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A 8
10y # rRanles Rl e @ rianlec
- %04 @ BN
& 50 | Natwel Benbeo S wd @ ¥ % . @ Naluret Banlec
2 7o Z 704 LAY
3 o 3
= 50 58 g
g« g & a
o 30 . 30 W,
i . w,‘ \%
160+ Mo 10 h&
& ¥ Y ¥ ) sy & ¥ Y ¥ Py ¥
8001 981 81 1 @ 60 1000 et Be1 et 1 W 108 0w
Lectin {al} Lactin {n¥)
C
200
g
£
g - PHA
G & GNA
%" oy s . v
..g - Griffithsin
£ ~ Banle¢
£
® rBanlec

Lectin {nM)



U.S. Patent

Figure 4

Sramukion rdoex

Barar t

Nov. 1, 2016

4 riontec
- WY

Btirndation dar

Stimutation ndox

Stirmufation bex

&

&

®

=

Ledtin (nkl

Donor 2

Wy

x

G

3

T
Lactin fnbd}

Dorer &

1

Leotin (n¥)

oo

0

Parcentage of donars

Sheet 4 of 11

Co63* CDY” PBMCSs (% of total)

21 3310 B3 1000 o v eats)

Baec  HAAT 72k

o
2

kil
i

-~
5

[y
2y

CHhegt COL" PBMCs {% of totad)

-

[lt1a

US 9,481,717 B2

Bankse  HAT

ln.

R ERTEN

Concaniration {pgimi}

S

‘& RIR FIE
Coneentration {uyimf

L k]

HB4T

tivity

RE

Cytokine/chemokine

£ HMT

1
Lectin (nt)

140

!ng (HM)

& Bantec 02778

6,040

F= g
1000



U.S. Patent Nov. 1, 2016 Sheet 5 of 11 US 9,481,717 B2

Figure 5
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Figure 9

>H84T (SEQ ID NO:1)
MNGAIKVGAWGGNGGSAFDMGPAYRISVKIFSGDVVDGVDVTFTYYGKTETR
HYGGSGGTPHEIVLQEGEYLVGMAGEVANYEGAVVLGKLGFSTNKKAYGPFGN
TGGTPFSLPIAAGKISGFFGRGGKFLDAIGVYLEPLE

>H84S (SEQ 1D NO:2)
MNGAIKVGAWGGNGGSAFDMGPAYRISVKIFSGDVVDGYDVTFTY YGKTETR
HYGGSGGTPHEIVLQEGEYLVGMAGEVANYSGAVVLGKLGFSTNKKAYGPFGN
TGGTPFSLPIAAGKISGFFGRGGKFLDAIGVYLEPLE

>H84M (SEQ ID NO:3)
MNGAIKVGAWGGNGGSAFDMGPAYRISVKIFSGDVVDGVDVTETYYGKTETR

NTGGTPFSLPIAAGKISGFFGRGGKFLDAIGVYLEPLE

The DNA scquences of BanLec mutants. Mutations are highlighted.

>H84T (SEQ ID NO:4)
ATGAATGGTGCGATCAAAGTTGGCGCGTGGGGTGGCAACGGTGGTAGCGCCT
TTGATATGGGCCCGGCGTATCGTATTATTAGCGTGAAAATTTTTAGCGGTGAT
GTGGTTGATGGCGTTGATGTGACCTTTACCTATTATGGTAAAACCGAAACCCG
TCATTATGGCGGTAGCGGTGGTACCCCGCATGAAATTGTGCTGCAGGAAGGT
GAATATCTGGTGGGTATGGCGGGCGAAGTGGCGAACTA
TGCTGGGTAAACTGGGTTTTAGCACCAATAAAAAAGCGTATGGTCCGTTITGG
CAATACCGGCGGTACCCCGTTITAGCCTGCCGATTGCCGCGGGTAAAATTAGC
GGCTTCTTTGGTCGTGGCGGTAAATTTCTGGATGCCATTGGCGTGTATCTGGA
ACCGCTCGAGTGA
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Figure 9 (Cont.)

>H84S (SEQ ID NO:5)
ATGAATGGTGCGATCAAAGTTGGCGCGTGGGGTGGCAACGGTGGTAGCGCCT
TTGATATGGGCCCGGCGTATCGTATTATTAGCGTGAAAATTTTTAGCGGTGAT

GTOGTTGATGGCOGTTCATCGTCGACCTTTACCTATTATGGTAAAACCGAAACCCG
TCATTATGGCGGTAGCGGTGGTACCCCGCATCGAAATTGTGCTGCAGGAAGGT
GAATATCTGGTGGGTATGGCGGGCGAAGTGGCGAACTA GTGCGGTGG
TGCTGGGTAAACTGGGTTTITAGCACCAATAAAAAAGCGTATGGTCCGTTITGG
CAATACCGGCGGTACCCCGTTTAGCCTGCCGATTGCCGCGGGTAAAATTAGC
GGCTTCTTTGGTCGTGGCGGTAAATTTCTGGATGCCATTGGCGTGTATCTGGA
ACCGCTCGAGTGA

>H&4M (SEQ ID NO:6)
ATGAATGGTGCGATCAAAGTTGGCGCGTGGOOTGGCAACGGTGGTAGCGCCT
TTGATATGGGCCCGGCGTATCGTATTATTAGCGTGAAAATTTTTAGCGGTGAT
GTGGTTGATGGCGTTGATGTGACCTTTACCTATTATGGTAAAACCGAAACCCG
TCATTATGGCGGTAGCOGOGTGGTACCCCGCATGAAATTGTGCTGCAGGAAGGT
GAATATCTGGTGGGTATGGCGGGCGAAGTGGCGAACTA
TGCTGGGTAAACTGGGTTTTAGCACCAATAAAAAAGCGTATGGTCCGTTTGG
CAATACCGGCGOGTACCCCAGTTTAGCCTGCCCGATTGCCGCGGGTAAAATTAGC
GGCTTCTTTGGTCGTGGCGGTAAATTTCTGGATGCCATTGGCGTGTATCTGGA
ACCGCTCGAGTGA

>Y83V (SEQ 1D NO:7)
MNGAIKVGAWGGNGGSAFDMGPAYRISVKIFSGDVVDGVDVTFTYYGKTETR
HYGGSGGTPHEIVLQEGEYLVGMAGEVANYHGAVVLGKLGFSTNKKAYGPEGN
TGGTPFSLPIAAGKISGFFGRGGKFLDAIGVYLEPLE
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Figure 9 (Cont.)

> Y83V (SEQ ID NO:8)
ATGAATGGTGCGATCAAAGTTGGCGCGTGGGGTGGCAACGGTGGTAGCGCCT
TTGATATGGGCCCGGCGTATCGTATTATTAGCGTGAAAATTTTTAGCGGTGAT
GTGGTTGATGGCGTTGATGTGACCTTTACCTATTATGGTAAAACCGAAACCCG
TCATTATGGCGGTAGCGGTGGTACCCCGCATGAAATTGTGCTGCAGGAAGGT

GAATATCTGGTGGGTATGGCGGGCGAAGTGGCGAA CACGGTGCGOTGG

TGCTGGGTAAACTGGGTTTTAGCACCAATAAAAAAGCGTATGGTCCGTTITGG

CAATACCGGCGGTACCCCGTTTAGCCTGCCGATTGCCGCGGGTAAAATTAGC
GGCTTCTTTGGTCGTGGCGGTAAATTTCTGGATGCCATTGGCGTGTATCTGGA
ACCGCTCGAGTGA
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LECTINS AND USES THEREOF

CROSS REFERENCE TO RELATED
APPLICATIONS

This application is a continuation of U.S. patent applica-
tion Ser. No. 13/640,498, which is a national phase appli-
cation under 35 U.S.C. §371 of PCT International Applica-
tion No. PCT/US2011/031895, filed on Apr. 11, 2011, which
claims priority to provisional application 61/324,107, filed
Apr. 14, 2010, each of which are herein incorporated by
reference in its entirety.

STATEMENT REGARDING FEDERALLY
SPONSORED RESEARCH OR DEVELOPMENT

This invention was made with government support under
Al062248 awarded by the National Institutes of Health. The
government has certain rights in the invention.

FIELD OF THE INVENTION

The present invention relates to chemical compounds,
methods for their discovery, and their therapeutic and
research use. In particular, the present invention provides
antiviral and antimicrobial lectin compounds and methods of
their use.

BACKGROUND OF THE INVENTION

Acquired immune deficiency syndrome or acquired
immunodeficiency syndrome (AIDS or Aids) is a collection
of symptoms and infections resulting from the specific
damage to the immune system caused by the human immu-
nodeficiency virus (HIV) in humans (see, e.g., Marx, J. L.
(1982) Science 217 (4560): 618-621; herein incorporated by
reference in its entirety), and similar viruses in other species
(SIV, FIV, etc.). The late stage of the condition leaves
individuals prone to opportunistic infections and tumors.
Although treatments for AIDS and HIV exist to slow the
virus” progression, there is no known cure. HIV is transmit-
ted through direct contact of a mucous membrane or the
bloodstream with a bodily fluid containing HIV, such as
blood, semen, vaginal fluid, preseminal fluid, and breast
milk. This transmission can come in the form of anal,
vaginal or oral sex, blood transfusion, contaminated hypo-
dermic needles, exchange between mother and baby during
pregnancy, childbirth, or breastfeeding, or other exposure to
one of the above bodily fluids.

In the absence of antiretroviral therapy, the median time
of progression from HIV infection to AIDS is nine to ten
years, and the median survival time after developing AIDS
is only 9.2 months (see, e.g., Morgan, et al., (2002) AIDS 16
(4): 597-632; herein incorporated by reference in its
entirety). The use of highly active antiretroviral therapy
prolongs both the median time of progression to AIDS and
the median survival time.

There is currently no vaccine or cure for HIV or AIDS.
The only known methods of prevention are based on avoid-
ing exposure to the virus or, failing that, an antiretroviral
treatment directly after a highly significant exposure, called
post-exposure prophylaxis (PEP). PEP has a very demand-
ing four week schedule of dosage. It also has very unpleas-
ant side effects including diarrhea, malaise, nausea and
fatigue. What is needed are improved methods for treating
HIV and AIDS.
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2
SUMMARY OF THE INVENTION

The present invention relates to chemical compounds,
methods for their discovery, and their therapeutic and
research use. In particular, the present invention provides
antiviral and antimicrobial lectin compounds and methods of
their use.

In some embodiments, the present invention provides
antiviral lectin compounds with reduced or low mitogenicity
and methods of their use. In some embodiments, the present
invention provides a composition comprising a Banlec
polypeptide (e.g., a variant BanLec polypeptide) (e.g., in
isolated or purified form), wherein the Banl.ec polypeptide
exhibits antiviral activity but exhibits reduced mitogenic
activity relative to wild type Banlec (e.g., the mitogenic
activity is reduced at least 10%, at least 20%, at least 50%,
at least 75%, at least 85%, at least 90%, at least 95% etc)
relative to wild type Banlec or other lectins). In some
embodiments, the Banl.ec polypeptide is, for example, the
polypeptide described by SEQ ID NOs:1-3 or is encoded by
a nucleic acid described by SEQ ID NOs:4-6, or other
suitable nucleic acid sequences. In some embodiments, the
Banlec polypeptide comprises a mutation from wild-type at
position 84. In some embodiments, histidine 84 is mutated,
for example, to a threonine (H84T), serine (H84S), or
methionine (H84M). In some embodiments, the Banl.ec
polypeptide is, for example, the polypeptide described by
SEQ ID NO:7 or is encoded by a nucleic acid described by
SEQ ID NO:8, or other suitable nucleic acid sequence. In
some embodiments, the Banl.ec polypeptide comprises a
mutation from wild-type at position 83. In some embodi-
ments, tyrosine 83 is mutated, for example, to a valine
(Y83V). In some embodiments, a BanLec polypeptide com-
prises a Y83V mutation and one or more of H84T, H84S,
and H84M.

In some embodiments, the present invention provides
anti-viral, antimicrobial, and/or antibiotic compositions. In
some embodiments, compositions provided herein are sys-
temic, local, topical, etc. (e.g., topical anti-viral composi-
tion). Embodiments of the present invention provide expres-
sion vectors (e.g., comprising a purification tag) comprising
nucleic acids encoding Banl.ec polypeptides and host cells
comprising the expression vectors. In some embodiments,
the present invention provides a method of preventing
infection by a virus (e.g., HIV), bacteria (e.g. kelobacter
pilori), and/or parasite (e.g., Leshmania infantum) compris-
ing: contacting a surface suspected of comprising the virus,
bacteria, or parasite with the aforementioned composition.
In some embodiments, the present invention provides a
method of treating a subject diagnosed with a viral infection
(e.g., HIV), bacterial infection (e.g. kelobacter pilori), and/
or parasitic infection (e.g., Leshmania infantum) compris-
ing: administering the aformentioned composition to the
subject. In some embodiments, the present invention pro-
vides compositions and methods to treat or prevent infec-
tions of viruses including but not limited to: HIV, HCYV,
Dengue virus, Marburg virus, Ebola virus, West Nile virus,
Cytomegalovirus, Herpes virus (e.g., type 8), Corona virus
(e.g, SARS), and Measles virus. In some embodiments, the
present invention provides compositions and methods to
treat or prevent infections of bacteria including but not
limited to: Mycobacterium tuberculosis, Mycobacterium
leprae, Mycobacteriumbovis, Streptococcus preumoniae
(e.g., serotypes 3 and 14), Helobacter pilori, and Lactoba-
cillus spp. In some embodiments, the present invention
provides compositions and methods to treat or prevent
infections of parasites including but not limited to: Leshma-
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nia infantum, Leshmania pifanoi, Leshmania mexicana, and
Schistosoma mansoni parasite. In some embodiments, the
present invention provides compositions and methods to
treat or prevent infections of fungi including but not limited
to: Aspergillus fumigatus and Candida albicans. In some
embodiments, the present invention provides compositions
and methods to treat or prevent infections by any microor-
ganisms with mannose on their surfaces. In some embodi-
ments, compositions of the present invention (e.g. Banlec
and/or Banl.ec mutants) bind to mannose on the surface of
microorganisms. In some embodiments, the present inven-
tion provides compositions and methods (e.g. Banlec and/or
Banl.ec mutants) to treat or prevent infections by microor-
ganisms that interact with the DC-SIGN receptor.

DESCRIPTION OF THE FIGURES

FIG. 1 shows mitogenic activity of H84T.

FIG. 2 shows mitogenic activity of mutants H84S, H84M,
H84Y, and H84A.

FIG. 3 shows a comparison of the anti-HIV-1 activities of
natural and recombinant BanLec. Natural BanlLec isolated
from the fruit of bananas or recombinant BanlLec isolated
from E. coli was added to TZM-bl cells 30 minutes prior to
infection with either the HIV-1 isolate YU2 (A) or 90CF402
(B). Forty-eight hours post viral incubation, infection was
quantified by measuring luciferase activity. (C) Comparison
of the mitogenic activity of Banlec to other lectins.

FIG. 4 shows properties of H84T. (A) Comparison of the
mitogenic activity of H84T to rBanLec. (B) Induction of the
activation marker CD69 on CD4 T cells in the presence of
Banl.ec or H84T Banl.ec as measured by flow cytometry.
(C) Induction of cytokines/chemokines by Banlec and H84T
Banlec. (D) H84T retains anti-HIV-1 activity.

FIG. 5 shows expression of Recombinant Banl.ec. Coo-
massie-stained SDS-PAGE gel of the purification of recom-
binant Banlec. The gel lanes were loaded as follows: 1:
Molecular weight marker 2: lysate containing recombinant
Banlec 3: column load flow-through 4: 25 mM imidazole
wash 5: first 250 mM imidazole elution 6: 2nd 250 mM
imidazole elution 7: Banana-derived Banl.ec 8: lysozyme
protein that was used for the cellular lysis step.

FIG. 6 shows that Banlec inhibits HIV-1 containing
consensus subtype B and subtype C envelopes.

FIG. 7 shows a comparison of the three-dimensional
crystal structures of Banl.ec and Banl.ec H84T.

FIG. 8 shows the difference in the structural motion of
Banlec WT vs. H84T when bound to a-Methyl D-manno-
side. Correlation of the peak intensities in the 1H-15N
HSQC spectra of (A.) unbound Banlec (inset, overlay of
WT and H84T) and (B.) in the presence of a-Methyl
D-mannoside (inset, overlay of WT and H84T).

FIG. 9 shows sequences of variant Banlec peptides.

DEFINITIONS

To facilitate an understanding of the present invention, a
number of terms and phrases are defined below.

As used herein, the term “subject” refers to organisms to
be treated by the methods of embodiments of the present
invention. Such organisms preferably include, but are not
limited to, mammals (e.g., murines, simians, equines,
bovines, porcines, canines, felines, and the like), and most
preferably includes humans. In the context of the invention,
the term “subject” generally refers to an individual who will
receive or who has received treatment (e.g., administration
of a peptide of the present invention and optionally one or
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4

more other agents) for a condition characterized by infection
by a microorganism or risk of infection by a microorganism.

The term “diagnosed,” as used herein, refers to the
recognition of a disease by its signs and symptoms (e.g.,
resistance to conventional therapies), or genetic analysis,
pathological analysis, histological analysis, diagnostic assay
(e.g., for microorganism infection) and the like.

As used herein the term, “in vitro” refers to an artificial
environment and to processes or reactions that occur within
an artificial environment. In vitro environments include, but
are not limited to, test tubes and cell cultures. The term “in
vivo” refers to the natural environment (e.g., an animal or a
cell) and to processes or reaction that occur within a natural
environment.

As used herein, the term “host cell” refers to any eukary-
otic or prokaryotic cell (e.g., mammalian cells, avian cells,
amphibian cells, plant cells, fish cells, and insect cells),
whether located in vitro or in vivo.

As used herein, the term “cell culture” refers to any in
vitro culture of cells. Included within this term are continu-
ous cell lines (e.g., with an immortal phenotype), primary
cell cultures, finite cell lines (e.g., non-transformed cells),
and any other cell population maintained in vitro, including
oocytes and embryos.

As used herein, the term “effective amount” refers to the
amount of a therapeutic agent (e.g., a peptide of the present
invention) sufficient to effect beneficial or desired results. An
effective amount can be administered in one or more admin-
istrations, applications or dosages and is not intended to be
limited to a particular formulation or administration route.

As used herein, the term “co-administration” refers to the
administration of at least two agent(s) (e.g., a peptide of the
present invention) or therapies to a subject. In some embodi-
ments, the co-administration of two or more agents/therapies
is concurrent. In some embodiments, a first agent/therapy is
administered prior to a second agent/therapy. Those of skill
in the art understand that the formulations and/or routes of
administration of the various agents/therapies used may
vary. The appropriate dosage for co-administration can be
readily determined by one skilled in the art. In some
embodiments, when agents/therapies are co-administered,
the respective agents/therapies are administered at lower
dosages than appropriate for their administration alone.
Thus, co-administration is especially desirable in embodi-
ments where the co-administration of the agents/therapies
lowers the requisite dosage of a known potentially harmful
(e.g., toxic) agent(s).

As used herein, the term “toxic” refers to any detrimental
or harmful effects on a cell or tissue as compared to the same
cell or tissue prior to the administration of the toxicant.

As used herein, the term “pharmaceutical composition”
refers to the combination of an active agent with a carrier,
inert or active, making the composition especially suitable
for diagnostic or therapeutic use in vivo, in vivo or ex vivo.

As used herein, the term “pharmaceutically acceptable
carrier” refers to any of the standard pharmaceutical carriers,
such as a phosphate buffered saline solution, water, emul-
sions (e.g., such as an oil/water or water/oil emulsions), and
various types of wetting agents. The compositions also can
include stabilizers and preservatives. For examples of car-
riers, stabilizers and adjuvants. (See e.g., Martin, Reming-
ton’s Pharmaceutical Sciences, 15th Ed., Mack Publ. Co.,
Easton, Pa. [1975]).

The term “sample” as used herein is used in its broadest
sense. A sample may comprise a cell, tissue, or fluids,
nucleic acids or polypeptides isolated from a cell (e.g., a
microorganism), and the like.
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As used herein, the terms “purified” or “to purity” refer,
to the removal of undesired components from a sample. As
used herein, the term “substantially purified” refers to mol-
ecules that are at least 60% free, preferably 75% free, and
most preferably 90%, or more, free from other components
with which they usually associated.

As used herein, the term “modulate” refers to the activity
of' a compound (e.g., a compound of the present invention)
to affect (e.g., to kill or prevent the growth of) a microor-
ganism.

“Amino acid sequence” and terms such as “polypeptide”
or “protein” are not meant to limit the amino acid sequence
to the complete, native amino acid sequence associated with
the recited protein molecule.

The term “native protein” as used herein to indicate that
a protein does not contain amino acid residues encoded by
vector sequences; that is, the native protein contains only
those amino acids found in the protein as it occurs in nature.
A native protein may be produced by recombinant means or
may be isolated from a naturally occurring source.

As used herein the term “portion” when in reference to a
protein (as in “a portion of a given protein™) refers to
fragments of that protein. The fragments may range in size
from four amino acid residues to the entire amino acid
sequence minus one amino acid.

The term “test compound” refers to any chemical entity,
pharmaceutical, drug, and the like, that can be used to treat
or prevent a disease, illness, sickness, or disorder of bodily
function, or otherwise alter the physiological or cellular
status of a sample (e.g., infection by a microorganism). Test
compounds comprise both known and potential therapeutic
compounds. A test compound can be determined to be
therapeutic by using the screening methods of the present
invention. A “known therapeutic compound” refers to a
therapeutic compound that has been shown (e.g., through
animal trials or prior experience with administration to
humans) to be effective in such treatment or prevention. In
some embodiments, “test compounds” are agents that treat
or prevent infection by a microorganism.

DETAILED DESCRIPTION OF THE
INVENTION

The present invention relates to chemical compounds,
methods for their discovery, and their therapeutic and
research use. In particular, the present invention provides
antiviral and antimicrobial lectin compounds and methods of
their use.

The lectin termed Banl ec, isolated from the ripened fruit
of the banana (Musa acuminata cultivars), exists as a dimer
with a molecular mass of approximately 30 kDa. It is a
member of the jacalinrelated lectin family and can recognize
high mannose structures. Lectins in this family are charac-
terized by the presence of a $-prism 1 structure composed of
three Greek Key turn motifs. Greek Keys 1 and 2 are both
involved in binding carbohydrates and contain a GXXXD
binding motif, whereas Key 3 does not contain the binding
motif. However, this loop can assist ligand binding and
determine lectin specificity.

Banlec possesses a variety of properties that make it
appealing for development as a microbicide component,
including high stability, broad anti-HIV activity, and ability
to be produced in E. coli. In addition, Banlec is already is
frequently consumed by numerous people, and this may
result in oral tolerance as evident from reported 1gG4
antibody responses (tolerogenic) to Banl.ec. Banlec has
been shown to have therapeutic utility as a component of
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anti-HIV therapeutic or microbiocide (e.g., vaginal or rectal
microbiocide). However, safety concerns exist regarding the
mitogenic and inflammatory activities of lectins. Those
concerns were addressed during the course of development
of embodiments of the present invention by creating a
Banlec variant, H84T, which retains anti-HIV-1 activity yet
displays very markedly reduced mitogenic and pro-inflam-
matory activity.

Banlec is a potent inhibitor of HIV infection that mark-
edly reduces the replication of a range of HIV-1 isolates
(Swanson et al., J. Biol. Chem. 285:8646 (2010); herein
incorporated by reference in its entirety). Experiments con-
ducted during the course of development of embodiments of
the present invention demonstrated Banl.ec activity.

Embodiments of the present invention provide modified
Banlec sequences (e.g., SEQ ID NOs: 1-6) or active frag-
ments thereof. The amino acid sequence of Banlec was
altered to reduce its mitogenic activity while maintaining
potent anti-HIV activity. Mutations were introduced into an
expression vector containing a DNA sequence encoding for
Banlec through the use of a commercially available site-
directed mutagenesis kit. The mutations were confirmed by
DNA sequencing, and the resulting mutants were expressed
and purified. The purified mutants were then tested for
mitogenic activity.

Accordingly, in some embodiments, the present invention
provides lectins where the mitogenicity has been separated
from the anti-HIV properties. The present invention is
illustrated with the Banl.ec lectin. However, the present
invention is not limited to BanLec. Embodiments of the
present invention provide additional lectins (e.g., from other
species) that have the mitogenecity reduced or eliminated
while retaining useful therapeutic properties.

The present invention is not limited to the Banlec
mutants described herein (e.g., SEQ ID NOs: 1-8). Any
mutation that results in a reduction or decrease in mitoge-
nicity while retaining anti-viral properties is contemplated to
be within the scope of the present invention.

In some embodiments, the present invention provide
variant BanLec polypeptides that exhibit reduced mitogentic
activity relative to wild type Banlec (e.g., the mitogenic
activity is reduced at least 10%, at least 20%, at least 50%,
at least 75%, at least 85%, at least 90%, at least 95% etc)
relative to wild type BanlLec or other lectins.

The mutant Banlec lectins described herein find use in a
variety of applications. For example, in some embodiments,
non-mitogenic Banl.ec polypeptides (e.g., SEQ ID NOs:
1-3) find use in therapeutic compositions to treat viral
infections (e.g., HIV). In some embodiments, non-mitogenic
Banlec polypeptides are used in combinations with known
HIV therapeutic agents (e.g., as part of a therapeutic cock-
tail). One of ordinary skill in the art knows well how to
formulate such therapeutic cocktails.

In some embodiments, Banl.ec compositions (e.g., SEQ
ID NOs: 1-3 and 7) are used as a component of topic
antiviral compositions (e.g., to kill HIV and thus prevent
infection). For example, in some embodiments, Banl.ec
(e.g., those described by SEQ ID NOs: 1-3 and 7) are
included in formulations for use as vaginal anti-viral agents
(e.g., to be used prior to or following contact with bodily
fluids (e.g., sperm) containing or suspected of containing
HIV). In some embodiments, anti-viral formulations com-
prising Banlec are used to treat condoms, sex toys or other
objects likely to contact bodily fluids containing HIV or
other pathogenic viruses.

The present invention is not limited to the treatment or
killing of HIV. As Banlec inhibits viral replication by
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binding to the sugars on viral envelopes, it finds use in the
prevention or treatment of other viral infections of humans,
animals, and plants. In some embodiments, compositions
described herein are not limited to antiviral applications. In
some embodiments, compositions find use as anti-microbial,
anti-bacterial, anti-parasitic, and anti-fungal agents. For
example, in some embodiments, the present invention pro-
vides compositions and methods to treat or prevent infec-
tions of viruses including but not limited to: HIV, HCYV,
Dengue virus, Marburg virus, Ebola virus, West Nile virus,
Cytomegalovirus, Herpes virus (e.g., type 8), Corona virus
(e.g, SARS), and Measles virus. In some embodiments, the
present invention provides compositions and methods to
treat or prevent infections of bacteria including but not
limited to: Mycobacterium tuberculosis, Mycobacterium
leprae, Mycobacteriumbovis, Streptococcus preumoniae
(e.g., serotypes 3 and 14), Helobacter pilori, and Lactoba-
cillus spp. In some embodiments, the present invention
provides compositions and methods to treat or prevent
infections of parasites including but not limited to: Leshma-
nia infantum, Leshmania pifanoi, Leshmania mexicana, and
Schistosoma mansoni parasite. In some embodiments, the
present invention provides compositions and methods to
treat or prevent infections of fungi including but not limited
to: Aspergillus fumigatus and Candida albicans.

In some embodiments, compositions find use in treating
infections involving organisms presenting appropriate sur-
face sugars (e.g., mannose). In some embodiments, compo-
sitions are not limited to surface application. In some
embodiments, compositions are administrated by and suit-
able delivery route understood by those in the pharmaceu-
tical field (e.g., intravenous, oral, topical, etc.).

Embodiments of the present invention further provide
pharmaceutical compositions (e.g., comprising one or more
of the therapeutic agents described above). The pharmaceu-
tical compositions of the present invention may be admin-
istered in a number of ways depending upon whether local
or systemic treatment is desired and upon the area to be
treated. Administration may be topical (including ophthal-
mic and to mucous membranes including vaginal and rectal
delivery), pulmonary (e.g., by inhalation or insufflation of
powders or aerosols, including by nebulizer; intratracheal,
intranasal, epidermal and transdermal), oral or parenteral.
Parenteral administration includes intravenous, intraarterial,
subcutaneous, intraperitoneal or intramuscular injection or
infusion; or intracranial, e.g., intrathecal or intraventricular,
administration. Pharmaceutical compositions and formula-
tions for topical administration (e.g., to tissues, wounds,
organs, etc) may include transdermal patches, ointments,
lotions, creams, gels, drops, suppositories, sprays, liquids
and powders. Conventional pharmaceutical carriers, aque-
ous, powder or oily bases, thickeners and the like may be
necessary or desirable.

Compositions and formulations for oral administration
include powders or granules, suspensions or solutions in
water or non-aqueous media, capsules, sachets or tablets.
Thickeners, flavoring agents, diluents, emulsifiers, dispers-
ing aids or binders may be desirable.

Compositions and formulations for parenteral, intrathecal
or intraventricular administration may include sterile aque-
ous solutions that may also contain buffers, diluents and
other suitable additives such as, but not limited to, penetra-
tion enhancers, carrier compounds and other pharmaceuti-
cally acceptable carriers or excipients.

Pharmaceutical compositions of the present invention
include, but are not limited to, solutions, emulsions, and
liposome-containing formulations. These compositions may
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be generated from a variety of components that include, but
are not limited to, preformed liquids, self-emulsifying solids
and self-emulsifying semisolids.

The pharmaceutical formulations of the present invention,
which may conveniently be presented in unit dosage form,
may be prepared according to conventional techniques well
known in the pharmaceutical industry. Such techniques
include the step of bringing into association the active
ingredients with the pharmaceutical carrier(s) or excipi-
ent(s). In general the formulations are prepared by uniformly
and intimately bringing into association the active ingredi-
ents with liquid carriers or finely divided solid carriers or
both, and then, if necessary, shaping the product.

The compositions of the present invention may addition-
ally contain other adjunct components conventionally found
in pharmaceutical compositions. Thus, for example, the
compositions may contain additional, compatible, pharma-
ceutically-active materials such as, for example, antiprurit-
ics, astringents, local anesthetics or anti-inflammatory
agents, or may contain additional materials useful in physi-
cally formulating various dosage forms of the compositions
of the present invention, such as dyes, flavoring agents,
preservatives, antioxidants, opacifiers, thickening agents
and stabilizers. However, such materials, when added,
should not unduly interfere with the biological activities of
the components of the compositions of the present inven-
tion. The formulations can be sterilized and, if desired,
mixed with auxiliary agents, e.g., lubricants, preservatives,
stabilizers, wetting agents, emulsifiers, salts for influencing
osmotic pressure, buffers, colorings, flavorings and/or aro-
matic substances and the like which do not deleteriously
interact with the active agents of the formulation.

Dosing is dependent on severity and responsiveness of the
disease state or condition to be treated, with the course of
treatment lasting from several days to several months, or
until a cure is effected or a diminution of the disease state is
achieved. In some embodiments, treatment is administered
in one or more courses, where each course comprises one or
more doses per day for several days (e.g., 1, 2, 3, 4, 5, 6) or
weeks (e.g., 1, 2, or 3 weeks, etc.). In some embodiments,
courses of treatment are administered sequentially (e.g.,
without a break between courses), while in other embodi-
ments, a break of 1 or more days, weeks, or months is
provided between courses. In some embodiments, treatment
is provided on an ongoing or maintenance basis (e.g.,
multiple courses provided with or without breaks for an
indefinite time period). Optimal dosing schedules can be
calculated from measurements of drug accumulation in the
body of the patient. The administering physician can readily
determine optimum dosages, dosing methodologies and
repetition rates.

In some embodiments, dosage is from 0.01 pg to 100 g per
kg of body weight, and may be given once or more daily,
weekly, monthly or yearly. The treating physician can esti-
mate repetition rates for dosing based on measured residence
times and concentrations of the drug in bodily fluids or
tissues.

EXPERIMENTAL

The following examples are provided in order to demon-
strate and further illustrate certain preferred embodiments
and aspects of the present invention and are not to be
construed as limiting the scope thereof.

Example 1

To determine the anti-HIV activity of Banlec, different
concentrations of the lectin were incubated with TZM-bl
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indicator cells before infection with various HIV-1 isolates.
The ability of Banlec to inhibit several different HIV-1
isolates was investigated. The viral clones 81A-4 and
NL(ADR) are both derivatives of NL.4-3 in which a portion
of the envelope is swapped with the envelope region from
either the RS HIV-1 isolates Bal. or ADA, respectively.
81A-4 and NL(ADS8) use CCRS as a cellular co-receptor (R5
tropic), whereas NL4-3 uses CXCR4 (X4 tropic). These
isolates allow for the assessment of different HIV-1 envelope
sensitivity to Banl.ec while keeping the remainder of the
NL4-3 viral components unchanged. The dual-tropic isolate
89.6 was also assessed for susceptibility to BanlLec. Dose-
dependent inhibition of viral infection with IC, values
calculated in the low nanomolar range against viral isolates
with different tropisms were observed.

The anti-HIV activity of Banl.ec was further confirmed
with the HIV-1 indicator cell line, MAGI-CCRS5. With this
cell line, the ability of Banl.ec to inhibit infection by the
laboratory-adapted isolates BalL (R5) and Bru (X4) and the
primary isolates ASM 44 (R5X4) and ASM 54 (R5X4) was
assayed and it was determined that all were inhibited by
Banl ec.

RS tropic viruses are the dominant form found in sexually
transmitted HIV-1. To determine whether Banlec could
inhibit additional primary isolates from different clades,
Banlec was tested for inhibition of HIV-1 pseudotyped with
envelopes derived from primary isolates of subtypes B and
C. These subtypes are commonly found in North and Central
America (subtype B) and parts of Africa and India (subtype
C). Potent, subnanomolar inhibition of viral replication by
Banlec was observed.

Macrophages are susceptible to HIV-1 infection and can
become viral reservoirs that cannot be eliminated by highly
active antiretroviral therapy. The role of vaginal macro-
phages in HIV-1 pathogenesis has not been fully character-
ized, but recent evidence indicates that these cells are
permissive for HIV-1 infection. The ability of Banl.ec to
inhibit HIV-1 infection of MDM was assayed. Nanomolar
concentrations of Banlec inhibited HIV replication in
MDMover a period of 15 days. Furthermore, Banl.ec had no
effect on cellular viability as determined by MTTassay
performed on day 15; therefore, this effect was not due to
cellular toxicity. When Banl.ec remained in the culture
supernatant for 7 days without changing the media or adding
additional lectin, the IC, value for Banlec inhibition of
HIV-1 replication was 9.72 nM, demonstrating that Banl.ec
remains a potent and stable inhibitor in a long term culture
system at 37° C.

The ability of BanLec to block cellular entry of HIV-1 in
PBL was tested. It was contemplated that Banl.ec binds to
high mannose structures found on the HIV-1 envelope,
preventing entry and, thus, infection. If so, little or none of
the strong-stop DNA product of early HIV-1 reverse tran-
scription should be detected when cells are exposed to
HIV-1 in the presence of Banl.ec. PBL. were incubated with
the HIV-1 Bru isolate in the presence of different concen-
trations of Banlec. As a positive control and for compari-
son, a similar experiment with the lectin GNA was per-
formed in parallel. Real-time PCR was used to detect
strong-stop DNA, which is a reverse transcription product
that can be detected early after viral entry before viral
uncoating takes place. Strong-stop DNA that may have been
present in the virus stock was removed by treatment with
DNase I to eliminate false detection of reverse transcription
products. Treatment with Banl.ec resulted in a marked
decrease in strong-stop DNA at low lectin concentrations
indicating that, in addition to inhibiting viral replication in
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MDM, BanlLec blocks HIV-1 infection in PBL. Further-
more, this inhibition occurs at a step before early replication
events, at the level of viral entry.

BanlLec is known to bind to mannose, and thus, it was
hypothesized that Banl.ec binds the high mannose structures
found on the glycosylated gpl120 envelope protein and
blocks entry of HIV-1 into cells. A Banl.ec-based ELISA
was used to measure binding of glycosylated HIV-1 gp120
to Banlec. It was observed that Banl.ec binds to gp120 in
a concentration-dependent manner. Furthermore, a known
Banlec ligand, methyl-a-Dmannopyranoside, inhibited
such binding in a concentration dependent manner. A high
concentration of methyl-a-D-mannopyranoside ligand was
needed to compete for binding to gp120 because of the high
density of carbohydrate residues on the HIV-1 envelope
protein. The ability of Banlec to block binding by the
monoclonal antibody 2G12 was determined using the
ELISA-based assay. 2G12 recognizes a cluster of N-linked
glycosylation structures at positions Asn-295, -332, and
-392 (position numbering is of the HXB2 reference
sequence) that are crucial for antibody recognition. It was
found that pretreatment of gpl20 with BanlLec inhibited
recognition by 2G12 in a dose-dependent manner, indicating
that Banl ec is capable of binding to this antibody’s epitope
consisting of high mannose structures.

To further investigate at which point in the viral life cycle
BanLec inhibits HIV-1 infection, it was tested BanLec for its
ability to inhibit HIV-1 infection post-attachment. To do so,
it was tested if BanL.ec could inhibit HIV-1 that was already
bound to the cell but could not complete fusion due to
temperature restriction. A large decrease in the inhibitory
activity of the HIV-1 attachment inhibitor CD4-I1gG2 in the
post-attachment assay was observed, whereas the bound
virus was still essentially completely susceptible to the
fusion inhibitor T-20. This demonstrated that viral attach-
ment, but not fusion, took place at 16° C. Both the CCR5
binding inhibitor maraviroc and Banl.ec primarily blocked
viral replication by inhibiting HIV-1 attachment, but each
has a modest effect on viral fusion.

The amino acid sequence of Banlec was altered to reduce
its mitogenic activity while maintaining potent anti-HIV
activity. Mutations were introduced into an expression vec-
tor containing a DNA sequence encoding for Banl.ec
through the use of a commercially available site-directed
mutagenesis kit. The mutations were confirmed by DNA
sequencing, and the resulting mutants were expressed and
purified. The purified mutants were then tested for mitogenic
activity.

Mutants were also tested for anti-HIV activity and were
compared to the activity of the wild-type form. TZM-bl cells
were pretreated with different concentrations of wild-type or
mutant forms of Banlec prior to infection with pseudotyped
HIV-1 containing a consensus subtype C envelope. Infection
was quantified by measuring the reporter gene activity that
is produced in response to infection. IC;, values of the
mutant and wild-type sequences were determined by non-
linear regression. The fold decrease in anti-HIV activity of
a mutant was determined by dividing the ICs, value of the
mutant by the 1Cs,, of the wild-type Banlec protein.

A reduction in the mitogenic activity was achieved by
mutation of the amino acid histidine at position 84 of
Banlec to the amino acids, threonine (H84T), serine
(H848), or methionine (H84M) (FIGS. 1 & 2). Not all
mutations lead to this phenotype; substitution of histidine 84
with an alanine (H84A) or tyrosine (H84Y) does not lead to
a decrease in mitogenic activity. The mutants H84T, H84S,
and H84M had a decrease in anti-HIV activity, but they
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retain potent IC,, values in the nanomolar range. In addition,
the fold decrease in anti-HIV activity is much smaller than
the decrease in mitogenic activity (table 1).

FIG. 1 shows mitogenic activity of H84T. Mitogenic
activity was assessed by measuring the proliferation of
peripheral blood lymphocytes (PBL). PBL were isolated
from healthy donors. The cells were incubated with different
concentrations of lectin or PBS as a control. The cells were
incubated for three days and then BrdU was added to the
culture. Proliferating cells incorporated the BrdU and was
then quantified by an anti-BrdU ELISA. For quantification,
mitogenic activity is expressed as stimulation index. This is
the value for the treated sample divided by the PBS treated
control. Typically a lectin is considered to be mitogenic if
the stimulation index is greater than three, the lower hashed
line. However, values for griffithsin exceeding three were
observed. Since this has been reported to be non-mitogenic
the ten was used as a cut-off since griffithsin did not exceed
this threshold in all but one case. rBanl.ec represents cloned,
wild-type Banlec while H84T represents cloned Banlec in
which histidine 84 has been changed to a threonine.

FIG. 2 shows mitogenic activity of mutants H84S, H84M,
H84Y, and H84A. Mitogenic activity was assessed as
described in FIG. 1. rBanlLec represents cloned, wild-type
Banlec while H84S, H84M, H84Y, and H84A represents
cloned Banlec in which histidine 84 has been changed to a
serine, methionine, tyrosine, or alanine respectively. Table 1
provides a summary of antiviral activity and mitogenic
activity of exemplary Banl.ec mutants.

TABLE 1

Summary of anti-HIV and mitogenic activity of Banl.ec mutants.

Fold decrease in mitogenic
activity as compared to wild-

BanLec Fold Decrease in  type BanLec. Values are for
Mutant ICs50 (nM)  Anti-HIV activity individual donors.
H84T 7.0 23 256
1031
4167
H848 1.6 4.1 4167
64
H84M 7.7 21 4167
1031
H84A 0.7 25 1
1
H84Y 0.29 No decrease 1
1
Example 2
Methods

Lectins and Carbohydrates

Methyl-a-D-mannopyranoside and PHA-L lectin were
obtained from Sigma. The lectin GRFT was obtained from
the NIH AIDS Reagent and Reference Program. The lectins
GNA and Banlec were isolated through previously
described methods (Van Damme et al., FEBS Letters, 1987.
215(1): p. 140-144). Isolation of Banl.ec from E. coli is
described below.
Construction and Mutation of Banl.ec Expression Vectors

A cDNA encoding a codon-optimized Banlec for expres-
sion in E. coli was generated for the protein sequence
g171042661 by Genscript. The cDNA was then cloned into
the E. coli expression vector pET24b (Novagen) to be in
frame with the 6xHis tag. Site-directed mutations were
introduced by the QuikChange Multi Site-Directed Muta-
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genesis Kit or by the QuikChange Lightning Multi Site-
Directed Mutagenesis Kit (Stratagene). PCR primers for
introduction of the desired mutations were designed using
the QuikChange Primer Design Program.
Purification of Recombinant Banl.ec and Mutants

A plasmid containing either the wild-type or a mutant
form of Banlec was used to transform MDS 42 T7 or
RosettaBlue pLysS E. coli cells. An overnight culture was
used to inoculate 2xYT media. When the OD,, nm of the
culture reached 0.7-1.0, protein expression was induced with
IPTG at a final concentration of 1 mM. Five hours post
induction, the cultures were harvested and the cell pellets
were frozen at -20° C. until further processing. Recombi-
nant protein was isolated by resuspending the pellet in 5 ml
of 50 mM Tris, 0.5 M NaCl, and 0.02% NaN; pH 8.0 (the
buffers will be referred to hereafter as IMAC-#, where #
represents the amount of imidazole in mM) per 100 ml of
culture grown. Lysozyme and DNAse [ were added at
concentrations of 1 mg/ml and 5 pg/ml, respectively. The
mixture was incubated at room temperature for 30 minutes
with constant stirring. After the incubation, an equal volume
of IMAC-50 buffer was added and the mixture was chilled
on ice. Cells were further lysed with four rounds of 30
seconds of pulsed sonication at the 50% duty at power level
5 while on ice followed by a one minute rest period between
each 30 seconds of sonication. The insoluble material was
pelletted by centrifugation at 10,000xg for 20 minutes.

The resulting cleared lysate was added to Ni-NTA agarose
(Qiagen) that had been equilibrated with IMAC-25 buffer.
The lysate and the resin were incubated for one hour at 4°
C. with orbital rotation. The column was returned to room
temperature and the lysate was allowed to pass through the
column via gravity. The column was then washed with
IMAC-25 buffer until the flow-through had an absorbance
value at 280, less than 0.05 (approximately 20 volumes;
this would vary with the size of the column and flow rates).
Elution of the protein was then performed with IMAC-250
buffer. The protein was then dialyzed against PBS using
Slide-alyzer dialysis cassettes with a 10 kDa molecular
weight cutoft (Pierce). Two two-hour dialysis procedures
were performed at 4° C. against a volume greater than 200
times that of protein sample followed by overnight dialysis.
The protein was then sterile-filtered through a 0.22 pm filter.
The protein was aliquoted and stored at —80° C. prior to use,
where it could then be stored again at 4° C. for short-term
use. Protein was quantified by BCA (Pierce) using bovine
serum albumin protein as a standard. FIG. 5 shows expres-
sion of recombinant Banlec.
Assessment of Anti-HIV Activity

To each well of a white 96-well plate, 100 ul of TZM-bl
cells resuspended at 1x10° cells/ml in DMEM media with 25
mM HEPES and 10% FBS were added to each well of a
96-well plate. The next day, the media was removed by
aspiration and fresh media containing lectin or PBS as a
control was added to the plate at a concentration two times
more than the final concentration. After 30 minutes of
incubation, virus diluted with media was added and the cells
were incubated for 48 hours at 37° C. After the incubation,
100 pl of media were removed and replaced with 100 pl of
One-Glo reagent (Promega) for determination of luciferase
expression.
Virus Production

Virus was produced using previously described methods.
Briefly, production of pseudotyped virus was performed by
co-transfecting 293FT cells with a plasmid containing a
proviral genome with a deletion in the envelope gene along
with a plasmid that expresses an HIV-1 envelope gene. The
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following morning, the media was changed. Forty-eight
hours post transfection, the supernatant was collected and
centrifuged at approximately 300xg for 5 minutes to remove
any contaminating cells. For NL4-3 virus production, 293FT
cells were transfected with the pNL4-3 plasmid. Virus was
harvested as described above. The viruses were quantified
by determining titers with TZM-bl cells or by measuring p24
antigen by ELISA.
Hemagglutination Assay

The hemagglutinating activity of the lectin was deter-
mined by a 2-fold serial dilution procedure using formalde-
hyde-treated rabbit erythrocytes as described previously
(Nowak and Barondes, 393(1): p. 115-23; Mo et al., J Biol
Chem, 2000. 275(14): p. 10623-9). The hemagglutination
titer was defined as the reciprocal of the highest dilution still
exhibiting hemagglutination.
Isothermal Titration Calorimetry

Binding constants of mutants for methyl-a-mannoside
were determined by isothermal titration calorimetry using a
MicroCal VP-ITC calorimeter (Micro-Cal, Northampton,
Mass., USA) at 25° C. Data were analyzed using Origins
Ver. 7 software supplied with the instrument. The lectin in
PBS, generally at approx. 0.2 mM in subunits, was titrated
with the ligand at 20 mM in the same buffer. The titration
volumes were adjusted so that the titration proceeded to at
least a 10-fold molar excess of ligand over lectin monomers.
The relatively low binding constants (Ka<1000 M~') pre-
cluded obtaining full saturation or a definite sigmoidal
titration curve from which a definitive stoichiometry can be
obtained; thus the stoichiometry was fixed at 1 for curve-
fitting to determine Ka; values between about 0.5 and 2-3
had little effect on the Ka value obtained.
Assessment of Mitogenic Activity by BrdU Incorporation

PBLs were isolated as previously described, and resus-
pended in IMDM media containing 10% FBS (IMDM-10) at
a concentration of 2x10° cells/ml (Swanson, et al., J Biol
Chem, 2010. 285(12): p. 8646-55). 50 ul of cells were added
per well of a white 96-well plate followed by 50 ul of
IMDM-10 containing lectin at various concentrations or
PBS. The cells were incubated at 37° C. for 3 days prior to
an 18 hour addition of BrdU. Proliferation was measured by
BrdU incorporation, which was detected via a chemilumi-
nescent-ELISA (Cell Proliferation ELISA (chemilumines-
cent), Roche) as per the manufacturer’s instructions. Mito-
genic activity was quantified as a stimulation index, which
is the signal of the stimulated cells divided by the signal of
the non-treated cells (RLU of treated PBL/RLU of untreated
PBL).
Flow Cytometry to Measure Cellular Activation

The expression of cellular activation markers was mea-
sured after a 3 day incubation of PBMCs with varying
concentrations of MVN or CV-N at 37° C. Briefly, after
washing with PBS containing 2% FBS, cells were incubated
with FITC-conjugated anti-CD4 mAb in combination with
PE-conjugated anti-CD25, anti-CD69, or anti-HLA-DR
mAbs for 30 min at 4° C. For aspecific background staining,
cells were stained in parallel with Simultest Control IgG
v1/y2a (BD Biosciences). Finally, the cells were washed,
fixed with 1% formaldehyde solution, and analyzed with a
FACSCalibur, and data were acquired with CellQuest soft-
ware and analyzed with the FLOWIJO software.
Bio-Plex Cytokine Assay

PBMCs were cultured in the presence of several concen-
trations of lectin and culture supernatant was collected after
72 h. The cytokine production profile was determined by the
Bio-Plex 200 system (Bio-Rad, Hercules, Calif.) and Bio-
Plex Human Cytokine 27-plex assay according to the manu-
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facturer’s instructions. The 27-plex assay kit contains beads
conjugated with mAbs specific for Interleukin-la (IL-1cv),
IL-1ra, IL-2, IL-4, IL-5, IL-6, IL-7, IL-8, IL-9, IL-10, IL-12,
1L-13, IL.-15, IL.-17, eotaxin, fibroblast growth factor (FGF),
granulocyte colony-stimulating factor (G-CSF), granulo-
cyte-macrophage-CSF  (GM-CSF), interferon-y (IFN-y),
interferon-inducible protein-10 (IP-10), monocyte chemoat-
tractant protein-1 (MCP-1), macrophage inflammatory pro-
tein-la. (MIP-at), MIP-1, platelet-derived growth factor-
BB (PDGF-BB), regulated on activation normal T-cell
expressed and secreted (RANTES), tumor necrosis factor-c
(TNF-o), and vascular endothelial growth factor (VEGF).
For each cytokine, nine standards ranging from 0.5 to 32,000
pg/ml were constructed and the minimum detectable dose
was between 0.5-5 pg/ml. Standard curves and the concen-
trations of the cytokines within the samples were generated
with the Bio-Plex Manager 4.1 software.
Statistical Analysis

1C5, values of HIV-1 inhibition by Banl.ec and variants
were calculated using non-linear regression analysis found
in Graph Pad Prism 5.0 software. Using previously reported
structures of Banl.ec, amino acids that could potentially
influence the lectin’s binding activity were identified. Ban-
Lec has a p-I prism structure that is common to members of
the JRL family (Meagher, J. L., et al., Glycobiology, 2005.
15(10): p. 1033-42; Singh, D. D, et al., Glycobiology, 2005.
15(10): p. 1025-32). This protein conformation consists of
three Greek key structures, which are made up of §-strands.
Particular amino acid loops found in the Greek keys play a
role in carbohydrate binding. The first and second Greek
keys include the JRL consensus binding motif: GXXXD.
When mutations were introduced into the first and second
Greek keys that eliminated mitogenicity, they also resulted
in loss of almost all anti-HIV activity. The third Greek key
varies among JRL. members in terms of length and compo-
sition, and is also thought to play a role in carbohydrate
specificity of larger carbohydrates ligands (Jeyaprakash, A.
A, et al., ] Mol Biol, 2004. 338(4): p. 757-70; Nakamura-
Tsuruta, S., et al., Febs I, 2008. 275(6): p. 1227-39). The
histidine at position 84 of Banl ec is found in this third loop,
and has been predicted to play a role in the binding of
oligosaccharides (Singh et al., supra).
Results

Multiple variants of Banlec containing different substi-
tutions of H84 were constructed, purified, and tested for
mitogenic and pro-inflammatory activity. FIG. 3 shows
anti-HIV-1 activities of natural and recombinant BanlLec.
One variant, H84T, did not stimulate the proliferation of
lymphocytes at concentrations up to 1 uM (FIG. 4A).
Comparison of the pro-inflammatory activity of Banl.ec and
H84T was further determined by measuring upregulation of
the activation marker CD69 on CD4+ peripheral blood
mononuclear cells (PBMC) and induction of pro-inflamma-
tory cytokines and chemokines Since upregulation of CD69
on CD4+ T cells is associated with increased susceptibility
to HIV-1 infection, expression levels of this marker were
measured after 24 and 72 hours of exposure to lectin
(Santoni de Sio et al,, PLoS One, 2009. 4(8): p. e6571).
Increased cell surface expression of CD69 was observed for
BanLec-treated CD4+PBMC. However, the H84T variant
induced relatively little upregulation of this activation
marker, indicating that this mutation substantially reduces
Banl ec’s potential to stimulate mononuclear cells and cause
adverse effects (FIG. 4B).

A number of cytokines and chemokines have demon-
strated ability to modulate HIV-1 replication. Experiments
were conducted to determine whether cellular activation by
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lectins leads to increased production of pro-HIV replication
factors and a non-mitogenic lectin such as H84T does not.
This was determined by isolating PBMC from multiple
donors and testing whether cytokine/chemokine production
was stimulated by Banlec or the H84T variant. Since the
relative cytokine production among donors is widely vari-
able, the cytokine responses were grouped over several
intervals of production: 1-3, 10-100, 100-500, and 500+ fold
over background. Wild-type Banl.ec caused a large increase

16

the mutant is that the H84T mutation results in a change that
hinders the binding of specific high-mannose carbohydrate
structures.

To further explore possible explanations for the reduced
mitogenic activity of the H84T variant, protein structure was
investigated. Since the mutation is found in an amino acid
loop that is thought to play a role in carbohydrate binding,
mutations in this region may lead to structural alterations
that affect carbohydrate recognition. This alternation in the
lectin’s configuration then leads to modified carbohydrate

in the production of multiple cytokines. The H84T variant 1o specificity and affinity. X-ray crystallography revealed no
induced a markedly reduced production of cytokines and structural differences when compared to the previously
chemokines when compared to the wild-type lectin (FIG. determined structure (FIG. 7A). Because X-ray crystallog-
4C). The anti-HIV activity of the H84T variant was then raphy is unable to observe changes in dynamic structures,
compared to that of wild-type Banlec and, while there was s and since this loop is thought to sample multiple conforma-
a very modest loss in anti-HIV activity, the IC,, of the H84T tions, NMR was used to measure structural and dynamic
was still in the low nanomolar range (FIG. 4D). These changes in rBanl.ec and the H84T in the free as well as
results demonstrate that an anti-HIV-1 lectin’s mitogenic sugar-bound states. Overlay of 'H->N HSQC spectra of the
activity can be separated from its anti-viral activity by wild-type and mutant in free and sugar bound states shows
targeted engineering. FIG. 6 shows that Banl.ec inhibits 5o 1O change in chemical shifts, indicating similar backbone
HIV-1 containing consensus subtype B and subtype C enve- structure of the two proteins. However, close monitoring of
lopes. the intensities of the two proteins in free and bound state

To elucidate how the lectin can have markedly decreased reveals an interesting drop in intensity for a single residue
mitogenic and pro-inflammatory activity while maintaining from rBanlec to the H84T mutant, which occurs only in the
anti-HIV-1 activity, the binding properties of the H84T 5 sugar-bound state (FIG. 9). This indicates a change in the
variant and wild-type Banl.ec were compared. Using iso- dynamics of the H84T variant when bound to sugar that
thermal calorimetry, the binding affinities for the monosac- alters its binding behavior. Thus, the H84T substitution
charide ligand methyl-a.-D-mannopyranoside were found to causes a minor change in the structure of the lectin, altering
be similar: 383 and 358 mM~' for rBanLec and H84T, its carbohydrate binding properties and affecting cellular
respectively. The ability to agglutinate rabbit red blood cells 30 stimulation but not binding to HIV-1 and inhibiting of viral
is common among mannose-specific lectins and is thought to infection.
be dependent on recognition of high-mannose structures All publications and patents mentioned in the above
found on the cell and the ability to cross-link antigen due to specification are herein incorporated by reference. Various
multivalency. When tested for this property, the minimal modifications and variations of the described method and
concentration for agglutination was 3 pg/ml and 437 pg/ml 55 System of the invention will be apparent to those skilled in
for rBanlLec and H84T, respectively. This indicates that the art without departing from the scope and spirit of the
H84T is unable to bind and/or cross-link carbohydrate invention. Although the invention has been described in
structures found on the rabbit red blood cells. In addition, it connection with specific preferred embodiments, it should
was found that the non-mitogenic lectin GRFT required a be understood that the invention as claimed should not be
high concentration for agglutination (600 pg/ml). The pres- unduly limited to such specific embodiments. Indeed, vari-

. L .o . . 40 . - . .
ent invention is not limited to a particular mechanism. ous modifications of the described modes for carrying out
Indeed, an understanding of the mechanism is not necessary the invention which are obvious to those skilled in the
to practice the present invention. Nonetheless, one possible relevant fields are intended to be within the scope of the
explanation for the reduced mitogenic activity observed for following claims.
SEQUENCE LISTING

<160> NUMBER OF SEQ ID NOS: 8

<210> SEQ ID NO 1

<211> LENGTH: 143

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 1

Met Asn Gly Ala Ile Lys Val Gly Ala Trp Gly Gly Asn Gly Gly Ser

1 5 10 15

Ala Phe Asp Met Gly Pro Ala Tyr Arg Ile Ile Ser Val Lys Ile Phe

20 25 30
Ser Gly Asp Val Val Asp Gly Val Asp Val Thr Phe Thr Tyr Tyr Gly
35 40 45
Lys Thr Glu Thr Arg His Tyr Gly Gly Ser Gly Gly Thr Pro His Glu
50 55 60
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-continued

Ile Val Leu Gln Glu Gly Glu Tyr Leu Val Gly Met Ala Gly Glu Val

Ala Asn Tyr Thr Gly Ala Val Val Leu Gly Lys Leu Gly Phe Ser Thr
85 90 95

Asn Lys Lys Ala Tyr Gly Pro Phe Gly Asn Thr Gly Gly Thr Pro Phe
100 105 110

Ser Leu Pro Ile Ala Ala Gly Lys Ile Ser Gly Phe Phe Gly Arg Gly
115 120 125

Gly Lys Phe Leu Asp Ala Ile Gly Val Tyr Leu Glu Pro Leu Glu
130 135 140

<210> SEQ ID NO 2

<211> LENGTH: 143

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 2

Met Asn Gly Ala Ile Lys Val Gly Ala Trp Gly Gly Asn Gly Gly Ser
1 5 10 15

Ala Phe Asp Met Gly Pro Ala Tyr Arg Ile Ile Ser Val Lys Ile Phe
20 25 30

Ser Gly Asp Val Val Asp Gly Val Asp Val Thr Phe Thr Tyr Tyr Gly
35 40 45

Lys Thr Glu Thr Arg His Tyr Gly Gly Ser Gly Gly Thr Pro His Glu
50 55 60

Ile Val Leu Gln Glu Gly Glu Tyr Leu Val Gly Met Ala Gly Glu Val
65 70 75 80

Ala Asn Tyr Ser Gly Ala Val Val Leu Gly Lys Leu Gly Phe Ser Thr
85 90 95

Asn Lys Lys Ala Tyr Gly Pro Phe Gly Asn Thr Gly Gly Thr Pro Phe
100 105 110

Ser Leu Pro Ile Ala Ala Gly Lys Ile Ser Gly Phe Phe Gly Arg Gly
115 120 125

Gly Lys Phe Leu Asp Ala Ile Gly Val Tyr Leu Glu Pro Leu Glu
130 135 140

<210> SEQ ID NO 3

<211> LENGTH: 143

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 3

Met Asn Gly Ala Ile Lys Val Gly Ala Trp Gly Gly Asn Gly Gly Ser
1 5 10 15

Ala Phe Asp Met Gly Pro Ala Tyr Arg Ile Ile Ser Val Lys Ile Phe
20 25 30

Ser Gly Asp Val Val Asp Gly Val Asp Val Thr Phe Thr Tyr Tyr Gly
35 40 45

Lys Thr Glu Thr Arg His Tyr Gly Gly Ser Gly Gly Thr Pro His Glu
50 55 60

Ile Val Leu Gln Glu Gly Glu Tyr Leu Val Gly Met Ala Gly Glu Val
65 70 75 80

Ala Asn Tyr Met Gly Ala Val Val Leu Gly Lys Leu Gly Phe Ser Thr
85 90 95
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Asn Lys Lys Ala Tyr Gly Pro Phe Gly Asn Thr

100 105

Ser Leu Pro Ile Ala Ala Gly Lys Ile Ser Gly

115 120

Gly Lys Phe Leu Asp Ala Ile Gly Val Tyr Leu
130 135

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 4

LENGTH: 432

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Synthetic

SEQUENCE: 4

atgaatggtyg cgatcaaagt tggcegegtgg ggtggcaacg

ggcceggegt atcgtattat tagegtgaaa atttttageg

gatgtgacct ttacctatta tggtaaaacc gaaacccgte

accccgecatyg aaattgtget gecaggaaggt gaatatctgg

gegaactata ctggtgeggt ggtgetgggt aaactgggtt

tatggtcegt ttggcaatac cggceggtace ccgtttagece

attagcgget tetttggteg tggeggtaaa tttetggatg

ccgetegagt ga

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 5

LENGTH: 432

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Synthetic

SEQUENCE: 5

atgaatggtyg cgatcaaagt tggcegegtgg ggtggcaacg

ggcceggegt atcgtattat tagegtgaaa atttttageg

gatgtgacct ttacctatta tggtaaaacc gaaacccgte

accccgecatyg aaattgtget gecaggaaggt gaatatctgg

gcgaactata gtggtgeggt ggtgetgggt aaactgggtt

tatggtcegt ttggcaatac cggceggtace ccgtttagece

attagcgget tetttggteg tggeggtaaa tttetggatg

ccgetegagt ga

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 6

LENGTH: 432

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Synthetic

SEQUENCE: 6

atgaatggtyg cgatcaaagt tggcegegtgg ggtggcaacg

ggcceggegt atcgtattat tagegtgaaa atttttageg

gatgtgacct ttacctatta tggtaaaacc gaaacccgte

accccgecatyg aaattgtget gecaggaaggt gaatatctgg

Gly Gly Thr Pro Phe
110

Phe Phe Gly Arg Gly
125

Glu Pro Leu Glu
140

gtggtagege ctttgatatg
gtgatgtggt tgatggegtt
attatggegg tagceggtggt
tgggtatggc gggcgaagtg
ttagcaccaa taaaaaagcg
tgccgattge cgcegggtaaa

ccattggegt gtatctggaa

gtggtagege ctttgatatg
gtgatgtggt tgatggegtt
attatggegg tagceggtggt
tgggtatggc gggcgaagtg
ttagcaccaa taaaaaagcg
tgccgattge cgcegggtaaa

ccattggegt gtatctggaa

gtggtagege ctttgatatg
gtgatgtggt tgatggegtt
attatggegg tagceggtggt

tgggtatggc gggcgaagtg

60

120

180

240

300

360

420

432

60

120

180

240

300

360

420

432

60

120

180

240
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-continued
gcgaactata tgggtgcggt ggtgetgggt aaactgggtt ttagcaccaa taaaaaageg 300
tatggtccegt ttggcaatac cggcggtacce cegtttagece tgccgattge cgcgggtaaa 360
attagcgget tetttggtceg tggcggtaaa tttetggatg ccattggegt gtatctggaa 420
ccgctegagt ga 432

<210> SEQ ID NO 7

<211> LENGTH: 143

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 7

Met Asn Gly Ala Ile Lys Val Gly Ala Trp Gly Gly Asn Gly Gly Ser
1 5 10 15

Ala Phe Asp Met Gly Pro Ala Tyr Arg Ile Ile Ser Val Lys Ile Phe
20 25 30

Ser Gly Asp Val Val Asp Gly Val Asp Val Thr Phe Thr Tyr Tyr Gly
35 40 45

Lys Thr Glu Thr Arg His Tyr Gly Gly Ser Gly Gly Thr Pro His Glu
50 55 60

Ile Val Leu Gln Glu Gly Glu Tyr Leu Val Gly Met Ala Gly Glu Val
65 70 75 80

Ala Asn Val His Gly Ala Val Val Leu Gly Lys Leu Gly Phe Ser Thr

Asn Lys Lys Ala Tyr Gly Pro Phe Gly Asn Thr Gly Gly Thr Pro Phe
100 105 110

Ser Leu Pro Ile Ala Ala Gly Lys Ile Ser Gly Phe Phe Gly Arg Gly
115 120 125

Gly Lys Phe Leu Asp Ala Ile Gly Val Tyr Leu Glu Pro Leu Glu
130 135 140

<210> SEQ ID NO 8

<211> LENGTH: 432

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 8

atgaatggtyg cgatcaaagt tggcgegtgg ggtggcaacyg gtggtagege ctttgatatg 60

ggcccggegt atcgtattat tagegtgaaa atttttageyg gtgatgtggt tgatggegtt 120

gatgtgacct ttacctatta tggtaaaacc gaaacccgtce attatggegg tageggtggt 180

acccegeatyg aaattgtget gcaggaaggt gaatatctgyg tgggtatgge gggegaagtyg 240

gcgaacgtte acggtgeggt ggtgetgggt aaactgggtt ttagcaccaa taaaaaagey 300

tatggtcegt ttggcaatac cggeggtacce cegtttagece tgecgattge cgegggtaaa 360

attagecgget tetttggteg tggeggtaaa tttetggatyg ccattggegt gtatetggaa 420

ccgctegagt ga 432
The invention claimed is: reduced mitogenic activity relative to a wild type Banlec
1. A method of treating infection by a virus in a subject, polypeptide to a subject diagnosed with a viral infection,

comprising administering a composition comprising a vari- wherein said infection is by a virus presenting surface

ant Banlec polypeptide comprising a H84T mutation, 65 mannose.

wherein said variant Banl.ec polypeptide exhibits antiviral 2. The method of claim 1, wherein said virus is a Corona

activity, and wherein said Banl.ec polypeptide exhibits virus.
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3. The method of claim 1, wherein said variant Banlec
polypeptide is encoded by a nucleic acid selected from the
group consisting of SEQ ID NOs:4-6.

#* #* #* #* #*
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