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CAS! cellular apoptosis susceptibility (= Exportin 2)!
C-terminus! carboxy-terminus!
CRM1! chromosomal region maintenance 1 (= Exportin 1/ 

Xpo1p)!
DTT! dithiothreitol!
eIF2β ! eukaryotic translation initiation factor 2β!
eIF5A  eukaryotic translation initiation factor 5A 

E. coli ! Escherichia coli !
EDTA! ethylenediaminetetraacetic acid!
Exp ! exportin !
FG repeat! phenylalanine/glycine repeat!
GAP! GTPase-activating protein!
GDP! guanosine 5'-diphosphate!
GFP! green fluorescent protein!
GST! glutathione S-transferase!
GTP! guanosine 5'-triphosphate!
GTPase! GTP hydrolase!
HEAT repeat! class of protein repeats (huntingtin, elongation factor 

3, the PR65/A subunit of protein phosphatase 2A 

(PP2A), lipid kinase TOR)!
HIV ! human immunodeficiency virus !
HMG ! high-mobility group !
hnRNP! heterogeneous nuclear ribonucleoprotein!
H. sapiens! Homo sapiens!
IgG immunoglobulin G !
Imp ! importin !
IPTG! isopropyl--D-thiogalactopyranoside!
LB ! Luria-Bertani (lysogeny broth, medium) !
LMB ! leptomycin B !
Kd ! dissociation constant !
kDa! kilodalton!
MDa! megadalton!
N-terminus! amino-terminus!
NE ! nuclear envelope !
NES ! "Leucine-rich" nuclear export signal !
NLS! nuclear localization signal 

NMR! nuclear magnetic resonance !
NPC ! nuclear pore complex !
NTA ! nitrilotriacetic acid 

NTF2 ! nuclear transport factor 2 !
NTR ! nuclear transport receptor 

Nup ! nucleoporin (NPC protein) !
OD ! optical density !
PBS ! phosphate-buffered saline !
PEG ! polyethylene glycol !
PKA ! protein kinase A (cAMP-dependent protein kinase) !
PKI ! protein kinase A inhibitor !
pre-miRNA  pre-micro RNA  

Ran ! Ras-related nuclear antigen !
RanBD ! Ran-binding domain !
RanBP ! Ran-binding protein !
RanGAP 1 ! RanGTPase-activating protein !
RanGEF! Ran guanine nucleotide exchange factor (RCC1) !
Ras Rat sarcoma !
RCC1 ! regulator of chromosome condensation 1 

("RanGEF") !
RNP ribonucleoprotein (particle) !
S. cerevisiae Saccharomyces cerevisiae !
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SDS-PAGE ! sodium dodecyl sulfate-polyacrylamide gel 

electrophoresis !
S. pombe ! Schizosaccharomyces pombe !
SPN1 Snurportin1 !
SV40 ! simian virus 40 !
TEV ! tobacco etch virus !
Tris ! Tris(hydroxymethyl)aminomethane, 2-amino-2-

hydroxymethyl-1,3-propanediol !
UsnRNP ! uridine-rich small nuclear ribonucleoprotein 

(particle) !
v/v volume per volume !
w/v weight per volume !
X. laevis Xenopus laevis !
YT / 2YT ! yeast extract tryptone medium !
z (in "zz")! IgG-binding domain of the Staphylococcal protein A!
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1 Introduction 

 

1.1 Subcellular compartmentalization: 

 

A remarkable feature of eukaryotic cells is the presence of different sub-cellular 

compartments. This segregation serves the purpose of maintaining the internal 

environment specific to each compartment by controlling the contents present 

(Leighton et al., 1968). This feature gives eukaryotic cells an added level of 

complexity with regard to regulation of the various cellular processes  (reviewed in 

Güttler and Görlich, 2011).   

 

The nucleus is one of the largest compartments of the cell and it stores the genome 

(Kaffman and O'Shea, 1999). Within the nucleus, genes are transcribed into pre-

mRNA that undergo splicing to generate mature mRNA. Splicing is a process by 

which non-coding sequences, so called “introns”, are removed from coding 

sequences, called “exons”, in various patterns by the spliceosome. According to this 

pattern, multiple transcripts can be generated from a single gene. (Hastings & Krainer, 

2001, Brow et al., 2002).  

 

Fully mature transcripts exit the nucleus and they undergo a process of surveillance 

for premature stop codons by Nonsense Mediated mRNA Decay in the cytosol. This 

ensures that only fully spliced transcripts are being translated (Maquat LE. 2004). 

Thus, in contrast to prokaryotes, transcription and translation are spatially segregated 

by the nuclear envelope (discussed in Bohnsack et al., 2002).  

 

Taking into consideration the various functions of the Nuclear Envelope, it has been 

suggested that it has played a significant role in evolution and in increasing the 

diversity of proteins being synthesised by enabling splicing, controlling access of 

transcription factors to genes, complex regulation of multiple processes and allowing 

storage of much more genetic material (reviewed in Güttler & Görlich, 2011 and 

Conti & Izaurralde, 2001; Gilbert, 1978). 
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Constitutive and regulated traffic of several macromolecules occurs across the nuclear 

membrane. Occasionally, macromolecules without a nuclear destination enter the 

nucleus accidentally e.g. during cell division or due to passive diffusion because of 

small size. These molecules need to be constantly exported out of the nucleus. One 

example of this is the exclusion of translation factors from the nucleus. (Bohnsack et 

al., 2002). 

 

Exchange of macromolecules across the nuclear envelope occurs through the nuclear 

pore complexes (NPCs) (Feldherr, 1962) and includes different proteins like e.g. 

transcription factors, protein complexes like the ribosomal proteins, proteins involved 

in the splicing machinery, mRNA and tRNA (reviewed in Görlich & Kutay, 1999; 

Cook A et al., 2007; Kuersten et al., 2001; Macara et al., 2001; Paine and Feldherr, 

1972).  

 

1.2 The nuclear pore complex:  

 

The nuclear envelope has pores with a special membrane topology. These pores are 

stabilized by Nuclear Pore Complexes (Bahr and Beermann, 1954) and allow 

selective passage of macromolecules across the nuclear envelope. The NPCs consist 

of so called Nucleoporins (Nups), which interact with each other in a specific manner 

and so far, about 30 different Nucleoporins have been found  (Rout et al., 2000; 

Cronshaw et al., 2002). These Nucleoporins form a highly evolved complex, which 

repeats in an eight-fold rotational symmetry in the NPC (Gall, 1967). The 

approximate size of the NPC in higher eukaryotes is 125MDa (Reichelt et al., 1990). 

                          

Nucleoporins or Nups can be divided into 3 categories. There are membrane integral 

Nups, Nups that form the rigid scaffold and FG domain containing Nups. (Cronshaw 

et al., 2002, Hetzer et al., 2005). The FG domains are required to allow selective 

transport across the Nuclear Pore Complex and this will be discussed later. (Yamada 

et al., 2010; Frey et al., 2006; Patel et al., 2007; Frey and Görlich, 2009; Ader et al., 

2010; Yamada et al., 2010, Iovine et al., 1995; Radu et al., 1995; Bayliss et al., 1999, 

Bayliss et al., 2000). 
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1.3 Nuclear Transport Receptors: 

!

Transport of different cargo molecules across the NPC is mediated by soluble 

receptors called Nuclear Transport Receptors (NTRs). These belong to the Importin β 

superfamily (reviewed in Güttler and Görlich, 2011 and Cook et al., 2007). 

 

Nuclear Transport Receptors (NTRs) have a unique and conserved architecture - 

however at the sequence level conservation is low. They are large proteins and range 

from approximately 90 -150 kDa in molecular weight (Görlich et al., 1997; reviewed 

in Güttler and Görlich, 2011; reviewed in Cook et al., 2007) 

 

NTRs are built from HEAT repeat motifs that consists of two alpha helices - stacked 

anti-parallel to each other. The two helices, A and B, are connected by a loop and 

placed at a certain angle to each other. These helices are found all along the NTRs and 

form a continuous structure without sub-domains. Due to the continuous arrangement 

of HEAT repeats, the NTRs have an overall 'twist' in structure and contribute to the 

intrinsic flexibility of NTRs. (Cook and Conti, 2010; Güttler and Görlich, 2011). 

 

1.4 Selective transport across the NPC: 

 

Different models have been proposed to explain the selective transport across the 

NPC. It has been suggested that the FG domains interact with each other to form a 

sieve like structure that has a size exclusion limit of 40 kDa or 5 nm diameter for 

macromolecules. Thus making the transport process across the NPC very selective. 

(Mohr et al., 2009; Ribbeck & Görlich, 2001; Frey & Görlich, 2006; Frey et al., 

2007). Macromolecules smaller than the size of 5nm in diameter can go across the 

NPC in an unregulated manner passively (Mohr et al., 2009). Transport of 

macromolecules larger than 5nm diameter or 40kDa is heavily retarded.  

 

Larger macromolecules are carried across the NPC by NTRs. NTRs allow their 

facilitated transport across the NPC at a much higher rate (Ribbeck and Görlich, 

2001; Mohr et al., 2009; Frey et al., 2007, reviewed in Fried and Kutay, 2003). 
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Thus, FG repeats bind NTRs required for facilitated translocation and formation of 

the passive permeability barrier (Iovine et al., 1995; Radu et al., 1995; Bayliss et al., 

2000, reviewed in Güttler and Görlich, 2011) (fig 1). 

 

                     

Figure 1: Nuclear transport receptors crossing the mesh-like permeability barrier (Ribbeck & 

Görlich, 2001). 

 

A - The Permeability Barrier 

B - cargo with interaction points on its surface by virtue of which it can interact with the FG repeats 

C - The cargo becomes a part of the barrier by interacting with the FG repeats as it crosses it. 

 

1.5 Nuclear transport depends on the RanGTP gradient across the nuclear envelope: 

 

The directionality of NTR-mediated transport depends on the RanGTP gradient across 

the nuclear envelope (Görlich et al., 1996, Izaurralde E, 1997). The RanGTPase 

system maintains this gradient and it includes critical components namely - RanGTP, 

RCC1, RanGAP and RanBP1 (Görlich et al., 2003). This RanGTP gradient fuels 

directed cargo transport through NPCs, even against a gradient of chemical activity. 

 

 

 



! &!

1.6 RanGTP, RanBP1 and RanGAP: 

 

RanGTP is a small GTPase of the Ras superfamily (Moore MS, Blobel G; 1994; Avis 

JM, Clarke PR ,1996; Bischoff and Ponstingl, 1991; Melchior et al., 1993).  

 

RanBP1 and RanGAP1 are found in the cytosol. RanBP1 is the accessory protein that 

helps in the function of RanGAP1 (Bischoff and Görlich, 1997). RanGAP1 activates 

RanGTP and this causes the hydrolysis of RanGTP to RanGDP. (Scheffzek et al., 

1995; Partridge and Schwartz, 2009; Vetter et al., 1999).  

 

A crystal structure of Ran-RanBP1-RanGAP gave further insight into the disassembly 

procedure of export complexes (Seewald MJ et al., 2002). RanGAP associates with 

RanGTP directly via its Leucine Rich Repeats at the N terminus (Seewald MJ et al., 

2002). 

 

1.7 Role of NTF2: 

 

The Nuclear Transport Factor 2 (NTF2) and RanGEF (RCC1) help regenerating a 

high concentration of RanGTP within the nucleus and therefore maintain the RanGTP 

gradient across the nuclear envelope (fig 2) (Ribbeck et al., 1998; Bischoff and 

Ponstingl, 1991; Bischoff and Ponstingl, 1995, Smith et al., 1998). NTF2 binds to 

RanGDP in the cytosol and transports it to the nucleus across the NPC (Ribbeck et al., 

1998).  
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Figure 2: Nuclear import and export; (Görlich & Kutay, 1999).  

A simplistic view of the export and import cycles across the NPC. The export complex is formed in the 

nucleus with a high concentration of RanGTP. It travels to the cytoplasm and it disassembles because 

of RanGTP hydrolysis to RanGDP. This hydrolysis is achieved by the action of RanBP1 and RanGAP. 

The import complex is formed in the cytosol and travels to the nucleus where it disassembles because 

of the presence of RanGTP. RanGTP bound to Importins recycles to the cytosol. Here, RanGTP gets 

hydrolysed and the Importin is free to bind other cargo. NTF2 carries RanGDP to the nucleus and 

RCC1 regenerates RanGTP in the nucleus.  

 

1.8 Nuclear GEF RCC1 regenerates RanGTP in the nucleus: 

 

In the nucleus, RCC1 - also known as regulator of chromosome condensation 1 - 

performs the function of a RanGEF (Guanine Exchange Factor) (Bischoff and 

Ponstingl,1991). RCC1 is found immobilized to histones and converts RanGDP to 
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RanGTP in the nucleus (Bischoff and Ponstingl, 1991; Ohtsubo et al., 1989). Thus, 

RanGTP gradient is established by a concerted action of nuclear GEF RCC1 

(Nemergut et al., 2001), RanGAP1, RanBP1 and NTF2 (Bischoff & Ponstingl, 1991; 

Bischoff et al., 1995, Ribbeck et., 1998; Görlich et al., 1996; Izaurralde et al., 1997).  

1.9 Nuclear import: 

!
The cargo and its respective Importin form a binary complex in the cytosol that 

travels across the NPC into the nucleus. In the nucleus itself, RanGTP interacts with 

the import complex and disassembles it. RanGTP and the Importin form a complex 

and the respective cargo is released. Then the Importin and RanGTP travel across the 

NPC to the cytosol where the Importin and RanGTP complex disassemble. The 

importin is recycled and participates in another round of import (Rexach and Blobel 

1995; Görlich et al., 1996; reviewed in Cook et al., 2007; Görlich & Kutay, 1999) 

(Fig 2).  

 

Nuclear Transport receptors that import cargo recognise specific signals (Dingwall et 

al., 1982) or structured motifs. The common feature of Nuclear Localisation Signals 

(NLSs) is the presence of exposed positively charged residues. For instance, the 

classical NLS represents a short Lysine-rich sequence. Import signals can be 

monopartite, which contain a single cluster of basic residues - as seen in SV40 Large 

T antigen (Kalderon et al., 1984)- and bipartite. Bipartite NLSs consist of two clusters 

of basic residues separated by approximately ten uncharged residues – as seen in 

nucleoplasmin (Dingwall et al., 1988, Robbins et al., 1991). 

 

1.10 Nuclear export: 

 

Cargo that travels from the nucleus to the cytosol, interacts with its respective 

Exportin in the presence of RanGTP. This leads to the formation of a trimeric 

complex, which consists of the exportin bound to its cargo and RanGTP (Kutay et al., 

1997; Fornerod et al., 1997). The trimeric complex then travels across the NPC and 

reaches the cytosol. RanBP1 and RanGAP1 are found in the cytosol and they help in 

the disassembly of the export complex (Richards et al., 1996, Izaurralde et al., 1997). 

Following this, the cargo is released and the exportin recycles back to the nucleus to 
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start over again (Bischoff and Görlich, 1997; reviewed in Kutay and Görlich, 1999; 

reviewed in Güttler and Görlich, 2011; reviewed in Cook et al., 2007) (fig 2). 

 

Exportins recognise specific nuclear export signals in their cargo. This can be a 

particular sequence of residues, a three dimensional fold and may even involve 

adaptor proteins (Fornerod et al., 1997; Fukuda et al., 1997; Ossareh-Nazari et al., 

1997). The work in this thesis is focused on nuclear export and some of the identified 

exportins and their cargo have been shown in Table 1. 

 

1.11 Recognition of export Signals: 

 

The export cargo contain specific 'signals' which are recognised by the respective 

exportins. This could be a linear sequence or a three dimesional fold. For instance, 

CAS recognises Importin α and CRM1 recognises Snuportin by a three dimensional 

fold. CRM1 can also recognise a simple linear sequence, as seen in the classical PKI 

type Nuclear Export Signal. Nucleic acids are also recognised, as seen in export of 

tRNA by Exportin t and Exportin 5 (reviewed in Güttler and Görlich, 2011). In some 

cases, an adaptor is required for the interaction of the cargo with its respective 

exportin. There are a few cargoes of CRM1 that require adaptors for export. Few 

examples have been listed here. E.g. This is seen in nuclear export of RNA genome of 

viruses using adaptor HIV 1 Rev. Another example is when CRM1 exports U 

snRNAs using adaptors PHAX and the CBC complex (Ohno et al., 2000; Izaurralde et 

al., 1995). Thus exportins may differ with respect to the signals and cargo they export 

and in the conformation the export complex.  
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Exportin Cargo Adaptor References 

CRM1 (Exportin 1) 

Xpo1/Kap124p 

Leu rich NE cargoes 

 

 

 

Translation factors eIF2Bε, 

eRF1, eEF1B β, eEF2, eIF2 

complex and all its subunits, 

the eIF3 complex, eIF5 

SPN1 

HIV genomic RNA 

m7G capped UsnRNAs 

 

60S pre ribosomal subunits 

 

 

 

 

 

 

 

 

 

HIV Rev 

PHAX + CBC 

 

NMD3 

 

Fischer et al., 1995; Wen et 

al., 1995; Fukuda et al., 

1997; Stade et al., 1997; 

Fornerod et al., 1997 

Bohnsack et al., 2002  

 

 

 

Paraskeva et al., 1999 

Fischer et al., 1995 

Izaurralde et al., 1995; Ohno 

et al., 2000  

Ho et al., 2000; Thomas and 

Kutay 2003 

CAS (Exportin 2) 

*Cse1/Kap109p 

Importin αs  

Srp1p/Kap60p 

 Kutay et al., 1997; 

Solsbacher et al., 1998 

Exportin t (Xpo t) 

*Los1p/Kap127p 

tRNA  Kutay et al., 1998; Arts et al., 

1998; Hellmuth et al., 1998 

Exporitn 5 (Xpo 5) tRNA, eEF1A (via aa-tRNA) 

 

 

dsRNA binding proteins (via 

ds RNA) 

pre miRNA 

 

60S pre ribosomal subunits 

 Bohnsack et al., 2002; 

Calado et al., 2002 

 

Brownawell and Macara 

(2002) 

Yi et al, 2003; Bohnsack et 

al., 2004; Lund et al., 2004 

Wild et al., 2010 

Exportin 6 Actin profilin complexes  Stüven et al., 2003 

Exporitn 7 p50RhoGAP, 14-3-3σ  Mingot et al., 2004 

Importin 13 Import: Mago Y14, Ubc9 

histone fold heterodimers 

 

Export:eIF1A 

 Mingot et al., 2001; Kahle et 

al., 2005; Walker et al., 2009 

 

Mingot et al., 2001 

Exportin 4 Import: Sox2, SRY 

Export:eIF5A, Smad3 

 Gontan et al., 2009 

Lipowski et al., 2000; 

Kurisaki et al., 2006 

*Msn5p/Kap142p Import: RPA 

Export: tRNA, dsRNA, 

phosphorylated Pho4p 

 Yoshida and Blobel 2001 

Kaffman et al., 1998; Shibata 

et al., 2006 

 

Table 1: List of exportins and their respective cargo (adapted form Güttler and Görlich, 2011). 

(*yeast orthologs and their cargo are marked in blue). 
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1.12 Nuclear export by CRM1 

 

CRM 1 - also known as Exportin 1 - is a nuclear transport receptor with an extremely 

wide range of export cargo (Fornerod et al., 1997; reviewed in Güttler and Görlich, 

2011). It was identified in Schizosaccharomyces pombe and was shown to be 

important for nuclear export of cargo (Kudo et al., 1998; Stade et al., 1997; Adachi 

and Yanagida et al., 1989). The HIV Rev NES and the PKI NES serve as prototypic 

examples of NESs recognised by CRM1 (Fischer et al., 1995; Wen et al., 1995). It 

exports cargo of a varied nature, e.g. many proteins of different sizes and structure, 

including various viral particles (e.g. the HIV-1 genomic RNA using HIV-Rev as an 

adaptor), both small and large ribosomal subunits, various translation factors (e.g. 

eIF2 β) and RanBP1 (Fornerod et al., 1997; Bohnsack et al., 2002; Fischer et al., 

1995; Richards et al., 1996; Conti and Izaurralde, 2001). The crystal structure of 

CRM 1 bound to Snuportin and RanGTP has been solved and this gives valuable 

insights into the export mechanism of CRM1 (Monecke et al., 2009).  

 

RanGTP binds on the inner surface (Monecke et al., 2009) and perhaps strains CRM1 

and as a consequence, CRM1 adopts its nuclear conformation. This leads to opening 

of the hydrophobic cleft where the Nuclear Export Signal (NES) can bind. Hence, it is 

suggested that the binding of CRM1 to its cargo occurs by an allosteric mechanism, 

which involves cooperative binding of RanGTP and cargo. Thus, the strain caused by 

binding of RanGTP is relieved by binding of cargo in the hydrophobic cleft (Monecke 

et al., 2009). This mechanism for CRM1 export of its cargo varies in comparison to 

Exportin t or CAS for instance (Cook et al., 2009; Matsuura and Stewart, 2004). In 

the latter, RanGTP is in direct contact to the transport receptor and the cargo. These 

interactions contribute to the stability of the export complex by virtue of the binding 

energies released (Monecke et al., 2009; reviewed in Cook et al., 2007; Matsuura and 

Stewart, 2004, reviewed in Güttler and Görlich, 2011). 

!

1.13 Recognition of export signals by CRM1: 

 

CRM1 recognises its cargo via specific export signals. Initially this export signal was 

defined to contain the consensus: Φ1 x(2-3) Φ2x(2-3) Φ3x Φ4, where Φ represents a 

hydrophobic residue, x represents the residues that intersperse the Φ  positions and are 
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referred to as the spacer residues (Kutay & Guttinger, 2005; Fischer et al., 1995). 

Based on previous work, Leucine was shown to be favoured for the Φ positions, but 

after systematic mutagenesis trials, it was shown that Isoleucine, phenylalanine, 

methionine and valine may also be present at Φ positions. Based on the crystal 

structure of CRM1 bound to SNP1 and RanGTP, it was seen that the N terminal 

SNP1 region, which binds CRM1 in the hydrophobic cleft had a residue in addition to 

the defined 4 Φ residues of the NES consensus which contributed to binding 

(Monecke et al., 2009; Güttler et al., 2010). Following this structural analysis, the 

NES was examined more closely to identify what was the role of this additional Φ 

residue. This additional Φ residue was defined as the Φ0 position in addition to the 4 

Φ hydrophobic residues. Based on this analysis the NES consensus was redefined as x 

Φ0 x(2)Φ1x(3) Φ2 x(2-3)Φ3x Φ4  for a PKI type  NES and is shown in the fig 3 

(Monecke et al., 2009, Güttler et al., 2010). 

 

Further structural analysis was done to understand how the Rev- NES and PKI-NES 

fit into the CRM1 hydrophobic cleft in the export complex. It was clear that the 

hydrophobic residues of the NES need to be placed at accurate points in the binding 

cleft of CRM1 and this is achieved by adopting different conformations with the help 

of the spacer residues e.g. as seen in SNP1 where the NES adopts a three-dimensional 

fold to correctly align the Φ residues in the binding cleft. This is clearly depicted in 

the fig 3 (Güttler et al., 2010).  

 

There is a range of different residues that are permitted at the Φ positions and these 

can also have different spacings. There are some other factors that explain why many 

CRM1 cargoes can bind the hydrophobic cleft even thought the residues do not fit the 

perfect consensus. The hydrophobic residues need to be placed at specific points in 

the NES binding cleft. Variation in the spacing of the Φ positions in the different 

functional NESs is compensated by different conformations of the NES backbone in 

the binding cleft. There are other reasons why CRM1 can allow export of so many 

cargoes. 

 

By studying the crystal structure of CRM1-SNP1-RanGTP it was shown that the 

cargo bind on the outer surface of CRM1, thus can have a greater freedom in shape 

and size, since CRM1 does not wrap around the cargo. Moreover, there is no direct 
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contact with RanGTP, so the cargo has less restrictions imposed by this interaction as 

well (reviewed in Güttler and Görlich, 2011).  

 

So far, the major emphasis has been put on defining the hydrophobic residues of the 

Leucine-rich NES consensus. The hydrophobic residues have been regarded as key 

points in influencing of affinity of the NES of the cargo to CRM1. This is a rather 

incomplete approach since the spacer residues also have a very important role in 

influencing the affinity of the NES to CRM1 and this issue needs to be addressed. 

 

1.14 Identification of classical NES in different cargoes for export by CRM1 using 

bioinformatic tools 

 

The NES consensus recognized by CRM1 has been used to create various 

bioinformatics tools where the primary sequence of the protein of interest can be 

submitted. The software then scans the protein for a NES-like sequence based on a 

defined consensus. However, these results are often inaccurate and give false 

positives or false negatives hits. Some examples of NES search softwares are ,-.,/0!

and ,/01-2.345!654!789:!-.!45;<!#++%=!>9!-.!45;<!#+""?; 

 

When these algorithms are designed, the parameters usually used belong to the 

'perfect' NES definition. In this scenario, all the Φ residues should occupy a specific 

position and constitute specific residues for maximum strength in binding. Sequence 

based predictions can often be misleading since the structure or disorder of the 

sequence and its accessibility to the solvent should also be taken into account. If a 

crystal structure is available, then this information should also be considered. A 

sequence hidden in a structured fold has a less likely chance to act as a functional 

NES (Fu et al., 2011; la Cour et al., 2004). Usually these are found in exposed regions 

or at the ends of the structured domains. Natural NESs bind CRM1 more weakly than 

a perfect consensus NES would do. Biologically this makes sense, since an export 

signal needs to bind for effective export and then allow disassembly of the complex in 

the cytosol (Kutay et al., 2005). This attenuation in the binding strength of an NES 

could occur because of incorporation of less favourable residues in the Φ positions, 

less optimal spacings of the Φ residues or skipping of Φ positions altogether.  
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Figure 3: Structural analysis of the 

CRM1 binding cleft (Güttler and 

Görlich, 2011): 

 

A) The hydrophobic cleft with different 

NESs bound is shown. 

 

B) give sequence details and show how the 

NES are aligned in the hydrophobic cleft 

of CRM1. 

 

C) shows the NES consensus and describes 

which residues are preferred at particular 

hydrophobic positions by mutagenesis in 

the PKI NES. 
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In the bigger picture, the Φ residues may have multiple functions and this could also 

influence the NES sequence. All these possibilities introduce a lot of diversity in the 

NESs for CRM1 cargo (reviewed in Güttler and Görlich, 2011). 

Recently a new NES prediction algorithm has been introduced called NESdb 

database. Here the consensus followed is Φ1x(3) Φ2x(2) Φ3x Φ4 (Xu et al., 2012). 

Thus, different sources follow different NES consensus definitions and introduce a 

bias of their own. The structure of the PKI-NES and Rev NES suggests the consensus 

x Φ0 x(2)Φ1x(3) Φ2 x(2-3)Φ3x Φ4. In our opinion, this is a validated and more 

reliable definition of the NES consensus which has been referred to in this work.  

 

An important issue regarding the NES consensus is the spacer residues. These have 

been not been defined yet. Spacer residues of the NES play a crucial role in 

modulating the secondary structure of the NES for correct fitting and also interact 

with the CRM1 backbone. Hence, these residues should also be analysed deeper and 

defined.  

 

These parameters should be included  in designing algorithms for NES prediction to 

refine the search and get reliable hits.  

 

1.15 Contribution of the spacer residues in the NES consensus: 

 

The spacer residues help the NES to attain the conformation, which enables the 

correct fitting of the hydrophobic residues in the binding cleft of CRM1. In some 

cases, nature of these residues in the spacer region also contribute to the binding e.g. 

in the S-PKI NES, when the spacer residues between Φ 0-Φ 1 were made more acidic, 

the affinity for CRM1 increased dramatically. These spacers interact with the Lys514 

and Lys 560 in the binding cleft of CRM1 (Güttler et al., 2010). When the neutral 

spacer residues between Φ 0-Φ 1 were made acidic in An3 NES, this caused a 

significant increase the binding to CRM1 as well. They interact with Lys522 and 

Lys560 of CRM1 (Monecke et al., 2009; Güttler et al., 2010). These acidic residues 

may also position the NES Φ in the binding cleft by helping to form a secondary 

structure. Residues like Methionine, Alanine, Leucine, uncharged Glutamate, and 

Lysine have especially high helix-forming propensities and could enable better fitting 
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in the binding cleft. There is a preference of specific amino acids at the spacer 

positions and this needs to be investigated. 

 

Hence, to have a more complete and accurate definition of the NES, information 

regarding the spacer residues needs to be taken into consideration. If these parameters 

are taken altogether, a more reliable NES search portal can be developed for the 

identification of CRM1 cargo and their export signals.   

 

There are two CRM1 cargoes of interest where the Nuclear Export Signals have not 

been identified yet - eIF2β and RanGAP1. During my doctoral studies, I focused on 

locating the NESs in these cargo proteins. 

 

1.16 Nuclear export of translation factors: 

  

Compartmentalization in eukaryotes avoids translation of unspliced transcripts, which 

can lead to formation of misfolded or lethal mutants (Bohnsack et al., 2002). Inspite 

of the presence of a physical barrier, translation factors can enter the nucleus 

accidentally during reformation of the nuclear envelope during cell division. If the 

size of the translation factors is below the exclusion limit of the permeability barrier 

of the NPC, they can passively diffuse into the nucleus as well (Bohnsack et al., 

2002). Moreover, key components for the translation machinery are generated in the 

nucleus e.g. tRNA, mRNA, ribosomal RNA, ribosomal subunits and these need to be 

exported into the cytosol (reviewed in Görlich and Kutay, 1999). Hence, there is 

constant traffic of cargoes across the nuclear pore complexes to ensure that the 

translation machinery is fully functional in the cytosol. 

 

With issues pertaining to the accidental entry of translation factors (40kDa or below 

in size), many transport receptors have been identified to constantly exclude them and 

ensuring that they are present in their destined location - the cytosol. For instance, 

eIF2Bε, eRF1, eEF1B β, eEF2, eIF2 complex and all its subunits, the eIF3 complex, 

eIF5 etc. are some of the translation factors, which have been shown to be excluded 

by CRM1 (Bohnsack et al., 2002). /@A&!B41!1C8B2!.8!-@A8:.!-/>"D!4582E!B3.C!44F

.G,D;!(Bohnsack et al.,2002). !The final stages of ribosome maturation that occurs in 
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the cytosol (Zurdo et al., 2000) and nuclear exclusion of translation factors are 

multiple mechanisms used by the cell to restrict translation in the cytosol. 

 

1.17 Nuclear exclusion of eIF2β by CRM1: 

 

eIF2β is a translation factor which belongs to the eIF2 complex and this has been 

shown to be excluded by CRM1 (Bohnsack et al., 2002). eIF2 complex is crucial in 

transferring Met-tRNAi
met   

to the 40S subunit of  the ribosome and consequently 

forming the pre initiation complex. Upon binding of the initiator tRNA to the AUG 

codon, eIF2 complex undergoes GTP hydrolysis (Pestova et al., 2001; Price and 

Proud, 1994). 

 

The N terminal part of the protein is unstructured and highly charged. It has three 

conserved K boxes, which consist of poly Lysine tracks. The C terminal part is 

structured and this consists of a conserved Zn finger domain and is found in archea 

and eukaryotes. (Laurino et al., 1999). The NMR structure of the archaeal aIF2β has 

been solved (Cho et al., 2002). 

 

Small sized translation factors like eIF2β can accidentally enter the nucleus via 

passive diffusion across the permeability barrier. Another way of misallocation is 

during dissolution and reformation of the nuclear envelope during cell division. 

However, the nuclear localisation of eIF2β is rather fast and strong, as seen when 

CRM1 function is blocked by Leptomycin B. This rapid rate of accumulation in the 

nucleus could not be sustained by passive diffusion. This suggests that eIF2β may be 

actively imported. The basic motifs present in eIF2β could be mistaken for sequences 

involved in nuclear localisation. The sequence of eIF2β is so charged, that maybe an 

importin binds the charged region accidentally to mask the charges and prevent 

aggregation - thus acting like a chaperone. Nuclear export eIF2β may also be a way to 

correct this 'accidental import' as well.  

 

The mode of recognition of eIF2β by CRM1 is unknown. When the sequence was 

submitted to various bioinformatics servers to predict an NES for CRM1 binding, no 

hits were found. Hence, the goal of the project was to elucidate how CRM1 

recognises eIF2β for nuclear export. 
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1.18 Nuclear export of RanGAP1 by CRM1: 

 

RanGAP1 is the functional homolog of Saccharomyces cerevisiae protein Rna1p. It 

shares little sequence conservation (42%) with its yeast homolog but it has functional 

similarities that have been characterized (Melchior et al., 1993; Bischoff FR et al., 

1995). Rna1p was shown to be exported by CRM1/Xpo1p and an NES and NLS were 

reported to be identified (Feng W 1999). Truncated constructs of Rna1p were 

analysed for interaction with CRM1 for export, and the residues 316 to 357 were 

suggested to have 2 NESs (320 to 328 and 329 to 357) (Feng W et al., 1999). When 

the crystal structure of Rna1p was solved (Hillig RC et al., 1999), the suggested NES 

were located in a structured region and the critical hydrophobic residues were not 

exposed. In our opinion, it is improbable that this structured sequence could serve as 

an export signal and fit inside the narrow CRM1 binding cleft. Maybe creating 

truncations disrupted secondary structures of the protein or exposed hidden regions of 

Rna1p, which acted as false positives for nuclear export in the biochemical assays.  

 

As mentioned before, the RanGTP gradient across the nuclear envelope is crucial for 

directional transport across the Nuclear Pore Complexes (Gorlich & Kutay, 1999). In 

the cytosol, RanGAP1 and Ran BP1 help in promoting the hydrolysis of RanGTP to 

RanGDP. Thus, they play a role in maintaining the RanGTP gradient and disassemble 

export complexes while exiting the nucleus. RanGAP1 has been shown to be involved 

in cell cycle regulation in mitosis and assembly of the spindle complex as well 

(Arnaoutov & Dasso, 2003).  

 

The N terminal region of RanGAP1 consists of LRR or Leucine Rich Repeats and the 

C terminal has the RanGAP1 domain. RanGAP1 is sumoylated at the C terminus in 

eukaryotes, which enables it to be associated with the cytosolic side of the NPC by 

interacting with RanBP2/Nup358 (Bernier-Villamor et al., 2002). The N terminal 

domain with the LRR is more conserved when compared to the C terminal domain - 

the LRR region is found in vertebrates and fungal proteins (Hillig et al., 1999). The 

crystal structure of the yeast homolog, Rna1p has been solved (Fig 4).  
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Figure 4: Crystal structure of Rna1p (Hillig et al., 1999; PBD: 1YRG). 

 

When the sequences of RanGAP1 homologs were compared the lack of conservation 

of residues was evident. Moreover an additional C terminal domain was also added 

and it has a sumolyation site. This allows RanGAP1 to be tethered to the NPC in 

vertebrates.  (Bernier-Villamor et al., 2002). A figure showing the alignment of the 

domains has been shown in fig 5. 

 

 

Figure 5: RanGAP1 homologs with the domains aligned (Hillig et al., 1999). 

 

It would be very interesting to see how RanGAP1 is recognized by CRM1. Our 

immediate goal is to locate the sequence recognized by CRM1 for export.  
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Another issue we want to address is how RanGAP1 can get exported without 

hydrolysing its own export complex? Solving the crystal structure of CRM1-

RanGAP1-RanGTP complex will help us elucidate the mechanism for interaction of 

these three components for successful nuclear export. 

 

Previous attempts to locate an NES using bioinformatic tools proved to be imprecise. 

This is a Leucine rich protein which gives several false positive hits when searched 

for the classical Leucine rich NES. Moreover the conservation of the residues is rather 

less, thus, extrapolating information from one homolog to another to locate the NES 

may also give misleading results. Thus, the best approach is to use an unbiased and 

independent approach to locate the export sequence of RanGAP1 for recognition by 

CRM1.  

 

1.19 Structural analysis of nuclear transport receptors: 

 

An X-ray Crystallography approach of protein complexes depends on certain crucial 

factors: Size, domain structure and rigidity of the investigated proteins are just a few 

important parameters to be considered. A highly pure, homogenous, small sized and 

rigid protein represents an ideal candidate. NTRs are usually above 100 kDa in size 

and they have an intrinsic flexibility by virtue of the HEAT repeats. Their flexibility 

makes them a challenging target to crystallize. Usually large proteins are truncated to 

form shorter proteins with domains being purified separately. This approach cannot 

be undertaken with NTRs as they form a continuous structure with HEAT repeats. A 

promising strategy to make these proteins rigid enough for a successful x-ray 

crystallography trial is to investigate them when they are bound to their respective 

cargo.  

 

The ultimate goal of solving a structure of a NTR bound to its cargo is to deduce the 

mechanism of how the proteins interact, form a complex and possibly identify a 

recognition motif. This recognition motif can be used to identify other cargo of the 

NTR being studied. Moreover, for export complexes, the crystal structure will reveal 

how RanGTP influences the structure and sheds light to the consequent behaviour of 

the NTR.  
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Amongst the identified nuclear transport receptors, there are certain NTRs, which 

have the remarkable feature of transporting cargo in both directions (Mingot et al., 

2001, Gontan et al., 2009; Lipowski et al., 2000, Kurisaki et al., 2006). These 

represent therefore interesting candidates to characterize structurally.  

 

For this project, the focus was set to analyse Exportin 4 bound to its export and import 

cargo.  

 

1.20 Exportin 4 and its cargo  

 

Exportin 4 belongs to the Importin β family of nuclear transport receptors. It is 120 

kDa in size and has approximately 19-20 HEAT repeats. It was initially discovered as 

an NTR responsible for the nuclear export of eIF5A1 (Lipowski et al., 2000). Later 

on, Exportin 4 was shown to export Smad 3 (Kurisaki et al., 2006. In 2009, it was 

proven that Exportin 4 has a dual function by also acting as an Importin that carries 

Sox2 and SRY into the nucleus (Gontan et al., 2009). 

 

1.21 Eukaryotic initiation factor 5A (eIF5A): 

 

Eukaryotic initiation factor 5A or eIF5A was initially identified to play a role in the 

initiation of translation. The exact function of eIF5A is under speculation (Zanelli & 

Valentini, 2007). eIF5A has two distinct isoforms - eIF5A1 and eIF5A2, which have a 

similarity of 84% at the sequence level, but the functions of the two isoforms can vary 

(Caraglia et al., 2011).  

 

eIF5A is important for the initiation in translation  of specific mRNAs and has also 

been shown to play a role in cell apoptosis, cell cycle progression and cell 

proliferation. Apart from that is considered to be of interest in oncologic treatment 

(Paz et al., 2011).  

 

It is also shown that eIF5A is involved in modulation of cytokine signalling and it is 

being considered as a therapeutic target for controlling diabetic inflammation (Maier 

et al., 2010). Other research work shows involvement of eIF5A in various diseases 
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like malaria, several cancer types, HIV-1 infection etc. (Kaiser, 2012). Due to its 

involvement in this wide range of diseases, eIF5A is considered a linker for drug 

targeting and therefore a possible avenue for therapy (Kerscher et al., 2010). 

 

A remarkable feature of eIF5A is that it is the only known protein with the unusual 

amino acid Hypusine (N (ε)-(4-amino-2-hydroxybutyl)-lysine) (Kaiser, 2012). 

Hypusine is formed by a post-translational modification called hypusination, which is 

executed by the two enzymes deoxyhypusine synthase (DHPS) and deoxyhypusine 

hydroxylase (DOHH) (Park et al., 2010). Interestingly, the maximum conservation is 

seen around the so called hypusination sites (Park et al., 2010; Kaiser, 2012). This is a 

two step catalytic procedure, where an aminobutyl moiety is attached to a Lysine 

(Lysine 50 in homo sapiens) and modified to achieve the mature and active eIF5A. 

The lysine of eIF5A1 is acted upon by deoxyhypusine synthase and converted into an 

intermediate state. This intermediate is consecutively converted to the mature and 

active form by deoxyhypusine hydroxylase. The scheme explaining this process is 

shown below (Fig 6). Hypusination is essential for viability and this is found only in 

eukaryotes and certain species of archea. DHPS and DOHH are highly conserved 

enzymes and specific in their activity, hence they are also targets for therapeutic 

intervention (Park et al., 2010).  

 

 

Figure 6: Modification of eIF5A by the hypusinating enzymes (Maier et al., 2010). 
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The crystal structure of eIF5A from Homo sapiens, hyperthermophilic 

archaebacterium Pyrococcus horikoshii OT3 (Yao et al., 2003), Methanococcus 

jannaschii (Kim et al., 1998) and Pyrobaculum aerophilum (Peat et al., 1998) has been 

elucidated. Fig 7 shows the crystal structure of Hs eIF5A (PDB:3cpf) (Tong et al., 

2009). 

 

 

Figure 7: Crystal structure of human eIF5A1; PDB: 3cpf (Tong et al., 2009). 

The interaction strength of Exportin 4 and eIF5A depends on the presence of this 

hypusine. The strength of interaction of Exportin 4 and RanGTP with unmodified, 

intermediate and fully modified eIF5A was measured. It was found to be the highest 

with the fully modified variant. (Lipowsky et al., 2000) This has been shown in  Table 

2 (shown below). 

 

Table 2: Exportin 4 interaction with eIF5A in different states of modification; (Lipowsky et al., 

2000). Exportin 4 has highest affinity for the fully mature eIF5A. 
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Thus, to crystallize a stable export complex of Exportin 4 with eIF5A and RanGTP, a 

large amount of fully hypusinated and pure eIF5A is required.  

 

1.22 Smad 3: 

 

Smad 3 (Mothers against decapentaplegic homolog 3) is involved in cell signalling in 

the cytosol and acts as a transcription factor in the nucleus. Smad proteins are 

important intracellular mediators of signalling activated by the transforming growth 

factor-β (TGF-β) family cytokines. Smad proteins execute processes like embryonic 

development, arrest of cell growth and are involved in regulation of tissue 

homeostasis (Heldin & Moustakas 2012). Smad 3 belongs to the R Smads and they 

contain the mad homology domains MH1 and MH2. MH1 and MH2 structured and 

are connected by a flexible linker (Chai et al., 2003; Heldin and Moustakas, 2012). 

 

Smad 3 uses the β hairpin in its MH1 domain to interact with DNA and other 

transcription factors (Shi, 2001; Heldin and Moustakas, 2012; Shi & Massagué, 

2003). Smad 3 interacts with Type I receptors like the TGF β type I receptor via its 

MH2 domain (Qin et al., 2002). On its extreme C terminal region, it gets 

phosphorylated by activated TGF β (Heldin and Moustakas, 2012). The crystal 

structures have been depicted in the fig 9 and fig 10. 

 

 

 

 

 

 

 

 

 

 

Figure 9: Crystal structure of Smad3 MH1-DNA complex; (Chai et al., 2003) PDB: 1ozj. 
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Figure 10: MH2 domain of transcriptional factor SMAD3; (Qin et al., 2002). PDB: 1mjs. 

The motif Lys(40-)Lys-Leu-Lys-Lys(44) was found in its N terminal MH1 domain 

and shown to be imported by Importin β.  Upon ligand binding TGF β receptor 

phosphorylates the N terminal domain of Smad 3 and this increases its affinity for 

Importin β (Xiao et al., 2000; Kurisaki et al., 2001). 

 

The interaction of Smad 3 with Exportin 4 has been mapped previously. This work 

suggests that Smad 3 has high affinity patches along its surface for its interaction with 

Exportin 4 (Kurisaki et al., 2006). 

A structural analysis of Exportin 4 bound to RanGTP and Smad 3 will give clear 

insight into the export mechanism. This will also help us identify the recognition 

sequence in Smad3 for its nuclear export.  

 

1.23 Sox 2: 

 

Sox 2 or SRY (sex determining region Y)-box 2 is a transcription factor involved in 

the proliferation of undifferentiated embryonic stem cells. Along with 

POU5F1/OCT4, MYC/c-Myc and KLF4, SOX2 forms the Yamanaka factors and 

these proteins can act in a coherent manner to generate iPS or induced pluripotent 

cells by converting differentiated cells into cells in undifferentiated embryonic-like 

cells (Takahashi et al., 2007). Sox2 has also been shown to be involved in various cell 
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signalling pathways e.g. the canonical Wnt receptor signalling pathway. (Kelberman 

et al., 2008). 

The crystal structure of Sox2 (HMG domain) and Oct4 (POU domain) has been 

solved - shown in fig 11. 

 

 

Figure 11: Crystal Structure of a POU/Hmg/DNA Ternary Complex Suggests Differential 

Assembly of Oct4 and Sox2 on Two Enhancers; (Remenyi et al., 2003) PDB: 1gt0 

 

Sox family of proteins contain an HMG domain which has been shown to interact 

directly with the target genes to control their expression (Mertin et al., 1999; Remenyi 

et al., 2003). 

 

In 2009, it was shown that Exportin 4 can import Sox 2 into the nucleus (Gontan et 

al., 2009). 

 

1.24 SRY: 

 

Sex-determining region Y protein or SRY protein is a transcription factor and it also 

belongs to the Sox family of transcription factors. It uses its HMG domain to interact 

with the genes whose expression it regulates in order to support male sex 

determination and embryonic development (Koopman P, 1999; Kashimada and 

Koopman, 2010). 
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The function of SRY crucially depends on its nuclear import. Two NLSs have been 

shown to flank the HMG domain - the C terminal region has a β-NLS, which interacts 

with Importin β for nuclear import and the N terminal region has a CaM-NLS, which 

recognises Calmodulin (calcium-binding protein CaM) (Smith et al., 2004; Kaur et 

al.,2010). Both these NLSs have been shown to be important for nuclear import of 

SRY (Kaur et al., 2010; Kaur and Jans, 2011). 

 

The structure of the HMG domain of SRY solved by NMR is shown in fig 12, where 

it is clearly shown that the SRY HMG domain binds in the minor groove. It causes a 

dramatic bending of the target gene sequence and as a consequence SRY can regulate 

the expression. (Murphy et al., 2001). 

 

 

Figure 12: Structure of the HMG domain of SRY (PDB:1j46); (Murphy et al., 2001). 

 

Both Sox2 and SRY were shown to be imported by Exportin 4 (Gontan et al., 2009). 

The mode of recognition of these transcription factors by Exportin 4 is unknown. 

Does it recognise a sequence or a three dimensional conformation? Is there a 

consensus followed by Exportin 4 to recognise its import and export cargo in the 

presence of RanGTP?  The crystal structure of Exportin 4 in its export and import 

conformation will give valuable mechanistic insights. This information can be used 

further to identify more cargo of Exportin 4 by using bionformatic tools and searching 

similar modules in different proteins and then validating the information in vivo by 

cell biological assays and in vitro by direct interaction analysis. 
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1µM Crm 1 used. 

Mass zz-Crm -

Mass zz-eIF2β -    58.4 kDa  (untagged - 43.4 kDa approx ).   

140.5 kDa (untagged - 125kDa approx )

-      +      -     +     -     +    -      +     RanGTP200

150

120

100

85 

70

60

50

40

30

25

20

15

10

,9=&1$"!>"

$%&'β! 7+*! )993C)2)>$6! <)+! /:$! >>! /+G! 31! %GR!

*$;:+03*$! C$+6*H! %/! 7+*! /:$1! )158C+/$6! )1! +!

C+5/$0)+2! 2=*+/$! 7)/:! 6)44$0$1/! *8;;2$9$1/*! +*!

13/$6! )1! /:$! 4)G80$H! P:$! 2=*+/$! )*! ;0$*$1/! )1! +22!

*+9;2$*! +16! 7+*! 8*$6! +! 131! *;$5)4)5! C)16)1G!

531/032!)1!/:$*$!;8226371*H!&039!2$4/!/3!0)G:/!/:$!

23+6)1G! ;+//$01! )*! +*! 432237*T! P:$! )1;8/! 2=*+/$!

7)/:!NUM!BLMNI!2=*+/$!7)/:!NUM!BLMNbL+1RPA!

D#UMFI! %GR! C$+6*! )158C+/$6! 7)/:T! 2=*+/$bBLMNI!

7)/:! 2=*+/$! b! BLMNb! L+1RPAI! %GR! C$+6*!

)993C)2)>$6!7)/:! $%&'β! )158C+/$6!7)/:! Q! 2=*+/$I!

2=*+/$! 7)/:! L+1RPAI! ! 2=*+/$! 7)/:! BLMNI! +16!!

2=*+/$! 7)/:! BLMNbL+1RPAH! %1! +22! 5+*$*! BLMN!

5315$1/0+/)31! 8*$6! )*! NUM! +16! L+1RPA!

5315$1/0+/)31! 8*$6! )*! #UMH! P:$! ;03/$)1*! 7$0$!

)158C+/$6! +/! "YB! 430! #! :380*I! /:$1! 7+*:$6! +16!

$28/$6! 7)/:! Z.Z! 23+6)1G! C844$0! 430! +1+2=*)*! C=!

Z.Z!A\R`H!!!

!



! "V!

!)*)*"?073(904"0/"$+,-."$5601("%9=43'"&%94="@9094/0123(97"%$1A$1%"

"

P:$!1$?/!*/$;!7+*!/3!$285)6+/$!/:$!0$53G1)/)31!9$5:+1)*9!34!$%&'(!C=!BLMNH!P3!

63! /:)*I! /:$! )99$6)+/$! +)9! 7+*! /3! )6$1/)4=! $?;30/! *)G1+2! 34! $%&'(! /:+/! )*!

0$53G1)*$6!C=!BLMNH!

"

P:$! $%&'(! *$c8$15$! 7+*! *8C9)//$6! 430! +1+2=*)*! )1! C)3)14309+/)5! *$0<$0*! 430!

)6$1/)4)5+/)31!34!+!1852$+0!$?;30/!*)G1+2!/:+/!53826!C$!0$53G1)*$6!C=!BLMNH!!P:$0$!

7+*!13!52$+0!)16)5+/)31!34!/:$!;0$*$15$!34!+1!@`Z!/:+/!4)//$6!/:$!52+**)5+2!J$85)1$!

0)5:! 531*$1*8*H! P:)*! 53826! *8GG$*/! /73! ;3**)C)2)/)$*H! `)/:$0! /:$!@`Z! ;0$6)5/)31!

*34/7+0$!7+*!)9;0$5)*$!)1!)/*!*$+05:!+16!G+<$!+!4+2*$!1$G+/)<$H!P:$!3/:$0!0$+*31!

*8GG$*/*! /:+/! $%&'(! 9+=! :+<$! +! 81)c8$! $?;30/! *)G1+2! 7:)5:! C)16*! BLMN! )1!

+13/:$0! *)/$! /:+1! /:$! :=603;:3C)5! 52$4/H! P:8*I! $%&'(! 53826! $9;23=! +! 13<$2!

9$5:+1)*9!430!)/*!0$53G1)/)31!+16!531*$c8$1/!$?;30/!C=!BLMNH!

!

!)-"B0$%"$+,-."94($137("89(:";#<*"94"(:$"@94C94="7'$/(D"

"

P:$!:=603;:3C)5!52$4/!)*!+!0)G)6!0$G)31I!7:)5:!)*!0$*;31*)C2$!430!)1/$0+5/)1G!7)/:!

/:$!52+**)5+2!J$85)1$!0)5:!0$G)31*H!\4/$0! /:$!50=*/+2!*/085/80$!34!BLMN!C3816!/3!

Z@AN!+16!L+1RPA!7+*!*32<$6I!/:$!9$5:+1)*/)5!+*;$5/*!34!/:)*!)1/$0+5/)31!C$5+9$!

52$+0H!%1!/:$!5=/3*32)5!81C3816!*/+/$!BLMN!)*!)1!)/*!d0$2+?$6!5314309+/)31dH!\4/$0!

)1/$0+5/)1G! 7)/:! L+1RPA! )1! /:$! 1852$8*I! )/! +63;/*! +! d*/0+)1$6! 5314309+/)31dI!

7:)5:!*8GG$*/*!/:+/!/:$0$!+0$!231G!0+1G$!$44$5/*!$?$0/$6!<)+!/:$!S`\P!0$;$+/*!34!

BLMN!DM31$5-$!$/!+2HI!'EEeFH!P:)*!531*$c8$1/2=!3;$1*!/:$!:=603;:3C)5!52$4/!+16!

+2237*!/:$!@`Z*!/3!G+)1!+55$**!+16!4)/! )1/3!/:$!0)G)6!C)16)1G!52$4/!34!BLMNH!\*!+!

531*$c8$15$!34!/:)*!533;$0+/)31I!+1!$?;30/!539;2$?!)*!4309$6H!\4/$0!*32<)1G!/:$!

50=*/+2! */085/80$I!98/+1/*!7$0$! G$1$0+/$6! /3! C0$+-! /:$! 533;$0+/)<$! C)16)1G! 34!

L+1RPA! +16! 5+0G3! /3! BLMN! 680)1G! 4309+/)31! 34! +1! $?;30/! 539;2$?H! W1$! *85:!

98/+1/!7+*!531*)6$0$6!+16! )/!:+*! /:$!98/+/)31!\_"N`! )1!BLMNH!\_"N`!C235-*!

/:$! C)16)1G! *)/$! 34! BLMNI! C$5+8*$! )/! )*! 235+/$6! )1! /:$! C)16)1G! 0$G)31! 34! f! #!

:=603;:3C)5! 0$*)68$! +16! /:)*! )1/$008;/*! /:$! C)16)1G! 34! /:$! @`Z! )1/3! /:$!

:=603;:3C)5! 52$4/! 34! BLMNH! S$15$I! BLMN! 5+113/! C)16! /3! /:$! @`Z! 7:$/:$0!

L+1RPA!)*!;0$*$1/!30!+C*$1/!D/9=&1$"EF!DMonecke et al., 2009).!



! "X!

!

!

!

,9=&1$"E"FGC106:0@97"7'$/("0/";#<*"94"(:$"06$4"704/0123(904)"

P:$!0$*)68$!98/+/$6!/3!6)*$1+C2$!/:$!533;$0+/)<$!C)16)1G!34!5+0G3!+16!L+1RPA!/3!BLMN!:+*!

C$$1!*:37$6!C=!/:$!C28$!+0037!D4)G80$!+6+;/$6!4039!g$<*$0!R$15+2;!J+C!L$;30/!'FH!

!

%1! /:)*! $?;$0)9$1/! +! 539;+0+/)<$! +1+2=*)*! 7+*! ;$04309$6! D$?;$0)9$1/! 13/!

*:371FH!\!52+**)5+2!J$85)1$!0)5:!@`Z!)*!/:$!Ag%!/=;$!@`ZH!P:)*!)*!+!G336!$?+9;2$!

/3!*$$!:37!+!52+**)5+2!J$85)1$!0)5:!@`Z!)1/$0+5/*!7)/:!BLMN!+16!/:$!:=603;:3C)5!

52$4/!98/+1/!34!BLMNH!K)16)1G!+**+=*!34!$%&'(!+16!Ag%!@`Z!7$0$!;$04309$6!7)/:!

BLMN!7)26/=;$!+16!/:$!\_"N`!BLMN!98/+1/H!P:$!G3+2!34! /:)*!$?;$0)9$1/! )*! /3!

*$$I!)4!/:$!81538;2)1G!34!C)16)1G!34!Ag%!D52+**)5+2!@`ZF!+16!L+1RPA!)1!/:$!BLMN!

98/+1/!\_"N`!)*!+2*3!*$$1!)1!$%&'(H!!%4!/:)*!)*!/:$!5+*$I!/:$1!/:$!@`Z!34!$%&'(!63$*!

)1!4+5/!C)16!)1!/:$!:=603;:3C)5!52$4/!34!BLMN!)1!+!*)9)2+0!9+11$0!/3!Ag%Q@`ZH!!

!

O:$1!$%&'(!)1/$0+5/)31!7)/:!/:$!\_"N`!BLMN!98/+1/!7+*!/$*/$6I!13!)1/$0+5/)31!

7+*!3C*$0<$6!)00$*;$5/)<$!34!/:$!;0$*$15$!30!+C*$15$!34!L+1RPAH!!

!

P:)*! 539;+0+/)<$! +1+2=*)*! 34! C)16)1G! 34! Ag%Q@`Z! +16! $%&'(! @`Z! /3! /:$! BLMN!

98/+1/*! *:37$6! /:+/! /:$! $%&'(! @`Z! 63$*! )1! 4+5/! )1/$0+5/! 7)/:! BLMN! )1! /:$!



! ",!

:=603;:3C)5!C)16)1G!52$4/H!P:)*!+2*3!*8GG$*/*!/:+/!/:$!$%&'(!@`Z!9+=!531/+)1!+!

*$c8$15$!*)9)2+0!/3!/:$!Ag%!@`ZH!

!

P:$!432237)1G!$?;$0)9$1/*!7$0$!6$6)5+/$6!/3!)6$1/)4=)1G!/:$!0$G)31!34!$%&'(!/:+/!

C)16*!/:$!BLMN!:=603;:3C)5!52$4/H!

"

!)!" ,13=2$4(" 236694=" 0/" $+,-." (0" '073($" (:$" 1$%9C&$%" (:3(" 704(394" (:$"

$5601("%9=43'"/01"1$70=49(904"@G";#<*)"

"

P0815+/$6! <$0*)31*! 34! $%&'(! 7$0$! $?;0$**$6! +16! /:$*$! 531*/085/*! :+6! +!

S)*/)6)1$!!/+G!430!;80)4)5+/)31!+16!+!>>!/+GI!7:)5:!5+1!C$!8*$6!/3!)993C)2)>$!/:$*$!

31!%GR!C$+6*!430!C)16)1G!+**+=*H!

!

P:$! C)16)1G! +**+=*! 7$0$! ;$04309$6! )1! /:$! ;0$*$15$! 34! +! C+5/$0)+2! 2=*+/$!

*8;;2$9$1/$6!7)/:!BLMN!)1!31$!5+*$!+16!BLMNbL+1RPA!)1!/:$!3/:$0!5+*$H!%4!+1!

$?;30/! 539;2$?! )*! 4309$6I! /:$1! +! /0)9$0)5! 539;2$?! 34! /:$! 5+0G3I! L+1RPA! +16!

BLMN!7)22!C$!4309$6H!%1)/)+22=I!4)<$!/0815+/$6!531*/085/*!7$0$!/$*/$6!430!C)16)1G!

/3!BLMN!)1!/:$!;0$*$15$!+16!+C*$15$!34!L+1RPA!+16!)/!7+*!3C*$0<$6!/:+/!/:$!@!

/$09)1+2! 81*/085/80$6! 0$G)31! C3816! 7)/:! :)G:$*/! +44)1)/=H! \*! /:$! 531*/085/!

;03G0$**$6!7)/:! )150$+*)1G!6$2$/)31*! 4039!/:$!@! /$09)1+2! 0$G)31!+16! )15286)1G!

/:$! */085/80$6! $%&'(! 639+)1I! /:$! C)16)1G! +44)1)/=! -$;/! 6$50$+*)1G! D/9=&1$" HFH!

&32237)1G! /:)*!930$! /0815+/$6! 531*/085/*! 7$0$! /$*/$6H! P:$! )1/$0+5/)31*! 34! /:$!

6)44$0$1/! $%&'(! 531*/085/*!7)/:! BLMN! )1! /:$! ;0$*$15$! +16! +C*$15$! 34! L+1RPA!

:+<$!C$$1!*:371!)1!&)G80$*!_\I!_K!+16!_BH!!

!

"

"

"

"

"

"

"

"



! "e!

,9=&1$"HIJ"

!

!

,9=&1$"HJ"+4($137(904"0/"$+,-β "(1&473($C"704%(1&7(%"89(:";#<*"34C"#34KLM"

,9=&1$"HIN"

!

"

"

M
H

1
+
C
rm

1

M
H

1
+
C
rm

1
+
R
an

G
TP

b
ead

s+
M

H
1
+
C
rm

1

zz
-e

IF
2
β 

zz
-e

IF
2
β 1

-1
7
1

zz
-e

IF
2
β 6

8
-3

3
2

zz
-e

IF
2
β 1

1
3
-3

3
2
 

zz
-e

IF
2
β 1

6
8
-3

3
2
 

zz
-e

IF
2
β 

zz
-e

IF
2
β 1

-1
7
1

zz
-e

IF
2
β 1

1
3
-3

3
2

zz
-e

IF
2
β 1

6
8
-3

3
2

zz
-e

IF
2
β

zz
-e

IF
2
β 1

-1
7
1
 

zz
-e

IF
2
β 6

8
-3

3
2
 

zz
-e

IF
2
β 1

1
3
-3

3
2
 

zz
-e

IF
2
β 1

6
8
-3

3
2

..............  + CRM 1 .............        ......  +CRM 1 + RanGTP ......... ...... CONTROLS .......          ..... CONSTRUCTS ............         

b
ead

s+
M

H
1
+
C
rm

 

  +
R
an

G
TP

zz
-e

IF
2
β 6

8
-3

3
2
 

Crm1

RanGTP

PM
eIF

2β
 1

-6
6

  -    +     -    +      -     +     -    +    -    +     -      +    -     +     -    +     -     +      RanGTP

K32 e
m

pty
 v

ecto
r

eIF
2β

 6
5-1

71

.........     .........    ...........    ..........    .........    ..........     ..........   ..........    ...........
eIF

2β
 1

04-1
69 

eIF
2β

 1
13-1

71 

eIF
2β

 1
28-1

69 

eIF
2β

 1
04-2

62 

eIF
2β

 2
12-3

16 

eIF
2β

 2
63-3

16 

Mm Crm1 wt

RanGTP

50

40

30

25

20

15

60
70



! _E!

,9=&1$"HI;"

!

"

,9=&1$"HJOHN"34C"H;>"

P:$!/0815+/$6!531*/085/*!34!$%&'β!7$0$!$?;0$**$6!)1!@`K!P80C3!+16!;80)4)$6!<)+!@)5-$2!+44)1)/=!

5:039+/3G0+;:=H! P:$! ;80)4)$6! ;03/$)1*! +2*3! :+6! +! >>! /+G! +16! 7$0$! 8*$6! 430! ;8226371*H! P:$!

;8226371! )1<32<$6! )993C)2)>+/)31! 34! /:$! 531*/085/! <)+! /:$! >>! /+G! 31! %GR! C$+6*! DNEU2! C$+6*I!

'9Gh92! +9381/! 34! 531*/085/! /3! *+/80+/$! /:$! C$+6*FH! W1$! *$/! 34! /:$*$! )993C)2)>$6! 531*/085/*!

7$0$! )158C+/$6! 7)/:! +! C+5/$0)+2! 2=*+/$! DMSN! C+5/$0)+2! */0+)1F! 531/+)1)1G! NUM! BLMN! +16! /:$!

3/:$0!*$/!7+*!)158C+/$6!7)/:!NUM!BLMN!b!#UM!L+1RPA!430!/:0$$!:380*!+/!"YB!D_EEU2!34!2=*+/$FH!

\4/$0!/:)*I!/:$!81C3816!9+/$0)+2!7+*!7+*:$6!344!/:$!C$+6*!+16!/:$!4)1+2!$28/)31!7+*!631$!)1!_EU2!

7)/:!Z.Z!23+6)1G!C844$0!7)/:38/!.PPH!NEU2!34!/:)*!7+*!23+6$6!31!Z.Z!A\R`!430!+1+2=*)*H!!!

!

\*!*$$1!)1!/9=&1$"HJO"HN"34C"H;I!+4/$0!;$04309)1G!;8226371*I!0$*)68$*!*;+11)1G!

V_QNN"!+9)13!+5)6*!;03<$6!/3!531/+)1!/:$!9)1)9+2!40+G9$1/I!7:)5:!C)16*!BLMN!

7)/:!/:$!:)G:$*/!+44)1)/=H!P:)*!0$G)31!34! )1/$0$*/! 2)$*! )1! /:$!81*/085/80$6!;+0/!34!

$%&'(!+16!)15286$*!/:$!*$5316!g!C3?H!P:$!*$c8$15$!34!/:$!0$*)68$*!*;+11)1G!V_!

/3!NN"!:+*!C$$1!*:371!C$237T!

DV_F!\Z..J..J@&&@iggggggPgg%&.%.`\``Rag.Jg%`Z.ai`AP`A`.!DNN"F!

!

P:$! *899+0=! 34! /:$! */0$1G/:! 34! )1/$0+5/)31*! 34! /:$! 6)44$0$1/! 531*/085/*! 7)/:!

BLMN!D)1!/:$!;0$*$15$!34!L+1RPAF!:+*!C$$1!6$;)5/$6!)1!/:$!4)G80$!VH!

BLMN!

!

!

!

!

!

!

!

!

!

!

!

!

!

L+1RPA!



! _N!

!

!

,9=&1$"P"

P:$!4)G80$!0$;0$*$1/*!/:$!639+)1!;0$6)5/)31!34!/:$!;03/$)1!$%&'β!C+*$6!31!/:$!;0$6)5/)31!C=!/:$!

C)3)14309+/)5!;30/+2!ZM\LPH!Z$<$0+2!/0815+/$6!531*/085/*!7$0$!9+6$!+16!/:$!C3816+0)$*!34!$+5:!

34! /:$*$!531*/085/*!:+*!C$$1!6$13/$6!C=! /:$! 2)1$*!C$237!/:$!0$*;$5/)<$!639+)1!;0$6)5/)31H!P:$!

*/0$1G/:!34! )1/$0+5/)31!7)/:!BLMN! )1! /:$!;0$*$15$!34!L+1RPA!:+*!C$$1!6$;)5/$6!C=! /:$! 532380!

536$H! P:$! 9)1)9+2! 40+G9$1/! 7)/:! +! */031G! +44)1)/=! 430! BLMN! b! L+1RPA! D9+/5:)1G! 4822! 2$1G/:!

$%&'βF!*;+1*!/:$!0$*)68$*!V_!/3!NN"H!

!

\*!+!4)1+2!<+2)6+/)31!D/9=&1$"QFI!/:$!4822!2$1G/:!$%&'(!9)**)1G!/:)*!V_QNN"!+9)13!

+5)6!*/0$/5:!7+*!/$*/$6!430!)1/$0+5/)31!7)/:!BLMN!)1!/:$!;0$*$15$!+16!+C*$15$!34!

L+1RPAH!@3!)1/$0+5/)31!7+*!3C*$0<$6I!480/:$0!$9;:+*)*)1G!/:+/!/:$!+9)13!+5)6*!

V_QNN"!531/+)1!/:$!$?;30/!*)G1+2!)1!$%&'(H!!

!

Z$c8$15$!34!4822!2$1G/:!S*!$%&'(T!

ZR.`M%&.APMZggggggggA&MJ.``R.PiP``PiAZ`Pg`a`A`AP`.g.J`\.`

`.PLgg.\Z..J..J@&&@iggggggPgg%&.%.`\``Rag.Jg%`Z.ai`AP`A`..

J.%MJR@gggggg@ag&A.`.`%J`g.`\J`.`.@gg..R%Z&Z@iPRA\O\RZ`L.

!"#$%&

'()*+,&

-&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&-..&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&$..&

&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&$/&&&&01&&&&&&&&&&&&&&&&12&&31&&&&&&&&&&&&&-$0&&&-0$&&&&&&&&&&&&&&&&&&&&&&&&&&&&&-22&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&0.3&&&&&&&&&&&&&&&000&

-&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&00$&

-/3&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&00$&

-&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&-1-&

/3&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&00$&

&&&&&&&&&&&&&&&&&&&--0&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&00$&

-&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&--4&

-&&&&&&&&&&&&&&&&&&&&&&//&

/5&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&--4&

/5&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&-0.&

&&&&&&&&&&&&&&&&&&&&&&&/5&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&-1-&

&&&&&&&&&&&&&&&&&&&--0&&&&&&-0.&

&--0&&

&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&-$3&&&&&&&&&&&&&&&&-/2&

&&&&&&&&&&&&&&&&&&&-.4&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&$/$&

&$-$&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&0-/&

&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&$-$&&&&&&&&&&&&&$50&

&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&$/0&&&&&&&&&&&&&&&&&0-/&

&&&&&&&&&&&&&&&&&&&--0&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&-1-&

&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&-.4&&&&&&&&&&&&&&&&&&&&&&&&&&&&-/2&

678(,9!:7&

678(,9!8&

;+<'7=>!&

;!*?&

;!*?!8&

,@<<&

678(,9!:7&

678(,9!8&

;+<'7=>!

;!*?&

;!*?!8&

,@<<&

A&B(C&&D>(<=&

E=:+,!&:78!7FGH&



! _'!

jPj``JJ@La&@%ML`g@A.Ma\R`gLg&aMgAAiaaLaRPggPZ&a@&P.%BgJJS

LiAgSJJ\&JJ\`JRPZRZ%.R@@iJa%gRL&iigi%`@aJLLj%g`jaPBSPBLZA.P%

Jig.PLJj&JiB`PBSZLBZa\Z%gPR&i\aPRgL\iJL\g\@!

!

P:$!6$2$/$6!40+G9$1/!:+*!C$$1!:)G:2)G:/$6!)1!0$6!431/H!

!

!

!

\1! )1! <)<3! <+2)6+/)31! 7+*! 631$! 8*)1G! /0+1*4$5/)31! /3! ;03<$! /:+/! /:$! 1852$+0!

$?;30/!34!$%&'(!6$;$16*!31!/:$!40+G9$1/!*;+11)1G!0$*)68$*!V_QNN_!R/9=&1$"STH!

R&A!/+GG$6!$%&'(!531*/085/*!7$0$!$?;0$**$6!)1!S$J+!5$22*!+16!/:$)0! 235+/)31!34!

/:$*$! R&AQ! $%&'(! 531*/085/*! 7+*! +1+2=*$6H! P:$! 4822! 2$1G/:! $%&'(! D*:371! )1!

&)G80$!NF!7+*!*:371!/3!C$!5=/3*32)5H!S$0$I!/:$!)6$1/)4)$6!40+G9$1/!*8GG$*/$6!/3!

531/+)1! /:$! @`Z! DV_QNN"! 0$*)68$*F! +16! 4822! 2$1G/:! $%&'(! 9)**)1G! /:$! V_QNN"!

+9)13! +5)6! */0$/5:! 7$0$! /0+1*4$5/$6H! P:$! R&A! /+GG$6! $%&'(! 639+)1! +/! /:$! B!

/$09)18*!7+*!+2*3!/$*/$6!/3!5314)09!/:+/!/:)*!63$*!13/!531/0)C8/$!/3!/:$!1852$+0!

$?;30/!34!$%&'(H!!

!

eIF2β minus NES

-      +

RanGTP

CRM1

$%&'(!9)**)1G!

V_QNN"!0$*)68$*!

!

!

!

!

!

!

!!!!!!!!!!!!!L+1RPA!

,9=&1$"Q"

A8226371*!7)/:! BLMN! )1! /:$! ;0$*$15$! +16!

+C*$15$!34!L+1RPA!:+<$!C$$1!6$;)5/$6H!P:$!

>>! /+GG$6! 531*/085/*! 7$0$! )993C)2)>$6! 31!

%GR! C$+6*! +16! $?;3*$6! +! C+5/$0)+2! 2=*+/$!

7)/:! NUM! BLMN! +16! NUM! BLMN! b! #UM!

L+1RPA! +/! "YB! 430! #! :380*H! P:$! *+9;2$*!

7$0$!$28/$6!7)/:!_EU2!34!Z.Z!A\R`!23+6)1G!

C844$0!+16!NEU2!7+*!23+6$6!430!+1+2=*)*H!

!



! _#!

P:$!4822!2$1G/:!$%&'(!+16!/:$!)6$1/)4)$6!@`Z!7$0$!235+2)*$6!)1!/:$!5=/3*32H!W1!/:$!

3/:$0!:+16I!/:$!4822!2$1G/:!$%&'(!9)**)1G!/:$!V_QNN"!+9)13!+5)6!*/0$/5:!+16!/:$!

$%&'(! 639+)1! +/! /:$! B! /$09)18*! 7$0$! 43816! 235+2)*$6! )1! /:$! 1852$8*H! P:)*!

<+2)6+/$*! /:+/! /:$!1852$+0!$?;30/!34!$%&'(! )*!6$;$16$1/!31! /:$!0$G)31!*;+11)1G!

+9)13!+5)6*!V_QNN"H!!

!

P:$!6$;$16$15$!34!1852$+0!$?;30/!34!$%&'(!$?;30/!31!BLMN!7+*!+2*3!5314)09$6!

C=!;$04309)1G!/:$!/0+1*4$5/)31!)1!/:$!;0$*$15$!34!J$;/39=5)1!KH!%/!7+*!3C*$0<$6!

/:+/! +22! /:$! 531*/085/*! 0$9+)1$6! 235+2)*$6! )1! /:$! 1852$8*! 7:$1! $?;3*$6! /3!

J$;/39=5)1!K!:)G:2)G:/)1G!/:$!4+5/!/:+/!/:)*!$?;30/!*32$2=!6$;$16*!31!BLMNH!

!

JT"R&A!/+GG$6!$%&'(!9)**)1G!/:$!V_!/3!NN"!+9)13!+5)6!0$*)68$*!+0$!235+/$6!)1!/:$!

1852$8*H!

"

"""""""""""""""""""""""""""""K,M"""""""""""""""""""""""""""""""""FUV;FWL""""""""""""""""""""""""""UXV#?JY"

"""""""""""""""""""""""""""""""

"

"

"

"

"

"



! _"!

NT"R&A!/+GG$6!V_!/3!NN"!+9)13!+5)6*!34!$%&'(!+0$!235+/$6!)1!/:$!5=/3*32H"

"

"""""""""""""""""""""""K,M"""""""""""""""""""""""""""""""""FUV;FWL""""""""""""""""""""""""""UXV#?JY"

"

"

;T"R&A!/+GG$6!$%&'(!639+)1!+/!/:$!B!/$09)18*!)*!235+/$6!)1!/:$!1852$8*H!

"

""""""""""""""""""""""K,M""""""""""""""""""""""""""""""""""""""FUV;FWL""""""""""""""""""""""""""""""""""""UXV#?JY"

!

,9=&1$"SJO"SN"34C"S;>!

S$J+!5$22*!7$0$! /0+1*4$5/$6!7)/:!+!;2+*9)6!DNUGF!$?;0$**)1G!R&A! /+GG$6!$%&'(!531*/085/*H!P:$!

/0+1*4$5/)1G!+G$1/!8*$6!7+*!&8G$1$!V!DNH,!U2!;$0!92!34!9$6)+F!+16!/:$!5$22*!7$0$!/0+1*4$5/$6!430!

'"! :380*H! W1$! *$/! 34! /:$! 5$22*!7$0$! 4)?$6! +4/$0! '"! :380*! 34! /0+1*4$5/)31! +16! /:$! 3/:$0! *$/!7+*!

$?;3*$6!/3!J$;/39=5)1!K!D'E!1MF!430!#!:380*!C$430$!4)?)1G!+16!+22!/:$*$!*/$;*!7$0$!$?$58/$6!+/!

#XYBH!P:$!5$22*!7$0$!4)?$6!8*)1G!AKZ!+16!"[A&\!+16!/:$!1852$+0!.@\!7+*!*/+)1$6!8*)1G!S3$5:*/!

*328/)31H!!

!



! __!

P:$! 1$?/! */$;!7+*! /3! )6$1/)4=! /:$! $?+5/! 0$*)68$*! /:+/! 531/0)C8/$! /3! /:$! $?;30/!

*)G1+2H!P3!1+0037!6371!/:$!0$G)31!/:+/! )1/$0+5/*!7)/:!BLMN!/3! 4309!+1!$?;30/!

539;2$?! /73!930$!6$2$/)31! 531*/085/*!7$0$!9+6$!7)/:)1! /:$!V_! /3!NN"!+9)13!

+5)6!*/0$/5:!D/9=&1$"ZFH!!

!

&80/:$0!6$2$/)31*!7)/:)1!/:$!*9+22!V_!/3!NN"!$%&'(!531*/085/T!

!

DV_F!\Z..J..J@&&@iggggggPgg%&.%.`\``Rag.Jg%`Z.ai`AP`A`.!DNN"F!

!

B31*/085/!\T!

\Z..J..J@&&@iggggggPgg%&.%.`\``Rag.Jg%`Z.ai`AP`A`.!

HHHHHHHHH6$2$/$6!HHHHHHH!

!

B31*/085/!KT!

\Z..J..J@&&@iggggggPgg%&.%.`\``Rag.Jg%`Z.ai`AP`A`.!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!HHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHH!6$2$/$6!HHHHHHHHHHHHHHHHHHHHHHHHHHH!

!

!

,9=&1$"Z"

A8226371*! 7)/:! BLMN! )1! /:$!

;0$*$15$! +16! +C*$15$! 34! L+1RPA!

:+<$! C$$1! 6$;)5/$6H! P:$!

)993C)2)>$6!531*/085/*!31!/:$!%GR!

C$+6*!+0$!/:$!>>!/+GG$6!31$*H!P:$!

>>! /+GG$6! 531*/085/! *+/80+/$6! /:$!

%GR!C$+6*!+16!/:$!531*/085/*!7$0$!

$?;3*$6! /3!+!C+5/$0)+2! 2=*+/$!7)/:!

NUM!BLMN!+16!NUM!BLMN!b!#UM!

L+1RPA! +/! "YB! 430! #! :380*H! P:$!

$28/)31!7+*!;$04309$6!8*)1G!_EU2!

34! Z.Z! 23+6)1G! C844$0! +16! NEU2!

7+*!+1+2=*$6!C=!Z.Z!A\R`H!

!

!



! _V!

K+*$6!31!/:$!;8226371*I!)/!7+*!52$+0!/:+/!1852$+0!$?;30/!*)G1+2!7+*!531/+)1$6!)1!

/:$! 0$*)68$*! *;+11)1G!,X! /3!NN"!30! %&.%.`\``Rag.Jg%`Z.ai`AP`A`.I! *)15$!

/:$!531*/085/!9)**)1G!/:)*!0$G)31!6)6!13/!)1/$0+5/!7)/:!BLMN!)00$*;$5/)<$!34!/:$!

;0$*$15$!30!+C*$15$!34!L+1RPAH!!%/!)*!+2*3!52$+0!/:+/!/:$!*/0$/5:!V_!/3!X_!0$*)68$*!

30!\Z..J..J@&&!63$*!13/!531/0)C8/$!/3!/:$!$?;30/!*)G1+2I!*)15$!)/*!+C*$15$!6)6!

13/!;03:)C)/!)1/$0+5/)31!34!/:$!$%&'(!7)/:!BLMN!b!L+1RPAH!

!

!)E"B$796:$194="(:$"[VW"@94C94="%$\&$47$"94"$+,-.>"

"

&039!/:$!;0$<)38*!$?;$0)9$1/*!)/!7+*!52$+0!/:+/!/:$!40+G9$1/!5300$*;316)1G!/3!

/:$!+9)13!+5)6*!,X!/3!NN"!)1!/:$!@!/$09)1+2!81*/085/80$6!;+0/!34!$%&'(!531/+)1*!

/:$!@`Z!+16!/:)*!)1/$0+5/)31!35580*!)1!/:$!C)16)1G!52$4/!34!BLMNH!P:)*!)*!+!*/031G!

)16)5+/)31!/:+/!/:$!$?;30/!*)G1+2!*:3826!5300$*;316!/3!/:$!52+**)5+2!J$85)1$!0)5:!

*)G1+2H! !P:$!@`Z!531*$1*8*!7$!0$4$00$6! /3!7+*!$*/+C2)*:$6! )1! /:$!R]//2$0!$/!+2HI!

'ENE!+16!:+*!C$$1!*:371!C$237T!

!

!"#!!$"%$!!!"&!!$'($!!!")!"*$

$

P:$!:=603;:3C)5!0$*)68$*!)1!/:)*!*/0$/5:!7$0$!6$*)G1+/$6!/:$!1+9$!df!0$*)68$*d!

D189C$0$6! 4039! E! /3! "FH! P:$! d?d! 6$13/$*! /:$! +9)13! +5)6*! *8003816)1G! /:$!

:=603;:3C)5!0$*)68$*!30!+2*3!5+22$6!/:$!d*;+5$0!0$*)68$*d$

$

P:$!*$c8$15$!34!/:)*!40+G9$1/!7+*!0$Q+1+2=*$6!/3!235+/$!0$*)68$*I!7:)5:!9+=!4)/!

/:$!531*$1*8*!6$4)1$6!430! /:$!52+**)5+2!J$85)1$!0)5:!$?;30/H!S$0$I! )1!+66)/)31!/3!

/:$! 6$4)1$6! 0$c8)0$9$1/*! 34! /:$! @`Z! $HGH! 4+<380$6! :=603;:3C)5! 0$*)68$*I!

+;;03;0)+/$!*;+5)1G!$/5H!+13/:$0!+*;$5/!7+*!531*)6$0$6H!!

!

\55306)1G! /3! /:$! 6$4)1$6! 531*$1*8*I! J$85)1$I! %*32$85)1$I! a+2)1$I! A:$1=2+2+1)1$!

$/5H!+0$!0$*)68$*!;0$4$00$6!+/!/:$!:=603;:3C)5!f!;3*)/)31*!34!/:$!@`ZH!S37$<$0I!

)4!$+5:!f!;3*)/)31!7+*!3558;)$6!C=!+!d;$04$5/2=!9+/5:)1Gd!!0$*)68$!430!9+?)989!

C)16)1GI! /:$1! /:$! */0$1G/:! 34! /:$! @`Z! 73826! C$! 811+/80+22=! */031GH! P:$! @`Z!

*:3826!:+<$!$138G:!+44)1)/=! 430! /:$!5+0G3!/3!C$!*855$**4822=! /0+1*235+/$6!/3! /:$!

+;;03;0)+/$!6$*/)1+/)31H!S37$<$0I!432237)1G!/0+1*;30/I!/:$!5+0G3!*:3826!+2*3!C$!



! _X!

$+*)2=!6)*+**$9C2$6!4039!/:$!/0+1*;30/!0$5$;/30H!%4!/:$!@`Z!)*!$?/0$9$2=!*/031GI!

)/*!6)*+**$9C2=!9+=!;03<$! /3!C$!6)44)582/!+16! /:)*!73826!0$*82/! )1!+! 48/)2$! 5=52$!

7)/:!/:$!5+0G3!0$9+)1)1G!C3816!/3!/:$!/0+1*;30/!0$5$;/30H!P:8*I!*39$/)9$*I!/:$!

:=603;:3C)5! ;3*)/)31*! +0$! 3558;)$6! C=! 0$*)68$*! /:+/! +0$! 2$**! 4+<380$6! +16! 63!

13/!531/0)C8/$!*8C*/+1/)+22=!/3!/:$!C)16)1G!/3!/:$!/0+1*;30/!0$5$;/30H!%1!4+5/!/:$)0!

+5/8+2!032$!)*!/3!93682+/$!/:$!+44)1)/=!34!/:$!@`Z!/3!/:$!0$5$;/30!+*!0$c8)0$6H!!

!

g$$;)1G!)1!9)16!/:+/!+!C$*/!C)16)1G!:=603;:3C)5!0$*)68$!)*!13/!1$$6$6!+/!$<$0=!

f!;3*)/)31I!/:$!*$c8$15$!7+*!0$!+1+2=*$6!/3!235+/$!+!*$c8$15$!/:+/!0$*$9C2$*!/:$!

6$4)1$6! 531*$1*8*H! Z39$!@`Z! 2)-$! *$c8$15$*! :+6!C$$1!;0$6)5/$6!C+*$6!31! /:$!

@`Z! ;0$6)5/)31! +2G30)/:9! D5380/$*=! 34! g30+=! g)02)FH! K+*$6! 31! /:$! ;0$<)38*2=!

6$*50)C$6! C)35:$9)*/0=! +1+2=*)*I! )/! 7+*! 52$+0! /:+/! /:$! *$c8$15$! :)G:2)G:/$6! )1!

=$2237! 531/+)1$6! /:$! @`ZH! &80/:$0! +1+2=*)*! :$2;$6! 8*! /3! 1+0037! 6371! +16!

*8GG$*/! /:$!9+0-$6! 0$*)68$*! +*! /:$!:=603;:3C)5! +9)13! +5)6*! /:+/!9+=!3558;=!

/:$! f! ;3*)/)31*! 34! /:$! @`ZH! \1! +9)13! +5)6! */0$/5:! D*$c8$15$! :)G:2)G:/$6! )1!

=$2237Q!4)G80$!NEF!7+*!*;$582+/$6!/3!4309!/:$!@`ZH!S$0$!+1!\2+1)1$!3558;)$*!/:$!

fN!;3*)/)31!34!/:$!@`ZH!

!

S*!$%&'(!

!

ZR.`M%&.APMZggggggggA&MJ.``R.PiP``PiAZ`Pg`a`A`AP`.g.J`\.`

`.PLgg.\Z..J..J@&&@iggggggPgg%&.%.`\``Rag.Jg%`Z.ai`AP`A`..

J.%MJR@gggggg@ag&A.`.`%J`g.`\J`.`.@gg..R%Z&Z@iPRA\O\RZ`L.

jPj``JJ@La&@%ML`g@A.Ma\R`gLg&aMgAAiaaLaRPggPZ&a@&P.%BgJJS

LiAgSJJ\&JJ\`JRPZRZ%.R@@iJa%gRL&iigi%`@aJLLj%g`jaPBSPBLZA.P%

Jig.PLJj&JiB`PBSZLBZa\Z%gPR&i\aPRgL\iJL\g\@!

!

!

.%.`\``Rag.Jg%!

!!!E!!!!!N!!!!!!!!!'!!!!!#!!"!!!

!

,9=&1$"*]"I"61$C97($C"[VW"94"F%"$+,-."

!



! _,!

P3! <+2)6+/$! 380! +;;03+5:I! /:$! +9)13! +5)6*! 3558;=)1G! /:$! f! ;3*)/)31*! 7$0$!

98/+/$6! *855$**)<$2=! /3! \2+1)1$I! R2=5)1$*I! Z$0)1$*! +16! J$85)1$*H! P:$*$! @`Z!

98/+1/*!7$0$!/:$1!+1+2=*$6!430!/:$)0!C)16)1G!5+;+5)/=!/3!BLMN!)1!/:$!;0$*$15$!

+16!+C*$15$!34!L+1RPA!D/9=&1$"**FH!

!

A8226371*!7)/:!BLMN! )1! /:$! ;0$*$15$! +16! +C*$15$! 34!L+1RPA! +0$! 6$;)5/$6! )1!

4)G80$!NNH!P:$!)993C)2)>$6!531*/085/*!31!/:$!%GR!C$+6*!+0$!/:$!>>!/+GG$6H!P:$!>>!

/+GG$6!531*/085/!*+/80+/$6!/:$!%GR!C$+6*!+16!/:$!531*/085/*!7$0$!$?;3*$6!/3!+!

C+5/$0)+2! 2=*+/$! 7)/:! NUM! BLMN! +16! NUM! BLMN! b! #UM! L+1RPA! +/! "YB! 430! #!

:380*H!P:$!0$*82/*!34!/:$!C)16)1G!+**+=*!7$0$!+1+2=*$6!31!Z.Z!A\R`H!!

!

&32237)1G!/:$!C)16)1G!+**+=I!)/!7+*!52$+0!/:+/!/:$!98/+/)31!34!/:$*$!6$*)G1+/$6!f!

0$*)68$*! :+6! +! 60+9+/)5! )1428$15$! 31! /:$! )1/$0+5/)31! 34! /:$! @`Z! 7)/:! BLMNH!

O:$1! /:$! f! E! 0$*)68$! 7+*! 98/+/$6! /3! R2=5)1$! /:$! C)16)1G! 7$1/! 6371!

60+9+/)5+22=! +16! 7:$1! 5:+1G$6! /3! \2+1)1$I! /:$0$! 7+*! +! *2)G:/! 6$50$+*$! )1!

C)16)1G!*/0$1G/:!539;+0$6!/3!/:$!7)26/=;$!@`ZH!!

!

P:$!f!N!;3*)/)31!)*!3558;)$6!C=!+1!\2+1)1$!+16!/:)*! )*!+1!+/=;)5+2!0$*)68$!430!+!

J$85)1$! 0)5:! 52+**)5+2!@`ZH!O:$1! /:)*!;3*)/)31!7+*! 5:+1G$6! /3! +!R2=5)1$I! /:$0$!

7+*!+!60+9+/)5!6$50$+*$!)1!/:$!C)16)1G!/3!BLMNH!W1!/:$!3/:$0!:+16I!7:$1!/:)*!f!

N!\2+1)1$!7+*!98/+/$6!/3!+!J$85)1$I!/:$0$!7+*!+!60+9+/)5!)150$+*$!)1!C)16)1G!/3!

BLMNH!P:8*I!/:)*!*$$9*!/3!C$!+!*$1*)/)<$!;3)1/!)1!/:$!@`Z!+16!7$!$?;$5/$6!/:+/!

/:$!/=;$!34!0$*)68$!;0$*$1/!+/!/:)*!235+/)31!)1!/:$!@`Z!:+*!+!G0$+/!)1428$15$!31!/:$!

+44)1)/=!34!/:$!@`Z!430!BLMNH!P:)*!;3)1/!:+*!C$$1!6)*58**$6!)1!2+/$0!$?;$0)9$1/*H!!

!

P:$!a+2)1$!0$*)68$!Df!'F!7+*!98/+/$6!/3!R2=5)1$!+16!/:)*!+C32)*:$6!C)16)1G!/3!

BLMNH!M8/+/)31!/3!\2+1)1$!+16!Z$0)1$!*:37$6!+!60+9+/)5!6$50$+*$!)1!+44)1)/=!/3!

BLMNH!O:$1!a+2)1$!7+*!98/+/$6!/3!+!J$85)1$I!/:$0$!7+*!+1!$<)6$1/!)150$+*$!)1!

/:$!C)16)1G!+44)1)/=H!P:$0$430$!/:)*!)*!+!*$1*)/)<$!;3*)/)31!+*!7$22!)1!/:$!@`ZH!!

!

O:$1!/:$!J$85)1$!0$*)68$!30!f!#!7+*!98/+/$6!/3!+!Z$0)1$I!R2=5)1$!+16!\2+1)1$I!

/:$!C)16)1G!/3!BLMN!7+*!+C32)*:$6H!S$15$!+!J$85)1$!*$$9*!/3!C$!5085)+2!+/!/:)*!

*;$5)4)5!;3*)/)31!34!/:$!@`ZH!!



! _e!

!

!

"

!

"

,9=&1$"**"

PM           ....Iφ0......               ...Aφ1...           ...............Vφ2..............             .............Lφ3.............                         ...Iφ4...

wt     G   A    wt   G    L    wt   G   A     L    S     wt  G    A     S    S     wt        L       S         φ0X

empty beads control

CRM1

NES mutants

RanGTP

D I DE A   EEG   V   KD  L K I E

   0        1             2           3    4  - phi position

1      2     3    4     5     6     7     8     9  10   11  12 13  14  15  16  17  18  19 20  21 22 23 24 25 26 2728  29 30 31 32  33  34  35 36  37 38 39 40 4142  43  44  45 46  47 48 49 50 

DASDDLDDLNFFNQKKKKKKTKKIFDIDEAEEGVKDLKIESDVQEPTEPE

26 27 28   29     30      31  32   33     34         35   36   37    38 39   40

                                                 

lysate + CRM1

+ RanGTP
\!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

K!

!

!

!

!

!

!

!

!



! VE!

&)G80$!NNT!P:$!98/+/$6!531*/085/*!34!$%&'βQ@`Z!7$0$! )993C)2)>$6!<)+! /:$!>>! /+G!31! %GR!C$+6*!

DNEU2!C$+6*I!'9Gh92!+9381/!34!531*/085/! /3!*+/80+/$! /:$!C$+6*FH!W1$!*$/!34! /:$*$! )993C)2)>$6!

531*/085/*!7$0$! )158C+/$6!7)/:! +! C+5/$0)+2! 2=*+/$! DMSN! */0+)1F! 531/+)1)1G! NUM!BLMN! +16! /:$!

3/:$0!*$/!7+*!)158C+/$6!7)/:!NUM!BLMN!b!#UM!L+1RPA!430!/:0$$!:380*!+/!"YB!D_EEU2!34!2=*+/$FH!

\4/$0!/:)*I!/:$!81C3816!9+/$0)+2!7+*!7+*:$6!344!/:$!C$+6*!+16!/:$!4)1+2!$28/)31!7+*!631$!)1!_EU2!

7)/:! Z.Z! 23+6)1G! C844$0! 7)/:38/! .PPH! NEU2! 34! /:)*! 7+*! 23+6$6! 31! Z.Z! A\R`! 430! +1+2=*)*H! P:$!

BLMN!8*$6!)*!7/H!P:$!<+0)+/)31!)1!/:$!C)16)1G!+44)1)/=!C$/7$$1!BLMN!7/!+16!$%&'βQ@`Z!98/+1/*!

)1! /:$! ;0$*$15$! 34! L+1RPA! :+*! C$$1! 6$;)5/$6! D\F! +16! )1! /:$! +C*$15$! 34! L+1RPA! DKFH! a+0)38*!

:=603;:3C)5!0$*)68$*!531/0)C8/)1G!/3!/:$!f!;3*)/)31*!34!/:$!@`Z!:+<$!C$$1!98/+/$6H!

!

J+*/2=I!7:$1!/:$!%*32$85)1$!+/!f!"!;3*)/)31!7+*!98/+/$6!/3!+!Z$0)1$I!/:$!C)16)1G!

/3! BLMN!7+*! +C32)*:$6! +16! +! 5:+1G$! /3! J$85)1$! 6)6! 13/! 0$*82/! )1! +! 60+9+/)5!

5:+1G$!)1!C)16)1G!+44)1)/=!D/9=&1$"**FH!!

!

%1!4)G80$!NNKI!/:$!C)16)1G!34!/:$!98/+1/*!)1!/:$!+C*$15$!34!L+1RPA!7+*!/$*/$6H!%/!

)*! )9;30/+1/!/3!531*)6$0!/:+/!/:$0$!)*!*39$!C+5-G03816!C)16)1G!34!BLMN!/3!/:$!

%GR!C$+6*H!K8/!)/!)*!$<)6$1/!/:+/!)1!*39$!5+*$*I!+!7$+-!)1/$0+5/)31!34!/:$!98/+1/*!

7)/:!BLMN!5+1!C$!3C*$0<$6!)1!/:$!+C*$15$!34!L+1RPA!/33H!

!

P:)*! +1+2=*)*! $?;2+)1*! 7:=! /:$! 531<$1/)31+2! C)3)14309+/)5! ;30/+2*! 53826! 13/!

6$/$5/!/:$!@`Z!)1!$%&'(!C$5+8*$!34!/:$!\2+1)1$!+/!/:$!f!N!;3*)/)31H!\2+1)1$!)*!+1!

+/=;)5+2!0$*)68$!430!+!:=603;:3C)5!;3*)/)31H!\*!*$$1!C$430$I!/:)*!0$*)68$!+5/)<$2=!

531/0)C8/$*! /3! /:$! @`Z! )1/$0+5/)31! 7)/:! BLMN! +16! 7:$1!98/+/$6! /3! \0G)1)1$!

+C32)*:$*! C)16)1G! /3! BLMNH! ! O:$1! /:$! 3/:$0! f! 0$*)68$*! 7$0$! 98/+/$6! /3!

\2+1)1$*!/3!5:$5-!430!/:$!$44$5/!31!C)16)1G!/3!BLMN!+16!L+1RPAI!)/!7+*!52$+0!/:+/!

/:)*! 0$*)68$! 60+9+/)5+22=! 6$50$+*$*! )1/$0+5/)31! 7)/:! BLMN! +/! +22! f! ;3*)/)31*!

3/:$0!/:+1!f!NH!!

!

\!G2=5)1$!*5+1!7+*!631$!430!/:$!:=603;:3C)5!f!0$*)68$*H!P:$*$!f!0$*)68$*!34!/:$!

;0$6)5/$6!@`Z!7$0$!*=*/$9+/)5+22=!98/+/$6!)1/3!R2=5)1$*!+16!$?;0$**$6!)1!S$J+!

5$22*!7)/:!+!R&A!/+G!C=!/0+1*4$5/)31H!%1!4)G80$!N'I!/:$!98/+/)31*!7$0$!;$04309$6!

31! /:$! 4822! 2$1G/:! ;03/$)1! +16! +1+2=*$6! /3! 5:$5-! /:$! 235+/)31! 34! /:$! 98/+/$6!

;03/$)1H!%1!+22!5+*$*I!$%&'(!7+*!*:371!/3!C$!235+2)*$6!)1!/:$!1852$8*!;03<)1G!/:+/!

98/+/)31!34!+1=!f!0$*)68$!/3!R2=5)1$!0$16$0*!/:$!@`Z!)1+5/)<$!430!1852$+0!$?;30/H!!

!



! VN!

!

$

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!bJMK!

"

,9=&1$"*-"

R&A!/+GG$6!$%&'(!



! V'!

&)G80$! N'T! S$J+! 5$22*! 7$0$! /0+1*4$5/$6! 7)/:! +! ;2+*9)6! DNUGF! $?;0$**)1G! R&A! /+GG$6! $%&'(!

531*/085/*H!P:$!/0+1*4$5/)1G!+G$1/!8*$6!7+*!&8G$1$!V!D#!U2!;$0!92!34!9$6)+F!+16!/:$!5$22*!7$0$!

/0+1*4$5/$6! 430!'"!:380*H!W1$! *$/!34! /:$! 5$22*!7$0$! 4)?$6!+4/$0!'"!:380*!34! /0+1*4$5/)31!+16! /:$!

3/:$0!*$/!7+*!$?;3*$6!/3!J$;/39=5)1!K!D'E!1MF!430!#!:380*!C$430$!4)?)1G!+16!+22!/:$*$!*/$;*!7$0$!

$?$58/$6!+/!#XYBH!P:$!5$22*!7$0$! 4)?$6!8*)1G!AKZ!+16!"[A&\!+16!/:$!1852$+0!.@\!7+*!*/+)1$6!

8*)1G!S3$5:*/!*328/)31H!!

$

\*! +! 531/032I! $+5:! *+9;2$! 7+*! +2*3! /$*/$6! )1! /:$! ;0$*$15$! 34! JMK! /3! <+2)6+/$!

BLMN! 6$;$16$1/! $?;30/H! Z)15$! $%&'(! :+*! ;32=! J=*)1$! /0+5-*! *;+11)1G! )/*!

81*/085/80$6!+16!5:+0G$6!@!/$09)1+2!0$G)31I!)/!:+*!+!/$16$15=!/3!+558982+/$!)1!

/:$!1852$32)! Q! /:)*! )*! /:$!0$+*31! 430!131!81)4309!6)*/0)C8/)31!34! /:$!R&A! /+GG$6!

98/+1/*!)1!/:$!1852$8*H!

!

\13/:$0!03816!34!<+2)6+/)31!7+*!631$!C=!50$+/)1G!R2=5)1$!98/+1/*!34!/:$!$%&'(!

f! 0$*)68$*! 31! /:$! @`Z! /$9;2+/$! +231$H! S$0$! +*! 7$22I! /:$0$! 7$0$! /73! *$/*! 34!

*+9;2$*!Q!7)/:!+16!7)/:38/!JMKH!\*!*$$1!)1!,9=&1$"*!I!)1!/:$!@`Z!531*/085/*!+*!

7$22I!7:$1!/:$!f!0$*)68$*!+0$!98/+/$6!*855$**)<$2=!/3!R2=5)1$*I!/:$!@`Z!34!$%&'(!

)*!13/!0$53G1)*$6!C=!BLMN!430!1852$+0!$?;30/H!

!

P:$0$!7$0$!/73!0$*)68$*I!%*32$85)1$!+16!A:$12=+2+1)1$I!7:)5:!7$0$!)99$6)+/$2=!

+6k+5$1/! )1! 235+/)31! /3! /:$! )6$1/)4)$6! @`ZH! P:$! 1+/80$! 34! /:$! +9)13! +5)6*!

*8GG$*/$6!/:+/!/:$=!53826!;+0/)5);+/$!)1!/:$!@`Z!C)16)1GH!\*!*:371!C=!;0$<)38*!

0$*$+05:I!/:$!)1!/:$!52+**)5+2!@`Z!/:$0$!)*!+!;0$<+2$15$!34!0$*)68$*!2)-$!%*32$85)1$I!

A:$12=+2+1)1$!+16!a+2)1$H!S$15$I!/:$!A:$1=2+2+1)1$!+16!%*32$85)1$!7$0$!98/+/$6!

31$! +/! +! /)9$! /3! \0G1)1$H! P:$*$!7$0$! /$*/$6! 430! )1/$0+5/)31!7)/:! BLMN! )1! /:$!

;0$*$15$!34!L+1RPA!/3!5:$5-!430!4309+/)31!34!+1!$?;30/!539;2$?H!

!

L$G+06)1G! 0$*)68$! 189C$0)1GI! ;2$+*$! 0$4$0! /3! /:$! 189C$0)1G! *:371! )1! /:$!

*$c8$15$!C$237H!P:$!:=603;:3C)5! 0$*)68$*! *8GG$*/$6! /3! 531/0)C8/$! /3! /:$!@`Z!

+0$!:)G:2)G:/$6! )1!=$2237H!P:$! %!+16!&!0$*)68$*!C$)1G! /$*/$6!+0$!*:371! )1!@0'C"

6194(H!Z8GG$*/$6!$%&'(!@`ZT!!

!

+""""",!!!!!.!!!!!%!!!!!.!!!!!`!!!!!\!!!!!`!!!!!`!!!!!R!!!!!a!!!!!g!!!!!.!!!!!J!!!!!g!!!!!%!!!!!`!

SQ""""SS!!!!!!,e!!!!!!eE!!!!!!!eN!!!!!!!e'!!!!!!!e#!!!!!!!!e"!!!!!!e_!!!!!!!!eV!!!!!!!eX!!!!!!!e,!!!!!!!ee!!!!!!NEE!!!!NEN!!!!NE'!!!!NE#!!



! V#!

!

$

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!bJMK!

,9=&1$"*!"

P:$!;035$680$!430!/0+1*4$5/)31!)*!/:$!*+9$!+*!6$*50)C$6!)1!&)G80$!N'H!

$

R&A!/+GG$6!$%&'(!@`Z!D7)26/=;$F!



! V"!

O:$1!C)16)1G!+**+=*!7$0$!;$04309$6!7)/:!/:$*$!98/+1/*I!)/!7+*!52$+0!/:+/!/:$0$!

7+*!13!5:+1G$!)1!/:$!C)16)1G!/3!BLMN!539;+0$!/3!/:$!1+/80+2!@`Z!*$c8$15$H!

P:)*!$1*80$6!/:+/!/:$*$!0$*)68$*!63!13/!531/0)C8/$!/3!/:$!@`Z!D/9=&1$"*EFH!!

"

+4" /9=&1$"*EI!P:$!\2+1)1$!+/!/:$!f!N!;3*)/)31!7+*!98/+/$6!/3!\0G1)1$!/3!*$$! )4!

/:)*!0$*)68$!531/0)C8/$*!+44)1)/=!34!/:$!@`Z!430!BLMN!430!$?;30/H!\fNL!+C32)*:$6!

$?;30/! 539;2$?! 4309+/)31H! \4/$0! 98/+G$1$*)*I! )/! 7+*! 52$+0! /:+/! \2+1)1$! 63$*!

)14+5/!;2+=!+1!+5/)<$!032$!)1!93682+/)1G!/:$!+44)1)/=!34!/:$!$%&'(!@`Z!/3!BLMN!430!

1852$+0!$?;30/H!!

"

!)H" ;026319%04" 0/" $+,-." [VW" 94" C9//$1$4(" %6$79$%>" <0C9/G94=" (:$" !"#"$

%&'()*"[VW"(0"23(7:"(:$"$+,-."[VW"/102"$+)*"',%$-."'(/&0(%""

!

P:$!*$c8$15$!34!$%&'(!7+*!539;+0$6!/3!3/:$0!:39323G*!+16! )/!:)G:2)G:/$6!/:$!

)9;30/+15$!34! /:$! )6$1/)4)$6!@`Z!*$c8$15$I!C$5+8*$! )/!7+*!:)G:2=!531*$0<$6H! %1!

+,-'./0$ 1('.234520! /:$0$! 7$0$! *8C/2$! 5:+1G$*! )1! 31$! *;+5$0! 0$*)68$! +16! f! N!

;3*)/)31! )1! /:$!@`Z!7:$1!539;+0$6! /3! /:$!6'7'$04.2,-!@`ZH!P:$!6'7'$04.2,-!

$%&'(!@`Z!7+*!98/+/$6! /3!9+/5:! /:$!+,-'./0$1('.234520!@`ZH!\! *2)G:/!6$50$+*$!

7+*!3C*$0<$6!)1!/:$!C)16)1G!/3!BLMNbL+1RPA!C=!98/+/)1G!\2+1)1$!f!N!D0$*)68$!

e#!)1!/:$!*$c8$15$!C$237F!0$*)68$!/3!P:0$31)1$I!D*;+5$0F!\*;+0/+/$!0$*)68$!D13!

eNF!)1!/:$!@`Z!/3!R28/+9+/$!+16!7:$1!C3/:!/:$!98/+/)31*!7$0$!539C)1$6!)1!31$!

531*/085/H! P:)*! ;03<$6! /3! C$! +! 503**! *;$5)$*! <+2)6+/)31! 34! /:$! @`Z! *$c8$15$!

D4)G80$!N"FH!

!

!

!

!

!

!

!

!

!

!



! V_!

!!

! !

!

M8/+/)1G!%,X!/3!L!+16!&,,!/3!L!/3!5314)09!)4!/:$=!+2*3!531/0)C8/$!/3!/:$!@`ZH!

!

!

M8/+/)1G!\e#!/3!L!+16!*$$!)4! /:)*!+/=;)5+2!:=603;:3C)5!0$*)68$!5+1!C$!0$;2+5$6!

C=!+!;32+0!0$*)68$!+16!C$!/32$0+/$6!)1!/:$!@`ZH!

!

!

!

\6+;/)1G!/:$!S*!$%&'(!@`Z!/3!l/!$%&'(!C=!*855$**)<$2=!98/+/)1G!.eN!/3!`I!\e#!/3!

P!+16!/:$1!539C)1)1G!C3/:!98/+/)31*H!

!

!

,9=&1$"*E"

P:$! $%&'βQ@`Z! 531/+)1)1G! 40+G9$1/! :+*! C$$1!98/+/$6! /3! +1+2=*$I! )4! /:$! :=603;:3C)5! 0$*)68$*!

+6k+5$1/!/3!/:$!)6$1/)4)$6!f!0$*)68$*!+2*3!531/0)C8/$!/3!/:$!C)16)1G!7)/:!BLMN!)1!/:$!;0$*$15$!34!

L+1RPAH! \! 503**! *;$5)$*! <+2)6+/)31! 7+*! ;$04309$6! C=! +1+2=*)*! 34! 98/+1/*! 936)4)$6! /3! 9+/5:!

6'7'$ 04.2,-$ @`Z! /3! /:$! +,-'./0$ 1('.234520! @`ZH! \fNL! 7+*! +2*3! /$*/$6H! P:$! 98/+1/*! 7$0$!

)993C)2)>$6!31!%GR!*$;:+03*$I!$?;3*$6!/3!+!C+5/$0)+2!2=*+/$I!*8;;2$9$1/$6!7)/:!NUM!BLMN!+16!

#UM!L+1RPA!430!#!:380*!+/!"YBH!P:$!539;2$?!7+*!$28/$6!C=!Z.Z!23+6)1G!C844$0!+16!+1+2=*$6!C=!

Z.Z!;+G$H!P:$!*$c8$15$!34!/:$!531*/085/!)*!*:371!/3!52+0)4=!/:$!;3*)/)31!34!/:$!98/+/)31*H!!

MmCRM1

Find out if this ‘IF’ is important b mutating this I and F residues to R .

DASDDLDDLNFFNQKKKKKKTKKIFDIDEAEEGVKDLKIESDVQEPTEPE

                                                              R   (I24R)

Also in φ1 Alanine to Argnine to check.

DASDDLDDLNFFNQKKKKKKTKKIFDIDEAEEGVKDLKIESDVQEPTEPE

                                                                            R  (A30R)

    LEE  T   EEG   V    KN L K I - Xt

D I DE A   EEG   V   KD  L K I – 2ß Hs

    0       1             2           3    4  

        E          (D28E)   
    0       1             2           3    4  

        E          (D28E)   

              T    (A30T)

        E    T   (D28E + A30T)
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  f0C   f1C    f2C   f3C  f4C             f0C  f1C   f2C    f3C  f4C           SPKI   SPKI

 ...... minus RanGTP .......             ...... with RanGTP ..........                 -       +  RanGTP                

  f0S   f1S    f2S   f3S  f4S            f0S   f1S    f2S   f3S  f4S            SPKI   SPKI

 ...... minus RanGTP .......             ...... with RanGTP ..........                 -       +  RanGTP                

  f0A  f1A   f2A    f3A  f4A            f0A  f1A  f2A   f3A   f4A           

           f0T   f1T   f2T   f3T   f4T            f0    f1T   f2T   f3T   f4T                        SPKI   SPKI

 ...... minus RanGTP .......             ...... with RanGTP ..........                        

 ...... minus RanGTP .......             ...... with RanGTP ..........                        -       +  RanGTP                

Mm CRM1

Mm CRM1

Mm CRM1

Mm CRM1

f denotes the phi position in the NES binding site. S PKI is the control. 
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4)<,6*! *1! 618)(9,3! ()! *+4*! (8! 84*B3,J! ),AB,86,)! 1=! *+,! -DE)! 43,! 9,5(R,34*,5;!

4**,8B4*,9! =13! S(0<,3=,6*!R(89(87S! *1!%&'"F!.+()! ()!,)),8*(45!R,64B),J! (=!48!-DE!

+4)! ,>*3,0,5;! +(7+! 4==(8(*;J! *+,! 9()4)),0R5;! 1=! *+,! ,><13*! 610<5,>! ! 3,AB(3,)! 4!

5437,!401B8*!1=!,8,37;!*1!R,!9()4)),0R5,9!489!*+()!()!(0<346*(645F!!

!

Y8!,><13*!)(7845!)+1B59!R,!)B6+!*+4*!*+,!R(89(87!1=!*+,!64371!()!)*3187!,81B7+!*1!

R,! ,==,6*(2,5;! ,><13*,9! 489! *+,8! ,4)(5;! 9()4)),0R5,9! (8! *+,! 6;*1)15F! .+,!

9,5(R,34*,! 4**,8B4*(18! 1=! *+,! ,><13*! )(7845! 648! R,! 46+(,2,9! R;! )V(<<(87! 1=! K!

3,)(9B,)J!(8613<134*(18!1=!4*;<(645!3,)(9B,)!4*!K!<1)(*(18)!489!(0<,3=,6*!)<46(87F!

.+B)!*+,),!43,! (0<13*48*! =,4*B3,)!/+(6+!)+1B59!R,!618)(9,3,9!/+(5,!9,)(78(87!

45713(*+0)!=13!-DE!<3,9(6*(18F!!

!

'13,12,3J! *+,! )<46,3! 3,)(9B,)! 45)1! +42,! 499(*(1845! =B86*(18)! /+(6+! +42,! 81*!

R,,8! 4993,)),9! (8! <3,2(1B)! )*B9(,)F! \,=(8(87! *+,! 618*3(RB*(18! 1=! *+,! )<46,3!

3,)(9B,)!*1!*+,!-DE!R(89(87!61B59!<312(9,!245B4R5,!(8=1304*(18!=13!3,=(8(87!*+,!

R(1(8=1304*(6!*115)!=13!-DE!<3,9(6*(18F!!

!

.+,3,! 43,! */1! %&'"! 64371,)J! &48PYG! "! 489! ,I]#^! /+,3,! *+,! 8B65,43! ,><13*!

)(7845!3,04(8!*1!R,!(9,8*(=(,9F!\B3(87!*+,!61B3),!1=!0;!3,),436+!/13VJ!I!)*3(2,9!

*1! (9,8*(=;! *+,! ,><13*! )(7845)! (8! *+,),! %&'"! 64371,)! =13! 8B65,43! ,><13*F! .+,!

618),8)B)!B),9!*1!9,=(8,!*+,!654))(645!C,B6(8,!3(6+!-DE!=1B89!(8!%&'"!64371!!

M,F7F!GHI?-DE!489!&,2!-DE@!()!>!KL!>M#@K">MN@!K#!>M#?N@KN>!KOF!_,!3,=,33,9!*1!

*+()!-DE!618),8)B)!(8!1B3!4845;)()F!!

!

"

"



!

!

"#`!

!+:"/;<:="

"

,I]#^! ()! 4! *348)54*(18! =46*13!/+(6+! ()! 4! ! )0455! )(:,9! <31*,(8! *+4*! 648! <4))(2,5;!

9(==B),!(8*1!*+,!8B65,B)!13!R,!466(9,8*455;!,8610<4)),9!(8!*+,!8B65,B)!9B3(87!*+,!

0,0R348,! 3,=1304*(18! <1)*! 6,55! 9(2()(18F! .+()! 466(9,8*45! ,8*3;! 8,,9)! *1! R,!

6133,6*,9! R;! 618)*48*! ,>65B)(18! =310! *+,! 8B65,B)F! _+,8! *+,! 9,<,89,86,! 1=!

8B65,43!,><13*!1=!,I]#^!18!%&'"!/4)!*,)*,9!R;!R516V(87!%&'"!B)(87!C,<*10;6(8!

aJ!4!34<(9!8B65,43!466B0B54*(18!1=!,I]#^!/4)!1R),32,9F!.+()!)B77,)*)!*+4*!,I]#^!

()!46*(2,5;!(0<13*,9!)(86,!<4))(2,!9(==B)(18!61B59!81*!)B)*4(8!)B6+!4!34<(9!34*,!1=!

8B65,43!466B0B54*(18F!%&'"!61B59!R,!6133,6*(87!*+()!466(9,8*45!(0<13*F!

!

,I]#^!+4)!<15;!C;)(8,!*346V)!(8!(*)!-!*,30(845!9104(8F!.+()!61B59!R,!466(9,8*455;!

3,6178(),9!4)!48!(0<13*!)(7845F!'13,12,3J!*+,!(0<13*(8!61B59!45)1!),32,!*+,!315,!

1=!4!6+4<,318,F!EB6+!6+437,9!<31*,(8)!+42,!4!*,89,86;!*1!4773,4*,!489!04)V(87!

*+,!6+437,9!3,7(18!61B59!R,!18,!/4;!*1!<3,2,8*!*+4*F!.+B)J!48!466(9,8*45!R(89(87!

1=! ,I]#^! *1! 48! (0<13*(8! 61B59! R,! 18,! /4;! *1! ,><54(8! (*)! 34<(9! 8B65,43!

466B0B54*(18!/+,8!%&'"!=B86*(18!/4)!(8+(R(*,9F!

!

-B65,43!,>65B)(18!1=!*348)54*(18!=46*13)!M,F7F!,I]#^@!()!18,!1=!*+,!/4;)!,0<51;,9!

R;!*+,!6,55!*1!)*1<!*348)54*(18!(8!*+,!8B65,B)F!\B3(87!*+,!<316,))!1=!7,8,34*(18!1=!

4! =B55;! <316,)),9! 489! )<5(6,9! *348)63(<*J! (*! ()! 63B6(45! *+4*! *+,! *348)54*(18!

046+(8,3;! ()! )<4*(455;! ),<434*,9F! I=! B8)<5(6,9! *348)63(<*)! 13! (8610<5,*,5;!

<316,)),9!*348)63(<*)!43,!*348)54*,9J!*+()!648!5,49!*1!=1304*(18!1=!<31*,(8)!*+4*!

648! +42,! <3,! *,30(84*(18! 61918)J! 0()),8),! 0B*4*(18)J! R,+42,! 4)! 910(848*!

8,74*(2,!0B*48*)!13! *+,;!04;!R,!0()=159,9F!.+,),! (8! *B38!648!+42,!4!93404*(6!

,==,6*!18!6,55!0,*4R15()0!489!648!<312,!*1!R,!5,*+45!Ma1+8)46V!,*!45!"!#LL#@F!!

!

.+,! 7145! /4)! *1! (82,)*(74*,! *+,! 015,6B543! 0,6+48()0! =13! 3,6178(*(18! 489!

618),AB,8*!,><13*!1=!,I]#^!R;!%&'"F!

!

_+,8!*+,!),AB,86,!1=!,I]#^!/4)!)6488,9!*1!=(89!4!=40(5(43!C,B6(8,!3(6+!-DE!81!

<1)(*(2,!+(*)!/,3,!=1B89F!.+()!61B59!R,!R,64B),!1=!#!3,4)18)b!*+,!-DE!<3,9(6*(18!

3,)B5*)!/,3,!B83,5(4R5,!13!,I]#^!+4)!4!812,5!-DE!489!B),)!4!8,/!0,6+48()0!=13!



!

!

"#W!

%&'"! R(89(87! 489! 8B65,43! ,><13*F! ! Y8! B8R(4),9! 4<<3146+! /4)! B89,3*4V,8! *1!

5164*,!*+,!,><13*!)(7845)!1=!,I]#^F!

!

OF#F"!,I]#^!(8*,346*)!/(*+!%&'"!(8!*+,!+;931<+1R(6!65,=*!489!618*4(8)!4!654))(645!

GHI!*;<,!C,B6(8,!3(6+!-DE!

!

_,!4993,)),9!*+,!AB,)*(18!(=!,I]#^!(8*,346*)!/(*+!%&'"!(8!*+,!+;931<+1R(6!65,=*F!

a4),9!18!*+,!63;)*45!)*3B6*B3,!1=!E-G"?&48P.G?%&'"J!*+,!0,6+48()*(6!9,*4(5)!1=!

=1304*(18! 1=! *+()! ,><13*! 610<5,>! /,3,! 6543(=(,9F! .+,3,! /4)! 48! ,2(9,8*!

611<,34*(18! (8! *+,! 64371! 489! &48P.G! R(89(87! *1! %&'"F! a4),9! 18! *+()J! )10,!

%&'"!0B*48*)!/,3,!9,)(78,9!*1!R3,4V!*+()!611<,34*(2,!R(89(87!1=!&48P.G!489!

64371F! YcO"D! %&'"!0B*48*!/4)! 9,)(78,9! )B6+! *+4*! *+,! 64371! 648! 81*! R(89! *1!

%&'"J!(33,)<,6*(2,!1=!*+,!<3,),86,!13!4R),86,!1=!&48P.GF!.+()!R,+42(1B3!648!R,!

),,8! (8! 64371! <1)),))(87! *+,! 654))(645! C,B6(8,! 3(6+! )(7845! ,F7F! *+,! GHI?-DEF!_,!

610<43,9! *+,! R,+42(1B3! 1=! ,I]#^! /(*+! GHI?-DE! (8! R(89(87! *1! YcO"D! %&'"!

0B*48*F!_,! )4/! 4! 65,43! )(0(543(*;J! 489! *+()! )B77,)*,9! *+4*! ,I]#^!91,)! (8*,346*!

/(*+! %&'"! (8! *+,! R(89(87! 65,=*F! .+()! 45)1! 618=(30,9! *+4*! ,I]#^! 61B59! +42,! 4!

654))(645! C,B6(8,! 3(6+!-DE!489! *+,!<3,9(6*(18!R;! *+,!-DE!<3,9(6(*(18! *115)!/4)!

(0<3,6(),F!

!

OF#F#!\,6(<+,3(87!*+,!,I]#^!-DE!

!

Y8!B8R(4),9!4<<3146+!/4)!B89,3*4V,8!R;!7,8,34*(87! *3B864*(18)!1=!,I]#^!489!

/,!5164*,9!4!),AB,86,!*+4*!=B86*(18)!4)!*+,!-DE!(8!*+,!B8)*3B6*B3,9!-!*,30(845!

3,7(18!1=!*+,!<31*,(8F!.+()!()!3,4)184R5,J!)(86,!*+()!3,7(18!()!)152,8*!,><1),9!489!

=5,>(R5,F!U,86,J! (*! 648! =(*! (8*1! *+,! 84331/! 489! 3(7(9! R(89(87! 65,=*! 1=! %&'"!/(*+!

,4),F! _,! *+,8! <,3=130,9! 4! 9,,<,3! 4845;)()! 1=! *+()! )*3,*6+! 1=! 3,)(9B,)! 489!

<3,9(6*,9! 3,)(9B,)! *+4*! 61B59! =(*! *+,! 654))(645! C,B6(8,! 3(6+! -DE! 618),8)B)F!_,!

618=(30,9!*+()!<3,9(6*(18!R;!R(16+,0(645!4845;)()F!.+,!+;931<+1R(6!K!3,)(9B,)!

/,3,!0B*4*,9!489!*+,(3!(8*,346*(18!/(*+!%&'"!/4)!4845;:,9!R;!R(89(87!4))4;)!

489! ,><13*! 64<46(*;! /4)! *,)*,9! (8! 48! (8! 2(21! );)*,0! R;! *348)=,6*(18)! (8! U,C4!

6,55)F!Y8!4*;<(645!3,)(9B,!?!Y548(8,J!/4)!=1B89!4*!*+,!K!"!<1)(*(18!1=!*+,!-DEF!_,!



!

!

"NL!

)+1/,9! *+4*! *+()! 3,)(9B,! 46*(2,5;! 618*3(RB*,)! *1! (8=5B,86(87! *+,! 4==(8(*;! 1=! *+,!

,I]#^!-DE!*1!%&'"F!!

.+,! 9()612,3,9! -DE! ()! )<488(87! 3,)(9B,)! `W! *1! "LN! 4)! )+1/8! R,51/F! .+,!

(9,8*(=(,9!K!3,)(9B,)!+42,!R,,8!+(7+5(7+*,9!(8!;,551/F!!

!

I!!!!!]!!!!!\!!!!!I!!!!!\!!!!!D!!!!!Y!!!!!D!!!!!D!!!!!P!!!!![!!!!!H!!!!!\!!!!!C!!!!!H!!!!!I!!!!!D!
`Z!!!!``!!!!!!`W!!!!!!WL!!!!!!!W"!!!!!!!W#!!!!!!!WN!!!!!!!!WO!!!!!!Wc!!!!!!!!W$!!!!!!!WZ!!!!!!!W`!!!!!!!WW!!!!!!"LL!!!!"L"!!!!"L#!!!!"LN!!
!

OF#FN!Y8!4*;<(645!K!"!+;931<+1R(6!3,)(9B,!/4)!9()612,3,9!(8!*+,!,I]#^!-DE!

!

\B3(87! *+()!/13VJ!/,! (9,8*(=(,9! *+4*! 48!Y548(8,! 166B<(,)! *+,!K!"! +;931<+1R(6!

3,)(9B,!(8!*+,!,I]#^!-DEF!.+()!/4)!48!4*;<(645!3,)(9B,!*1!R,!=1B89!4*!4!K!<1)(*(18!

489!*+()!<31R4R5;!049,!9,*,6*(18!1=!*+,!-DE!R;!R(1!(8=1304*(6!*115)!9(==(6B5*F! I*!

/4)! 4<<43,8*! *+4*! *+()! <1)(*(18! ()! 2,3;! ),8)(*(2,! *1! *+,! *;<,! 1=! 40(81! 46(9!

(8*319B6,9F! ]13! (8)*486,J! /+,8!0B*4*,9! *1! 48! Y378(8,! 13! P5;6(8,! *+,! R(89(87!

/,8*!91/8!93404*(6455;J!RB*!/+,8!4!C,B6(8,!/4)!(8*319B6,9J!*+,!R(89(87!/,8*!

B<! )(78(=(648*5;! 610<43,9! *1! *+4*! 1=! *+,! /(59! *;<,! -DEF! U,86,J! 4<43*! =310! (*)!

=B86*(18! (8! *348)54*(18J! *+()! 3,)(9B,! 45)1! <54;)! 4! 63B6(45! 315,! (8!019B54*(87! *+,!

4==(8(*;! 1=! *+,! ,I]#^! -DE! *1! %&'"F! .+()! 04V,)! ),8),! =310! *+,! R(1517(645!

<,3)<,6*(2,F! I=! *+,!-DE!R(89)! *1!%&'"!/(*+!,>*3,0,5;!+(7+!4==(8(*;J! *+,8! (*!/(55!

3,04(8! R1B89! *1! %&'! "J! ,2,8! 4=*,3! R,(87! ,><13*,9! *1! *+,! 6;*1)15J! R,64B),!

9()4)),0R5(87!*+,!,><13*!610<5,>!/(55!3,AB(3,!*11!0B6+!,8,37;F!.+()!/(55!3,)B5*!

(8!4!=B*(5,!6;65,!R,64B),!*+,!64371!/(55!81*!R,!3,5,4),9!(8!(*)!9,)*(8,9!5164*(18F!a;!

91(87!4!+101517;!),436+J!(*!/4)!4<<43,8*J!*+4*!*+()!3,)(9B,!()!+(7+5;!618),32,9J!

/(*+! *+,! ,>6,<*(18! *+4*! .+3,18(8,!/4)! =1B89! 4*!K! "! (8! *+,!#$%&'()!*+&',-./,)!

,I]#^!-DEF!_,!019(=(,9! *+,!0&1&2).',$%!-DE! *1!04*6+! *+,!#$%&'()!*+&',-./,)!

-DE!489!=1B89!*+4*!4!.+3,18(8,!648!R,!*15,34*,9!4*!*+()!<1)(*(18J!RB*!*+,3,!()!4!

)5(7+*!9,63,4),!(8!*+,!,><13*!,==(6(,86;!(8!*+,!YK".!0B*48*!1=!U)!,I]#^!-DEF!_,!

/48*,9!*1!4993,))!*+,!())B,!1=!(8613<134*(18!1=!4*;<(645!3,)(9B,)!4*!K"!<1)(*(18!!

(8!4!654))(645!GHI!*;<,!-DE!489!/,!/48*,9!*1!B),!*+,!,I]#^!-DE!4)!4!3,=,3,86,F!

.+()!/(55!45)1!+,5<!B)!B89,3)*489!/+(6+!3,)(9B,)!+42,!4!5,))!<31R4R(5(*;!1=!R,(87!

<,30(**,9! 4*! *+()! K! <1)(*(18! (8! *+,! 654))(645! GHI! *;<,! -DE! =310! *+,! R(1517(645!

<,3)<,6*(2,F!

!



!

!

"N"!

.+()!K!"!Y548(8,!/4)!0B*4*,9! *1!RB5V;J! +;931<+1R(6J! <1543J! 6+437,9! 489! 3(7(9!

3,)(9B,)!)B66,))(2,5;!489!*+,!(8*,346*(18!/(*+!%&'"!/4)!4845;),9F!I*!/4)!65,43!

*+4*! +;931<+1R(6! 3,)(9B,)! 5(V,! I)15,B6(8,! 489! [45(8,! /,3,! *15,34*,9! /,55J! R;!

2(3*B,!1=! *+,(3!)(9,!6+4(8!<31<,3*(,)! (8!610<43()(18!*1!*+,!1*+,3!40(81!46(9)F!Y!

RB5V;! .;31)(8,J! 4! <1543! P5B*40(8,! 13! E,3(8,J! 4! 6+437,9! C;)(8,J! U()*(9(8,! 13! 4!

618=1304*(18455;! 3,)*3(6*,9! G315(8,! 43,! 81*! 4551/,9! 4*! *+,! +;931<+1R(6! K! "!

<1)(*(18!R,64B),!1=!93404*(6!/,4V,8(87!1=!*+,!-DE!4==(8(*;!*1!%&'"F!.+,),!P]G!

*477,9! 0B*48*)! /,3,! ,><3,)),9! (8! U,C4! 6,55)! R;! *348)=,6*(18J! 489! *+,(3! )BR!

6,55B543! 9()*3(RB*(18! 245(94*,9! *+,! 61865B)(18)! R4),9! 18! *+,! <3,2(1B)5;!

6189B6*,9!R(89(87!4))4;)F!!

!

.+,!GHI!-DE!/4)! 45)1! *,)*,9! =13! (8613<134*(18! 1=! 4*;<(645!K! 3,)(9B,)F!KL!/4)!

=1B89!*1!R,!01)*! *15,348*!489!648!466100194*,!*+,!/(9,)*!243(,*;!1=!3,)(9B,)!

610<43,9! *1! *+,! 1*+,3! K! <1)(*(18)F! K"! 489! K! N! )+1/,9! 243(4R5,! R,+42(1B3!

9,<,89(87!B<18!*+,!*;<,!1=!3,)(9B,!*+4*!/4)!(8*319B6,9F!.+()!()!610018!=13!*+,!

GHI! 489! ,I]#^! -DE! ?! K"! 3,)(9B,! (8! *+,! ,I]#^! -DE! 45)1! )+1/,9! 243(4*(18! (8!

(8*,346*(18!/(*+!%&'"!=13!,><13*J!9,<,89(87!B<18!*+,!3,)(9B,!(8*319B6,9F!!

!

OF#FO!\,=(8(87!*+,!)<46,3!3,)(9B,)!(8!*+,!,I]#^!-DE!

!

I8!*+()!)*B9;J!/,!(82,)*(74*,9!*+,!315,!1=!*+,!)<46,3!3,)(9B,)!*+4*!)B331B89!*+,!K!

<1)(*(18)!(8!*+,!618*,>*!1=!*+,!,I]#^!-DE!489!*+,(3!618*3(RB*(18!*1!*+,!R(89(87!1=!

*+,! -DE! *1! %&'"! (8! *+,! R(89(87! 65,=*F! _,! =(3)*! 4993,)),9! *+,! 618*3(RB*(18! 1=!!

*+,),!)<46,3!3,)(9B,)!=310!4!)*3B6*B345!<,3)<,6*(2,F!_,!)B66,))(2,5;!0B*4*,9!*+,!

)<46,3!3,)(9B,)!*1!G315(8,)!489!P5;6(8,)!489!*,)*,9!*+,0!=13!,><13*!R;!%&'"!R;!

*348)=,6*(18)!489!9(3,6*!(8*,346*(18!/(*+!%&'"d&48P.G!(8!R(89(87!4))4;)F!U,3,J!

*+,(3!618*3(RB*(18!*1!+,5<!*+,!,I]#^!-DE!*1!491<*!*+,!6133,6*!618=1304*(18!*1!=(*!

(8)(9,!*+,!3(7(9!R(89(87!65,=*!1=!%&'"!/4)!*,)*,9F!!

!

.+,!0B*48*)!)+1/,9!3,9B6,9!,><13*!/+,8!P5;6(8,)!/,3,! (8*319B6,9!4*! )<46,3!

3,)(9B,)! )B331B89(87!K"J! MDW#PJ! DWOPJ! DWcP@F! Y! )*3187,3! 3,9B6*(18! (8! ,><13*!

,==(6(,86;!/4)!1R),32,9!4*!<1)(*(18)!651),!*1!K!#!MHW`P@!489!/+,8!P5;6(8,!/4)!

(8*319B6,9!4*!H"L"J!/+(6+!()!49e46,8*!*1!KN!489!K!OF!!



!

!

"N#!

!

T<18! (8*319B6*(18! 1=! G315(8,)J! *+,! =455! (8! ,><13*! ,==(6(,86;! /4)! 0B6+! 013,!

93404*(6!610<43,9!*1!*+4*!1=!P5;6(8,!0B*4*(18)F!.+()!()!45)1!<31R4R5,!R,64B),!1=!

*+,!618=1304*(18455;!3,)*3(6*,9!84*B3,!1=!G315(8,!61B59!+(89,3! *+,! =(**(87!1=! *+,!

-DE! (8! *+,! +;931<+1R(6! 65,=*F! .+B)! (*! /4)! 81*! )B3<3()(87! *+4*! *+,! G315(8,!

0B*4*(18! 1=! *+,! )<46,3! 3,)(9B,)! 4*! 455! <1)(*(18)! 93404*(6455;! 3,9B6,9! ,><13*F!

'(8(045!,><13*!/4)!1R),32,9!/+,8!G315(8,)!/,3,! (8*319B6,9!4*!<1)(*(18)!\`W!

489!\W"!/+(6+!43,!49e46,8*!*1!KLF!

!

.1! =B3*+,3!B89,3)*489!*+,! (0<13*486,!1=! *+,!)<46,3!3,)(9B,)! ?! *+,!40(81!46(9)!

+49!R,,8!0B*4*,9!*1!RB5V;J!5,))!46(9(6!13!<1543!489!+;931<+1R(6!3,)(9B,)F!!

!

I8*319B6*(18! 1=! RB5V;! .;31)(8,)! 4*! 48;! <1)(*(18! (8! *+,! )<46,3! 3,7(18! 4501)*!

4R15()+,9!R(89(87!)(86,!*+,!-DE!+4)!*1!=(*!(8)(9,!4!84331/!489!3(7(9!R(89(87!65,=*F!

.;31)(8,)!4551/,9!/,4V!,><13*!/+,8!(8*319B6,9!4*!)<46,3!<1)(*(18)!651),!*1!KL!

M\W"@!489!KN!M\WW@!489!*+,!)<46,3!3,)(9B,!(00,9(4*,5;!=1551/(87!KO!MD"LN@F!!

!

_+,8! *+,! 46(9(6! 84*B3,! 1=! *+,! -DE! /4)! 3,9B6,9! R;! )B66,))(2,! 0B*4*(18)! *1!

P5B*40(8,J! *+,3,!/4)! 48! 4<<43,8*! 9,63,4),! (8! *+,! R(89(87! *1! %&'"! 4*! )<,6(=(6!

<1)(*(18)F!.+()!,==,6*!/4)!013,!<3181B86,9!4*!<43*(6B543!5164*(18)!,F7F!P5B*40(8,!

(8*319B6,9!4*! )<46,3! 3,)(9B,)! )B331B89(87!K#! MPW$!489!HW`@!489!K!N! MH"L"@!

4R15()+,9! ,><13*! R;! %&'"F! Y! 93404*(6! 9,63,4),!/4)! 45)1! ,2(9,8*! (8! *+,!\`WP!

0B*48*! ?! )B77,)*(87! *+4*! 48! (8*,346*(18! 651),! *1! KL! /4)! 9()3B<*,9! R;! *+()!

0B*4*(18F! _+,8! E,3(8,! /4)! (8*319B6,9J! *+,! ,==,6*! /4)! )(0(543! *1! *+4*! 1=!

(8*319B6*(18!1=!P5B*40(8,)F!

!

C4)*5;J!*+,!4(0!/4)!*1!3,<546,!*+,!46(9(6!)<46,3!3,)(9B,)!R;!+;931<+1R(6!Y548(8,F!

.+()!/4)!/,55! *15,34*,9!4*!048;!)<46,3!<1)(*(18)!489!)+1/,9!,><13*!)(0(543!*1!

*+,!/(59*;<,!-DEF!_+,8!*+,!)<46,3!3,)(9B,)!)B331B89(87!K#!MPW$!489!HW`@!489!

K!N!489!KO!MH"L"@!/,3,!0B*4*,9!*1!Y548(8,!4!9,63,4),!(8!8B65,43!,><13*!1=!*+,!

0B*48*)!/4)!1R),32,9F!

!



!

!

"NN!

I8! )B0043;J! )<46,3! 3,)(9B,)! )B331B89(87! +;931<+1R(6! <1)(*(18)!K! #! 489!K!N!

43,!01)*!),8)(*(2,!*1!*+,!0B*4*(18)F!.+,),!43,!<1)(*(18)!9,,<!(8)(9,!*+,!R(89(87!

642(*;!1=!%&'"F!KL!),,0)!*1!R,!013,!3,)(5(,8*!*1!*+,!(8*319B6*(18!1=!*+,!9(==,3,8*!

0B*4*(18)F! .+()! 3,9B6,9! ),8)(*(2(*;! *1! (8*319B6*(18! 1=! 243(1B)! 3,)(9B,)! 4*! KL!

<1)(*(18!1=!*+,!-DE!/4)!45)1!1R),32,9!(8!*+,!GHI?-DEF!_,!45)1!618=(30!*+4*!*+,!

3,)(9B,! (00,9(4*,5;! 49e46,8*! *1!KO!45)1!<54;)! 4! 63B6(45! 315,! (8! (8=5B,86(87! *+,!

4==(8(*;!1=!*+,!,I]#^!-DE!*1!%&'"F!U,86,!*+,!618),8)B)!)+1B59!R,!,><489,9!*1!

(865B9,!*+()!3,)(9B,!4)!/,55!M499(*(1845!)<46,3!3,)(9B,!()!)+1/8!R,51/!(8!3,9@F!!

!

>!KL!>M#@K">MN@!K#!>M#?N@KN>!KO>!

!!

U,86,J!R;!);)*,04*(6!0B*4*(18)!1=! *+,!3,)(9B,)!)B331B89(87! *+,!K!<1)(*(18)! *1!

RB5V;! M.;31)(8,@J! +;931<+1R(6! MY548(8,@J! <1543! MP5B*40(8,@J! 618=1304*(18455;!

3,)*3(6*,9!MG315(8,@!489!=5,>(R5,!MP5;6(8,@!3,)(9B,)J!*+,!)(78(=(6486,!1=!*+,!)<46,3!

3,)(9B,)!(8!(8=5B,86(87!*+,!(8*,346*(18!1=!*+,!-DE!(8!*+,!%&'"!R(89(87!65,=*!489!

+,5<(87!*+,!-DE!46AB(3,!*+,!6133,6*!618=1304*(18!/4)!,2(9,8*F!!

!

.+()! (8=1304*(18! +4)! 9,=(8,9! /+(6+! 3,)(9B,)! 648! R,! *15,34*,9! 4*! *+,! )<46,3!

<1)(*(18)F!_,!+42,!45)1!4845;),9!/+(6+!4*;<(645!3,)(9B,)!648!R,!*15,34*,9!(8!*+,!

618*,>*!1=! *+,!K"!<1)(*(18!1=! *+,! ,I]#^!-DEF!a;!B)(87! *+()! (8=1304*(18!/,! 648!

7,8,34*,!48!466B34*,!489!3,5(4R5,!45713(*+0!=13!(9,8*(=(64*(18!1=!654))(645!C,B6(8,!

3(6+!-B65,43!D><13*!E(7845)!=13!,><13*!R;!%&'"F!

"

!+>"80)?@A","

!

&48PYG! "! ()! 63B6(45! (8! 04(8*4(8(87! *+,! &48P.G! 7349(,8*! 4631))! *+,! 8B65,43!

,82,51<,! 489! (8! 9()4)),0R5;! 1=! ,><13*! 610<5,>,)! 4)! *+,;! ,>(*! *+,! 8B65,B)F!

&48PYG!"!648!R,!466(9,8*455;!(865B9,9!(8!*+,!8B65,B)!489!(*!+4)!R,,8!)+1/8!*+4*!

(*!()!,>65B9,9!=310!*+,!8B65,B)!R;!%&'"F!!

!

I=! &48PYG! "! ()! <3,),8*! (8! *+,! 8B65,B)J! ,><13*! 610<5,>,)! 9()4)),0R5;! /(55! R,!

9()3B<*,9!(8!*+,!6;*1)15!489!*+,(3!4)),0R5;!/(55!R,!9()*B3R,9!(8!*+,!8B65,B)F!.+,!

&48P.G!7349(,8*!/(55!R,!93404*(6455;!4==,6*,9!489!(8+(R(*!8B65,43!*348)<13*F!!



!

!

"NO!

!

.+,!0,6+48()0!1=!,><13*!1=!&48PYG!"!R;!%&'"!()!B8V81/8!489!9,6(<+,3(87!*+,!

,><13*!)(7845!(8!&48PYG!"!=13!(*)!3,6178(*(18!R;!%&'"!()!*+,!7145!1=!0;!<31e,6*F!!

!

OFNF"!a(1(8=1304*(6!*115)!*1!<3,9(6*!*+,!&48PYG!"!-DE!

!

_+,8!*+,!&48PYG!"!),AB,86,!/4)!)BR0(**,9!(8!R(1(8=1304*(6!),32,3)!*1!9,*,6*!4!

C,B6(8,! 3(6+! -DE! *+4*! =(*)! *+,! 9,=(8,9! 618),8)B)J! ),2,345! +(*)! /,3,! 5164*,9F!

U1/,2,3J! *+()! ()! 4! C,B6(8,! 3(6+!<31*,(8! 489!048;!+(*)!/,3,! =45),!<1)(*(2,)! ,F7F!

-DE)!*+4*!=1551/!*+,!618),8)B)!*1!R(89!(8!*+,!%&'"!8,,9!*1!R,!=5,>(R5,!*1!=(*!(8*1!

*+,!3(7(9!R(89(87!65,=*!1=!%&'"F!](89(87!+(*)! (8!)*3B6*B3,9!3,7(18)! 5(V,!48!45<+4!

+,5(>!13!3,7(18)!+(99,8!(8!*+,!<31*,(8!=159)!()!(0<31R4R5,F!

!

OFNF#!.3(45)!*1!5164*,!48!-DE!618*4(8(87!=3470,8*!1=!&48PYG!"!

!

Y8!B8R(4),9!4<<3146+!*1! 5164*,!*+,!-DE!/4)!B89,3*4V,8F!.3B864*,9!618)*3B6*)!

/,3,!63,4*,9!455!45187!*+,!<31*,(8F!.+,!(8*,346*(18!/(*+!%&'"!/4)!*,)*,9!(8!*+,!

<3,),86,!489!4R),86,!1=!&48P.GF!!

!

.+,! (8(*(45! ),*! 1=! *3B864*,9! 618)*3B6*)! (89(64*,9! *+4*! *+,!R,)*!R(89(87! *1!%&'"!

/4)!),,8!(8!*+,!618)*3B6*)!)<488(87!*+,!-!*,30(845!C&&!3,7(18F!.+()!(8*,346*(18!

/4)!185;!1R),32,9!(8!*+,!<3,),86,!1=!&48P.GF!]B3*+,3!618)*3B6*)!/,3,!9,)(78,9!

)<488(87!*+,!=B55!5,87*+!<31*,(8!489!*/1!)*3,*6+,)!1=!3,)(9B,)!M"!*1!ZZ!489!"!*1!

N$W! 40(81! 46(9)@! *+4*! 5(,! (8! *+,! -! *,30(845! C,B6(8,! &(6+! &,7(18! 1=! &48PYG! "!

/,3,!=1B89!*1!(8*,346*!/(*+!%&'"!(8!*+,!<3,),86,!1=!&48P.G!/(*+!+(7+!4==(8(*;!(8!

*+,!<3,),86,!1=!&48P.GF!!

!

.+,! 618)*3B6*)! /,3,! 9,)(78,9! 4=*,3! 4845;)()! 1=! )*3B6*B3,9! =159)J! 618),32,9!

3,7(18)! 489! 9()139,3! <3,9(6*(18F! .+,! C&&! 3,7(18! 61B59! R,! =159,9! (8! 18,!

618*(8B1B)! )*3,*6+! 13! (8! 9()63,*,! 731B<)! /(*+! (8*,3)<,3),9! =5,>(R5,! 5(8V,3)F!

E,,(87! *+,! E'Y&.! <31*,(8! <3,9(6*(18! 1=! *+,! 9104(8! )*3B6*B3,J! *+,! C&&! /,3,!

9,<(6*,9!4)!R,(87!(8!31B7+5;!*+3,,!731B<)!/(*+!=5,>(R5,!5(8V,3)!(8!R,*/,,8F!.+,),!

5(8V,3!3,7(18)!/,3,!*437,*,9!=13!6B**(87!*1!63,4*(87!)0455,3!618)*3B6*)!(8!*+,!C&&!



!

!

"Nc!

3,7(18F! U1/,2,3J! (=! *+,! C&&! /,3,! 618*(8B1B)J! *+,8! 6B**(87! (8! 4! 618*(8B1B)!

)*3,*6+!648!,><1),!+(99,8!3,7(18)!*+4*!61B59!46*!4)!=45),!<1)(*(2,)F!!

!

T)B455;! *348)<13*! )(7845)! 5(,! (8! *+,! ,89)! 1=! 9104(8)! 489! ,><1),9! 3,7(18)F! X=!

61B3),! *+,3,!43,!45)1!64),)!/+,3,!4!618=1304*(1845! 6+487,! ()! (8*319B6,9!B<18!

(8*,346*(18!489!618),AB,8*5;!1<,8(87!B<!4!R(89(87!9104(8f),AB,86,F!Y!)*3187!

/4;! *1! 245(94*,! (=! *+,! (9,8*(=(,9! ),AB,86,)! 43,! <1)(*(2,! +(*)! =13! 48! -DE)J! *+,!

4<<3146+! /1B59! R,! *1! 0B*4*,! *+,! <3,9(6*,9! +;931<+1R(6! 3,)(9B,)! (8! *+,!

(9,8*(=(,9!-DE!(8!*+,),!3,7(18)!489!*,)*!4==(8(*;!=13!%&'"!489!&48P.G!(8!R(89(87!

4))4;)F! .1! ,8)B3,! *+4*! *+()!0B*4*(18!91,)!81*! 4==,6*! *+,! =159(87! 489! 46*(2(*;! 1=!

&48PYG!"J!*+,),!0B*48*)!648!45)1!R,!*,)*,9!=13!P.G4),!46*(2(*;F!Y81*+,3!,==,6*(2,!

/4;!*1!245(94*,!(=!*+,!618=1304*(18!1=!&48PYG!"!()!B84==,6*,9!R;!*+,!0B*4*(18)J!

()! *1! *,)*! (*)! (8*,346*(18!/(*+! &48P.G! 489! &48aG"F! I=! *+()! *3(0,3(6! 610<5,>! ()!

=130,9!/(*+!*+,!0B*4*,9!2,3)(18!1=!&48PYG!"J!*+,8!*+,!0B*4*(18)!91!81*!4==,6*!

*+,! )*3B6*B3,F! Y8! (8! 2(21! 245(94*(18! 0B)*! R,! 918,! R;! *348)=,6*(87! 0B*48*)!

,><3,)),9! /(*+! 4! P]G! *47! (8*1! U,C4! 6,55)! 489! *346(87! *+,! 51645()4*(18! 1=! *+,!

243(1B)!0B*48*)F!!

!

E1! =43! *+,! 63;)*45! )*3B6*B3,)! 1=! &48PYG! "?&48P.G?&48aG"J! %&'"?&48P.G?

&48aG"!!M;,4)*!+101517)!1=!*+,),!<31*,(8)@!489!%&'"?&48P.G?E-G"!+42,!R,,8!

)152,9! 489! *+,),! )*3B6*B3,)! +42,! 7(2,8! 245B4R5,! (8)(7+*! (8*1! *+,! =B86*(18! 1=!

&48PYG! "! 489! &48aG"! 489! (8*,346*(18! )B3=46,)! 1=! %&'"! /(*+! (*)! 64371! 489!

&48P.GF! I*! /1B59! R,! 2,3;! (8*,3,)*(87! *1! )*B9;! +1/! &48PYG! "! ()! ,><13*,9! R;!

%&'"!/(*+1B*!+;9315;)()!1=!&48P.G!(8!(*)!1/8!,><13*!610<5,>F!%&'"!04;!R(89!

&48P.G!489!&48PYG!"!(8!4!0488,3!*1!)<4*(455;!),73,74*,!*+,0!13!R(89!&48PYG!"!

(8!4!618=1304*(18!*+4*!9(),84R5,)! (*)! (8=5B,86,!18!&48P.GF!U,86,J!481*+,3!7145!

/(55! R,! *1! 63;)*455(:,! &48PYG! "?%&'"?&48P.G! 610<5,>! *1! 7,*! 0,6+48()*(6!

(8)(7+*)! (8*1! *+,!8B65,43!,><13*!1=!&48PYG!"!R;!%&'"!489!65,435;!),,!+1/!*+,!

-DE!(8*,346*)!/(*+!%&'"F!

!

"

"

"



!

!

"N$!

!+!"B41'&4'10."0)0.6%$%"(C"D23(14$)"!"0)E"$4%"&01F("

"

.+,3,!43,!)10,!*348)<13*!3,6,<*13)!,F7F!I0<13*(8!"N!489!D><13*(8!O!/+(6+!+42,!

R,,8!)+1/8!*1!+42,!4!9B45!=B86*(18!4)!48!(0<13*(8!489!48!,><13*(8F!D><13*(8!O!

/4)!1=!(8*,3,)*!*1!0,!489!*+()!*348)<13*,3!/4)!)+1/8!*1!,><13*!,I]cY"!489!E049!

N!MC(<1/)V(!,*!45FJ!#LLLg!HB3()4V(!,*!45FJ!#LL$@F!I8!#LLWJ!D><13*(8!O!/4)!)+1/8!*1!

(0<13*! E1>! #! 489! E&h! 4)! /,55! MP18*48! ,*! 45FJ! #LLW@F! .+,! 7145! /4)! *1! 91! 4!

)*3B6*B345!4845;)()!1=!D><13*(8!O!R1B89!*1!(*)!,><13*!489!(0<13*!64371F!a;!),,(87!

*+,!)*3B6*B3,!*+,!3,7(18)!*+4*!610,!(8*1!618*46*!/1B59!R,!65,435;!(9,8*(=(,9F!.+,!

3,)(9B,)!1=!*+,!64371!*+4*!=130!*+,!*348)<13*!)(7845!43,!6543(=(,9!*+()!648!R,!B),9!

*1!9,=(8,!3,6178(*(18!01*(=)F!.+()!(8=1304*(18!648!R,!B),9!=B3*+,3!18!*1!9,2,51<!

R(1(8=1304*(6! *115)! *1! 9,*,6*! )(0(543! 01*(=)! (8! 1*+,3! <31*,(8)! 489! <1))(R5;!

(9,8*(=;! 8,/! (8*,346*(87! <31*,(8)! 4)!/,55F! I8! *+,! 64),! 1=! ,><13*! 64371J! 245B4R5,!

(8=1304*(18! 3,7439(87! *+,! (8=5B,86,! 1=! &48P.G! 18! *+,! )*3B6*B3,! 489!

618),AB,8*5;J! =B86*(18! 1=! *+,! *348)<13*! 3,6,<*13! 489! *+,! )*,<)! (82152,9! (8!

RB(59(87!*+,!,><13*!610<5,>!45)1!7,*!6543(=(,9F!

!

Y!B),=B5!)*34*,7;!/+(5,!)*B9;(87!*+,),!<31*,(8)!()!*1!63;)*455(:,!*+,0!/+,8!*+,;!

43,!R1B89!*1!*+,(3!64371F!.+()!/(55!618*3(RB*,!)*4R(5(*;!*1!*+,),!=5,>(R5,!<31*,(8)F!

'13,12,3J! (*! ()! 45)1! 013,! (8=1304*(2,! *1! 63;)*455(:,! *+,! 610<5,>,)! (8! *+,(3!

=B86*(1845! )*4*,)! *1! B89,3)*489! *+,! 0,6+48()0! 1=! 64371! 3,6178(*(18! 489!

618),AB,8*!*348)<13*F!X*+,3!(0<13*48*!<3,3,AB()(*,)!=13!63;)*4551734<+;!(865B9,!

7,8,34*(87!5437,!401B8*)!1=!)*4R5,!489!+1017,81B)!610<5,>,)F!!

!

_+,8!D><13*(8!O!/4)!,><3,)),9!(8!R46*,3(4J!(*!)+1/,9!7119!,><3,))(18!5,2,5)F!I*!

/4)! )15BR5,! 489! *+,! ()154*,9! <31*,(8! )+1/,9!0(813! 9,73494*(18!/+(6+! 648! R,!

3,012,9!,4)(5;!R;!=B3*+,3!<B3(=(64*(18!)*,<)F!

!

.+,!04e13!6+455,87,!1=! 63;)*455(:(87!D><13*(8!O!R1B89! *1! (*)!,><13*!489! (0<13*!

64371!()!()154*(87!+1017,81B)J!)*4R5,!489!5437,!401B8*)!1=!D><13*(8!O!64371F!!

!

!

!



!

!

"NZ!

OFOF"!U;<B)(84*(18!)*34*,7;!=13!,I]cY"!

"

.+,!R(1517(645!=B86*(18!1=!,I]cY!()!B89,3!)<,6B54*(18!489!*+()!()!*+,!185;!V81/8!

<31*,(8! *1! +42,! *+,! <1)*! *348)54*(18! 019(=(64*(18! 6455,9! U;<B)(8,F! .+()! ()!

,)),8*(45! =13! 2(4R(5(*;! 489! ()! =1B89! (8! (8! )10,! 436+,4! 489! ,BV43;1*,)J! 489!

+;<B)(84*(18! 91,)! 81*! 166B3! (8! R46*,3(4! MC(<1/)V(! ,*! 45FJ! #LLL@F! ! I*! /4)! 45)1!

1R),32,9! *+4*! D><13*(8! O! +4)! 04>(0B0! 4==(8(*;! =13! ,I]cY! /+,8! (*! ()! =B55;!

+;1B)(84*,9F!.+B)! *+,!7145!/4)! *1!7,8,34*,! 5437,!401B8*)!1=! =B55;!+;<B)(84*,9!

,I]cYF!!

!

U;<B)(84*(18! ()! 6433(,9! 1B*! R;! \,1>;+;<B)(8,! );8*+4),! M\UGE@! 489!

\,1>;+;<B)(8,!+;931>;54),! M\XUU@F!.1!7,8,34*,!4! =B55;!019(=(,9!,I]cYJ! 48! (8!

2(21!)*34*,7;!/4)!491<*,9F!DF%15(!()!4!)*489439!,><3,))(18!);)*,0!1=!6+1(6,!)(86,!

(*! ()! =4)*J! 61)*! ,==,6*(2,! 489! 6182,8(,8*! *1! ,><3,))! <31*,(8)F! U1/,2,3J!

+;<B)(84*(18! ()! 81*! =1B89! (8! <31V43;1*,)F! .+,! )*34*,7;!/4)! 9,)(78,9! (8! 4!/4;!

*+4*!*+,!\XUU!489!\UGE!,8:;0,)!/,3,!<B*!18!18,!<54)0(9!489!,I]cY"!/4)!<B*!

18! *+,! 1*+,3! <54)0(9F! .+,),! /,3,! 61?*348)=130,9! 489! *+,! +;<B)(84*(18! /4)!

4551/,9!*1!<316,,9!(8!2(21F!.+()! ()!4!013,!3,5(4R5,!4<<3146+!610<43,9!*1!48!(8!

2(*31! 0,*+19! R,64B),! (*! 166B3)! (8! 4! 013,! 84*B345! ,82(3180,8*! /+(6+! 648!

=46(5(*4*,!*+,!,8:;04*(6!<316,))F!!

!

\B3(87! 61?,><3,))(18! 1=! *+,! +;<B)(84*(87! ,8:;0,)J! *+,! 401B8*! 1=! \UGE! 489!

\XUU!,><3,)),9!489!<B3(=(,9!/4)!4501)*!8,75(7(R5,F!,I]cYJ!/+(6+!B)B455;!7(2,)!4!

31RB)*! ,><3,))(18! 489! +(7+! ;(,59J! 45)1! )+1/,9! 4! )(78(=(648*! 9,63,4),! (8! (*)!

,><3,))(18! /+,8! 61! ,><3,)),9! /(*+! *+,! ,8:;0,)F! X8,! 1=! *+,! 3,4)18)! =13! *+()!

61B59! +42,! R,,8! ,>6,))! 9,0489! 1=! *+,! R46*,3(45! 6+4<,318,)! R,64B),! 1=!

3,610R(848*! ,><3,))(18! 1=! *+3,,! <31*,(8)! )(0B5*48,1B)5;F! D><3,))(18!

<4340,*,3)! /,3,! 1<*(0(),9! *1! =(89! *+,! 4<<31<3(4*,! ,><3,))(18! 6189(*(18)F!

.,0<,34*B3,! =13!,><3,))(18!M"`i%J!#ci%J!NZi%@J!9B34*(18!MO!+1B3)! =13!#ci%!489!

NZi%!489!12,38(7+*!=13!"`i%@J!IG.P!(89B6*(18!)*3,87*+!MLFLc0'J!LF"0'J!LFc!0'!

489! "0'! IG.P@! 489! R46*,3(45! )*34(8)! MaC&J! \DNE*43J! .XG"L]S@! /,3,! *,)*,9!

);)*,04*(6455;J! RB*! *+,! ,><3,))(18! 1=! *+,! ,8:;0,)! 9(9! 81*! )+1/! 48;! 043V,9!

<3,=,3,86,!=13!R,**,3!,><3,))(18J!R1*+!/+,8!,><3,)),9!/(*+!489!/(*+1B*!,I]cYF!



!

!

"N`!

!

\XUU!()!48!I318!618*4(8(87!,8:;0,!489!*+()!()!(0<13*48*!=13!(*)!64*45;*(6!46*(2(*;F!

I*! +4)! R,,8! )+1/8! (8! *+,! ;,4)*! +101517! 1=! \XUUJ! *+4*! *+()! 64*45;*(6455;!

(0<13*48*! ],! ()! 45)1! 63B6(45! =13! <31<,3! =159(87! 1=! *+,! ,8:;0,F! .+,3,! /4)! 4!

<1))(R(5(*;! *+4*! ,81B7+! I318!/4)!81*! 424(54R5,!9B3(87! ,><3,))(18!1=!\XUU!489!

*+()!5,49)!*1!(0<31<,3!=159(87!9B3(87!(*)!3,610R(848*!,><3,))(18!(8!R46*,3(4F!I318!

/4)!)B<<5(,9!M/(*+!6+,54*(87!47,8*!-.Y@!(8!*+,!0,9(4!=13!R46*,3(45!731/*+!489!

\UGE!489!\XUU!)+1/,9!4!)(78(=(648*!(0<312,0,8*!(8!,><3,))(18F!_+,8!,I]cY!

/4)! 61?,><3,)),9! /(*+! *+,! +;<B)(84*(87! ,8:;0,)! (8! I318! M],EXO! /(*+! -.Y@!

618*4(8(87!0,9(4J! *+,3,! /4)! 4! 93404*(6! (863,4),! (8! (*)! ,><3,))(18! 4)! /,55F! .1!

618=(30!(=!*+,!+;<B)(84*(18!)B66,,9,9J!,I]cY!/(55!R,!),8*!=13!DEI!?!D5,6*31)<34;!

I18(:4*(18!/+,3,!*+,!04))!1=!*+,!=B55!5,87*+!<31*,(8!/(55!R,!4845;:,9!466B34*,5;F!

,I]cY!,><3,)),9!/(*+!489!/(*+1B*!*+,!+;<B)(84*(87!,8:;0,)!/(55!R,!610<43,9!

*1!61865B9,!(=!4!019(=(64*(18!()!<3,),8*F!!

!

Y=*,3!618=(30(87!*+4*!+1017,81B)!401B8*)!1=! =B55;!+;<B)(84*,9!,]IcY!()!R,(87!

=130,9J! (*)! (8*,346*(18!/(*+!D><13*(8!O!489!&48P.G!*1! =130!48!,><13*!610<5,>!

/(55!R,! *,)*,9F!%189(*(18)!/(55!R,!1<*(0(),9!*1!4**4(8!4! 5437,!401B8*)!1=!4!<B3,!

489!)*4R5,!610<5,>F!]1551/(87!*+()J!*+,!,><13*!610<5,>!/(55!R,!*4V,8!=B3*+,3!=13!

63;)*4551734<+;!4845;)()F! !.+()!)*3B6*B3,!()!(8!<43*(6B543!(8*,3,)*(87!R,64B),!*+()!

/(55!45)1!,><54(8!+1/!*+,!<3,),86,!1=!+;<B)(8,!(863,4),)!*+,!4==(8(*;!1=!,I]cY!=13!

D><13*(8!O!(8!*+,!,><13*!610<5,>F!

!

OFOF#!D><3,))(18!489!<B3(=(64*(18!1=!E049!N!

!

E049N! ()! 4! *348)63(<*(18! =46*13! *+4*! ()! ,><13*,9! R;! %&'"F! .+,! ,><3,))(18! 489!

<B3(=(64*(18!1=!E049!N!+4)!R,,8!,)*4R5()+,9F! I*! ,><3,)),9!2,3;!/,55! 489!648!R,!

<B3(=(,9! (8! 5437,!401B8*)!/(*+!+(7+!<B3(*;F!.+,!8,>*!)*,<! ()! *1!),,! (=! (*! =130)!4!

)*4R5,!610<5,>!/(*+!D><13*(8!O!489!&48P.GF!]1551/(87!*+()J!*+,!610<5,>!/(55!R,!

)*3B6*B3455;!4845;),9F!

!

!
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OFOFN! I)154*(87! 4! )*4R5,! U'P! 9104(8! 1=! E1>! #! 489! E&h! =13! (8*,346*(18! /(*+!

D><13*(8!O!

!

E1>!#!489!E&h!R,5187!*1! *+,!E1>! =40(5;!1=! *348)63(<*(18! =46*13)F!.+,;!618*4(8!4!

+10,1R1>!\-Y!R(89(87!9104(8!*+4*!(8*,346*)!/(*+!*+,!*437,*!7,8,J!R,89)!(*!489!

618*315)! (*)! ,><3,))(18F! .+,),! <31*,(8)! +42,! 4! 3,54*(2,5;! )(0<5,! )*3B6*B345! =159!

489!*+,!U'P!R1>!+4)!R,,8!)*3B6*B3455;!)*B9(,9F!_+,8!*+,!=B55!5,87*+!<31*,(8!/4)!

,><3,)),9! (8! R46*,3(45! )*34(8)J! +,42;!9,73494*(18!/4)! 1R),32,9! =13! R1*+! E1>!#!

489! E&hF! .+,! 9,73494*(18! /4)! ),,8! 4=*,3! ,><3,))(18J! /+(6+! (89(64*,)! *+4*!

R46*,3(45! <31*,4),)! 4**46V! *+,! <31*,(8! R,(87! ,><3,)),9F! D><3,))(18! 6189(*(18)!

489!R46*,3(45!)*34(8)!/,3,!1<*(0(),9!RB*!9(9!81*!<312,!*1!R,!)B==(6(,8*!*1!<3,2,8*!

9,73494*(18F!.+,!8,>*! )*34*,7;!B),9! *1! ),6B3,! =B55! 5,87*+!<31*,(8!/4)!9,)(78,9!

B)(87! #! *47)! ?! 48! -! *,30(845! PE.! *47! 489! 4! %! *,30(845! U()*(9(8,! *47F! .+,!

,><3,)),9! <31*,(8! /4)! <B*! *+31B7+! */1! 618),6B*(2,! 31B89)! 1=! <B3(=(64*(18! R;!

<B55(87! 1B*! *+,! <31*,(8! =310! 18,! *,30(845! 4*! 4! *(0,F! .+,! =B55! 5,87*+! <31*,(8!

),6B3,9!/4)! <B3,J! RB*! 81*! (8! ,81B7+! 401B8*! =13! 63;)*4551734<+(6! *3(45)F! Y! 61?

,><3,))(18! *34(5! /4)! 45)1! <,3=130,9! *1! ),6B3,! *+,! D><13*(8! O?E1>#! 489!

D><13*(8O?E&h!610<5,>,)!(8!2(21F!U,3,!*+,!*348)63(<*(18!=46*13)!/(*+!4!U()*(9(8,!

*47!/,3,!61?,><3,)),9!/(*+!D><13*(8!O!M/(*+1B*!4!*47@F!\B3(87!,><3,))(18J!(*!/4)!

65,43!*+4*!D><13*(8!O!9(9!81*!,><3,))!/(*+1B*!*+,!*47!489!*+B)!*+()!)*34*,7;!8,,9)!

=B3*+,3!1<*(0()4*(18F!

!

]1551/(87! *+()J! );8*+,*(6! 7,8,)J!/+(6+!/,3,! 61918!1<*(0(),9! =13! ,><3,))(18! (8!

R46*,3(4J!/,3,!B),9!*1!7(2,!R,**,3!;(,59!489!3,9B6,!9,73494*(18F!U1/,2,3J!,2,8!

/(*+!*+,!);8*+,*(6!7,8,)J!*+,3,!/4)!5(**5,!(0<312,0,8*!3,7439(87!9,73494*(18F!!

!

.+,!<31*,(8!)*3B6*B3,!1=!*+,!U'P!R1>!1=!E1>!#!489!E&h!+4)!R,,8!4845;),9F!.+()!()!

618*4(8)! R4)(6! 3,)(9B,)! 489! (8! 048;! 0,0R,3)! 1=! *+,! E1>! =40(5;! +4)! R,,8!

9()612,3,9!*1!618*4(8!-B65,43!C1645()4*(18!E(7845)F!.+()!)B77,)*)J! *+4*! *+,!U'P!

R1>!!3,7(18!61B59!),32,!4)!4!\-Y!R(89(87!3,7(18!489!4)!4!-CE!=13!E1>!#!489!E&h!

4)!/,55F!.+,!U'P!R1>!/4)!6518,9!489!,><3,)),9F!.+,!,><3,))(18!489!<B3(=(64*(18!

=13! *+,),! U'P! 9104(8)! 1=! E1>#! 489! E&h! /4)! ,)*4R5()+,9F! .+,),! <31*,(8)!

,><3,)),)! /,55! 489! 648! R,! <B3(=(,9! (8! 5437,! 401B8*)F! Y! R(89(87! 4))4;! /(55! R,!
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<,3=130,9!*1!245(94*,!4!9(3,6*!(8*,346*(18!R,*/,,8!*+,!<B3(=(,9!U'P!9104(8)!1=!

E1>#!489!E&h!/(*+!D><13*(8!OF!]13!48!(0<13*!610<5,>J!*+()!610<5,>!648!81*!=130!

(8!*+,!<3,),86,!1=!&48P.GF!!

!

X86,!4!)*4R5,J!)*1(6+(10,*3(6!(0<13*!610<5,>!()!=130,9!R,*/,,8!*+,!E1>#?U'P!

9104(8! /(*+! D><13*(8O! 489! E&h?U'P! 9104(8! /(*+! D><13*(8! OJ! *+,! <B3(=(,9!

610<5,>,)!648!R,!*4V,8!=B3*+,3!=13!63;)*45!*3(45)!*1!,5B6(94*,!*+,(3!)*3B6*B3,F!!
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cF"@!](7B3,)!Y"J!Y#!489!YNb!.489,0!<B3(=(64*(18!1=!9B45!*477,9!E1>!#!*1!()154*,!

=B55!5,87*+!<31*,(8!

!

U,3,J!4!)0455!)645,!R(89(87!4))4;!/4)!<,3=130,9!/(*+!ZLLj5!1=! 5;)4*,F!]13!,46+!

E1>!#!618)*3B6*!*+,3,!/,3,!#!*489,0!<B3(=(64*(18)!<,3=130,9!?!186,!(8!*+,!139,3!

-(6V,5! 4==(8(*;!<B3(=(64*(18! M)+1/8! (8!R546V!<3(8*@! =1551/,9!R;!PE.!<B3(=(64*(18!

M)+1/8!(8!3,9!<3(8*@F!.+,!),6189!*489,0!<B3(=(64*(18!/4)!918,!(8!3,2,3),!139,3F!

a1*+!*+,),!)40<5,)!/,3,!5149,9!(8!<43455,5!18!*+,!E\E!7,5F!.+,!)40<5,)!=310!*+,!

9(==,3,8*! <B3(=(64*(18! )*,<)! +42,! R,,8! 5149,9F! .+,! 9(==,3,8*! )*,<)! (865B9,!

=51/*+31B7+! 4=*,3! R(89(87! *1! *+,! R,49)J! /4)+J! ,5B*(18! /(*+! ,5B*(18! RB==,3J!

=1551/,9! R;! ,5B*(18! /(*+! E\E! 5149(87! RB==,3! M*1! 3,012,! 455! <31*,(8! =310! *+,!

R,49)@F! I*! ()!65,43!*+4*!*+,!401B8*!1=! =B55! 5,87*+!<31*,(8!),6B3,9!4=*,3!4!*489,0!

<B3(=(64*(18!/4)!0(8(045!489!(0<B3,F!]13!63;)*4551734<+;!*3(45)!(*!()!,)),8*(45!*1!

()154*,!5437,!401B8*)!1=!<31*,(8!1=!+(7+!<B3(*;F!.+B)J!4!8,/!)*34*,7;!8,,9,9!*1!R,!

9,2,51<,9!*1!7,8,34*,!E1>!#!)B(*4R5,!=13!4!=B3*+,3!63;)*4551734<+;!4<<3146+F!
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E1>!#!/4)!,><3,)),9!/(*+!4!-!*,30(845!PE.!*47!489!4!%!*,30(845!U()*(9(8,!*47F!.+,!5,87*+!1=!*+,!

U()*(9(8,! *47! 243(,9! (8! 5,87*+! k! #JO! 489! `! U()*(9(8,! 3,)(9B,)F! .+()! /4)! 4! *489,0! <B3(=(64*(18!

/+,3,! E1>! #!/4)! =(3)*! <B55,9! 1B*! 2(4! *+,!U()! *47! R;! -(d#! 4==(8(*;! 6+3104*1734<+;! 489! =13! *+,!

),6189!31B89!E1>!#!/4)!<B55,9!1B*!2(4!*+,!PE.!*47!B)(87!P5B*4*+(18,!E,<+431),!R,49)!M5,=*!)(9,!
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1=!*+,!7,5)@F!.+()!*489,0!<B3(=(64*(18!/4)!*+,8!<,3=130,9!(8!*+,!3,2,3),!139,3!M5149,9!18!3(7+*!

)(9,!1=!*+,!7,5@F!.+,!PE.!<B3(=(64*(18!)*,<)!43,!)+1/8!(8!3,9!489!*+,!-(6V,5!<B3(=(64*(18!()!)+1/8!

(8! R546VF! .+,! ,><3,))(18! /4)! 918,! (8! aC#"\DN! E*43! 4*! #ci%! /(*+! LF#! 0'! IG.PF! .+()! /4)!

<,3=130,9!18!4!)0455!)645,!/(*+!ZLLj5! 5;)4*,F!.+,! 5;)4*,!/4)! (8!4!RB==,3! ?!cL0'!.3()J!cLL!0'!

-4%5J!#!0'!'7XY6#!<U!ZFcF!.+()!/4)!*4V,8!=13!<B3(=(64*(18!31B89)!489!(8!PE.!,5B*(18J!*+,!RB==,3!

B),9! /4)! cL! 0'! .3()J! "LL! 0'! -4%5J! c! 0'! '7XY6#J! "L! 0'! \..! 489! #L! 0'! P5B*4*+(18,!

3,9B6,9J! <U! ZFc@! 489! =13! -(6V,5! <B3(=(64*(18J! *+,! ,5B*(18! RB==,3! /4)! cL0'! .3()J! cLL! 0'!

I0(94:15,J! #!0'!'7XY6#J! c!0'! \..J! <U! ZFcF! .+()! /4)! ,5B*(18! "! ()! *+,! R1*+! *+,! <B3(=(64*(18!

)6+,0,)F!]1551/(87!*+()!*+,!R,49)!/,3,!,5B*,9!186,!474(8!/(*+!E\E!5149(87!RB==,3!*1!3,012,!455!

R(89(87!<31*,(8F!M(8!64),!1=!-(6V,5!<B3(=(64*(18J!*+,3,!/,3,!*+3,,!31B89)!?!,5B*(18!"!/(*+!,5B*(18!

RB==,3J!,5B*(18!#!/(*+!"!'!I0(94:15,!489!,5B*(18!N!/(*+!E\E!5149(87!RB==,3@F!
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