“Ligand chemical-group
locations relate to backbone
coordinates..., so vdMs
link directly to the protein fold.”
therapeutics, and catalysis, among others.
The protein design community is now poised
to design functional proteins that can begin
to address some of the most pressing challenges facing society today, including ones in
energy, health care, and sustainability. New
protein design algorithms need to be made
accessible to the nonexpert user, in a similar
way to the protein design online computer
games (7), if researchers with new creative
functions in mind are to realize the full potential of protein design. j
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CORONAVIRUS

A molecular trap against
COVID-19
Structure-function studies reveal a new receptor
decoy to block virus entry
By Brandon J. DeKosky

T

he cell surface peptidase angiotensinconverting enzyme 2 (ACE2) is the primary receptor for the spike (S) fusion
protein that facilitates cell entry of severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2). Numerous
studies are evaluating therapeutic and preventive treatments that block S protein interactions with ACE2 molecules that are expressed on host cells. For example, the ACE2
binding site can be occluded by monoclonal
antibodies, several of which are rapidly advancing in clinical trials. Several vaccines
undergoing clinical development also induce antibody responses that block ACE2–S
protein interactions. On page 1261 of this issue, Chan et al. (1) perform high-throughput
mutagenesis and screening to reveal ACE2
mutations that enhance affinity for S protein,
providing new insights into the ACE2–S protein interaction on which infection critically
depends. The authors propose a strategy to
apply engineered recombinant ACE2 variants
as decoy receptors for coronavirus disease
2019 (COVID-19).
The dimeric ACE2 enzyme is a vasopeptidase expressed on the surface of epithelial
cells in many tissues, including the lung,
heart, blood vessels, kidneys, and gastrointestinal tract. It has a primary role in reducing blood pressure and inflammation as part
of the renin-angiotensin-aldosterone system.
ACE2 expression is closely associated with
the tissue tropism of SARS-CoV-2 infection
(2). The trimeric S protein comprises two
subunits, S1 and S2. The S1 subunit contains
a receptor binding domain (RBD), which
binds to ACE2.
In addition to ACE2 binding, a protease
cleavage of S protein is required for cell entry
to allow S1 to release and reveal the hydrophobic cell fusion peptide of the S2 subunit
(3). The cleavage between S1 and S2 can be
accomplished by several different proteases,
including transmembrane protease serine
2 (TMPRSS2), which is expressed in select
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tissues, and cathepsin L, which becomes
activated in the low-pH endosomal environment (4, 5). The role of ACE2 in facilitating
S1 shedding remains to be determined (6).
Recent data show that S protein undergoes a
conformational rearrangement at endosomal
pH that modifies S trimer interactions and
rotates the RBD from the “up” to the “down”
conformation, which also influences ACE2
binding affinity (7). The predominant reliance of SARS-CoV-2 on ACE2 for cell entry
has led to a focus on the development of new
methods to disrupt ACE2 binding to S protein
as potential COVID-19 medical interventions.
Chan et al. performed protein engineering
studies to understand SARS-CoV-2 RBD and
ACE2 specificity characteristics and to engineer high-affinity ACE2 variants that could
serve as a receptor decoy and compete with
native ACE2 for binding to the RBD on SARSCoV-2. They demonstrate that a number of
residues in ACE2 can be further optimized to
enhance ACE2 affinity for soluble RBD binding. The mutations providing enhanced or decreased affinity give important insights about
ACE2-RBD interactions. One key finding was
that disrupting the Asn90 glycosylation motif
in ACE2 enhanced the RBD binding affinity,
by about twofold for the Thr92 Gln ACE2
variant. Because glycosylation is a heterogeneous posttranslational modification that
varies within cells and between cell types,
this finding implies a potential for nonglycosylated ACE2 molecules to be more permissive to infection than fully glycosylated ACE2.
Chan et al. identified several other mutations
at the ACE2-RBD interface that reveal more
structural features of the ACE2-RBD complex, including for ACE2 residues 27 to 31 at
the binding interface, and several other mutations that suggest the influence of longerrange protein folding interactions.
As in Chan et al., comprehensive mutagenesis and functional screening are being
used extensively to interrogate virus-cell and
antibody-virus interactions related to SARSCoV-2. Chan et al. screened cellular receptor
variants using mammalian cells, whereas
another recent study performed a similar
analysis of the RBD domain of S protein
with yeast display, revealing structural constraints and affinity landscapes on the viral
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overlaid with those of the target ligand.
Flexible backbone sequence design was
used to build the remainder of the sequence. Finally, low-energy, well-packed
designs were validated by ab initio folding of sequences to establish designs that
retained uncollapsed and preorganized
binding sites in the absence of the bound
target ligand. No subsequent downstream
redesign was needed to enhance structural
stability, function, or ligand-binding activity. This accomplishment represents an
important step forward for de novo functional protein design.
To achieve the full potential of de novo
protein design, simultaneous design of function is required. Unfolded proteins, or those
with intended or accidental mutations, can
be nonfunctional, whereas biology’s successful and intended folds offer function. Given
that the repertoire of biological function has
evolved through select evolutionary pressures, designed proteins that achieve the
same function are unlikely to offer substantial advantages, so new functionality beyond
the scope of biology is the goal.
Recent developments, including the simultaneous design of protein structure and
ligand-binding site by Polizzi and DeGrado,
will provide exciting opportunities in sensing, light capture and storage, diagnostics,
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