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ABSTRACT 

Poly(U)-cellulose columns were used to detect the presence of 

polyadenylic acid sequences in heteronuclear(htn)RNA, polysomal RNA, and 

more specifically, messenger-like RNA. This chromotography indicates 

that approximately 10% of the htnRNA contains a poly(A) sequence. 

Polysomal RNA contains approximately 67» poly(A)-RNAs, but after treating 

J | 
polysomes with puromycin and high [Mg ] to release the mRNA, the percent 

poly(A)-polysomal RNA increased to 257». 

Polyacrylamide gel electrophoresis indicates that htnRNA ranged 

in size from 4 to 30S, messenger-like RNA was from 4 to 20S in size, and 

the standard three peak curve was obtained for tRNA, and rRNA (4S, 18S, 

and 25S). Poly(A)-htnRNA and poly(A)-polysomal RNA isolated on poly(U)-

cellulose columns were found to have similar sizes ranging from 4 to 

23S. Electrophoresis of the enzymatically isolated poly(A) segment shows 

that it bands in the 3-4S region of the gel. 

Base composition analysis of poly(A)-htnRNA and poly(A)-polysomal 

RNA indicates that both are enriched for adenylic and guanylic acid. 

The total base ratio for both RNAs is also similar. These results 

further support the hypothesis of a precursor-product relationship be

tween polyfA)-htnRNA and poly(A)-polysomal RNA. 

Sucrose gradient analysis of polysome formation in germinating 

cotton seeds indicates that there are no detectable polysomes in dormant 

ix 



seeds. The first detectable polysome peaks did not appear until 12 hrs 

after imbibition. The maximum polysome:ribosome ratio was found after 

48 hrs, and from that point on the polysome profile or content did not 

change significantly. 

Kinetic experiments on the appearance of the different classes 

of RNA (heteronuclear RNA (htnRNA), messenger-like RNA, and rRNA) showed 

the expected precursor-product relationship between the htnRNA, and 

cytoplasmic mRNA and rRNA. In particular, messenger-like RNA specific 

activity increased at a rate approximately equal to that of htnRNA. 

3'-deoxyadenosine (25 g/ml) affects the formation of poly(A)-

htnRNA and poly(A)-polysomal RNA, indicating that it inhibits the attach

ment of poly(A) segments to RNAs which are to be transported to the 

cytoplasm. Seeds imbibed in 3'-deoxyadenosine and then labeled with 

3 3 
H -adenine and H -protein hydrolysate showed a drastic reduction in the 

synthesis of poly(A)-htn RNA, poly(A)-polysomal RNA and protein after 

the first 18 hrs. 

It was concluded that post-transcriptional modification of 

htnRNA is critical for protein and mRNA synthesis. Evidence also indi

cates that poly(A)-htnRNA is the storage form of RNA in dormant seeds. 



CHAPTER 1 

INTRODUCTION 

Much work; has been done on the biochemical and morphological 

changes which take place during early seed germination. During the first 

48 hrs of germination there is an increase in both wet and dry weight, 

accompanied by the appearance of the hypocotyl, and the enlargement and 

separation of the cotyledons. These morphological changes are concomi

tant with protein and nucleic acid synthesis in each cell of the develop

ing embryo. 

The germinating seed system provides one with the opportunity to 

monitor the appearance of the different classes of RNA (htnRNA, mRNA, 

and rRNA), and the de novo synthesis of proteins. Few other biological 

systems make the transition between complete dormancy and life that is 

found in germinating plant seeds. 

It has been known for several years that most mRNAs in animal 

cells are rich in adenylic acid. More recently, Sheldon, Kates, Kelley 

and Perry (1972) have shown that some of the adenylic acid in these 

mRNAs is located in a 50-200 nucleotide segment at the 3'OH terminus of 

the molecule. These segments are very rich in polyadenylic acid (> 957») , 

ribonuclease resistant, and can be selectively bound to polyuridylic or 

polythymidylic acid covalently linked to cellulose. The last property 

allows for the affinity chromatography of poly(A)-containing mRNA from 

1 
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polysomal RNA preparations with minimal rRNA contamination. Poly(A) 

segments have also been found in heteronuclear(htn)RNA. 

The fact that both htnRNA and mRNA contain a poly(A) segment 

indicates a possible relationship between the two. That is, transcrip

tion produces htnRNA which may have a poly(A) segment added post-

transcriptionally. These RNAs are cleaved to form mRNA and are then 

transported to the cytoplasm to become associated with the ribosomes. 

In this model, regulation of gene expression can occur at transcription 

and post-transcriptional levels while the RNAs are still in the nucleus. 

Ihle and Dure (1970) have shown that the synthesis of certain 

proteins during early germination is not sensitive to actinomycin-D, an 

inhibitor of RNA synthesis. This indicates that the information for 

these proteins has been transcribed before germination during late 

embryogenesis. That is, mRNA is transcribed during embryogenesis and 

stored in the dormant seed to be utilized during early germination. The 

exact storage form and location of this messenger RNA is not known. 

It becomes apparent from the above mentioned work that cotton 

seedling RNAs may contain poly(A) sequences, which as a consequence could 

be used to isolate mRNA and poly(A)-htnRNA. The storage form of RNA in 

dormant seeds may be either cytoplasmic mRNA or htnRNA, the latter being 

stored in the nucleus. Finally, it was of interest to know if post-

transcriptional modification (addition of poly(A) segment) is important 

in mRNA formation and protein synthesis during early germination. To 

answer these questions the following experiments were conducted: 



1. Poly(U)-cellulose was employed to determine if mRNA and htnRNA 

contain a poly(A) segment, and electrophoresis was used to 

calculate the approximate size of the poly(A) segment. 

2. The kinetics of htnRNA, mRNA, and rRNA formation was monitored 

during the first 48 hrs of germination. 

3. Dormant and germinating seedings were assayed for the presence, 

appearance, and relative abundance of polysomes during the 48 hr 

period. 

4. The appearance of poly(A)-containing htnRNA and mRNA was moni

tored during early germination. The size distribution of these 

RNA's was also determined. 

5. The poly(A) inhibitor 3'deoxyadenosine was used to inhibit the 

formation of mRNA in germinating seeds and to determine what 

effect it had on protein synthesis. 

6. The base ratios of htnRNA, rRNA, mRNA, poly(A)-containing htnRNA, 

and total RNA were calculated. 

Results from these experiments indicate that mRNA and htnRNA 

contain a poly(A) segment approximately 75 nucleotides long, and that 

the post-transcriptional addition of poly(A) to htnRNA is important to 

the formation of mRNA and protein synthesis during early germination. 



CHAPTER 2 

LITERATURE REVIEW 

Messenger RNA 

Since the central dogma was first postulated by Watson and Crick 

(1953) many workers have concentrated their efforts on investigating the 

events of this dogma. Brenner, Jacob and Meselson (1961) demonstrated 

the existence of a class of RNA, which due to its kinetic properties, 

represents mRNA in bacteria [also see review of early work on mRNA by 

Jacob and Monod (1961)]. This unstable mRNA is transcribed from the DNA, 

and is translated by the ribosomes in the cytoplasm. Nirenberg and 

Matthaei (1961),using a cell free protein synthesizing system from E. 

14 
coli, found that an RNA template was required for C -valine incorpora

tion into proteins. They also found that both naturally occurring and 

synthetic polynucleotides were active in this system. Lipmann (1967), 

Mans (1967), Attardi (1967), and many other workers have examined the 

components and the process of translation and protein synthesis, and 

have formulated the elegant model of ribosome migration along the mRNA 

molecule. A good recent review of protein synthesis is that of Attardi 

(1967). 

In a eukaryotic system it is difficult to measure the appearance 

of mRNA because of its low concentration (< 5% of the total cellular 

RNA). One of the first reports of a class of RNA with properties similar 
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to bacterial mRNA from mammalian cells was made by Hoyer, McCarthy and 

Bolton (1963). Munro and Korner (1962) isolated an RNA with similar 

properties from the microsomal fraction of animal cells. Since that 

time many laboratories have isolated and characterized mRNA from animal 

systems. Some of these works will be discussed later. 

Penman et al. (1963) have shown that mRNA in Hela cells is a 

relatively unstable molecule with a mean cell life of 3 hrs. Their work 

also indicates that heterogeneous nuclear RNA (htnRNA) had a half life 

of 15-20 min after treatment with actinomycin-D. They did not draw any 

conclusions about a relationship between these two RNAs. 

The bulk of the RNA extracted from plant tissue in early work 

(Ingle 1963, Loening 1965) was identified as rRNA using gel electro

phoresis, sucrose gradients, or MAK columns. Loening (1965) observed a 

rapidly labeled class of RNA which was not rRNA or tRNA. This RNA may 

have been mRNA in plants, but positive confirmation could not be achieved. 

Ingle and Key (1965b) working with excised soybean hypocotyls found a 

class of RNA which had a base composition similar to nuclear DNA, and 

had properties similar to bacterial mRNA. They called this RNA DNA-like 

RNA (D-RNA). High concentrations of actinomycin-D (10-20 g/ml) inhibited 

total RNA synthesis, protein synthesis and cell elongation. Low concen

trations of actinomycin-D and 5-flurouracil inhibit tRNA and rRNA 

synthesis, the latter having only a slight affect on D-RNA and does not 

affect cell elongation. Thus D-RNA and protein synthesis are necessary 

for cell elongation. Subsequent work by Ingle and Key (1965a) further 

substantiated the presence of D-RNA in both excised and intact hypocotyls 



from soybean. The D-RNA in these studies had a high specific activity, 

a mean cell life of 2 hrs, and a base composition very different from 

rRNA and tRNA. The base composition showed an enrichment for adenylic 

acid. Again, this D-RNA may be the mRNA in soybeans but additional 

support is needed. 

Further support for the idea that D-RNA may be mRNA came from 

Lin (1966), who found D-RNA associated with the polyribosomes of soybean 

roots. This D-RNA represents 10-20% of the total cellular D-RNA in 

soybean hypocotyls. The bulk of the D-RNA (80-907o) is extracted with 

the DNA, indicating that it is located in the nucleus. Its cell life 

is also 2-3 hrs. Localization of D-RNA in both the nucleus and cytoplasm 

would be necessary if it is indeed mRNA. 

Polyribosomes and Protein Synthesis 

Early workers (Gilbert 1963, Hardesty et al. 1963) found that 

polyribosomes (polysomes) rather than monoribosomes are the active site 

for protein synthesis in bacteria and animal cells. In vivo protein 

synthesis was found to take place in reticulocyte polysomes by Gierer 

(1963), and there is an association of rapidly labeled RNA (mRNA) with 

these polysomes. Clark, Mathews and Ralph (1964) isolated polysomes 

from Chinese cabbage leaves, and found that the relative amount of 

polysomes fluctuates along with RNA synthesis during the light-dark 

growing cycle. 

Marcus and Feeley (1964) studying the metabolic occurrences dur

ing and after imbibition found the protein synthesizing apparatus present 

in the cotyledons of dormant peanut seeds. Although ribosomes are 
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present in dormant seeds they are not active in protein synthesis. The 

limiting factor appears to be the synthesis of mRNA. Similar findings 

were made with wheat embryos. Nemer (1962) used ribosomes from un

fertilized sea urchin eggs to synthesize polyphenylalanine from synthetic 

polyuridylic acid mRNA. This response did not change after fertilization 

indicating that mRNA was the rate limiting factor in protein synthesis 

in this system. 

In other work, Marcus and Feeley (1965) concluded that polysomes 

are the active site of protein synthesis, and polysomes are not found in 

dormant wheat embryos. Simple homogenation of wheat embryos did not 

bring together stored mRNA and ribosomes as an active complex. If the 

homogenized embryos are incubated for 12 hrs at 30° C polysomes are 

formed and protein synthesis takes place. ATP is required for polysome 

formation (Marcus and Feeley 1966). Marcus, Feeley and Volcani (1966) 

found that protein synthesis increased rapidly after a 10 min lag for 

water imbibition along with increased polysome number. 

Aging of slices excised from carrots is also accompanied by a 

dramatic increase in the number of polysomes (Leaver and Key 1967). 

This increase in polysomes is actinomycin-D sensitive, and D-RNA is 

the class of RNA inhibited by the drug. Thus, one of the first events 

in the aging of carrot discs is the synthesis of D-RNA and its associa

tion with ribosomes to form polysomes. 

Long-lived Messenger RNA 

Gross, Malkins and Moyer (1964) and Tyler (1963) have shown a 

rapid increase in protein synthesis after fertilization in sea urchin 



eggs. At the same time there is only a very small amount of RNA 

synthesis. This protein synthesis is not sensitive to actinomycin-D 

indicating the templates coding for these proteins are already present 

in the unfertilized egg. Protein synthesis in actinomycin-D treated 

embryos will continue through the blastula stage. More recent work with 

sea urchin mRNA will be reviewed later. Similar findings were made by 

Guidice and Novelli (1963) for rat liver tissue and Scott and Bell (1964) 

for chick lens tissue. These results indicate some mRNA may be stable 

and have a relatively long cell life. 

A long-lived mRNA was first reported in cotton embryos by Dure 

and Waters (1965). They reported that protein synthesis was not affected 

by actinomycin-D during germination, and actinomycin-D effectively in

hibits total RNA synthesis. They also state that the number of polysomes 

relative to monosomes is the same in the mature embryo as during germina

tion. This is not in agreement with the results presented here. A very 

extensive examination of RNA metabolism during early cotton seed germi

nation has been reported by Waters and Dure (1965) and Waters and Dure 

(1966). 

The de novo synthesis of protease enzyme takes place in germinat

ing cotton seeds in the absence of RNA synthesis (Ihle and Dure 1969). 

Normal amounts of protease are produced for the first 48 hrs in the 

presence of actinomycin-D. Protease synthesis decreases in actinomycin-D 

treated seeds after 48 hrs, and may be a pthological effect of the drug. 

Ihle and Dure (1970) continued their study on stored mRNA and 

found that absissic acid controls translation inhibition in maturing 
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embryos. That is, mRNA synthesized during late embryogenesis has its 

translation inhibited by a suppressor found in the ovule wall. Transla

tion inhibition in precociously germinated embryos can be removed by 

washing or treatment with actinomycin-D. 

Similar findings were made by Chen, Sarid and Katchalslci (1968) 

for dormant wheat embryos. Using DNA-RNA hybridization experiments they 

showed that mRNA is conserved in dry embryos, and activated after germina

tion to support protein synthesis. No new mRNA was synthesized for the 

first 24 hrs. One of the major unanswered questions from this work on 

stored mRNA is the form in which it is stored. That is, is it stored as 

mRNA in the cytoplasm or is it stored as a precursor molecule in the 

nucleus awaiting final processing to form mRNA? 

Polyadenylic Acid Sequences 

It has been known for many years that there are RNAs in mammalian 

cells which are rich in adenylic acid. Edmonds and Abrams (1960) isolated 

and purified an enzyme from calf thymus nuclei which adds adenylate units 

from ATP to the 3' OH terminus of RNA molecules. Ortiz et al. (1965) 

isolated a similar enzyme from E. coli which adds adenylate units to 

pre-existing RNA molecules. Maximum addition is found when mRNA is 

used as the primer RNA, and enzyme activity is lost upon virus infection. 

An ubiquitous enzyme which has a similar function has been isolated from 

calf thymus cytoplasm by Tsaipalis et al. (1973). Unlike the other 

j | 
enzymes this one is Mn -dependent. 

Edmonds and Abrams (1963) found a naturally occurring polyadenylic 

acid-containing RNA in calf thymus nuclei. They isolated the poly(A) 



by affinity chromatography on poly (T)-cellulose. This poly(A) was 

capable of priming further poly(A) addition, and comprised 37> of the RNA 

tested. This is one of the first reports of a poly(A) sequence occurring 

in mammalian cell RNAs, and introduced a very useful technique for 

isolating poly(A)-containing RNAs. 

Poly(A)-RNAs have been subsequently found in mammalian, bacterial, 

yeast, and plant cells as well as many RNA-viruses (Lim and Canellakis 

1970; Gallespie, Marshall and Gallo 1972; McLaughlin et al. 1973; 

Manahan, Still and App 1973). Only the pertinent original works will be 

discussed here Edmonds and Caramela (1969) isolated adenosine rich 

polynucleotides from Ehrlich Ascites cells. The poly(A) segment was 

greater than 90 moleT, adenine, and had an S value of 8-10S. The bulk of 

this poly(A) (> 90?o) was found in the nucleus. Poly(A) synthesis was 

found to be sensitive to low doses of actinomycin-D, indicating it may 

be transcribed from the DNA. This finding is in conflict with the find

ings of Canellakis, Lim and Canellakis (1970), who reported a poly (A) -

containing polysomal RNA in mouse liver which is not sensitive to 

actinomycin-D. They also found this poly(A) to be smaller in size with 

an S value of 4-5S, and was RNAse resistant. 

Poly(A)-RNA has been isolated from the polysomes of Hela cells 

by poly(T)-cellulose chromatography by Edmonds and Nakazato (1972). 

The RNA was heterogeneous in size (6-30S with a maximum at 18S), and 

comprised 157o of the total polysomal RNA. Kates (1970) made similar 

findings using Vaccinia virus. To date only two reports have been 

published concerning poly(A) in the RNAs of higher plants (Manahan et al. 



1973; Higgins, Mercer and Goodwin 1973). Both of these reports dealt 

with isolation of poly(A)-RNAs from polysome preparations. The poly(A) 

segment was found to be 4-5S in size and was greater than 85 mole7o 

adenylic acid. A detailed report of poly(A) metabolism has not appeared 

for higher plants. It is one of the purposes of this project to fill in 

some of this gap of knowledge. 

Sheldon, Turale and Kates (1972) isolated mRNA from Vaccinia 

virus, and mRNA and htnRNA containing poly(A) from Hela cells. Using 

31-exoribonucluease or polynucleotide phosphorylase he was able to 

cleave off the poly^A) segment without changing the rest of the molecule. 

From this work they concluded that the poly (A) segment was at the 3'-OH 

terminus of these RNA molecules. 

Precursor-Product Relationship Between 
Nuclear and Cytoplasmic RNAs 

It was shown by Attardi, Jeantur and Amaldi (1968) and Weinberg 

and Penman (1970) that rRNAs (5S, 18S, and 28S) in mammalian cells are 

derived from 45S precursor molecules found in the nucleus. A precursor-

product relationship has also been found for plant rRNA by Rogers, 

Loening and Fraser (1970) and Leaver (1970), but it is not a polycistronic 

molecule as found in mammalian cells. Precursor molecules lose 0.3-1.0 

x 10^ daltons during processing to form 25S rRNA. The smaller 18S rRNA 

(0.7 x 10 ) molecule is not processed but is transcribed in the proper 

form and immediately transported to the cytoplasm. Cecchini, Miassod 

and Ricard (1972) using sycamore cells found that a 27S (1.4 x 10^) 

precursor molecule is cleaved to form 25S (1.2 x 10 dalton) rRNA, and 
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g 
a 20S (0.9 x 10 dalton) precursor molecule is cleaved to form 18S 

£ 
(0.8 x 10 dalton) rRNA. As will be seen shortly this precursor-product 

relationship can be extended to poly(A)-htn RNA and poly(A)-mRNA. 

Darnell et al. (1970) based on DNA-RNA hybridization experiments 

concluded that there is a precursor-product relationship between htnRNA 

and mRNA in Hela cells. The bulk of the htnRNA turns over in the nucleus 

and does not become mRNA (Soerio et al. 1968). Darnell et al. (1971) 

using labeled adenosine monitored the appearance of poly(A) in htnRNA 

and its subsequent appearance in the cytoplasm. The drug 3'-

deoxyadenosine had been shown to inhibit the appearance of uridine 

labeled mRNA in the cytoplasm, but had little affect on htnRNA synthesis 

(Mendicki, Lee and Brawerman 1972). Darnell et al. (1971) also found 

that 3'-deoxyadenosine inhibits the appearance of poly(A) in both htnRNA 

and mRNA without affecting total htnRNA synthesis. Thus the poly(A) 

segment is added post-transcriptionally. Post-transcriptional addition 

of poly(A) was also found in Hela cell mitochondrial RNAs by Hirsch and 

Penman (1973) and Perlman, Abelson and Penman (1973). This poly(A) seg

ment is approximately 56 nucleotides long and is not sensitive to 

3'-deoxyadenosine. 

Further support for the nuclear origin and transport to the cyto-

Pl asm of poly(A)-RNAs comes from the work of Jelenik et al. (1973) and 

Latorre and Perry (1974). The results show that poly(A)-htnRNA is 

labeled within 45 seconds, but label does not appear in the cytoplasm or 

polysomes for 30 min. At this time 30-40% of the label has been trans

ported from the nucleus to the cytoplasm. Wise and Goldstein (1972) 



using the electron microscope found RNAs associated with the chromatin 

which are transported to the cytoplasm during the cell cycle of ameoba. 

This work produces the reasonable model of transcription producing 

htnRNA which then has a poly(A) segment added to those RNAs to become 

mRNA. These poly(A)-mRNAs are then selectively transported to the 

cytoplasm to become associated with the ribosomes. 

Kinetics of Poly(A)-containing RNAs 

Greenberg (1972), Singer and Penman (1973), and Hunt (1974) 

demonstrated that mRNAs from mouse L cells, Hela cells and erythroid 

cells are more stable than had been expected. Poly(A)-containing RNAs 

from mouse L cells in exponential growth have a mean cell life of 15 hrs 

at 37° C. Labeling studies show that poly(A)-mRNAs turnover with first 

order (stochastic) kinetics (Perry and Kelley 1973). Unlike most mRNAs 

from mammalian cells histone mRNA does not contain a poly(A) segment 

(Adesnik and Darnell 1972, Greenberg and Perry 1972). Perry and Kelley 

(1973) also showed the turnover of histone mRNA in mouse L cells to 

follow zero-order kinetics with a mean lifetime of 6 hrs. Histone mRNA 

is synthesized during or just prior to S-phase of the cell cycle, trans

ported and translated immediately, and degraded after translation. These 

findings indicate that some time is required for poly (A) addition, and 

this poly(A) somehow stabilizes the mRNA, increasing its mean cell life. 

Perry, Kelley and Latorre (1974) found poly(A)-mRNA to increase 

rapidly and plateau, whereas poly(A)-htnRNA synthesis continued for 

several hours. This indicates a large intranuclear turnover of poly(A), 

and indicates there must be more than one step in the processing of mRNA. 



That is, the addition of poly(A) to an RNA molecule does not guarantee 

its becoming an mRNA molecule. These results tend to weaken the above 

mentioned model. 

In Vitro Translation of Poly(A)-mRNA 

The confirmation that poly(A)-polysomal RNAs are indeed mRNA 

molecules comes from the work of Swan, Aviv and Leder (1972), Aviv and 

Leder (1972), Lockard and Lingrel (1973), and Lim and Canellakis (1970). 

Swan et al. (1972) isolated and purified biologically active mRNA which 

when added to a cell free protein synthesizing system produced a light 

chain polypeptide similar to the polypeptide formed in the in vivo cell. 

The mRNA molecule was found to be monocistronic and contained approximate

ly 200 nucleotides more than is needed to code for the protein molecule. 

These extra nucleotides correspond to the poly(A) segment which is not 

translated (Williamson, Crossley and Humphries 1974). 

Another mRNA molecule was isolated when Aviv and Leder (1972) 

used poly(T)-cellulose to isolate globin mRNA from rabbit reticulocytes. 

The protein produced by this mRNA in vitro was electrophoretically 

identical to the globin produced in vivo. Hendricks (1974) found that 

globin synthesis in a brain cell free system was directed by mRibo-

nucleoprotein rather than a mRNA molecule alone. 

Addition of Poly(A) to Stored mRNAs 

The storage of mRNA and its subsequent translation have been 

discussed previously for cotton seed germination. Slater, Slater and 

Gallespie (1972) examined a similar situation during the fertilization 



of sea urchin embryos. They monitored the appearance of poly(A), and 

found a 2-fold increase before the blastula stage. The process is 

actinomycin-D insensitive, thus transcription is not required. 

3'-Deoxyadenosine had only a slight affect on the synthesis of poly(A) 

in this system. Enzymatic digestion and electrophoresis indicate that 

the poly(A) segment is 100 nucleotides long. 

Slater and Slater (1973) and Wilt (1973) made similar findings 

on the cytoplasmic addition of poly(A) to pre-existing RNA molecules in 

sea urchin eggs. Preadenylated mRNA molecules were found in the sub-

ribosomal fraction (cytoplasm after cell organells have been removed), 

and rapidly transposed to the ribosomal fraction after fertilization. 

This same process will occur in enucleated cells although a large per

centage of the poly(A) is found in the nucleus (Wilt 1973). It may be 

that the major portion of preadenylated mRNA is stored in the nucleus, 

and processed into mRNA by addition of poly(A) after fertilization. 

It is the purpose of this study to determine if htnRNA and mRNA 

from germinating cotton seeds contain a poly(A) sequence, and what if any 

relationship exists between them. Results from experiments on the 

storage form of mRNA in dormant seeds are also reported. 



CHAPTER 3 

MATERIALS AND METHODS 

Germination Procedure 

Commercially available Gossypium hirsutum seeds were used 

throughout this investigation. Seeds were washed with 15% chlorox 

solution for 15 minutes prior to germination to kill surface bacteria. 

The seeds were then placed in three rows (20 seed/row) between two 

sheets of germination paper and rolled into cylindrical rolls. These 

rolls were saturated with distilled ^0, Place^ in at* 800 ml beaker 

containing 300 ml of distilled H^O and covered with a bell jar to retard 

evaporation. Seeds were germinated for the desired length of time in a 

Sherer Controlled Environment Chamber at 37° C in total darkness. 

Tissue Homogenation 

Seeds coats were removed and seedlings washed with cold distilled 

^0. Seedlings were then homogenized in a cold mortar and pestle in 

10:1 (V:W) cold modified Davies buffer (Davies, Larkins and Knight 1972) 

[0.2M Tris-HCl pH 8.0, 0.3M MgCl^, 0.06M KC1, 0.2M sucrose (RNAse free, 

Sigma), 1% diethylpyrocarbonate] plus 2 mis 10% Triton-XlOO. The re

sultant slurry was passed through a single layer of Miracloth to remove 

cellular debris. Subcellular organelles were isolated by differential 

centrifugation in the following way. Nuclei, plastids, and cell mem

branes were pelleted at 1500 x g for 10 min using a Sorvall RC2-B 

16 
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refrigerated centrifuge and an SS-34 rotor. The supernatent was removed 

and centrifuged at 31,000 x g for 30 min to remove mitochondria and 

small cellular fragments. Ribosomes and polysomes were pelleted through 

an 0.8M sucrose cushion in a Beckman Model L Ultra centrifuge at 100,000 

x g for 90 min using a Spinco type 40 rotor. The final supernatent was 

usually kept for further study. All fractionation procedures were 

carried out at 4° C. 

Sucrose Gradient Analysis of Polysomes 

Polysome pellets were resuspended in a buffer for polysomes 

(0.04M Tris-HCl pH 8.0, 0.01M MgC^, 0.02M KCl) by using a glass rod to 

break up the pellet. This solution was then clarified by centrifugation 

at 12,000 x g for 10 min. 

Linear 0.3-l.lM sucrose gradients in 0.02M Tris-HCl pH 8.0, 

0.01M MgC^, 0.02M KCl buffer were made manually in 5.0 ml Beckman 

cellulose nitrate tubes with a final </olume of 4.5 ml (nine, 0.5 ml 

layers). The polysome solution (0.75 OD units) was layered on each 

gradient, and the gradients were placed in a Spinco SW50 rotor and 

centrifuged at 28,000 rpm for 2 hrs. Gradients were fractionated from 

the top on an ISCO Density Gradient Fractionator Model 182, by displac

ing the gradient with a heavy sucrose solution, which was introduced at 

the bottom of the tube. Each 4 drop (0.1 ml) fraction was diluted with 

2.0 ml of distilled H^O after collection on the ISCO Fraction Collector 

and the OD absorbance measured by means of a Beckman DU-2 spectrophotome

ter. 
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3 
Incorporation of H -Adenine and 

H^-Uridine into RNAs 

Pulse Label 

Seeds were germinated as described for the desired length of 

time minus 2 hrs at which time the seedlings were incubated for 2 hrs 

3 3 
in either H -adenine or H -uridine (ICN 50 mCi/mmole). Seeds were re

moved from the germination paper and dispersed randomly in petri dishes 

containing 0.1 mCi of labeled nucleotide and 20 ml of distilled ^0. 

Petri dishes were placed in the growth chamber for 2 hrs in the dark. 

Seedlings were then homogenized after washing as described in materials 

and methods. 

Continuous Label 

Dormant seeds were placed into 5 ml test tubes (1 seed/tube) con-

3 
taining 0.2 ml of H -adenine solution (0.1 mCi/ml), and allowed to imbibe 

for 6 hrs at 37° C. This was the minimum time required for the seeds to 

take up all the solution. These seeds were then germinated for the de

sired time and homogenized as described above. 

Once labeled samples were collected, 1 ml aliquots were taken 

and placed into scintillation vials. To each vial was added 10 ml of 

scintillation fluor (0.001% PPOP, 0.005% PPO in 2 liters toluene and 

1 liter Triton X-100). Each vial was shaken to solublize the aqueous 

sample. Vials were then counted on a Nuclear Chicago liquid scintil

lation counter for 1-4 min/vial. 
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Extraction of RNA from Nuclei 

The nuclear pellet from 60 homogenized seedlings was washed 

three times as follows: 

IX in 15 ml grinding buffer + 

1 ml 10% Triton X-100 

2X in 10 ml grinding buffer. 

Nuclei were then lysed in 15 ml of RNA extraction buffer (17, x 

10 H20, 17, SDS, 0.05M CH^COONa, 0.05M NaCl, 0.01M Tris-HCl pH 7.4, 

5 mg/ml Bentonite) for 30 min at 37° C. To the lysate was added an 

equal volume of phenol saturated with 0.1 x SSC. The phenol mixture 

was shaken for 30 min at room temperature on a wrist shaker then centri-

fuged for 10 min at 12,000 x g to separate the phenol and aqueous phases. 

The aqueous top layer was removed with a pasteur pipet and added to an 

equal volume of saturated phenol. This procedure was repeated until the 

interphase protein emulsion disappeared. The nucleic acids were pre

cipitated from the final aqueous phase by addition of 2 volumes cold 957o 

ethanol + 1/10 volume of 207, CH^COOK and allowed to stand at -20° C for 

3 hrs to finalize precipitation. 

Nucleic acids were pelleted by centrifugation at 12,000 x g for 

10 min on the Sorvall. The pellet was resuspended in 5-7 mis of 0.14M 

CH^COONa, 57, SDS pH 7.5 with a heat sterilized glass rod and again ex

tracted with an equal volume of phenol. The phases were separated by 

centrifugation, the aqueous phase removed, and the nucleic acids precipi

tated by addition of 2 volumes of cold 957» ethanol. Nucleic acids were 

allowed to precipitate at -20° C overnight to assure maximum yield. 



20 

The nucleic acids were pelleted and resuspended in 5 ml of 

1.0 x SSC. The DNA was thenhydrolyzed by adding deoxyribonuclease I 

(Calbiochem RNAse free) to a final concentration of 50 (j,gms/ml. Hy

drolysis was conducted at 40° C for 20 min, and the reaction stopped by 

shaking the hydrolysate with an equal volume of chloroform + 17o octanol. 

The two phases were again separated by centrifugation and the aqueous 

top layer removed with a sterile pipet. The RNA was precipitated by 

adding 2 volumes of cold 957o ethanol and storing overnight at -20° C. 

The RNA was pelleted by centrifugation and resuspended in 2-3 ml of 

Sheldon's binding buffer I (0.12M NaCl, 0.01M Tris-HCl pH 7.5) (Sheldon 

et al. 1972). Each sample was frozen and stored at -20° C for further 

use. 

Release of Messenger-like RNA from 
Polysomes 

The 100,000 x g pellet was gently resuspended with a glass rod 

in the polysomal buffer (0.1 ml/tube). The suspension was clarified by 

centrifugation as previously noted. The clear brown supernatent was 

then removed and placed into a cold 5 ml test tube. Messenger-like RNA 

was released from the polysomes with puromycin according to Blobel's 

(1971) technique. To the polysomal suspension was added 0.15 ml of a 

1 mg/ml solution of puromycin (Calbiochem) in distilled II^O. This solu

tion was allowed to stand for 1 hr at 4° C. MgC^ was added to a final 

concentration of 0.05M and the ribosomes were pelleted out of solution 

by centrifugation at 100,000 x g. The supernatent was removed and de-

proteinized with an equal volume of chloroform + YL octanol. The phases 
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were separated by centrifugation, and the top aqueous layer was removed 

and stored at -20° C. This solution represented the messenger-like RNA 

sample. 

Extraction of RNA from Ribosomes and 
Polysomes 

The extraction of RNAs from ribosomes and polysomes was carried 

out using the SDS-chloroform technique. Polysomal pellets were re-

suspended in polysomal buffer and clarified by centrifugation. The clear 

suspension was then made 2% for SDS by addition of the appropriate amount 

of 10% SDS. This solution was incubated at 37° C for 30 min to break up 

the ribosomes. After the incubation an equal volume of chloroform + 17» 

octanol was added, and the samples shaken for 10 min. This chloroform 

extraction was repeated until no protein appeared at the interphase. 

Ribonucleic acid was precipitated from the aqueous phase by addition of 

o 
2 volumes of cold 957» ethanol and allowed to stand overnight at -20 C. 

RNA was resuspended in binding buffer I (0.12M NaCl, 0.01M Tris-HCl pH 

7.5) and stored frozen for further use. 

Determination of Specific Activities 

To determine the specific activity of an RNA sample the OD^O 

absorbance value was determined spectrophotometrically. The concentra

tion in mgs/ml was calculated by dividing the OD value by 25 and multi

plying by the dilution factor. The radioactivity in counts/min (cpm) 

was determined as described previously, and the specific activity calcu

lated by dividing the cpm/ml by the concentration and expressing this as 

cpm/mg RNA. 
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Isolation of Poly(A)-Containing RNAs on 
Poly(U)-cellulose Columns 

Polv(U)-cellulose columns were prepared according to the pro

cedure of Sheldon et al. (1972). One hundred grams of cellulose (Bio-

Rad cellulex N-l) was washed successively with 2 liters of 95% ethanol, 

1 liter 1M HCl, 5 liters H^O, 1 liter 95% ethanol, and then dried at 

37° C. Ten grams of washed cellulose was mixed with 10 ml of poly(U) 

(Sigma) solution (4 mg/ml), and the resultant paste lyopholized to dry

ness on a Lab-line Universal Freeze Dryer overnight. The cellulose-

poly(U) powder was resuspended in 100 ml of 957o ethanol and irradiated 

at a distance of 20 cm from a 30W germicidal lamp for 15 min with occa

sional stirring. The poly(U)-cellulose was collected and washed with 

50 ml of distilled H^O, resuspended in 50 ml of binding buffer I, and 

poured into 1.5 x 10 cm glass columns with water jackets. Columns were 

extensively washed with cold binding buffer I to remove excess unbound 

poly(U). 

Columns were equilibrated with 10 ml of cold (4° C) binding 

buffer I. The RNA sample (0.1-0.15 mg) was placed on the column and 

allowed to bind for 15 min at 4° C. Non-poly(A) containing RNAs were 

eluted off the column with 35 ml of binding buffer I and collected in 

5 ml fractions. The temperature of the column was then raised to 40° C 

and the poly(A) containing RNAs eluted with 35 ml of poly(A) elution 

buffer (0.01M tris-HCl pH 7.5) and collected in 5 ml fractions. 

Fractions were checked for the presence of RNA by measuring the 

OD absorbance at 260 nm. The amount of radioactivity was determined by 

taking 1 ml aliquots from each fraction and counting by liquid 
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scintillation. From these values specific activities were determined 

as mentioned above. The columns could be reused by extensive washing 

with elution buffer at 40° C. 

Identification of RNAs by Polyacrylamide 
Gel Electrophoresis 

Polyacrylamide gel electrophoresis was performed according to 

Bishop, Claybrook and Spiegelman (1967). The gels were formed of 2.5% 

acrylamide and presoalced for at least 24 hrs in 5XB buffer (0.06M Tris 

pH 7.5, 0.02% NaEDTA, 0.05M NaH^PO^, 0.2%, SDS) to reduce the background 

absorbance at 260 nm. Gels were then inserted into plexiglass tubes 

forming a column 0.6 x 7.5 cm, and prerun for 30 min at 5 ma/tube. Gels 

were layered with 10 of RNA solution (0.5 mg/ml) and electrophoresed at 

5 ma/tube for 90 min using running buffer (1:4, 5XB buffer: 1^0 + 0.2%, 

SDS) in the upper and lower tanks. 

Gels were removed from the tubes and scanned at 260 nm using a 

Gilford Model 240 spectrophotometer and Model 2410 linear transport 

coupled to a Houston Instrument Omniscribe chart recorder. Once scanned, 

the gels which contained the radioactive RNAs were quick frozen by means 

of dry ice and sliced into 2 mm sections, placed in scintillation vials, 

and dissolved in 0.5 ml of 30% s^ces were incubated for 48 

hrs at 50° C to assure that the entire gel was solublized. Scintilla

tion fluor f10 ml) was added to each vial and radioactivity determined 

with a scintillation counter. 
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Determination of Soluble Protein Synthesis 

3 
Seedlings were labeled with 0.1 mCi of H -protein hydrolysate 

(Schwartz Mann) for 6 hrs prior to being homogenized. Seedlings (5 gm) 

were homogenized in 50 ml of 0.1M Tris-HCl pH 8.1 at 4° C and allowed to 

stand for 5 min. The slurry was placed in SS-34 tubes and spun on the 

Sorvall for 10 min at 12,000 x g. This procedure was repeated three 

times. The supernatents from each extraction were pooled and centrifuged 

at 100,000 x g in the angle head 40 rotor for 1 hr on the Beckman Model 

L Ultra centrifuge. The resultant supernatent represents the soluble 

protein fraction. 

Chaykin's (1966) technique for determining protein concentration 

was used. This consists of making a 1000:1 dilution of the protein 

sample and determining the OD absorbance at 225 and 215 rvm. The differ

ence between these two values multiplied by 144 gives the concentration 

of protein in the original sample in mg/ml. This technique holds for 

concentrations between 10-100 jig/ml. 

The amount of radioactivity in the protein was determined by 

liquid scintillation on 1 ml aliquots of the protein sample. The 

specific activity of the protein was calculated using the same procedure 

used for RNAs. 

Inhibition of UNA Synthesis with 
3'-deoxyadenosine 

31-Deoxyadenosine was added to seedlings in petri dishes at a 

concentration of 20 ̂ gm/ml to inhibit the addition of poly(A) segments 

to htnRNA and polysomal RNA. Seedlings were allowed to germinate for 
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3 hrs at 37° C in this solution before addition of 0.2 mCi H^-adenine. 

Seedlings were labeled for 3 hrs at 37° C, homogenized and extracted for 

the various RNAs. For older seedlings the procedure was to grow the 

seeds in 3'-deoxyadenosine for the desired length of time minus three 

3 
hours. At this time seedlings were labeled for hrs with H -adenine, and 

RNAs extracted. 

This same procedure was used to measure the affect that 3'-

3 
deoxyadenosine had on protein synthesis with the exception that H -protein 

hydrolysate was used to label the proteins. 

Base Ratio Analysis 

32 
Seedlings (36 hr§) were labeled with 10 mCi of H^P 0^ for 12 hrs 

at 37° C using the same labeling procedures described in materials and 

methods. The RNAs (htnRNA, mRNA, poly(A)-htnRNA, rRNA) were isolated on 

poly(U)-cellulose columns, and precipitated with 2 volumes of cold 95% 

ethanol after 1 mg of yeast tRNA had been added to each sample. 

RNAs were pelleted and resuspended in 0.1 x SSC. RNAs were then 

hydrolyzed in 0.3M KOH (add 1/10 vol of 3M K0H) for 18 hrs at 37° C. At 

that time the samples were titrated to neutrality with 1.75M HClO^. 

Salts that precipitated were removed by centrifugation at 4° C. 

Enough solution was spotted on Whatman number 1 chromatographic 

paper so that 100-200 |j,gms of RNA was in each spot. Two dimensional 

chromatography was done to separate all four bases. The first dimension 

was developed for 18 hrs with isopropanol-lM NH^OH (60:40) and the 

second dimension was developed for 12 hrs with isobutyric acid-0.5M 

Nl^OH (10:6) (Vodkin, Katterman and Fink 1974). 
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The nucleotides were visualized by their fluorescence in ultra

violet (UV) light. Guanylic acid and uridylic acid migrate very close 

to one another so to distinguish the two the chromatogram was exposed to 

HCl fumes. After exposure the guanylic acid had a bright blue fluores

cence under UV, but the uridylic acid remained dark violet in color. 

The nucleotide area which corresponded to each of the nucleotides 

was cut out and placed into a scintillation vial. Scintillation fluor 

was added and radioactivity determined. The percent of each nucleotide 

was calculated by dividing the counts in each nucleotide by the total 

number of counts for that particular RNA sample, and multiplying by 100. 



CHAPTER 4 

RESULTS 

Growth Curve 

Cotton seeds were germinated as in materials and methods and 

hypocotyls measured at various times during germination. Hypocotyls 

emerge from the seed coat after 18 hrs and are measurable after 24 hrs. 

This is similar to the pattern observed by Waters and Dure (1966) for 

G. hirsutum seedlings. The maximum growth rate occurred between 42-52 

hrs (Figure 1) and is 6 hrs later than the maximum rate observed by Clay, 

Katterman and Hammett (1974) for G. barbedense. This retardation in 

growth may be due to the fungicide present on the commercial lot of seeds 

used in these experiments. Clay et al. (1974) have also correlated this 

period of maximum growth with rapid increases in DNA and RNA synthesis. 

Similar findings will be presented later in this chapter. For this 

reason 48-hr seedlings were used in all isolations unless otherwise 

stated. 

Isolation of Poly(A)-RNAs 

3 
Seedlings were labeled for 3 hrs with H -adenine and the RNAs 

extracted from the purified nuclei and polysomes of these seedlings. 

These RNAs were fractionated on poly(U)-cellulose columns to separate 

the poly(A)(+)-RNAs from poly(A)(-)-RNAs. The resultant chromatographic 

27 
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Figure 1. Growth curve of Gossypium hirsutum. -- Seedlings were 
germinated between two layers of germination paper 
saturated with distilled H^O. This curve represents 
the average of two experiments in which 40 seeds were 
analyzed for each point on the curve. Bracket on each 
point is the standard deviation for that point. 



profiles are seen in Figures 2 and 3. From the results in Figure 2 it 

was calculated that 10% of the total htnRNA contains a poly(A) sequence. 

This chromatogram also demonstrates the effectiveness of poly(U)-

cellulose in separating poly(A)(+) and poly(A)(-)-RNAs. The results 

from Figure 2 also indicate that 6% of the polysomal RNAs contain a 

poly(A) sequence. Although these poly(A)-RNAs comprise only a small 

percentage of these respective classes, the specific activities of the 

poly(A) containing RNA and poly(A)(-)-RNA are only slightly different 

2 2 
from one another, 8.2 x 10 cpm/mg RNA and 9.8 x 10 cpm/mgRNA respec

tively, as in the case of htnRNA. Treatment of seedling polysomes with 

puromycin and subsequent poly(A)-cellulose chromatography increased the 

percent poly(A) (+)-RNAs from 67„ to 25% (Figure 3). Blobel (1971) has 

shown that puromycin treatment releases mRNA from the polysomes of 

mammalian cells. The chromatograms in Figures 2 and 3 are similar to 

those of Kates (1970). 

3 
RNAs were isolated and purified from H -adenine labeled seedlings 

harvested at 6, 12, 18, 24, and 48 hrs, chromatographed on poly(U)-

cellulose, and found to have profiles similar to Figures 2 and 3. The 

results from these experiments were used construct kinetic curves and 

will be discussed later. A critical experiment in this work was the 

localization of poly(A)-RNAs in dormant seeds. It was found that 11% of 

the total htnRNA contains a poly(A) sequence, and 1.5% of the polysomal 

RNAs contain poly(A) sequences (Figure 4). When these experiments were 

repeated it was found that the variability in the amount of the poly(A)-

polysomal RNA was greater than that of the poly(A)-htnRNA. This along 
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Figure 2. Poly(U)-cellulose chromatography of (A) htnRNA, and 
(B) polysomal RNA from 48 hr seedlings. 

* Arrow indicates buffer change point. 
+ Number in each is the total radioactivity for that 

fraction in cpm, and is representative of three experiments. 
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Figure 3. Poly(U)-cellulose chromatography of puromycin released 
polysomal RNA (mRNA). 

* Arrow indicates buffer change point. 
+ Number in each bar is the radioactivity for that fraction 

in cpm, and is representative of three experiments. 
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Figure 4. Poly(U)-cellulose chromatography of (A) htnRNA and 
(B) polysomal RNA from dormant seed. 

* Arrow indicates buffer change point. 
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with the fact that poly(A)-htnRNA in dormant seeds is approximately 

equal to that of germinating seeds indicates that poly(A)-RNA associated 

with the ribosomes in dormant seeds is due to a slight amount of nuclear 

contamination during cell fractionation. 

Electrophoretic Characterization of 
Poly(A) 

To further characterize the poly(A); poly(A)-htnRNA and poly(A)-

3 
polysomal RNA were isolated from 48 hr H -adenine labeled seedlings, and 

incubated with pancreatic and T^ ribonuclease. This combination of 

enzyme treatment hydrolyzes all but the poly(A) residue of these RNA 

molecules (Manahan et al. 1973). The resultant poly(A) segment was pre

cipitated with dormant seed carrier RNA and electrophoresed on 2.5"L 

acrylaminde gels for 90 minutes. The resulting poly(A) segments were 

found to have S values of 3-4S (Figures 5 and 6) indicating that they 

are approximately 75 nucleotides long. Manahan et al. (1973) and Higgins 

et al. (1973) found the poly(A) segment of polysomal RNAs from rice 

callus and mung bean to be in the 4-5S size range. This value is close 

to what was found for cotton RNAs. 

Electrophoretic Characterization of 
Seedling RNAs 

Poly(A)-htnRNA, poly(A)-polysomal RNA and poly(A)-puromycin re

leased RNA were isolated on poly(U)-cellulose columns and electrophoresed 

on acrylamide gels (Figures 7-9). These figures indicate that the bulk 

of the high molecular weight poly(A)-RNA (> 25S) is found in the htnRNA 

and not in the poly(A)-polysomal RNA or poly(A) puromycin-released RNA. 
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Figure 5. Electrophoretogram of poly(A) segment from poly(A)-htnRNA. 
-- Poly(A) segment was enzymatically isolated from poly(A)-
polysomal RNA and electrophoresized through 2.5% acrylamide 
gels with total carrier RNA (1 mg/ml). 
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Figure 6. Electrophoretogram of poly(A) segment from poly(A)-
polysomal RNA. -- Electrophoresis procedure was the 
same as in Figure 5. 
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Figure 7. Electrophoretogram of poly(A)-containing htnRNA 
from 48 hr seedlings. 
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Figure 8. Electrophoretogram of poly(A)-containing polysomal 
RNAs from 48 hr seedlings. 



Two major peaks were found in the 4 to 18S region of all three RNA gels, 

but the 23S peak found in the poly(A)-htnRNA and poly(A)-polysomal RNA 

was not found in the puromycin-released RNA (Figure 9). The similarity 

of these 4 to 18S RNAs is to be expected if there is a precursor-

product relationship between poly(A)-htnRNA and poly(A)-polysomal RNA 

or poly(A) puromycin-released RNA. 

HtnRNA, polysomal, puromycin-released RNA and rRNA were isolated 

from seedlings at the following time periods; 0 hr (dormant seeds), 6 hrs 

24 hrs and 48 hrs, and <?lectrophoresed on acrylamide gels as described in 

materials and methods. The electroghoretograms appear in Figures 10-18. 

Nuclear RNA from dormant seeds was heterogeneous in size (4-32S) as 

expected (Figure 10) but only 4S, 18S and 25S tRNA and rRNA could be 

detected in dormant seed ribosome-polysomes (Figure 11). Figures 12, 

14, and 16 show a noticeable increase in htnRNAs in the 4S-18S region 

indicating that the synthesis of messenger-like RNA molecules takes 

place in the nucleus after 6 hrs. Because of its low concentration 

puromycin-released RNA can only be detected by the presence of radio

activity in the sliced gels. The bulk of this RNA is found in the 4S-18S 

region of the gel, as would be expected if it represents the mRNA from 

these seedlings (Figures 13, 15, 17). There is little change in distribu 

tion between 6 and 48 hrs for these RNAs. Figure 18 is the electro-

phoretogram of RNAs extracted from ribosomes after puromycin treatment. 

This treatment released approximately 477o of the poly(A)-polysomal RNA 

from the polysomes. As can be seen, a three peak curve (4S, 18S, 25S) 
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Figure 10. Electrophoretogram of dormant seed htnRNA. 
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Figure 11. Electrophoretogram of dormant seed ribosome-polysome 
RNAs. 
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Figure 12. Electrophoretogram of htnRNA from 6 hr seedlings. 
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Figure 13. Electrophoretogram of puromycin-released RNA (mRNA) 
from 6 hr seedlings. 
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Figure 14. Electrophoretogram of htnRNA from 24 hr seedlings. 
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Figure 16. Electrophoretograra of htnRNA from 48 hr seedlings. 
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Figure 17. Electrophoretogram of puromycin-released RNA (mRNA) from 
polysomes of 48 hr seedlings. 
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Figure 18. Electrophoretogram of 48 hr rRNA. — RNA was extracted 
from polysomes after treatment with O.OlM puromycin, and 
electrophoresized as in Figure 5. 



is obtained with only a slight broadening of the 18S and 25S peaks, 

indicating negligible degradation during the puromycin treatment. 

Base Ratio Analysis 

Thirty-six hour seedlings were labeled for 12 hrs in 10 mCi 

32 
H^P 0^ to assure an equal, steady state labeling of all four RNA 

bases. HtnRNA and polysomal RNAs were fractionated on poly(U)-cellulose 

columns to separate poly(A)(+) and poly(A)(-)-RNAs. These isolated RNAs 

were hydrolyzed in 0.3M KOH for 18 hrs at 37° C. Two dimensional chroma

tography was done according to Vodkin et al. (1974). The base composi

tion of these RNAs is summarized in Table 1. Poly(A)-containing htnRNA 

and polysomal RNA were found to be enriched for AMP as expected, and were 

also enriched for GMP. The CMP and UMP composition was also similar for 

these two RNAs. The base composition of poly(A)(-) polysomal RNA (rRNA) 

is similar to that found for total RNA by Ergle, Katterman and Richmond 

(1964). Since AMP and CMP were the best resolved in this system their 

ratios (A/C) were calculated for comparison purposes. Poly(A)(+)-htnRNA 

and poly(A)(+)-polysomal RNA had A/C ratios of 1.84 and 1.82 respectively, 

whereas poly(A)(-)-htnRNA and poly(A)(-)-polysomal RNA had ratios of 

1.12 and 1.03. These ratios further support the hypothesis of a 

precursor-product relationship between the two poly(A)(+)-RNAs. 

Polysome Formation in Germinating Seedlings 

Ribosome-polysomes were isolated from dormant seeds and seedlings 

at various stages of germination and analyzed on sucrose gradients. 

Figure 19(a) indicates that no polysomes were present in dormant seeds. 
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g 
Table 1. Base composition of RNAs from 48 hr seedlings. 

AMP CMP(5MC) UMP(T) GMP 
irk./ I_ 

poly(A)(-)htnRNA 24.2 21.6 19.9 34.3 1.12C'd'e 

poly(A)(+)htnRNA 29.0 15.7 15.0 40.3 1.84b'C 

poly(A)(+) 
polysomal RNA(mRNA) 28.5 15.5 18.7 38.0 1.82b'd 

poly(A)(-) 
polysomal RNA(rRNA) 25.2 24.3 21.3 29.2 1.03® 

total RNA* 24.5 23.6 21.0 30.9 1.03 

nuclear DNA* 32.8 12.7(4.6) 32.9 16.9 -

* 
Data from Ergle, Kalterman and Richmond (1964). 

g 
Each number represents the average of two experiments. 

^Numbers are not significantly different at the 0.01 level. 

Q 

Numbers are significantly different at the 0.01 level. 

^Numbers are significantly different at the 0.025 level. 

Numbers are not significantly different at the 0.01 level. 
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Figure 19. Sucrose gradient analysis of ribosomes-polysomes at 
various times during germination. -- The time periods 
are: (A) dormant seeds, (B) 6 hr, (C) 12 hr, (D) 18 hr, 
(E) 24 hr, and (F) 48 hr. These curves are repre
sentative of three experiments. 

* Numbers on each profile are the percent polysomes for 
that time period calculated as (polysomal OD/subunit + 
monosome + polysome OD). 



This profile is identical to that obtained when 48 hr polysomes are 

treated with pancreatic ribonuclease, which hydrolyzed the mRNA leaving 

only 80S monosomes (unpublished results). At 6 hrs there is a broadening 

of the monosome peak, but there are no distinct polysome peaks (Figure 

19b). The first polysome peaks are found after 12 hrs (Figure 19c) and 

continue to increase in relative amount until 48 hrs (Figures 19d, 19e, 

19f). From 48 hrs on the polysome content did not change significantly. 

The maximum percent polysomes was found to be 67. TL at 48 hrs. This is 

slightly lower than the 1TL found in wheat embryos by Marcus et al. 

(1966). The percent polysomes were calculated as follows: polysome 

OD/sub-units OD + 80S monosome OD + polysome OD x 100. 

Kinetics of RNA Synthesis 

3 
Seedlings were pulse labeled with H -uridine for the final 3 hrs 

in each germination period (6, 12, 18, 24, 36, and 48 hrs). Heteronuclear 

RNA, puromycin-released RNA (mRNA) and rRNA were isolated and the specific 

activities determined. Figure 20 shows that an initial increase in 

htnRNA specific activity is followed by a decrease from 6 to 12 hrs. 

HtnRNA specific activity then increased rapidly from 12 to 48 hrs 

accompanied by an equally rapid synthesis of mRNA. It should be noted 

that during early germination (up to 6 hrs) there was very little de novo 

synthesis if mRNA. Ribosomal RNA synthesis increased to 12 hrs, de

creased from 12 to 18 hrs, and then increased in specific activity from 

18 to 48 hrs. These results tentatively indicate that a precursor-product 

relationship may exist between htnRNA, and cytoplasmic mRNA and rRNA. 
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Figure 20. Kinetic curve for htnRNA, puromycin released RNA 
(mRNA), and rRNA. -- Each point is representative 
of two experiments. 



The kinetics of synthesis of poly(A)-RNAs were determined by 

3 
isolating poly(A)-RNAs from 3 hr pulse labeled (H -adenine) seedlings 

and calculating their specific activities. Specific activities were 

expressed as cpm/OD unit because of the low concentration of poly(A)-

RNA in the extractions. The results of these experiments are represented 

in Figure 21. Poly(A)-htnRNA specific activity was found to increase 

rapidly in the first 6 hrs, decrease from 6 to 18 hrs, and increase 

again 18 to 48 hrs. Poly(A)-polysomal RNA specific activity increased 

relatively slowly to 12 hrs, and from 12 to 48 hrs increased rapidly 

along with the rapid increase in poly(A)-htnRNA. It should be noted 

3 
that similar findings were made when either H -uridine (Figure 20) or 

3 
H -adenine (Figure 21) was used to label htnRNA and mRNA. 

To further examine RNA metabolism during early germination the 

specific activities of non-poly(A)-htnRNA and polysomal RNA were de

termined and plotted in Figure 22. It was found that htnRNA after a 

6-hr lag, increased rapidly up to 24 hrs. The rate of synthesis then 

decreased from 24 to 48 hrs. Ribosomal RNA synthesis was similar to 

that found in Figure 20, except for the shifting of the maximum early 

synthesis from 12 to 6 hrs. These rRNA results are similar to those 

obtained by Katterman (1974). 

In Figure 21 poly(A)-htnRNA specific activity decreased from 

6 to 18 hrs, but in Figure 20 htnRNA specific activity decreased from 

6 to 12 hrs. This change can be explained by combining the data from 

both Figures 21 and 22. That is, from 6 to 12 hrs the decrease in 

poly(A)-htnRNA is great enough to offset the increase in 
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Figure 21. Kinetic curve of poly(A)-containing RNAs. -- Each 
point is representative of two experiments. 
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non-poly(A)-htnRNA, but from 12 to 18 hrs the increase in non-poly(A)-

htnRNA is greater than the decrease in poly(A)-htnRNA specific activity. 

This results in the decrease in total htnRNA specific activity from 

6 to 12 hrs as seen in Figure 20. 

Effect of 3'-Deoxyadenosine on 
RNA Synthesis 

Darnell et al. (1971) found that 3'-deoxyadenosine inhibits the 

addition of poly(A) to RNA in Hela cells. The effect of 3'-deoxyadenosine 

on poly(A)-htnRNA and poly(A)-polysomal RNA is shown in Figures 23 and 

24, and summarized in Tables 2 and 3. Poly(A) addition to poly(A)-htnRNA 

and poly(A)-polysomal RNA from 6 hr seedlings was inhibited 707o in 

seedlings treated with 31-deoxyadenosine (Table 2). Table 2 also indi

cates that 3'-deoxyadenosine does not have an inhibitory effect on non-

poly(A)-RNAs. Forty-eight hour seedling poly(A)-htnRNA and poly(A)-

polysomal RNA were inhibited 59.8% and 53.27o respectively. This is a 

decrease from the 6 hr values. 

Figure 24 shows that continuous germination in the presence of 

3'-deoxyadenosine drastically inhibits the addition of poly(A) to 

poly(A)-polysomal RNA. Similar results were found for poly(A)htnRNA 

(Figure 23), again indicating a precursor-product relationship between 

these two RNAs. 

Effect of 3'-Deoxyadenosine on 
Protein Synthesis 

Seedlings were germinated in the presence of 31-deoxyadenosine 

3 
and pulse labeled for 3 hrs with H -protein hydrolysate prior to protein 
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Figure 23. Curve showing the effect of 3'-deoxyadenosine on the 
synthesis of poly(A)-containing htnRNA. -- Each point 
is representative of two experiments. 
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Figure 24. Curve showing the effect of 31-deoxyadenosine on the 
synthesis of poly(A)-containing polysomal RNA. --
Each point is representative of two experiments. 



Table 2. Effect of 3'-deoxyadenosine on 6 hr seedling RNA 

60 

synthesis.3 

Control 2 
cpm/mg RNA x 10 

3'-deoxyadenosing 
cpm/mg RNA x 10 

% of control 

htnRNA 

poly(A)(+) 

poly(A)(-) 

polysomal RNA 

poly(A)(+) 

poly(A)(-) 

2.63 

0.603 

4.13 

3.44 

0.811 

0.784 

1.24 

3.88 

30.84 

130.0 

30.0 

113.0 

Q 
Each number represents the average of two experiments. 

Table 3. Effect of 31-deoxyadenosine on 48 hr seedling RNA synthesis. 

Control 
cpm/mg RNA 

31-deoxyadenosine 
cpm/mg RNA 

% of control 

htnRNA 

poly(A)(+) 

poly(A)(-) 

polysomal RNA 

poly(A)(+) 

poly(A)(-) 

303 

439 

287 

671 

122 

645 

134 

655 

40.20 

146.80 

46.8 

97.6 

Each number represents the average of two experiments. 



extraction. It was found that protein synthesis is the same for both 

the control and treated seeds for the first 6 hrs (Figure 25). This 

indicates that although poly(A) addition is inhibited by 70% there is 

not a concomitant reduction in protein synthesis. It should be remembered 

that poly(A)-RNAs were found in the nuclei of dormant seeds and may be 

the RNAs used to support this early protein synthesis in the presence of 

3'-deoxyadenosine. Protein synthesis continues to increase rapidly for 

the first 48 hrs. Treated seeds on the other hand show a reduced rate 

of synthesis from 6 to 18 hrs, and at this time (18 hr) the rate of 

synthesis begins to decrease. Again it should be noted that 18 hrs is 

the major inflection point for poly(A)-htnRNA, indicating that inhibi

tion of poly(A) addition to htnRNA at this time results in a drastic 

decrease in protein synthesis. 
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Figure 25. Curve showing the effect of 31-deoxyadenosine on 
protein synthesis. 



CHAPTER 5 

DISCUSSION 

It has been well established that mRNAs are derived from pre

cursor RNA molecules found in the nuclei of mammalian cells. These 

nuclear RNAs reflect the base composition of the nuclear DNA, and are 

processed after transcription, via addition of polyadenylic acid at the 

3'-OH terminus, into mRNA which is transported to the cytoplasm to be 

translated. Similar investigations on higher plants have not been re

ported, but evidence is presented in this study indicating similar 

processes occur in higher plant cells. In conjunction with the synthesis 

of mRNA in eulcaryotic cells some systems such as unfertilized sea urchin 

eggs and dormant seeds contain a stable stored mRNA which acts to support 

protein synthesis during early development in these two organisms. 

Although a great deal of work has been done on the storage and activa

tion of mRNAs during early development in sea urchin eggs, little work 

has been done on the nature of stored poly(A)-mRNA and its metabolism 

during early seed germination. These problems were also examined in 

this study to shed more light on the biochemical processes necessary for 

mRNA formation and protein synthesis during early germination. 

With the finding that htnRNA and mRNA contain a poly(A) residue 

at the 3'-0H terminus (Edmonds and Abrams 1963, Sheldon et al. 1972), 

investigators were able to isolate these molecules by affinity 

63 
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chromatography on poly(U)-cellulose columns. To determine if htnRNA 

and polysomal RNA contain a similar poly(A) sequence these RNAs were 

isolated from cotton seedling nuclei and polysomes, and chromatographed 

on poly(U)-cellulose columns. It was found that both htnRNA and polysomal 

RNA contain poly(A)-RNAs which are selectively bound to the column 

(Figure 2 and 3). Base composition analysis confirmed that RNAs iso

lated on poly(U)-cellulose are significantly enriched for adenylic acid 

when compared to non-poly(A)-RNAs from the same preparation (Table 1). 

Manahan et al, (1973) found a similar enrichment of adenylic acid in 

rice polysomal RNA bound to nitro-cellulose filter. 

Characterization of the poly(A) segment from both poly(A)-htnRNA 

and poly(A)-polysomal RNA reveals that it migrates in the 3-4S region of 

an acrylamide gel. This indicates that the poly(A) segment is approxi

mately 75 nucleotides long which is slightly smaller than the 5S poly(A) 

from mung bean polysomal RNA (Higgins et al. 1973), and considerably 

smaller than the 8-10S poly(A) from Ehrlich Ascites cells (Edmonds and 

Caramela 1969). Both of these workers found that pancreatic and T^ 

ribonuclease breaks down all but the poly(A) segment of these molecules, 

thus the differences in the size of these molecules is not due to degrada

tion by these nucleases. It was also found that the mole % adenine is 

greater than 90% in the poly(A) segment. Similar studies were not 

carried out in this research because of the low concentration of poly(A), 

3 32 
and H -adenine rather than H^P 0^ was used to label the poly(A) segment. 

It is also interesting to note that the poly(A) from both 

poly(A)-htnRNA and poly(A)-polysomal RNA are the same size. This . 
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indicates that once the poly(A) is attached to the RNA in the nucleus 

no further processing of the poly(A) takes place before transport to the 

cytoplasm. Sheiness and Darnell (1973) on the other hand, found the 

poly(A) segment in cytoplasmic mRNA of Hela cells decreases in size with 

time. The implication being that the modification of poly(A) size may 

be important in controlling the cell longevity of mRNA. 

With the finding that poly(A) is present in both htnRNA and 

polysomal RNA of cotton the possibility then exists that these molecules 

have a precursor-product relationship to one another. To further examine 

this possibility these poly(A)-RNAs were isolated, purified, and 

electrophoretically characterized. Figures 7 and 8 indicate that poly(A)-

htnRNA and poly(A)-polysomal RNA have similar profiles as would be 

expected if they are related molecules. A closer examination of the 

electrophoretograms reveals that poly(A)-htnRNA has 4 major peaks in the 

4-18S region (Figure 7), and 3 corresponding peaks are found in the same 

region of poly(A)-polysomal RNA gels. This is significant since 

Williamson et al. (1974) has shown that poly(A)-mRNA does indeed migrate 

in the 4-18S region of acrylamide gels. 

It can also be seen in Figure 7 that there is a heterogeneous 

band of high molecular weight (25-35S) RNA in poly(A)-htnRNA. No cor

responding band was found in the poly(A)-polysomal RNAs. This supports 

the theory that poly(A) is added to large htnRNA molecules which are 

subsequently cleaved to form mRNA molecules. Jelenik et al. (1973) made 

a similar proposal for poly(A)-htnRNA in Hela cells, and Macnaughton, 

Freeman and Bishop (1974) found that htnRNA from rabbit reticulocytes 

codes for globin in an in vitro protein synthesizing system. 



66 

As an extension of the electrophoretic chracterization of 

poly(A)-RNAs, htnRNA, mRNA and rRNA from dormant and germination seeds 

were also analyzed. A heterogeneous dispersion of RNAs was obtained for 

the nuclear RNAs at all time periods examined including dormant seeds 

(Figures 10, 12, 14, 16). These results are similar to those of Waters 

and Dure (1965) and also indicates that htnRNA with S values as high as 

40S are present in cotton seedlings. Puromycin-released RNA (mRNA), 

from all time periods with the exception of dormant seeds, migrated in 

the 4-20S region of the gel (Figure 13, 15, 17). No mRNA could be de

tected electrophoretically in dormant seeds (Figure 11). It should be 

remembered that it is not possible to label dormant seeds, thus making 

the detection of mRNA difficult in dormant seeds. 

To further examine the possibility that poly(A)-htnRNA is a 

precursor to poly(A)-polysomal RNA the base composition of these RNAs 

was determined (Table 1). These results indicate that poly(A)-htnRNA 

and poly(A)-polysomal RNA have base compositions which are not statisti

cally different. Statistical significance was found between poly(A)(-)-

htnRNA, and poly(A)(+)-htnRNA and poly(A)(+)-polysomal RNA. 

Poly(A)(-)-htnRNA and poly(A)(-)-polysomal RNA were not found to be 

significantly different. Ribosomal RNA base composition was similar to 

the total RNA base composition calculated by Ergle et al, (1964). These 

results contribute more evidence towards the view that poly(A)-htnRNA 

and poly(A)polysomal RNA are precursor and product molecules in cotton 

seedlings. 
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The final piece of evidence in support of this theory comes from 

the kinetic curves of these poly(A)-RNAs. In tissue and cell culture 

systems it is possible to effectively pulse label RNAs for very short 

periods of time (< 60 sec). This is not possible in whole plant systems 

because of the relatively slow incorporation of labeled precursors into 

RNAs (at least 2 hrs). To circumvent this problem seedlings at different 

ages were labeled for 3 hrs to measure the amount of synthesis or spe

cific activity at each of these times. Figures 20 and 21 show that the 

initial specific activity of htnRNA and poly(A)-htnRNA increase rapidly 

for the first 6 hrs. This is followed by a decrease in specific activity 

for 6 and 12 hrs in these two RNAs respectively. 

There are three possible explanations for these results. First, 

DNA-dependent RNA polymerase and poly(A) synthetase enzyme activity de

creases between 6 and 18 hrs; secondly, degradation of the htnRNA in

creases, or finally the htnRNA and poly(A)-htnRNA are rapidly being 

transported to the cytoplasm causing the decrease in specific activity. 

The latter possibility is supported by the fact that poly(A) polysomal 

RNA (mRNA) specific activity increases rapidly during this period of 

poly(A)-htnRNA decrease (6-18 hrs) (Figure 21), and the rate of increase 

in specific activity from 18 to 48 hrs is similar for both poly(A)-

htnRNA and poly(A)-polysomal RNA. Also contributing to the decrease of 

htnRNA specific activity during this time period (6-12 hrs) is the 

processing and transport to the cytoplasm of precursor rRNA molecules. 

These results not only provide information on the early metabolism of 

these RNAs, they also support the precursor-product theory discussed 
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previously. Thus, from poly(U)-cellulose chromatography, electrophoretic 

mobility, base composition, and kinetic data, it seems reasonable to 

conclude that a precursor-product relationship exists between poly(A)-

htnRNA and poly(A)-polysomal RNA in higher plants. 

With the establishment of this relationship an examination of 

the storage and metabolism of mRNA during early germination was carried 

out. Dure and Waters (1965) and Ihle and Dure (1969) showed that protein 

synthesis during early germination is supported by mRNA which is tran

scribed and stored in the dormant seed during late embryogenesis. 

Similar findings were made using unfertilized sea urchin eggs (Gross 

et al. 1964, Tyler 1963). In both cases protein synthesis was not 

affected by actinomycin-D. The question that comes out of this work 

is, in what form is the mRNA stored? There are several possible 

answers to this question: first, mRNA could be stored in the nucleus as 

htnRNA; second, it could be found as mRNA associated with the ribosomes; 

or finally, it may be a combination of the first two. 

To ascertain which of these possibilities is the case in dormant 

cotton seeds an examination of polysome formation during early germina

tion was clone. The rationale being, if stored mRNA is associated with 

cytoplasmic ribosomes, then polysomes should be present in dormant seeds. 

Figure 19a indicates that no polysomes are present in dormant seeds, and 

polysomes do not appear as discernable peaks on sucrose gradient pro

files until 12 hrs. Marcus and Feeley (1964) were also unable to iso

late polysomes from dormant wheat embryos although 80S monoribosomes 

were present. Figure 19 also indicates that the percent polysomes 



increases from 45% to 67.77» during early germination. Similar increases 

were found in germinating wheat embryos (Marcus and Feeley 1966). 

The absence of polysomes in dormant seeds does not rule out the 

possibility of a complex between stored mRNA and monoribosomes in these 

seeds. This possibility is ruled out by the fact that very little 

poly(A)-RNA (1.5% of the total rRNA) was found in the RNAs extracted 

from the ribosome pellet of dormant seed (Figure 4). The following evi

dence indicates that this small amount of poly(A)-RNA is due to htnRNA 

contamination during cell fractionation of the dormant seed. 

1. The variability in the amount of poly(A)-RNA associated with 

the ribosomes is greater than the variability of the poly(A)-

htnRNA in dormant seeds. 

2. The percent poly(A)-polysomal RNA relative to polysome number 

remains constant at 67o throughout the 6-48 hr period, and 

poly(A)-htnRNA in dormant and germinating seeds is the same 

(11%). 

3. When yeast tRNA was chromatographed on poly(U)-cellulose there 

was approximately 1% non-specific binding to the column. This 

along with the fact that no polysomes were found in the dormant 

seeds indicates that the stored mRNA is not in the cytoplasm 

associated with the ribosomes. 

Further examination of the matabolism of RNA and protein was 

carried out in the following experiments that utilized 31-deoxyadenosine 

as an inhibitor. It was found that 3'-deoxyadenosine inhibits the 

addition of poly(A) to htnRNA and the appearance of poly(A)-polysomal 



RNA by 70% in 6 hr seedlings (Table 2). Its affect on 48 hr seedling 

poly(A) -htnRNA and poly(A)-polysomal RNA was reduced to 607o and 547o 

respectively (Table 3). This reduction in inhibition in 48 hr seedlings 

may be due to the already active metabolism of the seedlings which 

buffers the effects of 31-deoxyadenosine. Darnell et al.(1971) found 

similar inhibitory affects of 3'-deoxyadenosine on poly(A) addition in 

Hela cells. Figures 23 and 24 also show the inhibitory affect of 3'-

deoxyadenosine on poly(A) addition during the first 48 hrs of germina

tion. 

These results suggest that if the storage form of mRNA in dormant 

seeds is htnRNA and poly(A) addition is critical to the formation of 

mRNA, the 3'-deoxyadenosine should inhibit protein synthesis during 

early germination. It can be seen in Figure 25 that 31-deoxyadenosine 

has no affect on protein synthesis for the first 6 hrs, but from this 

point on the synthetic rate of the 3'-deoxyadenosine treated seeds is 

lower than the control seeds, and at 18 hrs the rate of protein synthesis 

actually decreases. 

Returning to Figures 4 and 21, it can be seen that poly(A)-RNAs 

are present in the htnRNA of dormant seed nuclei, and rapid addition of 

poly(A) to htnRNA begins after 18 hrs. This is the time when 

3'-deoxyadenosine has its greatest affect on protein synthesis. These 

results indicate that the poly(A)-htnRNA is transported from the nucleus 

to the cytoplasm and supports protein synthesis for the first 18 hrs, 

hence the fact that 3'-deoxyadenosine has no affect on protein synthesis 

for the first 6 hrs. The decrease in protein synthesis from 6 to 18 hrs 



may be due to the degradation of mRNA after its translation and the in

hibition of new poly(A)-mRNA synthesis by 3'-deoxyadenosine. After 18 

hrs the de novo formation of poly(A)-mRNA from htnRNA begins and these 

new poly(A)-mRNAs support protein synthesis during the remaining 30 hrs 

of the germination period. Inhibition of the formation of poly(A)-

mRNA at this time results in the observed reduction in protein synthesis 

after 18 hrs. Thus it was concluded that poly(A)-htnRNA is the storage 

form of RNA in dormant seeds which supports protein synthesis during the 

first 18 hrs of germination, and that poly(A) addition is necessary for 

the formation of mRNA during cotton seed germination. 

This storage of precursor mRNA in the nuclei of higher plants is 

very different from that found in higher animals. In the case of sea 

urchin eggs, Wilt (1973) and Slater and Slater (1973) found that mRNA is 

stored in the subribosomal fraction (cytoplasm) of unfertilized sea 

urchin eggs, and activated by the addition of poly(A) after fertilization. 

Once the poly(A) is added these poly(A)-mRNAs are found in polysome 

pellet. As in the case of germinating seeds protein synthesis is not 

affected by actinomycin-D during early development. This difference in 

location of stored mRNA and subsequent metabolism may be due to the fact 

that dormant seeds must remain potentially viable for many years. Animal 

eggs on the other hand are only stored for a few days prior to fertiliza

tion. Thus it seems that RNAs which contain a poly(A) sequence and are 

located in the nuclei of higher plant seeds have this needed stability. 
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Summary 

It was found that both htnRNA and polysomal RNA contain a poly(A) 

sequence of approximately 75 nucleotides. This along with similarities 

in electrophoretic mobility, base composition, and kinetic data indicate 

that a precursor-product relationship exists between poly(A)-htnRNA and 

poly(A)-polysomal RNA. 

The fact that no polysomes were found in dormant seeds and no 

poly(A)-RNA was found associated with the ribosomes in dormant seeds 

indicates that mRNA is not stored in the cytoplasm associated with the 

ribosomes. Poly(U)-cellulose chromatography indicates that poly(A)-

RNAs are present in the nucleus of dormant seeds, and this along with 

the results from the 3'-deoxyadenosine experiments indicates that 

poly(A)htnRNA is the storage form of RNA in dormant seeds. These 

31-deoxyadenosine experiments also show that poly(A) addition is neces

sary for the formation of mRNA from htnRNA. 
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