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THE NUCLEAR ENVELOPE

Most cells in the body have a single nucleus. Exceptions include skeletal muscle cells, which have many nuclei, and mature red blood cells, which have none. The nucleus is enclosed by two membranes an inner membrane and an outer membrane that together are called the nuclear envelope. The nuclear envelope separates the contents of the nucleus from the cytoplasm and provides the structural framework of the nucleus. 

Structure of the Nuclear Envelope
The nuclear envelope has a complex structure consisting of two nuclear
membranes, an underlying nuclear lamina, and nuclear pore complexes. The nucleus is surrounded by a system of two concentric membranes, called the inner and outer nuclear membranes. 
    The outer membrane is continuous with the endoplasmic reticulum in the cytoplasm. In addition, the outer nuclear membrane is functionally similar to the membranes of the endoplasmic reticulum and has ribosomes bound to its cytoplasmic surface. In contrast, the inner nuclear membrane carries proteins that are specific to the nucleus, such as those that bind the nuclear lamina.
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Each nuclear pore complex has a central opening, the nuclear pore surrounded by interconnected rings and columns of proteins. Small molecules may pass through the complexes by diffusion, but movement of protein and RNA through the nuclear pores is a selective, energy-requiring process that requires transport proteins to ferry their cargo into and out of the nucleus.
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Underlying the inner nuclear membrane is the nuclear lamina, a fibrous meshwork that provides structural support to the nucleus. The nuclear lamina is composed of 60- to 80-kilodalton (kd) fibrous proteins called lamins. 



NUCLEOCYTOPLASMIC TRANSPORT

Nucleocytoplasmic transport refers to the mechanisms by which molecules move across the nuclear membrane of a cell. The entry and exit of large molecules from the cell nucleus is tightly controlled by the nuclear pore complexes (NPCs). Although small molecules can enter the nucleus without regulation, macromolecules such as RNA and proteins require association with transport factors known as nuclear transport receptors, like karyopherins called importins to enter the nucleus and exportins to exit.

Protein that must be imported to the nucleus from the cytoplasm carries nuclear localization signals (NLS) that are bound by importins. An NLS is a sequence of amino acids that acts as a tag. Proteins, transfer RNA, and assembled ribosomal subunits are exported from the nucleus due to association with exportins, which bind signaling sequences called nuclear export signals (NES). The ability of both importins and exportins to transport their cargo is regulated by the small Ras related GTP ase, Ran. 

GTPases are enzymes that bind to a molecule called guanosine triphosphate (GTP) which they then hydrolyze to create guanosine diphosphate (GDP) and release energy. Ran is in a different conformation depending on whether it is bound to GTP or GDP. In its GTP bound state, Ran is capable of binding karyopherins (importins and exportins). Importins release cargo upon binding to RanGTP, while exportins must bind RanGTP to form a ternary complex with their export cargo. The dominant nucleotide binding state of Ran depends on whether it is located in the nucleus (RanGTP) or the cytoplasm (RanGDP).
[image: https://upload.wikimedia.org/wikipedia/commons/thumb/a/af/Rancycle_nuclearimport_nuclearexport.png/550px-Rancycle_nuclearimport_nuclearexport.png]
Nuclear Import
Importin proteins bind their cargo in the cytoplasm, after which they are able to interact with the nuclear pore complex and pass through its channel. Once inside the nucleus, interaction with Ran-GTP causes a conformational change in the importin that causes it to dissociate from its cargo. The resulting complex of importin and Ran-GTP then translocates to the cytoplasm, where a protein called Ran Binding Protein (RanBP) separates Ran-GTP from importin. 

Nuclear export
Nuclear export roughly reverses the import process; in the nucleus, the exportin binds the cargo and Ran-GTP and diffuses through the pore to the cytoplasm, where the complex dissociates. Hence, whereas importins depend on RanGTP to dissociate from their cargo, exportins require RanGTP in order to bind to their cargo. 

A specialized mRNA exporter protein moves mature mRNA to the cytoplasm. This process is actively dependent on the Ran protein, although the specific mechanism is not yet well understood. Some particularly commonly transcribed genes are physically located near nuclear pores to facilitate the translocation process. 

Export of tRNA is also dependent on the various modifications it undergoes, thus preventing export of improperly functioning tRNA. This quality control mechanism is important due to tRNA's central role in translation, where it is involved in adding amino acids to a growing peptide chain. The tRNA exporter in vertebrates is called exportin-t. Exportin-t binds directly to its tRNA cargo in the nucleus, a process promoted by the presence of RanGTP. Mutations that affect tRNA's structure inhibit its ability to bind to exportin-t, and consequentially, to be exported, providing the cell with another quality control step.



[image: Simplified model of classical nuclear import and nuclear export. Import through the nuclear pore complex of cargo containing a classical NLS occurs via importin- α / importin- β heterodimer. Nuclear export of cargo containing a NES occurs with the help of exportins. As noted in the diagram, the gradient of RanGTP and RanGDP across the nucleus is an essential component of this process. See text for details. NE = nuclear envelope, NLS = nuclear localization signal, NES = nuclear export signal. Adapted from [120]. ]
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shown that the two domains are comprised of HEAT and ARM repeat
‘motifs [11-13], which share structural similarity with transport recep-
tors of the importin/karyopherin family [14-17]. Complementary bio-
chemical approaches allowed the Hoelz group to define modes of
interaction with both Nup53 and Nic96, two other components of the
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