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(57) ABSTRACT 

Methods and compositions for transporting drugs and mac 
romolecules across biological membranes are disclosed. In 
one embodiment, the invention includes a method for 
enhancing transport of a selected compound across a bio 
logical membrane, Wherein a biological membrane is con 
tacted With a conjugate containing a biologically active 
agent that is covalently attached to a transport polymer. In 
one embodiment, the polymer consists of from 6 to 25 
subunits, at least 50% of Which contain a guanidino or 
amidino sidechain moiety. The polymer is effective to impart 
to the attached agent a rate of trans-membrane transport 
across a biological membrane that is greater than the rate of 
trans-membrane transport of the agent in non-conjugated 
form. 
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METHOD FOR ENHANCING TRANSPORT 
ACROSS BIOLOGICAL MEMBRANES 

[0001] This application claims priority under 35 U.S.C. 
§120 to US. provisional application Ser. No. 60/047,345 
?led on May 21, 1997, Which is incorporated herein by 
reference. 

GOVERNMENT INTEREST 

[0002] This invention Was made With the support of NIH 
grant number CA 65237. Accordingly, the US. Government 
has certain rights in this invention. 

FIELD OF THE INVENTION 

[0003] The present invention is directed to methods and 
compositions that are effective to enhance transport of 
biologically active agents, such as organic compounds, 
polypeptides, oligosaccharides, nucleic acids, and metal 
ions, across biological membranes. 
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BACKGROUND OF THE INVENTION 

[0029] The plasma membranes of cells present a barrier to 
passage of many useful therapeutic agents. In general, a drug 
must be freely soluble in both the aqueous compartments of 
the body and the lipid layers through Which it must pass, in 
order to enter cells. Highly charged molecules in particular 
experience difficulty in passing across membranes. Many 
therapeutic macromolecules such as peptides and oligo 
nucleotides are also particularly intractable to transmem 
brane transport. Thus, While biotechnology has made avail 
able a greater number of potentially valuable therapeutics, 
bioavailability considerations often hinder their medicinal 
utility. There is therefore a need for reliable means of 
transporting drugs, and particularly macromolecules, into 
cells. 

[0030] Heretofore, a number of transporter molecules 
have been proposed to escort molecules across biological 
membranes. Ryser et al. (1979) teaches the use of high 
molecular Weight polymers of lysine for increasing transport 
of various molecules across cellular membranes, With very 
high molecular Weights being preferred. Although the 
authors contemplated polymers of other positively charged 
residues such as ornithine and arginine, operativity of such 
polymers Was not shoWn. 

[0031] Frankel et al. (1991) reported that conjugating 
selected molecules to the tat protein of HIV can increase 
cellular uptake of those molecules. HoWever, use of the tat 
protein has certain disadvantages, including unfavorable 
aggregation and insolubility properties. 

[0032] Barsoum et al. (1994) and FaWell et al. (1994) 
proposed using shorter fragments of the tat protein contain 
ing the tat basic region (residues 49-57 having the sequence 
RKKRRQRRR. Barsoum et al. noted that moderately long 
polyarginine polymers (MW 5000-15000 daltons) failed to 
enable transport of [3-galactosidase across cell membranes 
(e.g., Barsoum on page 3), contrary to the suggestion of 
Ryser et al. (supra). 

[0033] Other studies have shoWn that a 16 amino acid 
peptide-cholesterol conjugate derived from the Antennape 
dia homeodomain is rapidly internaliZed by cultured neurons 
(Brugidou et al., 1995). HoWever, slightly shorter versions 
of this peptide (15 residues) are not effectively taken up by 
cells (Derossi et al., 1996). 

[0034] The present invention is based in part on the 
applicants’ discovery that conjugation of certain polymers 
composed of contiguous, highly basic subunits, particularly 
subunits containing guanidyl or amidinyl moieties, to small 
molecules or macromolecules is effective to signi?cantly 
enhance transport of the attached molecule across biological 
membranes. Moreover, transport occurs at a rate signi? 
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cantly greater than the transport rate provided by a basic 
HIV tat peptide consisting of residues 49-57. 

SUMMARY OF THE INVENTION 

[0035] The present invention includes, in one aspect, a 
method for enhancing transport of a selected compound 
across a biological membrane. In the method, a biological 
membrane is contacted With a conjugate containing a bio 
logically active agent that is covalently attached to at least 
one transport polymer. The conjugate is effective to promote 
transport of the agent across the biological membrane at a 
rate that is greater than the trans-membrane transport rate of 
the biological agent in non-conjugated form. 

[0036] In one embodiment, the polymer consists of from 
6 to 25 subunits, at least 50% of Which contain a guanidino 
or amidino sidechain moiety, Wherein the polymer contains 
at least 6, and more preferably, at least 7 guanidino or 
amidino sidechain moieties. In another embodiment, the 
polymer consists of from 6 to 20, 7 to 20, or 7 to 15 subunits. 
More preferably, at least 70% of the subunits in the polymer 
contain guanidino or amidino sidechain moiety, and more 
preferably still, 90%. Preferably, no guanidino or amidino 
sidechain moiety is separated from another such moiety by 
more than one non-guanidino or non-amidino subunit. In a 

more speci?c embodiment, the polymer contains at least 6 
contiguous subunits each containing either a guanidino or 
amidino group, and preferably at least 6 or 7 contiguous 
guanidino sidechain moieties. 

[0037] In another embodiment, the transport polymer con 
tains from 6 to 25 contiguous subunits, from 7 to 25, from 
6 to 20, or preferably from 7 to 20 contiguous subunits, each 
of Which contains a guanidino or amidino sidechain moiety, 
and With the optional proviso that one of the contiguous 
subunits can contain a non-arginine residue to Which the 
agent is attached. 

[0038] In one embodiment, each contiguous subunit con 
tains a guanidino moiety, as exempli?ed by a polymer 
containing at least six contiguous arginine residues. 

[0039] Preferably, each transport polymer is linear. In a 
preferred embodiment, the agent is attached to a terminal 
end of the transport polymer. 

[0040] In another speci?c embodiment, the conjugate con 
tains a single transport polymer. 

[0041] The transport-enhancing polymers are exempli?ed, 
in a preferred embodiment, by peptides in Which arginine 
residues constitute the subunits. Such a polyarginine peptide 
may be composed of either all D-, all L- or mixed D- and 
L-arginines, and may include additional amino acids. More 
preferably, at least one, and preferably all of the subunits are 
D-arginine residues, to enhance biological stability of the 
polymer during transit of the conjugate to its biological 
target. 

[0042] The method may be used to enhance transport of 
selected therapeutic agents across any of a number of 
biological membranes including, but not limited to, eukary 
otic cell membranes, prokaryotic cell membranes, and cell 
Walls. Exemplary prokaryotic cell membranes include bac 
terial membranes. Exemplary eukaryotic cell membranes of 
interest include, but are not limited to membranes of den 
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dritic cells, epithelial cells, endothelial cells, keratinocytes, 
muscle cells, fungal cells, bacterial cells, plant cells, and the 
like. 

[0043] According to a preferred embodiment of the inven 
tion, the transport polymer of the invention has an apparent 
af?nity that is at least 10-fold greater, and preferably 
at least 100-fold greater, than the affinity measured for tat 
(49-75) peptide by the procedure of Example 6 When 
measured at room temperature (23° C.) or 37° C. 

[0044] Biologically active agents (Which encompass 
therapeutic agents) include, but are not limited to metal ions, 
Which are typically delivered as metal chelates; small 
organic molecules, such anticancer (e.g., taxane) and anti 
microbial molecules (e.g., against bacteria or fungi such as 
yeast); and macromolecules such as nucleic acids, peptides, 
proteins, and analogs thereof. In one preferred embodiment, 
the agent is a nucleic acid or nucleic acid analog, such as a 
riboZyme Which optionally contains one or more 2‘-deoxy 
nucleotide subunits for enhanced stability. Alternatively, the 
agent is a peptide nucleic acid (PNA). In another preferred 
embodiment, the agent is a polypeptide, such as a protein 
antigen, and the biological membrane is a cell membrane of 
an antigen-presenting cell In another embodiment, 
the agent is selected to promote or elicit an immune response 
against a selected tumor antigen. In another preferred 
embodiment, the agent is a taxane or taxoid anticancer 
compound. In another embodiment, the agent is a non 
polypeptide agent, preferably a non-polypeptide therapeutic 
agent. In a more general embodiment, the agent preferably 
has a molecular Weight less than 10 kDa. 

[0045] The agent may be linked to the polymer by a 
linking moiety, Which may impart conformational ?exibility 
Within the conjugate and facilitate interactions betWeen the 
agent and its biological target. In one embodiment, the 
linking moiety is a cleavable linker, e.g., containing a linker 
group that is cleavable by an enZyme or by solvent-mediated 
cleavage, such as an ester, amide, or disul?de group. In 
another embodiment, the cleavable linker contains a photo 
cleavable group. 

[0046] In a more speci?c embodiment, the cleavable 
linker contains a ?rst cleavable group that is distal to the 
biologically active agent, and a second cleavable group that 
is proximal to the agent, such that cleavage of the ?rst 
cleavable group yields a linker-agent conjugate containing a 
nucleophilic moiety capable of reacting intramolecularly to 
cleave the second cleavable group, thereby releasing the 
agent from the linker and polymer. 

[0047] In another embodiment, the invention can be used 
to screen a plurality of conjugates for a selected biological 
activity, Wherein the conjugates are formed from a plurality 
of candidate agents. The conjugates are contacted With a cell 
that exhibits a detectable signal upon uptake of the conjugate 
into the cell, such that the magnitude of the signal is 
indicative of the ef?cacy of the conjugate With respect to the 
selected biological activity. This method is particularly 
useful for testing the activities of agents that by themselves 
are unable, or poorly able, to enter cells to manifest bio 
logical activity. In one embodiment, the candidate agents are 
selected from a combinatorial library. 

[0048] The invention also includes a conjugate library 
Which is useful for screening in the above method. 
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[0049] In another aspect, the invention includes a phar 
maceutical composition for delivering a biologically active 
agent across a biological membrane. The composition com 
prises a conjugate containing a biologically active agent 
covalently attached to at least one transport polymer as 
described above, and a pharmaceutically acceptable excipi 
ent. The polymer is effective to impart to the agent a rate of 
trans-membrane transport that is greater than the trans 
membrane transport rate of the agent in non-conjugated 
form. The composition may additionally be packaged With 
instructions for using it. 

[0050] In another aspect, the invention includes a thera 
peutic method for treating a mammalian subject, particularly 
a human subject, With a pharmaceutical composition as 
above. 

[0051] These and other objects and features of the inven 
tion Will become more fully apparent When the folloWing 
detailed description of the invention is read in conjunction 
With the accompanying draWings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0052] FIGS. 1A and 1B are plots of cellular uptake of 
certain polypeptide-?uorescein conjugates containing tat 
basic peptide (49-57, SEQ ID NO:1), poly-Lys (K9, SEQ ID 
N012), and poly-Arg (R4-R9 and r4-r9, SEQ ID NO:3-8 and 
12-17, respectively), as a function of peptide concentration; 
FIG. 1C is a histogram of uptake levels of the conjugates 
measured for conjugates at a concentration of 12.5 pM 
(Examples 2-3); 
[0053] FIGS. 2A-2F shoW computer-generated images of 
confocal micrographs (Example 4) shoWing emitted ?uo 
rescence (2A-2C) and transmitted light (2D-2F) from Jurkat 
cells after incubation at 37° C. for 10 minutes With 6.25 pM 
of tat (49-57) conjugated to ?uorescein (panels A and D), a 
7-mer of poly-L-arginine (R7) labeled With ?uorescein 
(panels B and E), or a 7-mer of poly-D-arginine (r7) labeled 
With ?uorescein (panels C and F); 

[0054] FIG. 3 shoWs cellular uptake of certain poly-Arg 
?uorescein conjugates (r9, R9, R15, R20, and R25, SEQ ID 
NO:17 and 8-11, respectively) as a function of conjugate 
concentration (Example 5); 

[0055] FIG. 4 shoWs a histogram of cellular uptake of 
?uorescein-conjugated tat (49-57), and poly-Arg-?uorescein 
conjugates (R9, R8, and R7, respectively) in the absence 
(four bars on left) and presence (four bars on right) of 0.5% 
sodium aZide (Example 7); 

[0056] FIGS. 5A-5C shoW plots of uptake levels of 
selected polymer conjugates (K9, R9, r4, r5, r6, r7, r8 and 
r9) by bacterial cells as a function of conjugate concentra 
tion; FIG. 5A compares uptake levels observed for R9 and 
r9 conjugates as a function of conjugate concentration, When 
incubated With E. coli HB 101 cells; FIG. 5B shoWs uptake 
levels observed for K9 and r4 to r9 conjugates When 
incubated With E. coli HB 101 cells; FIG. 5C compares 
uptake levels of conjugates of r9 and K9 When incubated 
With Strep. Bovis cells; 

[0057] FIGS. 6A-6E shoW exemplary conjugates of the 
invention Which contain cleavable linker moieties; FIGS. 6F 
and 6G shoW chemical structures and conventional num 
bering of constituent backbone atoms for paclitaxel and 
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“TAXOTERE”; FIG. 6H shoWs a general chemical struc 
ture and ring atom numbering for taxoid compounds; and 

[0058] FIG. 7 shoWs inhibition of secretion of gamma 
interferon (y-IFN) by murine T cells as a function of 
concentration of a sense-PNA-r7 conjugate (SEQ ID 
NO:18), antisense PNA-r7 conjugate (SEQ ID NO:19), and 
non-conjugated antisense PNA (SEQ ID NO:20), Where the 
PNA sequences are based on a sequence from the gene for 
gamma-interferon. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0059] I. De?nitions 

[0060] The term “biological membrane” as used herein 
refers to a lipid-containing barrier Which separates cells or 
groups of cells from the extracellular space. Biological 
membranes include, but are not limited to, plasma mem 
branes, cell Walls, intracellular organelle membranes, such 
as the mitochondrial membrane, nuclear membranes, and the 
like. 

[0061] The term “transmembrane concentration” refers to 
the concentration of a compound present on the side of a 
membrane that is opposite or “trans” to the side of the 
membrane to Which a particular composition has been 
added. For example, When a compound is added to the 
extracellular ?uid of a cell, the amount of the compound 
measured subsequently inside the cell is the transmembrane 
concentration of the compound. 

[0062] “Biologically active agent” or “biologically active 
substance” refers to a chemical substance, such as a small 

molecule, macromolecule, or metal ion, that causes an 
observable change in the structure, function, or composition 
of a cell upon uptake by the cell. Observable changes 
include increased or decreased expression of one or more 
mRNAs, increased or decreased expression of one or more 
proteins, phosphorylation of a protein or other cell compo 
nent, inhibition or activation of an enZyme, inhibition or 
activation of binding betWeen members of a binding pair, an 
increased or decreased rate of synthesis of a metabolite, 
increased or decreased cell proliferation, and the like. 

[0063] The term “macromolecule” as used herein refers to 
large molecules (MW greater than 1000 daltons) exempli 
?ed by, but not limited to, peptides, proteins, oligonucle 
otides and polynucleotides of biological or synthetic origin. 

[0064] “Small organic molecule” refers to a carbon-con 
taining agent having a molecular Weight (MW) of less than 
or equal to 1000 daltons. 

[0065] The terms “therapeutic agent”, “therapeutic com 
position”, and “therapeutic substance” refer, Without limi 
tation, to any composition that can be used to the bene?t of 
a mammalian species. Such agents may take the form of 
ions, small organic molecules, peptides, proteins or polypep 
tides, oligonucleotides, and oligosaccarides, for example. 

[0066] The terms “non-polypeptide agent” and “non 
polypeptide therapeutic agent” refer to the portion of a 
transport polymer conjugate that does not include the trans 
port-enhancing polymer, and that is a biologically active 
agent other than a polypeptide. An example of a non 
polypeptide agent is an anti-sense oligonucleotide, Which 
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can be conjugated to a poly-arginine peptide to form a 
conjugate for enhanced delivery across biological mem 
branes. 

[0067] The term “polymer” refers to a linear chain of tWo 
or more identical or non-identical subunits joined by cova 
lent bonds. Apeptide is an example of a polymer that can be 
composed of identical or non-identical amino acid subunits 
that are joined by peptide linkages. 

[0068] The term “peptide” as used herein refers to a 
compound made up of a single chain of D- or L- amino acids 
or a mixture of D- and L-amino acids joined by peptide 
bonds. Generally, peptides contain at least tWo amino acid 
residues and are less than about 50 amino acids in length. 

[0069] The term “protein” as used herein refers to a 
compound that is composed of linearly arranged amino acids 
linked by peptide bonds, but in contrast to peptides, has a 
Well-de?ned conformation. Proteins, as opposed to peptides, 
generally consist of chains of 50 or more amino acids. 

[0070] “Polypeptide” as used herein refers to a polymer of 
at least tWo amino acid residues and Which contains one or 
more peptide bonds. “Polypeptide” encompasses peptides 
and proteins, regardless of Whether the polypeptide has a 
Well-de?ned conformation. 

[0071] The terms “guanidyl”, “guanidinyl”, and “guani 
dino” are used interchangeably to refer to a moiety having 
the formula —HN=C(NH2)NH (unprotonated form) .As an 
example, arginine contains a guanidyl (guanidino) moiety, 
and is also referred to as 2-amino—5-guanidinovaleric acid or 
ot-amino-o-guanidinovaleric acid. “Guanidinium” refers to 
the positively charged conjugate acid form. 

[0072] “Amidinyl” and “amidino” refer to a moiety having 
the formula —C(=NH) (NHZ). “Amidinium” refers to the 
positively charged conjugate acid form. 

[0073] The term “poly-arginine” or “poly-Arg” refers to a 
polymeric sequence composed of contiguous arginine resi 
dues; poly-L-arginine refers to all L-arginines; poly-D 
arginine refers to all D-arginines. Poly-L-arginine is also 
abbreviated by an upper case “R” folloWed by the number of 
L-arginines in the peptide (e.g., R8 represents an 8-mer of 
contiguous L-arginine residues); poly-D-arginine is abbre 
viated by a loWer case “r” folloWed by the number of 
D-arginines in the peptide (r8 represents an 8-mer of con 
tiguous D-arginine residues). 
[0074] Amino acid residues are referred to herein by their 
full names or by standard single-letter or three-letter nota 
tions: A, Ala, alanine; C, Cys, cysteine; D, Asp, aspartic 
acid; E, Glu, glutamic acid; F, Phe, phenylalanine; G, Gly, 
glycine; H, His, histidine; I, Ile, isoleucine; K, Lys, lysine; 
L, Leu, leucine; M, Met, methionine; N, Asn, asparagine; P, 
Pro, proline; Q, Gln, glutamine; R, Arg, arginine; S, Ser, 
serine; T, Thr, threonine; V, Val, valine; W, Trp, tryptophan; 
X, Hyp, hydroxyproline; Y, Tyr, tyrosine. 

[0075] 
[0076] In one embodiment, transport polymers in accor 
dance With the present invention contain short-length poly 
mers of from 6 to up to 25 subunits, as described above. The 
conjugate is effective to enhance the transport rate of the 
conjugate across the biological membrane relative to the 
transport rate of the non-conjugated biological agent alone. 

II. Structure of Polymer Moiety 
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Although exempli?ed polymer compositions are peptides, 
the polymers may contain non-peptide backbones and/or 
subunits as discussed further beloW. 

[0077] In an important aspect of the invention, the conju 
gates of the invention are particularly useful for transporting 
biologically active agents across cell or organelle mem 
branes, When the agents are of the type that require trans 
membrane transport to exhibit their biological effects; and 
that do not exhibit their biological effects primarily by 
binding to a surface receptor, i.e., such that entry of the agent 
does not occur. Further, the conjugates are particularly 
useful for transporting biologically active agents of the type 
that require trans-membrane transport to exhibit their bio 
logical effects, and that by themselves (Without conjugation 
to a transport polymer or some other modi?cation), are 
unable, or only poorly able, to enter cells to manifest 
biological activity. 

[0078] As a general matter, the transport polymer used in 
the conjugate preferably includes a linear backbone of 
subunits. The backbone Will usually comprise heteroatoms 
selected from carbon, nitrogen, oxygen, sulfur, and phos 
phorus, With the majority of backbone chain atoms usually 
consisting of carbon. Each subunit contains a sidechain 
moiety that includes a terminal guanidino or amidino group. 

[0079] Although the spacing betWeen adjacent sidechain 
moieties Will usually be consistent from subunit to subunit, 
the polymers used in the invention can also include variable 
spacing betWeen sidechain moieties along the backbone. 

[0080] The sidechain moieties extend aWay from the back 
bone such that the central guanidino or amidino carbon atom 
(to Which the NH2 groups are attached) is linked to the 
backbone by a sidechain linker that preferably contains at 
least 2 linker chain atoms, more preferably from 2 to 5 chain 
atoms, such that the central carbon atom is the third to sixth 
chain atom aWay from the backbone. The chain atoms are 
preferably provided as methylene carbon atoms, although 
one or more other atoms such as oxygen, sulfur, or nitrogen 
can also be present. Preferably, the sidechain linker betWeen 
the backbone and the central carbon atom of the guanidino 
or amidino group is 4 chain atoms long, as exempli?ed by 
an arginine side chain. 

[0081] The transport polymer sequence of the invention 
can be ?anked by one or more non-guanidino/non-amidino 
subunits, or a linker such as an aminocaproic acid group, 
Which do not signi?cantly affect the rate of membrane 
transport of the corresponding polymer-containing conju 
gate, such as glycine, alanine, and cysteine, for example. 
Also, any free amino terminal group can be capped With a 
blocking group, such as an acetyl or benZyl group, to prevent 
ubiquitination in vivo. 

[0082] The agent to be transported can be linked to the 
transport polymer according to a number of embodiments. 
In one preferred embodiment, the agent is linked to a single 
transport polymer, either via linkage to a terminal end of the 
transport polymer or to an internal subunit Within the 
polymer via a suitable linking group. 

[0083] In a second embodiment, the agent is attached to 
more than one polymer, in the same manner as above. This 
embodiment is someWhat less preferred, since it can lead to 
crosslinking of adjacent cells. 
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[0084] In a third embodiment, the conjugate contains tWo 
agent moieties attached to each terminal end of the polymer. 
For this embodiment, it is preferred that the agent has a 
molecular Weight of less than 10 kDa. 

[0085] With regard to the ?rst and third embodiments just 
mentioned, the agent is generally not attached to one any of 
the guanidino or amidino sidechains so that they are free to 
interact With the target membrane. 

[0086] The conjugates of the invention can be prepared by 
straightforward synthetic schemes. Furthermore, the conju 
gate products are usually substantially homogeneous in 
length and composition, so that they provide greater con 
sistency and reproducibility in their effects than heterog 
enous mixtures. 

[0087] According to an important aspect of the present 
invention, it has been found by the applicants that attach 
ment of a single transport polymer to any of a variety of 
types of biologically active agents is sufficient to substan 
tially enhance the rate of uptake of an agent across biological 
membranes, even Without requiring the presence of a large 
hydrophobic moiety in the conjugate. In fact, attaching a 
large hydrophobic moiety may signi?cantly impede or pre 
vent cross-membrane transport due to adhesion of the hydro 
phobic moiety to the lipid bilayer. Accordingly, the present 
invention includes conjugates that do not contain large 
hydrophobic moieties, such as lipid and fatty acid mol 
ecules. In another embodiment, the method is used to treat 
a non-central nervous system (non-CNS) condition in a 
subject that does not require delivery through the blood 
brain barrier. 

[0088] A. Polymer Components 

[0089] Amino acids. In one embodiment, the transport 
polymer is composed of D or L amino acid residues. Use of 
naturally occurring L-amino acid residues in the transport 
polymers has the advantage that break-doWn products 
should be relatively non-toxic to the cell or organism. 
Preferred amino acid subunits are arginine (ot-amino-o 
guanidinovaleric acid) and ot-amino-e-amidinohexanoic 
acid (isosteric amidino analog). The guanidinium group in 
arginine has a pKa of about 12.5. 

[0090] More generally, it is preferred that each polymer 

subunit contains a highly basic sidechain moiety Which has a pKa of greater than 11, more preferably 12.5 or greater, 

and (ii) contains, in its protonated state, at least tWo geminal 
amino groups (NH2) Which share a resonance-stabiliZed 
positive charge, Which gives the moiety a bidentate charac 
ter. 

[0091] Other amino acids, such as ot-amino-[3-guanidino 
propionic acid, ot-amino-y-guanidinobutyric acid, or 
ot-amino-e-guanidinocaproic acid can also be used (contain 
ing 2, 3 or 5 linker atoms, respectively, betWeen the back 
bone chain and the central guanidinium carbon). 

[0092] D-amino acids may also be used in the transport 
polymers. Compositions containing exclusively D-amino 
acids have the advantage of decreased enZymatic degrada 
tion. HoWever, they may also remain largely intact Within 
the target cell. Such stability is generally not problematic if 
the agent is biologically active When the polymer is still 
attached. For agents that are inactive in conjugate form, a 
linker that is cleavable at the site of action (e.g., by enZyme 
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or solvent-mediated cleavage Within a cell) should be 
included Within the conjugate to promote release of the 
agent in cells or organelles. 

[0093] Other Subunits. Subunits other than amino acids 
may also be selected for use in forming transport polymers. 
Such subunits may include, but are not limited to hydroxy 
amino acids, N-methyl-amino acids amino aldehydes, and 
the like, Which result in polymers With reduced peptide 
bonds. Other subunit types can be used, depending on the 
nature of the selected backbone, as discussed in the next 
section. 

[0094] B. Backbone Type 

[0095] A variety of backbone types can be used to order 
and position the sidechain guanidino and/or amidino moi 
eties, such as alkyl backbone moieties joined by thioethers 
or sulfonyl groups, hydroxy acid esters (equivalent to 
replacing amide linkages With ester linkages), replacing the 
alpha carbon With nitrogen to form an aZa analog, alkyl 
backbone moieties joined by carbamate groups, polyethyl 
eneimines (PEIs), and amino aldehydes, Which result in 
polymers composed of secondary amines. 

[0096] A more detailed backbone list includes N-substi 
tuted amide (CONR replaces CONH linkages), esters (CO2), 
ketomethylene (COCH2) reduced or methyleneamino 
(CHZNH), thioamide (CSNH), phosphinate (POZRCHZ), 
phosphonamidate and phosphonamidate ester (POZRNH), 
retropeptide (NHCO), transalkene (CR=CH), ?uoroalkene 
(CF=CH), dimethylene (CHZCHZ), thioether (CHZS), 
hydroxyethylene (CH(OH)CH2), methyleneoxy (CHZO), 
tetraZole (CN4), retrothioamide (NHCS), retroreduced 
(NHCHZ), sulfonamido (SOZNH), methylenesulfonamido 
(CHRSOZNH), retrosulfonamide (NHSOZ), and peptoids 
(N-substituted glycines), and backbones With malonate and/ 
or gem-diaminoalkyl subunits, for example, as revieWed by 
Fletcher et al. (1998) and detailed by references cited 
therein. Peptoid backbones (N-substituted glycines) can also 
be used (e.g., Kessler, 1993; Zuckermann et al., 1992; and 
Simon et al., 1992). Many of the foregoing substitutions 
result in approximately isosteric polymer backbones relative 
to backbones formed from ot-amino acids. 

[0097] Studies carried out in support of the present inven 
tion have utiliZed polypeptides (e.g., peptide backbones). 
HoWever, other backbones, such as those described above, 
may provide enhanced biological stability (for example, 
resistance to enZymatic degradation in vivo) 

[0098] C. Synthesis of Polymeric Transport Molecules 

[0099] Polymers are constructed by any method knoWn in 
the art. Exemplary peptide polymers can be produced syn 
thetically, preferably using a peptide synthesiZer (Applied 
Biosystems Model 433) or can be synthesiZed recombi 
nantly by methods Well knoWn in the art. Recombinant 
synthesis is generally used When the transport polymer is a 
peptide Which is fused to a polypeptide or protein of interest. 

[0100] N-methyl and hydroxy-amino acids can be substi 
tuted for conventional amino acids in solid phase peptide 
synthesis. HoWever, production of polymers With reduced 
peptide bonds requires synthesis of the dimer of amino acids 
containing the reduced peptide bond. Such dimers are incor 
porated into polymers using standard solid phase synthesis 
procedures. Other synthesis procedures are Well knoWn and 
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can be found, for example, in Fletcher et al. (1998), Simon 
et al. (1992), and references cited therein. 

[0101] III. Attachment of Transport Polymers To Biologi 
cally Active Agents 

[0102] Transport polymers of the invention can be 
attached covalently to biologically active agents by chemical 
or recombinant methods. 

[0103] A. Chemical Linkages 

[0104] Biologically active agents such as small organic 
molecules and macromoles can be linked to transport poly 
mers of the invention via a number of methods knoWn in the 
art (see, for example, Wong, 1991), either directly (e.g., With 
a carbodiimide) or via a linking moiety. In particular, 
carbamate, ester, thioether, disul?de, and hydraZone link 
ages are generally easy to form and suitable for most 
applications. Ester and disul?de linkages are preferred if the 
linkage is to be readily degraded in the cytosol, after 
transport of the substance across the cell membrane. 

[0105] Various functional groups (hydroxyl, amino, halo 
gen, etc.) can be used to attach the biologically active agent 
to the transport polymer. Groups Which are not knoWn to be 
part of an active site of the biologically active agent are 
preferred, particularly if the polypeptide or any portion 
thereof is to remain attached to the substance after delivery. 

[0106] Polymers, such as peptides produced according to 
Example 1, are generally produced With an amino terminal 
protecting group, such as FMOC. For biologically active 
agents Which can survive the conditions used to cleave the 
polypeptide from the synthesis resin and deprotect the 
sidechains, the FMOC may be cleaved from the N-terminus 
of the completed resin-bound polypeptide so that the agent 
can be linked to the free N-terminal amine. In such cases, the 
agent to be attached is typically activated by methods Well 
knoWn in the art to produce an active ester or active 
carbonate moiety effective to form an amide or carbamate 
linkage, respectively, With the polymer amino group. Of 
course, other linking chemistries can also be used. 

[0107] To help minimiZe side-reactions, guanidino and 
amidino moieities can be blocked using conventional pro 
tecting groups, such as carbobenZyloxy groups (CBZ), di-t 
BOC, PMC, Pbf, N—NO2, and the like. 

[0108] Coupling reactions are performed by knoWn cou 
pling methods in any of an array of solvents, such as 
N,N-dimethyl formamide (DMF), N-methyl pyrrolidinone, 
dichloromethane, Water, and the like. Exemplary coupling 
reagents include O-benZotriaZolyloxy tetramethyluronium 
hexa?uorophosphate (HATU), dicyclohexyl carbodiimide, 
bromo-tris(pyrrolidino) phosphonium bromide (PyBroP), 
etc. Other reagents can be included, such as N,N-dimethy 
lamino pyridine (DMAP), 4-pyrrolidino pyridine, N-hy 
droxy succinimide, N-hydroxy benZotriaZole, and the like. 

[0109] For biologically active agents that are inactive until 
the attached transport polymer is released, the linker is 
preferably a readily cleavable linker, meaning that it is 
susceptible to enZymatic or solvent-mediated cleavage in 
vivo. For this purpose, linkers containing carboxylic acid 
esters and disul?de bonds are preferred, Where the former 
groups are hydrolyZed enZymatically or chemically, and the 
latter are severed by disul?de exchange, e.g., in the presence 
of glutathione. 
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[0110] In one preferred embodiment, the cleavable linker 
contains a ?rst cleavable group that is distal to the agent, and 
a second cleavable group that is proximal to the agent, such 
that cleavage of the ?rst cleavable group yields a linker 
agent conjugate containing a nucleophilic moiety capable of 
reacting intramolecularly to cleave the second cleavable 
group, thereby releasing the agent from the linker and 
polymer. This embodiment is further illustrated by the 
various small molecule conjugates discussed beloW. 

[0111] B. Fusion Polypeptides Transport peptide polymers 
of the invention can be attached to biologically active 
polypeptide agents by recombinant means by constructing 
vectors for fusion proteins comprising the polypeptide of 
interest and the transport peptide, according to methods Well 
knoWn in the art. Generally, the transport peptide component 
Will be attached at the C-terminus or N-terminus of the 
polypeptide of interest, optionally via a short peptide linker. 

[0112] IV. Enhanced Transport of Biologically Active 
Agents Across Biological Membranes 

[0113] A. Measuring Transport Across Biological Mem 
branes 

[0114] Model systems for assessing the ability of polymers 
of is the invention to transport biomolecules and other 
therapeutic substances across biological membranes include 
systems that measure the ability of the polymer to transport 
a covalently attached ?uorescent molecule across the mem 
brane. For example, ?uorescein (@376 MW) can serve as a 
model for transport of small organic molecules (Example 2). 
For transport of macromolecules, a transport polymer can be 
fused to a large polypeptide such as ovalbumin (molecular 
Weight 45 kDa; e.g., Example 14). Detecting uptake of 
macromolecules may be facilitated by attaching a ?uores 
cent tag. Cellular uptake can also be analyZed by confocal 
microscopy (Example 4). 

[0115] B. Enhanced Transport Across Biological Mem 
branes 

[0116] In experiments carried out in support of the present 
invention, transmembrane transport and concomitant cellu 
lar uptake Was assessed by uptake of a transport peptide 
linked to ?uorescein, according to methods described in 
Examples 2 and 3. Brie?y, suspensions of cells Were incu 
bated With ?uorescent conjugates suspended in buffer for 
varying times at 37° C., 23° C., or 3° C. After incubation, the 
reaction Was stopped and the cells Were collected by cen 
trifugation and analyZed for ?uorescence using ?uores 
cence-activated cell sorting (FACS). 

[0117] Under the conditions used, cellular uptake of the 
conjugates Was not saturable. Consequently, ED5O values 
could not be calculated for the peptides. Instead, data are 
presented as histograms to alloW direct comparisons of 
cellular uptake at single conjugate concentrations. 

[0118] FIGS. 1A-1C shoW results from a study in Which 
polymers of L-arginine (R; FIG. 1A) or D-arginine (r; FIG. 
1B) ranging in length from 4 to 9 arginine subunits Were 
tested for ability to transport ?uorescein into Jurkat cells. 
For comparison, transport levels for an HIV tat residues 
49-57 (“49-57”) and a nonamer of L-lysine (K9) Were also 
tested. FIG. 1C shoWs a histogram of uptake levels for the 
conjugates at a concentration of 12.5 pM. 
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[0119] As shown in the ?gures, ?uorescently labeled pep 
tide polymers composed of 6 or more arginine residues 
entered cells more efficiently than the tat sequence 49-57. In 
particular, uptake Was enhanced to at least about tWice the 
uptake level of tat 49-57, and as much as about 6-7 times the 
uptake level of tat 49-57. Uptake of ?uorescein alone Was 
negligible. Also, the lysine nonamer (K9) shoWed very little 
uptake, indicating that short lysine polymers are ineffective 
as trans-membrane transports, in contrast to comparable 
length guanidinium-containing polymers. 

[0120] With reference to FIG. 1B, homopolymers of 
D-arginine exhibited even greater transport activity than the 
L-counterparts. HoWever, the order of uptake levels Was 
about the same. For the D-homopolymers, the peptides With 
7 to 9 arginines exhibited roughly equal activity. The hex 
amer (R6 or r6) Was someWhat less effective, but still 
exhibited at least about 2 to 3-fold higher transport activity 
than tat(49-57). 

[0121] The ability of the D- and L-arginine polymers to 
enhance trans-membrane transport Was con?rmed by con 
focal microscopy (FIGS. 2A-2F and Example 4). Consistent 
With the FACS data described above, the cytosol of cells 
incubated With either R9 (FIGS. 2B and 2E) or r9 (FIGS. 
2C and 2F) Was brightly ?uorescent, indicating high levels 
of conjugate transport into the cells. In contrast, tat(49-57) 
at the same concentration shoWed only Weak staining 
(FIGS. 2A and 2D). The confocal micrographs also empha 
siZe the point that the D-arginine polymer (FIG. 2C) Was 
more effective at entering cells than the polymer composed 
of L-arginine (FIG. 2F). 

[0122] From the foregoing, it is apparent that transport 
polymers of the invention are signi?cantly more effective 
than HIV tat peptide 47-59 in transporting drugs across the 
plasma membranes of cells. Moreover, the poly-Lys non 
amer Was ineffective as a transporter. 

[0123] To determine Whether there Was an optimal length 
for contiguous guanidinium-containing homopolymers, a set 
of longer arginine homopolymer conjugates (R15, R20, 
R25, and R30) Were examined. To examine the effect of 
substantially longer polymers, a mixture of L-arginine poly 
mers With an average molecular Weight of z12,000 daltons 
(@100 amino acids) Was also tested (Example 5). HoWever, 
to avoid precipitation problems, the level of serum in the 
assay had to be reduced for testing conjugates With the 
z12,000 MW polymer material. Cell uptake Was analyZed 
by FACS as above, and the mean ?uorescence of live cells 
Was measured. Cytotoxicity of each conjugate Was also 
measured. 

[0124] With reference to FIG. 3, uptake of L-arginine 
homopolymer conjugates With 15 or more arginines exhib 
ited patterns of cellular uptake distinctly different from 
polymers containing nine arginines or less. The curves of the 
longer conjugates Were ?atter, crossing those of the R9 and 
r9 conjugates. At higher concentrations (>3 pM), uptake of 
R9 and r9 Was signi?cantly better than for the longer 
polymers. HoWever, at loWer concentrations, cells incubated 
With the longer peptides exhibited greater ?uorescence. 

[0125] Based on this data, it appears that r9 and R9 enter 
the cells at higher rates than polymers containing 15 or more 
contiguous arginines. HoWever, the biological half-life of R9 
(L-peptide) Was shorter than for the longer conjugates, 
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presumably because proteolysis of the longer peptides (due 
to serum enZymes) produces fragments that retain transport 
activity. In contrast, the D-isomer (r9) did not shoW evidence 
of proteolytic degradation, consistent With the high speci 
?city of serum proteases for L-polypeptides. 

[0126] Thus, overall transport efficacy of a transport poly 
mer appears to depend on a combination of rate of 
trans-membrane uptake (polymer With less than about 15 
continuous arginines are better) versus susceptibility to 
proteolytic inactivation (longer polymers are better). 
Accordingly, polymers containing 7 to 20 contiguous guani 
dinium residues, and preferably 7 to 15, are preferred. 

[0127] Notably, the high molecular Weight polyarginine 
conjugate (12,000 MW) did not exhibit detectable uptake. 
This result is consistent With the observations of Barsoum et 
al. (1994), and suggests that arginine polymers have trans 
port properties that are signi?cantly different from those that 
may be exhibited by lysine polymers. Furthermore, the 
12,000 polyarginine conjugate Was found to be highly toxic 
(Example 5). In general, toxicity of the polymers increased 
With length, though only the 12,000 MW conjugate shoWed 
high toxicity at all concentrations tested. 

[0128] When cellular uptake of polymers of D- and 
L-arginine Were analyZed by Michaelis-Menten kinetics 
(Example 6), the rate of uptake by Jurkat cells Was so 
ef?cient that precise Km values could only be obtained When 
the assays Were carried out at 3° C. (on ice). Both the 
maximal rate of transport (Vmax) and the apparent affinity of 
the peptides for the putative receptor of the Michaelis 
constant Were derived from LineWeaver-Burk plots of 
the observed ?uorescence of Jurkat cells after incubation 
With varying concentrations of nonamers of D- and L-argi 
nine for 30, 60, 120, and 240 seconds. 

[0129] Kinetic analysis also reveals that polymers rich in 
arginine exhibit a better ability to bind to and traverse a 
putative cellular transport site than, for example, the tat(49 
57) peptide, since the Km for transport of the nonameric 
poly-L-arginine (44 pM) Was substantially loWer than the 
Km of the tat peptide (722 pM). Moreover, the nonamer of 
D-arginine exhibited the loWest Km (7pM) of the polymers 
tested in this assay (Table 1), i.e., an approximately 100-fold 
greater apparent af?nity. 

[0130] According to a preferred embodiment of the inven 
tion, the transport polymer of the invention has an apparent 
af?nity that is at least 10-fold greater, and preferably 
at least 100-fold greater, than the af?nity measured for tat by 
the procedure of Example 6 When measured at room tem 
perature (23° C.) or 370 C. 

TABLE 1 

KM VMAX (MM/Sec) 

H3N-RRRRRRRRR-COO’ 44.43 0.35 
H3N-rrrrrrrrr-COO’ 7.21 0.39 
tat 49-57 722 0.38 

[0131] Experiments carried out in support of the present 
invention indicate that polymer-facilitated transport is 
dependent upon metabolic integrity of cells. Addition of a 
toxic amount of sodium aZide (0.5% W/v) to cells resulted in 
inhibition of uptake of conjugates by about 90% (Example 
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7). The results shown in FIG. 4 demonstrate sodium 
aZide sensitivity of trans-membrane transport, suggesting 
energy-dependence (cellular uptake), and (ii) the superiority 
of poly-guanidinium polymers of the invention (R9, R8, R7) 
relative to HIV tat(49-57). 

[0132] Without ascribing to any particular theory, the data 
suggest that the transport process is an energy-dependent 
process mediated by speci?c recognition of guanidinium or 
amidinium-containing polymers by a molecular transporter 
present in cellular plasma membranes. 

[0133] Other experiments in support of the invention have 
shoWn that the conjugates of the invention are effective to 
transport biologically active agents across membranes of a 
variety of cell types, including human T cells (Jurkat), B 
cells (murine CH27), lymphoma T cells (murine EL-4), 
mastocytoma cells (murine P388), several murine T cell 
hybridomas, neuronal cells (PC-12), ?broblasts (murine 
RT), kidney cells (murine HELA), myeloblastoma (murine 
K562); and primary tissue cells, including all human blood 
cells (except red blood cells), such as T and B lymphocytes, 
macrophages, dendritic cells, and eiosinophiles; basophiles, 
mast cells, endothelial cells, cardiac tissue cells, liver cells, 
spleen cells, lymph node cells, and keratinocytes. 
[0134] The conjugates are also effective to traverse both 
gram negative and gram positive bacterial cells, as disclosed 
in Example 8 and FIGS. 5A-5C. In general, polymers of 
D-arginine subunits Were found to enter both gram-positive 
and gram-negative bacteria at rates signi?cantly faster than 
the transport rates observed for polymers of L-arginine. This 
is illustrated by FIG. 5A, Which shoWs much higher uptake 
levels for r9 conjugate (D-arginines), than for the R9 con 
jugate (L-arginines), When incubated With E. coli HB 101 
(prokariotic) cells. This observation may be attributable to 
proteolytic degradation of the L-polymers by bacterial 
enzymes. 

[0135] FIG. 5B shoWs uptake levels for D-arginine con 
jugates as a function of length (r4 to r9) in comparison to a 
poly-L-lysine conjugate (K9), When incubated With E. coli 
HB 101 cells. As can be seen, the polyarginine conjugates 
shoWed a trend similar to that in FIG. 2B observed With 
eukariotic cells, such that polymers shorter than r6 shoWed 
loW uptake levels, With uptake levels increasing as a func 
tion of length. 

[0136] Gram-positive bacteria, as exempli?ed by Strep. 
bovis, Were also stained ef?ciently With polymers of argin 
ine, but not lysine, as shoWn in FIG. SC. 

[0137] More generally, maximum uptake levels by the 
bacteria Were observed at 37° C. HoWever, signi?cant stain 
ing Was observed When incubation Was performed either at 
room temperature or at 3° C. Confocal microscopy revealed 
that pretreatment of the bacteria With 0.5% sodium aZide 
inhibited transport across the inner plasma membranes of 
both gram-positive and gram-negative bacteria, but not 
transport across the cell Wall (gram-positive bacteria) into 
the periplasmic space. 

[0138] Thus, the invention includes conjugates that con 
tain antimicrobial agents, such as antibacterial and antifun 
gal compounds, for use in preventing or inhibiting microbial 
proliferation or infection, and for disinfecting surfaces to 
improve medical safety. In addition, the invention can be 
used for transport into plant cells, particularly in green leafy 
plants. 
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[0139] Additional studies in support of the invention have 
shoWn that translocation across bacterial membranes is both 
energy- and temperature-dependent, consistent With obser 
vations noted earlier for other cell-types. 

[0140] V. Therapeutic Compositions 

[0141] A. Small Organic Molecules 

[0142] Small organic molecule therapeutic agents may be 
advantageously attached to linear polymeric compositions 
as described herein, to facilitate or enhance transport across 
biological membranes. For example, delivery of highly 
charged agents, such as levodopa (L-3,4-dihydroxy-pheny 
lalanine; L-DOPA) may bene?t by linkage to polymeric 
transport molecules as described herein. Peptoid and pepti 
domimetic agents are also contemplated (e.g., Langston, 
1997; Giannis et al., 1997). Also, the invention is advanta 
geous for delivering small organic molecules that have poor 
solubilities in aqueous liquids, such as serum and aqueous 
saline. Thus, compounds Whose therapeutic ef?cacies are 
limited by their loW solubilities can be administered in 
greater dosages according to the present invention, and can 
be more ef?cacious on a molar basis in conjugate form, 
relative to the non-conjugate form, due to higher uptake 
levels by cells. 

[0143] Since a signi?cant portion of the topological sur 
face of a small molecule is often involved, and therefore 
required, for biological activity, the small molecule portion 
of the conjugate in particular cases may need to be severed 
from the attached transport polymer and linker moiety (if 
any) for the small molecule agent to exert biological activity 
after crossing the target biological membrane. For such 
situations, the conjugate preferably includes a cleavable 
linker for releasing free drug after passing through a bio 
logical membrane. 

[0144] In one approach, the conjugate can include a dis 
ul?de linkage, as illustrated in FIG. 6A, Which shoWs a 
conjugate (I) containing a transport polymer T Which is 
linked to a cytotoxic agent, 6-mercaptopurine, by an 
N-acetyl-protected cysteine group Which serves as a linker. 
Thus, the cytotoxic agent is attached by a disul?de bond to 
the 6-mercapto group, and the transport polymer is bound to 
the cysteine carbonyl moiety via an amide linkage. Cleavage 
of the disul?de bond by reduction or disul?de exchange 
results in release of the free cytotoxic agent. 

[0145] A method for synthesiZing a disul?de-containing 
conjugate is provided in Example 9A. The product contains 
a heptamer of Arg residues Which is linked to 6-mercap 
topurine by an N-acetyl-Cys-Ala-Ala linker, Where the Ala 
residues are include as an additional spacer to render the 
disul?de more accessible to thiols and reducing agents for 
cleavage Within a cell. The linker in this example also 
illustrates the use of amide bonds, Which can be cleaved 
enZymatically Within a cell. 

[0146] In another approach, the conjugate includes a pho 
tocleavable linker Which is cleaved upon exposure to elec 
tromagnetic radiation. An exemplary linkage is illustrated in 
FIG. 6B, Which shoWs a conjugate (II) containing a trans 
port polymer T Which is linked to 6-mercaptopurine via a 
meta-nitrobenZoate linking moiety. Polymer T is linked to 
the nitrobenZoate moiety by an amide linkage to the ben 
Zoate carbonyl group, and the cytotoxic agent is bound via 
its 6-mercapto group to the p-methylene group. The com 
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pound can be formed by reacting 6-mercaptopurine With 
p-bromomethyl-m-nitrobenZoic acid in the presence of 
NaOCH3/methanol With heating, followed by coupling of 
the benZoate carboxylic acid to a transport polymer, such as 
the amino group of a y-aminobutyric acid linker attached to 
the polymer (Example 9B). Photo-illumination of the con 
jugate causes release of the 6-mercaptopurine by virtue of 
the nitro group that is ortho to the mercaptomethyl moiety. 
This approach ?nds utility in phototherapy methods as are 
knoWn in the art, particularly for localiZing drug activation 
to a selected area of the body. 

[0147] Preferably, the cleavable linker contains ?rst and 
second cleavable groups that can cooperate to cleave the 
polymer from the biologically active agent, as illustrated by 
the folloWing approaches. That is, the cleavable linker 
contains a ?rst cleavable group that is distal to the agent, and 
a second cleavable group that is proximal to the agent, such 
that cleavage of the ?rst cleavable group yields a linker 
agent conjugate containing a nucleophilic moiety capable of 
reacting intramolecularly to cleave the second cleavable 
group, thereby releasing the agent from the linker and 
polymer. 
[0148] FIG. 6C shoWs a conjugate (III) containing a 
transport polymer T linked to the anticancer agent, S-?uo 
rouracil (SFU). Here, the linkage is provided by a modi?ed 
lysyl residue. The transport polymer is linked to the ot-amino 
group, and the S-?uorouracil is linked via the ot-carbonyl. 
The lysyl e-amino group has been modi?ed to a carbamate 
ester of o-hydroxymethyl nitrobenZene, Which comprises a 
?rst, photolabile cleavable group in the conjugate. Photoil 
lumination severs the nitrobenZene moiety from the conju 
gate, leaving a carbamate Which also rapidly decomposes to 
give the free e-amino group, an effective nucleophile. 
Intramolecular reaction of the e-amino group With the amide 
linkage to the S-?uorouracil group leads to cycliZation With 
release of the S-?uorouracil group. 

[0149] FIG. 6D illustrates a conjugate (IV) containing a 
transport polymer T linked to 2‘-oxygen of the anticancer 
agent, paclitaxel. The linkage is provided by a linking 
moiety that includes a nitrogen atom attached to the 
transport polymer, (ii) a phosphate monoester located para to 
the nitrogen atom, and (iii) a carboxymethyl group meta to 
the nitrogen atom, Which is joined to the 2‘-oxygen of 
paclitaxel by a carboxylate ester linkage. EnZymatic cleav 
age of the phosphate group from the conjugate affords a free 
phenol hydroxyl group. This nucleophilic group then reacts 
intramolecularly With the carboxylate ester to release free 
paclitaxel, for binding to its biological target. Example 9C 
describes a synthetic protocol for preparing this type of 
conjugate. 
[0150] FIG. 6E illustrates yet another approach Wherein a 
transport polymer is linked to a biologically active agent, 
e.g., paclitaxel, by an aminoalkyl carboxylic acid. Prefer 
ably, the linker amino group is linked to the linker carboxyl 
carbon by from 3 to 5 chain atoms (n=3 to 5), preferably 
either 3 or 4 chain atoms, Which are preferably provided as 
methylene carbons. As seen in FIG. 6E, the linker amino 
group is joined to the transport polymer by an amide linkage, 
and is joined to the paclitaxel moiety by an ester linkage. 
Enzymatic cleavage of the amide linkage releases the poly 
mer and produces a free nucleophilic amino group. The free 
amino group can then react intramolecularly With the ester 
group to release the linker from the paclitaxel. 
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[0151] FIGS. 6D and 6E are illustrative of another aspect 
of the invention, comprising taxane- and taxoid anticancer 
conjugates Which have enhanced trans-membrane transport 
rates relative to corresponding non-conjugated forms. The 
conjugates are particularly useful for inhibiting groWth of 
cancer cells. Taxanes and taxoids are believed to manifest 
their anticancer effects by promoting polymeriZation of 
microtubules (and inhibiting depolymeriZation) to an extent 
that is deleterious to cell function, inhibiting cell replication 
and ultimately leading to cell death. 

[0152] The term “taxane” refers to paclitaxel (FIG. 6F, 
R‘=acetyl, R“=benZyl) also knoWn under the trademark 
“TAXOL”) and naturally occurring, synthetic, or bioengi 
neered analogs having a backbone core that contains the A, 
B, C and D rings of paclitaxel, as illustrated in FIG. 6G. 
FIG. 6F also indicates the structure of “TAXOTERETM” 
(R‘=H, R“=BOC), Which is a someWhat more soluble syn 
thetic analog of paclitaxel sold by Rhone-Poulenc. “Taxoid” 
refers to naturally occurring, synthetic or bioengineered 
analogs of paclitaxel that contain the basic A, B and C rings 
of paclitaxel, as shoWn in FIG. 6H. Substantial synthetic 
and biological information is available on syntheses and 
activities of a variety of taxane and taxoid compounds, as 
revieWed in Suffness (1995), particularly in Chapters 12 to 
14, as Well as in the subsequent paclitaxel literature. Fur 
thermore, a host of cell lines are available for predicting 
anticancer activities of these compounds against certain 
cancer types, as described, for example, in Suffness at 
Chapters 8 and 13. 

[0153] The tranport polymer is conjugated to the taxane or 
taxoid moiety via any suitable site of attachment in the 
taxane or taxoid. Conveniently, the transport polymer is 
linked via a C2‘-oxygen atom, C7-oxygen atom, using 
linking strategies as above. Conjugation of a transport 
polymer via a C7-oxygen leads to taxane conjugates that 
have anticancer and antitumor activity despite conjugation at 
that position. Accordingly, the linker can be cleavable or 
non-cleavable. Conjugation via the C2‘-oxygen signi?cantly 
reduces anticancer activity, so that a cleavable linker is 
preferred for conjugation to this site. Other sites of attach 
ment can also be used, such as C10. 

[0154] It Will be appreciated that the taxane and taxoid 
conjugates of the invention have improved Water solubility 
relative to taxol (@025 pg/mL) and taxotere (6-7 pg/mL). 
Therefore, large amounts of solubiliZing agents such as 
“CREMOPHOR EL” (polyoxyethylated castor oil), polysor 
bate 80 (polyoxyethylene sorbitan monooleate, also knoWn 
as “TWEEN 80”), and ethanol are not required, so that 
side-effects typically associated With these solubiliZing 
agents, such as anaphylaxis, dyspnea, hypotension, and 
?ushing, can be reduced. 

[0155] B. Metals 

[0156] Metals can be transported into eukaryotic and 
prokaryotic cells using chelating agents such as texaphyrin 
or diethylene triamine pentacetic acid (DTPA), conjugated 
to a transport membrane of the invention, as illustrated by 
Example 10. These conjugates are useful for delivering 
metal ions for imaging or therapy. Exemplary metal ions 
include Eu, Lu, Pr, Gd, Tc99m, Ga67, In111,Y90, Cu67, and 
C057. Preliminary membrane-transport studies With conju 
gate candidates can be performed using cell-based assays 
such as described in the Example section beloW. For 
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example, using europium ions, cellular uptake can be moni 
tored by time-resolved ?uorescence measurements. For 
metal ions that are cytotoxic, uptake can be monitored by 
cytotoxicity. 

[0157] C. Macromolecules 

[0158] The enhanced transport method of the invention is 
particularly suited for enhancing transport across biological 
membranes for a number of macromolecules, including, but 
not limited to proteins, nucleic acids, polysaccharides, and 
analogs thereof. Examplary nucleic acids include oligo 
nucleotides and polynucleotides formed of DNA and RNA, 
and analogs thereof, Which have selected sequences 
designed for hybridiZation to complementary targets (e.g., 
antisense sequences for single- or double-stranded targets), 
or for expressing nucleic acid transcripts or proteins encoded 
by the sequences. Analogs include charged and preferably 
uncharged backbone analogs, such as phosphonates (pref 
erably methyl phosphonates), phosphoramidates (N3‘ or 
N5‘), thiophosphates, uncharged morpholino-based poly 
mers, and protein nucleic acids (PNAs). Such molecules can 
be used in a variety of therapeutic regimens, including 
enZyme replacement therapy, gene therapy, and anti-sense 
therapy, for example. 

[0159] By Way of example, protein nucleic acids (PNA) 
are analogs of DNA in Which the backbone is structurally 
homomorphous With a deoxyribose backbone. It consists of 
N-(2-aminoethyl)glycine units to Which the nucleobases are 
attached. PNAs containing all four natural nucleobases 
hybridize to complementary oligonucleotides obeying Wat 
son-Crick base-pairing rules, and is a true DNA mimic in 
terms of base pair recognition (Egholm et al., 1993). The 
backbone of a PNA is formed by peptide bonds rather than 
phosphate esters, making it Well-suited for anti-sense appli 
cations. Since the backbone is uncharged, PNA/DNA or 
PNA/RNA duplexes that form exhibit greater than normal 
thermal stability. PNAs have the additional advantage that 
they are not recogniZed by nucleases or proteases. In addi 
tion, PNAs can be synthesiZed on an automated peptides 
synthesiZer using standard t-Boc chemistry. The PNA is then 
readily linked to a transport polymer of the invention. 

[0160] Examples of anti-sense oligonucleotides Whose 
transport into cells may be enhanced using the methods of 
the invention are described, for example, in US. Pat. No. 
5,594,122. Such oligonucleotides are targeted to treat human 
immunode?ciency virus (HIV). Conjugation of a transport 
polymer to an anti-sense oligonucleotide can be effected, for 
example, by forming an amide linkage betWeen the peptide 
and the 5‘-terminus of the oligonucleotide through a succi 
nate linker, according to Well-established methods. The use 
of PNA conjugates is further illustrated in Example 11. 

[0161] FIG. 7 shoWs results obtained With a conjugate of 
the invention containing a PNA sequence for inhibiting 
secretion of gamma-interferon (y-IFN) by T cells, as detailed 
in Example 11. As can be seen, the anti-sense PNA conju 
gate Was effective to block y-IFN secretion When the con 
jugate Was present at levels above about 10 pM. In contrast, 
no inhbition Was seen With the sense-PNA conjugate or the 
non-conjugated antisense PNA alone. 

[0162] Another class of macromolecules that can be trans 
ported across biological membranes is exempli?ed by pro 
teins, and in particular, enZymes. Therapeutic proteins 
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include, but are not limited to replacement enZymes. Thera 
peutic enZymes include, but are not limited to, alglucerase, 
for use in treating lysoZomal glucocerebrosidase de?ciency 
(Gaucher’s disease), alpha-L-iduronidase, for use in treating 
mucopolysaccharidosis I, alpha-N-acetylglucosamidase, for 
use in treating san?lippo B syndrome, lipase, for use in 
treating pancreatic insuf?ciency, adenosine deaminase, for 
use in treating severe combined immunode?ciency syn 
drome, and triose phosphate isomerase, for use in treating 
neuromuscular dysfunction associated With triose phosphate 
isomerase de?ciency. 

[0163] In addition, and according to an important aspect of 
the invention, protein antigens may be delivered to the 
cytosolic compartment of antigen-presenting cells (APCS), 
Where they are degraded into peptides. The peptides are then 
transported into the endoplasmic reticulum, Where they 
associate With nascent HLA class I molecules and are 
displayed on the cell surface. Such “activated” APCs can 
serve as inducers of class I restricted antigen-speci?c cyto 
toxic T-lymphocytes (CTLs), Which then proceed to recog 
niZe and destroy cells displaying the particular antigen. 
APCs that are able to carry out this process include, but are 
not limited to, certain macrophages, B cells and dendritic 
cells. In one embodiment, the protein antigen is a tumor 
antigen for eliciting or promoting an immune response 
against tumor cells. 

[0164] The transport of isolated or soluble proteins into 
the cytosol of APC With subsequent activation of CTL is 
exceptional, since, With feW exceptions, injection of isolated 
or soluble proteins does not result either in activation of APC 
or induction of CTLs. Thus, antigens that are conjugated to 
the transport enhancing compositions of the present inven 
tion may serve to stimulate a cellular immune response in 
vitro or in vivo. 

[0165] Example 14 provides details of experiments carried 
out in support of the present invention in Which an exem 
plary protein antigen, ovalbumin, Was delivered to APCs 
after conjugation to an R7 polymer. Subsequent addition of 
the APCs to cytotoxic T lymphocytes (CTLs) resulted in 
CD8+ albumin-speci?c cytotoxic T cells (stimulated CTLs). 
In contrast, APCs that had been exposed to unmodi?ed 
ovalbumin failed to stimulate the CTLs. 

[0166] In parallel experiments, histocompatible dendritic 
cells (a speci?c type of APC) Were exposed to ovalbumin 
R7 conjugates, then injected into mice. Subsequent analysis 
of blood from these mice revealed the presence of albumin 
speci?c CTLs. Control mice Were given dendritic cells that 
had been exposed to unmodi?ed albumin. The control mice 
did not exhibit the albumin-speci?c CTL response. These 
experiments exemplify one of the speci?c utilities associated 
With delivery of macromolecules in general, and proteins in 
particular, into cells. 

[0167] In another embodiment, the invention is useful for 
delivering immunospeci?c antibodies or antibody fragments 
to the cytosol to interfere With deleterious biological pro 
cesses such as microbial infection. Recent experiments have 
shoWn that intracellular antibodies can be effective antiviral 
agents in plant and mammalian cells (e.g., Tavladoraki et al., 
1993; and Shaheen et al., 1996). These methods have 
typically used single-chain variable region fragments (scFv), 
in Which the antibody heavy and light chains are synthesiZed 
as a single polypeptide. The variable heavy and light chains 
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are usually separated by a ?exible linker peptide (e.g., of 15 
amino acids) to yield a 28 kDa molecule that retains the high 
af?nity ligand binding site. The principal obstacle to Wide 
application of this technology has been ef?ciency of uptake 
into infected cells. But by attaching transport polymers to 
scFv fragments, the degree of cellular uptake can be 
increased, alloWing the immunospeci?c fragments to bind 
and disable important microbial components, such as HIV 
Rev, HIV reverse transcriptase, and integrase proteins. 

[0168] D. Peptides 

[0169] Peptides to be delivered by the enhanced transport 
methods described herein include, but should not be limited 
to, effector polypeptides, receptor fragments, and the like. 
Examples include peptides having phosphorylation sites 
used by proteins mediating intracellular signals. Examples 
of such proteins include, but are not limited to, protein 
kinase C, RAF-1, p21Ras, NF-KB, C-JUN, and cytoplasmic 
tails of membrane receptors such as IL-4 receptor, CD28, 
CTLA-4, V7, and MHC Class I and Class II antigens. 

[0170] When the transport enhancing molecule is also a 
peptide, synthesis can be achieved either using an automated 
peptide synthesiZer or by recombinant methods in Which a 
polynucleotide encoding a fusion peptide is produced, as 
mentioned above. 

[0171] In experiments carried out in support of the present 
invention (Example 15) a 10-amino acid segment of the 
cytoplasmic tail region of the transmembrane protein V7 
(also knoWn as CD101) Was synthesiZed With an R7 polymer 
sequence at its C terminus. This tail region is knoWn to 
physically associate With and mediate the inactivation of 
RAF-1 kinase, a critical enZyme in the MAP kinase pathWay 
of cellular activation. The V7-R7 conjugate Was added to 
T-cells, Which Were subsequently lysed With detergent. The 
soluble fraction Was tested for immunoprecipitation by 
anti-V7 murine antibody in conjunction With goat anti 
mouse IgG. 

[0172] In the absence of peptide treatment, RAF-1, a 
kinase knoWn to associate With and be inactivated by 
association With V7, co-precipitated With V7. In peptide 
treated cells, RAF-1 protein Was eliminated from the V7 
immunocomplex. The same peptide treatment did not dis 
rupt a complex consisting of RAF-1 and p21 Ras, ruling out 
any non-speci?c modi?cation of RAF-1 by the V7 peptides. 
These results shoWed that a cytoplasmic tail region V7 
peptide, When conjugated to a membrane transport enhanc 
ing peptide of the present invention, enters a target cell and 
speci?cally associates With a physiological effector mol 
ecule, RAF-1. Such association can be used to disrupt 
intracellular processes. 

[0173] In a second set of studies, the V7 portion of the 
conjugate Was phosphorylated in vitro using protein kinase 
C. Anti-RAF -1 precipitates of T cells that had been exposed 
to the phosphorylated V7 tail peptides, but not the unphos 
phorylated V7 tail peptide, demonstrated potent inhibition of 
RAF-kinase activity. These studies demonstrate tWo prin 
ciples. First, the transport polymers of the invention can 
effect transport of a highly charged (phosphorylated) mol 
ecule across the cell membrane. Second, While both phos 
phorylated and unphosphorylated V7 tail peptides can bind 
to RAF-1, only the phosphorylated peptide modi?ed RAF-1 
kinase activity. 
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[0174] VI. Screening Assay Method and Library 

[0175] In another embodiment, the invention can be used 
to screen one or more conjugates for a selected biological 
activity, Wherein the conjugate(s) are formed from one or 
more candidate agents. Conjugate(s) are contacted With a 
cell that exhibits a detectable signal upon uptake of the 
conjugate into the cell, such that the magnitude of the signal 
is indicative of the ef?cacy of the conjugate With respect to 
the selected biological activity. 

[0176] One advantage of this embodiment is that it is 
particularly useful for testing the activities of agents that by 
themselves are unable, or poorly able, to enter cells to 
manifest biological activity. Thus, the invention provides a 
particularly efficient Way of identifying active agents that 
might not otherWise be accessible through large-scale 
screening programs, for lack of an effective and convenient 
Way of transporting the agents into the cell or organelle. 

[0177] Preferably, the one or more candidate agents are 
provided as a combinatorial library of conjugates Which are 
prepared using any of a number of combinatorial synthetic 
methods knoWn in the art. For example, Thompson and 
Ellman (1996) recogniZed at least ?ve different general 
approaches for preparing combinatorial libraries on solid 
supports, namely (1) synthesis of discrete compounds, (2) 
split synthesis (split and pool), (3) soluble library deconvo 
lution, (4) structural determination by analytical methods, 
and (5) encoding strategies in Which the chemical compo 
sitions of active candidates are determined by unique labels, 
after testing positive for biological activity in the assay. 
Synthesis of libraries in solution includes at least (1) spa 
tially separate syntheses and (2) synthesis of pools (Thomp 
son, supra). Further description of combinatorial synthetic 
methods can be found in Lam et al. (1997), Which particu 
larly describes the one-bead-one-compound approach. 

[0178] These approaches are readily adapted to prepare 
conjugates in accordance With the present invention, includ 
ing suitable protection schemes as necessary. For example, 
for a library that is constructed on one or more solid 

supports, a transport peptide moiety can be attached to the 
support(s) ?rst, folloWed by building or appending candidate 
agents combinatorially onto the polymers via suitable reac 
tive functionalities. In an alternative example, a combina 
torial library of agents is ?rst formed on one or more solid 
supports, folloWed by appending a transport polymer to each 
immobiliZed candidate agent. Similar or different 
approaches can be used for solution phase syntheses. Librar 
ies formed on a solid support are preferably severed from the 
support via a cleavable linking group by knoWn methods 
(Thompson et al., and Lam et al., supra). 

[0179] The one or more conjugate candidates can be tested 
With any of a number of cell-based assays that elicit detect 
able signals in proportion to the efficacy of the conjugate. 
Conveniently, the candidates are incubated With cells in 
multiWell plates, and the biological effects are measured via 
a signal (e.g., ?uorescence, re?ectance, absortpion, or 
chemiluminescence) that can be quantitated using a plate 
reader. Alternatively, the incubation mixtures can be 
removed from the Wells for further processing and/or analy 
sis. The structures of active and optionally inactive com 
pounds, if not already knoWn, are then determined, and this 
information can be used to identify lead compounds and to 
focus further synthesis and screening efforts. 














