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Summary

In recent years, our understanding of macromolecular transport processes across the nuclear

envelope has grown dramatically, and a large number of soluble transport receptors mediating either

nuclear import or nuclear export have been identified. Most of these receptors belong to one large

family of proteins, all of which share homology with the protein import receptor importin � (also

named karyopherin �). Members of this family have been classified as importins or exportins on the

basis of the direction they carry their cargo. To date, the family includes 14 members in the yeast

Saccharomyces cerevisiae and at least 22 members in humans. Importins and exportins are regulated by

the small GTPase Ran, which is thought to be highly enriched in the nucleus in its GTP-bound form.

Importins recognize their substrates in the cytoplasm and transport them through nuclear pores into

the nucleus. In the nucleoplasm, RanGTP binds to importins, inducing the release of import cargoes. In

contrast, exportins interact with their substrates only in the nucleus in the presence of RanGTP and

release them after GTP hydrolysis in the cytoplasm, causing disassembly of the export complex. Thus,

common features of all importin-�-like transport factors are their ability to shuttle between the

nucleus and the cytoplasm, their interaction with RanGTP as well as their ability to recognize specific

transport substrates. 
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Figure 1
Structure of importin �. (a) Importin � is composed of 19
helical-repeat motifs (HEAT repeats). Each consists of an A
and a B helix connected by a short turn, which in HEAT-8 is
replaced by an acidic loop critical for the regulation of
substrate binding and release. The HEAT repeats 1-8 are
required for high-affinity binding to RanGTP [4,5]. The
importin-�-binding (IBB) domain of importin � interacts
mainly with residues located in repeats 7-19 of importin �
[6]. The binding site for nucleoporins of the NPC is located
between residues 152 and 352, corresponding to repeats 4-8
[4,5]. On the basis of the crystal structure, the A helices of
HEAT repeats 5 and 6 and a region between HEAT repeats
6 and 7 are thought to be critical for recognition of the
FxFG motif [9]. N, amino terminus; C, carboxyl terminus.
(b) Structure of importin � bound to the IBB domain of
importin � (adapted from [6]). Importin � (yellow) forms a
superhelical structure that wraps like a snail around the IBB
domain (blue). The 19 HEAT repeats share a common core
of 21 residues, comprising the A helix with about three turns
and the B helix with about four turns. The helices critical for
the interaction with FxFG-repeat nucleoporins [9] are in
green. Important residues for interaction with RanGTP [8]
are in red. Note the acidic loop, which contacts both
RanGTP and the IBB domain (white arrow).
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Table 1

Proteins in the importin-��-like family and their cargoes

Vertebrate Yeast Cargoes

Importins

Importin ��(Kap �1, p97, PTAC�) [L39793] Kap95p [AAB67265] Ribosomal proteins (H.s.) [31], viral proteins [29], cyclin B1 (X.l. and 
H.s.) [32,33], Smad proteins (H.s.) [34], T-cell protein tyrosine phos-
phatase (H.s.) [28]. Adaptors: importin ���cNLS-containing proteins 
(reviewed in [1]); importin ��4E-T: eukaryotic translation initiation 
factor 4E (H.s.) [78]; snurportin: m3G-capped U snRNPs (H.s.) [25] 
XRIP �: RPA (X.l.) [26]

Transportin 1 (importin �2, karyopherin �2) hnRNP protiens (A1, F) (H.s.) [39,42]; ribosomal proteins (H.s.) [31]
[U70322]

Kap104p [CAA84959] Nab2p (S.c.) and Hrp1p (S.c.) [38]

Transportin-SR (transportin-SR2 & Mtr10a) SR domain proteins (H.s.) [43,44]
[AJ133769]

Importin 5 (RanBP5, karyopherin �3) Ribosomal proteins (H.s.) [31]
[U72761]

Kap108p/SXM1 [AAB64837] Lhp1p (S.c.) & ribosomal proteins (S.c.) [79]

Kap111p/Mtr10p [CAA99366] Npl3p (S.c.) [80]

Kap114p/YGL241W [CAA96960] TBP (S.c.) [45]

Importin 7 (RanBP7) [AF098799] Ribosomal proteins (H.s) [31]; mediates import of histone H1 (H.s.) 
[27] when bound to importin �

Kap119p/Nmd5p [CAA89663] Hog1p (S.c.) [58], TFIIS (S.c.) [81]

Kap121p/Pse1p [CAA89141] Pho4p (S.c.) [82], ribosomal proteins (S.c.) [36], Spo12p (S.c.) [83] 

Kap122p/Pdr6p [CAA96716] Toa1p and Toa2p (S.c.) [84]

Kap123p/Yrb4 [AAC03208] Ribosomal protein (S.c.) [36,37]

Kap142p/Msn5p [AAB64771] Replication protein A (S.c.) [65] 

Importin 11 [from ESTAA082435] UbcM2 (murine) [3]

Exportins

Exportin 1 (CRM1, XPO1) [Y08614] Crm1p/Xpo1p [CAA97246] NES-containing proteins [46-49,52,54,55], m7G-capped U snRNAs 
(X.l.) [53], snurportin 1 [H.s] [51], I�B� (avian) [50], Ssb1p (S.c.) [59],
Ace2p (S.c.) [57], Yap1p (S.c.) [56], Hog1p (S.c.) [58]

CAS [U33286] Cse1p/Kap109p [CAA96957] Importin � (H.s. and S.c.) [60-63]

Exportin-t [AF039022 ] Los1p [CAA82050] tRNA (H.s. and S.c.) [66-68]

Exportin 4 [AF145021] eIF-5A (H.s.) [85]

Kap142p/Msn5p [AAB64771] Pho4p (S.c.) [64], Mig1p (S.c.) [86], Far1p (S.c.) [87], Ste5p (S.c.) [88]

Examples of orphan importins/exportins 

Transportin 2 (karyopherin �2b) [AF019039] Unknown

RanBP6 [AF039023] Unknown

RanBP8 [U77494] Found in a complex with importin �, unknown function [89]

RanBP13 (Mtr10b) [AF267987] Unknown

RanBP16 [AF064729] Unknown

RanBP17 [AF222747] Unknown

Kap120p/Lph2p [AAB68237] Unknown

Abbreviations: H.s., Homo sapiens; S.c., Saccharomyces cerevisiae; X.l., Xenopus laevis. GenBank accession numbers are given in square brackets for each
protein, and alternative names are in parenthesis. 
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Figure 2
A schematic representation of nuclear import and export cycles through the NPC. Typically, an import cargo is first
recognized by its importin in the cytoplasm. The cargo-loaded importin translocates through the NPC into the nucleus,
where the cargo is dissociated from the importin by binding of importin to RanGTP. The importin-RanGTP complex recycles
back to the cytoplasm, where RanGTP hydrolysis is stimulated by RanGAP and RanBP1; this frees the importin for the next
round of import. Binding of cargoes to exportins is regulated in a converse manner. Exportins bind their export substrates in
the nucleus, forming a trimeric cargo-exportin-RanGTP complex. This complex is exported from the nucleus and dissociated
in the cytoplasm by hydrolysis of RanGTP to RanGDP and inorganic phosphate (Pi). This releases the export substrate, and
the exportin is recycled back into the nucleus. For details, see text. 
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