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Abstract– There is undetectable transcription of 11S storage protein (medicagin) mRNA by nuclei isolated from pre-
cotyledonary-stage somatic embryos of alfalfa (Medicago sativa L). However, this message exists at steady-state levels in 
the embryos at this stage of development without concomitant synthesis of the storage protein. At the pre-cotyledonary stage, 
therefore, the transcriptional rate for 11S mRNA is low; what message is transcribed is sequestered in the form of mRNP 
complexes and is not recruited into polysomes in vivo (33). Both transcription (in vivo and in isolated nuclei) and translation 
of the 11S mRNA are evident at the onset of cotyledon development in somatic and zygotic embryos, reaching a maximum 
during expansion of the cotyledons and then declining as the embryos mature. Pre-cotyledonary-stage somatic embryos 
which do not utilize the 11S-mRNA in polysomes lack certain mRNA-binding proteins (32, 36 and 38 kD) which are present 
at later stages of development. These mRNA-binding proteins may be responsible for the initiation of large polysome 
formation since they were exclusively present in the translational extracts of cotyledonary somatic and zygotic embryos in 
which there was no repression of storage protein synthesis. In contrast, the pre-cotyledonary somatic embryos contained a 
different set of 11S-mRNA-binding proteins (28, 50, 55, and 62 kD) whose presence in the cotyledonary stage embryos was 
very rare or non-existent; these could be responsible for preventing translation. 
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INTRODUCTION 

We previously observed that storage protein 
messages, including legumin (11S) mRNAs, are 
undertranslated during the pre-cotyledonary 
stages of alfalfa (Medicago sativa L.) somatic 
embryo development; later these mRNAs are 
actively recruited into polysomes, at the 
cotyledonary stage (33), with a concomitant 
synthesis of more message. We observed that 
there are several proteins (15 - 150 kD) which are 
associated with the cytoplasmic untranslated 
mRNAs in the non-polysomal fraction. Among 
them, the 30, 43, 55, and 65 kD proteins are 
unique to the non-polysomal fraction of pre-
cotyledonary stage somatic embryos of alfalfa (6, 
31), and these may be involved in the 
suppression of the storage protein synthesis at 
this stage of development. The presence of 
protein kinase activity in the non-polysomal 

fraction may play a role in regulating the 
recruitment of messages into the protein 
synthesizing (32). 

The selective recruitment of mRNA into the 
polysomes of eukaryotic systems is a means of 
post-transcriptional regulation. In erythroblasts, 
for example, approximately 200 different 
mRNAs are actively translated whereas about 
1200 others remain silent, among which 99% are 
poly(A)-binding protein mRNAs (17, 20, 25, 26). 
These untranslated mRNAs normally remain in 
the cytoplasm during and after cell differentiation 
and they are in association with a special set of 
regulatory proteins. This associated complex of 
mRNA and protein in the cytoplasm is the free-
mRNP (messenger ribonucleoprotein) fraction, 
or the non-polysomal (also called repressed) 
fraction. Both the mRNP and deproteinized 
mRNAs can stimulate cell-free translation and, 
hence, the mRNAs within the complex are 
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potentially active (13, 36). This raises a series of 
questions: What is the physiological significance 
of stable mRNPs? How does a specific mRNA 
remain in the cytoplasm even after differentiation 
without being recruited into polysomes?  What is 
the special intrinsic property of an mRNA that 
determines whether it will be translated only 
under a defined physiological condition? There 
are few answers to these questions. Global 
mRNA-associated proteins have been identified 
in several eukaryotes, mainly in animal tissues 
(3) and a few in plants (1, 6, 9, 11, 38) using the 
technique of mRNA-protein cross-linking in situ.  

The reconstitution of mRNPs in vitro using 
UV-irradiation and a defined sequence of an 
mRNA has allowed for the identification of some 
special regulatory mRNA binding proteins; e.g. 
Greenberg and Carrol, 1985 (16) have 
characterized the globin-mRNA-binding proteins 
in a cell-free translation system. The most 
extensively studied regulatory protein of this type 
is the ferritin repressor protein which binds to the 
5/- untranslated region of ferritin mRNA and 
regulates its translation (8, 29). There are several 
other mRNAs whose expression is also regulated 
at the translational level due to interactions with 
proteins, e.g. rev protein in the human 
immunodeficiency virus (10, 14), polio virus (22, 
27), transferrin receptor mRNA (19, 34), the poly 
(A)-binding proteins (5, 35, 40), and the 
translational repression due to activation of 
nuclear kappa B by phosphorylated translation 
initiation factor 2 (eIF-2) (12). Global mRNA 
translational repression is also mediated by 
endoplasmic stress (21). 

In this report, we have reconstituted mRNAs 
in vitro using legumin messenger RNA and cell-
free translation extracts from developing 
embryos of alfalfa. We show that there is a 
specific association between legumin RNA and 
proteins, which is related to the type and stage of 
embryo development. This relationship could 
play a role in the post-transcriptional regulation 
of storage protein synthesis. 
 

MATERIALS AND METHODS 

 
Embryo Culture & Labelling of Proteins 
Zygotic Embryos:  Alfalfa (Medicago sativa 
L.)(cv.Excalibur) plants were grown in a growth cabinet at 
25°C, 16/8 h light and dark cycle respectively. Flowers were 
manually pollinated for embryo formation and they were 
collected at different stages of development (39) for 
experiments. 

Somatic Embryos:  Calli were induced on embryogenic 
petioles in the presence of the hormones 2,4-D (4.6 µM) and 
kinetin (1.0 µM) on solid B5H medium (7) at 25°C during a 
16/8 h light (7.5x 10-5 mol m-2 sec-1) / dark cycle. After 2 to 
4 weeks, when pigmentation had occurred, the calli were 
transferred to suspension culture (B5G medium containing 
4.6µM 2, 4-D, and 0.5µM NAA). When the suspension 
culture became thick (in about 7 - 10 d) it was sieved 
through 500 and 200 µm meshes, and cells collected on the 
200 µm mesh were spread onto solidified hormone-free 
Boi2Y (15) medium for embryo development. Embryos at 
different stages of development were collected according to 
the procedure described by Atanassov and Brown, 1984 (2).   
 
Isolation of Nuclei 

The procedure described by Luthe and Quatrano, 1980 
(24) was followed for the isolation of nuclei. Embryos were 
ground with a mortar and pestle in liquid N. The powder 
was further pulverized in a Duall ground-glass homogenizer 
with 5 ml Honda buffer (20 mM HEPES-KOH pH 7.9, 0.44 
M sucrose, 2.5 % Ficoll,  5.0 % Dextran T-40, 5 mM 
MgCl2,  10 mM β-mercaptoethanol,  0.5 % Triton X-100, 2 
mM spermine) per gram of embryos. The slurry was filtered 
through three layers of 74 µm mesh polyester sieve cloth, 
and then the filtrate was centrifuged at 4000xg for 10 min at 
2°C. The pellet was considered as crude nuclei since it could 
be contaminated with other organelles. Pure nuclei were 
obtained by resuspending the crude nuclei in 4.5 ml Honda 
buffer without spermine and then centrifuging (4000xg for 
30 min at 2°C) on a Percoll (Pharmacia) step gradient which 
had 4.5 ml each of 40, 60, and 80 % Percoll over 2 M 
sucrose in 20 mM HEPES buffer pH 7.9 and 10 mM MgCl2. 
The pellet was considered to be of pure nuclei. It was then 
washed three times with a buffer (50 mM TRIS-HCl pH 8.5, 
5 mM MgCl2, 10 mM β-mercaptoethanol and 25% 
glycerol). Finally, nuclei were resuspended in the washing 
buffer and stored as aliquots at -80°C. 
 
Nuclei Transcription and RNA Isolation 

Nuclei transcription and RNA isolation were carried out 
as described in Pramanik et al., 1989 (30). Essentially, 
stored nuclei (20 µl) were resuspended in 5 vol (100 µl) 
transcription cocktail (20 mM HEPES-KOH pH 7.9, 2 mM 
ATP, 0.5 mM each GTP and CTP, 50 µM UTP, 50 µCi [α-
32P]-UTP, 1 mM dithiothreitol (DTT), 2.5 mM Mg acetate, 
60 mM KCl, 2 mM creatine phosphate, 0.5 µg/ml creatine 
kinase and 100 U human placental inhibitor) and the 
reaction was at 25°C for 1 h. Newly transcribed mRNA was 
purified from the nuclei by adding 80 µg tRNA and then 
digested with RNase-free DNaseI (6 µg) for 1 h at 25°C, 
followed by proteinase K digestion at 37°C for 1 h in the 
presence of 0.1% SDS and, finally, phenol:chloroform 
extraction and ethanol precipitation. Incorporation of 
radioactivity and the quantity of RNA synthesized were 
measured by cold-TCA-count precipitation. 
 
DNA-Excess RNA Hybridization 

The incorporation of 32P-UTP into specific mRNAs was 
determined by DNA-excess (250 ng insert) RNA 
hybridization. The specific cDNA insert was denatured by 
boiling in 1xTE (10 mM TRIS-HCl pH 7.5, and 1 mM 
EDTA) for 10 min and rapid chilling on ice to avoid 
reannealing. It was then brought to hybridization buffer 
conditions (80% formamide, 0.4 M NaCl, 1 mM EDTA, 40 
mM PIPES pH 6.4) and radiolabelled nuclear transcripts 
synthesized for different times from various stage embryos 
were added as a probe. The mixture was then allowed to 
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hybridize at 42°C overnight, in a final reaction volume of 50 
µl. At the end of the hybridization, 300 µl chilled S1 
nuclease buffer (0.25 M NaCl, 3 mM ZnSO4, 30 mM Na 
acetate pH 4.5) was added. Non-hybridized 32P-labelled 
RNA and single-stranded cDNA were digested with 2x103 
U/ml S1 nuclease at 37°C for 60 min. This mixture was 
either separated on urea:acrylamide gel electrophoresis or 
filtered directly onto Zeta-probe membrane (BioRad), 
previously soaked with 5xSSC (1xSSC = 0.15 M NaCl and 
0.015 M Na citrate), by using the dot blot apparatus 
"Hybridot" (BRL Inc.). Each well was rinsed with another 
0.5 ml 5xSSC and vacuum dried. Finally, the membrane was 
immersed into several volumes of 5xSSC to wash off the 
entire unincorporated and S1-digested radiolabelled 
transcript by checking the counts of the washings. It was 
baked for 2 h at 80°C, washed again with 0.1% SDS and 
0.1xSSC for 2 x 20 min at 60°C and then exposed to X-ray 
film (Kodak XRP) for autoradiography. 
 
Preparation of Cell-free extracts for in vitro translation 

Various stages of embryos were used for the preparation 
of cell-free translational extracts for in vitro reconstitution 
of polysomes. The methodology described by Pramanik and 
Bag, 1989 (30) was used. In short, embryos were washed 3 
times with chilled buffer containing 0.15 M NaCl, 25 mM 
HEPES-KOH (pH 7.5) and 10 mM DTT and then 
resuspended in 3 vol hypotonic buffer containing 10 mM 
HEPES-KOH (pH 7.5), 1 mM DTT, 0.5 mM spermine, 15 
mM KCl, 1.5 mM Mg acetate and homogenized in a Duall-
ground glass homogenizer. The homogenate was 
centrifuged at 30,000xg for 20 min and the supernatant was 
passed through a column (15 x 1 cm) containing coarse 
Sephadex G-25 equilibrated with 25 mM HEPES-KOH (pH 
7.5), 120 mM KCl, 1.5 mM Mg acetate, and 1 mM DTT. 
The column was eluted with the same buffer and collected 
as 200 µl fractions. Those showing the highest A260 (i.e., 
polysomal and initiation complexes) were pooled together 
for in vitro translation.              

Endogenous mRNA-free translational extracts were 
prepared by treatment with micrococcal-nuclease. A 100-µl 
cell-free extract was incubated with 25 U micrococcal 
nuclease (Pharmacia) in the presence of 0.3 mM CaCl2, 2 
mM Mg acetate, 2 mM DTT, 100 mM K acetate, 0.2 mM 
GTP, 1 mM ATP, 15 mM creatine phosphate, 8 µg creatine 
kinase, 10 µM each 19 amino acids (except methionine) in a 
final volume of 200 µl. After 10 min incubation at 20°C, 
nuclease activity was stopped by adding 0.6 mM EGTA. 
The final preparation was stored at -80°C as aliquots.  
 
In Vitro Transcription 

The legumin cDNA (11S) insert was purified from the 
pea legumin clone pCD43 and then placed under the control 
of a dual promoter (T7 and SP6) in plasmid pSPT18 
(Pharmacia). This newly constructed plasmid was used for 
in vitro transcription reactions as per the procedure 
described by the supplier. A typical 20 µl reaction mixture 
contained 4 µl 5 x transcription buffer (200 mM TRIS-HCl 
pH 7.9, 30 mM MgCl2, 10 mM spermidine, 50 mM NaCl), 
0.5 mM DTT, 20 U RNasin, 1000 µM each of ATP, GTP, 
CTP, 0.5 µM UTP, 50 µCi [α-32P]-UTP (sp act 3000 
µCi/mM) and 20 U of T7 RNA polymerase. The reaction 
was incubated at 37°C for 1 h. The newly transcribed 
mRNA was purified from the template plasmid DNA by 
incubating with RNase-free DNase I in the presence of 60 
µg tRNA at 37°C for 30 min. The mixture was incubated 
further at 37°C for 30 min with proteinase K and 0.1% SDS. 
Finally, it was extracted with a phenol:chloroform mixture 
and chloroform alone. The aqueous layer was used for 

isopropanol precipitation at -20°C overnight. The 
transcribed RNA was recovered by repeated centrifugation 
followed by 70% ethanol washing. It was then dissolved in 
water and the incorporated radioactivity was measured as 
cold TCA-precipitated counts in the presence of 10 mM 
phosphate buffer, pH 7.2. 
 
Ultra Violet-Cross Linking Between mRNA and Proteins in 
Reconstituted Polysomes 

A flow diagram illustrating the various steps of the 
technique is given in Fig 1. Cell-free translation extracts 
(100 µl containing 50 µg protein) prepared from various 
developmental stages of alfalfa embryos were incubated 
with 32P-labelled (1.5-2.5x105) legumin mRNA (0.5 - 1.0 
ng) at 30°C for 15 min in a 96-well tissue-culture plate. This 
quick incubation period allowed the formation of initiation 
complexes and polysomes. The reaction was stopped by 
placing on ice and ribosome movement arrested by adding 
50 µg/ml cycloheximide. Samples were then irradiated with 
UV light at 2°C for 10 min in a closed chamber with an 
incident dose of 4000µW/cm2 (37) using a mineralight lamp 
model r52-G (Ultraviolet Products Inc, San Gabriel, USA). 
UV-irradiated samples were further incubated at 37°C for 
30 min with a nuclease cocktail (micrococcal nuclease, 
RNase A and T1) to remove the non-crosslinked region of 
mRNA. It was brought to Laemmli's, 1970 (23) buffer 
conditions and then cross-linked mRNP-proteins were 
separated by SDS-PAGE (12% gel). After electrophoresis, 
the gel was incubated for 30 - 60 min at 85°C with 10% 
TCA and 10 mM phosphoric acid to remove the 
unincorporated or small fragments of 32P-mRNA. Cross-
linked proteins trapped with 32P-labelled mRNA were made 
visible by autoradiography of the gels using Kodak XAR or 
XRP film.      
 
Sucrose Density Gradient Analysis of Reconstituted 
Polysomes 

The sedimentation profile of 32P-labelled legumin 
mRNA in the reconstituted polysomes made from cell-free-
translation extracts of developing alfalfa embryos (see 
previous section) was measured after sucrose density 
gradient separation. In this assay, 32P-labelled reconstituted 
polysomes were layered over a 10 - 40% sucrose density 
gradient in 50 mM TRIS-HCl (pH 7.5), 100 mM NaCl, and 
1 mM MgCl2 which was then centrifuged in an SW 41 rotor 
(Beckman) at 100,000xg for 3.5 h at 2°C. At the end of 
centrifugation, each gradient was collected as 0.5 ml 
fractions. The cold TCA-precipitable 32P-labelled legumin 
mRNA was counted in each fraction. Fractions 1 - 6, 7 - 10, 
and 11 - 20 were considered as mRNP, monosomes and 
small polysomes, and large polysomes, respectively.   

RESULTS AND DISCUSSION 

 
RNA Synthesis in Isolated Nuclei of Developing 
Embryos 

Previously we observed that storage protein 
mRNAs are present during the entire period of 
development in somatic embryos of alfalfa, and 
in the cotyledonary stages of zygotic 
embryogenesis (33). The steady-state message 
content increases only during expansion of the 
cotyledons when messages are recruited by the 
polysomes for protein synthesis. However, these 
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mRNAs are not recruited into the polysomes 
during the pre-cotyledonary (mixture of globular 
and heart) stages of somatic embryogenesis but 
are sequestered in the non-polysomal fraction in 
the form of mRNP-complexes. The messages can 
be translated in vitro upon deproteinization, 
either in a wheat germ extract or a rabbit 
reticulocyte system (33). The cytoplasmic non-
polysomal mRNAs from pre-cotyledonary stage 
somatic embryos are associated with a special set 
of proteins which are absent from the mRNAs of 
polysomal origin (31). These proteins may 
control the selective recognization and 
modulation of the expression of specific mRNAs. 
Our previous observations do not explain 
whether the non-translated storage protein 
mRNAs present in the pre-cotyledonary somatic 
embryos are in transit from the nucleus to the 
polysomes, are excess mRNAs in equilibrium 
with the polysomes, or are mRNAs masked by 
regulatory proteins which inhibit their 
recruitment into polysomes. We first tested these 
possibilities using the kinetics of nuclear 
transcription followed by DNA-excess dot-blot 
hybridization.  
 

Fi
gure 1. A summary of the technique of in vitro 
reconstitution of legumin mRNA and proteins in the cell-
free translation extracts. 
 

The rates of nuclear transcription at different 
stages of alfalfa embryo development are shown 
in Fig 2. When an equal number (1x106) of 

nuclei extracted from embryos at various stages 
of development was incubated in an in vitro 
transcription system, a lag period of 
incorporation of 15 min was noticed. 
Immediately after that, there was a more or less 
linear incorporation of acid-precipitable 32P-UTP 
for a further 30 min, followed by a steady-state 
rate except in the nuclei preparations from 
somatic d 3 and 5 embryos which showed a more 
linear transcription rate for almost 120 min. The 
nuclei from fully-expanded cotyledons of 
somatic (d 10) or zygotic (stage VI - VII) 
embryos showed a slower rate of transcription 
than those of pre-cotyledonary stage, d 3 and 5, 
somatics. At the late cotyledonary stages of 
somatic embryogenesis (d 14 and 16) there was a 
lower rate of transcription. A very poor rate of 
transcription was also noted for very early (d 0) 
somatic embryos (globular stage). The 
transcription rate of leaf nuclei was almost the 
same as that of d 14 - 16 somatic embryos (Fig. 
2).  

Figure 2. Kinetics of transcription in isolated nuclei from 
developing somatic and zygotic embryos and from leaf 
tissue. 
Nuclei (1x106) suspended in 100 µl transcription cocktail 
were used for the transcription reaction. At different time 
intervals 5 µl were withdrawn from the reaction mixture, 
spotted on Whatman 541 filter paper, and then cold-TCA-
precipitable radioactivity was measured.  

The rate of transcription seemed to vary with 
the composition of the medium to which the 
somatic embryos were transferred and the 
developmental age of the embryo. An accelerated 
rate of transcription occurred from d 3 - 5 (Fig. 
2) after the embryos were transferred from 
suspension culture medium (B5G) to a hormone-
free Boi2Y medium, which supported the 
formation and development of the embryos. The 
Boi2Y medium promoted cellular differentiation 
and the formation of viable embryos, thereby, 
enhancing transcription. Yet, in vivo, the 11S 
mRNAs, although present, were not translated at 
this stage of development (33). 
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The poorer rat of transcription at the later stages 
of development, when the cotyledons were fully 
expanded, was probably due to the aging and 
maturity of the embryos, when most of the 
transcriptional machineries became inactive. 
 
Analysis of Legumin (11S)-Specific mRNA during 
Transcription in Isolated Nuclei by DNA Excess 
RNA Hybridization 

Newly synthesized 32P-labelled transcripts 
were withdrawn from the in vitro transcription 
system at different times from the start of 

incubation and total 32P-labelled RNA was 
purified. This was then used as a probe for 
hybridization against a pea legumin (11S) cDNA 
insert (pCD 43 cDNA). A parallel experiment 
was also conducted in which hybridization of in 
vitro transcripts was against either soybean actin 
(pSAc 43) or ribosomal RNA (pGMr1) gene 
inserts. After hybridization, dot blots were 
scanned with a gel scanner (Hoeffer Scientific 
Instruments) and absorption plotted as a bar 
diagram, using relative units of absorption (Fig. 
3).

 
 

Figure 3. Expression of legumin (11S, medicagin) storage protein, actin and ribosomal RNA in developing somatic and zygotic embryos, 
roots and leaves.  
Detection of individual mRNAs was measured by DNA-excess RNA hybridization as described in Materials & Methods. Kinetics of the 
hybridization plotted in the form of bar diagram using incubation period, min (x-axis) against the scanned area of the incorporated 
radioactivity in the dot blot, in arbitrary unit (y-axis). D: day; Z(E): zygotic (embryos); SE: somatic embryos (0, 3, 10 etc., number of d of 
development); Stg: stage of zygotic embryos development; Ac: actin; rDNA: ribosomal cDNA. 
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The legumin (Fig. 3 A & B) and the control 
actin Fig.3 (C & D) mRNA were transcribed by 
isolated nuclei from both somatic and zygotic 
embryos during their development. However, the 
legumin mRNA was barely detectable in nuclei 
from either the leaf or the root using low-
stringency washing, and not at all in these from  
pre-cotyledonary-stage somatic embryos (d 0 - 3) 
nuclei. Actin mRNA was detectable in nuclei 
from the leaf and root, more predominantly in the 
former, and also in both embryo types. The slight 
appearance of legumin mRNAs in nuclear 
transcripts from either the leaf or root could be 
due to non-specific binding of the probe which 
was not eliminated by low-stringency washing.  

Using northern blot analysis and high-
stringency washing, no steady-state legumin 
mRNA was detected in either the leaf or root 
tissue, but remained present on blots from 
zygotic and somatic embryos. On the other hand, 
actin mRNA was detected in both leaf and root 
tissue even after high-stringency washing (Fig 4).  

 
 
Figure 4. Steady-state mRNA analysis of developing 
embryos using northern blot technique. 
 A: Probed with 32P-labelled legumin cDNA (pCD 43) 
clone. B: Probed with 32P-labelled soybean actin genomic 
DNA (pSAc 43) clone. Lanes: Zygotic Embryos (ZE) - 
stage IV / V, ZE - stage VI, ZE - stage VII, ZE - stage VIII, 
Somatic Embryos (SE) - 0 d, SE - 3 d, SE - 5 d, SE - 10 d, 
SE - 14 d, SE - 16 d, leaf,  root. 
  

The synthesis by isolated nuclei from zygotic 
and somatic embryos of legumin and actin 
mRNAs was largely inhibited in the presence of 

0.5 µg/ml α-amanitin (Fig. 3E), a fungal cyclic 
peptide which inhibits RNA polymerase II 
activity at low concentrations, without interfering 
the RNA polymerase III (18). Thus, transcription 
of ribosomal RNA genes occurred in the 
presence of α-amanitin during the incubation of 
isolated nuclei using a preparation from 10-d 
somatic embryos. α-Amanitin considerably 
diminished synthesis of the legumin and actin 
mRNAs; this is an indication of the fidelity of the 
in vitro transcription system. 

Transcription of legumin mRNA during 
somatic embryogenesis occurred immediately 
after the onset of cotyledon formation, which was 
from d 5 onwards (Fig. 3). At this stage, the 
legumin mRNAs were recruited into polysomes 
and synthesized the corresponding storage 
protein. This process continued as long as the 
cotyledons underwent expansion (to d 14) and 
then declined as the embryos reached maturity (d 
16) (33). 

By comparing legumin transcription between 
developing somatic and zygotic embryos, there is 
a strong indication that zygotic embryos always 
support more transcription than the somatics. 
Stage VI zygotic embryos showed the maximum 
of legumin transcription, followed by a decline at 
later stages. On the other hand, in somatic 
embryos the legumin mRNAs started to be 
transcribed on d 5 and onwards, reaching the 
highest transcription at d 14, before starting to 
decline (Fig 3). The poorer legumin transcription 
in somatic embryos could be due to the 
composition of the medium in which they were 
allowed to differentiate. This is presumably less 
stimulatory for the completion of embryogenesis 
than the nutritional supply that zygotic embryos 
received from their parent plant. 
 
In Vitro Reconstitution of Proteins with Legumin 
mRNA in mRNPs and Polysomes 
It was of interest to determine why the legumin 
mRNA that was transcribed during the pre-
cotyledonary stages of somatic embryos 
development was not translated in vivo. This 
could be due to an intrinsic property of the 
message, to defective translation machinery, or a 
combination of these. To ascertain which of these 
possibilities was most likely; an experiment 
involving in vitro reconstitution of mRNPs was 
carried out. Legumin message labelled with 32P 
was transcribed by placing a pea legumin cDNA 
(pCD43) insert under the control of T7 promoter, 
to make a sense strand, in the plasmid vector 
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pSPT18 (Pharmacia). These mRNAs were then 
incubated separately with cell-free translational 
extracts prepared from pre-cotyledonary- and 
cotyledonary-stage somatic embryos and 
cotyledonary-stage zygotic embryos (details in 
Materials and Methods). After translation was 
underway (i.e., immediately after the formation 
of polysomes, which took 10 - 15 min), the 
reaction was stopped by adding 50 µg/ml 
cycloheximide to arrest polysome movement, 
and intimately-associated polysomal and non-
polysomal and proteins were cross-linked by 
UV-irradiation.  

The legumin mRNA became UV-cross-linked 
to several proteins in the cell-free translational 
extracts prepared from pre-cotyledonary- and 
cotyledonary stage-somatic and zygotic embryos 
(Fig 5). The greatest difference in the types of 
proteins which cross-linked was between the pre-
cotyledonary-stage and cotyledonary-stage 
somatic embryos with proteins of 32, 36 and 38 
kD being very predominant in the latter, and 
those of 21 - 23, 28, 50, 55, and 62 kD being 
enriched in, or exclusive to, the former. The 
proteins in the translational extracts of 
cotyledonary-stage zygotic embryos which 
became cross-linked to the legumin mRNA 
included the most predominant ones in the 
cotyledonary-stage somatic embryos (36 - 38 
kD), but not those most evident in the pre-
cotyledonary-stage embryos or they were present 
only faintly. Some of the faint bands on the 
autoradiograph of the cotyledonary-stage zygotic 
embryos were also present on that of the 
cotyledonary-stage somatics. 
 

 

Figure 5. The association of proteins and legumin mRNA 
into an mRNP-complex using cell-free translational extracts 
of somatic and zygotic embryos of alfalfa. 32P-labelled 
legumin mRNA was incubated with cell-free translational 
extracts from developing zygotic and somatic embryos and 
exposed to UV to make covalent linkages between the 
mRNA and intimately-associated proteins. The resultant 
complex was digested with a nuclease cocktail, and the 
proteins associated with 32P-mRNA were resolved by SDS-
PAGE.   
 

The UV-cross-linked proteins from pre-
cotyledonary-stage somatic, cotyledonary-stage 
somatic and zygotic embryos are shown. Proteins 
from the extracts of cotyledonary-stage embryos 
which cross-link with the mRNA are indicated 
by the dark arrows and those from the pre-
cotyledonary stage by the open arrows. Mol. 
mass markers in kD shown on the right of C.  
 

We determined if there is a relationship 
between the ability of legumin mRNA to be 
translated, and the activity of the cell-free 
translated extracts from the zygotic embryos, and 
the somatic embryos at the two stages of 
development. Legumin mRNA was incubated 
with cell-free-translational extracts in the 
presence of 35S-methionine for various times, and 
the incorporation of label was measured in hot 
TCA precipitates. The efficiency of legumin 
mRNA utilization was least in pre-cotyledonary-
stage somatic embryos (SE - 0) compared to 
cotyledonary-stage somatic (SE - 10) and zygotic 
(ZE - VII) embryos (Table 1).  
 
Table 1. Efficiency of legumin mRNA utilization by 
various stages of cell-free-translation extracts using 35S-
methionine and measuring the hot TCA-precipitable counts 
at different times of incubation. 
 

100 ng of legumin mRNA was used for in vitro translation 
in a reaction mixture of 50 µl volume containing equal 
amounts of A280 cell-free-extracts.  1 µl was removed from 
the reaction mixture at different times, spotted onto 
Whatman 541 filter paper and boiled for 20 min in 15% 
TCA. After boiling, filter papers were washed with several 
volumes of 15 % TCA until the washings had a normal 
background count. Finally, the filters were washed with 
ethanol and acetone, and counted in toluene-omnifluor. SE  
0 and 10: Somatic Embryos day 0 and 10; ZE VII: Zygotic 
Embryos Stage VII). 
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While it must remain a speculation at this 
time, it is possible that defective translation of 
the legumin message during the pre-cotyledonary 
stages of somatic embryogenesis is due to a 
deficiency in the translationally-active legumin-
message-binding protein complex. That is, the 36 
and 38 kD proteins are required (and perhaps 32 
kD), but are present only in the later 
cotyledonary-stage embryos, when legumin is 
synthesized. The presence of other mRNA-
binding proteins (21 - 23, 28, 50, 55 and 62 kD) 
might result in the masking of the legumin 
message, thus, forming free mRNP complexes 
and thereby preventing initiation of translation at 
the pre-cotyledonary stage of somatic embryo 
development. This 62 kD protein may be our 
previously reported (31) autophosphorylated 65 
kD protein kinase C which might show a lower 
molecular mass on this gel could be due to 
normal small variations in the migrations of 
proteins and markers during gel electrophoresis. 

As development proceeds, the masking 
proteins are either turned over and are no longer 
present, or they cannot compete with newly 
synthesized translationally-active legumin 
mRNA-binding proteins (32, 36 and 38 kD) 
which positively regulate translation. Such 
associations between proteins and storage protein 
mRNAs during embryogenesis are a novel 
finding regardless of their cellular function. 
 
Sucrose Density Gradient Analysis of In-Vitro-
Reconstituted Legumin Polysomes 

As we noted in the reconstituted polysomal 
experiments, that there is a variation in the 
legumin mRNA binding proteins between pre-
cotyledonary- and cotyledonary-stage embryos. 
However, we do not know whether these 
differences in the binding of proteins to mRNA 
allow for the formation of larger polysomes or 
prevent the initiation of polysome formation. To 
check this, the distribution of 32P-legumin mRNA 
in the reconstituted polysomes made from cell-
free-translational extracts was measured by 
separation on a 10 - 40% sucrose density 
gradient. The distribution of acid-precipitable 
radioactivity (32P-labelled legumin mRNA) in the 
reconstituted polysomes showed three major 
peaks: free mRNP (fractions 1 - 6, region I), 
monosomes and small polysomes (fractions 7 - 
10, region II), and a large polysomes (fractions 
11 - 20, region III) (Fig. 6). 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 6. Sedimentation profile of reconstituted legumin-
mRNA-containing polysomes in sucrose density gradients. 
32P-labelled legumin mRNA was incubated for a brief 
period (10 - 15 min) with cell-free translation extract 
prepared from various stages of developing alfalfa embryos 
to allow the formation of the initiation and polysome 
complexes and then analyzed on a 10 - 40% sucrose 
gradient.  Centrifugation was for 3.5 h at 2°C at 100,000xg 
in a Beckman SW 41 rotor. The sample was fractionated 
(0.5 ml / fraction) using an Autodensi-flow IIC gradient 
maker (Buchler). Each fraction was plotted against the 
amount of TCA- precipitable 32P-labelled legumin mRNA. 
Fractions 1 - 6, mRNP-complexes (region I); 7 - 10 
monosomes and small polysomes (region II); 11 - 20 large 
polysomes (region III). 
 

The translational extracts from both the 
cotyledonary-stage somatic and zygotic embryos 
allowed the formation of larger polysomes 
containing legumin mRNA (region III) in vitro, 
whereas the translational extract from the pre-
cotyledonary somatic embryos prevented this. 
Rather it enhanced the formation of monosomes 
and small polysomes (region II) and mRNPs (I) 
compared to the cotyledonary translational 
extracts.  

These findings are consistent with the 
suggestion that there is discrimination in the 
recruitment of mRNAs into polysomes at 
different stages of embryo development, with the 
legumin message being excluded during the pre-
cotyledonary stage of somatic embryogenesis. 
Translational extracts prepared from this stage 
presumably lack some of the legumin mRNA-
binding proteins which may be involved in 
translation in cotyledonary-stage embryos. 
Moreover, the pre-cotyledonary extracts may 
contain some regulatory proteins which bind to 
the legumin mRNA and negatively regulate its 
translation. Such regulatory proteins were not 
present in the reconstituted legumin mRNP-
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complexes made from cotyledonary translation 
extracts of somatic or zygotic embryos (Fig. 5). 
We have also reported that cell-free-translational 
extracts prepared from pre-cotyledonary somatic 
embryos contain about 100-fold more protein 
kinase activity as compared with those from 
cotyledonary zygotic embryos (31). This kinase 
activity could covalently modify some of the 
mRNA-binding proteins and, thereby, prevent 
their initiation.  Discrimination in mRNA 
utilization in polysomal complexes is a common 
phenomenon in animal systems, but parallel 
studies on plants are very rare, and none have 
addressed the association between potentially 
regulatory proteins and newly synthesized 
mRNA. In sea urchin egg and ascites cells (28) 
there is a marked degree of discrimination in the 
utilization of specific mRNAs by polysomes. 
These messages exist in the cytoplasm as free 
mRNPs or "masked" messages. Here we show 
that a similar situation can occur during 
embryogenesis, particularly during the early 
stages of somatic embryogenesis and we have 
started to identify the discriminatory factors in 
the polysomal fraction which may be responsible 
for the selective recruitment of legumin mRNA 
for translation. 
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