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Partial Purification of Protein Kinase C in Glycine max

Choy, Yoon Hi and June Seung Lee
(Department of Biology, Ewha womans University, Seoul)

ABSTRACT

Protein kinase C, a protein related in PI cascade, was partially purfied from the cytosol protein
of etiolated plant of Glycine max by DEAE-52 cellulose chromatography and phenylsepharose chro-
matography. When the DEAE column was eluted with 0-0.8 M linear gradient KCl, two [ractions
were found that increased the phosphorylation of histon H1 about five and nine-fold in the presence
of 5 ug/mL phosphatidylserine and 0.5 pg/mL diolein, respectively. These fractions were used as
DEAE pool. The fraction eluted with relatively high concentration of KCl was loaded on phenylse-
pharose column with 5 mM CaCl; and eluted with 1 mM EGTA. A fraction contained the protein
kinase C, which increased the phosphorylation of the histon H1 was fractionated. To determine
the molecular weight of PKC, the fraction eluted from phenylsepharose column was analyzed by
5~15% polyacrylamide gel electrophoresis after concentrated with the Amicon membrane (YM10).
That revealed two bands corresponding to 60 and 65 kD by silver staining of the gel, respectively.

M B Ranjeva ef al., 1988). o]
PI cascade?} &agh2 &w=]glc)

PI cascadeel| 4] IP3o] <
#A8HE wuds Ca

go] wsigond A

e e

Ago|HE BEol A% Dol

ok AlaEd e Catt FRREHE
dependent protein kinase
(CDPK)Y! Ca®*, calmodulin dependent protein kinase7}:
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delgl 7 ¥ 7 EcRobert and Harmon, 1992) v
PKCol el A @ure) skl 5, Wef of, 85, vEg o
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Aty £tk 685~113.6kDoE el SHAEL
52~580]n #3F pHZ 6.5~8.02 713tk PKCY =4
EARE Ca’* 9o DAGS} phosphatidylserinee] 714 3
AAo)gtar L Fth DAGE Ca’tel| ok PKCe #3}
#g 2712 A Ca** 3 37 PKCE 2434711 «157)7]
91Z] A Zof A= phosphatidylserinee] 7} Aalxeo g
Ca®' 7 g7 PKCE 44 #4] 21}, Histon, protamine, my-
elin basic protein® microtuble-associated protein 5o
PKCHl| &)=} 4 ¢14&7) ==d] o] Zof 4 histong} mye-
line basic proteindl] ik Helide] 7iab A Jehdch
w3t PKCE= autophosphorylation= ™ in vitrod] A=
DAGs} F27F §ALEF 12-O-tetradecanoyl-phorbol-13-ace-
tate(TPA)¢} 7+ phorbol ester’} PKC2 #4822 o
22 s].2w chlorpromazine, verapmil¥} tetracaine 2
E3e] AfAZ delA] HKuo, 1985).

B AF A= PKCH @A4E2<d DAG? &5 A
A2 24 A9 Qo] A& FrHA7] £3 1AA 2%
Aol dAe EFAgee AFHIAE BRI bl gl
(Chung and June, 1991). &4 DAGe 22 7|5&
gz 2=zl TPAS S5 Agi: AHd A=jstdm
Zeole] Aare] 3H= o] u] Az Bulde] Qi)
TPA, TAA, IAA+TPAS] 4 E 27}5hg o9l o]zl
Az AEA L Aol PKC7 Feisti slde
AL grlEleR Age] Zol g foishe vl A
% o3t o] PKCef| &]ste] glit#=e & o
olR 7] #eled 4 PKCE Ze|dald Bxos B 438

srsdet.
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AlBixE N (Glycine max L) §2EF2 100 mm
HAE7l Fe Ao g ARHEled)h Histon H1, L-a-phospha-
tidyl-L-serine, diolein, ATP, EDTA, EGTA, PMSFi= Si-
gmaol| 4] Fdsteg ow] [v-*¥P] ATP:x= Dupontef 4], phen-
ylsepharose CL-4B+& Phamacias] 4] DEAE-52 cellulose 2}
3MM of =)= Whatmanell 4] 7<) sl

PKC H2HH. Tsutomu@} Charles(1984)2} Put-
nam-Evans 5(1990)2] W& wlgsle] daslglon 5 &
A FA2 0~4°Cell A Fefsiolet. B g 2H& A%

F F4E 2kgFW)E o] & F219] 1] F=5-= homo-
genization buffer(0.25 M sucrose, 50 mM 2-mercaptoetha-
nol, 2mM EGTA, 2mM EDTA, 0.1 mM PMSF, 50 mM
Tris-Cl, pH 7.5)of] =] 48 & 878 A =Z Z=
Wk Azl 498 1,000 g00 4 14 Eelsle] AAAS
Az RHo 2 ALg3ledr). DEAES?2 cellulose column
(2.7X 44, 2.4 X 46 cm)e]] sucroseE 723 homogenization

Vol. 36, No. 2

buffer® wlz) HHAA7 F glo) Wygon g A=z
25& columnel =3F loading3lz 0~0.8M linear gra-
dient KCI 1500 mLE 1mL/ming] Xz £%4A 10
mL4¥ wlgic), o] B3E-2 protein kinase assaysle] phos-
phatidylserine®} dioleinol] 2]8}¢d histon H12] Ql4k3l7}
71+ 8 01M CaClE deo] CaCly HErx s
5mM=Z 23qltl. Phenylsepharose column(lX5cm)E
bulfer AGOmM Tris-Cl, 2mM 2-mercaptoethanol, 0.1
mM CaCl,, 0.1 mM PMSF, pH7.5)2 =|g] H8g 4|72
CaCl¥] %5 5 mM= 94 DEAE pool-Z loading3}eich
Column %9 2] 10w]=+= k2 buffer A2} buffer B(50 mM
Tris-Cl, 2mM 2-mercaptoethanol, 0.6 M NaCl, 0.1 mM
PMSF, pH 752 columns ¥ F elution buffer(50
mM Tris, pH 7.5, 2 mM 2-mercaptoethanol, 1 mM EGTA,
0.1mM PMSF)® 1ml/ming #=% £247A 3mL¥
uboltl, 225 §3 2o 4 phosphatidylserines} diolein
o 284 histon H1¢| <liksr} Zrisle BE& Ao}
Amicon membrane(YM 10)e.& F&eki 5~15% SDS
polyacrylamide gelel]l 4] #7]<353}ed silver stainings}%
=

Protein Kinase Assay. Tsutomu$} Charles(1984)<]
e Waeled Agatglck 25mM TrispH 7.5), 200
pg/mL histon H1, 10mM MgClL, 200 M ATP, [¥-%P]
ATP 0.3 pCi/fraction, 400 uyM EDTA, 0.5 mM CaCl,, + 50
ug/mL phosphatidylserine, # 0.5 ug/mL dioleine] Z3H
wkg-al 70 uLell 7} columnel| 4 8-F3 2] 30 yL8-&
o] 30°Cel 4 10#7F 4547}k 0.63% BSA(°C)E 100
uL-E o3 20% trichloroacetic acid(TCA), 0.2% NaH,
PO,(4°C) 1 mLE g 958 =] A1 7} 3MM o= 2
o« 3}5te] 20% TCA, 0.2% NaHPO,4°C) 10 mLZ <3}
E 4oz scintillation cocktail 5 mLE Fe]4] Liquid

L]

Scintillation Counter® wWhals-2 219
2 =

5 H-4lEod 4] PKCE £23l7] 9sle] DEAE-52 cel-
lulose chromatography®} phenylsepharose chromatogra-
phyE Fasldc}h Hde AA5% AT F4EL homoge-
nization buffere] e 24 &hm A2 she] A4y vie
gk} o]72 sucrose2 Wl homogenization buffer2 =)
2] ¥ 8 2|7] DEAE-52 cellulose columne] loading?}e 0~
08M KCIZ §Zake] 280 nmoell 4 F4=2 & 8lsdc)
(Fig. 1). KCl19] 7} Z713e) wet vehd 3717 =
profile Fofl4] 51 E &3} 879 EZ ) protein kinase
activity 2 =392 of EDTAS YoiF 2T v
50 ug/mL phosphatidylserine=} 0.5 yg/mL dioleing Y&
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Fig. 1. DEAE-52 cellulose chromatography of protein ki-
nase C. A 30 pL aliquot of each fraction was assayed
for PKC. The closed circles denote the absorbance at
280 nm and the straight line KCI gradient (0-0.8 M). The
open squares denote protein kinase acitivity in the prese-
nce of EDTA and closed squares in the presence of pho-
sphatidylserine and diolein.

v el 4] 54ufe} 9.29 2] histon H1 gl4k3lr} ZF7}1s
et w=2bA] 513 87% £3& -2 phenylsepharose chro-
matography & wj 2] DEAE pool® Apg38}gicl, o] DEAE
pool ZFZtel] 100 mM CaClyE o] CaClhe HEX=E
bmME wFEZ 01mM CaCle] gl& buffer AR =]z
H4 A%l phenylsepharose columnel loadings}4ic). o]
column-s buffer AZ 42 o}-& 0.5 M NaCl& 22 buffer
BZ Aoli 1mM EGTAZ 433 o] 280 nmeld
FA=E EAsckFig. 2). o] o £EEH: ol
profile2 o} 7 il Protein kinasc activity:
DEAE column®] 511 £3¥-& phenylsepharose colummnel)
loading®l & 4% 79/ £ &4 phosphatidylserine}
dioleinell 2} Zrlggich 2y} o)gdx 3 FE i
oWl 2-319] phosphatidylserine®} dioleind ‘Qo]=xa] ok
2o 4 histon®] U4k3rt Z7}Eleick o] PKC7}H
FejEeld wl CDPK7} #eo] Helselx] vJ2 Hilel of
A#lch, DEAE columng] 87¥ £-3¢] #H$ phenylse-
pharose columnel|4] &5 3 E&e4 DEAE co-
humnel] 4 et A=) PKC  activity7d  vhebybead
CDPK#] activity'= vieht=] edgich o]3A 3 PKCe
AA ZAs= Table 1o aofstgic). 4alale] wjdyge=
0.009 pmol-min~"'-mg 992} DEAE-522] 513} 87¢
¥ 3o ztz} phenylsepharose chromatography® aF &
303.3333) 221.751 pmol/min/mg> 2 v}elyko ™ 894s)o}
15960 A=l =l gich

PKC% F-zlebg #Halslz|¢sled DEAES phenylsc-
pharose pool& 5~15% polyacrylamide gelell A #1715
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Fig. 2. Phenylsepharose chromatography of DEAE pool.
Panel T show the results of 51 fraction of DEAE column
and 1l displayed the results of 87 fraction of DEAE co-
lumn. A 30 uL aliquot of each fraction was assayed for
PKC. The closed circles denote the absorbance at 280
nm. The open squares denote protein kinase activity in
the presence of EDTA and closed squares in the prese-
nce of phosphatidylserine and diolein. The column was
washed with buffer A containing 0.1 mM CaCl, at A,
followed by buffer B containing 0.5 M NaCl at B. The
kinase eluted with elution buffer containing 1 mM EGTA
at C.

5}3 silver staining.©.Z band-Z #alsteichFig. 3). DEAE
column®] 51 H&3&-2 phenylsepharose column 3ol 7
71354l A1 4 band=® vielout 87H F&E-2 2 band®
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Table 1. Summary of partial purification of Ca®* dependent, phospholipid dependent protein kinase (PKC) from Glycine

max
Fraction Volume Protein Total Ca®* Specific Recovery purification
mL mg activity stimulation activity Yo -fold
pmol P/min -fold pmol P/min
Supernatant 3,790 28,h38.7 268.7 1.01 0.009 100 1

DEAE-cellulose

1 83 22244 75.45 4.35 0.339 28.08 37.67

I 195 85.25 11.82 6.75 0.139 4.40 1544
Phenylsepharose

Ir 3 0.009 273 4.00 303.333 3.62 894.78

e 3 0.0082 1.82 6.33 221.951 15.40 1596.77

«DEAE-cellulose Il contained the fractions of 46-54. 'DEAE-cellulose III had the fraction of 87. ‘Phenylsepharose II
and ‘Phenylsepharose III meant the elutes of 1 mM EGTA from phenylsepharose column after loading with the
DEAE-cellulose II and the DEAE-cellulose III respectively. One unit of PKC is defined as that amount of enzyme
which incorporates 1 umol ol phosphate from ATP into histon H1 per minute at 30°C. Specific activity is expressed
as units per milligram of protein. Protein is determined by the method of Bradford with bovine serum albumin

as a standard.

205Xd»

116Kd»
Ly

66Kd» %
45Kd» m

36Kd™ |

Fig. 3. Analysis of purificatior{“pool by 515 polyacryla-
mide gel electrophoresis. Proteins from 2 stages of puri-
fication were resolved by 5~—15 gradient gel in the pre-
sence of SDS and stained with silver. Lane 1 contained
the following molecular mass markers; Myosin, 205 kD;
B-galactosidase, 116 kD; bovine albumin, 66 kD; ovalbu-
min, 45 kD; Glyceraldehyde 3-phosphate dehydrogenase,
36 kD. Other lanes shows the [ollowing fractions(l pg)
from each step of the purification procedure; lane 2,
crude homogenate; lane 3, crude supernatant; lane 4,
DEAE poal; lane 5, phenylsepharose pool of 87 fration
of DEAE column; lane 6, phenylsepharose pool of 51
fraction of DEAE column.
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Fig. 4. Determination of molecular weight of partial puri-
fied PKC. Molecular size standards had the following

molecular mass weights; A. B-galactosidase, 66 kD; B.
ovalbumin, 45 kD; C. Trypsinogen, 24 kD.

AR EEA)Z] 29 crown gall 223 wlEe] § FojA
A5 ki BErEgert HiSdadnt BR Eas)
5ol ¥ A8 GA7) o) Folx) =) ehgkrH(Schifer ef al.,

1985; Elliott and Kokke, 1987; Klucis and Polya, 1987).
4154 PKCE #2j3taal & vl 504 Ae5e3
P& S8t a8k, PKCe o8 449 g
B 4o oela] 4A rkpEr) Hlus vyl 2%

I



June 1993

Eo] gy Pejase] AeAE xesty Rejske nE
Ag dAE 4°CeAl A 3 gbell Fa3}o) Fe) = PKC7}
EelEolq] Felm getgsle] S484E Yy o)A
F28717) g WERD S E4ngAe] AAEHE
AL atw 9l7] fFe) Eelel olziRe] qlrk

B Al A= PKCE £2]3l7] fa84 dF #4582
DEAE-cellulosc chromatography2} phenylsepharose ch-
romatographyE- -3 3lg ). PKCi= DEAE-celluloses A}
4319l ol KCI18 5= Z7lel b vehfs ghula g
profile & 2wWlAe} 3HA |4 phosphatidylserine®- dio-
leinof] 2jsf 54ue} 9.2v} 9] histon QALE 7} Zrlal B
% & #ol 77} phenylsepharose chromatographyZ 3)-¢i
oHFig. 1). ¢] w PKCx= Ca*" dependents}rl] &4z 5=
Al Ao 22 calmoduling ¥u]d o Algsh: 2AL
Walste] ALstodnh 4 TEE) Calron e sled
phenylsepharosesl] 22 & Axx2] Ca** 2 2 columns
Al -2 5Ex9 NaClz2 e EGTAZ £%3)
ek 22y elgjdt =Ae Catol tiE 9EAL e}
W= o}E protein kinasesl COPKE E2¥ w) Ahe]
Ae 270lBZ PKCe &7 Eaj=eo]d 4 oldhz &
Agel ek

AA2 DEAE columne|4+ PKC @4& ®el 519 &
3] phenylsepharose column chromatographyst 73
PKC &4 CDPK #4e] o] vpeltelFig. 2A), Z&jv}t
vl mA 15 o] KClojl A $2% 874 280l 4= phenyl-
sepharose column & PKC 49 Jehyle}(Fig. 2B). ol
phenysepharose column®] pool-& Amicon membrane(YM
10)2.2 =312 DEAE poolst &4 5~15% gel electro-
phoresis-5 2§} silver staining 3+ 7} DEAE®] 513
%2 phenylsepharose chromatography 2 & % 607} 65
kD& 36 kD HZ2] 2 band7} tjejudker) DEAE 874
242 607} 65 kD2 RS 742 2 band® vjebydel
(Fig.3). o] A3 49 Mol 23 PKCY =4 <jq
™t anti-serumS ®] 5ol DEAE-sephacel column.2 =
T3 PKCl 234134 o 845, 65 40kDe] A
F59 = da Aggcls Aslel A cHEillot ef al,
1987). DEAE®] 514 -3 2 phenylsepharose chromatog-
raphy S § % v}elwt 4 band Sl 4] 607 65 kD<] band7}
DEAE 8791 #3& phenylsepharose chromatography
gt & vlehd 2 band9} YAt 9li=d] ¢]= DEAE 51
%2 phenylsepharose column £ affinity column< 3
sbod 607 65kD2] 2 band?t JEhiE X5 &elsloje}
Hokx A=l

=5t DEAE 87% 32 phenylsepharose column2 &b 3
vlebt 2 band 3 ¢]= bands} PKCS #4412 7z =)=
QolR 7] 9iske] ERo4 Eel™ PKCs} autophosphory-
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lation #Hr}= ARAl-g& A-£31e] autophosphorylationg 4
gtz stgon) &5 PKCo| gko] 1F Hojx o}
ARz A3eA Esla gtk 2AEZ s BzE
PKC %t oh2} o}& protein kinase® B 95 7]-<-9
1/3 X%}k autophosphorylation®tiz B se] glul T
2o] 4 Feld Huy PKCEL FEol+ DAGSE e
71%5& Tehil <edal phorbol esterel] Wil So0] ko]
o}Z7tA] 2R E|A] bt} Eah B E B ABeAE
522 7-7#3 PKC2 phosphatidylserine® DAG 2]
Aol veh-be wbedel Ca®toll o414t b 3] A 5s|of
phosphatidylserine®} dioleing v) %3t tf2 U=|= ¢ <
g bz e ASE 9l So] B =gl cH(Schifer ef al.,
198h; Muto et al., 1985; Olah ef al, 1986; Harmon !
al., 1987). 2822 PKCe) activation curve?} Ca®*tul =
Hetel e W2} ofe] sir] PKC 24ERL o] Hg
halg o Yo Fre CatelA vehibs 7 sqlgok
Friz Haie] Al7j=gdck A 2 A8deli= CDPK
2} 3t Eel® PKCE Fel=Eold e whilzla] ofe)
ol HemZ affinity column® = CDPKe} PKCE He
&51a} s AEE s 9les] DEAE column<l| 4 1
T%29 KCld 3 &-2=9d 874 £& 9] phenylsepha-
rose columnZ3} vlelyd 2 bande ojwEk 7le] PKC2)
F4E BolE A ¢golrr] #5to] FFol4 F2ig PKCo
ek gHE AgAA el F o Be k2 do) an-

tophosphorylationg Asisel iz Aztaich
= 2

I F(Glycine max L) 254 PKCE Eeslzz}
A ZA whll 4ok wol DEAE-52 cellulose chromatogra-
phy=2} phenylsepharose chromatography2 S3sbaic),
DEAE-52 cellulose columnel|4] 0~0.8 M KCl linear gra-
dient®2 £-% |7 5 pug/mL phosphatidylserined} 0.5 ug/mL
diolein®] £z}&}tel 4] histion H19] 14ks}rt zkzk 54ul 2}
9207} &7)sledyl RESS DEAE poolz Algsiglch
Hlwa wxee] KCle o3 &%= 9w DEAE poolZ 5
mM Ca*" 2] £a]5)el 4 phenylsepharosee] loadingahil
1mM EGTAZ £-%3}l9c}. o] phenylsepharose column]
HE 5 Foll A protein kinase assay-Z & s}o] phosphatid-
viserine=} dioleine] & = DEAE&]4]2} v]23t Az
histon H1 g14bs}e) 2718 el ¥32 32 5 o9
o[ phenylsephare<e pool-2- Amicon membrane(YM10).0 8
+%8le] 5~15% polyacrylamide gelell4] 7)< Z5lo]
silver staining®hgith o] o JIelyt iF bande] BAleke
7tz} 603} 65 kDo 2 ilelyic)
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