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Analysis of the Role of RGG box of human hnRNP A1l protein

Mieyoung Choi
Department of BT-Convergent Pharmaceutical Engineering, Sun Moon University

2 9 & dA7E hRNP Al 9| xghEo] 1= RGG A7t o] gl o] Al g1x]el] wx& 93 & o] o]
ok sl MA e GIFS BAMale AL BFow sy 2014 10€95E oF 3d FoF FEch o]2 e WA, RGG
7 dle] 6709 ol=7Id S gojal o EAMolE WHE ThE peDNAI-HA-hnRNP Al(6RK)E AZ3H8IATE v, o] &
1= DNAE HeLa Ao F2F93t) HA-hnRNP A1(GR/K) A o] Alxu] $)x]o] nx)& & HIgLdAn 4
wASISATh 2 A7 hnRNP A1(6R/K) THlA2 (we DAY ol 1x|ehA] Zstar) 3} Alxd mgof] 57
< g2l5kSIth hnRNP A1(6R/K)9] SHA-& ZAFEH7] 91814+ pcDNAI-HA-hnRNP A1(6R/K)E HeLa A3 P2
AR %é‘ifﬂ guld s 2~ Bk ddom 2459 E, 1 A3 HA-hnRNP Al(6R/K)+= (ZeA]) 27171 2o}
A BT 5 Utk o] AIEZNE HA-hnRNP ALGR/K)7H 33} A2 SRl 314 9l A& 6RK &l 7}
hnRNP A19] &) 913 Felof J3S w37 W] ol 6RK EAWo|7} dojt F9] = 1 Fcto] Hrtw]o] mRNP
A19] & $1%] A& (nuclear localization singal)2] M9 Z=w[1o] E0]9lE C-Eet F-915 24317 wiolghs HE 3 & &
ATk Ate] AnHES hnRNP Alol ¢l RGG 4442 oF27]11o] hnRNP A1) Pm*oﬂ FL3 S e A
AN S Aol Al HEAAAA AAE hnRNP AL(GR/K)2] RNA-ZZ T2 g & 242 5 JAZ IAE

Abstract This study analyzed the effects of RGG box of hnRNP Al on its subcellular localization and stabilization
of hnRNP Al over a three year period from October 2014. First, a 6R/K mutation in RGG box was generated, and
pcDNA1-HA-hnRNP A1(6R/K) was constructed. The subcellular localization of hnRNP A1(6R/K) from the HelLa
cells transfected with this plasmid DNA was analyzed by immunofluorescence microscopy. HA-hnRNP A1(6R/K) was
found to exhibit nuclear and cytoplasmic fluorescence. The stability of hnRNP A1(6R/K) was checked by Western
blot analysis using the expressed protein from the HeLa cells transfected with the pcDNA1-HA-hnRNP A1(6R/K).
The results show that HA-hnRNP A1(6R/K) has a smaller size. These confirm that HA-hnRNP A1(6R/K) is localized
both in the nuclear and cytoplasm, not because 6R/K mutation affects the nuclear localization of hnRNP Al, but
because 6R/K mutation causes hnRNP A1(6R/K) to cleave at the mutation or near the mutation site. The cleaved
protein fragment, which lacks the M9 domain (i.e. nuclear localization signal of hnRNP A1), did not exhibit nuclear
fluorescence. This suggests that the arginines of RGG box in hnRNP Al play an important role in stabilizing hnRNP
Al. An analysis of the RNA-binding ability of hnRNP A1(6R/K) expressed and purified from bacteria will be a
subsequent research project.

Keywords : HA(hemagglutin) epitope, hnRNP A1, immunofluorescence microscopy, M9 domain, nuclear localization
signal, RGG box
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1. M2
Abgh Al Zoll 9l hnRNP Al w88 3207 2] ofn|

ko2 FAEo] 9lom pre-mRNAC] Agsh=s 2
wEldE Fo] shtoltil]. o] dMdE RNA-Z2Y &
X

J(RNA-annealing activity)e 7FA"# pre-mRNA<| 3'
2Zglo] 2 2k (splice site)9} 5' & Efo] 2 zlof Z
Agsta A 2~Z2Fo]A(alternative splicing)S 24
st Addo] dvkal A AvH2,3]. B=gF o] T
HY A mRNAS 84 24 Fol 283
A= 2ATH4,5] hnRNP A1S et go]A|ut alof
Wz UA B A A EF Abe]S FEFITE hnRNP
AlolA 3 EAH(nuclear targeting)= = F91& C-%
@] (C-terminal domain, CT)°l %= M9 =l
(domain)o|™ o] F-9]:= = 4 (export activity) &=
A dvkal @iz 2ATH1,6]. hnRNP Al 27H9]
RNP (ribonucleoprotein)-CS (consensus) RNA
binding domain (RBD)¥} Z&]4lo] FHe C-Ue7| &
FE3kebar Sl C-2e7] bell RGG(arg-gly-gly) A+
°F M9 TH[Qlo] o AUTH1](Fig. 1).

RGG “47= hnRNP U ©¥d9] RNA-AF -]
(RNA-binding domain)Z A7H%211[7,8] RNA-ZAF
SEY ould gy 7ho] A4S A-g(protein-protein
interaction)°l] Fstlar B SIT}1,9]. RGG box+
RGG----GRGG®] o}27]Hl 3} Fefo]le] 35 uHr o
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eholale A8 WaisA eherhs ol of

AL o] 1
E]H(motif)oll A o}27|do] EA oz F a3 zHe
dote A& AN B SV EE 32 hnRNP Al

Tl g o] R1940] o] FWE 3(dimethylated) o] UTh
3 234 %13 hnRNP Al-2 NG, NG-dimethylarginine
(DMA, °l5vE ol27|d)& sttty HuEr)
[10]. B=8F hnRNP Al el do] ol 27} o]4te] o}2
7ide] wiestEo] olrka A QITh9,10]. NG, NG-
olFHE ol27]d9] 7|5 teirE gEA IAE &

oy wal o] obA A (stability)dl] FEFS F o=
H
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-

S 3, dhulg- s ko] AR} - chulg zhe] A
SRl AR F 5 ks Zo] ANHLUTHI,
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olgld ATES HYeZ RGG A olzrjde
hnRNP Al w2 o] A3y $]X](subcellular localization)©ll
AES A F dS AR AlREUT

£ A5= hnRNP Al 2= RGG A7} o] whi

o) AW Aol mA = Gt o] SR o] ok sl

L
L

A e Ggs B E S FHoR gt o)F 93]
6R/K £ o] hnRNP Al wHear, o] E¢lWo] il
Aol AZ X7t we S Aa} ojw Zpo|7t 9li=A,
2L A7t ofE J|Ale o3 YEh=AE A8t
sich e 6RK EAWo]7} o] whule] Qg Aol n|
2 QEFS B

RBD I

[ 1 MSKSESPKEP EQLRKLFIGG LSFETTDESL RSHFEQWGTL TDCVVMRDPN
51 F;;;;tFGFV TYATVEEVDA AMNARPHKVD GRVVEPKRAV REDS?RPGA
101 HLTVKKIFVG GIKEDTEEHH LRDYFEQYGK IEVIEIMTDR GSGKKRGFAF
GSG

RBD I[|:

181 VTFDDHDSVD KIVIQKYHTV NGHNCEVRKA LS[KQEMASAS SS

NFea6QaGEF GENDNFGQGG NFSGQRaGFGG s@eﬂeavees GDGYNGFGND

GSNFGGGGSY NDFGNYNNQS SNFGPMKGGN FGGRSSGPYG GGGQYFAKPR

RGG [ 201

251

M9

301 NQGGYGGSSS SSSYGSGRRF

Fig. 1. Amino acid sequences of human hnRNP Al.
The two big boxes indicate RBDI and RBDII
domains. The arginines of RGG box were
marked with black oval. The M9 domain was
underlined.
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21 |IX|IXE SHH
mutagenesis) 2 E2IADIE XX

917} hnRNP Al cDNA7} F24% Zahan =9l
pcDNA3-myc-hnRNP  AI[12]2  F3a A0S
(polymerase chain reaction, PCR)3}] ¥ hnRNP Al
¢cDNAE MI13mpl19°] AY4ste] pSMC101E RH=3Aoh
o|AE FHOo R AMESIIL R194, 196, 206K =10l
(mutation)E X338l 3R/K-1 227 e =
(oligonucleotide)E Z&}o]H(primer) = AHE-3Fo] M13
DNAE A3 9AAA &AWl f(site-directed
mutagenesis with M13 DNA) 23S 2AI8}931[13],
ob =2k 194, 196, 206 -] of27]de] ghe]al o
& o] ¥l(mutated) pSMC1032 <31tk DNA 47]A
o7 5ol E 3213519 tlBionex, Korea). 1
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Q|
3L, o :=At 194, 196, 206, 218, 225, 232 ¢
27]de] glolaloz Eehiold pSMCI05E
DNA 7|Md RBAHom Edwols
(Bionex, Korea).

pSMC101 Z&t2n| =9} R194, 196, 206A £ o]
F38HE 3R/A-1 SE| 7R QE|EE A5
e Ao} TAg WH O R ofn| At 194, 196, 206 -2
olZ7|do] dghdoz =dWo|® pSMCI13S 1+
A3I[13]DNA 9714 E #4102 EddelE Fels)
9K Genotech, Korea). pSMC113 Z&~1] =9} R218,
225, 232A EIWClE EFshE 3R/A-2 YAl E
QEPIEES ALl U WHoR XA EAW
o] S 3kdar, obu=At 194, 196, 206, 218,
225, 232 #9819 ofzy|de] dEpdoRm Edwold
pSMC1152 9%Ith DNA g7|A g EXo 7 5o
= #2159 th(Genotech, Korea). X A4
W Aelol] AME &8 arE e e

o} Z2TKTable 1).
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= =21
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Table 1. Sequence of oligonucleotides

5’CCTCGAGCAGCCAAAAAGGTAAAAGTGGTTCTGG
AAACTTTGGTGGTGGTAAAGGAGGTGGTTTCGGTG
30
5’AATGACAACTTCGGTAAAGGAGGAAACTTCAGTG
GTAAAGGTGGCTTTGGTGGCAGCAAAGGTGGTGGT
GGATATG 3’
5’CCTCGAGCAGCCAAGCCGGTGCCAGTGGTTCTGG
AAACTTTGGTGGTGGTGCUGGAGGTGGTTTCGGTG
3
5’AATGACAACTTCGGTGCUGGAGGAAACTTCAGTG
GTGCUGGTGGCTTTGGTGGCAGCGCUGGTGGTGGT
GGATATG 3’

3R/K-1

3R/K-2

3R/A-1

3R/A-2

6R/K EAHo]7} hnRNP Al hid o] A
o WA= S FAH] fste] TRsEA
E]¢] pcDNA19] HA (hemagglutin, &7-874) epitope
(L ZAA )3} AZH[14] hnRNP Al cDNA7} E24
¥ pSMC131 Zefam|=F ofgfje} e Whog wER]
t} WA PCR-5E319 2 hnRNP Al cDNAQ2~320)&
pcDNA12] EcoRI BamHI §-2) 4413l pSMCI29%
THE9ITE  HindllI-Met-HA epitope (GYPYDVP DYASL)
-EcoRIS ¥3sl= + 7199 2gawEeQEke|=

(5’-AAGCTTATGGGCTACCCCTACGACGTGCCCG

o 9
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ACTACGCTAGCCTGAATTCC-3")$} ol thgk - 7}
gho] gearEe Qe = (5-GGAATTCAGGCTAG
CGTAGTCGGGCACGTCGTAGGGGTAGCCCATAA
GCTT-3")9] S 9=l8t9 Tt (Genotech, Korea). +, -
7ol T 7K g aEEEe] =8 23 annealing) $F
TS HindllI$} EcoRIC.Z Htisle] AL DNA 27HS
pSMC129¢]  HindllI$} EcoRI 9ol 7]9)4o]
pSMCI131& Az s+

ZgA0 = pSMCI059] Ndel BamHIS: 2] 3}o]
hnRNP A1(6R/K)2| 62~320 aa S ¥3}5}+= DNA =
7245 At o] AS pSMC131¢] Ndel-BamHI $-$]9l
u7 AHlalel-pcDNAT-HA-hnRNP A1(6R/K)S Hs
ATk pSMC115 Z2}2~1]= DNAOI Ndel BamHIS #]
2)3le] hnRNP A1(6R/A)2] 62~320 aa &
DNA 2715 9L Ut pSMCI1312] Ndel-BamHI H-$]

g xiete
S d2

o B}y Yol-pcDNAI-HA-hnRNP Al1(6R/A)S A =%
a3

2.2 MIZH QY 2 SAIF2l(transfection)

HeLa A2 #lUddd} 2Eq Enlo]ile] ghx|e}
10% FCS(fetal calf serum, %014 Blo}& )7} Eoi3)
= Dulbecco's modified medium (GIBCO BRL)2.Z
A Yol X 37T 5% COZ A8k whkalsd
HBS(Hepes-buffered 2 d 4
140mM NaCl, 1.5mM Na,HPO4, 25mM Hepes, pH
7.05)5 o]&-3}o]

2 A3 sAT12,15].

ol
=

saline, Hepes-%

S12FZ(calcium phosphate) % .

0

2.3 HAFEsn|d 2o
(Immunofluorescence microscopy)
H239] ¥ HelLa |3 Z PBS(phosphate - buffered
saline, Y495 AAMHE A 2% EFLUstol=
(formaldehyde)= IPAIATE 1 thgoll 100% oFAHE
o7 Figo] AV|EE YHEIL 12CAS HUZETA

Foa

[ea

Off

[ea
e

(monoclonal antibody) (anti-HA epitope, 3}-HA
A2 WS ATH14,16]. FITC-Z23E I
(- FITC-conjugated goat anti-mouse antibody)
(Advanced Biochemicals, Inc., Korea)Z 12} &<} vt
S22 F &3] 7(Axiolab, Zeiss) o2 WAL

J(MC80DX, Zeiss)dF3ItH12,15].
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2H(Western blotting)

AFY3taL 24A13F 4= w43 HeLa A XE PBS
Z 2 AL g AEE 22t} 234 2] (sonication)
(10 sec, 3X)3+ & SDS-PAGOIA] #7194 %F 3kl Tz
=s L]Ei‘“%i’\(mtrocellulose) e Folo %71
1;]_ 5% _,_;qm— _,_ﬂ.7]. = PBSE L]Ei/ﬂ] 2 UL -r]
o] WS 2ek(blocking) 3 ThE 12CAS ©HAEFE3
Al (F-HA FLAZZ FH-EAZTH14]. YERZA
22 ool A3 12} 3AE HEA o] =A% o
kA7 1gG @A|(peroxidase-conjugated goat anti-mouse 1gG
antibodies) (Jackson Immuno Research Laboratories,
USA)E WHS-A]7]3L ECL Western blotting detection kit
(Amersham Corp. USA)S.2 il d wi= = ] 7}38l5}9d
tH17].

O

B

3.2 ¥ nH
3.1 6R/K SHHO|7} hnRNP A1 CHHZEIO] A1I

LY 2|x|(subcellular Iocallzatlon)

Xl ol tigt 2o

hnRNP A1 @8 U]o] RGG A2 ol27]do] o]
g o] Azl $1x]e nA= FgE AT8H] $lste]
HA-epitope-hnRNP A1(6R/K) cDNAE 7} E/5E
AE GHWNEHE  HeLa AXEol JAFY A7l thd
HA-hnRNP A1(6R/K) THae] Al $IX5 FA)s)
th @3dE HA-hnRNP A1(6R/K) ©¥1AS anti-HA
FAZ A7) 3 FITC-F49 22 A= FA3h
¥ HYYFEnAeR AXY s B An
< A3 Axd wrel HA e s &
218+ thFig. 2) 2T 24 HA-hnRNP  Al(wi)
cDNAE 7H] E/FEEAHE SAWEHE HeLa A3
FAFQ A7 r:}~ HA-hnRNP Al(wr) T A e] A3
W 932 2AFeF9S wl, HA-hnRNP Al(wr) ©9 4
ol glE Aol FRAHUTHFig. 2). HA-hnRNP
A1(6R/K) cDNAZ 7}7 pcDNA1S COS Aol 34
T AR v o] vl Ax] YXE FAEG S
Yol = HeLa MEolAe} 5t AvE AQI) o 2
7= 6R/K E91¥Wo]7} hnRNP Al ©h3de] M99] 3l
1A (nuclear localization) & FaS wH A el
Aza A7 4 glon), 6RK EWol7} o] g

) ekl ol zeshel Uert Asteln 5

1

o

S g7 Aol vA THEEAE
Aol hnRNP Al iAol oF
] o peste] oo A

- v i
hnRNP A1(6R/K)

hnRNP Al(wt)

Fig. 2. Subcellular localization analysis of hnRNP A1(6R/K)
by immunofluorescence detection. HelLa cells
were transfected with the pcDNA1-HA-hnRNP
A1(6R/K) cDNA. The subcellular distribution of
expressed proteins was determined by a 24hr
post-transfection by immunofluorescence using a
anti-HA antibody (12CAS). Cells exhibited either
nuclear fluorescence (in pcDNAI1-HA-hnRNP
Al(wt)) or nuclear and cytoplasmic fluorescence
(in cDNA1-HA-hnRNP A1(6R/K)).

3.2 6R/K EHO|7} hnRNP A1 CHiZlo|
otEdof ojxl= gkl et 24
6R/K E o7} lnRNP Al ©d o] ebdAdo] m]
A= GgS AR 9lske] HA-hnRNP A1(6R/K)
cDNAZ 717 pcDNALS HeLa Aol &3] A7)
O wdE duds dod Bt Adges A5
t}l. Fig. 3914 H5o] HA-hnRNP A1(6R/K) T3] 2-&
o’ ®rt 2717} Folxl Ro] WA 2T ow
A}8-3F HA-hnRNP Al(wr) T Aol 9715
UERE 2 Slskoith(Fig. 3). o] 27K= HA-hnRNP
A1(6R/K) Tl do] A= )= ol (iAo Azt
A& A g COS Ao FAFY A7l o Ldd
g o] obgA S A B3t AP eR B35S o
o%= HeLa A|3Eo A9} FL3t 4
A Uehd 27)82 HobA #els Reje %Od il
oA 3 T2 ofF ke Holghe AL FAY 4§ 91

Atk
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Al(wt)

Al1(6R/K)
A1(6R/A)
no DNA

45K—

30K-

215K-

145K—
12 3 4

Fig. 3. Identification of the protein product of HeLa
cells transfected with pcDNAI-HA-hnRNP
Al(wt) (in lane 1), pcDNAI1-HA-hnRNP
A1(6R/K) (in lane 2), pcDNA1-HA -hnRNP
A1(6R/A) (in lane 3), and no DNA (in lane 4).
Total cellular proteins from HeLa cells 24hr
post-transfection were resolved by SDS-PAGE,
transferred to nitrocellulose membrane and
probed with anti-HA antibody (12CAS
monoclonal antibody).

A} B

Aol o o]y

2

Fig. 2°14 hnRNP A1(6R/K) o]
A& HehA Xk olf= 6RK EdRol2
(nuclear import) &/d¢] st AL} &4-& GA oA
7h ol il Edwol7t dojd §9) (& 11 FHy7t 4
oo hnRNP A19] & 9% A &(nuclear localization
singal)Ql M9 =HQl(Fig. 1)0] £ C-2H 9 &

>=
=
E~PN
=

HE7] giolghs 2 & 4= ALk o] Ao
RGG #}9] o}27]\do] hnRNP A19] eHgAol F a3

QS = AL A A s
by

o]#l Atk(cleavage) /o] BholAlel| 2|3
17] oP A& A7) 9181e] pcDNA1-HA-hnRNP
A1(6R/A)E HeLa Aol AT A7) th Ly
dhl o] olAgA S 9 AE Bl Adlog HA }gir:}

N

1 A3} HA-hnRNP A1(6R/A) ¥+ e
o]
l

Zo]

s
Zolxl A& AT 4
Ak @7l ol il (2 dehd)el o3
o= AE AAS) gt AEel A= 6

o 7h Htete o] Hyk dido]l UERA %k
S. pombe AEANAE 6R/K EAMo|7} Hrgt
HA] %dti(data not shown; 7| &3t =), F °]
FrEE AR YEh= 302 449
A|3E] A hnRNP A12] RGG $Ale] o} 2

A TH(Fig. 3). o] 4=
_%.
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(o ==t =
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L

AT

7l o] whalA W ¥(protein modification) 53} AT
o] rkar Xﬂ/\]E] d][9,10], ©] F$17} Th& opn] Ak
° 32 X ZKsubstitution)o] =W ol=Z7|U-54 WY
(arginine-specific modification)®] Uojup#] %3te]
3] A H(proteolytic cleavage)2] &2 A
HE Aoz AL B A= IGTE A FA]
hnRNP A1°] 6R/K E¢1910]7} hnRNP A1(6R/K) TH
Aol AL guksltl= AL w1 o] A7= hnRNP
Al o) 9= RGG FAHe] O}Eﬂ‘/]o]

T A=
o] iz
9] Al FAaF ATS Frh= RS AAS

AN=

KN
=

=

Hﬂ 2] 7]./\
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