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Abstract-A ribonucleoprotein (RNP) complex formed in wheat embryo at early germination stage was 
shown to be composed of 40-S RNP particle monomers and oligomers. RNA purified from this complex 
stimulated incorporation in vitro of various amino acids with efficiences dependent upon the frequencies 
of the corresponding codons calculated for this RNA from its base composition. Methionine was incor- 
porated over the expected rate when the crude RNP complex, instead of the purified RNA, was used 
as the template. It is believed that the RNP complex represents a crude informosome fraction. The infor- 
mosomes seem to contain a protein component that promotes the initiation of translation but does not 
involve the subsequent production of protein. 

INTRODUCHON 

It has been previously [l] shown that RNA syn- 
thesis is rapidly activated in wheat seeds when suit- 
able changes in the environment allow them to ger- 
minate. The newly synthesized RNA complexes in 

vivo with a pre-existing protein component to form 
ribonucleoprotein (RNP) particles which were in- 
terpreted as representing either newly synthesized 
ribosomes [2] or informosomes [3-61. To make a 
critical distinction between these two possibilities, 
the template activity of RNA contained in these 
particles was now tested irl vitro. Some accounts of 
this work have already been presented in a prelimi- 
nary form [7]. 

RESULTS 

Isolation of40-S RNP particle moi1omws and oli- 

gomers 

The crude RNP fraction was isolated from 3-hr- 
germinated wheat embryos as previously descri- 
bed [3]. When the freshly-prepared RNP fraction 
was layered on a sucrose gradient and centrifuged, 

the material absorbing at 260nm sedimented 
heterogeneously (Fig. 1). The main part of the 
material was located in the 40-S region and several 
additional, partially separated peaks at the higher 
S values. The sedimentation pattern of the RNP 
fraction changed considerably already after a short 
time of storage. After 6 hr at 0” prior to centrifuga- 
tion the preparation sedimented as a single peak at 
approximately 40 S. The 40-S particles as well as 
the crude RNP fraction were composed of protein 
and RNA in a mass ratio of 4: 1. Probably, the 
native RNP fraction represents oligomers of the 
40-S particles which are rapidly degraded to the 
monomeric form during their isolation and stor- 
age. 

Stimulatiorl ofamino acid irzcorporation 

The ability of the isolated RNP fraction to 
stimulate incorporation of amino acids into pro- 
tein was tested in a cell-free system which res- 
ponded to exogenous templates but was not in- 
fluenced by non-informational RNA (Table 1). In 
such a system, both RNP fraction and RNA puri- 
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fied from this fraction stimulated incorporation of 
[ “C]-phenylalanine significantly. The capacity 
was reduced slightly after the storage period long 
enough to result in a complete disappearance of 
40-S particle oligomers (compare Fig. 1). 

Further attempts u’crc made to establish 
whcthcr the observed stimulation of phenylalaninc 
incorporation was due to tcmplatc activity of the 
added RNP fraction. Advantage u’as taken of the 
fact that the RNA contained in this fraction has ;L 
spccilic and un~~sual base composition [.3] ; the 
molar proportions of the four bases being: A. 164: 
G. 36.4; C, 13.5; and U. 32.7. If RNA of such a spc- 
cific composition is translated in the cell-free sys- 

tern used. then the resulting protein should have a 
specific amino acid composition. The most prob- 
able composition of the expected protein was cal- 
culated by assuming that nuclcotides arc randomly 
distributed along the polqnucleotide chain. that all 
informutlon contained in the putative /IIRNA is 

translated and that the translation proceeds 
according to the known meaning of the code [S] 
(Table 7). As these assumptions certainly over-sim- 
plify the situation, only :I rough correspondence 
between the amino acid composition of the prc- 
dieted and actually formed product ma> he 
cxpectcd. For this reason only sonic amino acids. 
most typical of the calculated composition, were 
chosen to test the template activit! of the RNA. It 
was found that added RNA stimulated incorpor- 
ation of various amino acids with diflercnt eflicicn- 
ties (Table 3). but in general, there uas ;I good cor- 
relation between the expected and observed effect. 
In particular, tryptophan and methionine. whose 
codons were calculated tcj occur most frequently in 
the putative MRNA. \vcrc incorporated most cl% 
ciently. These observations seem to indicate that 
the isolated RNP fraction dots contain H~RNA (or 
its precursor) as the RNA component and there- 
fore can bc referred to 3s an informosome fraction. 

Data presented in Table 3 make it also possible 
to compare the translation of wRNA added either 
as an informosomo fraction or as deproteinized 
RNA. The only significant diffcrcnce concerns the 
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Template activity of ribonucleoprotein particles 635 

Table 2. Calculated amino acid composition of the protein 
product coded for by the RNA component of the isolated RNP 

fraction 

Amino acid Mol :!, Amino acid Mol y; 

Tryptophan 7.7 Tyrosine 4.1 
Cysteine 7.3 Serine 4.6 
Valine 7.3 Isoleucine 4.5 
Methionine 7.0 Arginine 4.5 
Glycine 6.6 Asparagine 3.7 
Aspartic acid 6.1 Glutamine 3.4 
Glutamic acid 5.9 Histidine 3.3 
Alanine 5.5 Threonine 3.0 
Leucine 4.x Lysine 3.0 
Phenylalanine 4.7 Proline 2.4 

The composition was calculated as explained in the text. 

incorporation of Cl-14C]-methionine. Incorpor- 
ation of this amino acid was stimulated fivefold 
more efficiently by the RNP than by the purified 
RNA. Since methionine is known as the initiating 

amino acid [9], it may be assumed that the infor- 
mosome fraction contains a protein component 
that promotes the initiation of translation and 
does not involve the subsequent production of 
protein. 

DISCUSSION 

While the previous experiments [3] have shown 
that the RNA component of the subcellular RNP 
fraction of wheat embryo is labelled extensively at 
the onset of germination, the present data indicate 
that the same component is able to support pro- 
tein synthesis in vitro. The stimulation of various 
amino acids with different efficiencies, dependent 

Table 3. Stimulation of incorporation of various aminu acids 
by purifed mRNA and crude informosome fraction (mRNP) 

Amino acid 

Tryptophan 
Methionine 
Leucine 
Phenylalanine 
Arginine 
Lysine 

Expected 
stimulation 

(%I 

139 
127 
87 
85 
81 
54 

Actual 
stimulation by 

mRNA rnRNP 

(%) (?‘,I 

138 146 
106 510 
79 84 
80 85 

<5 25 
20 <5 

Experimental conditions were similar to those given in Table 
1 except that the indicated [‘4C]-amino acids were used as the 
radioactive substrates. The expected stimulation was calculated 
from the data of Tables I and 2. 

on frequencies of the corresponding codons in the 
RNA component, strongly suggests that this frac- 
tion does carry a specific template activity. It 
seems reasonable to assume;therefore, that the iso- 
lated RNP fraction represents a crude informo- 
some preparation. Sedimentation properties of the 
freshly prepared and stored informosome fraction 
preparations indicate that the nascent mRNA-pro- 
tein complex may occur within the cell nuclei as 
40-S RNP particle oligomers of structural organi- 
zation corresponding to the informosome model 
proposed by Samarina rt al. [lo]. 

Theobservation that RNP stimulatesmethionine 
incorporation over the expected rate as compared 
to the purified mRNA obtained from it may indi- 
cate a specific role of protein in the RNP in the 
translation process. Recently, Ilan and Ilan [ 1 l] 
reported the occurrence of a specific initiation fac- 
tor bound to n?RNA in the insect Tewehrio. In this 
connection, our observation may be understood as 
resulting from the direct involvement of a protein 
component of the added RNP preparation in poly- 
peptide chain initiation. This assumption is sup- 
ported by the fact that in germinating wheat em- 
bryo, protein synthesis is initiated only after certain 
steps in informosome formation are comple- 

ted[l, 3, 61. 
The data have reported here do not confirm our 

preliminary suggestion [6] that the early synthe- 
sized RNA of the informosome fraction may code 
for the synthesis of histones. Both calculated 
values and actually observed differences in the 
stimulation of incorporation of various amino 
acids indicate that the amino acid composition of 
the protein product is more like that of non-his- 

tone chromatin protein. The synthesis of such 
regulatory proteins during the early germination 
stage might be essential for further activation of 

genome transcription. 

EXPERIMENTAL 

Plant material. A sample of 350 wheat grains (Triticurn acJ.sti- 
rum cv. Kutnowska) was surface sterilized with 2% NaOCl, 
preimbibed in HZ0 at 2 for 8 hr. and germinated at 22’ for 
3 hr. (The preimbibition period was not essential for the pur- 
poses of the present investigation; it was retained, however, to 
keep the experimental conditions comparable with those used 
previously [3]). At the end of the germination period embryos 
were separated manually from the reamining parts of the grain. 

Prrparatlon ofcrlrdr RNP,Jraction. The wheat embryos were 
homogenized and the homogenate fractionated according to 
the Weeks and Marcus’ procedure [ 121. The subcellular r-mes- 
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