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SEQUENCE LISTING

The Instant Application contains a Sequence Listing
which has been submitted electronically in ASCII format
and 1s hereby incorporated by reference 1n 1ts entirety. Said

ASCII copy, created on Monday, Dec. 13, 2021 1s named
“UCT0276US3_ST25 Sequence List TXT” and 1s 14,391
bytes 1n size.

BACKGROUND

RNAs (such as siRNAs) are delivered 1n various ways
such as by wvirus vectors or encapsulation in synthetic
vehicles, such as cationic polymers or nanoparticles. siR-
NAs can be conjugated to cell penetrating peptides or
specific antibodies against the infected cell. Viral vectors
delivering siRNA have been reported to treat HIV and
hepatitis B and C. Clinical trials of siRNA delivery via viral
vectors (lentivirus) have been conducted in HIV patients.
Recently, the Arbutus Biopharma Corporation reported the
eilicacious anti-viral treatment of macaques in the early
stage of infection by Ebola using a lipid nanoparticle (LNP)
injection with siRNA. Arrowhead Pharmaceuticals showed
a promising polymeric delivery vehicle (Dynamic PolyCon-
jugates, DPC™) to combat chronic HBV,

Accordingly, novel delivery vehicles for therapeutic
agents (e.g., sIRNA) are needed.

SUMMARY

Disclosed herein 1s a delivery vehicle based on DNA-
ispired Janus based nanotubes (JBN'Ts) for anti-viral treat-
ment. The nanoparticles (NPs) are based on the JBNTs
conjugated with targeting moieties such as small molecules,
aptamers, and peptides, referred to herein as NPs or JBNPs.

Herein, JBNTs are shown to deliver short interfering
RNAs (siRNA)s efliciently by escaping endosomes and
cllectively inhibiting the expression of viral genes in the
infected cells. JBN'Ts can also pre-deliver siRNAs to protect
the tissues/cells from virus. Noticeably, the NPs exhibit
significantly lower cytotoxicity compared to conventional
vehicles.

In some embodiments, disclosed herein 1s a composition
comprising a compound of Formula (I):
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(1)
0O NIL,
AN ‘ Ny
~y N N O:
H |2
R
o
X

or a pharmaceutically acceptable salt thereof, wherein:
R" is H or CH,; R® is (CH, )» (CH,CH,O), or
(CH,CH,NH)_;

1, k, and m are each independently 0-200;

L. 1s absent or a linker group; and

X 1s a therapeutic agent.

In some embodiments, disclosed herein 1s a composition
comprising a compound of Formula (II):

(1)

NH, O
NZ ‘ NH
R’ )\ /J\
\E N IiJ O
R2
]
X

or a pharmaceutically acceptable salt thereof, wherein:
R'" is H or CH,; R* is (CH, ), (CH,CH,O), or
(CH,CH,NH)_;

1, k, and m are each independently 0-200;

L. 1s absent or a linker group; and

X 1s a therapeutic agent.

In some embodiments, disclosed herein 1s a composition
comprising a compound of Formula (III):

(I1T)

O NH,
[N ‘ SN
R: )\ /]\
\E N N 9
O
-*'N\/\
R* N N
| |
X~ N‘ X NI,
ALK

or a pharmaceutically acceptable salt thereof, wherein:
R* is H or CH;; R*® is (CH,), (CH,CH,O), or
(CH,CH,NH)_;
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1, k, and m are each independently 0-200;

. 1s absent or a linker group; and

X 1s a therapeutic agent.

In some embodiments, disclosed herein 1s a composition
comprising a compound of Formula (IV):

(IV)

NH, O
NZ ‘ NH
R )\ /j\
\E N7 N7 o

XfL N7 X
\

or a pharmaceutically acceptable salt thereof, wherein:

R' is H or CH,;

R” is (CH,),, (CH,CH,0),, or (CH,CH,NH),,;

1, k, and m are each independently 0-200;

L. 1s absent or a linker group; and

X 1s a therapeutic agent.

In some embodiments of the composition comprising a
compound of any one of Formulas (I)-(IV), L 1s absent. In
other embodiments, L 1s a linker group.

In some embodiments of the composition comprising a
compound of any one of Formulas (I)-(1V), the linker group
1s selected from an acid cleavable linkage, a reducible
disulfide linkage, and a stimul1 linker.

In some embodiments of the composition comprising a
compound of any one of Formulas (I)-(IV), the linker 1s an
acid cleavable linkage selected from N-acyl hydrazone,
carbonate, and ester.

In some embodiments of the composition comprising a
compound of any one of Formulas (I)-(IV), the linker 1s a
reducible disulfide linkage selected from N-succinimidyl-4-
(2-pyridyldithio)pentanoate (SPP), N-succinimidyl-4-(2-
pyridyldithio)butyrate (SPDB), 4-(4'-acetylphenoxy)bu-
tanoic acid (AcBut) linkers, dipeptide Val-Cit and Phe-Lys
type linker, a-methyl substitution on disulfide linker, two-
methyl groups on disulfide linker, engineered cysteine resi-
due, and maytansinoid thiol.

In some embodiments of the composition comprising a
compound of any one of Formulas (I)-(IV), the linker 1s a
stimuli linker selected from a trans-cyclooctene linker, a
thioether-containing linker, an enzyme cleavable linker, a
Val-Cit-PABC containing linker, a Glu-Val-Cit-containing
linker, and a Val-Ala containing linker.

In some embodiments of the composition comprising a
compound of any one of Formulas (I)-(IV), the therapeutic
agent 1s selected from a small molecule, a peptide, a protein,
a nucleic acid, a gene editing reagent, and a targeting
molecule.

In some embodiments of the composition comprising a
compound of any one of Formulas (I)-(IV), the therapeutic
agent 1s a small molecule selected from folic acid, thiamine,
dimercaptosuccinic acid, and the like; a protein selected
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from BSA, ftransferrin, antibodies, lectins, cytokines,
fibrinogen, thrombin, and the like; or a polysaccharide
selected from hyaluronic acid, chitosan, dextran, oligosac-
charides, heparin, and a polyunsaturated fatty acid.

In some embodiments of the composition comprising a
compound of any one of Formulas (I)-(IV), the therapeutic
agent 1s targeting molecule that 1s a surface targeting modi-
fier.

In some embodiments of the composition comprising a

compound of any one of Formulas (I)-(IV), the surface
targeting modifier 1s selected from RGD, c(CMGRC),
PHSRN (SEQ ID NO:5), LHRD, antigenic peptides, inter-

nalization peptides, cell penetrating peptides, VP22,
RPRAPARSASRPRRPVE (SEQ ID NO:6), sCI18,
GLRKRLRKFRNKIKEK (SEQ ID NO: 7), Peptl,

PLILLRLLRGQF (SEQ ID NO: 8), Transferrin, OX26,
CAQK, Lactoferrin, F3, KDEPQRRSARLSAKPAPPK-
PEPKPKKAPAKK (SEQ ID NO:9), Lyp-1, CGNKRTRGC
(SEQ ID NO:10), CREKA (SEQ ID NO 11), Bld-3,
CSNRDARRC (SEQ ID NO:12), AHNP, YCDGFYA-
CYMDYV (SEQ ID NO:13), SP204, KQFSALPENFY'T pep-
tide (SEQ ID NO: 14), EGF, VEGF, LFA-1, Apolipoprotein
Al.  Infarcted cardiac  tissue targetingj SP204,
PLGLAGGWGERDGS (SEQ ID NO 15), GGGGY-
DRVTIHPF (SEQ ID NO: 16), VCAM-1, VHSPNKK (SEQ
ID NO: 17), VHPKQHR (SEQ ID NO: 18), VLTTGLPAL-
ISWIKRKRQQ (SEQ ID NO: 19), NNSKSHT (SEQ ID
NO: 20), VHPKQHRAEEAK (SEQ ID NO: 21),
C*NNSKSHTC*C (SEQ ID NO: 22), VHPK,
VHPKQHRGGSKGC(SEQ ID NO: 23), VHSPNKK pep-
tide (SEQ ID NO: 24), Ab(M/K2.7), Ab(429), antibodies,
nanobodies, PECAM-1, Ab, ICAM-1, LFA-1 integrin, and
Ab(R6.5).

In some embodiments of the composition comprising a
compound of any one of Formulas (I)-(IV), the therapeutic
agent 1s targeting molecule that 1s a membrane dipeptidase

targeting molecule. For example, the membrane dipeptidase
targeting molecule may be GFE or CGFECVRQCPERC

(SEQ ID NO: 26).

In some embodiments of the composition comprising a
compound of any one of Formulas (I)-(IV), the therapeutic
agent 1s targeting molecule that 1s an endoplasmic reticulum
(ER) targeting molecule. For example, the endoplasmic
reticulum (ER) targeting molecule may be selected from
KDEL, SEKDEL (SEQ ID NO:27), Enss, and
MRYMILGLLALAAVCSA (SEQ ID NO:28).

In some embodiments of the composition comprising a
compound of any one of Formulas (I)-(IV), the therapeutic
agent 1s targeting molecule that 1s a mitochondrial mem-
brane targeting molecule. For example, the mitochondrial

membrane targeting molecule may be selected from RGD-
4C-GG-D (KLAKLAK) (SEQ ID NO:29), D-Arg-Dmt-Lys-

Phe-NH,, Phe-D-Arg-Phe-Lys-NH,, Phe-D-Arg-DmtOm-
Phe-NH, (SEQ ID NO:30), D-Arg-(2'6'-dimethylTyr)-Lys-
Phe-NH2 (SEQ ID NO:31), (1,7-bis-4-hydroxy-3-
methoxyphenyl-1,6-heptadiene-3,5-dione)-triphenyl-
phospine, 1,5-dioctadecyl-Lglutamyl 2-histidly-
hexahydrobenzoic acid-SPC-L,
MSVLTPLLLRGLTGSARRLPVPRAKIHWLC (SEQ ID
NO:32), GKRK, and D[KLAKLAK]2 (SEQ ID NO:33).
In some embodiments of the composition comprising a
compound of any one of Formulas (I)-(IV), wherein the
therapeutic agent 1s targeting molecule that 1s a nucleus
targeting molecule. For example, the nucleus targeting mol-
ecule may be selected from KKKRKYV (SEQ ID NO:34),
KRPAATKKAGQAKKKKL (SEQ ID NO:335), HIV1 TAT,
GRKKRRQRRRPQ (SEQ ID NO:36), R8 RRRRRRRR
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S
3Q ID NO:37), Penetratin, RQIKIWFQNRRMKWKK

(S

HQ ID NO:38), HA2 peptide, GDIMGEWGNEIFGA -

IAAGFLG (SEQ ID NO:39), GALA, WEAALAEALAEA-
LAEHLAEALAEALEALAA (SEQ ID NO:40), Pas,
FFLIPKG (SEQ ID NO:41), THRPPMWSPWV WP (SEQ

D
(S:

NO:42), angiopep-2, TFFYGGSRGKRNNFKTEEY

HQ ID NO:43), Glutathione, (yE)CG, CDX,

FKESWREARGTRIERG (SEQ ID NO:44), Chlorotoxin,

o’/

MCMPCFTTDHQ-
MARKCDDCCGGKGRGKCYGPQCLCR  (SEQ  ID
NO:45), MiniAP-4, ¢(DLATEPAL [Dap]) (SEQ ID NO:46),

. GFTGFLS(Glucose) (SEQ ID NO:48), RV29,

YTIWMPENPRPGTPCDIFTNSRGKRASNG (SEQ 1D
NO:48), 1RGD, CRGDKRGPDEC (SEQ ID NO:49),
IL-13p, TAMRAVDKLLLHLKKLFREGQFNRNFESIII-
CRDRT (SEQ ID NO:50), CGEMGWVRC (SEQ ID
NO:31), Lyp-1, c(CGNKRTRGC) (SEQ ID NO:52),
DOPAC-MYIEALDKYAC-COOH (SEQ ID NO:33), and
Pro-Lys-Lys-Lys-Arg-Lys-Val, Ala-Ala-Phe-Glu-Asp-Leu-
Arg-Val-Leu-Ser, Lys-Arg-Pro-Ala-Ala-Thr-LysLys-Arg-
Gly-Qln-Arg-Lys-Lys-Lys-Lys (SEQ ID NO:54).

In some embodiments, disclosed herein 1s a composition

comprising a compound of Formula (V):

(V)

or a pharmaceutically acceptable salt thereof, wherein:
R' is H or CH,;
R* is (CH,),, (CH,CH,0),, or (CH,CH,NH),,;

], k, and m are each independently 0-200;

R> is absent or c.-amino acid, $-amino acid, a-polypep-
tide, or -polypeptide; and

R* is absent or a coating material.

In some embodiments, disclosed herein 1s a composition

comprising a compound of Formula (VI):

(VD)

NI, O
N ‘ NH
R! )\ )\
SN N N O
H | 2
R
N s
R4

or a pharmaceutically acceptable salt thereof, wherein:
R' is H or CH,;
R* is (CH,),, (CH,CH,0),, or (CH,CH,NH)

Fr1 2

], k, and m are each independently 0-200;

R> is absent or c.-amino acid, $-amino acid, a-polypep-
tide, or -polypeptide; and
R* is absent or a coating material.
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In some embodiments, disclosed herein 1s a composition
comprising a compound of Formula (VII):

(VID)

N N
H
O
""N\/\
If N N
R7 ‘
R4 I\i A NI,
HN)\N O
| H
R]

or a pharmaceutically acceptable salt thereof, wherein:

R' is H or CH;;

R? is (CH,),, (CH,CH,0O),, or (CH,CH,NH),,;

1, k, and m are each independently 0-200;

R is absent or a-amino acid, $-amino acid, c.-polypep-

tide, or p-polypeptide; and

R* is absent or a coating material.

In some embodiments, disclosed herein 1s a composition
comprising a compound of Formula (VIII):

(VIIT)

NH, O
N7 ‘ NH
R! )\ /J\
\E N N O
O
..-*'N\/\
Ii:2 N NH
R3
R4/ I";i \ O,
P
AN N NH,

or a pharmaceutically acceptable salt thereof, wherein:

R" is H or CH,;

R” is (CH,),, (CH,CH,0),, or (CH,CH,NH)

1, k, and m are each independently 0-200;

R is absent or c.-amino acid, p-amino acid, c.-polypep-

tide, or -polypeptide; and

R* is absent or a coating material.

In some embodiments of the composition comprising any
one of compounds of Formulas (V)-(VIII), R* is absent.

In some embodiments of the composition comprising any
one of compounds of Formulas (V)-(VIII), R* is a coating
material.

In some embodiments of the composition comprising any
one of compounds of Formulas (V)-(VIII), the coating

Fr7 2
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material 1s selected from chitosan, polyethylene glycol,
hyaluronic acid, poloxamer, polyvinyl alcohol, polysaccha-
rides, neutral or negatively charged poly(amino acids);
CALNN (SEQ ID NO:55), CCVVT (SEQ ID NO:36),
CLPFFD (SEQ ID NO:57), phytochelatin, (YE)C(yE)C(yE)
CG, GCK15, GCGGCGGKGGCGGCG (SEQ ID NO:38),
and Hexalistidine (HHHHHH) (SEQ ID NO:39).

In some embodiments of the composition comprising any
one ol compounds of Formulas (I)-(VIII), the composition
comprises 0.1% to 99.9% of one or more compounds of
Formulas (I)-(VIII).

In some embodiments of the composition comprising any
one ol compounds of Formulas (I)-(VIII), the composition
comprises a concentration of 1 ug/ml to 1 g¢mL of one or
more compounds ol Formulas (I)-(VIII).

In some embodiments of the composition comprising any
one ol compounds of Formulas (I)-(VIII), the composition
has a pH of about 1 to about 10.

Also disclosed herein are methods of treating a wviral
infection comprising administering a composition compris-
ing any one or more of compounds of Formulas (I)-(VIII) to

a subject 1n need thereof. In some embodiments, the viral
infection 1s COVID-19.

BRIEF DESCRIPTION OF THE FIGURES

The patent or application file contains at least one drawing,
executed 1n color. Copies of this patent or patent application
publication with color drawings will be provided by the
Oflice upon receipt and payment of the necessary fee.

FIG. 1a shows a schematic drawing of an exemplary
JBNP and uptake.

FIG. 15 shows schematic drawing of an exemplary anti-
viral experiment using JBNPs.

FIGS. 2a-f show characterization of an exemplary JBNP.

FIGS. 3a-3b6 show an exemplary JBNP delivered into
cells.

FIGS. 4a-4c¢ show endosomal escape of an exemplary
JBNP 1n cells.

FIGS. 3a-5d show a comparison of the lipofectamine
(Lipo) and an exemplary JBNP.

FIGS. 6a-6b show a functional assay of an exemplary
JBNP.

FIG. 7 shows JBNPs successiully delivered protein
(BSA) into cells.

FIGS. 8a-84 show 'H NMR spectra of 'H NMR spectra
of (a) control (DOX) and DOX-IBNT mixtures at different
pHs; (b) pH 6.8; (¢c) pH 7.7; (d) pH 8.6. (arrow points out the
Ha peak of DOX demonstrating the loading and unloading
of DOX molecules in JBNTSs).

FIGS. 9a-95 show UV-Vis spectra of (a) DOX, JIBNT and
DOX-IBNT mixture at pH 8.3; (b) DOX-IBNT mixture at
different pHs and sum of DOX and IBNT (recorded 1n water,
concentration: DOX 0.1 mg/mL, JBNTs 0.7 mg/mlL).

FIG. 10 shows the hydrophobic drug delivered efiect.

FIGS. 11a-115 show cell viability assay of an exemplary
JBNP.

DETAILED DESCRIPTION

To achieve active cell targeting, surface modification of a
JBNP with various targeting moieties (e.g., small molecules,
amphiphilic polymers, aptamers, proteins, peptides, carbo-
hydrates, antibodies, lectin, and the like) can {facilitate
specific and selective uptake pathways by targeting specific
receptors on the surface of various cells (FIG. 1a). For
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anti-viral treatment, different kinds of recognition molecules
that can bind specifically to infected cells have been attached

on the JBNPs (FIG. 15).

A range ol biomoieties can be conjugated to the JBNPs
including ligand molecules such as folic acid, thiamine,
dimercaptosuccinic acid, and the like; proteins including
BSA, transferrin, antibodies, lectins, cytokines, fibrinogen,
thrombin, and the like; polysaccharides including hyaluo-
ronic acid, chitosan, dextran, oligosaccharides, heparin, and
the like; and polyunsaturated fatty acids including palmitic
acid, phospholipids, and the like, can be conjugated to the
JBNP.

Surface targeting modifiers specific for infected cells also
include peptides. Peptide sequences are coupled to JBNTSs
and are able to target the cells and transport them across the
plasma membrane. Peptide include RGD, LHRD, antigenic
peptides, internalization peptides, cell-penetrating peptides,
and the like.

For COVID-19 treatment, an aptamer targeting SARS-
CoV-2 receptor-binding domain and ligands targeting angio-
tensin-converting enzyme II (ACE2) can be used.

For HIV treatment, JBNPs can be conjugated with trans-
terrin (T1). For hepatitis B virus (HBV) treatment, a pro-
posed design 1s that the hepatitis B surface antigen (HBsAg)
surface-modification of a JBNP can deliver siRNA to target
to hepatocytes.

For vaccines, JBNPs can be modified to carry antigens or
epitomes to target antigen-presenting cells, such as cetylt-
rimethylammonium bromide (CTAB), poly(diallydimethyl-
ammonium chlornide) (PDDAC), and polyethyleneimine
(PEI), etc. The JBNPs can also be functionalized with
surface hydroxyl groups and CpG peptides.

Herein, novel delivery NPs were developed based on
JBNTs with excellent endosomal escape and low cytotox-
icity. The nanoparticles are referred to herein NPs or JBNPs.

Definitions

Throughout the present specification and the accompany-
ing claims the words “comprise,” “include,” and “have” and
variations thereof such as “comprises,” “‘comprising,”
“includes,” “including,” “has,” and “having” are to be
interpreted inclusively. That 1s, these words are intended to
convey the possible inclusion of other elements or integers
not specifically recited, where the context allows. No lan-
guage 1n the specification should be construed as indicating
any non-claimed element essential to the practice of the
invention.

The terms ““a,” “an,” and “the” and similar referents used
in the context of describing the imvention (especially 1n the
context of the following claims) are to be construed to cover
both the singular and the plural, unless otherwise indicated
herein or clearly contradicted by context.

The terms first, second, etc. as used herein are not meant
to denote any particular ordering, but simply for conve-
nience to denote a plurality of, for example, layers.

Recitation of ranges of values herein are merely intended
to serve as a shorthand method of referring individually to
cach separate value falling within the range, unless other-
wise 1ndicated herein, each individual value 1s incorporated
into the specification as 1f 1t were individually recited herein.
Ranges may be expressed herein as from “about” (or
“approximately”) one particular value, and/or to “about” (or
“approximately”) another particular value. When such a
range 1s expressed, another embodiment includes from the
one particular value and/or to the other particular value.

Similarly, when values are expressed as approximations, by
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use of the antecedent “about” or “approximately” it will be
understood that the particular value forms another embodi-
ment. It will be further understood that the endpoints of each
of the ranges are disclosed both in relation to the other
endpoint, and independently of the other endpoint.

All methods described herein can be performed 1n any
suitable order unless otherwise indicated herein or otherwise
clearly contradicted by context. Further, all methods
described heremn and having more than one step can be
performed by more than one person or entity. Thus, a person
or an entity can perform step (a) of a method, another person
or another entity can perform step (b) of the method, and a
yet another person or a yet another entity can perform step
(c) of the method, etc. The use of any and all examples, or
exemplary language (e.g., “such as™) provided herein 1is
intended merely to better 1lluminate the mnvention and does
not pose a limitation on the scope of the mnvention otherwise
claimed.

Units, prefixes, and symbols are denoted 1n their Systeme
International de Unites (SI) accepted form.

Groupings of alternative elements or embodiments of the
invention disclosed herein are not to be construed as limi-
tations. Each group member may be referred to and claimed
individually or 1n any combination with other members of
the group or other elements found herein. It 1s anticipated
that one or more members of a group may be included 1n, or
deleted from, a group for reasons of convenience and/or
patentability. When any such inclusion or deletion occurs,
the specification 1s herein deemed to contain the group as
modified thus fulfilling the written description of all
Markush groups used 1n the appended claims.

The headings used herein are for organizational purposes
only and are not meant to be used to limit the scope of the
description or the claims, which can be had by reference to
the specification as a whole. Accordingly, the terms defined
immediately below are more fully defined by reference to
the specification in 1ts entirety.

[lustrations are for the purpose of describing a preferred
embodiment of the imnvention and are not intended to limat
the invention thereto.

“About” or “approximately” as used herein 1s inclusive of
the stated value and means within an acceptable range of
deviation for the particular value as determined by one of
ordinary skill in the art, considering the measurement 1n
question and the error associated with measurement of the
particular quantity (i.e., the limitations of the measurement
system). For example, “about” can mean within one or more
standard deviations, or within +10% or 5% of the stated
value.

As used herein, the term “administering” means the actual
physical introduction of a composition i1nto or onto (as
appropriate) a host or cell. Any and all methods of 1ntro-
ducing the composition into the host or cell are contem-
plated according to the invention; the method 1s not depen-
dent on any particular means of mtroduction and 1s not to be
so construed. Means of introduction are well-known to those
skilled 1n the art, and also are exemplified herein.

As used herein, “optional” or “optionally” means that the
subsequently described event or circumstance may or may
not occur, and that the description includes instances where
said event or circumstance occurs and instances where 1t
does not.

As used herein, the term “pharmaceutically acceptable”
refers to compositions that are physiologically tolerable and
do not typically produce an allergic or similar untoward
reaction when administered to a subject, preferably a human
subject. Preferably, as used herein, the term “pharmaceuti-
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cally acceptable” means approved by a regulatory agency of
a federal or state government or listed in the U.S. Pharma-

copela or other generally recognized pharmacopeia for use

in animals, and more particularly 1n humans.

As used herein, the terms “treat,” “treating,” and “treat-
ment” 1nclude 1nhibiting the pathological condition, disor-
der, or disease, e.g., arresting or reducing the development
of the pathological condition, disorder, or disease or its
clinical symptoms; or relieving the pathological condition,
disorder, or disease, e.g., causing regression ol the patho-
logical condition, disorder, or disease or its climical symp-
toms. These terms also encompass therapy and cure. Treat-
ment means any way the symptoms of a pathological
condition, disorder, or disease are ameliorated or otherwise
beneficially altered. Preferably, the subject 1n need of such
treatment 1s a mammal, preferably a human.

Chemical Definitions

The term “amino acid” refers to a molecule containing
both an amino group and a carboxyl group. Suitable amino
acids include, without limitation, both the p- and L-1somers
of the naturally-occurring amino acids, as well as non-
naturally occurring amino acids prepared by organic syn-
thesis or other metabolic routes. The term amino acid, as
used herein, includes without limitation, c-amino acids,
natural amino acids, non-natural amino acids, and amino
acid analogs.

The term “o-amino acid” refers to a molecule containing
both an amino group and a carboxyl group bound to a carbon
which 1s designated the a.-carbon.

The term “P-amino acid” refers to a molecule containing,
both an amino group and a carboxyl group 1n a p configu-
ration.

The term “‘naturally occurring amino acid” refers to any
one of the twenty amino acids commonly found 1n peptides
synthesized 1n nature, and known by the one letter abbre-
viations A, R, N,C, D, Q,E, G, H, , L, K, M, F, P, S, T, W,
Y and V.

The following table shows a summary of the properties of
natural amino acids:

3- 1- Side- Side-chain
Letter Letter chain charge Hydropathy
Amino Acid Code Code Polanty (pH 7.4) Index
Alanine Ala A nonpolar neutral 1.8
Arginine Arg R polar positive -4.5
Asparagine Asn N polar neutral -3.5
Aspartic acid Asp D polar negative -3.5
Cysteine Cys C polar neutral 2.5
Glutamic acid Glu E polar negative -3.5
Glutamine Gln Q polar neutral -3.5
Glycine Gly G nonpolar neutral -0.4
Histidine His H polar positive (10%) -3.2
neutral (90%)
Isoleucine Ile I nonpolar neutral 4.5
Leucine Leu L nonpolar neutral 3.8
Lysine Lys K polar positive -3.9
Methionine Met M nonpolar neutral 1.9
Phenylalanine Phe F nonpolar neutral 2.8
Proline Pro P nonpolar neutral -1.6
Serine Ser S polar neutral -0.8
Threonine Thr T polar neutral —-0.7
Tryptophan Tp W nonpolar neutral -0.9
Tyrosine Tyr Y polar neutral -1.3
Valine Val V nonpolar neutral 4.2

“Hydrophobic amino acids™ include small hydrophobic
amino acids and large hydrophobic amino acids. “Small
hydrophobic amino acid™ are glycine, alanine, proline, and
analogs thereof “Large hydrophobic amino acids™ are
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valine, leucine, 1soleucine, phenylalanine, methionine, tryp-
tophan, and analogs thereof. “Polar amino acids” are serine,
threonine, asparagine, glutamine, cysteine, tyrosine, and
analogs thereot. “Charged amino acids™ are lysine, arginine,
histidine, aspartate, glutamate, and analogs thereof.

The term “amino acid analog” refers to a molecule which
1s structurally similar to an amino acid and that can be
substituted for an amino acid 1n the formation of a peptido-
mimetic macrocycle. Amino acid analogs include, without
limitation, 3-amino acids, and amino acids where the amino
or carboxy group 1s substituted by a similarly reactive group
(e.g., substitution of the primary amine with a secondary or
tertiary amine, or substitution of the carboxy group with an
ester).

The term “non-natural amino acid” refers to an amino
acid that 1s not one of the twenty amino acids commonly
found 1n peptides synthesized in nature, and known by the
one letter abbreviations A, R, N, C, D, Q, E, G, H, I, L, K,
M, E, P, S, T, W, Y and V. Non-natural amino acids or amino
acid analogs include, without limitation, structures accord-
ing to the following:

1-Naphtalanine
(1Nal)

O

F3CI-3cf F3F =311

2-Naphtalanine
(Tgl) (2Nal)

Indanyl glycine
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O O
homophenylalanine F4F
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3,3-diphenyl-alanine
(Dip)
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4-pyridyl-alanine

homotyrosine

(h Y)

Aib
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Norleucine

(Nle)

tert-Butyl glycine
(Tle)

Adamanlyl glycine
(Adm)

cyclohexyl alanine

(Cha)

Homoleucine
(hL)

Abu

cyclohexyl glycine
(Chg)

homocyclohexyl alanine

(hCHa)

cyclobutyl alanine

(Cha)
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-continued

cyclopentyl glycine
(Cpg)

F4cooh

F3X
X = Cl, Br, CF3, CN, Me, NO2

X —

F2X
Cl, Br, CF3, CN, Me, NO2
X

F4X
X = Cl, Br, CF3, CN, Me, NO2, I

St/
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-continued

teHBS-

Amino acid analogs include {3-amino acid analogs.
Examples of (-amino acid analogs include, but are not
limited to, the following: cyclic P-amino acid analogs;
B3-alanine; (R)-f-phenylalanine; (R)-1,2,3,4-tetrahydro-iso-
quinoline-3-acetic acid; (R)-3-amino-4-(1-naphthyl)-butyric
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acid; (R)-3-amino-4-(2,4-dichlorophenyl)butyric acid; (R)-
3-amino-4-(2-chlorophenyl)-butyric acid; (R)-3-amino-4-
(2-cyanophenyl)-butyric acid; (R)-3-amino-4-(2-fluorophe-
nyl)-butyric acid; (R)-3-amino-4-(2-furyl)-butyric acid; (R)-
3-amino-4-(2-methylphenyl)-butyric acid; (R)-3-amino-4-
(2-naphthyl)-butyric  acid;  (R)-3-amino-4-(2-thienyl)-
butyric acid; (R)-3-amino-4-(2-trifluoromethylphenyl)-
butyric acid; (R)-3-amino-4-(3,4-dichlorophenyl)butyric
acid; (R)-3-amino-4-(3,4-difluorophenyl)butyric acid; (R)-
3-amino-4-(3-benzothienyl)-butyric acid; (R)-3-amino-4-(3-
chlorophenyl)-butyric acid; (R)-3-amino-4-(3-cyanophe-
nyl)-butyric acid; (R)-3-amino-4-(3-fluorophenyl)-butyric
acid; (R)-3-amino-4-(3-methylphenyl)-butyric acid; (R)-3-
amino-4-(3-pyridyl)-butyric acid; (R)-3-amino-4-(3-thie-
nyl)-butyric acid; (R)-3-amino-4-(3-trifluoromethylphenyl)-
butyric acid; (R)-3-amino-4-(4-bromophenyl)-butyric acid;
(R)-3-amino-4-(4-chlorophenyl)-butyric acid; (R)-3-amino-
4-(4-cyanophenyl)-butyric acid; (R)-3-amino-4-(4-tfluoro-
phenyl)-butyric acid; (R)-3-amino-4-(4-iodophenyl)-butyric
acid; (R)-3-amino-4-(4-methylphenyl)-butyric acid; (R)-3-
amino-4-(4-nitrophenyl)-butyric acid; (R)-3-amino-4-(4-
pyridyl)-butyric acid; (R)-3-amino-4-(4-trifluoromethylphe-
nyl)-butyric acid; (R)-3-amino-4-pentatluoro-phenylbutyric
acid;  (R)-3-amino-5-hexenoic  acid; (R)-3-amino-5-
hexynoic acid; (R)-3-amino-5-phenylpentanoic acid; (R)-3-
amino-6-phenyl-5-hexenoic acid; (S)-1,2,3,4-tetrahydro-
isoquinoline-3-acetic  acid; (S)-3-amino-4-(1-naphthyl)-
butyric acid; (S)-3-amino-4-(2,4-dichlorophenyl)butyric
acid; (S)-3-amino-4-(2-chlorophenyl)-butyric acid; (S)-3-
amino-4-(2-cyanophenyl)-butyric acid; (S)-3-amino-4-(2-
fluorophenyl)-butyric acid; (S)-3-amino-4-(2-furyl)-butyric
acid; (S)-3-amino-4-(2-methylphenyl)-butyric acid; (S)-3-
amino-4-(2-naphthyl)-butyric acid; (S)-3-amino-4-(2-thie-
nyl)-butyric acid; (S)-3-amino-4-(2-trifluoromethylphenyl)-
butyric acid; (5)-3-amino-4-(3,4-dichlorophenyl)butyric
acid; (S)-3-amino-4-(3,4-difluorophenyl)butyric acid; (S)-3-
amino-4-(3-benzothienyl)-butyric acid; (S)-3-amino-4-(3-
chlorophenyl)-butyric acid; (S)-3-amino-4-(3-cyanophe-
nyl)-butyric acid; (5)-3-amino-4-(3-fluorophenyl)-butyric
acid; (S)-3-amino-4-(3-methylphenyl)-butyric acid; (S)-3-
amino-4-(3-pyridyl)-butyric acid; (S)-3-amino-4-(3-thie-
nyl)-butyric acid; (S)-3-amino-4-(3-trifluoromethylphenyl)-
butyric acid; (S)-3-amino-4-(4-bromophenyl)-butyric acid;
(S)-3-amino-4-(4-chlorophenyl)-butyric acid; (S)-3-amino-
4-(4-cyanophenyl)-butyric acid; (S)-3-amino-4-(4-tfluoro-
phenyl)-butyric acid; (S)-3-amino-4-(4-iodophenyl)-butyric
acid; (S)-3-amino-4-(4-methylphenyl)-butyric acid; (S)-3-
amino-4-(4-nitrophenyl)-butyric acid; (S)-3-amino-4-(4-
pyridyl)-butyric acid; (S5)-3-amino-4-(4-trifluoromethylphe-
nyl)-butyric acid; (S)-3-amino-4-pentatluoro-phenylbutyric
acid; (S)-3-amino-5-hexenoic acid; (S)-3-amino-5-hexynoic
acid; (S)-3-amino-5-phenylpentanoic acid; (S)-3-amino-6-
phenyl-5-hexenoic acid; 1,2,5,6-tetrahydropyridine-3-car-
boxylic acid; 1,2,5,6-tetrahydropyridine-4-carboxylic acid;
3-amino-3-(2-chlorophenyl)-propionic acid; 3-amino-3-(2-
thienyl)-propionic acid; 3-amino-3-(3-bromophenyl)-propi-
onic acid; 3-amino-3-(4-chlorophenyl)-propionic acid;
3-amino-3-(4-methoxyphenyl )-propionic acid; 3-amino-4.,4,
4-trifluoro-butyric acid; 3-aminoadipic acid; D-3-phenylala-
nine; P-leucine; L-f-homoalanine; L-p-homoaspartic acid
v-benzyl ester; L-f-homoglutamic acid o-benzyl ester; L-[3-
homoisoleucine; L--homoleucine; L-f3-homomethionine;
L--homophenylalanine; L-p-homoproline; L-f3-homotryp-
tophan; L-f-homovaline; L-Nwm-benzyloxycarbonyl-p-ho-
molysine; Nwmw-L-3-homoarginine; O-benzyl-L-3-homohy-
droxyproline; O-benzyl-L-f3-homoserine; O-benzyl-L-{3-
homothreonine; O-benzyl-L-p-homotyrosine; v-trityl-L-[3-
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homoasparagine; (R)-p-phenylalanine; L-B-homoaspartic
acid y-t-butyl ester; L-f3-homoglutamic acid o-t-butyl ester;
L-Nw-3-homolysine; No-trityl-L-f3-homoglutamine; Nw-2,
2.4,6,7-pentamethyl-dihydrobenzofuran-3-sultonyl-L-[3-ho-
moarginine;  O-t-butyl-L-p-homohydroxy-proline;  O-t-
butyl-L-p-homoserine; O-t-butyl-L-p-homothreonine; O-t-
butyl-L-p-homotyrosine; 2-aminocyclopentane carboxylic
acid; and 2-aminocyclohexane carboxylic acid.

Amino acid analogs include analogs of alanine, valine,
glycine or leucine. Examples of amino acid analogs of
alamine, valine, glycine, and leucine include, but are not
limited to, the following: a-methoxyglycine; a-allyl-L-ala-
nine; o.-aminoisobutyric acid; a-methyl-leucine; p-(1-naph-
thyl)-D-alanine; p-(1-naphthyl)-L-alanine; {3-(2-naphthyl)-
D-alanine;  p-(2-naphthyl)-L-alanine;  1-(2-pyridyl)-D-
alamine; (3-(2-pyridyl)-L-alamine; {3-(2-thienyl)-D-alamine;
3-(2-thienyl)-L-alanine; 3-(3-benzothienyl)-D-alanine;
3-(3-benzothienyl)-L-alanine; B3-(3-pyridyl)-D-alanine;
B-(3-pyridyl)-L-alanine; [(-(4-pyndyl)-D-alanine; [3-(4-
pyridyl)-L-alanine; 1-chloro-L-alanine; 1-cyano-L-alanin;
3-cyclohexyl-D-alanine; 3-cyclohexyl-L-alanine; 3-cyclo-
penten-1-yl-alamine; 3-cyclopentyl-alanine; 3-cyclopropyl-
[-Ala-OH.dicyclohexylammonium salt; {3-t-butyl-D-ala-
nine; [3-t-butyl-L-alanine; vy-aminobutyric acid; L-o,[3-
diaminopropionic acid; 2,4-dinitro-phenylglycine; 2,5-
dihydro-D-phenylglycine;  2-amino-4,4,4-trifluorobutyric
acid; 2-fluoro-phenylglycine; 3-amino-4.,4.,4-trifluoro-bu-
tyric acid; 3-fluoro-valine; 4.,4,4-trifluoro-valine; 4,5-de-
hydro-L-leu-OH-dicyclohexylammomum salt; 4-fluoro-D-
phenylglycine; 4-fluoro-L-phenylglycine; 4-hydroxy-D-
phenylglycine; 5,5,5-trifluoro-leucine; 6-aminohexanoic
acid; cyclopentyl-D-Gly-OH-dicyclohexylammonium salt;
cyclopentyl-Gly-OH-dicyclohexylammonium salt; D-a,[3-
diaminopropionic acid; D-c-aminobutyric acid; D-o-t-
butylglycine; D-(2-thienyl)glycine; D-(3-thienyl)glycine;
D-2-aminocaproic acid; D-2-indanylglycine; D-allylglycin-
¢.dicyclohexylammonium  salt;  D-cyclohexylglycine;
D-norvaline; D-phenylglycine; 3-aminobutyric acid; [3-ami-
noisobutyric acid; (2-bromophenyl)glycine; (2-methoxy-
phenyl)glycine; (2-methylphenyl)glycine; (2-thiazoyl)gly-
cine; (2-thienyl)glycine;  2-amino-f3-(dimethylamino)-
propionic acid; L-a,pB-diaminopropionic acid; L-a-
aminobutyric acid; L-o-t-butylglycine; L-[3-thienyl)glycine;
[-2-amino-O-(dimethylamino)-propionic acid; L-2-ami-
nocaproic acid dicyclohexyl-ammonium salt; L-2-inda-
nylglycine; L-allylglycine-dicyclohexyl ammonium salt;
L-cyclohexylglycine; L-phenylglycine; L-propargylglycine;
[.-norvaline; N-oa-aminomethyl-L-alanine; D-a.,y-d1-
aminobutyric acid; L-a,y-diaminobutyric acid; [3-cyclopro-
pyl-L-alanine;  (N-$3-(2,4-dinitrophenyl))-L-o.,[3-diamino-
propionic acid; (N-{3-1-(4,4-dimethyl-2,6-dioxocyclohex-1-
ylidene)ethyl)-D-o.,[3-diaminopropionic acid; (IN-[f3-1-(4.4-
dimethyl-2,6-dioxocyclohex-1-ylidene)ethyl)-L-o.,[3-
diaminopropionic acid; (N-p-4-methyltrityl)-L-a,[3-
diaminopropionic acid; (N-p-allyloxycarbonyl)-L-a.,[3-
diaminopropionic acid; (N-v-1-(4,4-dimethyl-2,6-
dioxocyclohex-1-ylidene)ethyl)-D-a.,y-diaminobutyric acid;
(N-v-1-(4,4-dimethyl-2,6-dioxocyclohex-1-ylidene)ethyl)-
L-o,y-diaminobutyric acid; (N-v-4-methyltrityl)-D-a,y-di-
aminobutyric acid; (N-y-4-methyltrityl)-L-o.,y-diaminobu-
tyric acid; (N-v-allyloxycarbonyl)-L-a,y-diaminobutyric
acid; D-a,y-diaminobutyric acid; 4,5-dehydro-L-leucine;
cyclopentyl-D-Gly-OH; cyclopentyl-Gly-OH; D-allylgly-
cine; D-homocyclohexylalanine; L-1-pyrenylalamine; L-2-
aminocaproic acid; L-allylglycine; L-homocyclohexylala-
nine; and N-(2-hydroxy-4-methoxy-Bzl)-Gly-OH.
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Amino acid analogs include analogs of arginine or lysine.
Examples of amino acid analogs of arginine and lysine
include, but are not limited to, the following: citrulline;
[.-2-amino-3-guanidinopropionic acid; L-2-amino-3-ureido-
propionic acid; L-citrulline; Lys(Me),-OH; Lys(N,)}—OH;
No-benzyloxycarbonyl-L-omithine; Nwm-nitro-D-arginine;
Nm-nitro-L-arginine; a-methyl-omithine; 2,6-diaminohep-
tanedioic acid; L-omithine; (No-1-(4,4-dimethyl-2,6-d1oxo-
cyclohex-1-ylidene)ethyl)-D-omithine; (No-1-(4,4-dim-
cthyl-2,6-dioxo-cyclohex-1-ylidene)ethyl)-L-omithine;
(N0o-4-methyltrityl)-D-omithine; (No-4-methyltrityl)-L-
omithine; D-omithine; L-omithine; Arg(Me)(Pb1)-OH; Arg
(Me),-OH (asymmetrical); Arg(Me)2-OH (symmetrical);
Lys(ivDde)-OH; Lys(Me)2-OH-HCI; Lys(Me3)-OH chlo-
ride; Nw-nitro-D-arginine; and Nw-nitro-L-arginine.

Amino acid analogs include analogs of aspartic or gluta-
mic acids. Examples of amino acid analogs of aspartic and
glutamic acids include, but are not limited to, the following:
a-methyl-D-aspartic  acid;  o-methyl-glutamic  acid;
a-methyl-L-aspartic acid; y-methylene-glutamic acid; (N-y-
cthyl)-L-glutamine;  [N-a-(4-aminobenzoyl)]-L-glutamic
acid; 2,6-diaminopimelic acid; L-o-aminosuberic acid; D-2-
aminoadipic acid; D-a-aminosuberic acid; o-aminopimelic
acid; 1minodiacetic acid; L-2-aminoadipic acid; threo-{3-
methyl-aspartic acid; y-carboxy-D-glutamic acid v,y-di-t-
butyl ester; v-carboxy-L-glutamic acid v,y-di-t-butyl ester;
Glu(OAID-OH; L-Asu(OtBu)-OH; and pyroglutamic acid.

Amino acid analogs include analogs of cystemne and
methionine. Examples of amino acid analogs of cysteine and
methionine include, but are not limited to, Cys(farnesyl)-
OH, Cys(famesyl)-OMe, a-methyl-methionine, Cys(2-hy-
droxyethyl)-OH, Cys(3-aminopropyl)-OH, 2-amino-4-(eth-
ylthio)butyric acid, buthionine, buthiomnesulioximine,
cthionine, methionine methylsulfonium chloride, selenom-
cthionine, cysteic acid, [2-(4-pynidyl)ethyl]-DL-penicil-
lamine, [2-(4-pyridyl)ethyl]-L-cysteine, 4-methoxybenzyl-
D-penicillamine, 4-methoxybenzyl-L-penicillamine,
4-methylbenzyl-D-penicillamine, 4-methylbenzyl-L-pen-
icillamine, benzyl-D-cysteine, benzyl-L-cysteine, benzyl-
DL-homocysteine, carbamoyl-L-cysteine, carboxyethyl-L-
cysteine, carboxymethyl-L-cysteine, diphenylmethyl-L-
cysteine, ethyl-L-cysteine, methyl-L-cysteine, t-butyl-D-
cysteine, trityl-L-homocysteine, trityl-D-penicillamine,
cystathionine, homocystine, L-homocystine, (2-amino-
cthyl)-L-cysteine, seleno-L-cystine, cystathionine, Cys
(StBu)-OH, and acetamidomethyl-D-penicillamine.

Amino acid analogs include analogs of phenylalanine and
tyrosine. Examples of amino acid analogs of phenylalanine
and tyrosine include 3-methyl-phenylalanine, 3-hydroxy-
phenylalanine, c.-methyl-3-methoxy-DL-phenylalanine,
a-methyl-D-phenylalanine, a.-methyl-L-phenylalanine, 1,2,
3.4-tetrahydroisoquinoline-3-carboxylic acid, 2.,4-dichloro-
phenylalanine, 2-(trifluoromethyl)-D-phenylalanine, 2-(trif-
luoromethyl)-L-phenylalanine, 2-bromo-D-phenylalanine,
2-bromo-L-phenylalanine, 2-chloro-D-phenylalanine,
2-chloro-L-phenylalanine, 2-cyano-D-phenylalanine,
2-cyano-L-phenylalanine, 2-fluoro-D-phenylalanine,
2-fluoro-L-phenylalanine, 2-methyl-D-phenylalanine,
2-methyl-L-phenylalanine, 2-nitro-D-phenylalanine, 2-ni-
tro-L-phenylalamine, 2;4;5-trihydroxy-phenylalanine, 3,4,5-
tritfluoro-D-phenylalanine, 3,4,5-trifluoro-L-phenylalanine,
3.,4-dichloro-D-phenylalanine,  3,4-dichloro-L-phenylala-
nine, 3,4-ditluoro-D-phenylalanine, 3,4-difluoro-L-phenyl-
alamine, 3,4-dihydroxy-L-phenylalanine, 3,4-dimethoxy-L-
phenylalanine, 3,5,3'-truiodo-L-thyronine, 3,5-diiodo-D-
tyrosine, 3,5-diiodo-L-tyrosine, 3,5-duodo-L-thyronine,
3-(trifluoromethyl)-D-phenylalanine, 3-(trifluoromethyl)-L-
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phenylalanine, 3-amino-L-tyrosine, 3-bromo-D-phenylala-
nine, 3-bromo-L-phenylalanine, 3-chloro-D-phenylalanine,
3-chloro-L-phenylalanine, 3-chloro-L-tyrosine, 3-cyano-D-
phenylalanine, 3-cyano-L-phenylalanine, 3-fluoro-D-phe-
nylalanine, 3-fluoro-L-phenylalanine, 3-fluoro-tyrosine,
3-10do-D-phenylalanine, 3-10do-L-phenylalanine, 3-10do-L-
tyrosine, 3-methoxy-L-tyrosine, 3-methyl-D-phenylalanine,
3-methyl-L-phenylalanine, 3-nitro-D-phenylalanine, 3-ni-
tro-L-phenylalanine,  3-nitro-L-tyrosine, 4-(trifluorom-
cthyl)-D-phenylalanine, 4-(trifluoromethyl)-L-phenylala-
nine, 4-amino-D-phenylalanine, 4-amino-L-phenylalanine,
4-benzoyl-D-phenylalanine,  4-benzoyl-L-phenylalanine,
4-bis(2-chloroethyl)amino-L-phenylalanine,  4-bromo-D-
phenylalanine, 4-bromo-L-phenylalanine, 4-chloro-D-phe-
nylalanine, 4-chloro-L-phenylalanine, 4-cyano-D-phenyl-

alanine, 4-cyano-L-phenylalanine, 4-fluoro-D-
phenylalanine, 4-fluoro-L-phenylalanine, 4-10do-D-
phenylalanine, 4-10do-L-phenylalanine,

homophenylalanine, thyroxine, 3,3-diphenylalanine, thyro-
nine, ethyl-tyrosine, and methyl-tyrosine.

Amino acid analogs include analogs of proline. Examples
of amino acid analogs of proline include, but are not limited
to, 3.,4-dehydro-proline, 4-fluoro-proline, cis-4-hydroxy-
proline, thiazolidine-2-carboxylic acid, and trans-4-fluoro-
proline.

Amino acid analogs include analogs of serine and threo-
nine. Examples of amino acid analogs of serine and threo-
nine include, but are not limited to, 3-amino-2-hydroxy-5-
methylhexanoic acid, 2-amino-3-hydroxy-4-
methylpentanoic  acid, 2-amino-3-ethoxybutanoic acid,
2-amino-3-methoxybutanoic acid, 4-amino-3-hydroxy-6-
methylheptanoic acid, 2-amino-3-benzyloxypropionic acid,
2-amino-3-benzyloxypropionic acid, 2-amino-3-ethoxypro-
pionic acid, 4-amino-3-hydroxybutanoic acid, and o-meth-
ylserine.

Amino acid analogs include analogs of tryptophan.
Examples of amino acid analogs of tryptophan include, but
are not limited to, the following: a-methyl-tryptophan;
3-(3-benzothienyl)-D-alanine;  p-(3-benzothienyl)-L-ala-
nine; l-methyl-tryptophan; 4-methyl-tryptophan; 5-benzy-
loxy-tryptophan; 5-bromo-tryptophan; 5-chloro-tryptophan;
S-fluoro-tryptophan; 5-hydroxy-tryptophan; 5-hydroxy-L-
tryptophan; 5-methoxy-tryptophan; 5-methoxy-L-trypto-
phan; S-methyl-tryptophan; 6-bromo-tryptophan; 6-chloro-
D-tryptophan; 6-chloro-tryptophan; 6-fluoro-tryptophan;
6-methyl-tryptophan; v-benzyloxy-tryptophan; v-bromo-
tryptophan; v-methyl-tryptophan; D-1,2,3,4-tetrahydro-
norharman-3-carboxylic acid; 6-methoxy-1,2,3,4-tetrahy-
dronorharman-1-carboxylic acid; y-azatryptophan; L.-1,2,3,
4-tetrahydro-norharman-3-carboxylic acid; 5-methoxy-2-
methyl-tryptophan; and 6-chloro-L-tryptophan.

In some embodiments, amino acid analogs are racemic. In
some embodiments, the D 1somer of the amino acid analog
1s used. In some embodiments, the L. isomer of the amino
acid analog 1s used. In other embodiments, the amino acid
analog comprises chiral centers that are in the R or S
configuration. In still other embodiments, the amino
group(s) of a PB-amino acid analog 1s substituted with a
protecting group, €.g., tert-butyloxycarbonyl (BOC group),
9-fluorenylmethyloxycarbonyl (FMOC), tosyl, and the like.
In yet other embodiments, the carboxylic acid functional
group of a 3-amino acid analog 1s protected, e.g., as its ester
derivative. In some embodiments the salt of the amino acid
analog 1s used.

A “non-essential” amino acid residue 1s a residue that can
be altered from the wild-type sequence of a polypeptide
without abolishing or substantially abolishing 1ts essential
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biological or biochemical activity (e.g., receptor binding or
activation). An “essential” amino acid residue 1s a residue
that, when altered from the wild-type sequence of the
polypeptide, results 1n abolishing or substantially abolishing
the polypeptide’s essential biological or biochemical activ-
ity.

A “conservative amino acid substitution™ 1s one in which
the amino acid residue 1s replaced with an amino acid
residue having a similar side chain. Families of amino acid
residues having similar side chains have been defined 1n the
art. These families include amino acids with basic side
chains (e.g., K, R, H), acidic side chains (e.g., D, E),
uncharged polar side chams (e.g., G, N, Q, S, T, Y, C),
nonpolar side chains (e.g., A, V, L, I, P, F, M, W), beta-
branched side chains (e.g., T, V, I) and aromatic side chains
(e.g., Y, F, W, H). Thus, a predicted nonessential amino acid
residue 1n a polypeptide, for example, 1s replaced with
another amino acid residue from the same side chain family.
Other examples of acceptable substitutions are substitutions
based on 1sosteric considerations (e.g. norleucine for
methionine) or other properties (e.g., 2-thienylalanine for
phenylalanine).

The term “polypeptide” refers to a linear organic polymer
consisting of a large number of amino-acid residues bonded
together 1n a chain, forming part of (or the whole of) a
protein molecule.

The term “a-polypeptide” refers to are polypeptides
derived from c-amino acids.

The term “P-polypeptide” refers to are polypeptides
derived from p-amino acids.

The term “‘aliphatic” or “‘aliphatic group” refers to a
hydrocarbon moiety that may be straight-chain (@.e.,
unbranched), branched, or cyclic (including tused, bridging,
and spiro-fused polycyclic) and may be completely saturated
or may contain one or more units of unsaturation. Suitable
aliphatic groups include, but are not limited to, linear or
branched, alkyl, alkenyl, and alkynyl groups, and hybrids
thereof. As used herein the terms “aliphatic” or “aliphatic
group’, also encompass partially substituted analogs of
these moieties where at least one of the hydrogen atoms of
the aliphatic group 1s replaced by an atom that 1s not carbon
or hydrogen.

The term “linker” refers to a chemical group that connects
one or more other chemical groups via at least one covalent
bond.

While the invention has been described with reference to
an exemplary embodiments, it will be understood by those
skilled 1n the art that various changes may be made and
equivalents may be substituted for elements thereof without
departing from the scope of the mnvention. In addition, many
modifications may be made to adapt a particular situation or
material to the teachings of the mvention without departing
from the essential scope thereof. Therefore, it 1s intended
that the invention 1s not limited to the particular embodi-
ments disclosed as the best mode contemplated for carrying
out this invention, but that the invention will include all
embodiments falling within the scope of the appended
claims. Any combination of the described elements in all
possible variations thereof 1s encompassed by the invention
unless otherwise indicated herein or otherwise clearly con-
tradicted by context.

Janus Base Nanotubes

A self-assembled nanomaterials of the present mnvention
comprise Janus base nanotubes.

In some embodiments, the Janus base nanotube comprises
a compound of Formula (I):
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(D

0O NIL
N ‘ XN
R’ )\ /J\
~y N N O
H |2
R
7
X

or a pharmaceutically acceptable salt thereof, wherein:
R' is H or CH,; R® is (CH, ), (CH,CH,O), or
(CH,CH,NH)_;

1, k, and m are each independently 0-200;

L. 1s absent or a linker group; and

X 1s a therapeutic agent.

In some embodiments, the Janus base nanotube comprises
a compound of Formula (II):

(1)

NI, O
NZ ‘ NH
R )\ /K
SN N N 0
B |2
R
o
X

or a pharmaceutically acceptable salt thereof, wherein:
R' is H or CH;; R* is (CH,), (CH,CH,O), or
(CH,CH,NH), ;

1, k, and m are each independently 0-200;

L 1s absent or a linker group; and

X 15 a therapeutic agent.

In some embodiments, the Janus base nanotube comprises
a compound of Formula (III):

(I11)

0 NH,
N ‘ Xy
R! )\ /K
\r& N N 0O

X~ ﬁ X NI,
HN)\N 0
| H
Rl

or a pharmaceutically acceptable salt thereof, wherein:
R' is H or CH;; R* is from (CH,), (CH,CH,O), or
(CH,CH,NH)_;
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1, kK, and m are each independently 0-200;

L. 1s absent or a linker group; and

X 1s a therapeutic agent.

In some embodiments, the Janus base nanotube comprises
a compound of Formula (IV):

(IV)
NH, O

N7 ‘ NH
R )\ /J\
\g N N 0

0
N )J\
IO N N NH

or a pharmaceutically acceptable salt thereof, wherein:

R"is H or CH,;

R” is (CH,),, (CH,CH,0),, or (CH,CH,NH),,;

1, k, and m are each independently 0-200;

L. 1s absent or a linker group; and

X 1s a therapeutic agent.

Exemplary linker groups include:

(1) acid cleavable linkages such as, for example, N-acyl
hydrazone, carbonate, and ester;

(2) reducible disulfide linkages such as, for example,
N-succinimidyl-4-(2-pyridyldithio)pentanocate  (SPP)
and N-succinimidyl-4-(2-pyridyldithio)butyrate
(SPDB), 4-(4'-acetylphenoxy)butanoic acid (AcBut)
linkers, dipeptide Val-Cit and Phe-Lys type linkers,
c-methyl substitution on disulfide linker, two-methyl
groups on disulfide linker, engineered cysteine residue,
and maytansinoid thiols; and

(3) stimul1 linkers such as, for example, trans-cyclooctene
linker, thioether-containing linker, enzyme cleavable
linkers (GPLGOAGQ (SEQ ID NO:1), GDE-
VEAPKGC (SEQ ID NO: 2), citrulline-valine, Gly-
cosidase-cleavable linker, {-glucoronidase-cleavable
linker, [3-Galactosidase-cleavable linker, phosphatase
cleavable linker, pyrophosphate-containing linker,
dipeptide-containing linkers, Gly-Phe-LeuGly (SEQ
ID NO:3), Ala-Leu-Ala-Leu, Phe-Lys-PABC (para-
aminobenzyl carbamate) (SEQ ID NO:4), Val-Cit-
PABC containing linker, Glu-Val-Cit-containing linker,
and Val-Ala containing linker.

Exemplary therapeutic agents include small molecules,
peptides, proteins, nucleic acids, gene editing reagents, and
targeting molecules.

Exemplary small molecules include folic acid, thiamine,
dimercaptosuccinic acid, and the like; proteins include BSA,
transierrin, antibodies, lectins, cytokines, fibrinogen, throm-
bin, and the like; polysaccharides include hyaluronic acid,
chitosan, dextran, oligosaccharides, heparin, and the like;
and polyunsaturated fatty acids include palmitic acid, phos-
pholipids, and the like, that can be conjugated to the NPs.

Exemplary surface targeting modifiers include those that
are specific for mfected cells/tissues such as, for example
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RGD, ¢(CMGRC), PHSRN (SEQ ID NO:5), LHRD, anti-

genic peptides, internalization peptides, cell penetrating
peptides, VP22, RPRAPARSASRPRRPVE (SEQ ID NO:6),
sC18, GLRKRLRKFRNKIKEK (SEQ ID NO:7), Peptl,
PLILLRLLRGQF (SEQ ID NO:8) and the like. BBB pen-
etration agents include transferrin, OX26, CAQK and lac-

toferrin. Tumor targeting gents include F3, KDEPQRR-

SARLSAKPAPPKPEPKPKKAPAKK (SEQ ID NO:9),
Lyp-1, CGNKRTRGC (SEQ ID NO:10), CREKA (SEQ ID
NO: 11), Bld-3, CSNRDARRC (SEQ ID NO:12), AHNP,
YCDGFYACYMDYV (SEQ ID NO:13), SP204, KQFS-
ALPFNFY'T peptide (SEQ ID NO:14). Tumour targeting,
EGEF, VEGF, LFA-1, Apolipo-
protein Al. Infarcted cardiac tissue targeting, SP204,
PLGLAGGWGERDGS (SEQ ID NO:15), GGGGY-
DRVTIHPF (SEQ ID NO:16). Atherosclerotic-related dis-
case targeting agents imnclude VCAM-1, VHSPNKK (SEQ
ID NO: 17), VHPKQHR (SEQ ID NO: 18), VLTTGLPAL-
ISWIKRKRQQ (SEQ ID NO: 19), NNSKSHT (SEQ ID
NO:20), VHPKQHRAEEFAK (SEQ ID NO:21),
C*NNSKSHTC*C  (SEQ ID NO:22), VHPK,
VHPKQHRGGSKGC (SEQ ID NO:23), VHSPNKK pep-
tide (SEQ ID NO:24), Ab(M/K2.7), Ab(429), antibodies,
nanobodies, PECAM-1, Ab, ICAM-1, LFA-1 Integrin,
Ab(R6.5). White fat targeting agents include SP204, CKG-
GRAKDC (SEQ ID NO:25). Alveoll targeting proteins
include WGA. Intestinal targeting proteins include UEA-1.

proteins include transferrin,

Other exemplary targeting molecules include membrane

[ 1

dipeptidase targeting molecules such as, for example, GFE
and CGFECVRQCPERC (SEQ ID NO:26); endoplasmic
reticulum (ER) targeting molecules such as, for example,
KDEL peptide, SEKDEL (SEQ ID NO: 27) Eriss, and
MRYMILGLLALAAVCSA peptide (SEQ ID NO:28); mito-
chondnial membrane targeting molecules such as, for
example, RGD-4C-GG-D (KLAKLAK)2,D-Arg-Dmt-Lys-
Phe-NH2 (SEQ 1D NO:29), Phe-D-Arg-Phe-Lys-NH2 (SEQ
ID NO:30), D-Arg-DmtOrn-Phe-NH2,D-Arg-(2'6'-dimeth-
yITyr)-Lys-Phe-NH2 (SEQ ID NO:31), (1,7-bis-4-hydroxy-
3-methoxyphenyl-1,6-heptadiene-3,5-dione)-triphenyl-

phospine, 1,5-dioctadecyl-Lglutamyl 2-histidly-
hexahydrobenzoic acid-SPC-L,
MSVLTPLLLRGLTGSARRLPVPRAKIHWLC (SEQ 1D
NO:32), GKRK, DIKLAKLAK]2 (SEQ ID NO:33); and
nucleus targeting molecules such as, for example,
KKKRKYV (SEQ ID NO:34), KRPAATKKAGQAKKKKIL
(SEQ ID NO:35), HIV1 TAT, GRKKRRQRRRPQ (SEQ ID
NO:36), R8, RRRRRRRR (SEQ ID NO:37), Penetratin,
RQIKIWFQNRRMKWKK (SEQ ID NO:38), HA2 peptide,
GDIMGEWGNEIFGAIAAGFLG (SEQ ID NO:39),
GALA, WEAALAEALAEALAEHLAEALAEALEALAA
(SEQ ID NO:40), Pas, FFLIPKG (SEQ ID NO:41),
THRPPMWSPWVWP (SEQ ID NO:42), angiopep-2,
TFFYGGSRGKRNNFKTEEY (SEQ ID NO:43), Gluta-
thione, (YE)CG, CDX, FKESWREARGTRIERG (SEQ ID
NO:44), Chlorotoxin, MCMPCFTTDHQ-
MARKCDDCCGGKGRGKCYGPQCLCR  (SEQ 1D
NO:45), MiniAP-4, c(DLATEPAL[Dap]) (SEQ ID NO:46),
o7, GFTGFLS(Glucose) (SEQ ID NO:47), RV29,
YTIWMPENPRPGTPCDIFTNSRGKRASNG (SEQ 1D
NO:48), 1RGD, CRGDKRGPDEC (SEQ ID NO:49),
IL-13p, TAMRAVDKLLLHLKKLFREGQFNRNFESIII-
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CRDRT (SEQ ID NO:50), CGEMGWVRC (SEQ ID
NO:51), Lyp-1, c(CGNKRTRGC) (SEQ ID NO:52),
DOPAC-MYIEALDKYAC-COOH (SEQ ID NO:33), Pro-
Lys-Lys-Lys-Arg-Lys-Val, Ala-Ala-Phe-Glu-Asp-Leu-Arg-
Val-Leu-Ser, Lys-Arg-Pro-Ala-Ala-Thr-LysLys-Arg-Gly-
Qln-Arg-Lys-Lys-Lys-Lys (SEQ 1D NO:34).

In some embodiments, the Janus base nanotube comprises
a compound of Formula (V):

(V)
O NI,

AN,

or a pharmaceutically acceptable salt thereof, wherein:
R"is H or CH,;

R” is (CH,),, (CH,CH,0),, or (CH,CH,NH),,;

1, k, and m are each independently 0-200;

R is absent or c.-amino acid, p-amino acid, c.-polypep-
tide, or -polypeptide; and

R* is absent or a coating material.

In some embodiments, the Janus base nanotube comprises
a compound of Formula (VI):

(VD)

NH, O
NZ ‘ NH
R )\ /K
\‘g N IiJ O
R2
. R3
R4

or a pharmaceutically acceptable salt thereof, wherein:
R" is H or CH,;

R” is (CH,),, (CH,CH,0),, or (CH,CH,NH),,;

1, k, and m are each independently 0-200;

R is absent or a-amino acid, $-amino acid, c.-polypep-
tide, or -polypeptide; and

R* is absent or a coating material.

In some embodiments, the Janus base nanotube comprises
a compound of Formula (VII):



US 12,214,043 B2

27
(VID)
0O NI,
HN)J\‘ Xy
R )\
. E N NG N 5
0O
N\/\
I‘@ N N
R’ ‘
R4 I\i X NIL:

HT )\ X o

Rl

or a pharmaceutically acceptable salt thereof, wherein:
R' is H or CHj;

R” is (CH,),, (CH,CH,0),, or (CH,CH,NH)
1, k, and m are each independently 0-200;

7112

R> is absent or a-amino acid, f-amino acid, o.-polypep-
tide, or p-polypeptide; and
R* is absent or a coating material.

In some embodiments, the Janus base nanotube comprises
a compound of Formula (VIII):

(VIIT)

NH, O
N7 ‘ NH
R/ )\ /K
\E N N O
O
,N\/\
]5‘{2 N NH
R3
R4f hT‘ \ O;
P
HIiJ N NH,
Rl

or a pharmaceutically acceptable salt thereof, wherein.
R' is H or CH;;

R is (CH, ), (CH,CH,0),, or (CH,CH,NH)
1, k, and m are each independently 0-200;

Fr7 2

R is absent or at-amino acid, B-amino acid, o.-polypep-
tide, or -polypeptide; and
R* is absent or a coating material.

Exemplary coating materials include chitosan, polyethyl-
ene glycol, hyaluronic acid, poloxamer, polyvinyl alcohol,
polysaccharides and neutral or negatively charged poly
(amino acids), CALNN (SEQ ID NO:53), CCVVT (SEQ ID
NO:56), CLPFFD (SEQ ID NO:37), phytochelatin, (YE)C
(VvE)C(vE)CG, GCK135, GCGGCGGKGGCGGCG (SEQ ID
NO:58), and hexahistidine (HHHHHH) (SEQ ID NO:39).
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Compositions Comprising Janus Base Nanotubes

In some embodiments, disclosed herein are compositions
comprising the JBNTs of the invention. In particular, such
compositions comprise a JBNT comprising one or more
compounds of any one of Formulas (I)-(VIII). In such
compositions, the compounds of any one of Formulas (I)-
(VIII) can be combined 1n any combination.

In some embodiments, the compositions of the invention
comprise 0.1% to 99.9% of one or more compounds of
Formulas (I)-(VIII). In some embodiments, the composi-
tions of the mvention comprise a concentration of 1 ug/mL
to 1 g/mL of one or more compounds of Formulas (I)-(VIII).

In some embodiments, the composition has a pH of about
1 to about 10.

The compositions disclosed herein offer several advan-
tages. Such advantages include, but are not limited to:

The materials have low cytotoxicity and low immunoge-
nicity, which can minimize the side effects caused by
the material itself when used for delivery of small
molecules/proteins/nucleic acids/gene editing tools.

The materials stand out by improved endosomal escape
leading to high eflicacy.

The matenials are conjugated with targeting moieties to
achieve active cell targeting to specific targeting cell/
tissues.

Co-assembly of different functional groups with different
ranges of ratio can be designed for designed properties
of the material.

The encapsulation of cargoes can be achieved either by
covalent bonds or noncovalent bonds.

The materials can be linked with various linkers to
achieve control release of the cargoes.

Advantageously, the compositions described herein com-
bine advantages from lipid nanoparticles and cationic poly-
mers for improved endosomal escape, high eflicacy and low
toxicity. The NPs can efliciently enter cells via macropino-
cytosis (the same mechanism as lipid nanoparticles), and can
cllectively escape from endosomes via the “proton sponge™
cllect (the same mechanism as cationic polymers). There-
fore, the JBNPs can achieve excellent delivery of cargoes
and have extremely low cytotoxicity for applications, such
as antiviral therapy.

The compositions described herein enable delivery into
different cell organelles with targeting molecules. To achieve
the active cell targeting, surface modification of the NPs
with various targeting moieties (small molecules, amphi-
philic polymers, aptamers, proteins, peptides, carbohy-
drates, antibodies or lectin) can facilitate specific and selec-
tive uptake pathways by targeting specific receptors on the
surface of various cells.

Co-assembly enables multiple functions with targeting
molecules. Co-assembly of the different units with targeting
moieties can be designed to have various properties such as
increasing hydrophobicity, stability, and self-assembly. This
1s linked to the cellular delivery, including proton sponge
ellect, circulation time 1n vivo, passive or active targeting,
subcellular targeting, 1mproved cellular uptake, and
enhanced endosomal escape.

The compositions also enable the possibility of covalent
conjugation with cargos. Covalent cargoes mvolve chemi-

cally bonded tethers to the material and cargoes.
Conditional cleavage of the linker 1s also provided. A

linkage molecule or linkage peptide can be conjugated to the

materials for controlled release of cargoes aifter cellular
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delivery. Chemically cleavable linkers including acid cleav-
able, reducible disulfides and stimuli linker can be conju-

gated.

Co-assembly of different formulas can also be achieved.

Conjugation of coating materials can protect the delivery
vehicle from specific/non-specific clearance of cells and
organs.

Antiviral Therapy

The JBNPs disclosed herein can actively target infected
cells or pre-deliver to cells to efliciently deliver siRNAs with
significantly lower cytotoxicity than commonly used vectors
such as lipid nanoparticles or cationic polymers. As a
proof-of-concept, the IBNPs disclosed herein were demon-
strated to eflectively mhibit the viral gene better than lipo-
fectamine with high blocompatlblhty The JBNP platform
may have benefits for eflective anti-viral treatment and
reducing the side-eflects on patients.

For successtul antiviral therapy, 1t 1s important to deliver
therapeutics (such as siRNA) into the target cells (infected
or pre-delivered) 1n a specific, eflective, and sale manner.

Conventional delivery vectors such as lipid nanoparticles
can deliver siRNAs, but are reported to have a low endo-
somal escape, which reduces antiviral eflicacy. Moreover,
the cationic lipid content tends to drive a pro-inflammatory
phenotype. For instance, the Arbutus Biopharma Company’s
LNP shows an adverse toll-like receptor-mediated immune
response 1n the later climical trials. Cationic polymers can
escape the endosome to efhiciently deliver siRNAs, but show
high cytotoxicity to the cells.

These limitations make it challenging to have a high
ellicacy of anti-viral therapy and have impeded translation
of siRNA into clinics. Thus, siRNA carriers should be
carefully tuned to allow binding, cell entry and endosome
escape whilst minimizing toxicity. Moreover, immune
stimulation of the carrier must be considered.

The JBNP platform stands out by combining advantages
from lipid nanoparticles and cationic polymers for improved
endosomal escape, high eflicacy and low toxicity. This
platform may serve as a highly commercially attractive for
the antiviral applications in response to the COVID-19
pandemic.

The JBNTs disclosed herein can be used for RNA1 therapy
or anti-viral therapy. Further, the NP platform can be used

for delivering anti-viral drugs or RNAs for management of

patients with a viral disease such as, for example, COVID-
19.

EXEMPLIFICATION

Example 1: Characterization of Compositions

Transmission Electron Microscope (TEM, FIG. 2a) was
used to characterize the morphology of the JBNPs. Gel
retardation assay (FI1G. 2b) demonstrated the drug (siRNA)
loading. Zeta potential (FIG. 2¢) indicated the surface
charge of the JBNPs. Ultraviolet-visible (UV-VIS) experi-
ments (FI1G. 2d) identified the incorporation between siRNA
and JBNTs. Dynamic Light Scattering (DLS, FIG. 2e)
showed the hydrodynamic sizes of the JBNPs in water.
Acid-base titrations (FIG. 2f) determined the ability of the
JBNPs to absorb protons, which is critical for endosomal
escape.

FIG. 3a reveals the location of the green fluorescence
labeled siRNA into cells. After 48 h, most of the observed
siIRNAs were found inside the cytosol. FIG. 3b shows the
confocal microscopy Z-stacking image, which further sup-
ports the cytoplasmic localization of delivered payload.
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Overall, the NPs have successiully delivered siRNAs intra-
cellularly. (3a) Confocal Laser Scanning Microscope
(CLSM) images of siRNA-Alexa Fluor® 488 delivered to
the 128/C2 cells via NP; stained with nucle1 (blue) by DAPI,
actin(red) by rhodamine phalloidin, and siRNA-Alexa
Fluor® 488 (green) (3b) Z-stacks of the CLSM show the 3D

view of NP delivery.

To correlate the bullering capacity of NPs and endosomal
escape, bafilomycin Al or chloroquine was treated to C28/12
cells during transtection. FIG. 4s suggested that NPs can
successiully escape the endosomal entrapment. FIG. 4b
shows Colocalization analysis Pearson’s R-value analysis of
pre-treatment of bafilomycin Al or chloroquine.

To test the efliciency of the approach described herein, the
disclosed JBNPs were compared to a conventional method
of gene delivery, Lipofectamine™ 2000 (Lipo). The cells
were transiected with NP or Lipo using the same amount of
Alexa Fluor®-siRNAs. FIG. 5a shows NPs were better at
endosomal escape than Lipo. CLSM 1mages of the delivery
of siIRNA-Alexa Fluor® 488 by the NP or Lipo; (red, actin),
(blue, nucle1), (green, Alexa Fluor®-siRNA) (FIG. 3b),
Endosomal escape of the NP and Lipo (FIG. 5¢). Colocal-
1zation analysis of late endosomes and Alexa Fluor®-siRINA
delivered by NP or Lipo following the yellow arrow line.
FIG. 5d shows quantification of colocalization by Pearson’s
R-value.

To examine the anti-virus ability of NPs, NP were trans-
fected to demonstrate the antiviral effect by delivering
s1IRNAs. FIG. 6a shows that NPs can eflectively inhibit viral
gene expression (green fluorescence) and they outperformed
Lipo. FIG. 65 shows that the disclosed NP can eflectively
downregulate the gene expression more than Lipo.

FIG. 7 shows NP-protein delivered ito SKOV-3 cells.
CLSM 1mages of bovine serum albumin (BSA)-Alexa
Fluor® 488 delivered to the SKOV-3 cells via NP; stained
with nucleir (blue) by DAPI, actin (red) by rhodamine
phalloidin, and BSA-Alexa Fluor®-488 (green).

FIGS. 8-10 show JBNTs successiully delivered small
molecule (doxorubicin) into cells. FIG. 8 shows '"H NMR
spectra of (8a) control (DOX) and DOX-IBNT mixtures at
different pHs; (80) pH 6.8; (8¢) pH 7.7; (8d) pH 8.6. (arrow
points out the Ha peak of DOX demonstrating the loading
and unloading of DOX molecules in JBNTs. FIG. 9 shows
UV-Vis spectra of (9¢) DOX, IBNT and DOX-IBNT mix-
ture at pH 8.3; (956) DOX-JBNT mixture at different pHs and
sum of DOX and JBNT (recorded in water, concentration:
DOX 0.1 mg/mL, IJIBNTs 0.7 mg/mL). FIG. 10 shows the
hydrophobic drug delivered eftect. Confocal images of MCF

7 cells after incubation with different groups of maternals for
24 h. Scale Bar: 50 umv.

The cytotoxicity of biomaterials 1s a crucial factor in gene
delivery vehicles. As exemplified in FIGS. 11q and b, NP
demonstrated the best cell viability compared with other
delivery matenials: Lipo, polymers (PLL and PEI), and
carbon nanotubes (SWNT).

Example 2: Synthesis of INBTs

All reagents and solvents were obtained from commercial
suppliers and used without further purification. Commercial
suppliers include Sigma-Aldrich, Alfa Aesar, Fisher Scien-
tific and Thermo Fisher.
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Al
NaBH(OAc)s,
o NH,+TFA DIPEA,
CbzHN. N : 0O DCE
NCbz O
A2
OBn NBoc»
N /J\

EDC N N O TFA/

thioanisole
 _a
NH
CbzHN % : O
Z.
\[r \/\/\[( \/\TMS
NCbz O
A3
O NH,
/l\ /K
Sy N NN 0O
H
NH
H H
HQNTN\/\/-\H/OH
NH O
ArgIBNT

Synthesis of Compound A3

Previously synthesized compounds Al (96 mg) and A2
(154 mg) were dissolved i1n 1,2-dichloroethane (DCE, 4
mlL). N,N-diisopropylethylamine (DIPEA, 78 ul) was
added to the reaction mixture and after stirring at room
temperature for 15 min, solid NaBH(OAc), (49 mg) was
added to the solution. The resulting slurry was then stirred
at room temperature for 24 hours. After completion, the
reaction mixture was quenched with water, and extracted
with dichloromethane. The organic layers were combined
and washed with brine. After drying over MgSQO,, filtration
and evaporation of solvent under reduced pressure, the crude

product A3 (156 mg) was used in the next step without
turther punification.

Synthesis of Compound ArgIBNT

Compound A3 (156 mg) was added into 94% TFA/
thiocanisole (2.8 mL) solution. After stirring at room tem-
perature for 72 hours, diethyl ether (Et,O) was added. A
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white precipitate formed and was then centrifuged down.
After pouring supernatant out, the white precipitate was then
washed with Et,O to yield crude product. The crude product
was purified using HPLC to produce compound ArgIBNT
(37 mg, 70%). 'H NMR (500 MHz, DCI/D,O) 8 4.62-4.43
(m, 2H), 4.11 (dd, J=7.4, 4.8 Hz, 1H), 3.58-3.45 (m, 2H),
3.26-3.19 (m, 2H), 3.03 (s, 3H), 2.07-1.94 (m, 2H), 1.80-
1.60 (m, 2H). HRMS (ESI) [M+H]™ calculated for 409.2035,
tound 409.2078.

Scheme 2

NaBH(OAc);,
DIPEA, DCE
-

Al
O
)’I\/ NHz‘HCI
O
A4

OBn NBoc,

N/J\‘ Ny
)\ /K
™~ N/\N 5

N
Boc

TFA/thioanisole

k -
YA

AS

GlyJBNT

Synthesis of Compound A5

Previously synthesized compound Al (96 mg) and com-
mercially available A4 (40 mg) were dissolved i 1,2-
dichloroethane (DCE, 4 mL). N,N-diisopropylethylamine
(DIPEA, 78 ul.) was added to the reaction mixture and after
stirring at room temperature for 15 min, solid NaBH(OAc),
(49 mg) was added to the solution. The resulting slurry was

then stirred at room temperature for 24 hours. After comple-
tion, the reaction mixture was quenched with water, and
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extracted with dichloromethane. The organic layers were
combined and washed with brine. After drying over MgSQO,,
filtration and evaporation of solvent under reduced pressure,
the crude product AS (102 mg) was used 1n the next step
without further purification.

Synthesis of Compound GlyJBNT

Compound A5 (102 mg) was added into 94% TFA/
thioanisole (2.8 mL) solution. After stirring at room tem-
perature for 72 hours, diethyl ether (Et,O) was added. A
white prec1p1tate formed and was then centrifuged down.
After pouring supernatant out, the white precipitate was then
washed with Et,O to yield crude product. The crude product

was purified using HPLC to produce compound GlyIBNT
(34 mg, 85%). '"H NMR (500 MHz, DMSO-d6) 8 11.83 (br,

m, 1H), 8.88 (br, m, 2H), 8.54 (br, m, 1H), 8.13 (br, m, 1H),
7.70 (br, m, 1H), 4.34 (br, m, 2H), 3.88 (br, m, 2H), 3.26 (br,
m, 2H), 2.93 (br, m, 3H). HRMS (ESI) [M+H]™ calculated
for 310.2138, found 310.1208.

Scheme 3

Al

NaBH(OAc);.

DIPEA, DCE
O7< -

OBn

NBoc,

TEFA/thioanisole

Boc -
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-continued

AspIBNT

Synthesis of Compound A7

Previously synthesized compound Al (96 mg) and com-
mercially available A6 (68 mg) were dissolved m 1,2-
dichloroethane (DCE, 4 mL). N,N-diisopropylethylamine
(DIPEA, 78 ul.) was added to the reaction mixture and after
stirring at room temperature for 15 min, solid NaBH(OAc),
(49 mg) was added to the solution. The resulting slurry was
then stirred at room temperature for 24 hours. After comple-
tion, the reaction mixture was quenched with water, and
extracted with dichloromethane. The organic layers were
combined and washed with brine. After drying over MgSQO,,,
filtration and evaporation of solvent under reduced pressure,
the crude product A7 (110 mg) was used in the next step
without further purification.

Synthesis of Compound AspJBNT

Compound A7 (110 mg) was added mnto 94% TFA/
thioanisole (2.8 mL) solution. After stirring at room tem-
perature for 72 hours, diethyl ether (Et,O) was added. A
white precipitate formed and was then centrifuged down.
After pouring supernatant out, the white precipitate was then
washed with Et,O to yield crude product. The crude product
was purilied using HPLC to produce compound AspJBNT
(47 mg, 98%). 'H NMR (500 MHz, DMSO-d6) 8 11.77 (br,
m, 1H), 8.51 (br, m, 1H), 8.06 (br, m, 1H), 7.55 (br, m, 1H),
4.34 (br, m, 2H), 4.16 (br, m, 1H), 2.92 (br, m, 3H), 2.85 (br,
m, 2H). HRMS (ESI) [M+H]" calculated for 368.1313,
found 368.1278.

Scheme 4

LysIBNT
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Synthesis of Compound PEGLysIBNT

A solution of previous synthesized LysJBNT (1 mg) 1n aq.
NaHCO, (0.8 mL, 0.01 M) was added to a solution of

MS(PEG)24 Methyl-PEG-NHS-Ester (5 mg) in DMF (0.2
mlL). After 24 hours, the reaction mixture was purified using,
HPLC to produce compound PEGLysIBNT (1 mg, 33%).
HRMS (ESI) [M+H]" calculated for 1479.8390, found
1479.8654.

Scheme 5
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Synthesis of Compound PepLysIBNT
A solution of previous synthesized LysIBNT (1 mg) 1in aq.

NaHCO; (0.8 mL, 0.01 M) was added to a solution of

N-a-maleimidomethyl succinimide ester (AMAS, 1 mg) in

DMF (0.2 mL). After 24 hours, peptide (RLDPT-
SYLRTFWC, 7 mg) was added to the reaction mixture and
waited for another 24 hours. The reaction mixture was

purified using HPLC to produce compound PepLysJBNT (5
mg, 100%). HRMS (ESI) [M+2H]** calculated for

1095.5226, tound 1095.5038.

Example 3: Co-Assembled JBNTs

Co-assembled IBNTs were prepared by mixing with
appropriate molar ratio at room temperature for 24 h seli-
assembly. For the PEGLys/Arg JBN'T, molar ratio of 5%
PEGLysIBNTs were mixed with Arg JBNT and self-as-
sembled for 24 h at room temperature. For the PepLys/
PEGLys/ArgIBNT, molar ratio of 5% PEGLysIBNT, molar
ratio of 5% PepLysIBNT were mixed with Arg JBNT and

self-assembled for 24 h at room temperature.

Example 4: Co-Assembled JBNPs

Co-assembled JBNPs were prepared by mixing the car-
goes including RNAs, small molecules and proteins with the
appropriate molar ratio 1n nuclease-free water, followed by
sonicated with Sonicator (QQ Sonica; Sonicators) at the 100%
amplitude for 2 min and 30 s.

Example 5: JBNP Characterization

The particles and C potential of the JBNPs were measured
by dynamic light scattering (Zetasizer) and the morphology
was observed by transmission electron microscope (TEM).
The gel retardation assay was conducted at 0.8% low-
melting agarose gel followed by electrophoresis. The UV-
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Vis absorption spectra were recorded with a NanoDrop™
One. The buflering capacity of NPs and polymers, NP and

cationic polymers at the same 0.08 umol were titrated by
either adding the 2 ulL of 10 mM HCI or 10 mM NaOH.

Example 6: IBNP Delivery

Assembled JBNPs were immediately transferred to cells
and then 1ncubated at 37° C. and 5% CO,. Then, cells were
fixed with 4% formaldehyde, treated with Triton™ X, and

stained with rhodamine phalloidin (30 min) and DAPI (10

min). A Nikon Al confocal laser scanning microscope was
used for fluorescence imaging. Uptake of the siRNA-Alexa
Fluor®488 was quantified by the flow cytometry after the 24
h or 48 h transfection to the cells. For the siRNA knockdown
study, JBNPs was used to deliver GAPDH s1iRNA for 24 h.
Lipofectamine™ 2000 was used as a control according to
the manufacturer’s protocol. The gene expression was ana-

lyzed by RT-PCR.

Example 7: Endosomal Escape Study

For endosomal escape studies, LysoTracker™ Red was
used belfore fixing. The degree of colocalization was quan-

SEQUENCE LISTING

<160> NUMBER OF SEQ ID NOS: 59
<210>
<211>
«212>
<213>
<220>
<223>
<220>
221>
<222>

223>

SEQ ID NO 1

LENGTH: 8

TYPE: PRT

ORGANISM: Artificial Sequence
FEATURE :

OTHER INFORMATION:
FEATURE :

NAME/KEY: X
LOCATION: (5)..(6)
OTHER INFORMATION: pyrrolysine

gtimuli linkers

<400> SEQUENCE: 1
Gly Pro Leu Gly Xaa Ala Gly Gln
1 5

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

SEQ ID NO 2

LENGTH: 10

TYPE: PRT

ORGANISM: Artificial Sequence
FEATURE :

OTHER INFORMATION: gstimuli linker

<400> SEQUENCE: 2

Gly Asp Glu Val Glu Ala Pro Lys Gly Cys
1 5 10

<210>
<211>
«212>
<213>
220>
<223>

SEQ ID NO 3

LENGTH: 4

TYPE: PRT

ORGANISM: Artificial Sequence
FEATURE :

OTHER INFORMATION: stimuli linkers
<400> SEQUENCE: 3

Gly Phe Leu Gly
1

<210> SEQ ID NO 4

<211> LENGTH: 6

«212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

10

15

20

38

tified based upon Pearson’s correlation coeflicient (R) using
Image J software following the colocalization threshold and

coloc2 plugin.

"y

Example 8: Cell Uptake Mechamisms Study

Cells were exposed to several different concentrations of
the inhibitors for 1 h, pretreated with Cpz hydrochloride
(100 uM for 30 min), Mfcd (1 mM for 30 min), CytD (4 uM
for 1 h), Lat (2 uM for 30 min), bafilomycin Al (200 nM for
30 min), and chloroquine (10 uM for 30 min).

Example 9: Antiviral Study

GFP expressing RGD fiber modified adenovirus was
pretreated to the human lung fibroblast cells. JBNPs or LNP
containing the eGFP siRNA were transfected for 24 h. A

fluorescence microscope was used to take the cell images.
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-continued

<«220> FEATURE:
<223> OTHER INFORMATION: stimuli linkers

<400> SEQUENCE: 4

Ala Leu Ala Leu Phe Lys
1 5

<210> SEQ ID NO b5

<211> LENGTH: 5

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: surface targeting modifiers

<400> SEQUENCE: b5

Pro His Ser Arg Asn
1 5

<210> SEQ ID NO 6

<211l> LENGTH: 17

<212> TYPRE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

223> OTHER INFORMATION: surface targeting modifiers

<400> SEQUENCE: o

Arg Pro Arg Ala Pro Ala Arg Ser Ala Ser Arg Pro Arg Arg Pro Val
1 5 10 15

Glu

<210> SEQ ID NO 7

<211> LENGTH: 16

<212> TYPRE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: surface targeting modifiers

<400> SEQUENCE: 7

Gly Leu Arg Lys Arg Leu Arg Lys Phe Arg Asn Lys Ile Lys Glu Lys
1 5 10 15

<210> SEQ ID NO 8

<211> LENGTH: 12

<212> TYPRE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: surface targeting modifiers

<400> SEQUENCE: 8

Pro Leu Ile Leu Leu Arg Leu Leu Arg Gly Gln Phe
1 5 10

<210> SEQ ID NO 9
<211> LENGTH: 31

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: tumor targeting agents

<400> SEQUENCE: 9

Lys Asp Glu Pro Gln Arg Arg Ser Ala Arg Leu Ser Ala Lys Pro Ala
1 5 10 15

Pro Pro Lys Pro Glu Pro Lys Pro Lys Lys Ala Pro Ala Lys Lys
20 25 30

40
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-continued

«210> SEQ ID NO 10

<211> LENGTH: 9

«212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

«220> FEATURE:

<223> OTHER INFORMATION: tumor targeting agents

<400> SEQUENCE: 10

Cys Gly Asn Lys Arg Thr Arg Gly Cys
1 5

«210> SEQ ID NO 11

<211> LENGTH: 5

«212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

«220> FEATURE:

<223> OTHER INFORMATION: tumor targeting agents

<400> SEQUENCE: 11

Cys Arg Glu Lys Ala
1 5

«210> SEQ ID NO 12

«211> LENGTH: 9

«212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

«220> FEATURE:

<223> OTHER INFORMATION: tumor targeting agents

<400> SEQUENCE: 12

Cys Ser Asn Arg Asp Ala Arg Arg Cys
1 5

«210> SEQ ID NO 13

<211> LENGTH: 12

«212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

«220> FEATURE:

<223> OTHER INFORMATION: tumor targeting agents

<400> SEQUENCE: 13

Tyr Cys Asp Gly Phe Tyr Ala Cys Tyr Met Asp Val
1 5 10

«210> SEQ ID NO 14

«211> LENGTH: 12

«212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

«220> FEATURE:

223> OTHER INFORMATION: tumor targeting agents

<400> SEQUENCE: 14

Lys Gln Phe Ser Ala Leu Pro Phe Asn Phe Tyr Thr
1 5 10

<210> SEQ ID NO 15

<211> LENGTH: 14

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

223> OTHER INFORMATION: tumor targeting agents

<400> SEQUENCE: 15

Pro Leu Gly Leu Ala Gly Gly Trp Gly Glu Arg Asp Gly Ser
1 5 10

<210> SEQ ID NO 16

42
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-continued

«211> LENGTH: 13

«<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

«220> FEATURE:

<223> OTHER INFORMATION: tumor targeting agents

<400> SEQUENCE: 16

Gly Gly Gly Gly Tyr Asp Arg Val Thr Ile His Pro Phe
1 5 10

<210> SEQ ID NO 17

<211l> LENGTH: 7

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> QOTHER INFORMATION: Atherosclerotic-related disease targeting
agents

<400> SEQUENCE: 17

Val His Ser Pro Asn Lys Lys
1 5

<210> SEQ ID NO 18

<211> LENGTH: 7

<212> TYPRE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Atherosclerotic-related disease targeting
agents

<400> SEQUENCE: 18

Val His Pro Lys Gln His Arg
1 5

<210> SEQ ID NO 19

<211> LENGTH: 19

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Atherosclerotic-related disease targeting

agents
<400> SEQUENCE: 19

Val Leu Thr Thr Gly Leu Pro Ala Leu Ile Ser Trp Ile Lys Arg Lys
1 5 10 15

Arg Gln Gln

<210> SEQ ID NO 20

<211l> LENGTH: 7

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> QOTHER INFORMATION: Atherosclerotic-related disease targeting
agents

<400> SEQUENCE: 20

Asn Asn Ser Lys Ser His Thr
1 5

<210> SEQ ID NO 21

<211l> LENGTH: 12

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:
<223> OTHER INFORMATION: Atherosclerotic-related disease targeting
agents

<400> SEQUENCE: 21
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-continued

Val His Pro Lys Gln His Arg Ala Glu Glu Ala Lys
1 5 10

<210> SEQ ID NO 22

<211l> LENGTH: 10

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Atherosclerotic-related disease targeting

agents
<400> SEQUENCE: 22

Cys Asn Asn Ser Lys Ser His Thr Cys Cys
1 5 10

<210> SEQ ID NO 23

<211> LENGTH: 13

<212> TYPRE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

223> OTHER INFORMATION: Atherosclerotic-related disease targeting
agents

<400> SEQUENCE: 23

Val His Pro Lys Gln His Arg Gly Gly Ser Lys Gly Cys
1 5 10

<210> SEQ ID NO 24

<211> LENGTH: 7

<212> TYPRE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Atherosclerotic-related disease targeting
agents

<400> SEQUENCE: 24

Val His Ser Pro Asn Lys Lys
1 5

<210> SEQ ID NO 25

<211> LENGTH: 9

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> QOTHER INFORMATION: Atherosclerotic-related disease targeting

agents
<400> SEQUENCE: 25

Cys Lys Gly Gly Arg Ala Lys Asp Cys
1 5

<210> SEQ ID NO 26

<211> LENGTH: 13

<212> TYPRE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:
<223> OTHER INFORMATION: targeting molecule

<400> SEQUENCE: 26

Cys Gly Phe Glu Cys Val Arg Gln Cys Pro Glu Arg Cys
1 5 10

<210> SEQ ID NO 27

<211> LENGTH: 6

<212> TYPRE: PRT

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

46
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-continued

OTHER INFORMATION: targeting molecule

SEQUENCE: 27

Ser Glu Lys Asp Glu Leu

1

<210>
<211>
<«212>
<213>
<220>
<223 >

<400>

5

SEQ ID NO 28

LENGTH: 17

TYPE: PRT

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: targeting molecule

SEQUENCE: 28

Met Arg Tyr Met Ile Leu Gly Leu Leu Ala Leu Ala Ala Val Cys Ser

1

Ala

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

<400>

5 10 15

SEQ ID NO 29

LENGTH: 24

TYPE: PRT

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: targeting molecule

SEQUENCE: 29

Arg Gly Asp Cys Cys Cys Cys Gly Gly Asp Lys Leu Ala Lys Leu Ala

1

5 10 15

Lys Lys Leu Ala Lys Leu Ala Lys

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

<400>

20

SEQ ID NO 30

LENGTH: 4

TYPE: PRT

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: targeting molecule

SEQUENCE: 30

Phe Arg Phe Lys

1

<210>
<211>
<212 >
<213>
<220>
<223 >
<220>
«221>
<222 >
<223 >
<220>
<221>
<222 >

<223 >

<400>

SEQ ID NO 31

LENGTH: 7

TYPE: PRT

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: targeting molecule
FEATURE:

NAME/KEY: X

LOCATION: (2)..(23)
OTHER INFORMATION: dimethyl ornithine
FEATURE:

NAME/KEY: X

LOCATION: (5) .. (6)
OTHER INFORMATION: 2'6'-dimethylTyr

SEQUENCE: 31

Arg Xaa Phe Arg Xaa Lys Phe

1

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

5

SEQ ID NO 32

LENGTH: 30

TYPE: PRT

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: targeting molecule

48
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-continued

<400> SEQUENCE: 32

Met Ser Val Leu Thr Pro Leu Leu Leu Arg Gly Leu Thr Gly Ser Ala
1 5 10 15

Arg Arg Leu Pro Val Pro Arg Ala Lysgs Ile His Trp Leu Cys
20 25 30

<210> SEQ ID NO 33

<211> LENGTH: 15

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: targeting molecule

<400> SEQUENCE: 33

Asp Lys Leu Ala Lys Leu Ala Lys Lys Leu Ala Lys Leu Ala Lys
1 5 10 15

<210> SEQ ID NO 34

<211> LENGTH: 6

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: targeting molecule

<400> SEQUENCE: 34

Lys Lys Lys Arg Lys Val
1 5

<210> SEQ ID NO 35

<211> LENGTH: 17

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: targeting molecule

<400> SEQUENCE: 35

Lys Arg Pro Ala Ala Thr Lys Lys Ala Gly Gln Ala Lys Lys Lys Lys
1 5 10 15

Leu

<210> SEQ ID NO 356

<211> LENGTH: 12

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: targeting molecule

<400> SEQUENCE: 36

Gly Arg Lys Lys Arg Arg Gln Arg Arg Arg Pro Gln
1 5 10

<210> SEQ ID NO 37

<211> LENGTH: 8

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: targeting molecule

<400> SEQUENCE: 37
Arg Arg Arg Arg Arg Arg Arg AYXg

1 5

<210> SEQ ID NO 38
<«211> LENGTH: 16

50
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-continued

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: targeting molecule

<400> SEQUENCE: 38

Arg Gln Ile Lys Ile Trp Phe Gln Asn Arg Arg Met Lys Trp Lys Lys
1 5 10 15

<210> SEQ ID NO 39

<211> LENGTH: 21

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: targeting molecule

<400> SEQUENCE: 39

Gly Asp Ile Met Gly Glu Trp Gly Asn Glu Ile Phe Gly Ala Ile Ala
1 5 10 15

Ala Gly Phe Leu Gly
20

<210> SEQ ID NO 40

<211> LENGTH: 30

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: targeting molecule

<400> SEQUENCE: 40

Trp Glu Ala Ala Leu Ala Glu Ala Leu Ala Glu Ala Leu Ala Glu His
1 5 10 15

Leu &Ala Glu Ala Leu 2Ala Glu Ala Leu Glu 2&Ala Leu 2&Ala Ala
20 25 320

<210> SEQ ID NO 41

<211> LENGTH: 7

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

223> OTHER INFORMATION: targeting molecule

<400> SEQUENCE: 41

Phe Phe Leu Ile Pro Lys Gly
1 5

<210> SEQ ID NO 42

<211> LENGTH: 13

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: targeting molecule

<400> SEQUENCE: 42

Thr His Arg Pro Pro Met Trp Ser Pro Trp Val Trp Pro
1 5 10

<210> SEQ ID NO 43

<211> LENGTH: 19

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: targeting molecule

<400> SEQUENCE: 43

Thr Phe Phe Tyr Gly Gly Ser Arg Gly Lys Arg Asn Asn Phe Lys Thr

52
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-continued

5 10 15

Glu Glu Tvyr

<210>
<«211>
«212>
<213>
«220>
<223 >

<400>

SEQ ID NO 44

LENGTH: 16

TYPE: PRT

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: targeting molecule

SEQUENCE: 44

Phe Lys Glu Ser Trp Arg Glu Ala Arg Gly Thr Arg Ile Glu Arg Gly

1

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

<400>

5 10 15

SEQ ID NO 45

LENGTH: 36

TYPE: PRT

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: targeting molecule

SEQUENCE: 45

Met Cys Met Pro Cysgs Phe Thr Thr Asp His Gln Met Ala Arg Lys Cys

1

5 10 15

Asp Asp Cys Cys Gly Gly Lys Gly Arg Gly Lys Cys Tyr Gly Pro Gln

20 25 30

Cys Leu Cys Arg

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

<400>

35

SEQ ID NO 46

LENGTH: 8

TYPE: PRT

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: targeting molecule

SEQUENCE: 46

Asp Leu Ala Thr Glu Pro Ala Leu

1

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

<400>

5

SEQ ID NO 47

LENGTH: 7

TYPE: PRT

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: targeting molecule

SEQUENCE: 47

Gly Phe Thr Gly Phe Leu Ser

1

<210>
<211>

<212>
<213>
<«220>
<223 >

<400>

5

SEQ ID NO 48
LENGTH: 29

TYPE: PRT

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: targeting molecule

SEQUENCE: 48

Tyr Thr Ile Trp Met Pro Glu Asn Pro Arg Pro Gly Thr Pro Cys Asp

1

5 10 15

ITle Phe Thr Asn Ser Arg Gly Lys Arg Ala Ser Asn Gly

20 25

54
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<210> SEQ ID NO 49

<211> LENGTH: 11

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: targeting molecule

<400> SEQUENCE: 49

Cys Arg Gly Asp Lys Arg Gly Pro Asp Glu Cys
1 5 10

<210> SEQ ID NO 50

<211> LENGTH: 36

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: targeting molecule

<400> SEQUENCE: 50

-continued

Thr Ala Met Arg Ala Val Asp Lys Leu Leu Leu His Leu Lys Lys Leu

1 5 10

15

Phe Arg Glu Gly Gln Phe Asn Arg Asn Phe Glu Ser Ile Ile Ile Cys

20 25

Arg Asp Arg Thr
35

<210> SEQ ID NO 51

<211> LENGTH: ¢S

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

223> OTHER INFORMATION: targeting molecule

<400> SEQUENCE: 51

Cys Gly Glu Met Gly Trp Val Arg Cys
1 5

<210> SEQ ID NO 52

<211> LENGTH: 9

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: targeting molecule

<400> SEQUENCE: 52

Cys Gly Asn Lys Arg Thr Arg Gly Cys
1 5

<210> SEQ ID NO 53

<211> LENGTH: 11

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: targeting molecule

<400> SEQUENCE: 53

Met Tyr Ile Glu Ala Leu Asp Lys Tyr Ala Cys
1 5 10

<210> SEQ ID NO 54

<211> LENGTH: 33

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: targeting molecule

<400> SEQUENCE: 54

30

56
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-continued

Pro Lys Lys Lys Arg Lys Val Ala Ala Phe Glu Asp Leu Arg Val Leu
1 5 10 15

Ser Lys Arg Pro Ala Ala Thr Lys Lys Arg Gly Gln Arg Lys Lys Lys
20 25 30

Lys

<210> SEQ ID NO 55

<211l> LENGTH: 5

<212> TYPRE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: coating materials

<400> SEQUENCE: 55

Cys Ala Leu Asn Asn
1 5

<210> SEQ ID NO 56

<211> LENGTH: 5

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

223> OTHER INFORMATION: coating materials

<400> SEQUENCE: 56

Cys Cys Val Val Thr
1 5

<210> SEQ ID NO 57

<211> LENGTH: ©

<212> TYPRE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: coating materials

<400> SEQUENCE: 57

Cys Leu Pro Phe Phe Asp
1 5

<210> SEQ ID NO 58

<211> LENGTH: 15

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: coating materials

<400> SEQUENCE: 58

Gly Cys Gly Gly Cys Gly Gly Lys Gly Gly Cys Gly Gly Cys Gly
1 5 10 15

<210> SEQ ID NO 59

<211l> LENGTH: o

<212> TYPRE: PRT

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

«223> OTHER INFORMATION: coating materials
<400> SEQUENCE: 59

Hig His Hig Hig Hisg His
1 5
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59 60
We claim:
1. A composition comprising a compound of Formula (I): O NH, ()
5 HN)J\ Xy
i T ) )\ ‘ )\
2 Rl \
\.E N/ \N 5
N ‘ Xy
O
RI\ )\ /J\ 10
N N N 0: N
H | R2'f \/\N N
R{\ ‘ ‘
L L
P
}'LZ 15 X )N‘\ N NHp;
HN N O
‘ H
R]
20
or a pharmaceutically acceptable salt thereof, wherein: T . (1V)
2
Rl 1s H or CH3: 75 /l\
R is (CHz)j,, (CH,CH,O), or (CH,CH,NH)_; NZ NI

1, k, and m are the chemical subscripts for the moieties
listed 1n R2 and each 1t independently represents 0-200 N N
of the repeating moieties; H
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R\.L wherein the composition has a pH of about 1 to about 10.
| 2. The composition of claim 1, wherein the therapeutic
X agent 1s targeting molecule that 1s a surface targeting modi-

45 fier, a membrane dipeptidase targeting molecule, an endo-
plasmic reticulum (ER) targeting molecule, a mitochondrial
membrane targeting molecule, a nucleus targeting molecule.
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