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Figure2 Structure of respirasome. (a) Helix model of respirasome structure; (b) cartoon model showing elctron trace
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Figure3 Coupling mechanism of complex I. (a) Stimulated state; (b) releasing state
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The sea of starsin your heart
—bring you a taste of the mystery of breathing

YANG Maodun

Ministry of Education Key Laboratory of Protein Science, Tsinghua-Peking Joint Center for Life Sciences, Beijing Advanced Innovation Center for
Structural Biology, School of Life Sciences, Tsinghua University, Beijing 100084, China
E-mail: maojunyang@tsinghua.edu.cn

Respiration is one of the most basic features of living organisms, and this normally neglected process is orchestrated by a
rather complicated molecule system. Mitochondria are the major place for respiration in mammals, and its shape can vary
with different cell conditions, which in turn can influence the efficiency of respiration. Within mitochondria, respiratory
chain complexes responsible for respiration are located on the inner membrane that can form a special structure termed as
cristae. The shape of cristae is variable in different species and cell conditions. Within these crista junctions, a series of
scaffold proteins (MICOS) lash the base of cristae. The respiratory chain complexes are located on the relatively flat
surface of cristag, while the ATP synthase dimers are located at the edge curve of cristae and aligned to form ribbons.
This arrangement can greatly avoid proton leakage across the large cristae surface, and enables the sink formed by the
ATP synthase dimers to harness proton gradient with highest efficiency. Despite early theories that respiratory chain
complexes perform their function independently and randomly scattered on cristae, recent researches show strong
evidence that these complexes tend to form higher level organizations called supercomplex or respirasome. Respiration
process in molecular level means the consumption of high energy electron donors and oxygen to produce water and
release energy in the meanwhile. Each respiratory chain complex harness part of the released energy to perform
conformational change and three major complexes pump protons from mitochondrial matrix to intermembrane space,
thus transforming chemical energy into electrochemical gradient, which is again harnessed by another protein complex
(complex V, ATP synthase) to perform conformational change and produce ATP molecules. In fact, the existence of
repirasome makes this process more delicate and efficient. Other than randomly drifting on the inner membrane, in the
respirasome these individual respiratory complexes are arranged in a pattern where their reaction active sites are close to
each other and their common substrates are compartmented within pools. In this way the efficiency of electron transfer
can be greatly promoted, and the formation of supercomplex can stabilize the structure of individual complexes.
Furthermore, in respirasome, the amount of reactive oxygen species generated during electron transfer is greatly reduced.
Respiratory chaim malfunction can cause a series of serious diseases, including Alzheimer’'s and Parkinson’s diseases,
multiple sclerosis, Friedreich’s ataxia, amyotrophic latera sclerosis, Hurthle cell thyroid carcinoma (HCTC), Leber's
hereditary optic neuropathy (LHON), lethal infantile mitochondrial disease (LIMD), Leigh syndrome (LS), linear skin
defects with multiple congenital anomalies 3 (LSDMCA3), mitochondrial encephalomyopathy with lactic acidosis and
stroke-like episodes syndrome (MELAS), mitochondrial complex | deficiency (MT-C1D), and, non-insulin-dependent
diabetes mellitus (NIDDM). The structure of respirasome will certainly provide precious information for conquering
these diseases.

mitochondria, respiratory chain supercomplex, energy metabolism

doi: 10.1360/N972017-00887
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