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What keeps intracellular traffic running smoothly?
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The molecular transportation acrossintracellular membrane
system

CAOYu& XIAYing

State Key Laboratory of Molecular Biology, National Center for Protein Science Shanghai, Institute of Biochemistry and Cell Biology, Shanghai
Institutes for Biological Sciences, Chinese Academy of Sciences, Shanghai 201210, China

Intracellular membranes constitute a complicate system which defines the cellular compartments, such as mitochondria,
lysosome and endoplasmic reticulum (ER), and restricts biological active substrates within specific locations to conduct
their physiological roles. Due to the hydrophobic property of the membranes, most of the enclosed molecules are unable
to pass through the “lipidic walls’ spontaneously and thus their traveling among different cell locations should be
facilitated by the protein machinery across the intracellular membranes. In respect to eukaryotic cells, various transportation
systems have evolved to orchestrate the complex traffic network connecting different cellular compartments in an
efficient and organized way, including active transporter, passive transporter, channels, etc., which catalyze the
transmembrane permeation of critical nutrient molecules, ions and even macromolecules. On the other hand, the lipidic
environment within the membrane makes it a perfect place for biochemical reaction involving the hydrophobic molecules,
such as the synthesis of steroids and sphingomyelins. The proper function of intracellular transportation systems is
critical for cells to maintain a healthy metabolism, conduct their physiological activities in organism, and keep on the
right track of cell fate, such as proliferation, differentiation and apoptosis. For example, the metabolism reactions in
mitochondria require a sufficient supplies of biochemical substrates (e.g., pyruvate) to generate energy for cells, as well
asaquick cleanup for the products and by products of the reaction to complete the cycles. The dysfunction of the systems
could result in abnormal status of cell organelles: insufficient nutrition supplies would slow down the energy generation;
excessive accumulation of certain molecules within mitochondria and ERs would be toxic and thus disturb the biological
activities therein; incorrect traffic of proteins would cause their improper localization and lead to pathological process
and diseases, such as cystic fibrosis resulting from the inappropriate localization of cystic fibrosis transmembrane
conductance regulator (CFTR), and viral invasion by cytomegalovirus which can hijack the ER-associated degradation
system to eliminate MHC | molecules by inducing MHC | to stray into cytoplasm instead of its proper destination, cell
membrane, thus weakening the immune recognition of the cell. The research in the field of intracellular transportation
runs far behind the progress of transportation across the cell membrane due to the difficulties in quantitation of the
molecules inside cell compartments, live imaging on the dynamic change of cell organelle contents, and purification of
membrane protein localized on intracellular membranes, and thus the breakthrough in the related technologies will
prompt our understanding on the intracellular traffic greatly.

intracellular membrane, membrane proteins, transmembr ane transportation, metabolism
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