 
385                 390                 395                 400 

Ser Leu Ala Glu Glu Glu Val Met Ile Arg Ser Glu Asn Ile Thr Asn 
                405                 410                 415     
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Asn Ala Lys Asn Ile Leu Val Gln Phe Asn Thr Pro Val Gln Ile Asn 
            420                 425                 430         

Cys Thr Arg Pro Asn Asn Asn Thr Arg Lys Ser Ile Arg Ile Gly Pro 
        435                 440                 445             

Gly Gln Ala Phe Tyr Ala Thr Gly Asp Ile Ile Gly Asp Ile Arg Gln 
    450                 455                 460                 

Ala His Cys Asn Val Ser Lys Ala Thr Trp Asn Glu Thr Leu Gly Lys 
465                 470                 475                 480 

Val Val Lys Gln Leu Arg Lys His Phe Gly Asn Asn Thr Ile Ile Arg 
                485                 490                 495     

Phe Ala Asn Ser Ser Gly Gly Asp Leu Glu Val Thr Thr His Ser Phe 
            500                 505                 510         

Asn Cys Gly Gly Glu Phe Phe Tyr Cys Asn Thr Ser Gly Leu Phe Asn 
        515                 520                 525             

Ser Thr Trp Ile Ser Asn Thr Ser Val Gln Gly Ser Asn Ser Thr Gly 
    530                 535                 540                 

Ser Asn Asp Ser Ile Thr Leu Pro Cys Arg Ile Lys Gln Ile Ile Asn 
545                 550                 555                 560 

Met Trp Gln Arg Ile Gly Gln Ala Met Tyr Ala Pro Pro Ile Gln Gly 
                565                 570                 575     

Val Ile Arg Cys Val Ser Asn Ile Thr Gly Leu Ile Leu Thr Arg Asp 
            580                 585                 590         

Gly Gly Ser Thr Asn Ser Thr Thr Glu Thr Phe Arg Pro Gly Gly Gly 
        595                 600                 605             

Asp Met Arg Asp Asn Trp Arg Ser Glu Leu Tyr Lys Tyr Lys Val Val 
    610                 615                 620                 

Lys Ile Glu Pro Leu Gly Val Ala Pro Thr Arg Cys Lys Arg Arg Val 
625                 630                 635                 640 

Val Gly Arg Arg Arg Arg Arg Arg Ala Val Gly Ile Gly Ala Val Phe 
                645                 650                 655     

Leu Gly Phe Leu Gly Ala Ala Gly Ser Thr Met Gly Ala Ala Ser Met 
            660                 665                 670         

Thr Leu Thr Val Gln Ala Arg Asn Leu Leu Ser Gly Asn Pro Asp Trp 
        675                 680                 685             
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Leu Pro Asp Met Thr Val Trp Gly Ile Lys Gln Leu Gln Ala Arg Val 
    690                 695                 700                 

Leu Ala Val Glu Arg Tyr Leu Arg Asp Gln Gln Leu Leu Gly Ile Trp 
705                 710                 715                 720 

Gly Cys Ser Gly Lys Leu Ile Cys Cys Thr Asn Val Pro Trp Asn Ser 
                725                 730                 735     

Ser Trp Ser Asn Arg Asn Leu Ser Glu Ile Trp Asp Asn Met Thr Trp 
            740                 745                 750         

Leu Gln Trp Asp Lys Glu Ile Ser Asn Tyr Thr Gln Ile Ile Tyr Gly 
        755                 760                 765             

Leu Leu Glu Glu Ser Gln Asn Gln Gln Glu Lys Asn Glu Gln Asp Leu 
    770                 775                 780                 

Leu Ala Leu Asp 
785             

<210>  41
<211>  866
<212>  PRT
<213>  Artificial sequence

<220>
<223>  Synthetic sequence

<400>  41

Ala Glu Asn Leu Trp Val Thr Val Tyr Tyr Gly Val Pro Val Trp Lys 
1               5                   10                  15      

Asp Ala Glu Thr Thr Leu Phe Cys Ala Ser Asp Ala Lys Ala Tyr Glu 
            20                  25                  30          

Thr Glu Lys His Asn Val Trp Ala Thr His Ala Cys Val Pro Thr Asp 
        35                  40                  45              

Pro Asn Pro Gln Glu Ile His Leu Glu Asn Val Thr Glu Glu Phe Asn 
    50                  55                  60                  

Met Trp Lys Asn Asn Met Val Glu Gln Met His Thr Asp Ile Ile Ser 
65                  70                  75                  80  

Leu Trp Asp Gln Ser Leu Lys Pro Cys Val Lys Leu Thr Pro Leu Cys 
                85                  90                  95      

Val Thr Leu Gln Cys Thr Asn Val Thr Asn Asn Ile Thr Asp Asp Met 
            100                 105                 110         

Arg Gly Glu Leu Lys Asn Cys Ser Phe Asn Met Thr Thr Glu Leu Arg 
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        115                 120                 125             

Asp Lys Lys Gln Lys Val Tyr Ser Leu Phe Tyr Arg Leu Asp Val Val 
    130                 135                 140                 

Gln Ile Asn Glu Asn Gln Gly Asn Arg Ser Asn Asn Ser Asn Lys Glu 
145                 150                 155                 160 

Tyr Arg Leu Ile Asn Cys Asn Thr Ser Ala Ile Thr Gln Ala Cys Pro 
                165                 170                 175     

Lys Val Ser Phe Glu Pro Ile Pro Ile His Tyr Cys Ala Pro Ala Gly 
            180                 185                 190         

Phe Ala Ile Leu Lys Cys Lys Asp Lys Lys Phe Asn Gly Thr Gly Pro 
        195                 200                 205             

Cys Pro Ser Val Ser Thr Val Gln Cys Thr His Gly Ile Lys Pro Val 
    210                 215                 220                 

Val Ser Thr Gln Leu Leu Leu Asn Gly Ser Leu Ala Glu Glu Glu Val 
225                 230                 235                 240 

Met Ile Arg Ser Glu Asn Ile Thr Asn Asn Ala Lys Asn Ile Leu Val 
                245                 250                 255     

Gln Phe Asn Thr Pro Val Gln Ile Asn Cys Thr Arg Pro Asn Asn Asn 
            260                 265                 270         

Thr Arg Lys Ser Ile Arg Ile Gly Pro Gly Gln Ala Phe Tyr Ala Thr 
        275                 280                 285             

Gly Asp Ile Ile Gly Asp Ile Arg Gln Ala His Cys Asn Val Ser Lys 
    290                 295                 300                 

Ala Thr Trp Asn Glu Thr Leu Gly Lys Val Val Lys Gln Leu Arg Lys 
305                 310                 315                 320 

His Phe Gly Asn Asn Thr Ile Ile Arg Phe Ala Asn Ser Ser Gly Gly 
                325                 330                 335     

Asp Leu Glu Val Thr Thr His Ser Phe Asn Cys Gly Gly Glu Phe Phe 
            340                 345                 350         

Tyr Cys Asn Thr Ser Gly Leu Phe Asn Ser Thr Trp Ile Ser Asn Thr 
        355                 360                 365             

Ser Val Gln Gly Ser Asn Ser Thr Gly Ser Asn Asp Ser Ile Thr Leu 
    370                 375                 380                 

Pro Cys Arg Ile Lys Gln Ile Ile Asn Met Trp Gln Arg Ile Gly Gln 
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385                 390                 395                 400 

Ala Met Tyr Ala Pro Pro Ile Gln Gly Val Ile Arg Cys Val Ser Asn 
                405                 410                 415     

Ile Thr Gly Leu Ile Leu Thr Arg Asp Gly Gly Ser Thr Asn Ser Thr 
            420                 425                 430         

Thr Glu Thr Phe Arg Pro Gly Gly Gly Asp Met Arg Asp Asn Trp Arg 
        435                 440                 445             

Ser Glu Leu Tyr Lys Tyr Lys Val Val Lys Ile Glu Pro Leu Gly Val 
    450                 455                 460                 

Ala Pro Thr Arg Cys Lys Arg Arg Val Val Gly Arg Arg Arg Arg Arg 
465                 470                 475                 480 

Arg Ala Val Gly Ile Gly Ala Val Phe Leu Gly Phe Leu Gly Ala Ala 
                485                 490                 495     

Gly Ser Thr Met Gly Ala Ala Ser Met Thr Leu Thr Val Gln Ala Arg 
            500                 505                 510         

Asn Leu Leu Ser Gly Asn Pro Asp Trp Leu Pro Asp Met Thr Val Trp 
        515                 520                 525             

Gly Ile Lys Gln Leu Gln Ala Arg Val Leu Ala Val Glu Arg Tyr Leu 
    530                 535                 540                 

Arg Asp Gln Gln Leu Leu Gly Ile Trp Gly Cys Ser Gly Lys Leu Ile 
545                 550                 555                 560 

Cys Cys Thr Asn Val Pro Trp Asn Ser Ser Trp Ser Asn Arg Asn Leu 
                565                 570                 575     

Ser Glu Ile Trp Asp Asn Met Thr Trp Leu Gln Trp Asp Lys Glu Ile 
            580                 585                 590         

Ser Asn Tyr Thr Gln Ile Ile Tyr Gly Leu Leu Glu Glu Ser Gln Asn 
        595                 600                 605             

Gln Gln Glu Lys Asn Glu Gln Asp Leu Leu Ala Leu Asp Ala Ser Gly 
    610                 615                 620                 

Ala Ala Ala Lys Pro Ala Thr Thr Glu Gly Glu Phe Pro Glu Thr Arg 
625                 630                 635                 640 

Glu Lys Met Ser Gly Ile Arg Arg Ala Ile Ala Lys Ala Met Val His 
                645                 650                 655     

Ser Lys His Thr Ala Pro His Val Thr Leu Met Asp Glu Ala Asp Val 
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            660                 665                 670         

Thr Lys Leu Val Ala His Arg Lys Lys Phe Lys Ala Ile Ala Ala Glu 
        675                 680                 685             

Lys Gly Ile Lys Leu Thr Phe Leu Pro Tyr Val Val Lys Ala Leu Val 
    690                 695                 700                 

Ser Ala Leu Arg Glu Tyr Pro Val Leu Asn Thr Ala Ile Asp Asp Glu 
705                 710                 715                 720 

Thr Glu Glu Ile Ile Gln Lys His Tyr Tyr Asn Ile Gly Ile Ala Ala 
                725                 730                 735     

Asp Thr Asp Arg Gly Leu Leu Val Pro Val Ile Lys His Ala Asp Arg 
            740                 745                 750         

Lys Pro Ile Phe Ala Leu Ala Gln Glu Ile Asn Glu Leu Ala Glu Lys 
        755                 760                 765             

Ala Arg Asp Gly Lys Leu Thr Pro Gly Glu Met Lys Gly Ala Ser Cys 
    770                 775                 780                 

Thr Ile Thr Asn Ile Gly Ser Ala Gly Gly Gln Trp Phe Thr Pro Val 
785                 790                 795                 800 

Ile Asn His Pro Glu Val Ala Ile Leu Gly Ile Gly Arg Ile Ala Glu 
                805                 810                 815     

Lys Pro Ile Val Arg Asp Gly Glu Ile Val Ala Ala Pro Met Leu Ala 
            820                 825                 830         

Leu Ser Leu Ser Phe Asp His Arg Met Ile Asp Gly Ala Thr Ala Gln 
        835                 840                 845             

Lys Ala Leu Asn His Ile Lys Arg Leu Leu Ser Asp Pro Glu Leu Leu 
    850                 855                 860                 

Leu Met 
865     

<210>  42
<211>  10
<212>  PRT
<213>  Artificial sequence

<220>
<223>  Synthetic sequence

<400>  42

Gly Ser Gly Ser Gly Ser Gly Ser Gly Ser 
1               5                   10  
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<210>  43
<211>  35
<212>  PRT
<213>  Artificial sequence

<220>
<223>  Synthetic sequence

<400>  43

Met Asp Ala Met Lys Arg Gly Leu Cys Cys Val Leu Leu Leu Cys Gly 
1               5                   10                  15      

Ala Val Phe Val Ser Pro Ser Gln Glu Ile His Ala Arg Phe Arg Arg 
            20                  25                  30          

Gly Ala Arg 
        35  
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