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Abstract—It was reported that protein carboxymethylation is involved in amylase secretion of
parotid gland by isoproterenol. It was also suggested that a small part of the total cellular protein
carboxymethylation is directly involved in pancreatic enzyme secretion. On the contrary, other
authors reported that there is no relationship between protein carboxymethylation and secretion
in pancreas and parotid gland. In recent study, it was proposed that a methyl acceptor protein
plays a limited modulatory role in the coupling of cytosolic Ca*" accumulation and exocytosis.
In this study, the effects of cholinergic and adrenergic agents on the activities of protein methylase
Il in pancreatic tissues were examined to test the relationship between protein methylation and
pancreatic secretion. The results are as follows. The activity of amylase was slightly increased
at the concentration of 10 ° M of isoproterenol and norepinephrine. The activities of protein methy-
lase I and II were decreased by isoproterenol and norepinephrine, but the activities of protein
methylase Il were hardly changed. The cholinergic stimulants acetylcholine and carbachol at
a concentration of 10°° M increased the activities of protein methylase I and decreased the activitiy
of protein methylase III compared with control.

Keywords [] protein methylase, isoproterenol, norepinephrine, propranolol, acetylcholine, carbachol,
atropine.
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Fig. 1—Effect of adrenergic agents on the medium
amylase released by the pancreatic tissue of

repinephrine, ---[1-+- propranolol + isopro. propranolol 2 A *]2]8}1 isoproterenol® X3}

TableI—Effect of adrenergic agents on the activities of protein methylase I in the pancreatic tissue of mouse

Incubation Protein methylase I(pmoles SAM/min/mg)
time control isoproterenol(10"*M)  norepinephrine(10~*M)  propranolol + isopro.(10~° M)
0 min 1.29+ 0.09 1.23+ 0.08 1.01+ 0.07 117+ 0.10
60 min 1.17+ 0.10 0.93+ 0.07* 0.89+ 0.06* 0.97+ 0.07
120 min 141+ 0.11 0.82% 0.05** 1.02+ 0.09 1.04+ 0.09

*p<0.01 **p<0.001 n=5 protein methylase activity(mean+ S.E.)

TableII —Effect of adrenergic agents on the activities of protein methylase II in the pancreatic tissue of mouse

Incubation Protein methylase II(pmoles SAM/min/mg)
time control isoproterenol(10 * M)  norepinephrine(10 °M)  propranolol+ isopro.(10~° M)
0 min 1.80+ 0.09 1.74+ 0.07 146+ 0.07 1.66+0.11
60 min 1.98+0.12 1.77+0.09 1.39+ 0.06* 1.67%:0.07
120 min 1.79+ 0.11 1.71+0.08 142+ 0.09* 1.80+ 0.09

*p<0.01 **p<0.001 n=5 protein methylase activity(meant SE.)

Table Il —Effect of adrenergic agents on the activities of protein methylase III in the pancreatic tissue of mouse

Incubation Protein methylase III{pmoles SAM/min/mg)
time control isoproterenol(10°M)  norepinephrine(10"M)  propranolol+isopro.(10~° M)
0 min 0.541 0.04 0.45% 0.03 0.30+ 0.02 0.34+0.04
60 min 0.40% 0.02 0.40+ 0.02 0.35%+ 0.01 0.56% 0.07
120 min 0.36% 0.05 0.39% 0.01 0.36+ 0.03 0.38+0.05

*p<0.01 **p<0.001 n=5 protein methylase activity(meant S.E.)
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TableIV—Effect of cholinergic agents on the activities of protein methylase I in the pancreatic tissue of mouse

Incubation Protein methylase I(pmoles SAM/min/mg)
time control acetylcholine(107° M) carbachol(107° M) atropine + ach.(107° M)
0 min 1.37+0.09 0.96* 0.08 1.27+0.08 148+ 0.10
30 min 1.32+ 0.10 1.20+ 0.07 1.58+ 0.06* 0.83+0.07
90 min 1.156+ 0.11 1.05+ 0.05 1.83+ 0.09** 1.14+ 0.09

*p<0.01 **p<0.001 n=5 protein methylase activity(meant S.E.)

TableV—Effect of cholinergic agents on the activities of protein methylase II in the pancreatic tissue of mouse

Incubation Protein methylase Il(pmoles SAM/min/mg)
time control acetylcholine(10~° M) carbachol(10 > M) atropine +ach.(107° M)
0 min 1.59+ 0.09 1.57+0.08 1.63+ 0.08 1.86+ 0.12
30 min 145+ 0.10 1.55+ 0.08 1.69+ 0.06 1.20+ 0.08

90 min 145+ 0.11 1.31+0.05 1.72+ 0.07 1.74+ 0.09
*p<0.01 **p<0.001 n=5 protein methylase activity(meant SE.) :

Table VI—Effect of cholinergic agents on the activities of protein methylase III in the pancreatic tissue of mouse

Incubation Protein methylase Ill(pmoles SAM/min/mg)
time control acetylcholine(107° M) carbachol(10~% M) atropine +ach.(107° M)
0 min 0.88+ 0.05 0.91+0.03 0.83+ 0.07 0.71+£0.05
30 min 0.86+ 0.09 0.74% 0.03* 0.62+ 0.06 0.56+ 0.04
90 min 0.98+ 0.11 042+ 0.01** 0.29+ 0.01** 0.894 0.07

*p<0.01 **p<0.001 n=5 protein methylase activity(mean=* S.E.)

J. Pharm. Soc. Korea



4F #x=AW Protein Methylaseo] g A}-gAl Ao oisf 345

line(10"°M), carbachol(10 °M) Foi= 2]z
protein methylase Il &A% wH3l= Table VIl
By upe} 3ro] A|7kel el whe} acetylcholine®}t
carbachol FojfollA &3] 3}A3}%ly, atropine

Fol2 gadaryt abgkE o
o

protein carboxymethylation®] posterior pituitary
gland, adrenal medulla, parotid gland 52| endoc-
rine?} exocrine glandoll 4] exocytotic secretion®l]
Z23% o9gg vk B ax o) protein carboxy-
methylation®] stimulus-secretion el o R 9
& E=3to] 9)o]hr} B2 ofr] =F-ol A protein car-
boxymethylation®] exocytosisel]l ##1¥+= calmodu-
lin®] Fx4 Wae| Hoigho 24 secretions A
32 Uk LFE A B i insuling] f-2] A
% calmodulin®} B-cellef+] Ca'*-dependent stimu-
lus-secretionel] F23F H¥-g gehs Ravl
t}3 ey} protein carboxylmethyltransferase”}
calmoduling methylation A]7}1%] %3 ©& pro-
teind methylation & 4 Sl& 7F5AS 4A1s] W)
A g A& ok Lee 52 HELFME dode=
cholinergic agents<l acetylcholine, carbachol, 28] 3
cck-pzo 2 HAE2A-E 23 F protein methylase
L II, 1II % amylase ¥¥]E 73 4% ¥} amylase ¥
u]& 23 protein methylase I, 119} 84 % #3}5
Fasls #HYEule}l protein methylation &4z
Al #AE ok BIasck® oleh zbo)
o}z % el = o)Bu)2l protein methylation7}2]
AA[A L A Ee] lA

ooz B AAdexes Az AdH &
A 7AA 52 7}3bod amylase ¥-u|8313 2) =29
protein methylation [, I, Il18] &A=& 7] 43t}
Isoproterenol, norepinephrine, acetylcholine, carba-
chol®} 22 amylase2 A= AT ow,
propranolol, atropinedl] 2]3t A xje]Z Hu]jgkzle)
ogt= et Isoproterenol ! norepinephrine®] 3]
%|2 protein methylase 19} A%+ 714319,
norepinephrine®] X2 protein methylase [[¢] &
Ax 7H4E 7128k, isoproterenolel] 2%+ pro-
tein methylase 1¢] ¥A % 7+4+= propranolole] A

Vol. 35, No. 4, 1991

A2 Ax Yu= ogk=lgl) acetylcholine 2 ca-
rbachol®] A2 # A protein methylase 12}
FAEE t@2gol B8] A43lg o m protein meth-
ylase 19 $A4%® Z7}l= atropines] Hzz]l2 gt
]2t} acetylcholine ¥ carbachol®) A x2 A=
W protein methylase 112] AT Tl v]s)
HopE wistg Wolx] kgt acetylcholine ¥ car-
bachol®] A& AW protein methylase 1112
A x = dizFd vlal 7FAse o, protein meth-
ylase 19| A= 1A= atropined] HAzj2 o
gt oleldt AR fFs B x4
amylase 8]} protein methylases AIE 7ko] 3
A dgtAdo] dokx Bl oy xwt 2 7] F e
oulE FEYURsicly gzE, Ho) we A7)
Zl 3 Elofok & Fojri.

4 £

A# #3x2U protein methylase HAdo) chit =}
FA73A FEe AL in vitrool| A M s}o] et
e AFE A9k

1. 7}AAA k&<l isoproterenol(107° M) =&
norepinephrine(10 *M) X2 A3 2%4] protein
methylase [ 2 119] &= 3lE B3 5 g
2} protein methylase Il ¥ W37t g9k

2. ¥zt A7A <kE<al acetylcholine(1075 M)
%2 carbachol(10°M) =& A3 2122 protein
methylase [¢] A5 o7} Zrtele AgS B
2.1} protein methylase 1I12] 7 -0+ 23]8 A3
g 7HASich

3. ole} & Rzl AlA <FEd 97 protein
methylase 1 % I1¢] X% W3l= atropinel.2
k=gl ol

#

HD

1) Kim, S. and Paik, WK.: Protein methylation, Scie-
nce 174, 114(1971).

2) Kim, S. and Paik, W.K.: Adv. Enzymol., Protein me-
thylation, Chemical, enzymological and biological si-
gnificance (A. Meister, ed.) John Wiley and Sons,
New York Vol42, 227(1975).

3) Kim, S. and Paik, W.K.: Protein methylation, Bio-



346 S .

4]

- o] 3G

chemistry: A series of Monographys, Vol.l, John Wi-
ley and Sons, New York, 1, (1980).

4) Clark, S.: Protein carboxyl methyltransferase: Two
distinct classes of enzymes. Ann. Rev. Biochem. 54,
479(1985).

5) Klots, A.V. and Glazer, A.N.: y-N-Methylasparagine
in phycobiliproteins: occurence, location, and bios-
ynthsis. J. Biol. Chem. 262, 17350(1987).

6) Paik, W.K. and Kim, S.: The enzymology of posttran-
slational modification of proteins (Eds. R.B. Freed-
man and H.C. Hawkins), Academic press, London,
Vol.2, 187(1985).

7) Paik, W.K. and Kim, S.: Protein methylation. CRC
Press p.2(1990).

8) Paik, WK. and Kim, S.: Protein methylation. CRC
Press p.33(1990).

9) Amstrong, J.B.: An S-Adenosylmethionine require-
ment for chemotaxis in bacteria. Can. J Microbio-
logy 18, 1965(1972).

10) Kort, ENN.,, Goy, M.F., Larsen, SH. and Adler, ].:
Methylation of membrane protein involved in bac-
terial chemotaxis. Proc. Nat. Acad. Sci. USA., 72,
3939(1975).

11) Paik, WK. and Kim, S.: In-post-synthetic modifica-
tion of macromolecules(F. Antoni and A. Forgo,
Eds.). FEBS, 34, 127(1975).

12) Tidwell, T., Alifrely, V.G. and Mirsky, A.E.: The
methylation of histone during regeneration of the
liver. J. Biol. Chem. 243, 707(1968).

13) Borun, T.W,, Pearson, D. and Paik, W.K.: Study
on histone methylation during HeLa S-3 cell cycle.
J. Biol. Chem. 247, 4288(1972).

14) Lee, HW,, Paik, W.K. and Borun, T.W.: The perio-
dic synthesis of S-adenosylmethionine; protein
methyltransferase during the HelLa S-3 cell cycle.
J. Biol. Chem. 248, 4194(1973).

15) Trayer, I.P.,, Harris, C.I. and Perry, S.V.: 3-Methyl
histidine and adult and foetal forms of skeletal
muscle myosin. Nature 217, 452(1968).

16) Polastro, E., De Conick, M.M., Devogel, M.R., Mai-
ler, E., Looze, Y., Schneck, S.G. and Leonis, ].: Bio-
logical significance of methylation of cytochrome
from ascomycetes and yeast. FEBS. 86, 17(1978).

17) Delange, R.]., Glazer, AN, and Smith, E.L.: Identi-

fication of e-N-methyllysine in yeast cytochrome
c. J. Biol. Chem. 245, 3325(1970).

18) Dimaria, P., Polastro, E., Delange, R.J., Kim, S. and
Paik, WK.: Studies on cytochrome c methylation
in yeast. J. Biol. Chem. 254, 4645(1979).

19) Labaie, J.H., Dunn, W.A. and Aronson, N.N.: Carni-
tine synthesis. Biochem. ] 16, 85(1967).

20) Paik, WK. and Kim, S.: Protetn methylation, CRC
Press, Inc. Boca Raton Florida. (1990).

21) Galletti, P., Ciardiello, A., Ingrosso, D., Di Donato,
A. and D’Alessio, G.: Repair of isopeptide bonds
by protein carboxyl O-methyltransferase: Seminal
ribonuclease as a model system., Biochemistry 27,
1752(1988).

22) Aswad, D.W. and Johnson, B.A.: The unusual subs-
trate specificity of eucaryotic protein carboxy me-
thyltransferases. Trends Biochem. 12, 155(1987).

23) Barten, D.M.,, O'Dea, R.F.: The function of protein
carboxyl methyltransferase in eucaryotic cells. Life
Sciences 47, 181(1990).

24) Waarde, A.V.: What is the function of protein car-
boxyl methylation ? . Comp. Biochem. Physiol. 86,
423(1987).

25) Strittmatter, W.J., Gagnon, C. and Axelrod, J.: Beta
adrenergic stimulation protein carboxymethylation
and amylase secretion in rat parotid gland. J. Phar-
macol. Exp. Therapeu. 207, 419(1978).

26) Diliberto, E.J.JR., Viveros, O.H. and Axelrod, J.:
Subcelilular distribution of protein carboxymethy-
lase and its endogenous substrates in the adrenal
medulla: Possible role in exitation-secretion coup-
ling. Proc. Natl. Acad. Sci. US.A, 73, 4050(1976).

27) Summer, ]J.B.: The estimation of sugar in diabetic
urine, using dinitrosalycilate. /. Biol. Chem. 62, 287
(1924).

28) Lowry, O.H., Rosebrough, N.J., Farr, A.L. and Ran-
dall, R.J.: Protein measurement with the Folin-
Phenol reagent. J. Biol. Chem. 193, 265(1951).

29) Povilaitis, V., Gagnon, C. and Heisler, S.: Stimulus-
secretion coupling in exocrine pancreas: role of
protein carboxylmethylation. Am. [ Physiol. 240,
G.199(1981).

31) Ungar, C,, Jahn, R. and Soling, HD.: Is protein

carboxymethylation involved in stimulus-secretion

J. Pharm. Soc. Korea



A7 A==W Protein Methylaseo] thgt 2}-g-A1 47 kB <33k 347

©

coupling 7. FEBS. 123, 211(1981). lorenzo, RJ.:. Carboxymethylation of calmodulin
32) Gagliardino, J.J., Harrison, D.E.,, Gagliardino, E.E. inhibits calmodulin-dependent phosphorylation in

and Ashcroft. S.J.H.: Evidence for the participation rat membranes and cytosol. . Biol. Chem. 258,

of calmodulin in stimulus-secretion coupling in the 5352(1983).

pancreatic B-cell. Biochem. ] 192, 919(1980). 34) ol"ad, A4, o] =2 protein methy-
33) Billingsley, M.L., Velletri, P.A., Roth, R.H. and De- lase ¥z #Ag A7 st x|, 27, 295(1983).

Vol. 35, No. 4, 1991



