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Cloning of hnRNP E1 cDNA via yeast two-hybrid system and a
study on protein-protein interaction between hnRNP E1 and
hnRNP K
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Abstract The heterogencous nuclear ribonucleoprotein K (hnRNP K) is a component of hnRNP complexes.
This protein binds strongly to cytidine-rich RNA/DNA sequences. It is a nucleocytoplasmic shuttling protein. To
investigate the functions of hnRNP K, I searched for hnRNP K-interacting proteins in HeLa ¢cDNA library using
a yeast two-hybrid screening system. One of the ¢cDNA clones is identical to human hnRNP E1 (poly(rC)
binding protein 1) ¢cDNA (GenBank accession number XM _031585). In this study, hnRNP K is shown to
specifically interact with hnRNP El in yeast two-hybrid system and in vitro biochemical assay.
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¢DNA library & £22) g5}tk 1 2zt Stohdl A2
hao] aRNP K9} 47 Z235Hs A2 98)7] $JaA
+ in vitro pull-down 2%-& AA|5}gch

21 #F

two-hybrid  A]A®lo| M= Saccharomyces
cerevisiae HF1cE FAHEO] 43 Mz2 AMSHETH
HF7¢e] §48L2 MATa, ura3-52, his3-200, lys2-801,
ade2-101, trpl-901, leu2-3, 112, gal4-542, gal80-538,
Qh'2, LYS2:: GALIyas-GALI - HIS3,URA3::GAL4 mers(X3)
CVClaelaZOEH6].  HF7c:  his3  Sdxiel B
-galactosidase G-AAE FHEZEGHRZ Z3s5IT QT
trpl, lew2 cyh 28 HA SAAZ 71X 12 QtHe]. =2
Foll AMgEH 9tf= E. coli DH5a0|31, o] AEA o)A
¢DNA 225 ZT8l= F2HAu=E DNAE EEdjus
AFol= E. coli JBEISIS AML3ISITH

olrE

2.2 EclADIE 4 EADIE HE

ZopanlS  pGBTISF pGAD424 2 pACT2:
Clontech Labolatories Inc.oA FJsigich EatAu|=
pGBT9= DNA Z3MHL¢9] (DNA-binding domain, DB)S
AFstz AR AMEHAT, ZehAn|E pGAD4249}
PACT2= B39 (activation domain, Ac)ES A 35}
L Roz AgE9rt. ZAUS pGBTY/MnRNP L
(1~558)TF  pGAD424/hnRNP L (1~558)3}
pGAD424/hnRNP K (1~463) 2 pGEX-KG/hnRNP K
(1~463)= 30 For|ne2 e AUt
[7.8]. ZatA0]|= pGBKT7/hnRNP K (2~463)2] 4|z 1}
HL2 Yoon and Choi [9]0] AlwEo|Qic}
two-hybrid 232 QAIH o Mol FES 2 22 #15
2] pGAD10/hnRNP E1(61~356+3'UTR)-2 hnRNP K thaj
27} hnRNP El Gl 7ko] A5 A% o) digt 2AMS 8}
= A#olA AMgsity. ZekAu|= pTMI/hnRNP
E1(2~356)9] A& HPHS  Choi [10]0), ~18]%
PALTERI-K (wf)9] A2 WS Siomi et al [4]0] A
SAgeh

S ES:S

2.3 O|AE two—hybrid A38|Ll A|AH

E2YEQ}l o]~EFZE U Hela cDNA libraryS
Clontech Labolatories Inc.ol|A] J1&}e] AR&&} T o]
SAto A AiQkehe Wil whe} o] AE two-hybrid A3

Y AL 3519t HF7co] pGBKT7/hnRNP K
(2~463)2} Hela cDNA libraryS 37 do] FAAEAH
o} AT A2E FolklT EYET Y 3]2gdo]
2% A (SD/-Lew-Trp/-His Wizl 2 HAZE
% vfjofstict. SD/-Lew-Trp/-His BijZ|oll A Rjapd A=
(His™ grower)Z g £o]¢)o] &7]2 Yoon and Choi
[91°4 dHE WHE AME3te] B-galactosidase TS
ZAVET). His'o|HA] FAlo] B-galactosidase™Q] &3
A o|AEMEZE Folilo] AFH FAJuliR|olA] uj
¥t library E#}A0]E DNAE A8 Yotk Zhzhe
library Zet2u|= DNAS A7) AW (Electroporator
11, Invitrogen)2 ARR3te] A4 o5 JBE1SIo) &
AZAIZ F 100pg/mle} Fu)AHE ZE3LT QT Fol
Alo] A g wjz|olA uistsict B HEE A
E5 B3 A0] £ LB Kol weet F Bapavs
DNAZ A A|5Hch

F3E Uehlis DNA SE28 5oz Fehjy)
9J5}0] z}7+9] library Z2}AD]|E DNA2F pGBT9/hnRNP
K Set2v|EF 3 HF7e ot5o §3 H3Al7|1
SD/-Leuw/-Trp/-His v A]o]l A ujy3t & B-galactocidase &
A BAAES B3t lacz §AXL} his3 SRR} &
Atk AL RIS 9 A3 v o2 lacZ
AR} his3 fAALe] WEo]l AERIE DNA E2 F
oflAl wrdd Thild A7 HARHgE A 2 283t
2] 9= 7, 2 library E€}A0|E DNASQ} pGBT9S. &2 &
AdAIZl  HFIC AMiZes  Hiso|®A  FAld B
-galactosidase’?l AL Jehlle= FEWS I ¥4
cDNA 2222 ZAsIyrh ¥4 cDNA EE9 FG7]4
g BALS 9]Z3}3! (Bionex, Korea), 9714149 NCBI
(National Center for Biotechnology Information)ofA]
Nucleotide nucleotide-BLAST ZZI@og HA5]
<DNA Z2o] 29121 Fohf3ich

2.4 HiE|2|00flAM 2] GST—hnRNP K Tl Elo|
MM U GST—pull down assay

pGEX-KG/hnRNP K (1~463) Se}A0|=8 7} 1 QL
L E coli BL2I(DE3)/pLysS A|Zo} 0.5mM IPTGE A2
&}o] GST-hnRNP K whaiz] o] "la-g L3519 1, Yoon
and Choi [9]0ll4] Argst HPEE ARS-3h] T g4
A GST TilZ& pGEX-KG Eet2n|Eg 7hR|1L
%= BL21(DE3)/pLysS MZoA FUst gylez a4y
AlZ]3L sonicationd}o] THYA golg AJrH9).

38-hnRNP E13} *S-hnRNP K= TNT SP6/T7 coupled
reticulocyte [Promegal?}  *°S-labeled

lysate system
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O|AE two—hybrid A|2E1E ©]-83F hnRNP E1 ¢DNAS] 283} hnRNP E1-hnRNP K Az A3t digh d+

methionine and cystein [Perkin Elmer Life Sciences, Inc.]
2 0]83}9) in vitro transcription/translation 4=3)3}o]
A9tk olul pIMI/hnRNP E1(2~356)7F pALTERI-K
(wt) SN EZ ARGSFATE Choi [10]014] A v
WE A2-3}o] in vitro pull-down assay S AlAJEFgT)

ol

3. &

o

dt ¥ nH
3.1 HelLa cDNA library25E{2| hnRNP K2}
stz HHEE ASs5isHE cDNA 2

29| 22|
hoRNP Ko} Zgshe Ay ehoigse Bohyna)
hnRNP K cDNAS Gald-DBo] G3HAJAA
two-hybrid®] vl7]2 AME-5}9 1L Gald-Acol -§3+E] Hela
¢DNA library S A=d5kAck. pGBTY/hnRNP Ko}
pGAD10/HeLa cDNA library Ze}A 0= DNAS HF7co|
FAASA F oF 15x10°749] FAAA A2 A
3y 3 At lacZ genet his3 geneo] WHE|o] His
ol A FAloll B-galactocidase” A4S VFERYE 19714
cDNA EE2& A%} o5y G748 e E4% Z3t

o|AE

#15 222 AR hnRNP El (poly(rC) binding protein
1) cDNA (GenBank accession number XM 031585)E &
ot 712 9A3HAT hnRNP EL eDNAE 1632bp
2 ZAE0|QlT, #1763 nt#1242 Abo]o] 35679] ofn]
Ao 2 oA }tQ] open reading frame (1071bp)S
z3slgth #15 220 ZatAn|=E EcoR 1T} Xho 10
2 HAg & 08% op7te= HollM H7]9%E5ke] cDNA
o] 2715 A 1Y 1004 B 2AY 22 415
9] insert®] 7)== oF 1300bpE LFERTH

M 15

[T38 1] At Fduhe-2 535 cDNA 22 #159] £
4 M2 17 DNA)

#159] A7\ gg EA5 2} o] ZE2 nRNP El
¢DNAS] #3565 ] oF nt#15507}%] L3810 GAL4-Ac
of Bus ZaYoR QAN ks AL ¥ 4 A%
TF. oA hRNP E19] 356719] ofuliAl % 61 of)
LAMRE 3564 ofn|wARS EISIT 913 3UTRY &
v g

Oy 204 ZekAn|= pGBTYhnRNP K&}
pGADIO/hnRNP E1(61~356+3UTR)Z & AZAF]
HF7¢E SD/-Leu/-Trp/-His 8jx|o)| wjorsle] syl B
galactocidase T4 B4 A9 AR Z3HE RelET
gt his3 gened} lacZ geneo] WATNE AL & 4 9]
ek A7 his3 FHAE ERE0] AE7E sk
Ao = el T Asdde ok A oua
ot (™ 2 @) olgke dixzez pGBTILL
pGADIO/HnRNP E1(61~356+3UTR) Zahav=a 3
AgA7] HF7e2 YT A& AAstaE deole @
EE AR A% BEEA Groit ANg R
(33 2 @) 29 29 (W e FHHERL2E AL
Floit} o] AWEL o]AE  two-hybrid systemo] A
haRNP E1& hoRNP Ko} Ghial-childl 4529 o

< A& ARSI

@ &)

1) ;

()’ DB-hnRNP L (1-558) + Ac-hnRNP L (1~558)
{2) DB-hnRNP K (2~463) + Ac-hnRNP L (1-558)
(3) DB-hnRNP K (2~463) + Ac-hnRNP E1 (61~356)
@ DB + AchnRNP E1 (61-356)

[323 2] ©]AE two-hybridE 223} hnRNP K&} hnRNP
El9] A3 Aol igt &4

hnRNP El ©@hal2l.2. q-globin mRNA-stabilizing factor
2 A 9lon poly(rColl 2 ZRRITH11]. EFE o
giof=  370e] KH  domaino] Bl (e
RNA-binding activityE Al&3HH2].

O] AE two-hybrid systemo]4] hnRNP E13} hnRNP K
7 AR A dee Ade % o] A
A3t o A2 4 ook e 2o BAe BE ¥
A7h wpfEke] B elo] 2RHl o Heke
T mjoj = dofd 4= Ut &, hnRNP K&} hnRNP El9j)
3|0} 9} Z+Hz+e] RNA-binding domain®]] 0]AE A
Eo] slyo] ZAS. RNAZF AP  haRNP

s
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K-RNA-hnRNP E13} 2+ Hdto| doju mjo] 7153t
Aotk AF7IR| o] Aefre T chafdo] AF=e 2
T2 Bhal Qe RS ik Ao] Brbs3tke, ot
& AA A 3= in vitro GST pull-down AT L =

AR Zhsst,

3.2 jn vitro OIM2] hnRNP E1Z} hnRNP K
o Mmzs

hiRNP E13} hnRNP K7t 791 o] ofu}
£ X8 Belat7] HaIM GSThiRNP K e aS ALg
ste] th2of A9sh= IS ule} in viro pull-down
assay 5 5}k WA, GST-hnRNP K9} GST wHaf2l
2% glutathione sepharose™4B resinol| 23R 1Y 3
2 12% SDS-PAGEE %3}9 Glutathione sepharose™'4B
resin®]] ZA3HE GST-hnRNP K¢} GST Thfa g Hojzq
Qltk. I th2, in vitro TNT transcription/translation
coupled systemS ©]835}o] pTMI1/hnRNP E1(2~356)%}
PALTERI-K (wr) ZatAn|E 2 HE] S-hnRNP Bl o
Azt TS-hiRNP K 9 de gAsiged), £ ouas

2 % 49 lane 13} 204 Jeht9lit)

GST-hnRNP K

GST

1 2 3

[23 3] glutathione sepharose resin®) 2313t GST-hnRNP
Ko} GST Thd

invitro GST-K  GST

translated -bound -bound

1 L 1 1 1 1
-

X B M R X &
5552
£ £ E E E

1 2 3 4

5 6

[23 4] in vitro pull-down assayS 83} hnRNP K
9} hnRNP E19] A5 Agocdgt £4

22 1}A] P®S-hnRNP El whef s} opAd gizzgos
A PS-hnRNP K SHBES resino] AREo] Qe
GST-hnRNP K&} 237} 9hg-A3tt. ofuf R £of
RNase A9} RNase T1& ZEA[A F Tajzzte] 457
o] RNAE ti7f2 3t dojut= 7HeAdS BliAIskd
t}. glutathione resino] ZAFE o] Y= phHASZ
SDS-PAGEZ E#]A]7] & autoradiography® 25}
o} 202 A resino]] AEHE GST thaf Al o)) **S-hnRNP
El Gl 23} *S-haRNP K TS 9o 9je} FUshur
B0 2 Hk-8 X]7] & glutathione resino] AgEo] Q& &
MAEE AL O™ 404 vERE ZIAE
GST-hnRNP K= **S-hnRNP E13} A8}8}2 (lane 4) GST
= ¥S-hnRNP E12 pull-downA]7]A] 25} AL Holz
et (lane 6). FAYRRZCZA  PS-hnRNP K=
GST-hnRNP K&} oFslA| 45 2t ot GSToR= A
%A et Ae BoiFnt (lane 3, 5). o] 2
ZH=2 hnRNP E1 T2 hnRNP Kofl 2 H 3o &
o]& o2 (directly and specifically) A& 23}l = AL
& £ At AF7RE B dFelAet o] o]xE
two-hybrid A|Aglo]u; GST pull-down assay & AME3}
o] hnRNP E13} hnRNP K7}+o] 247 AL 2ARF 9
T A= deA A Wk

4 EE

E Ao A= hnRNP K9] 7|52 olaslr] ¢35l
WA o]AE two-hybrid A|AES AM83}o] hnRNP K}

1798



O]AE two-hybrid Al2%-& 83t hnRNP El ¢DNAY 2243 hnRNP E1-hnRNP K A323) dist Q3

BT Adshs Ay S Zopyy 1 Foj

2
hnRNP Eio] Z&E]e] Qlgjch B o175 o] hnRNP El
Gl o] o]AE two-hybrid Al2glo]lA] hnRNP K Thal

gk e if bohe g Bolch § o] 1y
ol og 45 ARttt A 3t in vitro pull-down
assay eﬁ% ko] B Uit

2 hoRNP E13} hoRNP Kofli= ok 242 2
%@H%IW%a%m@¢%w$@my
(rOyoll & A8 3702] KH domaing 7}A| 0, #3} A

EAL FEole A4S 7 12] 54 mRNAQ] 3UTR
of 2= CU-rich sequenceo] Z%1sto] mRNA stability 9}
translation 2ASHH12]. 15 ¥ whsizlo] mRNAY
3UTRO| = 229 binding sited] ZEslo] 2431}
= RS UEA YUAT, T Y Ag) daiNs

el oA Ytk F gl AEAoR APtk
A ¥ A7E F9 urac
5 oy

dof sl Ag7kx] 2w E43 B 915
&3] Yol AMdE 7HAa = gelae] v Az
3 H, hnRNP K&} hnRNP E1& 5 glulld o] 2] 4=
Bol4el 4EEYS ol 54 mRNAS) MZLZo
transport, mRNAQ] oA &= 73 mRNAQ ¥ 23 1}
Aol sl e Ao 2EW 2+ Uch
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