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Why this paper ?

d Materials under biogenic confinement — bridges biology and materials science

O Single particle analysis (SPA) study of FeO NP inside largely stable protein

 Direction towards atomically precise nanoclusters clusters and protein conjugates
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0 Mechanism of functioning of ferritin is divided
into six steps: (1) Assembly of subunits to form
the 24-meric shell of ferritin, (2 and 3) entry of
Fe(ll) to ferritin and binding to catalytic centers,
(4) oxidation of Fe(ll) in the catalytic center, (5)
storage of the Fe(lll) product inside the cavity of
ferritin, and (6) release of Fe(lll) from the

mineral core.

Honarmand Ebrahimi et al.,Chem. Rev. 2015, 115(1),295-326.
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Structural Insights into Iron lons Accumulation in Dps Nanocage

by Yury Chesnokov 1.2 EG, Andrey Mozhaev 1343 E@, Roman Kamyshinsky 1.2.8 E@,
Alexander Gordienko 1.7 & and Liubov Dadinova .- 2@

Int. J. Mol. Sci. 2022, 23(10), 5313

Cryo-EM class averages and
corresponding 3D reconstructions

Dps Dps+FeSOy  for iron cluster inside Dps.



Results and Discussion



Data Collection and Processing
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Fig. S1. Representative cryo-EM micrograph of iron oxide NP bound HuLF. Scale
bar represents 50 nm. Example single particles from the data set with 0, 1, and 2 NPs.
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Figure 1. Synthesis and structure of iron oxide NP-bound HuLF. (a) The synthesis of NP-bound HuLF was

optimized to produce the highest ratio of HULF assemblies with a single NP. As Fe2* was increased, the

number of NPs per HULF was increased with the optimal Fe?*:HuLF ratio tested being 3:1. (b) Using the 3:1

ratio, single particle cryo-EM was used to determine the structure of HULF bound to an iron oxide NP

(HULF-NP) at 2.85 A, which was sufficient to resolve interactions of the interfacial amino acids.
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Data processing workflow
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Helix B

Figure 2. Cryo-EM structure of the protein-inorganic
interface of HULF. The 2.85 A cryo-EM map and model
of the HULF-NP complex are shown from the top (a)
and sides (b). The cryo-EM map is contoured at 5 o
around helix B and E of the HULF-NP model, which is
where the protein-inorganic interface is formed. The key
residues in the interaction with helix B are labeled (H53,
E57, E60, E61, and E64) as well as the interaction of
the C-terminus, which follows helix E and is labeled

with the last residue modeled, K176.
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Fig. S5. Local resolution map around the
protein-inorganic interface of HULF-NP. Local
resolution map was calculated using Phenix

and visualized using ChimeraX.

Fig. S6. Cryo-EM maps of HuLF not
interacting with iron oxide NPs. (a-b) Top
and side views of a representative chain
(chain B) in the HULF-NP structure that is
not interacting with the NP (chain A). (c-d)
Top and side views of apo-HuLF in the area
that the NP would be bound (see Fig. 2).
The structure of apo-HuLF is from the same
data set used to determine HULF-NP (see

Fig. S2). Maps are contoured at 5.010.



Chemistry at the protein-mineral interface in
L-ferritin assists the assembly of a functional
(u3-ox0)Tris[(u?-peroxo)] triiron(lll) cluster
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a HuLF-NP b HuLF tri-iron cluster
(this work) (PDB ID: 5lg8)

-

-7 ’Figure 3. Comparison of the cryoEM HuLF-NP
complex structure to the iron cluster structures
determined by X-ray crystallography. The

models derived from the cryo-EM maps of

HuLF-NP determined in this work (a) show key

differences when compared with the model of
smaller tri-iron clusters by X-ray
crystallography (b, PDB ID: 5Ig8), particularly
the conformations of E57 and E60 (c). (d)
While there are significant differences between
E57 in HULF-NP (d, top) and the tri-iron cluster
from PDB ID 5Ig8 (d, bottom), the

conformation of E57 in the HULF-NP structure

C E57

is much more similar to ES57 from the
EGOA/EG1A/E64A HULF mutant that forms an
alternative iron cluster (d, bottom. PDB
ID: 6ts1). The HULF-NP maps presented in (c)

are contoured at 5 o.

d HULF-NP
, H53
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Figure 4. The cryo-EM structure of the NP-bound
HuLF C-terminal truncated variant. The HuLF,,,_
17¢ construct was used to produce a 3.30 A cryo-
EM map of the NP complex with HULF lacking the
final two residues, H177 and D178. The map is
similar to the wild-type HuLF-NP structure, with
the exception of the lack of continuous density
from the C-terminus of HuLF,,,,_4,5 to the NP. The
cryo-EM map is contoured at 3.0 o around helices
B and E of chain A

18



Conclusions

» The cryo-EM structures of iron oxide NP-bound HuLF presented here provide a more complete
view of the protein-inorganic interface in ferritin, complementing past studies and adding to our

understanding of ferritin biomineralization.

» Single particlecryo-EM is capable of resolving high-resolution details at the protein-inorganic
interface. The use of cryo-EM is an excellent complement to X-ray crystallography, as it alleviates
many difficulties associated with using crystallography in biomineralizing proteins. For example,
the mineralization conditions may not be compatible with the crystallization mother liquor, and as
is the case for ferritin, extended incubations with mineralization precursors can degrade the
crystal quality.

» The resulting cryo-EM maps confirmed and enhanced previously proposed interactions of the
protein with the material along the B-helix and revealed new interaction at the C-terminus of light

chain ferritin.
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