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Protein Methylase II from Chicken Pancreas:
Purification and Properties

Tae Moo Yoo, Suck Min Namkoong, Sung Youl Hong* and Hyang Woo Lee
College of Pharmacy and Department of Genetic Engineering*
College of Agriculture, Sung Kyun Kwan University, Suwon 440-746, Korea

Abstract—Protein methylase II (S-adenosyl-L-methionine:protein carboxyl-O-methyltransferase;

EC 2.1.1.24,, PM 1II) was purified from chicken pancreas by subcellular fractionation, DEAE-cellulose
chromatography, QAE-Sephadex A-50 chromatography, Sephadex G-75 chromatography, and Sepha-
dex G-75 rechromatography. The purified PM II gave a single band upon polyarcrylamide gel
electrophoresis both in the presence of SDS and in Tris glycine buffer without SDS. The pl value
of purified PM II was identified as 5.7 on isoelectric focusing gel. Properties and activities of
PM II were studied and the following results were obtained. 1) PM Il from chicken pancreas
was purified approximately 221-fold with a yield of 1.3%. 2) The purified PM II appear constituted
of a single polypeptide chain of a molecular weight 46,800 daltons. 3) Hemoglobin exhibited the
highest of methyl-accepting activity among the substrates tested. 4) The purified PM II has a
K. of 467X107°M and a V,. of 37.5 pmoles of methyl-“C/min./mg enzyme for SAM-“CHj; as
methyl donor in the presence of histone type II-As. 5) It is found that S-adenosyl-L-homocysteine
is a competitive inhibitor for PM I with K; value of 3.23X107°M.

Keywords (] Protein methylase II, non-denaturating gel electrophoresis, hemoglobin, pl, K., K,
Vmaz.
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ZAY T AXY o3 2go FHojsle Aoz ¢
HA glck 2L FollA 53] HsleAl F, FA 4,
o)3t4l 5o U-ERlAdE oREu|del A Fulel Fa3
9@ gr}ar XS o) protein carboxymethyla-
tion®] 53 Fu)9 A3 HAMA oJFo g =
o] glo} geh2® o APA}Ee] 28l protein
carboxymethylation®] ¢]#u]e] F=E calmodu-
lin®] 723 Wyl FFo TN Fuls zAsln
tha FAEA 9lent oA #AlE| wE|Xm 9lA
%4.24)

HzAeA defrls AY £v) 7|As PM 119
A#AE FHE7] YaME A=A PM 1S &5
AA st 2 AL gl zle] PM s waiml
ukgo] AjdAdel wAe A%e oldsh=d A4
Aolr, 3+ ER-FolA HAR PM 11e}e] FAAS
HZ ANtk As FosleEel gt 1o
2 AYdAe & HAF o ZHE protein methylase
g €5 £9 AFAsderd, 2 4L vz HE

sheich.
Al

7171 ® AJ2f—S-adenosyl-L-[ methyl-“CImethio-
nine(specific activity : 56 mCi/mmole in H;SO,, pH
2.5~3.5) (Amersham, U.XK.), histone from calf thy-
mus type II-As, collagenase from clostridium histol-
yticum type 1, myelin basic protein from bovine
brain(Sigma Chemical Co., U.S.A.), gabexate mesi-
late(p-hydroxybenzoic acid ethyl ester 6-guanidino-
hexonate monomethanesulfonate) (/)NEF88%, HA&)
o} 71eke] A|of A|fe] EFA|ebE AHEEIT)

71712+ Liquid scintillation counter(1211 Rack-
beta, LKB, US.A.), Electrophoretic apparatus(SE
600, Hoefer Scientific instrument, U.S.A.), Ultrafilt-
ration equipment(8050, Amicon Corp., U.S.A), Ult-
racentrifuge (L8-80M, Beckman, U.S.A.), High speed
centrifuge (KR-20000T, Kubota, Japan), Tissumizer
(SDT-1810, Tekmar, Germany), Phast system(LKB-
Pharmacia, Sweden) & A3}k

Protien methylase I1 MT =X —Pajk ¥
el wel WAl e g FA1E SAME o] &3l F
7HA o w2 EAsigch AR uhy-2 [me-

thyl-*C] SAM.e.2%E trichloroacetic acide] <3}
AA=HE 71" AR HolF radioactivity?] &
sl ow, FHA W-E methylation®] ofw] =4t
A471¢] carboxylZ]elA] doldrhe AL 1F3)
A8l Faol 23t WAE methyl ester7} 47
Aol BT AAE o] &3l F, WHEANE
£ gFelA) Yo FRejA]A AAE radioac-
tive methanol- isoamyl alcoholg- ©]-&3}e] &3}
o &Askgct

cllslo] Hat—Lowry 2% 2l bovine se-
rum albumin(Fraction V)& Z&EgiAs 3o &
st ot

F4o HHl- g 2aE 4ToA Ptk =4
A(g B2, AddA 7L A4 $AE
S(Arbor Acres®) AL —20CoA BEHsgrst
AHgsladch & #A 15g(3~470) & FH ) AA7 o5
W75l 0.3M sucrose £4(5mM EDTA, 24 mM 2-
mercaptoethanol, 1 mM PMSF, 0.5 M gabexate me-
silate E3H) 4 volume(w/v) 22 FA3}sled 10,000
Xgoll A 3087 4223 F 459 ultracentri-
fugeE 105,000X gl A 1A417F HAlE-e] st cytosol
2L do] o]F Fae= Flo AABHCL
DEAE-cellulose column(1.8%X25cm)& 5mM sod.
phosphate buffer, pH 6.2, 5mM EDTA, 24 mM 2-
mercaptoethanol, 240 uM gabexate mesilate, 10%
glycerol(v/v) £ B3A]7) %, cytosol ¥8(42m)S
0.02N NaOHE=. pH6.2% FA 3} loadingdt ¥ 50
m//hre] 4502 §33le 2 FH@Bm)E PM I
Mg 2AHsle FAE7F & FES =t
Al#ell ammonium sulfate® A& U 430g9] v]&
2 gz st 2wd At & 1A
ZoF wHkstgdc). o} o8& 37,000X gl A AAEE
slo] e PAE buffer A(20mM Tris, pH 80, 5
mM EDTA, 24 mM 2-mercaptoethanol, 240 yM ga-
bexate mesilate, 10% glycerol(v/v))ol &3]3led 15
A7t B9 dialysis3t %, buffer AcliA] glycerol&
A A&k buffer(buffer B)oA 347t F< o dialy-
sisalod}. Dialysisdt Al 3.5 mi(sh¥ A2k 75 mg) &
buffer B2 #34]7] QAE-Sephadex A-50 column
(1.8X10 cm) 9| loadingdt ¥ <¢F 50 m//hre] f&o =
g}o] buffer B2, 3#-3] A|3& ¥ 0.1 M NaCl/buffer
b, 0.5 M NaCl/buffer B2 step-wise elution}e] PM
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I #4571 & #3& 2E o YM 10 Diaflo
membrane( &7 43 mm)-& A}8-5+¢] ultrafiltrationdt
% Sephadex G-75 column(0.8X85 cm) ¢l loading3}
3. buffer AE 24 mi/hre] f5082 B3X A, 45
st PM 1T #48%7) & F8& 29t} o] A8E
ultrafiltrationd}ed 20 m/(sh¥ A2 0.3 mg) 2 »-&3}
o rechromatography = t}A] Sephadex G-75 colum
(0.8x85cm) el loading3d}i buffer AE 24 mi/hre)
LE2 453t ¢ FE9 3m/¥ FIe PM II
SAE7E w2 8L Fskeich

SDS-polyacrylamide gel electrophoresis— % #| 51
protein methylase 12} ¥l 2 £2& 2Abs}7)
8] Laemmli ¥ & 73 SDS-PAGE ubyl-g
AHg-3tTh

Nondenaturing gel electrophoresis— 3 A€ PM
IIZ gel electrophoresisitellx] #els}lr] ¢sle] A
Alstee), E 222 SDS-PAGES] %23} 53l
o, 7+ Al % SDS$} 2-mercaptoethanol & #) £}
slo ARgstgd AAEG PM I ¥-38& 572 Ax3o
200 W] AAFEE Fo] 11% polyacrylamide slab
gelel] 7 welld 50 wW*) loadingdldth A] &5 mole-
cular weight standards®} 4 4T+ 25mAZ 8
A7 Sok A7]dE3 3, geld] AdF-F Al G4
712, U 2) gel& 3mmA Az}, 77t Al ol Y11
5mM sod. phosphate buffer, pH 6.2(10% glycerol,
5mM EDTA, 24 mM 2-mercaptoethanol, 240 nM
gabexate mesilate 2%)5 300 W 7}3+e] Teckmar
Tissumizersd ©]-43}o] #4522 F, 10,000 X golf 4
108 F<b 94l sl AbedE e, 7 gelolA
229 AR 750 P SAM-CH;(0.877X1075 M)
100 p & AH8-3te] 3087} incubationd}e] PM 11
=g ZAslych

Isoelectric focusing—PM I12] isoelectric pointZE
225}7] 98l LKB-Pharmacia#] 2] Phast-system-2-
0]-4-%} Phast Gel IEF 3-9(pH range 3 to 9) gelo|| 4]
A A5kl 2, 3-8 Heukeshoven 5229 uhyoad
silver staining& &}t

AyEn

g0 HA|
Subcellular distribution— % |7 15g] 0.3 M su-
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Table I—Distribution of protein methylase II in chic-
ken pancreas”

Total
Protein

Specific  Total  Yield

Fraction Activity? Activity (%)

(mg) (units/mg) (unit)
Whole Homogenate 17054 1.66 2831.0 100
760X g ppt. 1714 0.66 1720 6.1
6,000Xg ppt. 396.8 0.39 154.8 55
10,000X g ppt. 354.9 0.32 1136 4.0
105,000Xg ppt. 114.5 0.51 584 2.1
Cytosol 4338 317 13755 486

Y15g of chicken pancreas was used.

PSpecific Activity is represented as pmoles of S-ade-
nosyl-L-{ methyl-“#CImethionine incorporated into mg
enzyme protein per minute.

crose -9 4 volume &% #33}ste] 760X g= 104,
6,000X g2 15%-, 10,000X g= 20, 105,000 X g% 60
B2 QAR E A, 7 Ao PM 18] &4 =+
Table I3} 7o) 7t AAEA e vi-¢ 2+ BHEE
B9, 105000Xge ASddlA whole homoge-
nate®) 489%2) AT Z H ol wlelAd o 3 A
PM I19] A2 FF 5+ cytosololl A AlY E9kon,
cytosol S EAYo R 3l AAF)

DEAE-cellulose chromatography— cytosol -2 (42
ml)-& DEAE-cellulose columnel] F3A171 A},
DEAE-o Z3s}x o4& 559 11~344 34
PM II #X57} Fo} o] #3& woeh o] Alg9)
8] 84 T = 4.96 units/mg protein, FE5EL2 28.5%0°]
et

QAE-Sephadex A-50 chromatography—65% (NH,),
SO, 72 A& AAL dialysisdte] QAE-Sephadex
A-50 columnoll E¥A)7] A3} QAE-o 2314 42
Biq) 31~35H o PM II 84 =7t Fo} o]
2.3 wolrl o] A8 wAAEE 63,53 unit/mg
protein, T5-52 5.7%°] 1t} (Fig 1).

Sephadex G-75 chromatography— %1 @A o4
o FA E3E ultrafiltrationdt 2 Sephadex G-75
chromatogrpahyste] PM II &4 xr} =& FE
17~229 72 mgke). o] X g9 A EE 270.62
units/mg protein, F5E- 37%°1 Nt

Sephadex G-75 rechromatography— %l 7| oj| 4|
Qe FAi BIg ultrafiltrationdle] 2miE 5547
% Sephadex G-75 columnel loading3d}e] £&A]1%]
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QAE-Sephadex A-50 Chromatography
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Fig. 1—Chromtography of protein methylase II on QAE-Sephadex A-50 column. The dialysate (3.5m/) of the
65% ammonium sulfate precipitate of fraction obtained from DEAE-cellulose chromatography was applied
to QAE-Sephadex A-50 column (1.8 X 10 cm). And the column was washed with 20 mM Tris, pH 8.0, contai-
ning 5mM EDTA, 24 mM 2-mercaptoethanol, and 240 uM gabexate mesilate, and eluted with a step-
wise 0.1M and 0.5M NaCl gradient in the buffer at a flow rate of 50 m/ per hr. The fractions (3 ml)
were analyzed for protein (—) and for the activities of protein methylase II (—O—).

Sephadex G-75 Rechromatography

Protein conc.(mg/m/) SA.

0.08 — 400
H :“l] I
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v"‘v_..‘.-—- ! \ Y‘VH".J! ‘,""3 .

0:', ,‘A’ L e "“/\ 0
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—O— S.A(pmoles of methyl-*C/min./mg protein)

Fig. 2—Rechromatography of protein methylase II on
Sephadex G-75 column. The concentrated sa-
mple (2m/) using ultrafiltration of pooled
eluate with PM II activity from 1st Sephadex
G-75 column was applied to Sephadex G-75
column (0.8X85cm) and eluted with 20 mM
Tris, pH 8.0, containing 5mM EDTA, 2.4 mM
2-mercaptoethanol, 240 uM gabexate mesilate,
and 10% glycerol at a flow rate of 24 m/ per
hr. The fractions (3 m/) were analyzed for pro-
tein (—W—) and for the activites of protein
methylase II (—0O—).

F, PM II #4271 52 194 2388 Fskdck A

29 9N EE 366.97 units/mg protein, FE5E-&

1.3%°] $ieH(Fig. 2).

7+ A9 AAEe} vIdAHEE Table o] e}
walch

Fao| EXE W = &l

SDS-polyacrylamide gel electrophoresis— -2} A
A% PM II9] SDS-PAGE%¥F A3} Rfgte] 0.4529]
@4 bandE JElle] &4 AAFREES & 5
glom B f4E oF 46,800 daltons] FAME Zhe
monomer® %3 ¢ th(Fig. 3).

Nondenaturing gel electrophoresis— 2] A2
PM 119] nondenaturing gel electrophoresis®} Z3+=
Fig. 42} 7t} slab gelS 3mm#% 2=} PM II 24

2 223 A3} 1084 slice(¢] A28 3.0~33cm
Ale]) el bandollA AEE He, AAF Do)
PM Iigl& alstgdel

Isoelectric focusing—¥-2] &A= PM II9] pl7}t
5798 o 5 slsith

F4ao| 843

pH H3p7| §40] §Mof o|xl= L& - Histone
type II-As& 7" 2 3}e pH 3.0~pH 10.7 Alo]ell A
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Table II—Purification of protein methylase II from chicken pancreas?

Volume Protein Total Specific Total Purification  Yield
Preparation (m)) (mg/m/) Protein Activity Activity? Fold (%)

(mg) (unit/mg enzyme)  (units)

Homogenate 57.0 29.920 1705.44 1.66 2831.03 1.00 100.0
Cytosol 420 10.330 433.86 317 1375.34 191 48.6
DEAE-Cellulose 705 2.310 162.86 4.96 807.76 2.99 285
QAE-Sephadex A-50 200 0.126 252 63.53 160.10 38.27 5.7
Sephadex G-75 30.0 0.013 0.39 270.62 105.54 163.02 37
2nd Sephadex G-75 3.0 0.032 0.10 366.97 36.70 221.07 1.3

D15g of chicken pancreas was used.
»Total enzyme activity is represented as pmoles of S-adenosyl-L-[methyl-“¥C] methionine incorporated per mi-

nute.

SDS-PAGE

AB C D

66

45

36
29
24

20.1

14.2

Fig. 3—5DS-polyacrylamide gel electrophoresis of chi-

cken pancreas protein methylase II. The puri-
fied protein methylase Il was electrophoresed
on a 1.5mm thick slab gel containing 4.5%
(stacking gel) and 11% (separating gel) acryla-
mide in Tris-glycine buffer, pH 8.9, developed
by Laemmli. Samples were prepared in 62.5
mM Tris-HCl (pH 6.7) buffer containing 2.5%
SDS, 10% glycerol, 5% 2-mercaptoethanol and
0.001% bromphenol blue as tracking dye. The
mixture were then electrophoresed for 8 hrs
at 25 mA. The gel was stained with coomassie
blue and destained according to the method
of Fair Bank et al. (Lane A) The molecular
weight markers were bovine albumin (66,000
Da), egg albumin (45,000 Da), glyceraldehyde-
3-phosphate dehydrogenase (36,000 Da), car-
bonic anhydrase (29,000 Da), trypsiongen
(24,000 Da), trypsin inhibitor (20,100 Da), a-la-
ctalbumin (14,000 Da). (Lane B, C, and D) Gel
patterns of the purified chicken pancreas pro-
tein methylase II.

Vol. 35, No. 6, 1991
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Fig. 4—Nondenaturing gel electrophoresis of purified

protein methylase II. Protein methylase II ob-
tained from Sephadex G-75 chromatography
was electrophoresed on 11% polyacrylamide
gel as detailed in methods section. The gel
was then sliced into 3-mm sections and PM
II activity determined. The molecular weight
markers were bovine albumin (66,000 Da), egg
albumin (45,000 Da), glyceraldehyde-3-phos-
phate dehydrogenase (36,000 Da), carbonic
anhydrase (29,000 Da), trypsinogen (24,000 Da),
trypsin inhibitor (20,100 Da), a-lactalbumin
(14,000 Da). Lane ‘A’ indicated molecular
weight markers and lane ‘B’ purified protein
methylase 1[I
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Substrate (Histone) Conc. Curve
pmoles of methyl-**C/min/mg enzyme

- ol g

Table III—Substrate protein specificity for PM II from
chicken pancreas

3 Specific Activity?  Relative
.5 pecific Activi
30} Substrate protein (unit/mg enzyme)  Activity
25} Histone type II-As 47.80 100
(Calf thymus)
207 Collagenase 0.00 0.00
15¢ ¥-Globulin 62.64 13105
10t (Bovine)
5t -09-06-03 00306 09 1215 Hyaluronidase 2823 59.06
Myelin basic protein 63.30 13243
- ; : ) : (Bovine brain)
! . i 3 LA 4 > 6 Ribonuclease A 36.28 75.90
Histone Type Il-As (mg) Bovine albumin 9.19 1923
Fig. 5--Relationship between the amounts of histone Cytochrome ¢ ' 247 5,17
type II-As and protein methylase II activity. (Bovine heart)
The. ‘reaction 'mixture, containing 1} pg of the Hemoglobin 9233.68 488.87
purified protein methylase II and histone type (Bovine)

II-As was incubated under the conditions des-
cribed in the method’s section. Amounts of
histone type 1I-As were varied from 0.183 mg
to 6.0 mg,

Substrate(SAM-'*C} Conc. Curve
pmoles of methyl-"*C/min./mg enzyme

40

30f

20¢

10}

‘ 1’(S?AM)§< 1075
1 2 3 4 5
SAM-methyl-#CX10-° M

Fig. 6—Effect of SAM concentration on the protein
methylase II activity. The reaction mixture,
containing 11 pg of the purified protein meth-
ylase II and 1.5 mg histone type II-As was in-
cubated under the conditions described in the
method’s section. Amounts of SAM-methyl-'“C
were used from 2.19X107* M to 548X 107¢ M.

PM 119} A% W3S Jelidr) o] Axe] 93§
el AA " PM 11¢) #A pHE 6.0°]%ich pH 1002}
pH10.7o0 4 53] H& FAHEE Bojon} o&
#= pHel7) Mohs ol 2 o g zlojztzn A
Z+gich

Histone type II-As2| & wi3l7] FA0l ghMoff

The incubation and assay condition were the same as
described in the method’s section.

UFive milligrams of each substrate protein and 11 g
of purified enzyme were used.

¥0ne unit is represented as pmoles of SAM-*CH; in-
corporated per min.

pjxle YE-—-SAM-“CH,2 E3H2)7) Ae)(4.386X
107° M) ol 4 histone type 1I-As®) ‘== 3}, = 0.188
mg~6 mgel| &% Fxre) ¥Ax Hil= Fig 59
2o 349 V,.+ histone type II-As 3.8 mg o|4}
FroA dofter, K, 1.1mgeldch

SAM-YCH; sE#37t §40| gMol olxi= o
& —Histone type II-As9] ZE3A4E(15mg) A
SAM-“CH;®] F=Wsto] o3k a4 9] Y= Wi
Fig. 63} 7o Linweaver-Burk plotel] 28] & 2
Z+o] protein methylase IIo] ©lg SAM-“CH;2l
K.X+E 4.67X107Moigleon V,. = 37.5pmoles/
min./mg protein®] %t}

S-adenosyl-L-homocysteine(SAH)0| &4 &-Aoil of
X|&= 98 —PM 119 inhibitorel SAH7} &4l &
x| vlx& °d&-g Linweaver-Burk plotell <3
AsiE A7 7]14ql SAM diste] AAA AsE
guiglem o7& SAH FXxd 93l sloped] W3E
secondary plotdt A3} &4 2 SAHe| iyt dissocia-
tion constant: 3.23X107° Me]ich

7|3l £0|4 —Histone type [[-AsE 7132 3l &
o E43AAEE 10022 3t hemoglobin ¥ %
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Gl A 3} v wate] B 3} Table 1ol 49} 3ko] ofe]
7|46l thsle] HHslA =Estgdct. Collagenase,
cytochrome ¢ 2 bovine serum albuming & 7|
Az 28312 £l ubd, y-globulin® myelin ba-
sic protein ¢} 1300]9]2™, E3] hemoglobing
48924 oF 5 7bF ¥ & dehie] histoneR
o= "84 F& AR gesich

I

ik

g AA o 2 5E] DEAE-cellulose &-°]& n&h43],
ammonium sulfate 333, QAE-Sephadex A-50 ch-
romatography 22|31 Sephadex G-75 chromatogra-
phyZ o]-&3le] PM 15 A4tk

FHI7A] EfHFlA AAE PM 18] 4k
AE Fgshd T2 cytosolell EAE, FH4
14 Bl *, SAM % SAHe| & 2 A34A,
A ele] E4E monomer el Fol RI2Eo
9l e}, B-x}eke- hovine brain,®® human erythrocyte,
332 rat erythrocyte,® equine erythrocyte® % ©i]
2R IHEEY A4 24,000~26,000 dalton
Axolm o 22 ox brain®el4 35000 daltono. 2
BaEgdc) =3 25l wheat germell 4] 41,000 dal-
ton®® o1F-l Torpedo ocellatao) X 26~27 kDa3}
29~30 kDa9] isozyme®® 9 bacteria?l Salmonella
typhimurium® o) A 33,000 daltono & B v git} =
gt £R{FEolA pl] Aol ulz} pl 55~6.64] iso-
zymego°] Bl WA}

£ AgdlA g PM I+ B-=}eko] 46,800 dal-
tong! monomere|™, pl& 5.7, 7] del th3F Bo)JL
A9t ent 53] hemoglobine] H#iME H&
Sold & Bl

g Al A A= PM 119} ZHFl4 AA=
PM I1¢] *}o]+= DEAE-cellulose®} Z2& Lo]& 1
Fpaol 3k AgH, EAF Y sjASe) el e
ARE ¥k ol wFeAe didr Agteel
zlolel] i AHBEw, w5 A PM I plx7}
57900 % B35 pH80 20mM Tris buffersi) 4]
DEAE-cellulose 2 QAE-Sephadex A-50°] Z3}3}#]
e Wk, LHEES] 2A0NF @ wheat germ®
o4 A PM II+= DEAE-columnd| ZA3slgich
T2} ofF-2l Torpedo electric organel| ] ¥-2]= PM

N
Nﬁ‘ir-?'i-llm

>
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1P} procaryotic PCMQl Bacillus subtilisol| 4] -
2]%¥] PM 1= DEAE-columnd] Z§skx] ¢¥sith o]
= &29) charged groupe] 3xb7-E2 EHe| x%
o} giA} oo} o) xmepA| ] HIE) ¥y 2
H3F A7) vhgreeet 255 TX}E“’— B] w3}
g ¥I{-5E ZIY PM 119 o) H#-ES 24,000~
26,000 dalton A== LEI%LI%S‘" ® %H A%
o 22E ®e3 PM I+ 46,800 daltone 2 Abd3)
Z Ao wazclh Fu|2¢ A& wheat germel} A
223 PM 119] 2212K(41,000 dalton)® 3} f+AF8k
7| E0) & o8] sourceZH-E ¥2€ PM II9}
Aergt zlo] & vehiiglth & Aoz RE AHAR
PM II+ histone type II-As®x} hemoglobine] ¥
53] & 714l ¥ P21 (4.9%), human} rat
erythrocyte®®40 gl wheat germ® o4 A% PM
II= hemoglobino] £-& 7]&e] oljsir}. Hemoglo-
binol] A 7)A S| AL FEIARE AR o], subu-
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