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(57) ABSTRACT 

Disclosed herein are isolated humanized monoclonal anti 
bodies that speci?cally bind Japanese encephalitis virus 
(J EV) With a binding a?inity of about 1.0 nM or less. Nucleic 
acids encoding these antibodies, expression vectors including 
these nucleic acid molecules, and isolated host cells that 
express the nucleic acid molecules are also disclosed. Meth 
ods of treating, preventing, and/ or ameliorating J EV infection 
in a subject With JEV also are disclosed. Additionally, the 
antibodies canbe used to detect JEV in a sample, and methods 
of diagnosing JEV infection, or con?rming a diagnosis of 
JEV infection in a subject, are disclosed herein that utilize 
these antibodies. 
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HUMANIZED MONOCLONAL ANTIBODIES 
THAT SPECIFICALLY BIND AND/OR 

NEUTRALIZE JAPANESE ENCEPHALITIS 
VIRUS (J EV) AND THEIR USE 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

This is the US. national stage of PCT Application No. 
PCT/US2009/040227, ?led Apr. 10, 2009, Which Was pub 
lished in English under PCT Article 21(2), Which in turn 
claims the bene?t of US. Provisional Application No. 
61/123,905, ?led on Apr. 10, 2008, Which is incorporated 
herein in by reference its entirety. 

FIELD 

This disclosure is related to humanized monoclonal anti 
bodies, speci?cally to humanized monoclonal antibodies that 
speci?cally bind Japanese encephalitis virus (J EV), and their 
use. 

BACKGROUND 

Japanese encephalitis virus (JEV) is the prototype virus of 
the Japanese encephalitis (J E) group belonging to the F lavivi 
rus genus of the Flaviviridae family. Other members of the 
group include Kunjin virus, St. Louis encephalitis virus 
(SLEV) and West Nile encephalitis virus (WNV). JEV is 
Widely distributed in South Asia, Southeast Asia, and the 
Asian Paci?c Rim. In recent years, J E epidemics have spread 
to previously unaffected areas, such as northern Australia 
(Hanna, et al. (1996) Med JAusl 165:256-60; Pyke, et al. 
(2001) Am JTrop MedHyg 65:747-53), Pakistan (Igarashi, et 
al. (1994) Microbiollmmunol 38:827-30), India and Indone 
sia (Mackenzie, et al. (2004) Nat Med 10:S98-109). The JE 
outbreak in India during July-November of 2005 Was the 
longest and most severe in recent years, affecting in excess of 
5,000 persons and causing greater than 1,000 deaths (Parida, 
et al. (2006) Emerg Infect Dis 12: 1427-30). 

It is estimated that JEV causes 35,000-50,000 cases of 
encephalitis, including 10,000 deaths and as many neurologic 
sequelae each year (Tsai (2000) Vaccine 18 Suppl 2:1-25). 
Although only one J EV serotype is knoWn to exist, cross 
neutralization experiments have demonstrated antigenic dif 
ferences among JEV strains (Ali & Igarashi (1997) M icrobiol 
Immunol 41 :241-52). Phylogenic studies have identi?ed ?ve 
J EV genotypes, four of Which are presently recognized 
(Chen, et al. (1 992) Am JTrop MedHyg 47: 61 -9; Solomon, et 
al. (2003) J Vil’0l7713091-8;UCI1I1& Satchidanandam (2001) 
Am J Trop Med Hyg 65:242-51). The Wide geographical dis 
tribution and the existence of multiple strains, coupled With 
the high rate of mortality and residual neurological compli 
cations in survivors, make JEV infection an important public 
health problem. 

The JE-VAX® vaccine currently available in most coun 
tries is an inactivated Whole virus vaccine prepared from virus 
groWn in mouse brain and a three-do se regimen is required for 
young children (Monath (2002) Curr Top Microbiol Immunol 
267: 105-38). The requirements of multiple doses and the high 
vaccine manufacturing cost have prevented many countries 
from adopting an effective JEV vaccination campaign. A live 
attenuated vaccine, JEV strain SA14-14-2, has been devel 
oped in China and Was ef?cacious after one dose in a recent 
case-controlled study (Tandan, et al. (2007) Vaccine 25:5041 
5). In addition, there is a chimeric JEV vaccine constructed 
from the attenuated yelloW fever 17D strain in a late experi 
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2 
mental stage (Monath, et al. (2003) J InfeclDis 188: 1213-30). 
HoWever, until a J EV vaccine becomes generally available, a 
need remains for short-term prevention and therapeutic inter 
vention of encephalitic JEV infections. 

SUMMARY 

Provided herein are isolated humanized monoclonal anti 
bodies that speci?cally bind and/or neutralize Japanese 
encephalitis virus (JEV) envelope protein. The humanized 
monoclonal antibodies bind JEV With an af?nity constant 
(Kd) of about 1.0 nM or less. Also provided are isolated 
humanized monoclonal antibodies that speci?cally bind to 
Lys179 Within a [3-strand in domain I of the envelope protein, 
isolated humanized monoclonal antibodies that speci?cally 
bind Ile126 Within the small loop betWeen d and e [3-strands in 
domain II of the envelope protein, and isolated humanized 
monoclonal antibodies that speci?cally bind Gly302 Within 
amino acids 302-309 of domain III of the envelope protein. In 
some embodiments, the human monoclonal antibodies 
include Fab fragments that include chimpanzee FRs and 
CDRs. Further provided are compositions including the J EV 
speci?c antibodies, nucleic acids encoding these antibodies, 
expression vectors including the nucleic acids, and isolated 
host cells that express the nucleic acids. 

Also provided are pharmaceutical compositions that 
include the humanized JEV-speci?c monoclonal antibodies. 
The antibodies and compositions provided herein can be 

used for a variety of purposes, such as for treating or inhibit 
ing the development of JEV infection in a subject. Thus, 
disclosed herein is a method of treating a subject diagnosed 
With J EV infection or at risk for developing J EV infection, the 
method including administering to the subject a therapeuti 
cally effective amount of the humanized JEV antibody, 
thereby treating the subject. 
The antibodies and compositions provided herein also can 

be used for diagnosing or con?rming the diagnosis of JEV 
infection in a subject. Thus, provided herein is a method of 
con?rming the diagnosis of JEV infection in a subject, the 
method including contacting a sample from the subject diag 
nosed With J EV infection With a human monoclonal antibody 
that speci?cally binds J EV, and detecting binding of the anti 
body to the sample. An increase in binding of the antibody to 
the sample relative to binding of the antibody to a control 
sample con?rms the JEV infection diagnosis. In some 
embodiments, the method further includes contacting a sec 
ond antibody that speci?cally recognizes the JEV-speci?c 
antibody With the sample, and detecting binding of the second 
antibody. 

Similarly, a method is provided herein for detecting JEV 
infection in a subject, including contacting a sample from the 
subject With a humanized monoclonal antibody described 
herein, and detecting binding of the antibody to the sample. 
An increase in binding of the antibody to the sample relative 
to a control sample detects JEV infection in the subject. In 
some embodiments, the methods further include contacting a 
second antibody that speci?cally recognizes the JEV-speci?c 
antibody With the sample, and detecting binding of the second 
antibody. 
The foregoing and other features and advantages Will 

become more apparent from the folloWing detailed descrip 
tion of several embodiments, Which proceeds With reference 
to the accompanying ?gures. 

BIOLOGICAL DEPOSIT 

Plasmids encoding the humanized antibodies A3, B2, and 
E3 Were deposited in accordance With the Budapest Treaty 
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With the American Type Culture Collection (ATCC) Patent 
Depository, 10801 University Blvd., Manassas, Va., 20110, 
on Apr. 7, 2008. The plasmid encoding the humanized anti 
body A3 Was deposited as ATCC No. PTA-9138. The plasmid 
encoding the humanized antibody B2 Was deposited as ATCC 
No. PTA-913 9 and the plasmid encoding the humanized anti 
body E3 Was deposited as ATCC No. PTA-9140. 

BRIEF DESCRIPTION OF THE FIGURES 

FIG. 1. is a diagram shoWing the alignment of VH and VL 
sequences of chimpanzee JEV-speci?c Fabs (SEQ ID NOS: 
1-6). Fabs Were grouped according to the panning strategy: 
Group 1 (panning With JEV SA14-14-2 virions); Group 2 
(panning With epitope masking); and Group 3 (panning With 
a J EV E domain III-speci?c recombinant protein). Sequences 
of the most potently neutralizing Fab in each group are pro 
vided (VH upper panel and VL loWer panel). Framework 
regions (FR), complementarity determining regions (CDR), 
sequences identities (.) and deletions (—) are indicated. 

FIG. 2. is a series of three graphs shoWing an analysis of 
Fab binding to JEV SA14-14-2. Fabs A3 (FIG. 2A), B2 (FIG. 
2B) and E3 (FIG. 2C) Were a?inity puri?ed, biotinylated, and 
used for analysis of binding activity to JEV SA14-14-2 by 
competition ELISA in the presence of competing, unlabeled 
Fabs. Fab 5H2, Which did not react With JEV, Was used as a 
negative control. Fab 1A5 is a ?avivirus cross-reactive anti 
body that binds to determinants in the ?avivirus E fusion loop. 
I EV Fab clones Were grouped according to the panning pro 
cedure: Group 1: A3; Group 2: B2, A8 and G1; and Group 3: 
E3 and B12. 

FIG. 3. is a series of digital images of gels showing the 
identi?cation of E as the binding target of JEV MAbs. In FIG. 
3A, puri?ed MAbs Were incubated With nitrocellulose mem 
branes blotted With JEV SA14-14-2 strain (upper panel) or 
the recombinant JEV E protein (loWer panel), separated by 4 
to 12% SDS-PAGE under non-reducing conditions. HMAF 
against JEV Was included as a positive control. In FIG. 3B, 
immunoprecipitation of JEV infected mosquito cell lysates 
(upper panel) or a recombinant J EV E protein (loWer panel) 
Was analyzed under non-reducing conditions by Western 
blotting With MAb 6B4A-10 and anti-mouse IgG-HRP (up 
per panel) or With MAb anti-V5 epitope-HRP (loWer panel). 
Molecular size markers are shoWn on the left. 

FIG. 4. is a series of graphs shoWing the binding activities 
of JEV Fabs. In FIG. 4A, binding in response to different 
concentrations of puri?ed Fabs Was analyzed by ELISA on 
J EV SA14-14-2 virions attached to the solid phase With 
HMAF. The Fab concentration required to reach 50% satura 
tion binding Was calculated by nonlinear regression. FIG. 4B 
shoWs representative sensograms of Fabs A3 (top panel) and 
B2 (bottom panel) analyzed by SPR With the recombinant 
J EV E protein, shoWing curves ?tted using a model for con 
tinuous ligand distributions, combined With a 2-compartment 
approximation of mass transport. Experimental data and ?t 
ted curves are shoWn. 

FIG. 5. is a series of graphs shoWing neutralization of 
parental JEV and its variants using chimpanzee JEV Fabs. 
J EV neutralization-escape variants v1, v2 and v3 Were 
selected With the Fabs A3, B2, and E3, respectively. Neutral 
ization titrations by PRNT against parental J EV and antigenic 
variants v1, v2 and v3 With Fabs A3 (FIG. 5A), B2 (FIG. 5B), 
and E3 (FIG. 5C) are shoWn. PRNT Was performed using 
approximately 70 FFU of each virus for incubation With 
serially diluted antibody at 37° C. for 1 hour. The reaction 
mixture Was used to infect Vero Cells. Foci of infected cells 
Were detected by immuno-staining. 
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4 
FIG. 6. is an alignment and 3-D structure model shoWing 

the localization of epitope determinants of J EV MAbs. FIG. 
6A shoWs the alignment of amino acid sequences among 
?avivirus E’s. Sequences surrounding the amino acid substi 
tutions found in JEV variants v1, v2 and v3 are shoWn. Clustal 
W v2 Was used to obtain an optimal amino acid sequence 
alignment ?le. FIG. 6B shoWs the 3-D structure model of JEV 
SA14-14-2 E protein. The structure modeling Was performed 
With the crystal coordinates of WNV (PDB code, 2169) and a 
SWiss Modeling Workstation. Molecular graphics images 
Were produced using the UCSF Chimera program. Positions 
of 126Ile, 136Lys, 179Lys, 219His and 302Gly as vieWed 
from the top (upper panel) and from the side (loWer panel). E 
domain sequences are provided in grayscale: domain I 
includes 136Lys and 179Lys (dark font), domain II includes 
126Ile and 219His (light font) and domain III includes 
302Gly (dark font). 

FIG. 7 is a series of digital images of gels shoWing the 
binding analysis of mutant E proteins containing a single 
substitution at position 126, 136, 179, 219 or 302. FIG. 7A 
shoWs the binding of humanized MAbs A3, E3 (top panel), 
and the control mouse MAb anti-V5 epitope (bottom panel) 
to various mutant proteins as analyzed by Western blotting. 
The Wild type (WT) and mutant E proteins reacted With the 
indicated antibody and developed With an HRP-conjugated 
secondary antibody. FIG. 7B shoWs the binding of MAbs A3, 
B2 and E3 to WT and mutant E proteins (top panel) and the 
control mouse MAb 6B4A-10 (bottom panel) analyzed by 
immunoprecipitation in the absence of detergents. The immu 
noprecipitates Were developed by Western blotting using 
MAb anti-V5 epitope HRP-conjugate. 

FIG. 8. is a series of graphs shoWing the protective activity 
of humanized JEV IgG1 antibodies (MAbs) using a mouse 
J EV challenge model. Inbred ddy mice (n:12) Were injected 
i.p. With MAb A3 (FIG. 8A), MAb B2 (FIG. 8B) or MAb E3 
(FIG. 8C) at various doses indicated. Un-protected control 
mice Were administrated PBS diluent. 24 hours later mice 
Were infected i.c. With JEV strain. 

SEQUENCE LISTING 

The nucleic and amino acid sequences listed in the accom 
panying sequence listing are shoWn using standard letter 
abbreviations for nucleotide bases, and three letter code for 
amino acids, as de?ned in 37 CFR 1.822. Only one strand of 
each nucleic acid sequence is shoWn, but the complementary 
strand is understood as included by any reference to the 
displayed strand. The Sequence Listing is submitted as an 
ASCII text ?le (Sequence_Listing.txt, Oct. 8, 2010, 36.1 kb), 
Which is incorporated by reference herein. 
In the accompanying sequence listing: 
SEQ ID NO: 1 is the amino acid sequence of the heavy 

chain of monoclonal antibody A3. 
SEQ ID NO: 2 is the amino acid sequence of the heavy 

chain of monoclonal antibody B2. 
SEQ ID NO: 3 is the amino acid sequence of the heavy 

chain of monoclonal antibody E3. 
SEQ ID NO: 4 is the amino acid sequence of the light chain 

of monoclonal antibody A3. 
SEQ ID NO: 5. is the amino acid sequence of the light chain 

of monoclonal antibody B2. 
SEQ ID NO: 6 is the amino acid sequence of the light chain 

of monoclonal antibody E3. 
SEQ ID NO: 7 is the nucleic acid sequence of a forWard 

primer used to amplify the DNA encoding amino acids 131 
692 of the PrM/N-terminal 80% E fusion protein from JEV 
cDNA. 
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SEQ ID NO: 8 is the nucleic acid sequence of a reverse 
primer used to amplify the DNA encoding amino acids 131 
692 of the PrM/N-terminal 80% E fusion protein from JEV 
cDNA. 
SEQ ID NO: 9 is the nucleic acid sequence encoding JEV 

ENV protein. 
SEQ ID NO: 10 is the amino acid sequence of the JEV 

ENV protein from JEV strain SA14-14-2. 
SEQ ID NO: 11 is the amino acid sequence of the Fc 

Region of human IgG. 
SEQ ID NOs: 12-30 are the amino acid sequences of a 

deletion at the N-terminal region of the C H2 domain in the Fc 
region of human IgG. 
SEQ ID NO: 31 is the full-length variable region amino 

acid sequence of the heavy chain of monoclonal antibody A3. 
SEQ ID NO: 32 is the full-length variable region amino 

acid sequence of the heavy chain of monoclonal antibody B2. 
SEQ ID NO: 33 is the full-length variable region amino 

acid sequence of the heavy chain of monoclonal antibody E3. 
SEQ ID NO: 34 is the full-length variable region amino 

acid sequence of the light chain of monoclonal antibody A3. 
SEQ ID NO: 35 is the full-length variable region amino 

acid sequence of the light chain of monoclonal antibody B2. 
SEQ ID NO: 36 is the full-length variable region amino 

acid sequence of the light chain of monoclonal antibody E3. 

DETAILED DESCRIPTION 

I. Abbreviations 
3SR: Self-sustained sequence replication 
ADCC: Antibody-dependent cell-mediated cytotoxicity 
AST: average survival time 
BSA: bovine serum albumin 
BRET: bioluminescence resonance energy transfer 
C capsid 
CDR: Complementarity determining region 
DENV: dengue virus 
DMEM: Dulbecco’s Modi?ed Essential Medium 
DTE: dithioerythritol 
E: envelope 
ELISA: Enzyme-linked immunosorbent assay 
EM: Effector molecule 
FACS: Fluorescence-activated cell sorting 
FBS: Fetal bovine serum 
FFU: focus forming units 
FITC: Fluorescein isothiocyanate 
FRET: ?uorescence resonance energy transfer 
GFP: Green ?uorescent protein 
GPI: Glycosylphosphatidylinositol 
HMAF: Hyperimmune mouse ascites ?uid 
HRP: Horseradish peroxidase 
I.C.: Intracerebral 
Ig: Immunoglobulin 
I.P.: intraperitoneal 
JEV: Japanese encephalitis virus 
LCR: Ligase chain reaction 
LDH: Lactate dehydrogenase 
LGTV: Langat virus 
mAb: Monoclonal antibody 
MEM: Minimum Essential Medium 
MOI: multiple of infection 
MPBS: Milk/PBS 
PAGE: Polyacrylamide gel electrophoresis 
PBMC: Peripheral blood mononuclear cells 
PBS: Phosphate-buffered saline 
PBST: PBS-TWeen 20 
PCR: Polymerase chain reaction 
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6 
prM/M: pre-membrane/membrane 
PRNT: plaque reduction neutralization tests 
PE: Pseudomonas exotoxin 
PEG: Polyethylene glycol 
RIA: Radioimmunoassay 
S2: Schneider’s Drosophila Line 2 
SDS: Sodium dodecyl sulfate 
SLEV: St. Louis encephalitis virus 
SC: subcutaneous 
SPR: surface plasmon resonance 
TAS: transcription-based ampli?cation 
WNV: West Nile encephalitis virus 
YFP: YelloW ?uorescent protein 

II. Abbreviations, Terms and Methods 
Unless otherWise noted, technical terms are used according 

to conventional usage. De?nitions of common terms in 
molecular biology can be found in Benjamin LeWin, Genes V, 
published by Oxford University Press, 1994 (ISBN 0-19 
854287-9); KendreW et al. (eds.), The Encyclopedia of 
Molecular Biology, published by Blackwell Science Ltd., 
1994 (ISBN 0-632-02182-9); and Robert A. Meyers (ed.), 
Molecular Biology and Biotechnology: a Comprehensive 
Desk Reference, published by VCH Publishers, Inc., 1995 
(ISBN 1-56081-569-8). 

In order to facilitate revieW of the various embodiments of 
the disclosure, the folloWing explanations of speci?c terms 
are provided: 

Animal: Living multi-cellular vertebrate organisms, a cat 
egory that includes, for example, mammals and birds. The 
term mammal includes both human and non-human mam 
mals. Similarly, the term “subject” includes both human and 
veterinary subjects. 

Antibody: A polypeptide ligand including at least a light 
chain or heavy chain immunoglobulin variable region Which 
speci?cally recogniZes and binds an epitope of an antigen, 
such as JEV envelope protein or a fragment thereof. Antibod 
ies are composed of a heavy and a light chain, each of Which 
has a variable region, termed the variable heavy (VH) region 
and the variable light (V L) region. Together, the V Hregion and 
the VL region are responsible for binding the antigen recog 
niZed by the antibody. 

Antibodies include intact immunoglobulins and the vari 
ants and portions of antibodies Well knoWn in the art, such as 
Fab fragments, Fab‘ fragments, F(ab)'2 fragments, single 
chain Fv proteins (“scFv”), and disul?de stabiliZed Fv pro 
teins (“dsFv”). A scFv protein is a fusion protein in Which a 
light chain variable region of an immunoglobulin and a heavy 
chain variable region of an immunoglobulin are bound by a 
linker, While in dsFvs, the chains have been mutated to intro 
duce a disul?de bond to stabiliZe the association of the chains. 
The term also includes genetically engineered forms such as 
chimeric antibodies (for example, humaniZed murine or 
humanized chimpanZee antibodies), heteroconjugate anti 
bodies (such as, bispeci?c antibodies). See also, Pierce Cala 
log and Handbook, 1994-1995 (Pierce Chemical Co., Rock 
ford, Ill.); Kuby, 1., Immunology, 3rd Ed., W.H. Freeman & 
Co., NeW York, 1997. 

Typically, a naturally occurring immunoglobulin has 
heavy (H) chains and light (L) chains interconnected by dis 
ul?de bonds. There are tWo types of light chain, lambda (7») 
and kappa (k). There are ?ve main heavy chain classes (or 
isotypes) Which determine the functional activity of an anti 
body molecule: IgM, IgD, IgG, IgA and IgE. 

Each heavy and light chain contains a constant region and 
a variable region, (the regions are also knoWn as “domains”). 
In combination, the heavy and the light chain variable regions 
speci?cally bind the antigen. Light and heavy chain variable 
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regions contain a “framework” region interrupted by three 
hypervariable regions, also called “complementarity-deter 
mining regions” or “CDRs.” The extent of the framework 
region and CDRs has been de?ned (see, Kabat et al., 
Sequences of Proteins of Immunological Interest, US. 
Department of Health and Human Services, 1991, Which is 
hereby incorporated by reference). The Kabat database is 
noW maintained online. The sequences of the frameWork 
regions of different light or heavy chains are relatively con 
served Within a species, such as humans. The frameWork 
region of an antibody, that is the combined frameWork regions 
of the constituent light and heavy chains, serves to position 
and align the CDRs in three-dimensional space. 

The CDRs are primarily responsible for binding to an 
epitope of an antigen. The CDRs of each chain are typically 
referred to as CDRl, CDR2, and CDR3, numbered sequen 
tially starting from the N-terminus, and are also typically 
identi?ed by the chain in Which the particular CDR is located. 
Thus, a VH CDR3 is located in the variable domain of the 
heavy chain of the antibody in Which it is found, Whereas aVL 
CDRl is the CDRl from the variable domain of the light 
chain of the antibody in Which it is found. An antibody that 
binds JEV Will have a speci?c VH region and the VL region 
sequence, and thus speci?c CDR sequences. Antibodies With 
different speci?cities (i.e. different combining sites for dif 
ferent antigens) have different CDRs. Although it is the CDRs 
that vary from antibody to antibody, only a limited number of 
amino acid positions Within the CDRs are directly involved in 
antigen binding. These positions Within the CDRs are called 
speci?city determining residues (SDRs). 

References to “ H” or “VH” refer to the variable region of 
an immunoglobulin heavy chain, including that of an Fv, 
scFv, dsFv or Fab. References to “VL” or “VL” refer to the 
variable region of an immunoglobulin light chain, including 
that of an Fv, scFv, dsFv or Fab. 
A “monoclonal antibody” is an antibody produced by a 

single clone of B-lymphocytes or by a cell into Which the light 
and heavy chain genes of a single antibody have been trans 
fected. Monoclonal antibodies are produced by methods 
knoWn to those of skill in the art, for instance by making 
hybrid antibody-forming cells from a fusion of myeloma cells 
With immune spleen cells. Monoclonal antibodies include 
humanized monoclonal antibodies. 
A “chimeric antibody” has frameWork residues from one 

species, such as human, and CDRs (Which generally confer 
antigen binding) from another species, such as a chimpanzee 
antibody that speci?cally binds JEV and/or JEV envelope 
protein. 
A “humanized” immunoglobulin is an immunoglobulin 

including a human frameWork region and one or more CDRs 

(or SDRs) from a non-human (for example a mouse, rat, 
chimpanzee or synthetic) immunoglobulin. The non-human 
immunoglobulin providing the CDRs is termed a “donor,” 
and the human immunoglobulin providing the frameWork is 
termed an “acceptor.” In one embodiment, all the CDRs are 
from the donor immunoglobulin in a humanized immunoglo 
bulin. Constant regions need not be present, but if they are, 
they must be substantially identical to human immunoglobu 
lin constant regions, for instance, at least about 85-90%, such 
as about 95% or more identical. Hence, all parts of a human 
ized immunoglobulin, except possibly the CDRs, are sub 
stantially identical to corresponding parts of natural human 
immunoglobulin sequences. 
A “humanized antibody” is an antibody comprising a 

humanized light chain and a humanized heavy chain immu 
noglobulin. A humanized antibody binds to the same antigen 
as the donor antibody that provides the CDRs. “Humanized” 
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8 
forms of non-human (for instance, murine or chimpanzee) 
antibodies are chimeric antibodies that contain minimal 
sequence derived from non-human immunoglobulin. For the 
most part, humanized antibodies are human immunoglobu 
lins (recipient antibody) in Which residues from a hypervari 
able region of the recipient are replaced by residues from a 
hypervariable region of a non-human species (donor anti 
body) such as mouse, rat, rabbit or nonhuman primate, such 
as chimpanzee, having the desired speci?city, af?nity, and 
capacity. The acceptor frameWork of a humanized immuno 
globulin or antibody may have a limited number of substitu 
tions by amino acids taken from the donor frameWork. 
Humanized or other monoclonal antibodies can have addi 
tional conservative amino acid substitutions Which have sub 
stantially no effect on antigen binding or other immunoglo 
bulin functions. In general, the humanized antibody Will 
include substantially all of at least one, and typically tWo, 
variable domains, in Which all or substantially all of the 
hypervariable loops correspond to those of a non-human 
immunoglobulin and all or substantially all of the FR regions 
are those of a human immunoglobulin sequence. The human 
ized antibody optionally also Will include at least a portion of 
an immunoglobulin constant region (Fc), typically that of a 
human immuno globulin. In some embodiments, the C H2 and/ 
or C H3 domain is deleted or altered in the Fc region. Human 
ized immunoglobulins can be constructed by means of 
genetic engineering (see for example, US. Pat. No. 5,585, 
089). 

In one example, the frameWork and the CDRs are from the 
same originating human heavy and/ or light chain amino acid 
sequence. HoWever, frameWorks from one human antibody 
can be engineered to include CDRs from a different human 
antibody. 
A “human” antibody (also called a “fully human” anti 

body) is an antibody that includes human frameWork regions 
and all of the CDRs from a human immunoglobulin. In one 
example, the frameWork and the CDRs are from the same 
originating human heavy and/or light chain amino acid 
sequence. HoWever, frameWorks from one human antibody 
can be engineered to include CDRs from a different human 
antibody. All parts of a human immunoglobulin are substan 
tially identical to corresponding parts of natural human 
immunoglobulin sequences. 

Binding af?nity: Af?nity of an antibody for an antigen. In 
one embodiment, af?nity is calculated by a modi?cation of 
the Scatchard method described by Frankel et al., Mol. Immu 
nol., 16: 101-106, 1979. In another embodiment, binding 
a?inity is measured by an antigen/antibody dissociation rate. 
In another embodiment, a high binding a?inity is measured 
by a competition radioimmunoassay. In another embodiment, 
binding a?inity is measured by ELISA. In one embodiment, 
the antibodies bind JEV With an a?inity constant (K) of 
about 1 .0 nM or less. In several embodiments, the humanized 
monoclonal antibodies bind JEV With a binding a?inity of 
about 0.95 nM or less, about 0.85 nM or less, about 0.75 nM 
or less, about 0.65 nM or less, about 0.55 nM or less, about 
0.45 nM or less, about 0.35 nM or less, about 0.25 nM or less, 
or about 0.15 nM or less. As used herein, a binding a?inity of 
“about 1.0 nM” includes binding af?nities of 0.9 to 1.1 nM. 
Similarly, a binding a?inity of “about 0.5 nM” includes bind 
ing a?inities of 0.4 to 0.6 nM. 

Binding domain: The region of a polypeptide that binds to 
another molecule. In the case of an FcR, the binding domain 
can include a portion of a polypeptide chain thereof (for 
instance, the a chain thereof) that is responsible for binding an 
Fc region. One useful binding domain is the extracellular 
domain of an FcR 0t chain. 
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CH2 domain: The “C H2 domain” of a human IgG Fc region 
(also referred to as “Cy2” domain) usually extends from about 
amino acid 231 to about amino acid 340. The C H2 domain is 
unique in that it is not closely paired With another domain. 
Rather, tWo N-linked branched carbohydrate chains are inter 
posed betWeen the tWo C H2 domains of an intact native IgG 
molecule. It has been speculated that the carbohydrate can 
provide a substitute for the domain-domain pairing and help 
stabiliZe the C H2 domain. 
CH3 domain: The “CH3 domain” includes the stretch of 

residues C-terminal to a CH2 domain in an Fc region (for 
instance, from about amino acid residue 341 to about amino 
acid residue 447 of an IgG). See, for instance, SEQ ID NO: 
1 1. 

Chimeric antibody: An antibody that includes sequences 
derived from tWo different antibodies, Which typically are of 
different species. Chimeric antibodies can include human and 
murine antibody domains, generally human constant regions 
and murine variable regions, murine CDRs and/or murine 
SDRs. In other examples, chimeric antibodies include human 
and chimpanZee antibody domains, generally human con 
stant regions and chimpanZee variable regions, chimpanZee 
CDRs and/or chimpanZee SDRs. 

Conservative variants: “Conservative” amino acid substi 
tutions are those substitutions that do not substantially affect 
or decrease the a?inity of an antibody to J EV. For example, a 
human antibody that speci?cally binds JEV can include at 
most about 1, at most about 2, at most about 5, and most about 
10, or at most about 15 conservative substitutions and spe 
ci?cally bind the original JEV polypeptide. The term conser 
vative variation also includes the use of a substituted amino 
acid in place of an unsubstituted parent amino acid, provided 
that antibody speci?cally binds JEV. Non-conservative sub 
stitutions are those that reduce an activity or binding to J EV or 
J EV envelope protein. 

Conservative amino acid substitution tables providing 
functionally similar amino acids are Well knoWn to one of 
ordinary skill in the art. The folloWing six groups are 
examples of amino acids that are considered to be conserva 
tive substitutions for one another: 

1) Alanine (A), Serine (S), Threonine (T); 
2) Aspartic acid (D), Glutamic acid (E); 
3) Asparagine (N), Glutamine (Q); 
4) Arginine (R), Lysine (K); 
5) Isoleucine (I), Leucine (L), Methionine (M), Valine (V); 

and 
6) Phenylalanine (F), Tyrosine (Y), Tryptophan (W). 
Complementarity determining region (CDR): Amino acid 

sequences Which together de?ne the binding a?inity and 
speci?city of the natural Fv region of a native lg binding site. 
The light and heavy chains of an lg each have three CDRs, 
designated L-CDRl, L-CDR2, L-CDR3 and H-CDRl, 
H-CDR2, H-CDR3, respectively. 

Contacting: Placement in direct physical association; 
includes both in solid and liquid form. 

Degenerate variant: A polynucleotide encoding a JEV 
polypeptide or an antibody that binds JEV that includes a 
sequence that is degenerate as a result of the genetic code. 
There are 20 natural amino acids, most of Which are speci?ed 
by more than one codon. Therefore, all degenerate nucleotide 
sequences are included as long as the amino acid sequence of 
the J EV polypeptide or antibody that binds JEV encoded by 
the nucleotide sequence is unchanged. 

Epitope: An antigenic determinant. These are particular 
chemical groups or peptide sequences on a molecule that are 
antigenic, for instance, that elicit a speci?c immune response. 
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An antibody speci?cally binds a particular antigenic epitope 
on a polypeptide, such as JEV envelope protein. 

Envelope protein: A membrane that coats the capsid layer 
of a virus. A capsid is the protein shell of a virus. It includes 
of several oligomeric subunits made of protein. The capsid 
encloses the genetic material of the virus. 

Capsids are broadly classi?ed according to their structure. 
The majority of viruses have capsids With either helical or 
icosahedral structure. Some viruses, such as bacteriophages, 
have developed more complicated structures. The icosahedral 
shape, Which has 20 equilateral triangular faces, approxi 
mates a sphere, While the helical shape is cylindrical. The 
capsid faces may consist of one or more proteins. For 
example, the foot-and-mouth disease virus capsid has faces 
consisting of three proteins named VP1-3. 
Some viruses are enveloped, meaning that the capsid is 

coated With a lipid membrane knoWn as the viral envelope. 
The envelope is acquired by the capsid from an intracellular 
membrane in the virus’ host; examples of such intracellular 
membranes include the inner nuclear membrane, the golgi 
membrane, and the cell’s outer membrane. 

Expressed: Translation of a nucleic acid into a protein. 
Proteins can be expressed and remain intracellular, become a 
component of the cell surface membrane, or be secreted into 
the extracellular matrix or medium. 

Fc region: The term “Fc region” includes a C-terminal 
region of an immunoglobulin heavy chain. The “Fc region” 
can be a native sequence Fc region or a variant Fc region. 
Although the boundaries of the Fc region of an immunoglo 
bulin heavy chain might vary, the human IgG heavy chain Fc 
region is usually de?ned to stretch from an amino acid residue 
at position Cys226, or from Pro230, to the carboxyl-terminus 
thereof. The Fc region of an immunoglobulin generally 
includes tWo constant domains, CH2 and CH3. 
A “functional Fc region” possesses an “effector function” 

of a native sequence Fc region. Exemplary “effector func 
tions” include C1q binding; complement dependent cytotox 
icity; Fc receptor binding; antibody-dependent cell-mediated 
cytotoxicity; phagocytosis; doWn regulation of cell surface 
receptors (for instance, B cell receptor), etc. Such effector 
functions generally require the Fc region to be combined With 
a binding domain (for instance, an antibody variable domain) 
and can be assessed using various assays as herein disclosed, 
for example. 
A “native sequence Fc region” includes an amino acid 

sequence identical to the amino acid sequence of an Fc region 
found in nature. Native sequence human Fc regions include a 
native sequence human IgG1 Fc region; native sequence 
human IgG2 Fc region; native sequence human IgG3 Fc 
region; and native sequence human IgG4 Fc region as Well as 
naturally occurring variants thereof. In one speci?c, non 
limiting example, a human Fc region amino acid sequence is 

(SEQ ID NO: 11) 
ASTKGPSVFPLAPSSKSTSGGTAALGCLVKDYFPEPVTVSWNSGALTSGV 

HTFPAVLQSSGLYSLSSVVTVPSSSLGTQTYICNVDHKPSNTKVDKKVEP 

KSCDKTHTCPPCPAPELLGGPSVFLFPPKPKDTLMISRTPEVTCVVVDVS 

HEDPEVKFNWYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHQDWLNGK 

EYKCKVSNKALPAPIEKTISKAKGQPREPQVYTLPPSRDELTKNQVSLTC 

LVKGFYPSDIAVEWESNGQPEN'NYKTTPPVLDSDGSFFLYSKLTVDKSRW 
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A “variant Fc region” includes an amino acid sequence that 
differs from that of a native sequence Fc region by virtue of at 
least one “amino acid modi?cation” as herein de?ned. Gen 
erally, the variant Fc region has at least one amino acid modi 
?cation compared to a native sequence Fc region or to the Fc 
region of a parent polypeptide, for instance, from about one to 
about ten amino acid modi?cations in a native sequence Fc 
region or in the Fc region of the parent polypeptide. Embodi 
ments disclosed herein include variant Fc regions that can 
have the following degrees of amino acid sequence homology 
or identity to the Fc region of a parent polypeptide, for 
example: 35%, 36%, 37%, 38%, 39%, 40%, 41%, 42%, 43%, 
44%, 45%, 46%, 47%, 48%, 49%, 50%, 51%, 52%, 53%, 
54%, 55%, 56%, 57%, 58%, 59%, 60%, 61%, 62%, 63%, 
64%, 65%, 66%, 67%, 68%, 69%, 70%, 71%, 72%, 73%, 
74%, 75%, 76%, 77%, 78%, 79%, 80%, 81%, 82%, 83%, 
84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 
94%, 95%, 96%, 97%, 98%, or 99%. Candidate variant Fc 
regions having greater than or equal to 35% homology or 
identity can be identi?ed by methods known in the art and can 
be subsequently examined using functional assays, for 
example, the assays described herein and those known in the 
art. The variant Fc regions described herein, in some 
examples, possess at least about 80% homology with a native 
sequence Fc region and/or with an Fc region of a parent 
polypeptide, and most preferably at least about 90% homol 
ogy therewith, more preferably at least about 95% homology 
therewith. 

The term “Fc region-containing polypeptide” refers to a 
polypeptide, such as an antibody, that includes an Fc region. 

The terms “Fc receptor” or “FcR” are used to describe a 
receptor that binds to the Fc region of an antibody. In one 
example, an FcR is a native sequence human FcR. In other 
examples, an FcR is one that binds an IgG antibody (a gamma 
receptor) and includes receptors of the FcyRI, FcyRII, and 
FcyRIII subclasses, including allelic variants and alterna 
tively spliced forms of these receptors. FcyRII receptors 
include FcyRIIA (an “activating receptor”) and FcyRIIB (an 
“inhibiting receptor”), which have similar amino acid 
sequences that differ primarily in the cytoplasmic domains 
thereof. Activating receptor FcyRIIA contains an immunore 
ceptor tyrosine-based activation motif in its cytoplasmic 
domain. Inhibiting receptor FcyRIIB contains an immunore 
ceptor tyrosine-based inhibition motif in its cytoplasmic 
domain. Other FcRs, including those to be identi?ed in the 
future, are encompassed by the term “FcR” as used herein. 
The term also includes the neonatal receptor, FcRn, which is 
responsible for the transfer of maternal IgGs to the fetus. The 
term includes allotypes, such as FcyRIIIA allotypes: 
FcyRIIIA-Phel58, FcyRIIIA-Val158, FcYRIIA-R131 and/or 
FcyRIIA-H l 3 1. 

“Human effector cells” are leukocytes that express one or 
more FcRs and perform effector functions. 
A polypeptide variant with “altered” FcR binding a?inity 

is one that has diminished FcR binding activity compared to 
a parent polypeptide or to a polypeptide including a native 
sequence Fc region. The polypeptide variant that “displays 
decreased binding” to an FcR binds at least one FcR with 
worse af?nity than a parent polypeptide. The decrease in 
binding compared to a parent polypeptide can be about 40% 
or more decrease in binding, for instance, down to a variant 
that possesses little or no appreciable binding to the FcR. 
Such variants that display decreased binding to an FcR can 
possess little or no appreciable binding to an FcR, for 
instance, 0-20% binding to the FcR compared to a native 
sequence IgG Fc region. 
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Framework region: Amino acid sequences interposed 

between CDRs. Framework regions include variable light and 
variable heavy framework regions. The framework regions 
serve to hold the CDRs in an appropriate orientation for 
antigen binding. 

Hinge region: A region stretching from Glu216 to Pro230 
of human IgG1. Hinge regions of other IgG isotypes can be 
aligned with the IgG1 sequence by placing the ?rst and last 
cysteine residues forming inter-heavy chain SiS bonds in 
the same positions. These regions are well known in the art. 

Host cells: Cells in which a vector can be propagated and 
its DNA expressed. The cell can be prokaryotic or eukaryotic. 
The term also includes any progeny of the subject host cell. It 
is understood that all progeny may not be identical to the 
parental cell since there can be mutations that occur during 
replication. However, such progeny are included when the 
term “host cell” is used. 

Hypervariable region: The amino acid residues of an anti 
body that are responsible for anti gen-binding. The hypervari 
able region includes amino acid residues from a “comple 
mentarity determining region” or “CDR” (for instance, 
residues 24-34 (L1), 50-56 (L2) and 89-97 (L3) in the light 
chain variable domain and 31-35 (H1), 50-65 (H2) and 
95-102 (H3) in the heavy chain variable domain and/or those 
residues from a “hypervariable loop” (for instance, residues 
26-32 (L1), 50-52 (L2) and 91-96 (L3) in the light chain 
variable domain and 26-32 (H1), 53-55 (H2) and 96-101 (H3) 
in the heavy chain variable domain. “Framework” or “FR” 
residues are those variable domain residues other than the 
hypervariable region residues as herein de?ned. 
Immune response: A response of a cell of the immune 

system, such as a B cell, T cell, or monocyte, to a stimulus. In 
one embodiment, the response is speci?c for a particular 
antigen (an “antigen-speci?c response”). In one embodiment, 
an immune response is a T cell response, such as a CD4+ 

response or a CD8+ response. In another embodiment, the 
response is a B cell response, and results in the production of 
speci?c antibodies. 
Immunogenic peptide: A peptide such as an envelope pro 

tein which includes an allele-speci?c motif or other sequence, 
such as an N-terminal repeat, such that the peptide will bind 
an MHC molecule and induce a cytotoxic T lymphocyte 
(“CTL”) response, or a B cell response (for example, anti 
body production) against the antigen from which the immu 
nogenic peptide is derived. 

In one embodiment, immunogenic peptides are identi?ed 
using sequence motifs or other methods, such as neural net or 
polynomial determinations, known in the art. Typically, algo 
rithms are used to determine the “binding threshold” of pep 
tides to select those with scores that give them a high prob 
ability of binding at a certain af?nity and will be 
immunogenic. The algorithms are based either on the effects 
on MHC binding of a particular amino acid at a particular 
position, the effects on antibody binding of a particular amino 
acid at a particular position, or the effects on binding of a 
particular substitution in a motif-containing peptide. Within 
the context of an immunogenic peptide, a “conserved resi 
due” is one which appears in a signi?cantly higher frequency 
than would be expected by random distribution at a particular 
position in a peptide. In one embodiment, a conserved residue 
is one where the MHC structure can provide a contact point 
with the immunogenic peptide. In one speci?c non-limiting 
example, an immunogenic polypeptide includes a region of 
J EV envelope protein, or a fragment thereof. 
Immunogenic composition: A composition including a 

J EV polypeptide, such as an envelope protein that induces a 
measurable CTL response against cells expressing JEV 
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polypeptide, or induces a measurable B cell response (such as 
production of antibodies) against a JEV polypeptide. It fur 
ther refers to isolated nucleic acids encoding a JEV polypep 
tide that can be used to express the J EV polypeptide (and thus 
be used to elicit an immune response against this polypep 
tide). For in vitro use, an immunogenic composition can 
consist of the isolated protein or peptide epitope. For in vivo 
use, the immunogenic composition Will typically include the 
protein or immunogenic peptide in pharmaceutically accept 
able carriers, and/or other agents. Any particular peptide, 
such as a JEV polypeptide, or nucleic acid encoding the 
polypeptide, can be readily tested for its ability to induce a 
CTL or B cell response by art-recognized assays Immuno 
genic compositions can include adjuvants, Which are Well 
knoWn to one of skill in the art. 

Immunologically reactive conditions: Includes reference 
to conditions Which alloW an antibody raised against a par 
ticular epitope to bind to that epitope to a detectably greater 
degree than, and/ or to the substantial exclusion of, binding to 
substantially all other epitopes. Immunologically reactive 
conditions are dependent upon the format of the antibody 
binding reaction and typically are those utilized in immu 
noassay protocols or those conditions encountered in vivo. 
See HarloW & Lane, supra, for a description of immunoassay 
formats and conditions. The immunologically reactive con 
ditions employed in the methods are “physiological condi 
tions” Which include reference to conditions (such as tem 
perature, osmolarity, and pH) that are typical inside a living 
mammal or a mammalian cell. While it is recognized that 
some organs are subject to extreme conditions, the intra 
organismal and intracellular environment normally lies 
around pH 7 (for instance, from pH 6.0 to pH 8.0, more 
typically pH 6.5 to 7.5), contains Water as the predominant 
solvent, and exists at a temperature above 0° C. and below 500 
C. Osmolarity is Within the range that is supportive of cell 
viability and proliferation. 

Isolated: An “isolated” biological component, such as a 
nucleic acid, protein (including antibodies) or organelle, has 
been substantially separated or puri?ed aWay from other bio 
logical components in the environment (such as a cell) in 
Which the component naturally occurs, for instance, other 
chromosomal and extra-chromosomal DNA and RNA, pro 
teins and organelles. Nucleic acids and proteins that have 
been “isolated” include nucleic acids and proteins puri?ed by 
standard puri?cation methods. The term also embraces 
nucleic acids and proteins prepared by recombinant expres 
sion in a host cell as Well as chemically synthesized nucleic 
acids. 

Japanese encephalitis virus (JEV): The virus that causes 
the mosquito-borne disease Japanese encephalitis. JEV is a 
virus from the family Flaviviridae. Domestic pigs and Wild 
birds are reservoirs of the virus; transmission to humans may 
cause severe symptoms. One of the most important vectors of 
this disease is the mosquito Culex lrilaeniorhynchus. This 
disease is most prevalent in Southeast Asia and the Far East. 
JEV is an enveloped virus of the genus ?avivirus; it is 

closely related to the West Nile virus and St. Louis encepha 
litis virus. Positive sense single stranded RNA genome is 
packaged in the capsid, formed by the capsid protein. The 
outer envelope is formed by envelope (E) protein and is the 
protective antigen. The genome also encodes several non 
structural proteins (N Sl, NS2a, NS2b, NS3, N4a, NS4b, 
NS5). NSl is produced as secretory form also. NS3 is a 
putative helicase, and NS5 is the viral polymerase. It has been 
noted that the Japanese encephalitis virus (JEV) infects the 
lumen of the endoplasmic reticulum and rapidly accumulates 
substantial amounts of viral proteins for the J EV. 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

14 
Label: A detectable compound or composition that is con 

jugated directly or indirectly to another molecule, such as an 
antibody or a protein, to facilitate detection of that molecule. 
Speci?c, non-limiting examples of labels include ?uorescent 
tags, enzymatic linkages, and radioactive isotopes. In one 
example, a “labeled antibody” refers to incorporation of 
another molecule in the antibody. For example, the label is a 
detectable marker, such as the incorporation of a radiolabeled 
amino acid or attachment to a polypeptide of biotinyl moieties 
that can be detected by marked avidin (for example, strepta 
vidin containing a ?uorescent marker or enzymatic activity 
that can be detected by optical or colorimetric methods). 
Various methods of labeling polypeptides and glycoproteins 
are knoWn in the art and can be used. Examples of labels for 
polypeptides include, but are not limited to, the folloWing: 
radioisotopes or radionucleotides (such as 35S or 131I), ?uo 
rescent labels (such as ?uorescein isothiocyanate (FITC), 
rhodamine, lanthanide phosphors), enzymatic labels (such as 
horseradish peroxidase, beta-galactosidase, luciferase, alka 
line phosphatase), chemiluminescent markers, biotinyl 
groups, predetermined polypeptide epitopes recognized by a 
secondary reporter (such as a leucine zipper pair sequences, 
binding sites for secondary antibodies, metal binding 
domains, epitope tags), or magnetic agents, such as gado 
linium chelates. In some embodiments, labels are attached by 
spacer arms of various lengths to reduce potential steric hin 
drance. 

Linker: In some cases, a linker is a peptide Within an 
antibody binding fragment (such as an Fv fragment) Which 
serves to indirectly bond the variable heavy chain to the 
variable light chain. “Linker” can also refer to a peptide 
serving to link a targeting moiety, such as an antibody, to an 
effector molecule, such as a cytotoxin or a detectable label. 
The terms “conjugating,” “joining,” “bonding” or “link 

ing” refer to making tWo polypeptides into one contiguous 
polypeptide molecule, or to covalently attaching a radionu 
clide or other molecule to a polypeptide, such as an scFv. In 
the speci?c context, the terms include reference to joining a 
ligand, such as an antibody moiety, to an effector molecule, 
such as a label. The linkage can be either by chemical or 
recombinant means. “Chemical means” refers to a reaction 
betWeen the antibody moiety and the effector molecule such 
that there is a covalent bond formed betWeen the tWo mol 
ecules to form one molecule. 
Mammal: This term includes both human and non-human 

mammals. Similarly, the term “subject” includes both human 
and veterinary subjects. 
Maj or histocompatibility complex (MHC): Generic desig 

nation meant to encompass the histocompatibility antigen 
systems described in different species, including the human 
leukocyte antigens (“HLA”). The term “motif” refers to the 
pattern of residues in a peptide of de?ned length, usually 
about 8 to about 11 amino acids, Which is recognized by a 
particular MHC allele. The peptide motifs are typically dif 
ferent for each MHC allele and differ in the pattern of the 
highly conserved residues and negative binding residues. 

Nucleic acid: A polymer composed of nucleotide units 
(ribonucleotides, deoxyribonucleotides, related naturally 
occurring structural variants, and synthetic non-naturally 
occurring analogs thereof) linked via phosphodiester bonds, 
related naturally occurring structural variants, and synthetic 
non-naturally occurring analogs thereof. Thus, the term 
includes nucleotide polymers in Which the nucleotides and 
the linkages betWeen them include non-naturally occurring 
synthetic analogs, such as, for example and Without limita 
tion, phosphorothioates, phosphoramidates, methyl phos 
phonates, chiral-methyl phosphonates, 2-O-methyl ribo 
















































































