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The import and export of proteins requires interaction with the components of the nuclear envelope (NE), which is
formed by a double membrane that harbor protein channels called nuclear pore complexes (NPCs). NPCs are
formed by multiple copies of Nups that participate in the bi-directional nucleus—cytoplasmic transport of
macromolecules, ribosomal subunits, viral proteins and RNAs (MRNAs, rRNAs, tRNAs, miRNAs) from both cellular

and viral origin.
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| 1. The Machinery of The Nuclear Pore Complex (NPC)

The import and export of proteins requires interaction with the components of the nuclear envelope (NE), which is
formed by a double membrane that harbor protein channels called nuclear pore complexes (NPCs). NPCs are
formed by multiple copies of Nups that participate in the bi-directional nucleus—cytoplasmic transport of
macromolecules, ribosomal subunits, viral proteins and RNAs (MRNAs, rRNAs, tRNAs, miRNAs) from both cellular
and viral origin L&,

The NPC is made up of approximately 30 multi-copy of Nups, arranged from the cytoplasm to the nucleoplasm,
which makes up the cytoplasmic filaments, cytoplasmic ring, internal pore ring, nuclear ring, and nuclear basket 4
BBl Inside the NPC, there are Nups with repeating sequences rich in phenylalanine (Phe) and glycine (Gly), called
FG-Nups, such as Nup358, Nup62, Nup58, Nup54, Nup98, Nup45, Nup214, hCG1, Nupl53, TPR, and Nup50, that

facilitate the nuclear transport in both directions since they join to nuclear transport receivers (NTRs) (Eigure 1) [l
8],
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Figure 1. The machinery of the Nuclear Pore Complex. The NPC's different components, which participate in the
import and export of proteins and RNAs, and the FG-Nups, which participate in nuclear—cytoplasmic transport, are

shown.

| 2. Bidirectional Nucleus-Cytoplasm Transport

Molecules smaller than approximately 40-50 kDa can pass freely through the nuclear envelope; however, higher
molecular weight molecules such as proteins and RNAs from both cellular and viral origin are actively transported
through the NPC, between the nucleoplasm and the cytoplasm. The nuclear import and export of molecules are
regulated by NTR (nuclear transport receptors), such as importins, exportins, carriers, and small GTPases of the
Ran family that regulate the activity of importins and exportins that transport cargo molecules (Figure 2) E21120]
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Figure 2. Bidirectional Nucleus—cytoplasm Transport. In the classical pathway of import (importin /), the importins
and cargo complex are formed through the recognition of the NLS (nuclear location sequence). In the case of
Export via CRM-1, the charge contains an NES (nuclear export sequence). In both cases, a GTP gradient is

required. Molecules <40 kDa pass through passive diffusion towards the nucleus by the NPC.

NTRs recognize specific sequences in cargo proteins that cross the nuclear membrane from the cytoplasm, such
as nuclear location sequences (NLS) that contain repeated arginine (Arg or R) and lysine (Lys or K) amino acids.
The classical NLS consists of five KKKRK amino acids. Moreover, some proteins possess bipartite NLS consisting
of two groups of basic amino acids, separated by approximately ten amino acids 1112, On the other hand, nuclear
export sequences (NES) participate in the trafficking from the nucleus to the cytoplasm. They are composed of
sequences rich in leucine or hydrophobic amino acids such as valine (Val), isoleucine (lle), phenylalanine (Phe), or
methionine (Met), which are found in motifs conserved in cargo proteins, such as some transcription or translation
factors and mRNA transport proteins 13141115 The nuclear localization of a given protein occurs by the recognition
of the NLS by the NTRs; for example, importin a through its NTR binds to NLS-cargo, then importin 3 binds to
importin a to form a trimeric complex and its cargo molecule. If the NLS is atypical, then importin  directly binds to
its cargo molecule without the participation of importin a. The directionality of the cargo is given by the Ran-GTP
gradient, regulated by the Ran-GTP/GDP cycle. Once the trimeric complex has entered the nucleus, the Ran-GTP
activated by RCC1 (GEF) joins importin 3 and thereby is released from its cargo. Importin [ is transported to the
cytoplasm, and the Ran-GTP is deactivated to Ran-GDP by GAP (GTPase Activating Protein) to free itself from

importin (3 for its next import cycle.
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On the other hand, the nuclear export is given by the recognition of the nuclear export sequences (NES). Nuclear

export begins with Ran-GTP binding to exportin (e.g., CRM-1), which causes an increased affinity for the export

cargo. Then, the complex moves to the nuclear pore and Ran-GTP hydrolyze (activated by RCC1), which forms

the export complex. The complex crosses the NPC, and in the cytoplasm, GAP deactivates RanGTP (hydrolyses

the GTP in GDP), causing the export protein to be released from its cargo [11[12][16]
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