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Nuclear localization signals (NLS) , a ”classical” NLS :

a. monopartite, simple sequence of 3-5 basic amino acid residues

SV40 T antigen PKKKRKVE
c-myc PAAKRVKLD
pS3 PQPKKKPL
v-jun/c-jun KSRKRKL

b. bipartite, a signal consisting of basic dipeptyde upstream from

a simple basic sequence

nucleoplasmin KRPAATKKAGQAKKKKID
androgen receptor RKCYEVGMMKGGIRKDR
topoisomerase I RKEEKVRASGDAKIKKE

. nucleolar localization sequences (an entry and retention signal)

HIV Tat GRKKRRQRRR
HSP70F KRKHKKDISQNKRAVRR
HTLV-1p27 PKTRRRPRRRSQRKRPP




These sequences have been identified based on one or more of
three basic criteria:

- mutation or deletion of the NLS leads to cytoplasmic localization
of the protein in question.

- the NLS is active in nuclear targeting as a peptide covalently
coupled to a normally cytoplasmic localized
protein.

- the NLS is able to target a normally cytoplasmic localized protein
to the nucleus when encoded in a fusion protein.

NLS ARE FUNDAMENTALLY DIFFERENT FROM OTHER
SIGNAL OR TARGETING SEQUENCES IN THAT THEY ARE
NOT CLEAVED DURING TRANSPORT.




THE NUCLEAR IMPORT OF PROTEIN AN PROTEIN

Ran protein is small GTPase, detectabie in the cytosol and the nucleus

.Rans regulators:

Ran's GTP exchange factor, termed RCC1, located in the nucleus

Ran's GTPase-activating protein, Ran-GAP, localized to the cgtoplasm

Cytoplasm Nucleus

Localization of Ran Effectors

The compartmentalization of its regulators indicates that Ran moves
between the cytopiasm and the nucleus. - . .
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The best understood function of importin a 1s to serve as
an adaptor that links classical NLS-containing proteins to
importin 3, which 1n turn, docks the ternary complex at the

NPC (to FxFG domains of nucleoporins) and facilitates its
translocation into the nucleus.




Importin o Importin
TRENDS in Cell Biology

gure . Impoartin 2and importin f eonsist of tandem arrays of armadillo (ARBM; =) and HEATI Bl helical repeat motifs. At the top of the figure, the H1, H2 and H3 halices of

mpartin = are shown in green, red and yellow, respectively, and the A and B helices of impartin | are indicated by red and yellow, reapectively [73]. The tandamly

peated sequences of ARM and HEAT motifs occur in 8 wide varety of eukaryotic proteins. The H1, HZ and H3 helices of the ARM protein importin = (left} ame shown in

n, red and vellow, respectively. The A and B helices of the HEAT protein importin B iright} areindicated by red and vellow, respectively; bound ligands are shown in

ue. Thestructures shown are those of yesst importin £ bound to the bipartite nuclear localization signal of nucleoplaamin (PDB 125 [12]) and human impartin B bound
the impartin-f-binding domain of importin = (POB 1ggk [7 111 The structures are onented with their N-termini at the bottom and their C-temini at the top.




Auto inhikitionr

ARM repeats
mportin-p Nup2 binding
binding




Nucleus

S
7))
L
Q.
O
—
o
&




® IMP [1.462 ®IMP Pi.e7s ® IMP Pempty
Ran-GTP ® IMP Pranate




Nuclear export signal NES (leucine-rich
sequence)

carry by proteins and RNP to be able exit the
nucleus

consensus: LxxxLxxLxL (V.,I)

exportin 1 — NES dependent export substrate

receptor

it have been identified in a variety of cellular and
virial protein:

MAPKK ALQKKLEELELD
Rev LOLPPLERLTLD
a-actin - ALPHAILRLDLA
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(low Ran(G:TP) {high RanGGTP)
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Ribosomal proteins

mRNA-binding proteins:
Npl3, Hrb1

FPhod, Ste12, Spo12,
Pdr1, Yap1, Aft1
SRP proteins,
histones,

ribosomal proteins

Ribosomal proteins,
histones, SRP proteins

mRNA-binding proteins:
Nab2, Hrp1
Kapa,
other proteins

HIV RTC,
H1, GR,
ribosomal
proteins

SRP19

SR proteins

hnRNP-A1,
ribosomal proteins,
histones

TBP, histones H2A and H2B, Nap1

Export: phosphorylated
proteins; Phod, Far1,
Mig1, Cdh1, Rig1, Rtg3,
Crz1, Msn2, Swi6, HO
Import: RPA complex

Leu-rich NES proteins

Import: REMS,
UbcH,

Pax6
Export: elF-1A,

Leu-rich NES proteins, snurportin

tRNA

Karyopherin o

elF-5A

Karyopherin o,
other proteins

Histones,
ribosomal proteins

UbeM2, rpL12

ILF3, eEF-1A, pre-miRNA,
tRNA, minihelix RNA

Profilin, actin
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Importins fulfil a dual function as nuclear
import receptors and “basic chaperones”

for exposed basic domains.
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Import of rpL18a with Ran, energy and

- B 9b importin
+ <+ + cytosol w/o importins

w— e soluble rpL18a

— precip. rpL18a
solubility of rpL18a in cytosol

- GTP GDP Ran
+ 4+ 4+ Impp

— - unbound rpL18a
— — bound rpL18a

binding of rpL18a to CM-Sepharose




The total nuclear import receptor concentration in the cytosol
might amount to 10 uM or >1mg/ml. Importins are thus
concentrated similarly to abundant HSPs (which bind folding and
assembly intermediates with exposed hydrophobic regions).

The anti-aggregation activity of importins should have been
useful even before nuclear pores were functional and might thus
represent the most ancient part of the nuclear transport
machinery.




In the cell cycles of animal cells, the nucleus 1s
disassembled at M-phase: what happens to the
nucleocytoplasmic transport machinery under

these condition?
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Importin p and Nuclear Assembly
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Low Ran-GTPF High Cyclin-Cdk
Low Cyclin-Cdk2 *

FRC formation inhibites)



a Normal cell b Carcinoma cell
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- In Interphase, 1t flags the position of the nucleus
and provides directionality to nucleocytoplasmic
transport

- in ana- and metaphase it regulates microtubule
nucleation around chromatin




NLS-cargo

Low RanGTP
concentration

Nuclear envelope

High RanGTP
concentration

Nucleoporins

Y9 S22 /

D

/|

§
oo




