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The development of strategies and agents that breach biological barriers
is a grand challenge in life science research, diagnostics, imaging, and
medicine. Biological barriers are required for life, but at the same time
they interfere with or preclude the study, diagnosis, imaging or treatment
of normal and diseased systems. In 1988, Frankel and Pabo and Green
and Loewenstein reported that the protein HIV-Tat, unlike most proteins,
rapidly enters cells. The suggestion that this function is attributable to a
highly polar domain (RKKRRQRRR) was enigmatic as cell entry would
require passage across a non-polar plasma membrane. In 2000, we
reported (PNAS 2000; Nature Medicine 2000) the first structure-based
analysis of this novel activity, showing that cellular uptake is a function of
the number and spatial array of guanidinium groups. This seminal
recognition enabled us and others to design and develop many new,
guanidinium-rich cell penetrating “molecular transporters”, a term we
introduced anticipating that this ability to enter cells is not limited to
peptides. These transporters have now been shown to ferry a wide range
of cargos into cells, including small molecules, peptides, proteins, siRNA,
mRNA, plasmids, metals, imaging agents, quantum dots, nanoparticles,
and vesicles. Molecular transporters have been shown to cross cell, skin,
blood-brain, ocular, buccal, lung and even cell wall (in algae) barriers.
Molecular transporters can be targeted and are being used in real time
surgical procedures (tumor paint). They have also been advanced into
clinical trials. This lecture will provide an overview of the field, its genesis
and early evolution, design and mechanistic considerations, and recent
developments including new transporters, new ways to synthesize them,
and new applications.
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