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Abstract It has been established that the long-lived proteins of the mammalian eye lens slowly
accumulate D-aspartyl(D-Asp) and L-isoaspartyl(L-Isoasp) residues as an apparent consequence of
aging. Protein carboxyl-o-methyltransferase(PCMT) [EC. 2.1.1.24], which is widely distributed in
mammalian tissues, has been found to selectively methylate the S-carboxyl group of the uncommon
D- Asp and L-Isoasp residues in proteins. Considering these findings, it has been proposed that
PCMT plays a role in the repair or degradation of the abnormal amino acid residues that accumulate
in aged proteins.

PCMT has been detected in the bovine eye lens, however, the enzyme in the lens has not been
characterized in detail. In the present study, we studied the properties and structure of the enzyme
in the bovine lens.

1. Typell of PCMT(PCMT-II) was purified more than 13,000-fold from the cytosol of bovine
lens. The apparent molecular weight of the PCMT-II on SDS-PAGE was approximately 27,000. The
activity of typel of PCMT, which was not absorbed on DEAE-cellulose, was extremely low in the
bovine lens.

2. The PCMT-II from the lens was composed of at least two molecular species, IIa and IIb,
which were separated by a Mono-Q column. The pl was 5.8 for ITa and 5.6 for IIb. The two
molecular species were found to have similar K, and V,,, values. The optimum pH of Il a activity
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Abbreviations :
PCMT, Protein carboxyl-o-methyltransferase
D-Asp, D-aspartic acid
L-Isoasp, L-isoaspartic acid
AdoMet, S-adenosyl-L-methionine
AdoHcy, S-adenosyl-L-homocysteine
SDS-PAGE, Sodium dodecylsulfate polyacrylamide gel electrophoresis
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was about 6.5, II b activity showed a clearly lower pH optimum of less than 6.0.
3. The relative rates between PCMT-II a and II b activities were very similar with five proteins

as methyl accepting substrates.

gest methylating rate of any protein examined here.

Crystallin, the main protein constituent in the lens, gave the lar-

4. Antibody raised against PCMT-II from bovine lens crossreacted with PCMT I and II from

" bovine brain, and PCMT from human erythrocyte.

5. The amino acid compositions of PCMT-IIa and IIb from bovine lens and PCMT-II from

bovine brain were very similar.

The HPLC profiles of lysylendopeptidase digests of PCMT-II a and

I1b from bovine lens and PCMT-II from bovine brain were also very similar, suggesting that similar

seqences are present among these three enzymes.

6. The amino acid sequence in each peak of the lysylendopeptidase digests of PCMT-IIa from
bovine lens was almost identical with that of PCMT-I from bovine brain and PCMT-II from human

and bovine erythrocytes reported by other investigators.
of various organs from different mammalian species may have nearly identical structures.

These results suggest that PCMT-1 and II
Therefore,

differences in pI and pH optimum between PCMT-ITa and IIb from bovine lens may be due to the

structural modification of the enzyme.
Key words: Protein carboxyl methyltransferase,
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Zon4hFE (la ROIb) Ko Ensz L3R
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2:1 EBRMH

v UBRRETIESEAT L DBEA, v o RIS
BEA#H X D AFE L. S-adenosyl-L-[methylCH)]
methionine ([methyl-*H] AdoMet) % Amersham
#, S-adenosyl-L-methionine (AdoMet), S-
adenosyl-homocysteine (AdoHcy), aminohexyl-
Sepharose % Sigma # #, lysylendopeptidase
(Achromobacter litics protease 1) ITFIFCHIZE T4
BAFERL.
2:2 JIKEEH S 11 PCMT (s

Kk PCMT o4 BEESL1: McFadden et al'® ©
FEE—HEEL T, HFElbbiwEy, £&
TOBRIFIACK T o 7. Filfiny VIR AFRER T
T, KeaREHES LHEHL . DL eliE s K
e R o EE, KEERER P LEOBL ) B LUGEE
L., KEfFEEEIS5g %4 BEOEER A (20 mM
Tris*HCI, 0.25mM PMSF, 1mM EDTA, 1mM
2-mercaptoethanol, 1 mM NaN,, pH8.6) %
L, Ry 2—Brz2rrAF—Thesr T4 XL,
100,000} g < 30 S ELE G (B RP-45 = — % —) L,
0 LE GREEES) RO, MEBRmMmETE L.
HHMEEBEYEER A T2EBEFRL, 561 UHEE
¥ A CEE{L L DEAE-cellulose (Whatman #-#%)
B 7 A AX30cm) WHBLE. BEKATHIF LAY
LB, 0.4M NaCl 28 4#BER A 1w X5 NaCl i
EARKI ) » 7 s CBE LCEAE(IHE PCMT »
B0 EH (E, 50mi/h) L, EEE0.5-1.1
mmho DES BN L7 (Gt 50 m/). = ® DEAE-cel-
lulose BEHEIZ % 5 52 UHEEHK B (20 mM Tris:
HCI, 0.1M NaCl, 1mM EDTA, 1mM 2-mer-
captoethanol, pH7.9) <&k L #- Sephadex G-
100 (Pharmasia #£8) #» 5 & (5X100 cm) ERNL
MigEsERcEL (EE, 20mli/h), 5 F &
35,000-20,000 fHY OES FEUR L7z GH50ml). &
OB NaCl #inzC1.5M NaCl %% & L, #&
&% C (10 mM sodium phosphate, 1.5M NaCl, 1
mM EDTA, 1mM 2-mercaptoethanol, pH 7.4) ¢
B 5o U DML U7z Phenyl Sepharose CL-4B
(Pharmasia &8 » 2 &4 (IX8cm) ML 10
BEOREW C o T, NaCl 28 i\ 2K C
THEHLA GUE, 20mi/h). £BHESOEEEY

v <K RIZ 381 B Protein Carboxyl-o-Methyltransferase 1288+ % BFge 603

BIZE L, 5mmho LI FOES®EIRL 72, 30 mD).
ZOBHBESIZIIEEE O NaCl BXEET 51,
NaCl %%+ BB CEEKD (10mM  sodium
phosphate, 0.1M NaCl, 0.1 mM EDTA, 0.1mM
2-mercaptoethano!, pH6.2) T&H L7, Kim et
al?® OFFEEFE AdoHey BV v F & LT 74 =
Fan7AAX5cm) BFH, HOMHUHEEKD T
ZDH T rEPEALCE, FROBHLCEYER
mlic. »7 2BHO 10 BFBEOERERD TH 5 2%k
%1%, 50 mM Tris-HCl (pH 9.0)T PCMT %#H L
RIE, 10mi/h), v KaGErSIE PCMT 2EH
L.
2:3 IR I BRI E PCMT (5 itkss

v i b I B O E PCMT 0 4 BEks 5011
Aswad and Deight'® O FBRICE L TT o, v
100,000 X g _E¥EES R IBRE, ToME v iR
DEAE-cellulose’”» 5 AL, # F AcHiE Ly
THEG ERETHNEES S L. FnFho
B 1 MK OIE PCMT % AdoHey % ) 4+ ¥
ELKkT74=F4h5a7u<brT7 4 — OB
L.
2+4 b MFRMER PCMT O35

BMABTF X 0 RMEMEZREL, Kim® OJFEEicst -
TiF» 7.
2:5 Mono-Q AT 4LIZL S I1 B PCMT 3 FIEN B

Mono-Q (Pharmacia #:#) # 3 & (5X50 mm) %,
FPLC > A5 & (Pharmasia #54) w33 U T 7o
¥TH 52D LORERE (10 mM Tris-HCI,
pH 8.6) CHEL U Act, 2.2 DFETHEHE L KRG
I PCMT %#igE&EH E it L OB L, 2321
BE SR, REWE-CH5 2555 %, 0051Mo
NaCl D ERBESNEIC X 0 BH (FE 2 m{/min),
PCMT-Il 5 FELX5EEL 7-.
2-6 PCMT ZHnflEsx

PCMT B2 2 XFRBAEI BV IITF YDA 5
LB T 5 2%, ABFZEClt McFadden ef ol o
TR 2 F VEEZ SR L LT ovalbumin 2B L
fo. RS (0.14 M sodium citrate,” pH 6.2) 60
ul#, ovalbumin 40 mg/m/, AdoMet 10 xM
(1000 dpm/pmol) &L, 20 ul DEERBR ¥ N2 TR
JGERBRIE LIz, 37C, 15 R4 v a<— 1§, Kim?
DIFEHE KRS 10% Y 7 v ABEBR% 500 ul N2 T,
RIEaEIE L. KEED[methyl-*H] AdoMet B
ET 578 10,000 rpm T 5 HEEED, o LERET
BOKS 0% Y 7 r AFEBRE N2 CIHE R RE I
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femL L. COBRFERIERYIEL, WELHE
L. o100 xl © 10% Y 7 » AEEBR R INZ
THUBEL, ®k\T0.5N NaOH (200 £ %Nz
pH 11 0&#T ¢ 5 HMKET5 2 LicX b, [methyl-
sH] AdoMet 2 b EERHBEICER Lic 4 F 1%
KSR LUI. B, X&10% V27 = AEREEQ00 xD)
PNz e#mo L, BEoKEEES (300 xl) % ACS-
II (Amersham #)8ml iz, HETEELEES v
FU—vavHvyr— (Beckman LS9000) THIE
L.

2+7 Sodium dodesylsulfate polyacrylamide gel

electrophoresis (SDS-PAGE)

Leammli 72 ¥ L€, HHERK A0 DI
10% SDS % 8 u/, 0.05% bromphenol blue % & ¢
75% glycerol % 5 ul, T UF 2-mercaptoethanol 2 u!/
Mz TY0C, 59 HMBEEY VITEHML. 13%D
SEEy A (BX 1mm) 2EE L, BSKKkEL 25 mM
Tris, 192 mM glycine, 0.1% SDS ZERZFEH L,
20 MA(EBI) THRREIT . GFE~—» -,
ES5FE~—»—+v + (Pharmasia #£8) #{HHL
72. BKEHE, # A 1%20.1% Coomassie brilliant blue
(C.B.B., 5% methanol B O* 10%EBRIER R CHE
L, C.B.B. %% % 7z\> methanol, BEBEERF CTHE
Ute. —F, SRRt s v b B
Z T,

2:8 ZRILETUKEH

O'Farrell DFES #—HEEL TIT-7. SRV
R KEE T, 5% acrylamide, 0.25% bis-
acrylamide, 2% ampholine (pH 3.5-10), 2% am-
pholine (pH 5-7), 0.004% riboflavin & 7% X 51Z3R
BL, BROHSEERSmm, EX12cmoOF 7 AT
wllecm OE I EFTHL, KEERBEREETCIR
Y &4 L 7z. 3 # (2 ampholine 2%, glycerol
30%, &ET120 6l ied X 5B, o ik
BHERBLL 0L0IN YV vERAKRLE®E, 0.02N
NaOH #[&fE & LT 300 V ¢ 8 K], K\ ~T400V T
1 BB KB 2T -7, SDS-PAGE X% 2 &KitH
DOREE, BoHLEr A%ETEo SDS-PAGE wkEhZ
B TR P U AT - e
2:9 7 kA 1T 2 PCMT AN IER

oo KRR PCMT (10 ug) #E S ED Freund’
s complete adjuvant & & A B L, 6B
BALB/c =V AN L. #5#% 2BEK,
II1E PCMT (10 ug) % Freund’s complete adjuvant
LI HEOEE, I 4EEIEPCMT (10

HLAREREE

ug) B R EERERS L, 0 3 ARreinE %
fo.
2.10 Western blotting

Towbin et al2® OFEIETT, BRXEBEOF L
o=t rele— REEERERK, pore size 0.45 um)
CrSVvATry P L. BEEOY—FEAF A3
Vo BER (% A% s 327, 1% Triton X-100, 50
mM Vv vEREmERE, pH7.4) 12T 37C, 1RREAEL
ek, AF s IA7BEWETI0BHERLLY K&
AIE PCMT fimig x> — b Eic=v v r L, 37C,
2 BRIRIG S ® e, RWTAF A A7 BERIC RS
#, HRP-labeled anti-mouse IgG (b2 T ZE4HL)
% 2 ug/ml OWE T, 37°C, 1.5 RHRKIGS ¥R
ARF L INYBEHERCBERIC TSR L, BER,
3-3'-diaminobenzidine tetrahydrochloride % #'% &
LT50mM V» vEEER(PGH 7.4, 0.1% H,0, BE
P TREB I,

2:11 SsEtBREEEIRET

o RO MO 7 4 vETE R ABC ek
b RERBRE L. —RIECE Y o KGEITE
PCMT g, —RFiiEiiesr+ v bii<v = IgG
(Vector #E8L) & H 7o,
2¢12 High-performance liquid chromatography
(HPLC) (24 35#%

#EE 1T 655A-11 ligquid chromatography pump, L-
5000 LC controller, 655A variable wave length
monitor (AZHEDEFER L. 7 3 2 BoHTHENR
OFBIT L Ce A 7 & Nucleosil 10C8 (4.6X250
mm, HR27 e LEHED), T7FF=r V7 Ch
W5 5 A TSK-gel ODS 120T (4.6%250 mm, X
VHSDREH L. FOE1m//minT0.1% ¥ 74
F Y & 5% HBRETOT7 L+ =F VIR
IAEREEARKCE D ~7F FEBEHL, 215nm i
B BBRHETCTHEERTF FORE T 572
2:13 B PCMT 7 3 /ESR

Mono-Q #» 7 & TH M, HPLC i TEHELAIR
PCMT 5 FRExBERE L. 6 M HCl i iFHBH#E
S1, BETH®, 110CT 24 MK BEZT -
o, ZORBYEH7 ¢ S BSITEE (model KLA-
2B, Hitachi custum Ion-Exchange Resin 2618, H
STAEED A FGTOITL .

2:14 Lysylendopeptidase 7f%(Z & 2455 PCMT
RTFFRF2vEST

Mono-Q # 7 &~ CH B, HPLC THEE L-KR&E

& PCMT B O ITE PCMT % 5 408, #lEKE
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R CINBE M X7 BUW%HIL, lysylendopeptidase

wEE BRI 1AL oing, 3TCTLR

A vFa—t L. RIGKTHE BRIBTHES
Nie=_TF Vi E % Ce M 5 2 2EE L7 HPLC
CoHEL 7.
2415 PI/BL—OTABM

2:14 TRONI ST F PR RGBS 50% MBIz
L, 477 ABISH> — 7 =+ — (Applied Biosys-
tem #5012 C H 8 Edman 58517 - 72, IS hie
Jz=FF ke &V AV (phenylthiochydantoin:
PTH) fkL %7 3 VEB%PTH 7+ 5 1 ¥—120A
(Applied Biosystems ##) ZCRIEL, =7+ FD
73 RS DT I BRELT R T L7,
2-16 *tofinHirk

ENBEERRY VOB A I vEAEEEAE L L,
Biuret #:29 % %\~ ik Lowry 527 0 CfT - 7o

3 & #

31 Tik&EEPCMT mfgal
KEREEBEERE D 30% L i crystallin #F L35
FEEHE2OT, PCMT OBHIcBEEAEREDC
DIVAEFEOBBEL NE L L. v KdhfE PCMT @
SHEE 242 IR TR T T o 72 100,000Xg B D
DEAE-cellulose # 5 427 »~< 2737 4T, a-crystal-
lin OEEME S K O y—crystallin i3 5 210k E Lie
WOT, H 7 AIEE L PCMT &0 —27 (1
# PCMT w4 5%) & 11450 X2 vie. DEAE-cellu-
lose #7 2X 9 PCMT X #EME0-0.4 M NaCl B
BEAREC0.1MIEY, FEEO0.5-1.1 mmho D
e ahiFig . # 75 2FK@BYELH D PCMT
EHEC(IE PCMT w3 %) 3 B » DT,
ZOEIGB PCMT 58S, » 5 2c&EL NaCl
EHEEBENS PCMT HHES 5, IIE PCMT
(PCMT-ID o8l # 3 xt, B-crystallin i PCMT
Tt LRI S e, a-crystallin OFRHEE A BE
SR CRBNTIRE L, kic PCMT X% HE
4% [EY, Sephadex G-100 ¥ v 27 r< + 757 412
23372, PCMT {1357 F& 40,000 25 25,000 O
Bl—oor—27%HRLTEEIN. Zhitky,
void BZEICIBHE S5 a-crystallin R OG5 FEDHIE
FIK &\~ B-crystallin D—ER 13 E LB, ¥ A1EH
TEIRL 7« PCMT #&E#:E 4512 NaCl #inz C1.5M
NaCl %% & L7-#, Phenyl Sepharose # 5 & 7 »—
57 4 —%fTote. PCMT &ML 1M NaCl #84,
ZHEE 5 mmho LT OESEH I, XD Ds-

v & IKEREIZ 31 % Protein Carboxyl-o-Methyltransferase B84 % 38 605
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Fig. 1 Chromatographic separation of bovine lens

cytosolic PCMT on DEAE-cellulose.
100,000 Xg supernatant from 15g of bovine
lens was applied on DEAE-cellulose column
(7X30cm). After eluting with 300m/ of
buffer A 20 mM Tris-HCl, 0.25 mM PMSF,
1 mM EDTA, I mM 2-mercaptoethanol, 1 mM
NaNj;, pH 8.6), PCMT was eluted with a gra-
dient of 0-0.4M NaCl in buffer A at flow
rate of 50 m//h. The PCMT activity (0O
0) of each fraction was determined by
the assay method described in Materials and
methods.

crystallin & 08 L157.. Phenyl Sepharose » 3 &>
D L7 PCMT EHE 5 13EEBE NaCl &1 D
T, REEW D ikt UCENT L, AdoHey &) »'v
FELT 74 =74 87225 ML0 10 BEORE
BHEDTH 5 A %BEEHH 50mM Tris-HCI
(pH 9.0) © PCMT % & L7 (Fig. 2). PCMT {E#
BE5OEHE I, SDS-PAGE L C.B.B. $:&a K 0'R
Yt THFE 27,000 DBE— Y FEFE L (Fig. 3).
DEoBFc b, v oKEE100,000Xg LS
PCMT-II 13 13,040 fFic & X h, HiEH1Z 15,000
pmol/min/mg T# - #= (Table 1).
32 TURELY IBBS LU PCMT OoREH
7 &% 100,000Xg E¥E» S, IEHROIE PCMT
1%, ERER166f5, 331 FHCIBRIS R, HIEHERTR
£311,000 (pmol/min/mg>, II & »122,000 (pmol/
min/mg) TH -7 (Table2). IHRONE PCMT
&%z, SDS-PAGE E4F& 27,000 iwtB¥3 55—
Av¥emlic (Fig 4. BRACE LRz IR LT
T PCMT o2 2.3 11T, b LEHT
IO TR I BAE PCMT Thote. LT, o
PCMT-II &xtH Uisaits, 7K dhfE PCMT-II BEE o
B AR L.
33 Tik&EAE B PCMT mﬁ—?@t tDEE
PCMT ¥ #:5# D DEAE-cellulose # 5 A 7 = |
7574 =BT, PCMT EM O — 27 13- BT
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. 2 Affinity chromatography of bovine lens

PCMT-II by immobilized AdoHcy on Sephar-
ose CL-4B resin. PCMT rich fractions
obtained from Phenyl Sepharose column
chromatography were dialyzed against buffer
D (10 mM sodium phosphate, 0.1 M NaCl, 0.1
mM EDTA, 0.1 mM 2-mercaptoethanol, pH
6.2) and applied on AdoHcy-Sepharose CL-
4B column (I1X5cm). The column was wa-
shed with buffer D at flow rate of 20 m//h
and bound enzyme was then eluted with 50
mM Tris-HCl, pH 9.0 at flow rate of 10 m//
h. The absorbance at 280 nm is shown as
solid line and open circle indicates PCMT
activity of each fraction.

Tz LFITE PCMT (EH M EDOR D5

FEOHFERTETS. Mono-Q # 7 2Xh PCMT %
NaCl &% 85 mM, 100 mM, 115mM, 130 mM ©
fEEZE>DE — 7 L LTEHE S (BvA1 + Vil
EciH EhblEIC Peak 11a, Peak IIb, Peak IIc
F X O Peak IId & L72) (Fig.5, A). WTFhov—
7 % B ICIKEED SDS-PAGE L, 4 TEA127,000 DB

M 1 2 3 4 5

Fig. 3 Purification of PCMT-II from bovine lens.

Samples from a typical purification were anal-
yzed by polyacrylamide gel electrophoresis in
the presence of sodium dodecylsulfate and the
polypeptide bands were visualized with
Coomassie blue (lane 1-3) and silver (lane 4-
5) stains. Lane M shows molecular weight
markers. Samples included 100,000 Xg super-
natant (lane 1), PCMT fractions from DEAE-
cellulose column (lane2), PCMT fractions
from Sephadex G-100 column (lane 3).
PCMT fractions from Phenyl Sepharose col-
umn (lane 4) and affinity-purified PCMT
(lane5). The position of the PCMT band
(Mr=27,000) is indicated with an arrow at
the right.

— AV FERLTe. UL, FEEITCIKRET Peak I1d (X
5FE 48,000 BT OT, —EBERYERLTWSEE
bt BE PCMT 0=k tEXKEIT, Peak Ila
(UUFHa) 13%®|AA5.8, Peak [Ib (LLFIIb) (X

Table 1 Purification of type II of PCMT from bovine eye lens cortex.

Specific
Step Volume Protein activity Purification Yield
(ml) (mg) (pmol/min/mg) (-fold) (%)
1. 100,000 X g supernatant 50 4,000 1.15 1 100
2. DEAE-cellulose column 50 800 4.7 4 82
chromatography
3. Gel filtration 52 104 27 24 62
4. Phenyl Sepharose 30 0.75 1,600 1,390 28
column chromatography
5. AdoHcy affinity 10 0.02 15,000 13,040 7

column chromatography

a: The polypeptide compositions of these fractions are shown in Figure 3.
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Table 2 Purification of types I and II of PCMT from bovine brain.

Specific
Step Volume Protein activity Purification Yield
(ml) (mg) (pmol/min/mg) (~fold) (%)
1. 100,000 X g 400 1,520 53:1 1 100
supernatant
2. Ammonium sulfate 50 1,073 80.2 1.5 106
precipitation
3. DEAE-cellulose column
chromatography
I 220 81 315.2 6.0 31
11 100 275 95.0 1.8 33
4. AdoHcy affinity
chromatography
1 37 0.61 11,000 165.7 8
I 14 0.26 22,000 331.3 7

a: The polypeptide compositions of these fractions are shown in Figure 4.

Fig. 4 Purification of type I and II enzymes of
PCMT from bovine brain. Samples from a
typical purification were analyzed by polya-
crylamide gel electrophoresis in the presence
of sodium dodecylsulfate and the polypeptide
bands were visualized with Coomassie blue
stain. Lane M shows molecular weight
markers. Samples included 1000,000Xg

, supernatant (lane 1), ammonium sulfate pre-

- -PONT cipitate (lane 2), PCMT-I fraction from

o DEAE- cellulose column (lane 3), PCMT-II

; , fraction from DEAE-cellulose column (lane

201Ky 4), affinity- purified PCMT-I (lane 5) and

: affinity-purified PCMT-II (lane6). The posi-
tion of the PCMT band (Mr=27,000) is in-
dicated with an arrow at the right.

E
=
I}
@®
N s
g -
= ?
3 z
[
[e]
")
Qo
<

Elution volume (ml)
Fig. 5 A: Mono-Q column chromatography of affinity-purified PCMT-II from bovine lens. The affinity-
purified PCMT fraction was dialyzed against buffer E (10 mM Tris*HCI, pH 8.6) and applied on
Mono-Q column (5X50 mm) equipped with FPLC. Proteins were eluted with a linear gradient of
0-1.0 M NaCl in buffer E at flow rate of 2m//h. Four peaks were obtained at apparently 85 mM,
100 mM, 115 mM and 130 mM NaCl, respectively.
B: SDS-polyacrylamide gel electrophoresis of the four peaks separated on Mono-Q column chromato-
graphy. Polypeptide bands were visualized with silver stain. Lane M shows molecular weight
markers. Samples included affiinity-purified PCMT (lane 1), peak Il a (lane2), peak IIb (lane 3),
peak Il ¢ (lane4) and peak IId (lane5).
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STEMN5.6DAE Y b HRLI(Table3). Peak II
dSRTREET, SEAN5.8RUE.6 DODARY
bRt oT, Ha kb XhissBkEEZ bR,
LLEoiER, vokREIIE PCMT BERERBEOR L
Kk ELMNaROC b oS FRIESEHINS
T EDURE L.

wizlla BN b OIIE PCMT 458D A F 1 58x
B %, ovalbumin #FEEEAHE & L CHERHL
7z. Ila, IIb & diz, AdoMet BE S 2 M TIRITET
Fle 35 g8 bh, S opfRo Lineweaver-Burk
Plot 725 AdoMet =53 % Ky A RDZ &, [Ia T
32.2uM, IIbiX1.3uM TH-7(Table3). Vpax
& (pmol/min/mg) 1z, IIa #%20,000, IIb 21,000
Thote. WMOIIE PCMT 0SEA, K ERT Vi

FLIRIER RE

By, Kdhf PCMT IIb 3E# i flC\~7=(Table 3).
DT EE PCMT &0 pH RESFHEIE L2 &L C
2, Ila & Il b Ol pH RFEEDOEEIHEVHDRDL
- (Fig. 6, A). T/ lasipH6.5 L THRKA
DEEETTORSL, IIboiE#XpH 6.0 L ETE
%R L. M PCMT-II 2 pH 6.9 THRAEERTL
(Fig. 6, B), K&fEPCMT-IIb © pH A4 & (288
B E IS - T,

K PCMT-IL a ROV I b @2 FAEEERBER IR
T EBEEOYE O HERE YT -, ovalbumin 2%
T A ESETHET 5 &, PCMT BEEELR
72 @, y-crystallin #% < &5 & O g-crystallin
BEUES L, TOMOFNLNCBEQBEEELIL D
Bt A F A LEBECH o7 (Tabled). LaL, #H

Table 3 Properties of PCMTs from bovine lens and its comparison to type II enzyme of PCMT

Jrom bovine brain.

Isozyme pl value Ko for AdoMet Vimax
(M) (pmol/min/mg)
Lens PCMT IIa 5.7 2.2 20,000
IIb 5.5 1.3 21,000
Brain PCMT 1I 5.4 1.3 22,000
A B
= N + 24
S ) I
'_>E< <
£ Ls £
Z 2
C C
.0 2
P )
© ©
& 0.5 5 14
oy oy
8 o
£ Ib £
T T
i 2
T T T T T T T T T T
6.0 65 7.0 7.5 8.0 6.0 6.5 7.0 7.5 8.0

PH

PH

Fig. 6 pH dependence of ovalbumin methylation by PCMTs from bovine lens (A) and brain (B). Carbox-
ymethylation assay was conducted with 4 4M [methyl-*H] AdoMet (800,000 dpm), 33 mg/m! of oval-
bumin, 60 u/ of enzyme solution and 60 x/ of buffer solutions whose pH values varied from 5.5 to 8.5.
Each point represents mean from triplicate analyses and vertical bar represents S. D.
A: Lens PCMT. PCMT-IIa (o——a) and PCMT-IIb (A——A).

A: Brain PCMT. PCMT-II (0——0).
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Table 4 Substrate specificities of bovine lens PCMTs
Methylation activity Activity relative to
Sibstiate (pmol/min/mg) ovalbumin
PCMT-Ila PCMT-IIb PCMT-IIa PCMT-IIb
Ovalbumin 2,850 2,780 1.00 1.00
a-, y-Crystallin fraction 11,500 10,500 4.04 3.67
B-Crystallin fraction 18,000 16,500 6.32 5.94
Calmodulin 1,175 1,100 0.42 0.40
Fibroin 2,850 2,600 0.74 0.94
Bovine serum albumin 2,325 2,210 0.82 0.80

a: Initial rates were measured under conditions of the standard assay with 0.5 mg/m/ of the indicated

substrate and 2.5 ug/m/ of enzyme.

FEINEEABEDOL TN PCMT O 2 F (LB LD

Brzk, Ro'lla & I1b ofMET, »FA{bFEEI

T HIEMDOFEZE ISR TR 2 E VB L 7.

34 I IKEE PCMT-II HifkIZ & 3 5ET XD
v o KeufE PCMT-I1 izt % = o 2 uMiEIc L 5

western blotting DfER, v > Kéktk PCMT-II #it

67K
43K

30K

20.1K

14.4K

M 1 2 3 4 5

Fig. 7 Immunoblot analysis of PCMTs from human
erythrocytes and bovine brain and lens by the
antiserum raised against bovine lens PCMT-
II. PCMTs isolated from human erythrocyte
and bovine brain and lens were subjected to
SDS-polyacrylamide gel electrophoresis. Pro-
teins in the gel were electrophoretically trans-
ferred to a nitrocellulose sheet. Lane M
shows molecular weight markers. Samples
included human erythrocyte PCMT (lane 1),
bovine lens PCMT-II a (lane 2), bovine lens
PCMT-IIb (lane 3), bovine brain PCMT-I
(lane 4) and bovine brain PCMT-II (lane5).
Lane M was stained with amide black.
Lanes 1-5 were immunostained with the
antiserum against bovine lens PCMT-II. Any
PCMTs were not stained with control mouse
serum (data not shown).

iz BT, 1, e biRifBk PCMT %8 5h etk
L7 (Fig. 7). %7 v > Kafk PCMT-II Huiic &
B R E T C ofifE, v o RO b R
BEAIfR DM E X OHhR & RERET 52 LAEDH
ftz(data R 7e\W). 20 PCMT oI 3
F5EER, 7y PEPCMT fiikxHVTHEbhi
Billigsley and Balaban?® D#f&H & —#3 5. West-
ern blotting DEHR & & TE XL L, MV KK
PCMT-II Hik 3 25 X OBy fE» R e 5 PCMT ioxf
LT, BWRELIEL S, PCMT oEE Lo
Rt 2R X ot
3:5 k& PCMT-11 s RET

34 DFEFR X b % PCMT s Easie h oFER
BB EE 2SN, Kéafk PCMT-1Ia X1l b
L B4 PCMT-II oSz i kinetics R OVR BICE T DZE
HRDIZ EnD, ThEho PCMT s Lo
WEREBE Lc. 3 Mono-Q ik h B I iy
vIKEE PCMT-11a, FO'lIb %, Co¥fr T A%
##E L HPLC T HIERL, ThEXfho7 3 /8
HR x5 HT L= (Table5). ZofER, Kiafkla, II
b7 3 VEEEARIEELDTIL—KLTED, T
PCMT-IIl ©7 3 7 B & DREIC$ BEZE 7z 13380 e
hote. £ PCMT O7 3 7 KW7 3 /BEREIT = vy
7¥RTRY, BERETH -7 KR\ T, lysylen-
dopeptidase % f#1= X % peptide mapping X O b
Fe_TF VR D7 3 2 BESIOSW T - 7. Kk
£ PCMT-I1a X 0*'1Ib & B PCMT-II © lysylen-
dopeptidase 7 f#t%icfg bhic~7F Vit - o HPLC i@
X <& — v Fig. 8 IR (R7F FETA 3K
fufk PCMT-11 a DB HIEF IR > THES ZEL L.
Kiafk PCMT-11a, IIb RO PCMT-II <75 ¥
Wi DBEH A2 — v REDLDTHEULTE D, To=
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Table 5 Amino acid composition of PCMTs from
bovine lens and its comparison to type II
enzyme of PCMT from bovine brain.

Molar ratio(%)

aAgémo Bovine lens PCMT Bovine brain PCMT
Ia IIb It
Asx 12.0 10.6 11.0
Thr 2.9 3.0 3.1
Ser 7.8 8.8 7.6
Glx 11.0 10.6 10.0
Pro 5.0 5.1 5.2
Gly 12.7 13.7 12.1
Ala 7.7 8.7 9.4
Val 7.1 6.2 7.0
Met 0.6 2.6 1.2
Ile 5.8 4.7 5.3
Leu 10.0 8.8 9.5
Tyr 2.6 3.1 3.0
Phe 2.3 2.2 2.5
Lys 7.0 5.6 6.6
His 1.9 2.7 2.9
Arg 3.6 3.6 3.6

ERC R 28BS LoOBELIMEE RBE Rl K
K PCMT-lla D7+ N=v v itk Bohi-g
X7F VT O7 3 7 KA GD7 3 7 BESIOMR
ViR %, RRBE SR TS Y o PCMT-1'9 o—
WHEER Oy v B0 b #kIf1B PCMT-II D+ V.7
MEBHBDO<=TF VU 07 3/ BEF|'® & BB L
7= (Fig.-9). ZofER, M L1EB7: 1547 3 VBBRE
h, FIETE1IRBET, voMPCMT-1:E%57 3
CEBEREGIETHY, HEEIRIG.A%THT. ¥
PREk PCM T & IR LIS T7 ¢ VR
U EF, WThrBRERETH 7 TEEYDOF
T, T RS —FK LT

4 & =

PCMT @ZHAEZT, v 730, »30 5., 130 ¢
FRIMER, 181632 5 (39 R, v o gRESY, S
MEEND, U oK X0 SRR IRTVS. B
MERE I VEBEHMTETOEREWIIL SN, TFEWY
25,000-30,000 €/ =—7, pl#4.5-6.5, AdoMet
o5 Ky 23 1-2 uM EHE S RT3, e bRE
B 2 FRMER®, 7 B 5513, DEAE-cellulose
BT a~EE LRI HESRE (PCMT-D sHRETS
NAEESR (PCMT-ID RGBS h T 5. KFIEDH

i FLIREEEE
9 14 15
O.1A I
lens PCMT
Ia
1
T
E
Lf:) 14
4
o 15 lens PCMT
o 78
5 10 Ib
9 o 16
% 1 23 ~
Qo
C
Q
0
Nel
< 4
brain PCMT
I

Retention time (min)

Fig. 8 High-performance liquid chromatographic
separation of lysylendopeptidase digests of
PCMT-IIa and IIb from bovine lens.
Purified PCMTs were digested with ‘lysylen-
dopeptidase and the fragments separated by
reverse-phase C;s column (4.6X250 mm), and
eluted with a linear gradient of 5-95%
acetonitrile in 0.19% trifluoroacetic acid at
flow rate of 1m//min. The peptides were
detected with an absorbance at 215 nm.
Peaks are numbered in order of their elution.

By o K PCMT-1 134 72 <, Ko p
PCMT-II € Bt ¥ 7 ¥ v B¢ PCMT-1 %
PCMT-II © 2.3 f&Ch -tz FETERREGRIE T
BEN, BEHGTRIEANETHID LTS,
SO BRI IR IMOSHITRLDE L
BELRITWS. Zhb D isozyme DEE SIIPCMT-
I13pl#96.5-6.0, PCMT-II 1345 5.7-5.0 TH LT
HBichp, WmE OB kinetics R OB SR ICE
BB IRV E Wb TR D HE D isozyme D
Btk & OEBRES M OBV OEZIITETH S, K
mgecy o ARBAEROM L b S LI PCMT
% SDS-PAGE L, 4 FE%27,000 THbo, AdoMet
x5 K 349 1-2 oM EELL T, LasL, 2
FAEEBEEOEE pH 13, K& PCMT-1a 23
¥ pH 6.5 fF¥r, PCMT-IIb 73 pH 6 LI T TB S mic
Bt EXREHEIRS. KBGO -5 TEERI
HaThy, BPCMT-IickF3EREEO pH KE
eI —HL T 5. KEBINEBEZOBN TR
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1 4 %

BB~1 AWKSGGASHSEL IHNLRKNG| IKTDKVFEVMLATDRSHYAKCINPYMDSPQS | GFQAT | SAPHMHAYALELL FDQLNEGAK
BE-I SHY AKIAINP YMD~PQ—-—GF QAT | SAP

HE-1T SHYAK

BL-Ia SGGASHSEL |HNLRKNGI 1K  VFEVMLATDRSHYAKANPYMDSPQS I GFQAT | SAP
je——P-5——jeP-3> | P-9 > P-17 >|

12 160

BB~ ALDVGSGSGILTACFARMVGPSGKVIGIDHIKELVDDS[TINNVRKDDPMLLSSGRVQLYVGDGRMGYAAEAPYDA | HVGAA

BE-I ALDVGSG-~ILTA VIGI-HI-ELVDDS|I|NNVRKDDPMLL——-G-VQLVVGDGRMGYAAEAPYDA | HVGAA

HE-I ALDVGSGS—ILTA VIGID-1 ELVDDSVNNVRKDDATILLSSGRVALYVGDGRMGYAEEAPYDA | HVGAA

Fig. 9

BL-Ia ALDVGSGSGILTAQFARMVG VIG!DHIKELVDDS|I/NNVRKDDPMLLSS~RVQLVVGD

fe P-16 >| le—P—6—>} P-15 >
20
BB-1 APVVPQALIDQLKPGGRLILPVGPAGGNQMLEQYDKLQDGSVIKMKPLMGY I YVPLTDKEKQWSRWK
BE-I APVVPOALIDQLWPGGRLILPVGPAGGNQMLEQYDKLQDG-V| MKPLMGY [ YVPLTDKEK
HE-I APVVPQA LILPVGPAGGNOMLEQYDKLQDGS|I| MKPLMGV I YVPLTDKE
BL-Ia PGGRLILPVGPAGG LODGSVKMKPLMGY I YVPLTDK QWS RWK
je——rP-14— le P14 P-1 | P83

Amino acid sequences of peptide fragments obtained by lysylendopeptidase digestion of bovine lens
PCMT-II a and its comparison to those of PCMT-I from bovine brain, and PCMT-II from bovine and
human erythrocytes. The arrow indicates identified amino acid sequence of peptide fragments obtained

by lysylendopeptidase digestion of bovine lens PCMT-II a.

A hyphen indicates unidentified residue.

Differences between the isoenzyme, human and bovine forms are indicated by a square.

BB-1 bovine brain PCMT-I

BE-II : bovine erythrocyte PCMT-II
HE-II : human erythrocyte PCMT-II
BL-1la: bovine lens PCMT-II a

W PCMT-IIb 12, EHOER pH pMEONEEEE L
BB Enb, RERIeSMET, 0% hEEE
e I=RRCAERT 5 02 b dhuino,

BAEE eI hie PCMT ki@ L T\ 30k
HEOBCTEHEECEITHSLY. APFRITE
Td, Vv KEEPCMT-Ila X X1lb ik, oval
bumin, bovine serum albumin, calmodulin, fibroin,
crystallin % 2 #A{LHEBE L L, MERSFEOMIKKA
E TG OB e o e, ZoHC, BRI crystallin
X ovalbumin {2 bR 4-6 5% A FAALERIT B Z LM
EH &M%, Crystallin T4 @-crystallin ¢17 &<
7 X UBEENS L, IS o7 3 2 baET T
5 &M RO TRNE LI D-7 A5 FVER
BN L |EY ST B, Crystallin 232 71
LEZTHNZ L, ChoDBREEBEFRTIRR
ERBbhB.

&, VB PCMT © cDNA 7 v —vpi3EE X,
—REEIRE I, —F, ERHEZEOFE %
AWTPCMT-10&7 : 7 BEFIHFHREZhE®, L
2L, voKdaEs b PCMT BE8L0IME 115 5 53,
Z @ isozyme R OB L O\ T OB LA E 287

THhbH. HLv o RKeGE PCMT-II Hifkil, BHEREOE
WEHNK RIS PCMT o8 U TRV RS ERD D
ThZho PCMT Hic#E LoBRE TR S hie,
EE, KA PCMT-Ila B IIb & X PCMT-II ©
73 /BEREELD CELUL TE Y, Fi:lysylen-
dopeptidase S fED <7+ VEEDRFF F=v v
X< —HL Tk bbb, WMIE PCMT ofE
EOKBEAEIE PCMT O3 T RO ECERE
Zig L Bbhic. 2w, lysylendopeptidase 5-##
BEBOIETF IR O 7 1 2 BES| %2551
% &, Henzel et al'® BEL Y o PCMT-1 0
&7 3 /BB, RUGilbert ef al'® HEE LTcy
REoe riRfER PCMT-II 0457 3 /BRI L, ABF
RTY o KEEPCMT- 1 a i 687% 16 D75 F
737 BESNIFE & — L. L EogRiy, PCMT
D—REEIEMER CESRE OBV R 2 THRER
NTWBZERRTEELZBLRS,

AR isi) 5 PCMT #& @ B LM S 51t d
WoT, SBEORL-K I BROCIED isozyme 7
FETBHZ LI, BREAEOLEEHIC L 5 WEER
WRBER S, Gilbert ef al.'® 1%, FrMmmEk PCMT o
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ITRENBERT5#81.0 DETEEADEVE, WED
73 )EBEEFOENEE A LEBBRBALERELT
W%, Aswad and Deight'® X% I1E PCMT % phos-
phoprotein phosphatase AUEE L7c2y, 1 BICiIZE#RL
ootz vy, AP CIRTDTRINITE PCMT
OO0 FHEILa, IIbd, BELLFAILIDEE
ik > CTEBARVBREOEEEOEVIERT S
LBbhA.

KEEERORBEEDEVEAEDOT A7 ¥ VR
BEMNTx i {icl > CD-Asp KEHL, s L b
CERTDLZ EXRE IR TR, B ORMmBRED 7
Lzt D-Asp DRI . —T], EBHEFOT
AASEVEEORT I ¥, e L b ETTS
CEAVRERTLEM, IR EEAORET, £
EOESTDOT AATEF VRS HVIET AT F VR
HirBMENERT S, PCMT R na@EL, %
D B-HNEFAEY 2 FAMT B, AR LI AR
FoAFAALT I VBRI 2 —ATHHL, L-8
7 BBECRSLEELORTVS. BE, WA
WoMaE e EET 5 PCMT x5, 0%
BEOEOBEEE TH A S & Clarke ZRBL TV
51, PCMT 35 £ LT 5D T« DB
FaEEcERTEENE, PCMT KI2ERE
HEOBEIEEINTWHEEDOEREELELZLR
5.

B, rasEHAEO C KB AT 4 vEBEDT7 7 LF
b b RF AR AFANTES 5 —
>0 PCMT o FEENRE S he®. 2o PCMT 1,
MRS PCMT &3 ESES LN RS, £
LD A—TER, rasEABERUTL GTPBEE
HECHD FSVAFa—v VD y-¥ 722y b CK
WD AT AVEEN, Tradonfhblbiman
Ao AFALERTHBHZERZRBLEY., ZOo7 7
xR AR 5V AT 2 — v VEBREORBUTNAT
BHBHH, HARFyAF AL o T OEM TR
ERTWB T ERRL, 80 PCMT OBBEOEEM
PEBELTW5,

5 #& ]

IS IoPE » TE BBz D-Asp K O L-Isoasp &
NEET L LA T BKEEND, D-Asp X
U L-Isoasp B % L-Asp R T2 8E*HoZ &
AHEEINTV-5EE, PCMT ZEEL, ToMEY
B L.

1. K& 100,000xg L& a5, DEAE-

FLBRER 58

cellulose, Sephadex G-100, Phenyl Sepharose,
AdoMet U #V F & LT 74 =74 # 5 ADOMEE
Bz ~C, SDS-PAGE k478 27,000 OBE— v F
#73 PCMT-1I #4558 L. DEAE-cellulose i &
L7\ PCMT-T 3K EETRIEF e i o 1e.

9. Stk PCMT-II 12 Mono-Q » 5 A CHEDR
fenmone—2z, 1la, IIb, Illc, NdicpBEL 1T
a, IIbo&EA115.8 R1'5.6, IIdiklla & IIba
S b EBERTH-7. Ila & IIb OFET AdoMet i
515 Kn, Vi ROEBHACETORVED LR
fods, AFAREBIESOEME pH BIEFCRLY, I
atipH6.5 3, b6 T Th-T.

3. K&k PCMT-Ta, I1bRCHEEEEE KT
LBRME DB, T L DKo EELSE
T& 5% crystallin ~® AdoMet 75D » FAEEB &
38 < R L 7.

4. vk PCMT-II #ifkiy, v hFRIMBR, B
ROy oK SR, B PCMT 1ok U TRV RER
L.

5. Kéufk PCMTIla, IIb RO PCMT-II © 7
3/ BEREMLTE D, F 7 lysylendopeptidase
SHBEELRLRTF VRO~ y v /b X< —
HKLt0T, ZO=ZEOEEL D THRAE R
WwEEZ bR

6. v K&k PCMT-II a @ lysylendopeptidase
SR~ PEADT 3 BEFIE, MseE o®mE
Lo o6 PCMT-I, v oariilk PCMT-II ZO°e t
FRMER PCMT-Il 07 : 2 BRELS| & Fh & —F L 72D,
PCMT o#& i BmRER CESEE OB VR L TRIF
XRhTWBEE L ORI, PCMT-Ila & IIbi, 5
OLFEBHIC X » TEBAROBROHEEOE
PRETHEELLND.

B
AREREIT5Chic b, MIEEES ¥ LARZEL
B | BT S BT e A B B R E A
B—HBrE{ RS LET. ¥, EAERE
HERWIRE X E L ARREES 1 BEOH#ELET
B L %3, AP o—Eiz, bEEEERETRR
BEDOHPREIC Y » Tirbhi. AREOEFIZE 61
B HAEbFESKEGEE, 198D B WTHERL .
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