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Abstract

Oxidative decarboxylation of pyruvate is a key metabolic reaction during pyruvate catabolism and a vital step in aerobic metabolism performed by a giant enzymatic complex, the pyruvate dehydrogenase complex (PDHc). PDHc
belongs to the a-keto acid/2-oxo-acid dehydrogenase complex (OADH complexes) family together with the 2-oxoglutarate dehydrogenase complex (OGDHc, also known as a-ketoglutarate dehydrogenase complex) and
branched-chain keto-acid dehydrogenase complexes (BCKDHc). PDHc components have been characterized in isolation, but its quaternary structure remains elusive due to sheer size, heterogeneity and plasticity. By utilizing mass
spectrometry, activity assays, crosslinking, electron microscopy and computational modeling, we identified fully assembled Chaetomium thermophilum a-keto acid dehydrogenase complexes in native cell extracts and characterized
their domain arrangements. We reported the cryo-EM structure of the PDHc core and observed unique features of the previously unknown native state. We reconstructed asymmetrically the 10-MDa PDHc and resolved spatial proxim-
ity of its components, in agreement with stoichiometric data (60 E2p:12 E3BP:~20 E1p:=12 E3), and proposed a minimum reaction path among component enzymes. PDHc shows the presence of a dynamic pyruvate oxidation com-
partment, organized by core and peripheral protein species. Our data provide a framework for further understanding PDHc and a-keto acid dehydrogenase complex structure and function.
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Figure 3. Biochemical characterization of native cell extracts aiming to capture a-keto acid

dehydrogenase complexes. (A) SEC profile of C. thermophilum native extract; (B) Cryo-EM of fraction 4 (>10
MDa complexes); Insert shows: The metabolon of FAS with the bound carboxylase and PDHc particles shown in yellow and
blue circles, respectively; On the right, single particles described in STAR methods; On the bottom, class averages of PDHc
derived from NS. Scale bars: insert: 100nm; extracted single-particles and PDHc class averages: 60 nm. (C) MS data show
abundance of a-keto acid dehydrogenase subunits. (D) Activity assays for PDHc (blue) and OGDHc (red) E1. (E) Immunode-
tection of E2p and Ela in cell extracts; NC and PC stand for negative and positive controls.
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Figure 4. Identification of OADH complexes in native cell extracts by electron mi-

Croscopy. (A) Typical micrographs showing distinct single particles for fractions 5-11. Blue and red circles corre-
spond to prominent signatures of particles with dodecahedral and octahedral cores, respectively. Scale bar: 60 nm. (B)
Quantification of particles resulting in class averages showing characteristics of dodecahedral (blue), octahedral (red)
and other types of structures (grey). Insert class averages show a typical class average from each category of mole-
cules. (C) 3D reconstructions with C1 symmetry of complexes with cubic (top) and dodecahedral cores (bottom).
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Figure 6. Asymmetric reconstruction of the full PDHc from native cell extracts. (A) The PDHc map was segmented with Segger (Pintilie and Chiu,
2012); localized densities (wire), strong clusters of densities (silver); and E2p core (blue) are shown. Outer density clusters are denoted as 1, 2 and 3. (B) Top fits are shown for Elp, . .
E2p and E3; The rest of the densities are not fitted due to ambiguity in localizing the enzymes. (C) On the right, the model of PDHc 1s shown where the LD Cter 1s stably attached to Publication

the E2p core, covering the binding site of the lipoyl. The arm transfers intermediates from Elp to E2p and then to E3. E3BP is described inside the E2p, but its intra-molecular interface  Kyrilis et al., 2021, Cell Reports 34, 108727, February 9, 2021 © 2021
1s unknown. On the left, the pyruvate dehydrogenase factory model observed with our integrative methodology.
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Conclusions

1. Diverse biochemical and biophysical methods com-
bined to probe native cell extract organization

2. An asymmetric reconstruction of the active, native py-
ruvate dehydrogenase complex (PDHc) is reported

3. Spatial relationships among protein components in the
dynamic assembly are determined

4. Enzyme clusters forming a transient catalytic nanocom-
partment are identified and defined as the “pyruvate de-
hydrogenase factory”
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