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VACCINES AND METHODS FOR CREATING A VACCINE FOR INDUCING 
IMMUNITY TO ALL DENGUE VIRUS SEROTYPES 

CROSS-REFERENCE TO RELATED APPLICATION 

[0001] This application claims priority to and the benefit of U. S. Provisional Patent Application 

No. 61/550,982, filed on October 25, 2011, and is incorporated herein by reference in its entirely. 

GOVERNMENT SUPPORT 

[0002] This invention was made with government support under cooperative agreements 

awarded by grant no. HDTRA1-10-1-0009 from the Defense Threat Reduction Agency. The 

government may have certain rights to the invention. 

BACKGROUND OF THE INVENTION 

[0003] Dengue viruses (DENV), members of the genus Flavivirus, are the most common cause 

of mosquito-borne viral diseases in tropical and subtropical regions around the world. 

Approximately 50 to 100 million people per year are infected with DENV. DENV infections 

may be asymptomatic, but most often manifest as dengue fever (DF), a self-limited disease. 

Dengue hemorrhagic fever (DHF) and dengue shock syndrome (DSS) are more severe, life-

threatening manifestations of dengue infection. DENV imposes one of the largest social and 

economic burdens of any mosquito-borne viral pathogen. There is no specific treatment for 

infection, and control of dengue virus by vaccination has proved elusive. The pathogenesis of 

DHF/DSS is not completely understood. There are four serotypes of dengue virus (DENV-1, 

DENV-2, DENV-3, and DENV-4). Infection with one serotype confers lifelong homotypic 

immunity, but only short term (approximately three to six months) cross protection against 

heterotypic serotypes. 

[0004] The risk of severe disease is greatest during secondary, heterotypic infections in subjects 

with more than one circulating serotype. There is evidence that prior infection with one type can 

produce an antibody response that can intensify, or enhance, the course of disease during a 

subsequent infection with a different serotype. The possibility that vaccine components could 

elicit enhancing antibody responses, as opposed to protective responses, has been a major 

concern in designing and testing vaccines to protect against dengue infections. There is thus a 
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need for a vaccine that may be effective against different serotypes and which does not enhance 

the course of the DENV infection. 

SUMMARY OF THE INVENTION 

[0005] Described here is a method of forming a chimeric protein, comprising the steps of 

providing a yellow fever virus 17-D envelope protein having SEQ ID No. 1; providing a dengue 

fever virus envelope protein selected from the group consisting of SEQ ID No. 2, SEQ ID No. 3, 

SEQ ID No. 4, or SEQ ID No. 5; and substituting one or more of amino acids 1-11, 28-30, 32, 

42, 44, 46, 70-81, 95-99, 110-115, 142-147, 149-157, 236-242, 304-324, 333, 335, 337, 350-352, 

355, 356, 362-370, 377, 379, 386, 388-393 of SEQ ID No. 1 with the corresponding amino acid 

of the selected dengue fever virus envelope protein to create a chimeric envelope protein. 

[0006] Also described here is a method of creating a treatment composition, comprising the 

steps of providing a portion of an envelope protein from a flavivirus; providing a dengue fever 

virus envelope protein selecting from the group consisting of SEQ ID No. 2, SEQ ID No. 3, SEQ 

ID No. 4, or SEQ ID No. 5; substituting a portion of the envelope protein amino acids of the 

flavivirus with a the corresponding envelope protein amino acids of the selected dengue fever 

virus to create a chimeric envelope protein; providing a pharmaceutically acceptable excipient; 

and mixing the chimeric envelope protein and the excipient. 

[0007] Further described here is a chimeric protein, comprising: an envelope protein comprised 

of yellow fever virus 17-D envelope protein having SEQ ID No. 1, wherein selected amino acids 

of the yellow fever virus 17-D envelope protein are substituted with corresponding amino acids 

of dengue fever virus envelope protein selected from the group consisting of SEQ ID No. 2, SEQ 

ID No. 3, SEQ ID No. 4, or SEQ ID No. 5. 

[0008] Also described here is a composition for treatment of dengue fever virus, comprising: a 

chimeric envelope protein comprised of a flavivirus envelope protein, wherein selected amino 

acids of the flavivirus envelope protein are substituted with corresponding amino acids of dengue 

fever virus envelope protein selected from the group consisting of SEQ ID No. 2, SEQ ID No. 3, 

SEQ ID No. 4, or SEQ ID No. 5; and a pharmaceutically acceptable excipient. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

[0009] FIG. 1 shows the results of ELISA assays with immobilized virus envelope 

glycoproteins, patient sera, and monoclonal antibodies from DENV infected patients. 

[0010] FIG. 2 shows the results of immunofluorescence assays with DENV-1 to 4 infected LLC-

MK-2 cells exposed to monoclonal antibodies from DENV infected patients. 

[0011] FIG. 3 shows the results of neutralization assays with DENV-1 to 4 infected LLC-MK-2 

cells, patient sera, monoclonal antibodies from DENV infected patients. 

[0012] FIG. 4 shows the viral uptake results from enhancement assays performed in the presence 

of monoclonal antibodies from DENV infected patients. 

[0013] FIG. 5 shows the results from virus-cell binding inhibition assays performed in the 

presence of monoclonal antibodies from DENV infected patients. 

[0014] FIG. 6 shows the results from virus-liposome binding inhibition assays performed in the 

presence of monoclonal antibodies from DENV infected patients. 

[0015] FIG. 7 shows the results from Western blot assays performed with purified DENV-2 and 

probed with monoclonal antibodies from DENV infected patients. 

[0016] FIG. 8 shows the results from Western blot assays performed with soluble protein E and 

probed with monoclonal antibodies from DENV infected patients. 

[0017] FIG. 9 shows the results from epitope mapping and gives the dissociation constants of 

monoclonal antibodies from DENV infected patients to soluble protein E. 

[0018] FIG. 10 shows the results from binding competition ELISA assays with monoclonal 

antibodies from DENV infected patients and 4G2. 

[0019] FIG. 11 shows the results from Western blot assays performed with DI/II and Dili and 

probed with monoclonal antibodies from DENV infected patients. 
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[0020] FIG. 12 shows the residues for monoclonal antibodies from DENV infected patients 

mapped to E protein crystal structure. 

[0021] FIG. 13 shows an amino acid sequence alignment of DENV-1 to 4 and the yellow fever 

17-D envelope protein. 

[0022] FIG. 14 shows the protein crystal structure of the DENV envelope protein and 
o o 

demonstrates the location of the fusion loop (black) and 5A (green) and 14A (teal) surrounding 

amino acids. 

DETAILED DESCRIPTION OF THE INVENTION 

[0023] An increasing problem for public health officials has been the occurrence of severe 

complications arising from dengue viral infection. Both dengue hemorrhagic fever (DHF) and 

shock syndromes (DSS) are clinical outcomes related to the presence of pre-existing immunity to 

a heterologous dengue virus serotype. Dengue Haemorrhagic Fever is initially characterized by a 

minor febrile illness lasting 3-5 days. The patient may deteriorate at defervescence into the next 

phase of the syndrome with hemostatic disorders, and increased vascular permeability frequently 

accompanied by internal bleeding and shock. As many as 1.5 million children are reported to 

have been hospitalized with 33,000 deaths from this syndrome since it was first recognized in 

Thailand (World Health Organization 1989). DHF/DSS has since continued to persist, and 

outbreaks can pose major problems to public health in many countries. 

[0024] Dengue virus (DENV) is a mosquito-transmitted virus and is expanding in geographic range 

and also in disease severity. There are four distinct serotypes of dengue that cause similar disease 

symptoms, serotypes 1-4. Infection with a single serotype results in an immune response that is 

protective against that same serotype, but causes a cross-reactive antibody response against the 

other serotypes (and other flaviviruses as well). Epidemiological studies have shown that the 

presence of cross-reactive antibodies correlates with a more severe disease outcome during 

subsequent infections with a different serotype. The mechanism for this effect appears to be an 

antibody-dependent enhancement of infection of macrophage and macrophage like cells that express 

Fc receptors. These cells are normally not infected efficiently by dengue, but become highly 

infectable in the presence of dengue virus binding antibodies that then target the virus particles 
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directly to the macrophages through the interaction of the antibody heavy chains and the cellular Fc 

receptors. 

[0025] Studies have attempted to determine the human antibody response against dengue virus by 

characterizing human anti-dengue monoclonal antibodies. Prior to this work, most 

immunological studies on dengue infections had been conducted in mice, which are not a natural 

host for dengue and which produce a very different antibody response. One of the conclusions to come 

out of the human studies is that the dominant human antibody response against the dengue virus 

surface proteins, membrane (prM and M) and envelope (E, soluble envelope protein, sE), is non-

neutralizing and cross reactive against the four serotypes of dengue. These non-neutralizing, cross-

reactive antibodies are the primary cause of the antibody dependent enhancement of disease. This 

presents problems for the development of a dengue vaccine that uses the entire prM and E proteins. 

Even if a vaccine formulation using full length prM and E can induce a broad neutralizing response 

against all four serotypes, when the neutralizing antibody response wanes over time, the dominant 

non-neutralizing response will remain and prime vaccine recipients for severe disease if they are ever 

infected again. It is not yet clear how long the neutralizing vaccine response would endure or 

when vaccine recipients might become at risk for disease enhancement, but there are few examples of 

vaccines that induce lifelong protection. 

[0026] The invention relates to a chimeric protein and methods for producing a chimeric protein 

for immunizing an individual against dengue and dengue clinical outcomes, and for treating an 

individual susceptible to infection or infected with dengue virus. In some embodiments, the 

chimeric protein could be used to create a treatment composition for an infected individual, 

while in others the chimeric protein could be used to produce a live attenuated vaccine, or a 

subunit vaccine that is not replicative. 

[0027] The chimeric protein is created by substituting a portion of yellow fever virus (YFV) 

envelope protein, Flavivirus yellow fever virus, with a portion of any of the strains of dengue 

virus (DENV) envelope protein, Flavivirus dengue virus. In one embodiment, the chimeric 

protein of the invention is created using YFV 17D strain envelope protein. Although the 

example is limited to YFV envelope protein, in other embodiments it is envisioned the chimeric 

protein may be created using the envelope protein of any flavivirus, for example West Nile 

5 



WO 2013/063248 PCT/US2012/061893 

Virus, St. Louis encephalitis, Dengue Fever virus, Japanese encephalitis, and Kunjin virus, and 

substituting any of the four strains of DENV envelope protein. 

[0028] YFV 17D strain envelope protein has the following sequence, identified as SEQ ID No. 

1: 

AHCIGITDRDFIEGVHGGTWVSATLEQDKCVTVMAPDKPSLDISLETVAIDRPAEVRKVC 

YN A VLTH VKINDKCPS TGE AHLAEENEGDN ACKRTY S DRGWGN GCGLFGKGSIV AC A 

KFTCAKSMSLFEVDQTKIQYVIRAQLHVGAKQENWNTDIKTLKFDALSGSQEVEFIGYG 

KATLECQ V QT A VDFGN S YIAEMETES WIVDRQW AQDLTLPW QS GS GG VWREMHHLVE 

FEPPH A ATIRVLALGN QEGS LKT ALTG AMR VTKDTNDNNLYKLHGGH V S CR VKLS ALT 

LKGTSYKICTDKMFFVKNPTDTGHGTVVMQVKVSKGAPCRIPVIVADDLTAAINKGILV 

TVNPIASTNDDEVLIEVNPPFGDSYIIVGRGDSRLTYQWHKEGSSIGKLFTQTMKGVERL 

A VMGDT A WDF S S AGGFFTS V GKGIHT VFGS AFQGLFGGLNWITKVIMG A VLIWV GINT 

RNMTMS MS MILV G VIMMFLS LG V G A 

[0029] DENV strain 1 envelope protein has the following sequence, identified as SEQ ID No. 2: 

MRC VGIGS RDF VEGLS G ATWVD V VLEHGS C VTTM AKDKPTLDIELLKTEVTNP A VLRK 

LCIEAKISNTTTDSRCPTQGEATLVEEQDANFVCRRTFVDRGWGNGCGLFGKGSLITCA 

KFKC VTKLEGKIV Q YENLKY S VIVT VHTGD QHQ V GNES TEHGTT ATITPQ APTXEIQLTD 

YGALTLDCSPRTGLDFNEMVLLTMKEKSWLVHKQWFLDLPLPWTSGASTSQETWNRQ 

DLLVTFKT AHAKKQEVVVLGS QEGAMHT ALTGATEIQTSGTTTIFAGHLKCRLKMDKL 

TLKGMS Y VMCTGS FKLEKEV AET QHGTVLV QIKYEGTD APCKIPF S T QDEKG VT QN GR 

LIT ANPIVTD KEKP VNIE AEPPFGES YIVIG AGEKALKLS WFKKGS SIGKMFEAT ARG ARR 

MAILGDTAWDFGSIGGVFTSVGKLVHQIFGTAYGVLFSGVSWTMKIGIGVLLTWLGLNS 

RSTSLSMTCIAVGLV TLYLGVMVQA 

[0030] DENV strain 2 envelope protein has the following sequence, identified as SEQ ID No. 3: 

MRCIGISNRDFVEGVSGGSWVDIVLEHGSCVTTMAKNKPTLDFELIKTEAKQPATLRKY 

CIEAKLTNTTTESRCPTQGEPSLNEEQDKRFVCKHSMVDRGWGNGCGLFGKGGIVTCA 

MFTCKKNMEGKXVQPENLEYTIVITPHSGEEHAVGNDTGKHGKEIKITPQSSITEAELTG 

YGTVTMECSPRTGLDFNEMVLLQMEXKAWLVHRQWFLDLPLPWLPGADTQGSNWIQK 
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ETLVTFKNPHAKKQDVVVLGSQEGAMHTALTGATEIQMSSGNLLFTGHLKCRLRMDKL 

QLKGMSYSMCTGKFKXVKEIAETQHGTIVIRVQYEGDGSPCKIPFEIMDLEKRHVLGRLI 

TVNPIVTEKDSPVNIEAEPPFGDSYIIIGVEPGQLKLNWFKKGSSIGQMFETTMRGAKRM 

AILGDT A WDFGS LGG VFT SIGK ALHQ VFG AIY G A AF S G VS WTMKILIG VIITWIGMN S RS 

TS LS VS LVLV G V VTLYLG VM V Q A 

[0031] DENV strain 3 envelope protein has the following sequence, identified as SEQ ID No. 4: 

MRCVGVGNRDFVEGLSGATWVDVVLEHGGCVTTMAKNKPTLDIELQKTEATQLATLR 

KLCIEGKITNITTDSRCPTQGEAXLPEEQDQNYVCKHTYVDRGWGNGCGLFGKGSLVTC 

AKFQCLEPIEGKVVQYENLKYTVIITVHTGDQHQVGNETQGVTAEITPQASTTEAILPEY 

GTLGLECS PRTGLDFNEMILLTMKNK A WM VHRQWFFDLPLPWT S G ATTETPTWNRKEL 

LVTFKN AH AKKQE V V VLGS QEG AMHT ALTG ATEIQN S GGT S IF AGHLKCRLKMDKLEL 

KGMS Y AMCTNTF VLKKEV S ETQHGTILIKVE YKGEDXPCKIPF S TEDGQGKAHN GRLIT 

ANP V VTKKEEP VNIE AEPPFGES NIVIGIGDN ALKINW YKKGS SIGKMFEAT ARG ARRM A 

ILGDT A WDFGS V GG VLN S LGKM VHQIFGS A YT ALFS G VS W VMKIGIG VLLTWIGLN S K 

NTSMSFSCIAIGIITLYLGAVVQA 

[0032] DENV strain 4 envelope protein has the following sequence, identified as SEQ ID No. 5: 

MRC V G V GNRDFVEG V S GG A WVDLVLEHGGC VTTM AQGKPTLDFELTKTT AKEV ALLR 

TYCIE AS IS NITT ATRCPTQGEP YLKEEQDQQ YICRRD V VDRGWGNGCGLFGKGG V VTC 

AKFS CS GKITGNLV QIENLE YT V V VT VHN GDTH A V GNDT S NHG VT ATITPRS PS VEVKLP 

D Y GELTLDCEPRS GIDFNEMILMKMKKKTWLVHKQWFLDLPLPWT AG ADT S EVHWN Y 

KERMVTFKVPHAKRQDVTVLGSQEGAMHSALAGATEVDSGDGNHMFAGHLKCKVRM 

EKLRIKGMSYTMCSGKFSIDKEMAETQHGTTVVKVKYEGAGAPCKVPIEIRDVNKEKV 

V GRVIS S TPLAENTN S VTNIELEPPFGDS YIVIG V GN S ALTLHWFRKGS SIGKMFES T YRG 

AKRMAILGETAWDFGSVGGLFTSLGKAVHQVFGSVYTTMFGGVSWMIRILIGFLVLWIG 

TN S RNTS M AMTCIA V GGITLFLGFTV Q A 

[0033] FIG 13 shows an alignment of the YFV 17D strain envelope protein of and all four 

strains of DENV envelope protein. As used in this invention a "corresponding amino acid" is 

defined as follows. FIG 13 may be used to calculate which amino acids of the DENV envelope 
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protein corresponds to the amino acid of the YFV envelope protein. For example, FIG 13 shows 

that the first amino acid of YFV envelope protein, alanine, corresponds to the first amino acid of 

all four strains of DENV envelope protein, methionine. By way of a further example, FIG 13 

may also be used to calculate that the 160th amino acid of the YFV envelope protein, lysine, 

corresponds to the following amino acids of the four strains of DENV envelope protein: 

DENV strain Amino acid position Amino acid 

DENV1 163rd Threonine 

DENV2 163rd Lysine 

DENV3 161st Glutamic Acid 

DENV4 163rd Threonine 

[0034] A similar amino acid alignment may be created by practitioners in the art with other 

flavivirus envelope proteins, for example with West Nile Virus, St. Louis encephalitis, Dengue 

Fever virus, Japanese encephalitis, and Kunjin virus envelope proteins. These amino acid 

alignments could be used to determine which amino acid of the flavivirus envelope protein 

corresponded to any of the four strains of DENV envelope protein. 

[0035] Any or all of amino acids 1-11, 28-30, 32, 42, 44, 46, 70-81, 95-99, 110-115, 142-147, 

149-157, 236-242, 304-324, 333, 335, 337, 350-352, 355, 356, 362-370, 377, 379, 386, 388-393 

of YFV envelope protein, SEQ ID No. 1, may be substituted with the corresponding amino acid 

of the desired strain of DENV envelope (E) protein to create the chimeric protein of the 

invention. The substitution may be made according to methods known to practitioners in the art. 

For example, site directed mutagenesis of the envelope protein may be performed to create the 

chimeric protein. Briefly, this method makes use of a short mutant DNA primer that binds 

specifically to the region being changed, but contains one or a small number of specific base 

changes that will result in a coding change to substitute the new specifically desired amino acid. 

The bacterial plasmid with the E gene is replicated using PCR amplification to generate new full-
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length mutant DNA strands. Then the original DNA strand is degraded, leaving only the 

remaining specifically mutated DNA strand. 

[0036] The chimeric protein is created by substituting amino acids of YFV envelope protein 

proximal to the domain II fusion loop. As used in this invention, amino acids "proximal to" the 

domain II fusion loop are those amino acids which are near the domain II fusion loop of the YFV 
o 

envelope protein, shown in FIG 13. In one embodiment, amino acids which are within 5A of the 

fusion loop are proximal to the fusion loop. In another embodiment, those amino acids which 
o 

are within 14A of the fusion loop are proximal to the fusion loop are proximal to the fusion loop. 
o o 

Amino acids within 5A and 14A of the fusion loop are also shown in FIG 13. 

[0037] The fusion loop is a structural feature of flavivirus envelope proteins that is found on the 

tip of domain II and is responsible for direct interaction of the envelope (E) protein with the 

target cell lipid membrane. During the infection process, the fusion loop is projected outward by 

a structural rearrangement of the E protein, resulting in the fusion loop "harpooning" into the 

target cell membrane. This interaction is critical for the subsequent membrane fusion step, 

mediated by a further E protein movement that pulls the cell and virus membranes together. As 

shown in FIG 13, the fusion loop is highly conserved in dengue and yellow fever viruses. The 

cysteine (C) at position 105 in the fusion loop forms a disulfide bond with the conserved cysteine 

(C) at position 74. This disulfide is important for the correct folding of the fusion loop. Amino 
o o 

acids within 5A and 14A of the fusion loop are important in YFV and DENV infection as well. 

[0038] It is envisioned the chimeric protein may be used as a treatment composition for DENV 

infected individuals. It is further envisioned the chimeric protein may be used to create a 

treatment composition for preventing infection, or a vaccine effective against one or all four 

strains of DENV. 

[0039] In an embodiment, the chimeric protein, such as for use in a vaccine, may use a small 

portion of the yellow fever virus (YFV) 17D vaccine strain envelope protein to be replaced 

by the corresponding portion from the dengue virus envelope protein. For an attenuated 

vaccine, the vaccine may use a replication competent YFV with the DENV/YFV hybrid E 

protein. An attenuated vaccine is created by reducing the virulence of a pathogen like YFV, but 

still keeping it viable (or "live"). Attenuation takes an infectious agent and alters it so that it 
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becomes harmless or less virulent. These vaccines contrast to those produced by "killing" the 

virus (inactivated vaccine). Alternately, the invention could be used to develop a subunit vaccine 

that is not replicative. Rather than introducing an inactivated or attenuated micro-organism to an 

immune system (which would constitute a "whole-agent" vaccine), a fragment of it can create an 

immune response, and relate to producing a subunit vaccine. 

[0040] There is also presented by the invention methods for controlling a flavivirus entry into a 

cell, and methods of treating and preventing flaviviruses infections, together with vaccine and 

pharmaceutical compositions. Along with dengue, the family Flaviviridae contains at least 70 

arthropod-transmitted viruses, many of which infect humans and other vertebrates. Subgroups of 

the Flaviviridae family include West Nile, Japanese Encephalitis, tick borne encephalitis, etc. 

the Japanese encephalitis serocomplex, includes West Nile Virus, St. Louis encephalitis, Murray 

Valley encephalitis, kunjin and other viruses. As an alternate approach to the use of a small 

portion of the yellow fever virus (YFV) 17D vaccine strain envelope protein to be replaced 

by the corresponding portion from the dengue virus envelope protein, the invention may swap 

out the dengue neutralizing epitopes into any other related flavivirus. 

[0041] All flaviviruses, including West Nile Virus, St Louis encephalitis, dengue, Japanese 

encephalitis, yellow fever and kunjin viruses share similar size, symmetry and appearance. 

Despite the fact that flaviviruses may use different process to enter a host cell, such as 

endocytotis (described for West Nile Virus and Kunjin Virus) and direct fusion of the cell 

(described for dengue and Encephalitis Virus), entry of all flaviviruses into the host-cell involves 

an interaction between the virus and a receptor of the cell. 

[0042] As the viral envelope protein of flaviviruses plays a role in mediating virus-host cellular 

receptor interaction, the invention contemplates use of dengue neutralizing epitopes into any 

other related flavivirus. 

[0043] The invention creates a vaccine that will induce broadly protective antibodies against 

dengue virus and reduce the induction of non-neutralizing antibodies that will cause enhancement. 

The invention relates to a vaccine and methods of producing a vaccine using information from 

defining the regions of the E protein that are responsible for inducing a neutralizing antibody response to 

dengue. Neutralizing antibodies can produce the infection enhancing effect, but they only do so at sub-
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neutralizing concentrations, while non-neutralizing antibodies produce enhancement at all 

concentrations. The invention recognizes that if the human antibody response could be shifted 

away from a non-neutralizing response and towards a neutralizing response, this could considerably 

reduce the risk of post-vaccination disease enhancement. The invention provides a vaccine that 

substantially reduces the risk of inducing an enhancing antibody response. A vaccine formulation 

could accomplish this by only including the dengue E protein epitopes that induce a neutralizing 

response, and not including the epitopes that produce a non-neutralizing response. The invention 

describes a common class of human, broadly neutralizing monoclonal antibodies and identifies their 

binding epitope, allowing the design a vaccine formulation. The invention has confirmed the 

envelope portion from dengue virus that will be replaced in the yellow fever vaccine strain, and 

contemplates using common techniques to allow the resulting chimeric viruses to grow well 

enough to provide a suitable vaccine response. 

[0044] The broadly neutralizing monoclonal antibodies were determined from each of three dengue 

patients infected in Jamaica, Singapore, and Myanmar, at time points two weeks, two months, and 

two years post infection. These antibodies (4.8A, DllCkl, and 1.6D) show neutralization activity 

against all four serotypes of dengue and recognize a common epitope consisting of the E protein fusion 

loop and nearby regions. They target this region because they interfere with the binding of a 

previously characterized mouse monoclonal antibody that is known to target the fusion loop (4G2) 

and they interfere with each other's binding. 

[0045] Confirmation of the fusion loop as a target comes from mechanistic experiments. These 

antibodies do not interfere with virus: cell binding, but do inhibit the ability of virus to fuse with 

liposomes. There is further defined their epitopes through binding experiments with a large panel 

of E protein mutants. Mutations in the E protein that prevent binding of these antibodies map to 

locations in and near to the fusion loop. 

[0046] These antibodies (4.8A, DllCkl, and 1.6D) do not show strong neutralization activity 

against yellow fever virus, indicating that the yellow fever virus E protein lacks the important 

amino acid sequences that are recognized by these antibodies. Because the fusion loops of dengue 

and yellow fever are identical, the important amino acid positions lie outside of the fusion loop. 
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An amino acid sequence alignment of the dengue and yellow fever E proteins shows the differences 

between dengue and yellow fever that are responsible for antibody recognition. 

[0047] Exchange of these dengue specific amino acid sequences into the yellow fever E protein will 

yield a chimeric E protein that will induce and be recognized by neutralizing antibodies against 

dengue. This chimeric E protein can be used as a modification to the yellow fever 17-D vaccine, one 

of the most successful vaccines ever developed. 

[0048] Fig. 1 establishes DENV specificity and broad reactivity of patient sera. 

[0049] Fig. 2 establishes specificity for DENV antigens in the context of a cell. 

[0050] Fig. 3 establishes neutralization activity of patient sera and of monoclonal antibodies 

from DENV infected patients. 

[0051] Fig. 4 establishes that enhancing concentrations correlate with binding affinity to 

DENY-1 to 4, and also shows neutralization. 

[0052] Fig. 5 rules out binding inhibition as mechanism. 

[0053] Fig. 6 establishes mechanism as fusion inhibition for monoclonal antibody DllCkl. 

[0054] Fig. 7 shows that the monoclonal antibodies from DENV infected patients bind to 

protein consistent with size of E and the epitope is conformationally sensitive. 

[0055] Fig. 8 confirms that the monoclonal antibodies from DENV infected patients bind 

to E, specifically to the ectodomain. 

[0056] Fig. 9 determines how tightly the monoclonal antibodies from DENV infected 

patients bind to E protein. 

[0057] Fig. 10 establishes that monoclonal antibodies from DENV infected patients compete 

for same domain as 4G2, a known fusion loop binder. 

[0058] Fig. 11 establishes that monoclonal antibodies from DENV infected patients bind to 

DI/II consistent with fusion inhibition and competition assays. 

12 



WO 2013/063248 PCT/US2012/061893 

[0059] Fig. 12 confirms monoclonal antibody 4.8A epitope as fusion loop and/or vicinity. 

[0060] Fig. 13 highlights the amino acids in yellow fever virus 17-D envelope protein 

which may be substituted with the DENV-1 to 4 envelope amino acids to create a chimeric 

E protein. It highlights the desirable amino acid substitution locations, as well as 

proposed amino acid substitutions. 

[0061] Fig. 14 shows the protein crystal structure of the DENV envelope protein and 
o o 

demonstrates the location of the fusion loop at 10 and 5A at 12 and 14A at 14 surrounding amino 

acids. 

[0062] In still another aspect, the invention includes a vaccine for immunizing an individual 

against dengue hemorrhagic fever and/or dengue shock syndrome. The vaccine includes one or 

more peptides of the type described, in a pharmaceutically acceptable adjuvant. 

[0063] It should be recognized that the invention provides a dengue vaccine and methods using 

a small portion of the yellow fever virus 17D vaccine strain envelope protein (or other 

related faviviruses) to be replaced by the corresponding portion from the dengue virus 

envelope protein. This creates a chimeric protein, such as for use in a vaccine, that will induce 

broadly protective antibodies against dengue virus and reduce the induction of non-neutralizing 

antibodies that will cause enhancement. While the invention has been described with reference to 

certain embodiments, it will be understood by those skilled in the art that various changes may 

be made and equivalents may be substituted without departing from the scope of the invention. 

In addition, many modifications may be made to adapt a particular situation or material to the 

teachings of the invention without departing from its scope. Therefore, it is intended that the 

invention not be limited to any particular embodiment disclosed, but that the invention will 

include all embodiments falling within the scope of the appended claims. 
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What is claimed is: 

1. A method of forming a chimeric protein, comprising the steps of: 

providing a yellow fever virus 17-D envelope protein having SEQ ID No. 1; 

providing a dengue fever virus envelope protein selected from the group consisting of 

SEQ ID No. 2, SEQ ID No. 3, SEQ ID No. 4, or SEQ ID No. 5; and 

substituting one or more of amino acids 1-11, 28-30, 32, 42, 44, 46, 70-81, 95-99, 110-

115, 142-147, 149-157, 236-242, 304-324, 333, 335, 337, 350-352, 355, 356, 362-370, 377, 379, 

386, 388-393 of SEQ ID No. 1 with the corresponding amino acid of the selected dengue fever 

virus envelope protein to create a chimeric envelope protein. 

2. The method of claim 1, wherein the substituted amino acids comprise the amino acids 

proximal to a Domain II fusion loop. 

3. The method of claim 2, wherein the substituted amino acids comprise the amino acids 
o 

within 5A of the fusion loop. 

4. The method of claim 2, wherein the substituted amino acids comprise the amino acids 
o 

within 14A of the fusion loop. 

5. A method of treating a dengue fever virus infection, the method comprising the step of 
administering the chimeric protein formed as in claim 1. 

6. A method of creating a treatment composition, comprising the steps of: 

providing a portion of an envelope protein from a flavivirus; 

providing a dengue fever virus envelope protein selecting from the group consisting of 

SEQ ID No. 2, SEQ ID No. 3, SEQ ID No. 4, or SEQ ID No. 5; 

substituting a portion of the envelope protein amino acids of the flavivirus with a the 
corresponding envelope protein amino acids of the selected dengue fever virus to create a 
chimeric envelope protein; 

providing a pharmaceutically acceptable excipient; and 

mixing the chimeric envelope protein and the excipient. 
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7. The method of claim 6, where the flavivirus is selected from the group consisting of West 
Nile Virus, St. Louis encephalitis, Dengue Fever virus, Japanese encephalitis, Yellow Fever 
virus, and Kunjin virus. 

8. The method of claim 6, wherein the substituted amino acids comprise the amino acids 
proximal to a fusion loop. 

9. The method of claim 6, wherein the substituted amino acids comprise the amino acids 
within 5 A of the fusion loop. 

10. The method of claim 6, wherein the substituted amino acids comprise the amino acids 
within 14 A of the fusion loop. 

11. A method of treating a dengue fever virus infection, the method comprising the step of 
administering the chimeric protein composition formed as in claim 6. 

11. A chimeric protein, comprising: 

an envelope protein comprised of yellow fever virus 17-D envelope protein having SEQ 

ID No. 1, wherein selected amino acids of the yellow fever virus 17-D envelope protein are 

substituted with corresponding amino acids of dengue fever virus envelope protein selected from 

the group consisting of SEQ ID No. 2, SEQ ID No. 3, SEQ ID No. 4, or SEQ ID No. 5. 

12. The chimeric protein of claim 11, wherein the substituted amino acids comprise the 
amino acids proximal to a Domain II fusion loop. 

13. The chimeric protein of claim 11, wherein the substituted amino acids comprise the 
amino acids within 5 A of the fusion loop. 

14. The chimeric protein of claim 11, wherein the substituted amino acids comprise the 
o 

amino acids within 14A of the fusion loop. 

15. The chimeric protein of claim 11, wherein one or more of amino acids 1-11, 28-30, 32, 
42, 44, 46, 70-81, 95-99, 110-115, 142-147, 149-157, 236-242, 304-324, 333, 335, 337, 350-352, 
355, 356, 362-370, 377, 379, 386, and 388-393 of SEQ ID No. 1 are substituted with the 
corresponding amino acids of the selected dengue fever virus envelope protein. 

16. A method of treating a dengue fever virus infection, the method comprising the step of 
administering the chimeric protein of claim 11. 

17. A composition for treatment of dengue fever virus, comprising: 

a chimeric envelope protein comprised of a flavivirus envelope protein, wherein selected 

amino acids of the flavivirus envelope protein are substituted with corresponding amino acids of 
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dengue fever virus envelope protein selected from the group consisting of SEQ ID No. 2, SEQ 

ID No. 3, SEQ ID No. 4, or SEQ ID No. 5; and 

a pharmaceutically acceptable excipient. 

18. The composition of claim 17, wherein the flavivirus is selected from the group consisting 
of West Nile Virus, St. Louis encephalitis, Dengue Fever virus, Japanese encephalitis, Yellow 
Fever virus, and Kunjin virus. 

19. The composition of claim 17, wherein the substituted amino acids comprise the amino 
acids proximal to a fusion loop. 

20. The composition of claim 17, wherein the substituted amino acids comprise the amino 
acids within 5 A of the fusion loop. 

21. The composition of claim 17, wherein the substituted amino acids comprise the amino 
acids within 14A of the fusion loop. 

22. A method of treating a dengue fever virus infection, the method comprising the step of 
administering the chimeric protein of claim 11. 

23. A method of treating a dengue fever virus infection, the method comprising the step of 
administering the composition of claim 17. 
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