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Large self-assembling protein complexes are omnipresent in
biology

Examples:
- Microtubules forming tracks
- Viral capsids protecting viral
genomes
- Receptor scaffolding in
neurons
Developing de novo protein
complexes is valuable for a
variety of applications
Hindered by the use of native
structures as building blocks
- Not enough generalizability
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Challenge is to develop structures w/ functional motifs

Want to develop a
nanoparticle to fulfill a
specialized function

Some movement
towards generating
small de novo protein
nanoparticles w/
various methods

Could be more
generalizable
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Demanding test case - the design of antigen tailored
nanoparticle immunogens

TH-1heptad-153_dn5 TH-2heptad-153_dn5 TH-6heptad-153_dn5

- Multivalent display of antigens on
nanoparticle scaffold

- Fixed structures limits
generalizability
- Mismatches in symmetry or
geometric constraints
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Protein design using RFdiffusion

Diffusion model

Forward (noising) process
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generated ~30,000 cyclic trimers (150/200aa)



Protein design using RFdiffusion
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Deep learning—based sequence design with ProteinMPNN
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Use the method to actually generate nanoparticles
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Strengths: robust characterization, try different geometries and oligomeric states -
speaks to the “generalizability” of their method
On-target densities obtained by 3D reconstruction closely match design models



Validation of nanoparticle targets using SEC, DLS,

CryoEM

Size Exclusion Chromatography (SEC)
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Further characterization of a subset of nanoparticles
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= Crystal Structure =3 Design Model

Three-Fold
Interface

Measure the difference
between design and
produced nanoparticle
Would love to know the
rationale for why they
moved forward with this
specific group of
candidates

Would’ve loved better
labeling of what to look
at/legend

Unclear if the variation
in interactions is a
limitation of their
methodology?



Putting it into practice - tackling a difficult design task with
their design method

Diffuse a de novo Dock component into Attach remaining Component self-
Motif of interest component to nanoparticle and antigen to assembles into
contain motif design sequence component nanoparticle
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They pick one and show that it does what they say it does
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Figure S1
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Figure S2

Without Off-Target Characterization (T2s and Ods):
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Figure S4
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Figure S5

GSFSC Resoluton: 2.144
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Figure S6

GSFSC Resolution: 2144
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Percent Hydrophobic

Figure S7
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Figure S8
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Figure S9

Conditional Nanoparticle nsEM Characterization:
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Figure S10
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Figure S11
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Figure S12

Dilution (logo)
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