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Studies on Characterization of Protein carboxyl
Methyltransferase for Different y-subunits
of Brain GTP-binding Protein.

Hideki HasamMOTO and Hitoshi SOHMA
First Department of Biochemistry,
Sapporo Medical University School of Medicine
(Chief : Prof. T. AKINO)

ABSTRACT The heterotrimeric GTP-binding proteins (G-proteins) consist of the e, 8 and 7
subunits, which exist physiologically in the two functional units of « and By. Recent observations
have revealed that the COOH-terminal cysteine residue of y-subunit (Gy) is posttranslationally iso-
prenylated with thioether-linkage and carboxyl methylated. We have previously demonstrated that
the By subunits of bovine brain G-protein (Gi/o) could be separated into two subspecies, 87-1 and
Br-II. Both of them possess identical 3-subunits but structurally different y-subunits, y-I and 7-1L

In the present study, we investigated the carboxyl methylation of Gy in rat brain microsome
fraction, i. e., we investigated the final step of the posttranslational modification of Gy. Gy-carbox-
yl methyltransferase was characterized and its physiological significance was studied using B7-I and
B7-1I as substrates. Both -1 and 7-II were carboxyl methylated during incubation with rat brain
microsome fraction and S-adenosyl-[*H]-L-methionine. The maximum amount of the [*H] methyl
incorporated into both G¥s was about 0.1 mol/mol. A kinetic study revealed that the Km for By-1
was five times that of 8y-II, while the Vmax for 87-II was twice that of 87-1. This fact indicates
that B7-II is a more appropriate substrate than B7-I for Gy-carboxyl methyltransferase. Radio-
active Gy was detected only in the pellet fraction after centrifugation of the reaction mixture,
although the Gy band was found in both supernatant and pellet fractions under silver staining. The
carboxyl methylation of Gy was not affected by the presence of different amounts of a-subunit. The
carboxyl methyltransferase was solubilized from rat brain microsomes by the treatment with various
detergents; enzyme activity was found only in the supernatant solubilized with Tween 20 among the
detergents examined. (Received January 11, 1994 and accepted January 24, 1994)
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Abbreviations

MOPS : 3-(N-morpholino) propanesulfonic SAM : S-adenosyl-L-methionine
acid SAH : S-adenosyl-L-homocysteine

TCA : trichloroacetic acid DTT : dithiothreitol

CHAPS : 3-[(3-Cholamidopropyl) -dimethylam- SDS-PAGE : sodium dodesyl sulfate polyacrylamide
monio]-1-propane sulfonate gel electrophoresis

TFA : trifluoroacetic acid PMSF : phenylmethanesulfony! fluoride
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Preparation of bovine brain Gi/o and separation of gy-subunits

Solubilization of bovine brain membranes

80,000g x 1h

Sup
DEAE-Toyopearl 650M column chromatography

Gel filtration with AcA34
Octyl-Sepharose column chromatography (Gi/o)
Octyl-Sepharose column chromatography in the presence of AlF,™ (By)

DEAE-Sephacel column chromatography (purification of fy)

Fig. 1 Purification step of @y-subunits of G-protein
(Gi/o) from bovine brain.
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EREEAE(FRER0.155 0.05 M Z1TT0.3 55
1.2%) THHL.

2:2 S FHOMIEASTE

Sprague-Dawley BH 7 » + (fAE 200-250 g) DK
RETFR— VRROFETHE L. vy FM30gic
50m!{ @ buffer H 20mM Tris, pH7.5, 0.1 M
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Fig. 2 Purification of the By-subunits from Gi/o.

A : After dialysis against Buffer G, the Gi/o mixture was loaded onto an Octyl-Sepharose column (2X30
cm) equilibrated with Buffer G. The column was washed with Buffer G, and the elution was then per-
formed with linear concentration gradients of both NaCl and cholic acid from 0.1 to 0.05M and from
0.3 to 1.2%, respectively. The elution profile with the linear concentration gradients is shown. Two
solid bars (By-I and By-ID indicate the pooled fraction numbers.

B: The By-1 and By-II were dialyzed against Buffer J and loaded onto a DEAE-Sephacel column (2X7
cm) equilibrated with Buffer J. After the column was washed with Buffer J, elution was performed
with a linear NaCl gradient from 0.02 to 0.2 M.

A (kDa) ' 5 15 406074 849096102128

94 — . . L

67— d

43— .
e ﬁ

30—

20 —

14 —
- v-]
- y-II

S 12 16 20 23 25 27 30 33
B r |

B

Fig. 3 SDS-PAGE patterns of the fractions in Fig 2.
A : SDS-PAGE pattern of the fractions of the Octyl-Sepharose (Fig.2A).
B: SDS-PAGE pattern of the fractions of the DEAE-Sephacel (Fig.2B).
The numbers shown on the top of the gel indicate fraction numbers. Lane S shows a starting material.

Lane M shows molecular weight standards.
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J 20mM Bk » ) v 4, pH7.4, 20mM NaCl, 10
mM CHAPS, 1mM EDTA, 1mM DTT) &xtL T
W%, buffer ] CF#{L L7 DEAE 7 7 £ h 5
ARE IR T A EEOK 3 EOREER TS
7 2%, NaCl BREESEL(20-200 mM) T By
FTa=y P ERER L. COBRECI ) Ry
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7 ACHE I NTIREVWER R, By 7 ==y Mk
NaCl BE# 0.1 M THH & hc(Figs. 2B, 3). Figs.
2B, 312X By-ll ofERER L By-1IconTHED
NERBEOBRITRL T, TALDER Y 2 F
MEDEB E LT T OEBREH .
3:2 Gy AFIVEEBEROMENETE

v MéAEDF— b X O GEELL IV KES %,
[*H] SAM, GBy-1& & b iz 1 v Fa~—1 14,
SDS-PAGE #1757z, ZDA =+ 52427 5 A0k
£% Fig. 4 iw=3. [PH]-SAM o [*H]-» 5 vicl¥k
T HHEHEE X ST Gy KRD bR, FOMiciis
HE stz 20 Gy ~D 2 F A idiES I (2
7wy —AHS) TR% L, ROTHEHS T ICRDH
nic. ZoER, DUBOERTIIGy A FLEEBER
DR EHZE S T 2 e,
3:3 Gy AFIEEBEREHAEENER

DGRy, Tibb By-l, Byl x&HEHL LT,
Sy s zry—a (@S ID X5 [*H] SAM
HH D A FAALIEEERE L.

By 1B By- Il #FEEE L THCWIESA, BKR
k& SDS-7 A iETE bt 2 FAALEROMEIRL K —

Fraction [ | 1} |

GB -

Gy»

Fig. 4 Autoradiogram of Gy labeled with S-
adenosyl-[*H]-L-methyonine in the presence
of brain subfractions (I to IV, Materials and
Methods) separated from rat brain
homogenate. Methylation reaction for Gy
was performed in a solution containing 0.1 M
MOPS, pH 7.0, ImM EDTA, 0.1M Na(Cl, 5
#M By-1, and 0.5mg/m/ each fraction (I,
nuclear fraction; II, mitochondrial fraction ;
III, microsomal fraction; IV, cytosol frac-
tion) for 2 hours at 30C. After the incuba-
tion, aliquots (20 u/) were subjected to SDS-
PAGE and autoradiogram was performed.
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Fig. 5 Comparison of the two assay methods i. e, filter paper and SDS-gel methods, for the methylation of By-

subunits.

At indicated times, 15-90 4/ aliquots from the incubation mixtures were spotted onto filter

paper discs, and then the reaction was terminated with 109§ TCA, or with 29§ SDS solution. Enzymatic
activity was determined by using the filter paper method (expressed as circles) or the SDS-gel method

(expressed as bars) as described under “ Materials and Methods ”.

The [*H] methyl-incorporations

into By-1 (open circle or open bar) and gy-1I (closed circle or closed bar) are shown.

H L7 (Fig.5). TihbbEfEcEbhiEl, Gy
PAOEEBE~D A F 1 LEEET, Gy D2FLE
BREAZAIELTWSZ EpVRE. FH] A #1%
DOER DAL, By-1l #FE & LIBED y- 1 2 HE
LLEBE IV ERRETH -7y, KGR 16 B
THEOMEIBEACEL, BIER—ORAELRL,
D Gy * FAALDTAMEL 0.1 mol/mol LEEIH
7o,
344 Gy A FIEERBEROIERRIRET
Gy 1 £72131ID20 uM DFy, EHRETHEI R
Gy ~® [*H] 2 5 A ZEOB D iAK&Z 30 4% THEERE
TH-Tx(Fig. 6A). R\ T« DEED By-1, py-1I
B\ CRIGEEE 30 5T 2 5 AL R RIE Licks
B, Fig. 6BioRd. *OBERILEY (pmol/mg/
min) ¥, Gy PR HEE I L - THLLRENED
B, By-II ~DiEER By-1 X b L EETH- 1.
HEE 2 M ISk 5 20, By-1T0.95 pmol/
mg/min TH 5 D s L, fy-1I T 2.9 pmol/mg/
min ¢, By-1~DxFAALDH 3 BOEETH-7.
FemEHE e v b (Fig. 6C) 2bRDIC I v =) RE
B Km i, Byl Byl LCH+hZEh, 2.8uM

0.55 uM, &% KHEE Vmax ¥, % # £ 2 1.6pmol/
mg/min, 3.6 pmol/mg/min THotz. L-TZD Gy
AFNIEBEERICE T By-11ik By-1 LD Bu i
BrehrrEzbhi.

35 AFIL G By DIRBEEHEDIRE

BRI T, FoRIGK% 100,000 xg, 1 K
wmHL, TO EEBECEGRZELREESM RS L)
wing, ¥-hECI8SMEREEBERY ML CEMEL
HPLC-C8 5 22X Bz v~ 75 7 4 —%17F
Te ot (Fig. 1. Byl EBEOHA, 100,000 xg =l
BOWEY S IES 33 KHEEEO Y — 7 3358 bh
7oy, F o BE TN T A ES ICHATEE R 2
Nichvo 7o (Fig. TA). By-I1 23&EB B4, 100,000
xg SEOIHE CRE S 33 DB 36 DY — 7 piFED
bhicny, LEOBSEEIREASREIRD-
72 (Fig. 7B). R\~T, By-1 BEBEOBE OES 33 %
AR RS, RE/SDS-PAGE %#177s» 7. itz
X5 Gy OV FIIIRETEHTH 1225, EETHH
LA D LRI, Ll, A—1+50427 574 —
TEILED Gy KHEVGEEEEI RS bR, LED
Gy IS EME SR X hicds » 72 (Fig. 710). = 0k
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Fig. 6 Measurement of the Km and Vmax values of
the Gy-carboxyl methyltransferase for
different By-subunits of bovine brain Gi/o.
A: Time course of [*H] methyl-incorpora-
tion into the By-I or pBy-II. B: Specific
activities for the methylation reaction of the
By-subunits are plotted against varied concen-
trations of Gy-subunits. C: Double recipro-
cal plots of B.

By, it Gy 2 F k&8 i GBy B & T
BT EERLTVWA.

3:6 Gy XFIAEAD Ga DFEE
HHEEO=EBAGEHAB IS v AT a—v v (T)
BT, Ty & Te OEEOHEFR Fukada ef
Al Il S5 TREBIN TS, E£ELP IMO=E

GEOE Byl By llionTd, FFVAFa—v

HAKF L A F N EGEBERCET 55 265

VERUL, Gy & Ga 0EEOHEFROFELYRE
L. Bic gy-1, gy-1Iix, ¢33 Ga LD=ZERAW
RIZED\NC E TR TEEXB 5. £hT
AFRTIE Gy D 2 F LTS Ga DEBITOWT
BHLEFig.8). Sy I1bsnik gyl 2&BEE L
B, A TRCO Ga BRI B Gy A F1{biERD
FrRbhieh i, ZORKRE, Gy ~o 2711k
i1, BB LBy “EBAETL afy ZEATHIEIRL,
HiZGy DBV L - THEAShENE ERRLTS
3.
37 Gy AFLEEBEREOMK 20/ —Lh 500
Bt

B:7z7ey—2BSCREEER (-1,
CHAPS, Tween20, Triton X-100) H#EE 1.5%
whng, By-I1~o [PH] SAM 75D £ F Ak i #a
L. 2 RfRGt, UG D SDS-PAGE #o
F—FFOF T 7 4 —TAFAALER R U (Fig.
IA). TRNCOREERFIEAE T T Gy ~DBEHEED
B AZIIFED by, REEEFIE #2271 LE
MEBELE 25 EBHB L RWT, Bz e
v — s R A TG A C AR 100,000 xg H.00%
fTigvs, o EEORBEEGFIBE 2T RCETE
Lotk Gy 2 FrbiExREL 2. £ DRRER,
Tween 20 THRHALE, “OREEERFAEBELCEE
ZAGEER, Gy ~0[PH] 2 F L O D IAZSTRD S
hi- (Fig. 9B).

4 # =

EE L0 134T, GEABy Y ==y} D
heterogeneity IZ>\WTEABE VA THREL, 47
2=y PAE—T, yH T2y FORRLTED Gy,
Tichb gy-1& py-loFELXRLE. v, vy IO
— BRI SR TR D, N EW 47 BEOH
B SIBTH 2. CDy ¥ T=2=v bDERS
—EO Gy 0HEBNERLYES BT, £E5P 1
GTPyS D& R O ADP- Y K o Lo LB e % 17
TR TERD, REFFECIE Gy OB BAIORER B
Thb Gy 2 FAEEBERITOWCOBRFE T
ot

Gy ik =— 135 cDNA 25, C Fumic CXXX
DIBEF-7(C, vAT4Y, X, EEOT /B
#HL, Fig 10 R+ BRc L > CEREEH*Z
% EDETH B NCE N, geranylgeranyl trans-
ferase (351 bV ACHEAET 22D 23, Clarke et al.®?
AR~ 7F P REE L L, carboxylmethyl transfer-
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Localization of newly-methylated Sy-subunits
of Gi/o in rat brain homogenate. Methyla-
tion of By-1 (A) or By-II (B) was perfor-
med as described under “ Materials and
Methods ”. After incubation at 30C for 2
hours, the reaction mixture was centrifuged
at 100,000 x g for 30 min. The surpernatant
or the pellet was dissolved with solid urea
and in 8 M urea, respectively, and then
loaded onto an HPLC C; reverse phase col-
umn. After washing with 0.19% TFA and
1096 acetonitrile, an elution was performed
with the linear concentration gradient of
acetonitrile from 10 to 50% over 40 min at a
flow rate of 1 m//min. One m! fraction was
collected and 0.1 m/ from each fraction was
withdrawn for the measurement of radioactiv-
ity. Elution profiles of the radioactivity in
the 100,000 x g pellet and supernatant from
the reaction mixture are shown, O or[],
pelet ; @ or M, supernatant. In the case of
By-1, the peak fraction from the pellet (frac-
tion number 33) and the corresponding frac-
tion from the supernatant were subjected to
urea/SDS-PAGE. After electrophoresis, sil-
ver staining and autoradiogram (ARG) were
carried out (C).
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Fig. 8 Effect of a-subunit concentrations on the
methylation of By-subunits. The rate of
[*H] methyl-incorporation of By-I (O) into
By-11 (@) was determined in the presence of
various concentrations of Gia as described
under “ Materials and Methods .
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Fig. 9 Solubilization of Gy-carboxyl methyltransferase from rat microsomeal fractions.
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A: Rat brain mi-
crosomes were solubilized with Cholate, CHAPS, Tween 20, or Triton X-100, and the [*H] methyl-
incorporation into y-I in the presence of detergents were detected by autoradiography as described under
“Materials and Methods ”.: lane 1, solubilized by Cholate ; lane 2, CHAPS; lane 3, Tween 20 ; lane 4,
Triton X-100; lane 5, untreated membranes. B: The microsomal fractions were centrifuged after being
solubilized with detergents and the supernatants were used as the enzyme sources after the detergents
were removed as possible. Methylation reactions were done for 2 hours, and then the reactions were
terminated with 29 SDS solution. [*H] methyl-incorporations were detected by autoradiography after
SDS-PAGE: lane 1, solubilized by Cholate ; lane 2, CHAPS; lane 3, Tween 20; lane 4, Triton X-100;

lane 5, untreated membranes.
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Fig. 10 Posttranslational modification process of Gy.
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