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Partial purification and characterization of the kinase which is specifically activated

by nuclear localization signal
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Abstract.

Nuclear localization signal (NLS) is necessary for protein to be transported into the
nucleus.It is unkown what phenomena happen on the course from recognition of NLS
to migration of nuclear proteins into the nucleus in the cell.l have indicated the
existance of the kinase which is specifically activated by NLS synthetic peptide
injected in Xenopus oocyte.Furthermore using in vitro kinase assay ,I have partially
purified this kinase with chromatographies from Ehrlich ascites tumor cells.The
partially purified kinase fraction has threé candidate bands of Mr=95,000,70,000 and

65,000 on SDS- PAGE .
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Xenopus oocyte(ZFF A RISV40 large THUR DR TEAL Y 77 FIVER N7 F K

x4 7040273y LERTELS 7TV TRENIZEERLELINS
kinase DFETE Zin vivo TER 6 222 L 72, in vitro T L B DB IEIL S 7 LI
BRI ZEBRIEVPBI S I L 2BERATENS 7 FTVERRTF ERZDO Y T
O—)b& LTHWLIERRTELY 7T VAR F K2 FH L 72in vitro assay
THEZR L7z, 72, I Dinvitro assay TIZBEFE Dkinase DEZ L L T HI
LPEHEZ ML -7, EhrlichfEABEMBOMBE P SFE2 DA T A
#HAWT Z Dkinase ¥ FniF8 L 72, B AYICHPLC T4 | L 72 kinase4y ] (2

330D L 2 EBHEN TRROH LN,




(Fram)

HEHEDOEABTIZIZBTEL S 7 )L (Nuclear localization signal:NLS)73
HEEINTWS 12, NLSOFHE LTI, Lys,Arge EDIRENT I /B
PEEL . BEZWLTEEOT S JBEEMN»P LB EBBTFLNE, &
DNLSZ L OERRTF RZARBZEBITTELZWTILT I DL d %IER
FHE L LEMCESLESESHROMBEI Y A 7040273 rT 5
ERTFR=TINT I HEEMIFBONLINICENIZRET 2. Zhicxl .
RERZ L OERIENLSERRTF RERRICEB L7V T I i3 E
e EEonn, ZHX5C. MREANTIZIERICNLSZ &3l LElk$ 2 1
MPFELTWS, FlTL5BME LTI NLSHAEBEP WS D0 HE
SNTWaH, HESZ TELICHNINIERE L L TliGerace 59
56kDa,54kDa?) H HE 5P Silver & DEEEEDT0kDaDEHE oV H 5 . Wik,
Imamoto H5IFFAY a v ZEEED—2TH 5hscTONNLSHEAHEHEN—D &
LTREHEERZHNTWE Z L 2Ry, BEHERNEXEE (CHE
THLDE LT, Adam b ldsemi-intact D R THIRE K F 3 A X (BT
HEHEZERZRLLY, ZHOLII, HROEBHELZNEXICEET2HAE
DFPRLPIZ>TELDY, TNEFNDRFNRED L 5 L &EFCHEE L
S>THEBEDHEABITE VW OIBRIZHRL> TWEDPITELZHLNPTIE W,
FIZT. AR TENLSORE P ST 2EBRAEDOEABITL WO BHEDLE
Rl L z2HMNE LT, 323 EMBARICHRDFE (CEHE 1%
BERL-FTEAEOMELICEE L ONLSICHENZ MR A E B EHBR{K
JEDRENT L 2R BkinaseDE NI . KRBT 2T -7z,

(H&)
Microinjection to oocytes and labeling

MBS ( modified Barth solution:88mMNaCl,1mMKC]1,0.41mMCaCl2,0.82mM
MgS04,2.4mM NaHCO3,and 20mM Hepes, pH7.3)9)H TEAE ) £ 52 K D Xenopus
oocyte(stage5-6){220mM D E R R 7°F K (SV40 large T HLIE DEFF AR 0
NLS(CPKKKRKVEDP), RUI28FHDT7 I JEZ UV LALAZ(C
B2 ERBATEN 2 R ERMONLS(CPKTKRKVEDP)) % — 1 & 7> V) 5onl &
24704 Yy a (@ ENarishige IM-6,MN-153) L 721% . oocyte®
0.5mCi/mIDFPPIEKEE TR I NNV Lz, »A4 704 P22 aryhrbT
NIVETIIZEAICOBRBEBT T4 »2, ayra—Le LTAERRTF R
R I\ 7250mM Hepes, pH7.3 buffer 2 @24 7 af Y22 a L7z,




Subcellular fractionation
NV L 72oocyte & 201&% & M homogenization buffer(20mM

pyrophosphate,20mM Tris-HCI, pH7.5,10mM EGTA,10mM MgCl2,100mM
NaF,ImM Na3VO4,ImM DTT,10ug/ml leupeptin,lpg/ml aprotinin,0.1mM PMSF)9)
TH[EALT% . 5,000g,59) £ 300,000g,309r D& L% . LFZMMEMERE L
7o, R, MBREMERE KELSHHET A28 . 1/3BDDEAE- Sephacelio) %
mzaC. 8kl —74 > a > L7z, #H130.23M,1M,2M NaCIT4°C & 185 [E
DEPETIT e > 72, &5 BIZSDSERKEIE® VTR L7,
Gel electrophoresis and autoradiography

SDS-polyacrylamide gel electrophoresis (SDS-PAGE){Z . 10% @ polyacrylamide
ZHWE, AR E %2177 > 72, autoradiographyld . FUJI filmRX-H100
ZHW-80CTITZ » 72,
In vitro phosphorylation assay

BERERFIIVFETRLONLEEEINZ GO EZEE 7l (b)) &£ L.
I E0.5-ImMNLSERAR T F R(HFERDNLSZ 7213 £ DERBDNLS) & &
5 LTHHE L 7zsamplelZ il 2 . 1uCid?P-y-ATP% & {3 10uM ATP,5mM
MgCl2,50mM Tris-HCI, pH7.5,30mM KCIfE7E F T, 30°C, 100 B RIE 3 ¥ 7z,
R 1E#% . sample 2 SDS BRIk EE T TERAE DKL Z BT L 72,
Partial purification of the kinase

Ehrlich i 7K 72 #i i (Z 4£% & Dlysis buffer A(20mM Hepes
,pH7.3,10mMKCI,5mM MgCl2,1mMDTT,10ug/ml leupeptin,0.2mM PMSF) % fii 2 .
2ug/ml cytocalasin BIF7E F T4JE . 300 &E . KIZ. homogenizer T10][q]
homogenize L 72, lysate}$200,000g T & /[s(model 50.2Ti,Beckman Instrument) L,
k% % buffer B(20mM Hepes, pH7.3,30mMKC1,5mM MgCl2,, ImMDTT,10ug/ml
leupeptin,0.2mM PMSF) T *F#{l L 7>:DEAE -SephacellZ 7> 77211y, (KIZ .
0.53MKCI?buffer B Tkinase% 0 Z & H L . buffer BTENT L2, ZD
4 1] % buffer C(potassium phosphate, pH7.2,0.3MKCI,5mM
MgCl2,, ImMDTT,10ug/ml leupeptin,0.2mM PMSF) T E# 1k L 72Hydroxyapatite
gellZH1F72 . kinase® & 154y ] % 125mM potassium phosphate, pH7.2Dbuffer C
THEEL . BECEN LA, D4 H % Buffer BTE# 1L L 72 Sephacryl S-300
FHWTE &2, 4y L7z, kinased) [ # HPLC( Gradient Pump 2249,Variable
Wavelength Monitor 2141,Pharmacia LKB  Biotechnology)% FH VYT 10%glycerol
% & Tbuffer B THE AL L 72mono-QTHH L7, &4 H Dassay i3 FiiEDIn
vitro phosphorylation assay % W72,




(F&5)

In vivo phosphorylation

AR DSVA0 large THURDONLSDGRRTFF2ef 70 27 g
v L 7zoocyte® & 15 6 172 A fo & il R % DEAE-SephacelZ W T E L7295
B . IM,2MNaCITEH 3 % 47l T34kDad I HE D MERIL VA SN2, —F .
TREDONLSDERR T FRE2A Y27 gy LizoocyteTIZEFFAERICH
LTREDREEBEDRKERIIZTE P>, 2 ba—)bDbufferk 4 ¥
7 ¥ a Yy L7oocyteTIE F » 72 < BEEEILIS RS 65 N7 A» » 72 (Figure. 1), &
Uz X D | invivo TNLSIZ & D R EMIZEMEL S N S kinaseDFETED RE S
nrt.
In vitro phosphorylation
NLSE&RAR 7 F K & #i1t

AR DSV40 large THIFEAONLSD RN TF KB %0.5mM,1.0mM,2.0mM
BRI TW L EETH S34kDadEREOBEEILIZE®R L2, —F.
ZERMONLSZ [ RICHEE I TLEEEDOEIBRICIIHER DR EITHL T
§prorz, £ NLSERRZ7F FZ2MZ TW2Winald $ » 72 < BB S
N7 /» > 72(Figure.2A), MIONLSERNR 7' F FRIENLSER R 7 F K TL [
BeDBEEEAL DS A 65 ST L 72, Nucleoplasmin®Ppolyoma virus large T $i Ji
DNLSDEKNRTF B TII34kDaDEHE DAL B A LN L b b
9. FARNLSD 7 I /BRESDOHEINDERNRTF R TH Sreverse T,
NLS% & & %2 WaminBOCKRIGDFKN 7 F F | BETIIZBITERZET
2 DI TIE# DWEMH D 57 Whistone H2B12DNLSF R R 7 F R T
2. 13 A EBEEIL S N2 h » 72 (Figure.2B), 6 WD Zin vitto T Y
NLSHFEMZ BBV BB TE 2 Z LB,
BRI D 38 O B # AL

—REYIC . kinaseDFFRIC L WL N S HPNLSHT R ICHERIL I N
AHIpE D2 OWTHRE L 72, in vitro assay Thistone H1,protamine,myelin basic
proteini3),caseinia),phosvitintZ VW I L BEEEIL S e 72,
kinaseD I G SRfF D B st

RIATT LBE Lkinasel G ICOWTIE, RIOAL T ALABRESMMTERA
i % 75 L 72 (Figure.3A), EEE & kinasedGEICDOWTIE . IRBEOHEMNIZD
L TkinaseyEMIZWHH L . 100mMZHZ AL 2 b —ILDEHEITEA L.
M7 < % - 72 (Figure.3B),




Partial purification of the kinase

Ehrlich g 7K 7 # el > & 45 & 1072 ¥ i & 5o ] Z DEAE-Sephacel T/ 9™ % &
0.53M KCIT & H S L % 47 i (CkinaseyE E D A 61072, RIZ . Hydroxyapatite
gel TH 9 5 &£ 125mM phosphate CIE I SN A HEIZEMELR D SN, 2
)4y ] Z Sephacryl S-300T 7 )L iF1 T 5 L20NDEHEDE—7(—F, L 72
kinasei{GHENDE—7 BB H LI, WTFN L AT BIZ150kDall ETH - 72
(Figure.d), Z7c. 2D 7 IVF#BIC X Dkinasesr ] & | FE(ZH FE34kDad
BzaULnWpPngETa7, BfaIC., kinase{dE D E— 7 ZHPLC mono-Q
ATLTHEL . SDSEXKEENHIC. 3 ET 5 Lautoradiography T
kinase{GED A LN EIZOAR S, MDONEIZIZZ W TFELT
95kDa,70kDa,65kDad) 3D D E HH 7358 6 L7z (Figure.5A,5B),

(F%)

BIEFE T, T2 THE L ZCkinase SN R TEN S 77 H )V TR EMICEYE
1t 2 B kinase DFFETEIC DWW T D170\, Xenopus oocyte? #ll il & T
bufferRSV40 large T D HERB DL 7 IV DERRTF K224 704
Y7 aryLitHEdBBLINT. BFEROEEEWLS 7 VDER
RI7FRERA7QA Y273 a Yy LRBHAEDA., FHIZ34kDadBEHE N
FoE < BRI S 7z, & DkinaseDILR[TEAL S 7 IV R Zin vitro kinase
assay7)* & . SV40 large T LR DIZFHTE S 7" F )L LIS Znucleoplasmin®®
polyoma virus THURDIZRTEL S 77 IV T O MEP ITE R I . BB ITES
D7 \reverse T lamin BOIEZF/TEL S 7 F NV E D DERR T F KRR T
LB ITEM DS 6 L7 Whistone H2BO R TEAL S 77 )L TIXE ML S
Nhhpote, SHDTEMPL, Z DkinaseDFEMALIZIEBIEL S 7 Fick D
P NBEICT LT WS Z LRI N, SkAYICHPLC T L 72
kinase{EMEDFTET 2 DHIZDARD N3 DDRL D TEDEHE D T
DI BT, ENDkinaseDHEWEIC LB 0 FTH L PIEARERBETIIEETS
LIPH 123 5tk I DkinaseNDFEEMHRIZL > THLPIZINT WS
2,

Rz, Z Dkinase THEEL S B EFIZDOWTHET L72A . BEFF Dkinase D
HKELLTHWSNAME . Pl2IE. MAP kinaseD ZE T #H % myelin basic
proteini2)Ncasein kinase D IEE T H 5 caseiny)Ze LI WL L BEEE{L S e
272, o T. Z Dkinaseld . BfHDkinase & 7 S JHeEB I Nz, &
DL, — B ICkinaseDFFR THWHLN T WA EE Z BER{LL oWz
WRBEFTHLNL34kDaNFEHEZEEH L LTHWES . ZD34kDaddHH




B4y F LISk Zin vivo TlZ200kDa,23kDad BEHE H F T L RTEAY 7L T
BRI ERD SN, invitroTld . 34kDak B U BEICTFEIEL T W
- L & (TR S L% 23kDadd 43 FR° . HPLC mono-QIZ X % 4% . NLSHF
B kinaseDFEIET A NEICE SN 5ICL b6 B3I <%5
97kDa. 95kDaDFEE M H 5, 97kDa. 95kDadEE P IBEEIL I N <% B i
K& LT, 97kDad3zE . BlDkinase DFEENEZE L LS, bbb 34kDa
DIEE & BEEAL T S kinase LISMC [ TEL S 7 HIV TR EMICHEELSI S
B Dkinase B FETE L . HPLCIZ & ) 97kDa?) EE L kinase s 57 B X AL72 72 O Mk
1IL3NZL < L7 iELIH L. 72, 95kDa?)EE lSkinase & D4 EELIAMZ
HEOBRWBRELEART AEELNH L. T4bb. 95kDaDIEEEHE 5
FAZHARTHNZ 7234kDad EEEHE T FO TN ISHFB0ELLETH 5700,
ISkDaDFEEEHE N THMBILI NI o HEMELEETE L\,

INSDMBETEE S EICTEET A2EEOERENIZOVWTIE. AHTH 2
. LULEBTICHERT S LIIE. BETELRS 7 TIVEREERS . ZoOMo)
ZExrEEZBRTL2EHEN TOWRES M ENE, 2/ BBILTL .
CDEILHBIELS 7PV TRHREMICHEBILS N2 EEX HUL . T
W TATPIRTES D A T v 7°T & 5 translocation1sne)l LB B EFLAE KR FEH
BORFEZODLFHTERENH S .

CHDEI. BREARY 7 HIVTHEMCHEEIN SN SkinaseZ B D T &
l2E . BRELS 7PV RZER. MRERT. ZRAEREGEL EDE
HEDEBITICERE L HEXEEOUIENRESTREL 5 THA D,

(G5
LNLSTHFEZ I E ML T A kinase DTETE % in vivo,in vitro THIO THEZE L 7>,
2HHOEEZ ML LW L6 KA Dkinase TH 5 ARV R I

ol
LHPLC T HAR NI B L 2o kinased&E D TFIET A B I MO E ICIZ R &
NV DODNY RPRD LNz,

4.2 Dkinase* ST WL | FFNZMT T2 LICLD . HEHEHXDHY
ZRKESEFETHELEEDNS,
(Gi%E)

ERZBTH7:0 . WIEEED £ U7 KRAEWAE IR FTRT B 5 56
M EHBEFHFICOINDBEEZRLZ T, HEEHEREW LS Z LXK
REMBERTFE Y ¥ — B EEEEZEEM (MREES ) KEEZE
BRICESBHWLLE T,
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Figure1.NLS specific phosphorylation(p34) in Xenopus oocyte injected with wild
NLS peptide of SV 40 large T antigen(wild T peptide).

Extracts prepared from oocytes which were microinjected with buffer(-),wild T
peptide(T),and mutant T peptide(mu-T),followed by labeling with *°P-
orthophosphate ,were fractionated by step-elution procedure on DEAE -
Sephacel.Each fraction was electrophoresed in 10% polyacrylamide gel ,and the gel

was exposed to X-ray film .

Figure2.In vitro phosphorylation by NLS peptides and other peptides.
(A)NLS specific in vitro phosphorylation has dose dependency.

Wild and mutant NLS peptides of SV 40 large T antigen were added to the reaction
mixture at the final peptides concentrations of 0.5mM,1.0mM,and 2.0mM.
Buffer was used as control.Reaction mixtures were incubated at 30°C for 10 min.
Reaction was stopped by the addition of SDS-PAGE sample buffer.Each
phosphorylated sample was electrophoresed in 10% polyacrylamide gel and the gel
was exposed to X-ray film .
(B)NLS specific in vitro phosphorylation by other kinds of NLS peptides.

NLS peptides of nucleoplasmin and polyoma virus T antigen, and non-NLS peptides
of mutant T , reverseT (reverse sequence of wild T peptide),lamin B (peptides of non

NLS region),and histone H2B( NLS region in yeast,but non-functional in



mammals)were added to the reaction mixture at the concentration of ImM. In vitro

phosphorylation was performed as described in (A).

Figure 3.(A)Effect of MgCl2 concentration on the kinase activity.

In vitro reaction was performed at the various concentrations of MgCl2 in the
presence( M )or absence( O ) of ImM wild T peptide.The kinase activity was
determined by measuring the density of the band of p34(main substrate)with
densitometric scanning.The maximal activity was indicated as 1.0.

(B)Effect of NaCl concentration on kinase activity.

The kinase activity was measured as described in (A).

Figure 4.Gel filtration chromatography of the kinase.

125mM phosphate buffer fraction of hydroxyapatite gel was applied to Sephacryl
S-300.Each fraction was assayed in the presence( B ) or absence(O ) of wild T peptide
as mentioned in Fig.2.The kinase activity had two peaks that were separated from
substrate(p34) fraction. The broken line is absorbance at 280nm.The molecular
weight markers used are [gG(Mr=150,000),bovine serum albumin

(Mr=67,000),and ovalbumin(Mr=43,000).



Figure 5.HPLC mono-Q column fractionation of the first peak of the kinase on
Sephacryl S-300 gel filtration chromatography.
(A)Autoradiography

In vitro pho;phorylation assay was performed in these fractions as mentioned in
Fig.2.
(B)Silver staining

The same fractions in (A) were analyzed by silver staining.The kinase fractions
(fractions 3 and 4) had mainly 3 bands( black arrow heads ,Mr=95,000,70,000,and

65,000) which were candidates for the kinase. '
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Figure.2
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Figure.5
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