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Kapl04p: A Karyopherin Involved in the Nuclear 
Transport of Messenger RNA Binding Proteins 

John D. Aitchison, Gunter Blobel," Michael P. Rout 

A cytosolic yeast karyopherin. Kapl04p. was isolated and shown to function in the 
nuclear import of a specific class of proteins. The protein bound directly to repeat- 
containing nucleoporins and to a cytosolic pool of two nuclear messenger RNA (mRNA) 
binding proteins; Nab2p and Nab4p. Depletion of Kapl04p resulted in a rapid shift of 
Nab2p from the nucleus to the cytoplasm without affecting the localization of other 
nuclear proteins tested. This finding suggests that the major function of Kapl04p lies in 
returning mRNA binding proteins to the nucleus after mRNA export. 

Tr,lny?ort  dcro,s the i i ~ ~ i l e a r  envelope oc- 
cur\ throueh nuclear pore coii-iple~ea 
(NPC5) cilld is go\-er~-ieil 1iy the 11-iter~1ct1c7l-i 
c > f  , s o l ~ ~ l ~ l c  tr<~i-isyort yrotc.i~-ii ( k a r v ~ ~ h c r i i i s )  
lvith tlie traniport .~~l~. ; t ra tc  anc1 tl-ie S P C  
(1-12). L'li>st ot cur ~~n~ ie r i t a l - i~ l ing  c-it tl-ic 
mecl-ian~im of tr~lli~loc,itioli e c > ~ i ~ c i  frc>ii-i 
itnLi\ i ~ i g  y r i j t e ~ ~ i  ~nipur t  in seniiperme- 
ahl~zed cells ( 1  ) o t  ~ i ~ i > ~ i e l  knr\-opl-iilic pro- 
tel~ia that carry a nuclear loca l~ :a t~ i~n  \iy-ial 
(XLS)  hc>ii-i either tlie S\'tL? 1,irye T 'inti- 
?en or i1~1clenp1aimi1-i ( ? )  T l ~ c \ c  cl;lzical 
N L S  are reci7gii1:eJ kar\ oplieriii a in a 
Jimeric cvtosolic ci-imples n-it11 k;iryopheriii 
p ( 3 - S ) .  T h e  coiliplcs Jc>iks at  tlie N P C  
t h r o ~ ~ g l l  its inter;lct~on n.itll ~ i ~ ~ c l e o p o r ~ n s  
t l l ,~ t  cc>~-it,l~i-i cll,lr,icteristic repc;iteL1 peptiiie 
motit; (6-1 1 ). TI-ie ,sii-iall FLl;lnobll-ie triplioa- 
y l~a t~ l r e .  Rail, anil plL7 are reqnlrctl f i ~ r  the 
s ~ ~ h s c c ~ ~ ~ e l - i t  t r c i ~ i ~ l o c a t ~ ~ > l i  o t  tl-ic SLI~-s t r<~te  
(alici karyopl~erin a )  t l l r o ~ ~ ~ l i  the S P C  (1 1 ,  
12 ) .  

Distinct satur,il~le iil-iil l-io1ici)1ll11et111~ 
patliways for tlie iiiiport of d~fferei-it karyo- 
1 7 l l i l a  lia\,c l x e n  r~ncL?\-e~-eci tliri>upli tlie use 
i>t m~cr i ) in i cc t~on  ct~~ciic> in oocytes (13- 
15 ) .  S i~n i l ; l r l~ ,  \atnr,ll-le iionci\mpet~n',r 
pcltIl\vayh cx1st Ljl- tI1c export <>t l l l<l~r~~lllc>l- 
e c ~ ~ l e s  kc>m the n n c l e ~ ~ s  (1 4 ,  16, 17) .  Tlie 
~ i ' : ~ - i ~ ~ I s  that meili,lte m;iny ot tllese procesie.; 
are ilitferent tl.0111 clasiical NLSi j 14, 1 J ,  
17-19) aiiti ~ I I L I .  may use rein ' : i i~t~on k c -  
ti-irb utlizr t11,in kcirvi)~71lerin cu aiiJ b,irvi)- 
p11eri1-i p k)r i l ~ ~ c l e ~ i r  tr,inbyort. Here \\.e 
cllcir,~cter~ze the  tlrst \ucli f;lctor, \vliicli n,e 

Laborator\, ?f Cell Eolsg:. Hs;!a~c H.~yi-es r.le:,ca In- 
st~tlrte Rscltefeler Ln t # e ~  s t:. 1 2 3  "srk Avenx  Ne':: 
Y?rk. NY 10021. LSA 

teriii Kap104p 211.1 ~ v h i c h  ii 1 -eq~~~re i i  for the 
impi-irt of at  1e'i.t two yeast nuclear m R N A  
17inLlinq pri~teiiis. 

Tl-ie S~iccirii~onlyci.~ ce,ceti.sind proteii-i. 
KcipOCp aiiil K C ~ p 9 i p  are Ili~mc-ilo~s ot mnm- 
m,ilial-i 1~arvopllcril-i cu ,ind liarynpl~erin p 
(2P).  S e q ~ ~ e ~ i c e  comyarisc~l-i.; of Kap9ip  
\vitl-i the comyletc yea,<t genome i1at;il-aic. 
~111ci~\~ereil three ,iL1d~tiL)nal prc>te~ii\ that  
are str~~ctur, i l l \-  .imil;rr tc> I(,ip9jp; tu.o of 
tliesc, \vliicl-i n.e terlii Kap123p ,inil 
K ~ p 1  Ctp. have i i i~ t  heen 17revio~~ily cliarac- 
ter~zeil ( 2  1 ), ,inLi the tl-iiril. Pselp. \\,,IS iJe1-i- 
t~fieii  a. a multicc\p\- enll,i~icer of protein 

ecre t io i i  (22) .  Tlie aeiluence alignment of 
Kayl0Lty n.itli Kcap9513 la she\\-n ( F i r  LA). 
Tlie pri)tei~ia 17ear s~ll7stantial ,>imilarity 01-er 
tl-ie~r entire lei-i~tha. anii secoiitiarv sti-nctur- ,~ , 

al pretliction,> aueyest that K;lp9517 al-iii 
KaplGtp sl-ia1.e the  ~ ~ i i - i e  o ~ ~ e r a l l  d o m a ~ n  
structLlrc of H E A T  mot~f s  (23) .  

lleletioli o t  K.4Pli)i reiulteil iii a ,severe 
qro~vtll cictect anci reiilperatrlre ensit ivitv 
(24) .  I ~ l l ~ l l ~ ~ ~ l i > t l ~ c > r c s c e ~ - i c e  micri)sci\py (25)  
\\r~tl-i ,111tihoi11ei ,,pcc~tic till. K;ip104p ( in  
~vild-t\-pe cells) sho\veLl tl-i,it K,-ip104p i\.as 
mainly c\-toiolic anil was apparentlv al-ici~t 
i;.i>m tlie nuelens (Fie. 1R) .  Holvever, in 
n1g12~ '1  cells, \vllicli cl~lstcr tl-ieir NPC. ti-i 
,I resion i)t the n ~ ~ c l e a r  eii\.elope c>ppcvlte 
tl-ie iluclec>lus (26 ) ,  K;lplCLtp ioloccil~:e~l 
~vit1-i the i-i~~clcc>por~i-i S s p l p  (27)  (Fly. LC). 
T h e  a i ~ ~ l i t v  to  <ietecr co1i-icii1ent st,iinine o t  
tlie ii~~cli.opi~l.iiis aiiil Kap 1 C4p uiiJer these 
ci-inditioiis lil<ely n.as i1~1e to ~111 ~i-itcract~oi-i 
,)f K a i . 1 0 4 ~  n .~t l l  NPCs. 

~ 1 1 c l l 1 l - i  f r c t ~ i a t ~ i  (23)  nT,iq con- 
sihteiit ivith the  iiistril7~1tii~i-i o f  K a ~ ~ 1 0 4 ~  . 
ilrtectecl 17y ~ i i i r n ~ ~ ~ i o f l ~ ~ c ~ r e s c e i - i c e ~  KaplC4p 
nas  pi-ebent maiiily in the cytc-isc>lic hactii>il. 



but cofractionated partly with the nucleus 
(29). Further fractionation of the nucleus 
caused Kapl04p to be released into a solu- 
ble fraction, and so it did not copurify with 
NPCs (28, 29). This result is in contrast to 
that for Kap95p and Kap60p, which were 
found in the highly enriched NPC fraction 
(see below) (30). Thus, the interaction of 
Kapl04p with the NPC was weaker than 
that of the Kap95p-Kap60p complex. 

We used an overlay blot assay to inves- 
tigate which (if any) NPC proteins are 
bound by Kapl04p. Both Kap95p and 
Kapl04p were tagged with a functional in- 
frame COOH-terminal fusion of protein A 
(31 ). Cytosolic extracts (28) containing the 
chimeras were incubated with NPC pro- 
teins immobilized on nitrocellulose, and 
bound karyopherins were detected by 
means of the tag (Fig. 2A) (10). For refer- 
ence, the positions of repeat-containing 
nucleoporins identified through the use of 
well-characterized monoclonal antibodies 

are shown (28). Kapl04-protein A bound 
most strongly to proteins in the NPC frac- 
tion that comigrated with Nupll6p, 
NuplOOp, Nup145p (65-kD fragment), and 
Nup57p. Although Kap95-protein A (like- 
ly complexed with Kap60p) (8) bound to 
these nucleoporins; it also bound strongly to 
proteins comigrating with Nuplp, Nsplp, 
and Nup49p. Kapl04p expressed as a gluta- 
thione-S-transferase (GST) fusion and pu- 
rified from Eschenchia coli bound to the 
same set of nucleoporins as the cytosolic 
extract containing tagged Kapl04p. Thus, 
whereas Kap95p has been reported to bind 
to nucleoporins in a complex with Kap60p, 
Kapl04p bound directly to these proteins 
and required no additional factors from 
yeast cytosol. The strong signal, with a rel- 
ative molecular mass of -60,000, observed 
in NPCs with Kap95-protein A was iden- 
tified by immunoblotting as Kap60p (29), 
confirming that Kap95p binds Kap60p. In 
contrast, Kapl04-protein A did not bind 

Ksp95p 1 
K,p,04p , M A s T w K p A , ~ ~ ~ 3 ~ 1 1 1 1 ~ ~ s R ~ ~ ~ W ~ ~ Y ~ ~ ~ E ~ T ~ ~ ~ p E , , , , ,  
K a ~ 9 5 ~  36 N F T o F *  L S O  
Kapl04p 51 c v  I F(cRlrMAbL: :A ' O N N B f l " ~ ? s s ~ ~ ~ : ~ s ~ ? : s ?  

Kap95p 79 O F ' A O ~ * T I Y S P I  PK c I K T  
Kap104p 102 t v  1 K +  N N[b I r W V t G l :  In! 5 * R:~FiDF?RbY% 
KBp95p 125 
Kap1Mp 151 =g:E4''!< I I( :l''a:8tlT:?LE Fv,\ ~ ! r { S ~ 3 ~ : Y ~ : S A ~ b ]  
KlP950 1 6 9 C '  AI'V !:PI~;Y; 9 - ~ & $ l i ~ ~ - n ~ ; :  

! l X - - f l l t i ~ N ! y ; ; , ,  KaplMp 204 r F . . L O H I  + 
Kapssp 220 c, i n \ u u >:VF!#,a 2n:r : i  ;?;!FA ; r ~  I ~ ~ s T Y Y - F ~ .  
KaplMp 253 A r l  I c / . - u cc?!f lz 'L lr :  
Kap95p ,,,,w,3 271 ~ ~ y ~ : , ' ; ; ; y ~ w ~ ~ w ~ : ~ : ! ; ~ c ; p l  a ; P ~ 0 5 i  L ~ C  i w  

(1, \ ,  h n L E A  uni  I$;Z 
Kap95p 322 ~ Q L V  N C L ~ '  L 'RO 
KaplD4p354 o n!i n i ,p  . ~ K K E A G N G E D A D D ~ ~ ~ ~ l o E D D O Y D T ~ ~ ~ ~ J * ? :  

Kap95p 353 c r i ~ i K o ~ i t ~ h i F F P ~ W ? r  
Ka~104p405 1 pi " $ 1  . h, IA i3$ i :~~ 7"B ' m , : 3 9 p C L :  

Fig. 1. (A) Alignment of Kap95p and Kapl04p. The proteins, aligned by 
CLUSTALW (version 1.6), show 55.696 similarity and 16.4% identity 
over the 861 -amino acid length of Kap95p. Abbreviations for the amino 
acid residues are as follows: A, Ala; C, Cys; D, Asp; E, Glu; F, Phe; G, 
Gly; H. His; I, Ile; K, Lys; L, Leu; M, Met; N, Asn; P. Pro; Q, Gln; R, Arg; 
S, Ser; T, Thr; V. Val; W. Trp; and Y. Tyr. (6 and C)  Subcellular local- 
ization of Kapl04p in wild-type cells (B) and In the NPC clustering strain 

snup120A (26) (C) by immunofluorescence microscopy. In wild-type 
cells, Kapl04p was localized to the cytoplasm and was apparently 

(DAPI). Bar, 2 km. 

absent from the nucleus. In nup1201 cells, double-labeled immunofluorescence microscopy revealed 
colocalization of Kapl04p and the nucleoporin Nspl p, suggesting that Kapl04p interacts with nucleo- 
porins. The nuclear DNA was visualized by coincident staining with 4',6'-diamid~no-2-phenylindole 

Kap60p. Similarly, purified Kapl04p did 
not bind to immobilized Kap60p, whereas 
purified Kap95p did (29). This result 
strongly suggests that whereas Kap60p binds 
Kap95p, it does not bind Kapl04p. 

Because of the comigration of Kapl04p 
binding proteins with the repeat-containing 
nucleoporins, we expressed GLFG, XFXFG, 
and PSFG repeat-containing nucleoporins 
in E. coli and compared the ability of 
Kapl04- and Kap95-protein A to bind to 
each (Fig. 2B). Kapl04p bound to Nupl l6p, 

B Nuplp Nupll6p NuplOOp Nupl59p U/1 

Kap: 95104 95104 95104 95104 95104 

Fig. 2. Kapl04p binds a subset of repeat-con- 
taining nucleoporins as shown by blot-overlay 
binding of Kapl04p to a subset of nucleoporins. 
(A) Proteins of yeast NPCs (28) were separated by 
SDS-PAGE and transferred to nitrocellulose. 
Strips were probed with cytosol from KAP95-A, 
KAP704-A cells or purified E. ~~Ii-expressed 
GST-KaplO4p. Bound proteins were detected 
with rabbit IgG, in the case of the yeast cytosols, 
or by monoclonal antibodies (mAbs) to GST fol- 
lowed by horseradish peroxidase-conjugated 
secondaly antibodies and enhanced chemilumi- 
nescence. Additional strips were immunoblotted 
with mAbs 41 4 and 350, and mAb 192 (29), which . 
recognize the peptide repeat motifs of various 
nucleoporins (28), to ident i  the position of the 
nucleoporins shown. (B) Repeat-containing 
nucleoporins [full-length Nup100p and Nupl l 6p  
(9), amino acids 432 to 816 of Nupl p (8). and 
amino acids 537 to 622 of Nup159p (39)] were 
expressed in E. coli, and total lysates from each 
strain or from uninduced cells (U/I) were assayed 
for binding to Kap95-protein A and Kapl04-pro- 
tein A as described in (A). 
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NuplOOp, and to the XFXFG repeat-con- 
taining region of Nuplp. Kap95p bound 
most strongly to the XFXFG repeat-con- 
taining region of Nuplp. Neither Kap95p 
nor Kapl04p bound to PSFG repeats from 
Nup159p or to any E. cob proteins present in 
lysates lacking an expressed nucleoporin. It 
is difficult to assess the relative binding 
strength of each Kap to the nucleoporins in 
this assay because each protein may have 
renatured on the blot to a different extent. It 
is clear, however, that Kapl04p bound to 
repeat-containing nucleoporins in this assay, 
and it is likely that Kap95p and Kapl04p 
bound with relatively different affinities to 
different nucleoporins. 

To study the interaction of Kapl04p 
with soluble proteins, we purified the 
Kapl04-protein A fusion from the post- 
nuclear cytosolic extract of KAPJ04-A cells 
using immunoglobulin G (1gG)-Sepharose 
(32). The same procedure was used to iso- 
late proteins bound to Kap95p (30). Two 
major proteins (p68 and p70) specifically 
bound to Kapl04pprotein A (Fig. 3). The 
behavior of these proteins in this isolation 
procedure matched that of Kap60p bound 
to Kap95-protein A, suggesting that the 
strength and nature of the interaction of 
p68 and p70 with Kapl04p was similar to 
that of Kap60p with Kap95p. Quantitation 
of the recovery of Kapl04-protein A by 
imunoblotting showed that under these 
conditions, 60 to 70% of the total cellular 
Kapl04p was recovered. Also, the Coo- 
massie-blue staining intensity of p68 and 
p70 compared with that of Kapl04p sug- 
gests that they were present in approxi- 
mately equimolar amounts. Thus, most of 
Kapl04p in the cytosol was bound to p68 
and p70, although it remains to be deter- 
mined whether p68 and p70 bind to 
Kapl04p separately or as a complex. By 
partial protein sequencing, p68 and p70 
were identified as Nab2p and Nab4p (also 
called Hrplp) (33,34). These proteins have 

been shown to be nuclear mRNA binding 
proteins, both with similarity to a class of 
heterogeneous nuclear ribonucleoproteins 
(hnRNPs) that shuttle between the nucleus 
and cytoplasm of mammalian cells. Nab4p 
is the closest structural homolog of 
hnRNPAl in yeast (33). Although neither 
N a b 2 ~  nor Nab411 contains the M9 se- 
quence shown to be important for shuttling 
of hnRNPAl (19), both have glycine-rich 
regions similar to the M9 sequence of 
hnRNPA1. Furthermore, searches of the 
yeast database with the M9 sequence re- 
vealed no direct homologs in yeast, indicat- 
ing that this part of the "shuttling" se- 
quence may not be highly conserved be- 
tween yeast and mammals. 

Because Nab2p and Nab4p are nuclear 
in the steady state (33), and the cytosolic 
fraction used for immunoisolation of 
Kapl04-protein A was prepared under con- 
ditions that k e e ~  the maioritv of nuclei , ,  
intact (28), the cytosolic fraction we recov- 
ered bound to Kapl04p cannot represent 
the major fraction of these proteins. The 
similarity of Nab4p and Nab2p to the shut- 
tling hnRNPs suggests that the cytosolic 
fraction of each protein bound to Kapl04p 
may represent a cytoplasmic pool of these 
mRNA binding proteins. 

Tem~erature-sensitive mutants of 
Kapl04p were constructed by plasmid shuf- 
fling and assayed for their effect on Nab2p 
(35). One of these mutants (lap1 04-1 6) was 
of particular interest, because after the tem- 
perature shift to 37"C, Kapl04p was rapidly 
turned over, presumably degraded after mis- 
folding of the protein. Immunoblotting of 
total cell lysates demonstrated that 1 hour 
after the temperature shift, less than 10% of 
Kapl04p remained (Fig. 4A), and it was 
barely detectable after 3 hours. Immunoflu- 
orescent localization of Nab2p demonstrat- 
ed that depletion of Kapl04p was coinci- 
dent with redistribution of Nab2p from the 
nucleus to the cytoplasm (Fig. 4B). Other 

Fig. 3. lmmunoisolation of 1 2  3 4 5 6 7 8 9 1 0 1 1 1 2  7 8 12 
Kapl04- and Kap95-protein A 2 o o m T - - -  - 
complexes. Postnuclear cytosolic 1 6- + Y 
fractions from KAP95-A and 97- 

~ 7 0  -Nup2p 
KAP104-A cells were bound to 66- ~ 6 8  -Kap6Op 
IgGSepharose and eluted with a 
gradient of MgCI, (32). Lane 1, cy- I 
tosolic extract; lane 2, low-speed 
pellet; lane 3, high-speed pellet; 
lane 4, pooled washes (one cell 
equivalent loaded); lanes 5 to 12, 
MgCI, stepped elutions (900 cell 
eauivalents). The ~roteins of each 

s fraction w&e se~arated bv SDS-PAGE and stained with Coomassie blue. (Left) The elution ~rofile for 
Kapl04- protein^. The pisitions of p68, p70 (Nab2p and Nab4p, respectively), And ~a~l04$rotein A 
(arrow) are shown. Fractions 7,8, and 12 from the ~arallel ex~eriment with Ka~95~rotein A are shown . . 
at the right. The positions of KapGOp, Nup2p. and i<ap95-prbtein A (arrow) are shown. lmmunoblotting 
for Kapl04-protein A is shown at the bottom left and demonstrates the recovery of Kapl04-protein A 
(lanes 1 to 4, 1 cell equivalent; lanes 5 to 12, 300 cell equivalents). 

nuclear marker proteins, including Nsrlp, 
Noplp, Npl3p (36), and the SV40 large T 
NLS fused to the green fluorescent protein 
were not mislocalized under these condi- 
tions (29). Thus, depletion of Kapl04p af- 
ter the temperature shift resulted in the 
specific depletion of Nab2p from the nucle- 
us in these cells, which suggests that the 
accumulation of Nab2p in the cytosol was a 
direct result of the inability to reimport 
Nab2p after it was exported from the nu- 
cleus. Similar results were obtained when 
Kapl04p was depleted from a strain con- 
taining KAP 104 under the glucose-repress- 
ible GAL1 promoter (29). Electron micros- 
copy of these cells showed no apparent 
morphological defects (29). In addition, dif- 
ferent alleles of lapJ04ts mutants mislocal- 
ized Nab2p to a varying extent. Thus, 
Kapl04p appeared to play a role in the 
import of NabZp, but not its export. This 
result is also consistent with the cytosolic 
location of Kapl04p. 

We examined the distribution of poly- 
adenylated [poly(A)+] mRNA by in situ 
hybridization of oligo(dT) in the lapJ04-16 
strain. Poly(A)+ RNA accumulated within 
the nucleus after the temperature shift, but 
in only a subpopulation of cells after 3 hours 
(29), considerably slower than the rapid 
mislocalization of Nab2p and loss of detect- 
able Kapl04p, suggesting that Kapl04p de- 
pletion did not directly affect mRNA ex- 

5 0 1 3 5 hours 

Nab2p DAPl 

Fig. 4. Depletion of Kapl04p causes mislocaliza- 
tion of Nab2p. (A) lmmunoblotting of Kapl04p in 
wild-type (WT) and kap104-16 total cell lysates 
after a temperature shift to 37°C for the indicated 
length of time, demonstrating the rapid turnover of 
Kapl04p in these cells after the temperature shi .  
(B) lmmunofluorescent localization of Nab2p in 
kap 104- 16 cells demonstrating that after the tem- 
perature s h i  to 37"C, Nab2p is rapidly redistrib- 
uted from the nucleus to the cytoplasm. The 
length of time at 37OC is indicated. The nuclear 
DNA was visualized by coincident staining with 
DAPI. Bar, 2 pm. Other nuclear markers were not 
affected by the depletion of Kapl04p in kapl04- 
16 cells (29). 
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port, ~h~ most straightfi,rward interprets- 15 C Kambach and I W. Mattaj, ~bld. 118. 11 (1992) 30. M. P. Rout. G. Bobel. J. Atchlson. n preparatlon. 
16 N Bata~lle. T. Helser, H M. Fwd.  lbld. 11 1.  1571 31 The proteln A gene was Integrated lnto the genomlc 

Our land h~ to (1990); A. Jarmoowskl, W. C Boelens, E lzaurralde, copy of each K4Pgene. y~eldng functlona ch~meras 
hnRNPAl (19)] is that Nah2p (and I w Matta]. ,bid 124. 627 (1994) as the only copy of each gene as described (38) 
Nahqp) exit the as a major compo- 17 U. F~scher. J Huber. W. C Bolens. I W Mattaj. R (these stra~ns are referred to as KAP95-A and 

Luhrmann. Cell 82, 475 (1995). KAP104-A ) .  No growth defects were observed as a nent of an hnRNP colnplex and upon re- 18, J. Hamm and I W Mattaj, lbld 63. 109 (1990), E result df the presence of e~ther tagged protein. and 
lease are reimported lnto the nucleus. The Izaurralde, J Step~nsk~, E Darzynk~ew~cz. I W Mat- both subcellular fract~onat~on and ~mmunofluores- 
late-onset mRNA transport block we oh- 
aer\~ed after the temperature s h ~ f t  In 
kap104-16 cells ma1 thua have heen caused 
ty deplet~on of the nuclear pool ot essential 
mRNA hlndlng protelns llke Nah2p 

Thua, Kap104p represents a kar\opherln 
that partlclpates In a nuclear Import path- 
wa\ independent ot the classical NLS-me- 
dlated pathwa~ ot KapO5p and KaphOp It 
Interacted dlrectl) hoth m ~ t h  ~ t s  substrate 
and nucleoporlns, h\paaalng the require- 

ment of an NLS hlndlng adapter llke 
Kap6Op We suggest an ~mport-export c\cle 
In uhlch Nah2p and Nab4p are lmported 
Into nucle~ vla Kaal04n, are assembled m ~ t h  
mRNA, and are exported to the cytoplasm 
as lnalor comnonents of hnRNPs, where 
they dlssoclate from the mRNA and upon 
rehlndlng of Kap104p, begin another c\cle 
A putatlve rnarnlnallan KaplO4p homolog 
has recently heen cloned (37) ,  suggeatlng 
an evolutlonar\ conaervatlon of thls trans- 
port system. 
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