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Effect of GA, on Ribosomal Protein Phosphorylation in
Germinating Zea mays
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(Department of Biology, Korca University, Seoul)

ABSTRACT

In order to study the effect of GA, on the phosphorylation of ribosomal proteins during
germination in Zea mays, ribosomal proteins were labelled with *P, extracted, electro-
phoresed and autoradiographed. There are five phosphorylated ribosomal proteins. One of
these is in 40S subunit and has molecular weight of 33,000 daltons. Others are in 60S subunit
and have molecular weights of 37,000, 16,000, 15,200 and 13,500, respectively. Phosphoryla-
tion of ribosomal proteins was increased maximum 47.7% in shoots of Zea mays treated with

GA,.
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Fig. 1. Sucorse gradient profile of ribosomal subunits isolat-
ed from Zea mays. Ribosomal subunits were layered on a 34
ml 15-30% sucrose gradient and centrifuged at 22,500 rpm
for 17 hrs. Gradients were removed by pumping out with per-
istaltic pump, and the Aps, of gradient was measured through
the LKB UV monitor.
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Fig. 2. Phosphorylated proteins in isolated ribosomal sub-
units. For *2P labelling of Maize shoot and isolation of riboso-
mal subunits, see Materials and Methods. Proteins of total
ribosome (805) and of the large and small subunits (605 and
40S) were seperated in one-dimensional SDS-PAGE. (A),
Coomassie-stained gel; (B), autoradiograph.
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Fig. 3. Determination of M.W. for ribosomal phosphorylated
protein by electrophoresis in 12% polyacrylamide gel in
presence of SDS. The standard protein markers used were
bovine serum albumin (B), 66,000; egg albumin (E), 45,000;
glyceraldehyde-3-phosphate dehydrogenase (G), 36,000; car-
bonic anhydrase (C), 28,000; Trypsinogen (T), 24,000; tryp-
sin inhibitor (TT), 20,100; adactalbumin (L), 14,200.
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Fig. 4. Autoradiograph of ribosomal phosphorylated proteins
isolated from 0.3 mM GAgtreated and untreated maize
shoots. 100 ug of ribosomal protein was loaded each well (4),
(B) Diagram of (A).
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Fig. 5. Autoradiogram of 12% SDSpolyacrylamide gel of
32P-labelled ribosomal protein. 3-day germination with GAjz
(lane 1,4),2-day germination with GAjz (lane 5), 1-day ger-
mination with GAj (lane 6),1-day germination with GAjz and
treated with RNase (lane 3), 3-day germination without GAj
(lane 2).
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1980 : Murray ef al, 1978), whide] Aghkdsl F g4t
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Fig. 6. Effect of GAj3 concentrationion phosphorylation of ri-
bosomal protein. Each 100 g of ribosomal protein was sub-
jected to SDS-PAGE and the phosphorylated bands were ex-
cised and ¢cpm was measured.
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dolrfs gl 2 AbelE viEPE vk F F giv),
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Table 1. Effect of GAs on the phosphorylation of ribosomal
proteins

Phosphorylated *Control **GAz Rate of
proteins ( Count/min.) increase (%)
375K 155.0 229.0 47.7
33K 162.0 226.0 39.3
36K 127.0 158.0 244
15.2K 1094 130.0 18.9
13.5K 142.0 170.6 20.1
Total 696.0 913.2 312

*Sample was extracted from the shoots untreated.
**Sample was extracted from the shoots treated with 0.3mM
GAs;.

All results are averaged value from double expts.

3 sl B3 o) RS SeukHele) o),
Ay Avell s S6EA (Fig 4B o 33K =) 0194
ol 60S 4rtslollAl 4748 olaslal shalo] 27l e}
viae gled], 2 5 370 Scharf 2t Nover(1982)9] #
el gyl %H =4 Browning & (1985)2 jxn
vitro oA 60S AxtSlellAlel 3709 wlalAe] ql4ls] o}
T BIE ]9%‘&*’-1] /‘71_4 B2}gke] 38,000 dalton, 14,800
dalton, 12,600 dalton @ 2 ¥ 4A&lo] Azlel 608 Arle]ol
ol qlatslel whde] Ralgat uledl 315 LPEP-HJ—
Aet, 2y B oAHY AS 608 AnkslelA 16000
dalton 4 wHHoe] Z7hz Jehtn ol o]7Ale] = als
T2 A5e] Aglela] o] Fojxjok & Feloh, #w GA3
= Al s = 223 dalds) dlaTe ule] 2]yl
;(]n‘l. o}_:{]y;]_;z]_l;_'_ r:].ulle,_l A olA—Ioﬂ o]/\]_;g]q}_ 1::-] 7-);-1 #q]
7les wisla geRle Eddsicda sl Eld
Wool (1973)2 4baksl Abejst %0745}—‘4 Al Alelof =
translation 2] elongation %=9 aminoacyl tRNA & 42
Foll 2bzke] W) glvky 2 ustgAyl 2R =g el
9 ’ﬂ-ﬁ}ﬁ]r HEzge gl 24757k HAE & o
A A7) o) Foy ol & o 7 oI AR

1

4

ol 4 S4golA 2rEd &
GA3°I 91% %0}171 Haled Hopale) 2p . E

1=
e

o]
rO
o
2
o
O
2
0|0
2,

‘317‘]\—

gel < autoradxogxaph o}Qi 11%;3'7—1' e R

S e AFE olgih ql4alaly w2 =g glulae
28 5Alelel 2 2 170 EAbgke] 33,000 dalion o)
408 axteell East, 2 4705 60S £kl B3]
=, HAeke zhzk 37500 dalton, 16,000 dalton, 15,200
dalton, 13,500 dalton 1=, GA& =3t L4-F70)

Ahn et al.: Ribosomal Protein Phosphorylation 63

A ETol e rzg gas st A
72 2ols g,

LATTY%

i
ro

o 2

Brouning, K.5., T.F.J. Yan, S.T. Lauer, L.A. Aquino, M.
Tao, and J.M. Ravel. 1985. Phosphorylation of wheat
germ initiation {actor and ribosomal proteins. [llant
Physiol 77: 370-373.

Carratus, G., L. Manzocchi, G. Lanzani and M. Giannattasio.
1974. Soluble and ribosome-associated protein kinase
from wheat embryos. FPlant Sci. Left. 3: 313-321.

Chen, D. and D.J. Osborne- 1970. Hormones in the transla-
tional control of early germination in wheat embryos.
Nature, 226: 1157-1160.

Eil, C. and 1.G. Wook. 1973. Phosphorylation of liver
ribosomal proteins. /. Biol. Chem. 248: 5122-5129.
Grancharova, Ts. V., T. Getova and T.K. Nikolov. 1976.
Phosphorylation of ribosomal proteins from eukaryotes
in homologous and heterologous cell-free systems. Bio-

chem. Biophys. Acta 418: 397-403.

Gressner, AM. and 1.G. Wool. 1976. Influence of glucagon
and cyclic adenosine 3', 5-monophosphate on the
phosphorylation of rat liver ribosomal protein $6. J. Biol.
Chem. 251: 1500-1504.

Hardy, 8.T., C.G. Kurland, P. Voynow and G. Morad. 1969.
The ribosomal proteins of Escherichia coli 1. Purification
of 305 ribosomal proteins. Biochemistry. 8: 2897-2905.

Kabat, D. 1970. Phosphorylation of ribosomal proteins in
rabbit reticulocyte. Characterization and regulatory
aspect. Biochemistry. 2: 4160-4175.

Keates, R.A.B. and A. Trewavas. 1974. Protein kinase activi-
ty associated with isolated ribosomes from peas and
Lemna. Plant Physiol. 54: 95-99.

Lastick, S.M. and E.H. McConkey. 1976. Exchange and st-
ability Hela ribosomal proteins i vivo. J. Biol. Chem.
251: 2867-2875.

Lin, P.P.C. and J.L. Key. 1980. Histone kinase from soybean
hypocotyls: Purification, properties, and substrate speci-
ficies. Plant Physiol. 66: 360-367.

Lowry, O.H., N.J. Rosebrough, A.L. Farr, and R.J. Randall
1951. Protein measurement with the Folin phenol re-
agent. J. Biol. Chem. 193: 265-275.

Murray, M.F., T.J. Guilfoyle and ]J.T. Key. 1978. Isolation
and characterization of a chromatin-associated protein
kinase from soyhbean. Flant Physiol. 61: 1023-1030.

Rao, V.5. and A.A. Kahn 1974. Hormonal regulation of
polysome and polysome-associated RNA synthesis in em-
bryo and aleurone of barley. Plant Physiol. 53: 5-53.

Roberts, S. and B.S. Morelos. 1980. Cerebral ribosomal pro-
tein phosphorylation in experimental hyperphenyl-



64 Korean. J. Bot.

alaninoemia. Biochem. J. 190; 405-419.

Roh, K.S. and W.5. Sim. 1981, Gibberellic acid action and
protein synthesis on the gene expression. Ph.D. Disserta-
tion.

Scharf, K.D. and L. Nover. 1982. Heat-shock-induced altera-
tions of ribosomal protein phosphorylation in plant cell
cultures. Cell 30: 427-437.

Sim, W.S., H.D. Park, K.5. Roh and H.Y. Moon. 1982.
Studies on the mechanism of gibberellic acid action II.
Regulation of protein biosynthesis and phosphorylation
by GAj; in the presence of actinomycin D. Kor. J. Bot.
25: 3-8,

Sim, W.S. and K.S. Roh. 1979, Studies on the mechanism of
giberellic acid action I. Regulation of protein biosyn-
thesis and phosphorylation by gibberellic acid 3. Kor. J.
Bot. 22: 95-1000.

Sim, W.5., K.S. Roh and H.Y. Moon. 1983. Studies on the
mechanism of gibberellic acid action III. Regulation of
protein biosynthesis and phosphorylation by cyclic
AMP. Kor. Biochem. J. 16: 27-33.

Trewavas, A.J. 1973. The phosphorylation of ribosomal pro-

Vol. 33, No. 1

tein in Lemna minor. Plant Physiol. 51: 760-767.

Trewaves, A. 1976. Posttranslational modification of pro-
teins by phophorylation. Ann. Rey. Plant Physiol. 2T:
349-374.

Trewavas, A. and B.R. Stratton. 1977. The control of plant
growth by protein kinase. i nucleic acid and protein syn-
thesis in plants. Edited by L. Bogorad and J.H. Weil. pp.
309-329. Plenum Press, New York.

Weber, K. and M. Oshorn. 1969. The reliability of molecular
weight determinations by dodecyl sulphate polyacryl-
amide gel electrophoresis. J Biol. Chem. 244:
4406-4412.

Wicks, W.K. 1974. “Regulation of protein synthesis by
cyclic AMP”, in advances in cyclic nucleotide research,
eds. Greengard, P. and Robinson, G.A. (Ravin Press,
New York). 4: 335-438.

Yan, T.F.]. and M. Tao. 1982a. Purification of a wheat germ
protein kinases. J. Biol. Chem. 257: 7037-7403.

Yan, T.F.]. and M. Tao. 1982b. Studies on an endogeneous
substrate of wheat germ protein kinase. J. Biol. Chem.
257: 7044-7049.

(1990, 2. 26 #%#%)



