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ABSTRACT 

Tobacco plants which had about 30 leaves of various 

physiological ages were used in studies relating leaf 

development and senescence to nucleic acid, metabolism. In 

these studies leaves were classified, as being apical, 

enlarging, mature, and. senescent on the basis of their 

position on the plant, size, and. color. Very young leaves 

with blades 2 to 5 cm long found, near the apex were con

sidered. to be apical leaves; leaves 5 to 10 cm long found, at 

the 23rd. node above the cotyled.onary node were classed as 

expanding leaves; green, fully expanded, leaves at about the 

17th nod.e, and. yellowish leaves of the same size but found, 

at about the 6th node were classed, as mature and. senescent 

leaves, respectively. Visual observation and. chemical 

analysis of leaves from developing and. aging tobacco plants 

showed that this method, of classification was compatible 

with classical anatomical studies. Observations showed that 

leaves classed, as mature would ultimately undergo the same 

sequence of development as senescent leaves had. undergone. 

In agreement with a number of other studies, 

chemical analysis showed that the content of DNA, RNA, 

protein, and. chlorophyll per leaf increased as leaves 

matured.. Senescence was characterized by a loss of DNA, 
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RNA, protein, and. chlorophyll and. the data suggest that the 

loss of DNA precedes the loss of chlorophyll. 

Ribosome sedimentation studies showed that expanding 

and. mature leaves contained, both 70s and 80s ribosomes, but 

in senescent leaves there were almost no 70s ribosomes. 

Polyacrylamid.e gel electrophoresis of RNA extracts from 

mature and. senescent leaves also showed, that the proportion 

of chloroplast r-RNAs relative to cytoplasmic r-RNAs was 

less in senescent than in mature leaves. These results show 

that senescence leads to a selective loss of chloroplast 

ribosomes. 

In agreement with others, the stability of the 23s 

molecules of chloroplast r-RNA was found, to be less than 

that of the 16s r-RNA molecules. However, the 23s r-RNA in 

apical leaves was much more stable than that in mature or 

senescent leaves. In mature and. senescent leaves almost 

none of the 23s r-RNA was intact. 

The fractionation of RNAs in gels containing 10 mM 

MgCl2 showed, that MgC^ in the gel tends to preserve 23s 

r-RNA from breakdown. When RNA extracts from mature and. 

senescent leaves were fractionated in gels containing 10 mM 

MgC^, leaves of both ages were found to contain as much or 

more 23s as 16s r-RNA. Using Ingle's correction for break

down of 23s RNA: 23s 18s + 13s, it was possible to show 

equimolar amounts of 23s and 16s r-RNA in leaves of all 

ages. 
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It is proposed that 23s r-RNA occurs in three 

states: (a) State I, a stable molecule that migrates as 23s 

RNA in gels without MgC^; (b) State II, a RNA molecule that 

migrates as 23s RNA only if Mg++ is present in the gel; (c) 

State III, a 23s RNA that breaks down to one 18s and. one 13s 

RNA even in the presence of MgC^. In apical leaves, State 

I accounts for about one-half of the 23s RNA, but in mature 

and senescent leaves State I is almost absent. 

Radioactive labeling studies indicated that both 

chloroplast and. cytoplasmic r-RNAs were synthesized in 

leaves of all ages. These studies also indicated, that DNA 

was synthesized, in mature and. younger leaves, but it was not 

synthesized, in senescent leaves. 

If the bulk of chloroplast proteins are synthesized, 

solely on chloroplast ribosomes, then senescent leaves which 

lack chloroplast ribosomes should, show a reduced, capacity to 

synthesize these proteins when compared, to mature leaves. 

It was found, that in both mature and senescent leaves, 

tritiated. leucine was incorporated, into chloroplast and. 

cytoplasmic proteins. Senescence was not associated, with 

low amounts of this incorporation into chloroplast proteins 

compared, with incorporation into cytoplasmic proteins. 



CHAPTER 1 

INTRODUCTION 

A great many studies have shown that in angiosperms 

older leaves undergo a net loss of their cellular contents 

as they become senescent. Classical mineral nutrition 

experiments have demonstrated, that nitrogen and phosphorus 

contents of these leaves are characteristically mobilized to 

younger tissues. The results of a large number of gross 

composition studies have almost invariably shown that cells 

from senescent leaves have lower amounts of DNA,^ RNA, 

protein, and chlorophyll than cells from younger leaves. In 

the light of current knowledge these results indicate that 

senescing systems have a reduced capacity for synthesizing 

certain essential proteins and an increased capacity to 

degrade existing components. Specifically, the data showing 

reduction in chlorophyll content suggest that some aspect of 

chloroplast metabolism is altered.. 

It has been well documented, that chloroplasts 

contain 70s ribosomes that are distinct from 80s ribosomes 

of the cytoplasm (8, 14, 39). Also a considerable literature 

1. Abbreviations: DNA: deoxyribonucleic acid; RNA: 
ribonucleic acid; r-RNA: ribosomal RNA; RNase: ribonuclease; 
DNase: deoxyribonuclease; OD: optical density; AMP: adenosine 
monophosphate; dAMP: deoxyadenosine monophosphate„ 
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has accumulated that indicates that chloroplasts are capabl 

of DNA directed, protein synthesis (30). Although the 

nature of the newly synthesized proteins is still unknown, 

it appears that at least part of the proteins of this 

organelle are synthesized on 70s ribosomes. 

Analytical studies have shown that chloroplast 

ribosomes represent about 30 percent of the total ribosome 

content of young tobacco leaves (8). However, preliminary 

data obtained, by Matsuda (47) suggest that the ratio of 

chloroplast to cytoplasmic ribosomes may vary considerably 

depending on leaf age. In some cases chloroplast ribosomes 

represent more than 50 percent of the total ribosome conten 

of developing leaves, but as leaves approach senescence the 

chloroplast ribosomes were preferentially eliminated from 

the total ribosome population. These data indicate that 

there is a selective control mechanism that may be of value 

in understanding the nature of senescence. 

In this study an attempt was made to relate the 

gross compositional changes that occurred during senescence 

of older leaves to their ribosome and r-RNA contents and 

function. The initial observation of a selective chloro

plast ribosome loss in senescent leaves was confirmed. 

Furthermore, there is a selective loss of chloroplast r-RNA 

However, labeling studies indicated that chloroplast r-RNA 

synthesis and. chloroplast protein synthesis continued, to 

occur in senescing leaves. 



CHAPTER 2 

REVIEW OF LITERATURE 

Many studies have attempted to characterize the 

development of leaves including the onset of senescence, by 

quantitative analysis of chlorophyll, nucleic acids, 

proteins, and activities of various hydrolytic enzymes (12, 

33, 49, 50, 55, 58, 62, 63). Other studies have attempted, 

to correlate changes in subcellular structure with the onset 

of senescence (6, 55, 67). However, little information is 

available that characterizes the specific biochemical 

changes that occur in chloroplasts and in the cytoplasm 

during the onset of senescence. The present study was 

undertaken to determine if there were changes in chloroplast 

RNA and protein metabolism which did. not occur simultaneously 

with those in the remainder of the cell during the onset of 

senescence. 

In 1961 Smillie and Krotkov (58) found that during 

development intact pea leaves accumulated DNA, RNA, protein, 

and. chlorophyll. However, after these leaves attained their 

full size they began to lose all four components. Smillie 

(56) later showed that this loss of chlorophyll and other 

components was paralleled by a loss of photosynthetic and. 

respiratory activity and ribulose 1,5-diphosphate carboxylase 
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activity. Others have shown that senescence is charac

terized by losses in chlorophyll, nucleic acids, and protein 

Cherry (12) found that the DNA and RNA contents of intact 

peanut cotyledons increased, during the first ten days 

following germination but subsequently decreased. The total 

protein content of the peanut cotyledons, however, declined 

from the beginning of germination, and in this respect 

peanut cotyledons, which contain considerable amounts of 

storage proteins, differ from leaves. Lewington, Talbot, 

and Simon (33) also found that during senescence of attached 

cucumber cotyledons there is a decrease in chlorophyll 

accompanied by a decrease in DNA, RNA, and protein. The 

loss of these components also occurred when senescence was 

induced by detaching both ciicot (50) and monocot leaves 

(55, 63) and floating them on water. Thus, the decline in 

amounts of components required for protein synthesis appears 

to be a feature of senescence, but the sequence and nature 

of components lost during senescence is still largely un

known. That chloroplast r-RNA synthesis ceases earlier than 

cytoplasmic r-RNA in older leaves is suggested, by Ingle (25) 

who found that in rad.ish cotyledons chloroplast r-RNA 

synthesis stopped after 5 days whereas cytoplasmic r-RNA 

synthesis continued, through the sixth day. 

The loss of cellular components during senescence 

has been attributed to increases in the activity of 

hydrolytic enzymes. Anderson and Rowan (1) found that the 
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decrease in tobacco leaf protein content during senescence 

was correlated with a rise in peptidase activity on a per 

cell basis. This report is compatible with an earlier 

observation by Racusen and Foote (51) that the free amino 

acid content of floated bean leaf discs increased with time. 

In the case of germinating peanut cotyledons, Cherry (12) 

reported that the decrease in RNA content correlated, with 

an increase in ribonuclease activity. Similarly, Srivastava 

and Ware (63) found an increase in DNase and RNase activity 

that accompanied, the loss of chlorophyll when excised barley 

leaves were floated on water. Later, Srivastava (62) 

reported, that the nucleases induced, during senescence were 

specifically associated with chromatin and that they were 

distinct from nucleases found in the cytoplasm. Recently 

Hadziyev, Mehta, and Zalik (22) concluded that there is an 

RNase in chloroplasts that is distinct from cytoplasmic 

RNase. They reported that the chloroplast RNase activity 

increased more rapidly than the cytoplasmic RNase during 

development. The nucleases accompanying senescence may be 

the same as those that develop during mechanical damage of 

leaves (5), but the exact nature and relationship of specific 

hydrolytic enzymes to senescence is still largely unknown. 

The relationship between loss of components and loss 

of subcellular structure has been examined by several in

vestigators. Treffry, Klein, and Abrahamsen (67) reported 

a general disruption of membranes during senescence of 
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intact soybean cotyledons. More explicitly, Shaw and 

Manocha (54) working with floated wheat leaves concluded 

that the endoplasmic reticulum is the first membrane to be 

disrupted during senescence. In contrast Barton (6) 

reported that during senescence of intact bean leaves, 

chloroplasts disintegrated earlier than the rest of the 

cell. In advanced, stages of senescence the disruption of 

chloroplasts resulted in a loss of internal structure in

cluding a loss of chloroplast ribosomes. 

The latter findings were considered to be of 

particular significance to this study since there is a 

great deal of evidence that ribosome content is a measure of 

the capacity of a cell to synthesize proteins (10, 41). In 

plant leaves Lyttleton (38) first showed that chloroplasts 

contained, a unique 70s ribosome population that is not found 

in the cytoplasm, which contains 80s ribosomes. It is un

clear as to which proteins are synthesized, on the 70s 

ribosomes, but as a working hypothesis in the present study, 

it is assumed that 70s ribosomes are involved in the 

synthesis of some chloroplast proteins. Thus, any altera

tion in 70s ribosome content during senescence should 

reflect on the capacity of a leaf to synthesize certain 

chloroplast proteins. A clear understanding of the ribosome 

composition of leaves was therefore considered a valuable 

first step toward gaining a clearer understanding of the 

nature of events that ultimately lead to leaf senescence. 
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Although Lyttleton (39) demonstrated that the 70s 

ribosomes of chloroplasts were distinct from the 80s ribo-

somes of the cytoplasm in 1962, a clear understanding of the 

RNA composition of the two kinds of ribosomes was not 

obtained until 1968. This delay occurred partly because of 

the difficulty in isolating the ribosomes and partly 

because of the unstable nature of the RNA of cloroplast 

ribosomes. In 1967 Loening and Ingle (36) were able to 

separate the RNAs of 80s ribosomes from those of the 70 

ribosomes using gel electrophoresis, and they concluded that 

the 80s ribosomes contained one molecule of 25s and one 

molecule of 18s RITA. Furthermore, they confirmed the work 

of Stutz and Noll (65) who reported earlier that each 

chloroplast ribosome contains 23s and 16s RNA molecules with 

sedimentation characteristics identical to those of the RNAs 

reported, for the 70s ribosomes of Escherichia coli. 

Initial studies on ribosome composition were made by 

Kurland. (31), who showed, that the 70s ribosomes of IS. coli 

could be dissociated, into two nucleoprotein subunits of 50s 

and. 30s and. that each subunit contained 40 percent RNA. 

Kurland concluded that the 30s ribosome subunit has a single 

16s RNA molecule of molecular weight 0.56 x 10 . Also, he 

concluded, that the 50s ribosome subunit has a single 23s 

RNA of molecular weight 1.21 x 10 . Since r-RNA accounts 

for the bulk of cellular RNA (66), one would expect the 

total cellular nucleotide contribution of 23s RNA to be two 
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times that of 16s RNA. If chloroplast ribosomes are 

structured in the same way as IS. coli ribosomes, the 

nucleotide ratio of chloroplast 23s:16s RNA should be 2:1. 

Since absorption at 260 mu is a measure of the amount of 

nucleotides present, the C>D260 ra-t:i0 chloroplast 23s :16s 

RNA should be 2:1. However, using chloroplast RNA, Stutz 

and Noll (65) found that the ^260 the 23s :16s RNA 

was about 1:1. Later, Dyer and Leech (16) fractionated 

nucleic acids from isolated, chloroplasts of Vicia faba on 

MAK columns. They found, two high molecular weight RNA 

components in chloroplasts which probably correspond to 

the 23s and 16s molecules of r-RNA described by Stutz and 

Noll. Like Stutz and. Noll, Dyer and. Leech found the 

nucleotide ratio of the two molecules of r-RNA in chloro

plasts was about 1:1. 

An explanation for the unexpected, d.eviation from a 

2:1 nucleotide ratio of the two chloroplast r-RNAs can be 

derived, from the work of Spencer and Whitfeld (59, 60) 

and. Ingle (25). Spencer and. Whitfeld (59) isolated, only 

13s and. 16s RNA from chloroplast ribosomes that were 

functional in i_n vitro protein synthesis. They concluded, 

that the 23s RNA either was not present in their tissue or 

it was d.egrad.ed. during isolation. In addition, Spencer and 

Whitfeld (60) pulse labeled, leaves for several hours and 

extracted RNA from isolated, chloroplasts. Paradoxically, 

the radioactivity profiles on sucrose gradients of these 
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RNAs showed a peak in the 23s region although no noticeable 

ultraviolet optical density was present in this region of 

the gradients. This labeled RNA in the 23s region is 

probably 2 3s r-RNA as shown by Ingle (25). Ingle concluded 

that 23s and 16s r-RNAs are synthesized, in equimolar 

amounts, but that the 23s molecule is selectively degraded 

either in, vivo or in the preparation of the RNA. Ingle 

found, that the newly synthesized. 23s RNA apparently has a 

greater stability than 23s RNA which has been subject to 

aging jLn vivo. It should be noted, that the degradation of 

23s RNA described, by Ingle occurs in tissue of all stages 

of development and. is not restricted to senescent tissue. 

Since the development of techniques to distinguish 

between cytoplasmic and chloroplast r-RNA, it is now 

possible to describe more fully the relationship of chloro

plast ribosomes to chloroplast protein synthesis during 

senescence. The function of chloroplast ribosomes is 

obscure, but the work of a number of investigators indicates 

that chloroplasts contain the components of a DNA directed 

protein synthesizing system (30). Therefore, the readily 

observable loss of chlorophyll during senescence takes on 

special significance since the presence of chlorophyll is 

indicative of functional chloroplasts. 

It is well established, that isolated chloroplasts 

are capable of protein synthesis, yet the nature of 

proteins made by chloroplasts is ill-defined. Protein 
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synthesis by isolated chloroplasts has been demonstrated by 

Stephenson, Thimann, and. Zamecnik (64) and. more recently by 

a number of other investigators (2, 19, 45, 61). Margulies 

and Parenti (45) concluded that isolated chloroplasts were 

capable of synthesizing fraction I protein. Fraction I 

protein is a protein found only in chloroplasts, and. it is 

thought to make up as much as 50 percent of the soluble 

protein in spinach and tobacco leaves (17). Ranalletti, 

Gnanam, and Jagendorf (52) concluded that isolated, chloro

plasts from wheat leaves were capable of synthesizing latent 

++ Ca dependent ATPase, another chloroplast specific protein. 

This evidence strongly suggests a role of the chloroplast 

protein synthesizing machinery. 

Since it has proven difficult to demonstrate the 

synthesis of specific proteins by isolated, chloroplasts, 

other methods of studying chloroplast directed protein 

synthesis have been tried. The differential susceptibility 

of 70s and. 80s ribosome mediated, protein synthesis to the 

antibiotics chloramphenicol and cycloheximid.e has been well 

documented, for bacterial and eucaryotic systems (18, 21). 

Margulies (44) found, that chloramphenicol blocked, the light 

induced, increase in activity of ribulose diphosphate 

carboxylase in leaves. However, activity of another 

chloroplast enzyme, NADP-d.ependent glyceraldehyde-3-

phosphate dehydrogenase, appeared, to develop normally in 

the presence of chloramphenicol. Working with Euglena, 
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Smillie al. (57) concluded, that chloramphenicol blocked 

the synthesis of six chloroplast specific proteins. How

ever, the work is not unequivocal because Smillie _et al. 

(57) also found that cycloheximide, which at low concentra

tions is not thought to affect 70s ribosome mediated protein 

synthesis, depressed the light induced synthesis of three of 

these proteins. Also, Ingle (26) concluded that cyclo

heximide inhibits over 90 percent of chloroplast r-RNA 

synthesis. 

Certainly there exists a strong indication that 

chloroplast development is under a control system at least 

partially ind.epend.ent of the nucleus and. Sager and. Ramanis 

(53) have recently suggested, that eight non-Mend.elian genes 

are located on the chloroplast DNA in Chlamydomonas. Since 

the most visible characteristic of the onset of senescence 

is the loss of chlorophyll, it was of interest to compare 

changes in chloroplast components to changes in the rest of 

the cell during the onset of senescence. 

i 



CHAPTER 3 

MATERIALS AND METHODS 

Plant Growth Conditions 

Nicotiana tabacum L. var. Samsun was grown in the 

Botany greenhouse at The University of Arizona, and tempera

ture was maintained between 20° and 30°C. Seedlings were 

grown in six-inch pots with a mixture of sand, peat moss, 

and vermiculite and watered with Hoagland's solution (23) 

modified, to contain 0.03 g/liter Iron Chel 138 (Geigy). 

Plants were grown throughout the year, and. leaves were 

generally harvested, from plants that had about 30 leaves. 

Plants grown during the summer tended, to grow faster and. to 

accumulate more leaves before the lower leaves became 

senescent than did winter grown plants. 

Chemical Analysis of Leaves 

Two or more leaves were pooled., ground, in dry ice, 

and. lyophilized.. All chemical analyses were performed, on 

lyophilized. tissue. 

Chlorophyll 

Chlorophyll content was determined, by the method, of 

Arnon (3). About 10 mg lyophilized. leaf tissue was ground 

with a mortar and pestle in 10 ml of 80% acetone in water 

12 
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in the presence of 50 mg of powdered CaCO^. Grinding and 

subsequent steps were done on ice in subdued light and the 

extracts were allowed to stand in the refrigerator for about 

two hours. Except as noted, all centrifugations were done 

in a Sorvall SS-34 head in a refrigerated RC-2B centrifuge 

and centrifugal force values noted refer to maximum values. 

The extracts were centrifuged at 3,000 g for 5 minutes to 

remove debris and the absorbance at 652 mu was recorded. 

According to Arnon (3), the total chlorophyll concentration 

is given by the following relationship: 

chlorophyll mg/liter = x 29.0 

Earlier work in this laboratory showed that fresh tissue and. 

lyophilized. tissue gave identical results by this method. 

Nucleic Acids 

The DNA and. RNA contents were determined, by a 

modification of Smillie and. Krotkov (58). Aliquots of 50 to 

200 mg of lyophilized. tissue were ground with an ice cold, 

mortar and pestle in 10 ml of methanol made 0.05 M with 

formic acid.. The homogenate was centrifuged at 3,000 g for 

5 minutes. The pellet was extracted, with 5 ml 0.2 N HCIO^ 

followed, by two extractions with 10 ml 95% ethanol. The 

above extractions were done on ice and. the homogenate was 

pelleted after each extraction. Successive extractions of 

the pellet were done with 10 ml 95% ethanol, followed, by 

extraction with 10 ml 95% ethanol, ether, and. chloroform 
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(2/2/1; v/v/v), and finally with 10 ml ether. The three 

preceding extractions were conducted by heating to 65°C for 

2 minutes and pelleting the homogenate as above. After 

ether extraction the pelleted, samples were dried at 37°C and. 

incubated, in 10 ml of 0.3 N KOH for 12 to 18 hours at 37°C 

to hydrolyze the RNA into nucleotides. 

The samples from alkaline hydrolysis were made 1 mM 

in MgC^ and. the pH was adjusted, to 2 with 70% HCIO^ on ice. 

Two volumes of cold. 95% ethanol were added, and samples were 

allowed to stand. 20 minutes on ice. After centrifuging 

3,000 g for 5 minutes at l°Cf the pellet was analyzed for 

DNA and. the supernatant, containing RNA nucleotides, was 

analyzed for RNA. The DNA content was determined, by hydro-

lyzing the pellet for 15 minutes in 5.0 ml of 5% HCIO^ at 

90°C (11). The hydrolysate was centrifuged, at 3,000 g for 

5 minutes and. 1.00 ml of the supernatant was reacted, with 

2.00 ml d.iphenylamine reagent (1.00 g d.iphenylamine added 

to 100 ml glacial acetic acid. and. 2.75 ml concentrated 

H2SO4). The reaction was carried, out at 100°C for 10 

minutes and. the 0D^_._ was then measured.. Known concentra-
600 

tions of dAMP or d-adenosine were used, as standards. 

The supernatant, containing the RNA nucleotides, 

was adjusted, to pH 8 with KOH and. centrifuged at 3,000 g for 

5 minutes to remove insoluble residues. The supernatant was 

poured, through a 1 cm diameter Dowex-1 (100-200 mesh 

chloride form) column containing 2.5 g resin that had. been 
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washed, with 10 ml of 0.01 M NaCl. The column was eluted 

with 20 ml of the following solution: 20 ml concentrated 

HCl and 5.6 g NaCl dissolved in enough water to make 240 ml 

of solution. Aliquots of 0.25 ml of the eluant containing 

RNA nucleotides were reacted with 1.0 ml orcinol reagent 

(1.0 g orcinol, 0.5 ml of 10% FeCL^, and 100 ml concentrated 

HCl). The reaction was conducted at 100°C for 30 minutes. 

The OD,.was recorded and solutions of known concentrations 
660 

of AMP were used as standards. 

Protein 

Protein was estimated by grinding about 50 mg of 

lyophilized tissue with a mortar and pestle on ice in 10 ml 

of 95% ethanol and centrifuging the homogenate at 3,000 g 

for 5 minutes at 1°C. The pellet was suspended in 5 ml of 

5% trichloroacetic acid, and heated, to 60°C for 5 minutes. 

The suspension was centrifuged. as above to pellet the 

protein and. the pellet was dissolved, in 10.0 ml 0.1 N NaOH. 

For each sample a 1.00 ml aliquot of this solution was 

diluted, to 10.0 ml with 0.1 N NaOH to insure that the 

absorbance of the subsequent colorimetric reaction was in 

the linear range of the standard, curve. The colorimetric 

reaction was modified after Lowry et al_. (37). Aliquots of 

0.50 ml from samples were incubated, at room temperature in 

3.0 ml of the following reagent: 1.0 ml 1% CuSO^-S^O, 

1.0 ml of 2% sod.ium potassium tartrate, and. 100 ml 2% Na2C0^ 
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in 0.1 N NaOH. After 10 minutes, 0.30 ml of diluted Folin-C 

reagent (Fisher Phenol Reagent 2N:water, 1:1, v/v) was added 

and the samples were allowed, to incubate 30 minutes at room 

temperature before measuring the OD^^Q. Known dilutions of 

bovine albumen Fraction V (Nutritional Biochemicals Corpora

tion) in 0.1 N NaOH were used, as standards. 

Ribosome Sedimentation 

Approximately 10 g of fresh leaf tissue were ground, 

with a mortar and. pestle on ice in 10 ml of sucrose-Tris 

buffer (43) (0.5 M sucrose, 0.01 M MgC^, 0.05 M Tris, 

0.025 M KC1, 0.005 M mercaptoethanol, pH 8.2). The 

homogenate was centrifuged at 20,000 g for 20 minutes at 

1°C. The supernatant, containing ribosomes, was centrifuged 

at 226,000 g in a Spinco 50Ti rotor for one hour. The 

pellet was suspended, in one or two ml of the following 

buffer: 5 mM Tris, 7 mM magnesium acetate and. 5 mM 

mercaptoethanol, pH 7.5. The suspension was clarified, by 

centrifugation at 6,000 g for 5 minutes, and. the supernatant 

was load.ed. into a standard. 12 mm, 4° sector cell in an AnD 

rotor of a Spinco Mod.el E ultracentrifuge. 

RNA Extraction 

About 5 to 10 g of fresh tobacco leaves were washed, 

and. ground, in a mortar and. pestle in 4 ml phenol [saturated, 

with lxSSC (0.15 M NaCl, 0.015 M trisod.ium citrate, pH 7.0)] 

and. 4 ml of the following solution: 1% sodium pyrophosphate, 



1% sodium dodecylsulfate (SDS), 2.5 mg/ml bentonite, pH 8.0 

for each gram fresh weight of tissue. Grinding and all 

subsequent steps were done at 0° to 4°C. The homogenate was 

shaken for one minute and centrifuged at 3,000 g for 5 

minutes. The upper aqueous layer containing RNA was removed 

and shaken with an equal volume of phenol and centrifuged 

as above. The previous step was repeated, and the RNA 

solution was taken off and precipitated with two volumes of 

95% ethanol. After allowing the RNA to precipitate for at 

least one hour, the RNA in suspension was centrifuged at 

3,000 g for 5 minutes and the pellet was dissolved in 10 ml 

0.15 M sodium acetate, 0.5% SDS, pH 7.2 for about one-half 

hour. RNA was again precipitated with two volumes of 95% 

ethanol and, after centrifugation, the pellet was dissolved 

in 1 or 2 ml of 0.1 x SSC. This procedure was modified by 

first quick freezing the tissue in liquid nitrogen and 

adding 1 mg/ml macaloid. to the grinding medium in an effort 

to lower the activity of the nucleases. The RNA concentra

tion was determined, by assuming 1.00 mg RNA/ml has an OD260 

of 25 in a 1.00 cm light path (42). 

Electrophoresis of RNA 

The gels, containing 2.4% polyacrylamid.e, were made 

according to Bishop, Claybrook, and Spiegelman (7) and 

contained, the following: 4.0 ml acrylamide stock solution 

(15 g recrystallized. acrylamide and 0.75 g recrystallized 
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bisacrylamide plus 84.25 ml water), 12.45 ml water, 8.33 ml 

3E buffer (0.12 M Tris, 0.06 M sodium acetate, 0.003 M 

sodium EDTA made pH 7.2 with 6 ml glacial acetic acid), 

0.02 ml N,N,N',N' tetramethylethylenediamine and 0.20 ml 

fresh 10% ammonium persulfate [1 g (NH^)2S20g plus 9.0 g 

water]. In experiments where MgC^ was added to the gel, 

enough solid MgC^ was added to make the final Mg++ con

centration in the gel 10 mM. The solution was allowed to 

gel for 20 minutes in plexiglas tubes 9 cm long and one-

quarter inch internal diameter. A piece of nylon chiffon 

was placed over the lower end of the tube to keep the gel 

from sliding out and the tube was mounted in the upper 

electrophoresis reservoir. The 3E buffer was diluted to 

1 x E, made 0.2% with SDS, and poured into the upper and 

lower reservoirs. Gels were pre-run at 5 mamp per tube for 

30 minutes at room temperature before adding the RNA 

samples. The RNA samples were mad.e 10% with sucrose to 

increase their density and. were layered, on top of the gel 

with a microliter syringe. Generally, 10 |ig RNA (usually 

10 to 50 fil) was layered, on a particular gel. Electro

phoresis was carried, out at 5 mamp per tube at room 

temperature for 2 to 3 hours with a Heath Regulated. High 

Voltage Power Supply. After electrophoresis, the gels were 

scanned, at 265 m|_i by a Gilford. Model 240 spectrophotometer 

with a Linear Transport Model 2410 attached, to a Heath 

Multi-Speed. Chart Drive Recorder. In later experiments the 
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gels were soaked in water for about 1 hour after electro

phoresis to remove background optical density. The radio

active profile of labeled. RNA on a gel was determined by 

freezing the gel in an aluminum foil trough on dry ice and. 

slicing the gel into 1 mm thick discs. Slicing was done by 

a bank of 40 razor blades bolted, together. Each slice was 

placed, on a filter paper d.isc, dried, at 80°C for 30 minutes, 

and. placed, in 10 ml of the following scintillation cocktail: 

5 g 2,5-d.iphenyloxazole (PPO) and. 995 ml toluene. Samples 

were counted, in a Packard. Tricarb scintillation counter, 

Model 3 320. 

Leaf Radioactive Labeling 

Leaves were excised and. washed., and. parallel cuts 2 

or 3 mm apart were made perpendicular to the midrib. The 

cuts started, several mm from the midrib and extended almost 

to the margin. The cuts were made while the leaves were 

submerged in the incubation medium. For RNA labeling the 

leaves were floated, for 8 hours on 60 ml of 0.01 M KC1, 

32 pH 6.5, containing 1.0 mc P orthophosphate. For protein 

labeling, leaves were floated for 4 hours in 60 ml of 

3 0.01 M KE^PO^, pH 6.0, containing 0.10 mc H -leucine. 

During incubation the leaves were illuminated, with 700 

footcand.les of fluorescent light. 
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Analysis for Intracellular Location of Radioactive 
Amino Acid Incorporation 

After incubation in tritiated leucine, leaves were 

rinsed with 100 ml incubation medium and the fresh tissue 

was chopped in Honda medium (24) with razor blades mounted 

in a modified electric knife. Two milliliters of Honda 

medium (2.5% Ficoll, 5% d.extran, 0.25 M sucrose, 0.025 M 

Tris, 1 mM magnesium acetate, 4 mM mercaptoethanol, pH 7.8) 

were used for each gram fresh weight of tissue. The 

homogenate was squeezed, through two layers of Miracloth 

(Calbiochem) and the filtrate was centrifuged at 1,000 g 

for 15 minutes. The pellet was gently dispersed, in 5.0 ml 

Honda med.ium and. layered, on a discontinuous sucrose grad.ient 

containing 10 ml 2.26 M (60%), 10 ml 1.58 M (45%), and 5 ml 

0.63 M (20%) sucrose, all of which contained. 10 mM Tris and 

1 mM MgC^ and. were pH 8.2. The gradients were centrifuged 

at 23,000 RPM for 2 hours at 1°C in a Spinco SW-25.1 rotor. 

Five ml of the volume between 1.58 M and 0.63 M sucrose was 

collected, and centrifuged. 7,000 g for 20 min at 1°C. The 

supernatant was considered to contain chloroplast water 

soluble proteins, because in a preliminary experiment, 

subsequent extraction of the 7,000 g pellet with water did 

not release a significant amount of protein. The pellet was 

dispersed, in 5.0 ml of 5 mM Tris, 7 mM magnesium acetate, 

5 mM mercaptoethanol, 3.5% Triton X-100 at pH 7.5. Triton 

X-100 is considered, to completely disrupt chloroplast 
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membranes (61) which should remain fairly intact prior to 

Triton X-100 treatment. The suspension was allowed, to stand 

on ice for 30 minutes and. was centrifuged. at 20,000 g for 

20 minutes at 1°C. The 20,000 g supernatant is referred, to 

as Triton X-100 soluble proteins. 

A mitochondria rich fraction and a cytoplasmic 

soluble fraction were prepared by saving the supernatant 

after initial pelleting of chloroplasts at 1,000 g. This 

supernatant was centrifuged. at 20,000 g for 20 minutes at 

1°C and. the resulting pellet was considered, to be 

mitochondria-rich. The supernatant was considered, to contain 

cytoplasmic soluble components. 

The protein in each fraction was precipitated, with 

5% trichloroacetic acid, at 60°C. The flocculent was centri

fuged. at 3,000 g for 5 minutes. The pellet was washed, with 

95% ethanol, centrifuged. as above, and. dissolved, in 0.1 M 

NaOH. Protein was determined, by the method, of Lowry et al. 

(37). Radioactivity was determined, by dissolving aliquots 

of protein samples in scintillation vials containing 10 ml 

of a solution containing 8.25 g PPO, 0.15 g p-bis[2-(5-

phenyloxazolyl) ] benzene (POPOP) and. 500 ml Triton X-100 in 

1000 ml toluene. Samples were counted as before. 



CHAPTER 4 

RESULTS 

A preliminary observation made by Matsud.a (47) 

suggested that tobacco leaves lose their chloroplast 

ribosomes but retain some of their cytoplasmic ribosomes as 

they turn senescent. This observation prompted the 

investigation of the nature of senescence in leaves, 

particularly as it affects chloroplasts. Since nucleic 

acids and proteins have a central role in metabolic 

processes, gross compositional analyses for these components 

were made on leaves of different physiological ages to 

determine if the senescent condition had any unique 

features. 

As a first step, tobacco plants of different ages 

were visually examined to provide a basis for selecting 

leaves and plants of suitable physiological ages. These 

observations suggested, that plants which had about 30 leaves 

with blades 2 cm or greater in length were highly suitable 

for study. Plants of this age contained a number of older 

leaves that were in various stages of senescence; in addi

tion they possessed leaves that were classically defined as 

being mature, expanding, and. apical (4). Visual observa

tions as well as conclusions derived, from the anatomical 
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studies of Avery (4) were used, to separate the leaves into 

four classes. Avery (4) found, that in tobacco leaves most 

cell division has ceased, by the time the leaves are one-

fourth to one-third full size. Generally, the oldest 

leaves, located on nodes 2 through 7 above the cotyledonary 

nod.e, were noticeably less green than the younger leaves 

located on higher nodes. However, morphological differ

ences were noted among the old.er leaves and, for this 

reason, it was initially difficult to classify leaves as 

being senescent. Although all leaves up through the seventh 

node were usually turning yellow, the oldest leaves located 

on the lower four nodes were smaller and more rounded than 

leaves at nodes 5 through 7. Therefore, leaves found at 

nodes 5 through 7 rather than those at nodes 2 through 4 

were later designated, as being senescent. The leaves for 

about 10 nodes immediately above the seventh leaf were 

similar in size and. shape to leaves at nodes 5 to 7. 

Observations of developing and aging plants showed, that 

leaves at nod.es 5 through 17 followed, the same sequence of 

development, that is, an initial expansion prior to a loss 

of color. The youngest of the group of fully expanded, and. 

equal-sized, leaves arranged, above node 5 were classified, as 

mature, and. leaves that were 5 to 10 nodes above the fully 

expanded, leaves were classified, as expanding. Another 

group of leaves 2 to 5 cm long that were located, at least 

two nodes above the expanding leaves were classified as 
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apical leaves. Some results of studies on the size and 

composition of leaves in the four categories are shown in 

Table I. 

Compositional Analysis of Developing 
Tobacco Leaves 

In Table I, Trials 1 and 2 were conducted with 

plants that had about 30 leaves, but the studies differed 

in that leaves of Trial 1 were harvested in April whereas 

those of Trial 2 were harvested two months later. In 

addition, the leaves classified as senescent in Trial 1 were 

the old, rounded leaves 2 to 4 nodes above the cotyledonary 

node, whereas the senescent leaves of Trial 2 were from 

nodes 5 and 6. For this reason inferences regarding the 

composition of apical, expanding, and mature leaves were 

obtained, using both Trials 1 and 2, but only Trial 2 was 

used, to distinguish between mature and. senescent leaves. 

The dry weight data show that leaves harvested, in 

June are larger than those harvested in April. If the DNA 

content of a cell is constant, the data from the DNA 

analyses suggest that the larger size is d.ue to the 

presence of higher cell numbers in leaves harvested, in 

June, but cell number determinations were not conducted.. 

The amount of DNA found, in tobacco leaves and. the stage of 

leaf development that marks a levelling off of DNA synthesis 

probably d.epends very much upon growth conditions. This is 

in agreement with Lyttleton and. Hole (40) who found, that 



Table I. Size and DNA, chlorophyll, RNA, and protein composition of tobacco 
leaves of various ages. 

Class of Dry weight DNA Chlorophyll RNA Protein 
leaves mg/leaf mg/leaf mg/leaf mg/leaf mg/leaf 

Trial 1 

Apical 30 0.27+0.01 0.12+0.01 1.34+0.08 7.5+ 1.2 
Expanding 116 0.38+0.01 0.75+0.05 3.52+0.10 26.0+ 1.6 
Mature 224 0.34+0.03 1.68+0.12 3.18+0.18 46.0+ 0.5 
Senescent 80a 0.12 — 0.22+0.06 1.03+0.12 3.5+ 0.1 

Trial 2 

Apical 53 0.53+0.02 0.12+0.01 1.46+0.1 19.8+ 0.1 
Expanding 204 0.78+0.05 0.61+0.01 3.75+0.3 73.0+17.0 
Mature 430 0.90+0.03 1.33+0.04 5.64+0.1 122.0+10.0 
Senescent 410 0.45+0.04 0.66+0.05 2.46+0.2 48.0+ 1.0 

Trial 3 

Apical 31 0.22+0.01 0.10+0.01 1.61+1.1 10.0+ 2.3 
Expanding 156 0.45+0.03 0.55+0.03 3.94+0.3 29.4+ 6.2 
Mature 915 3.48+0.01 2.84+0.12 7.40+1.0 51.2+ 3.0 
Senescent 1020 2. 24+0'. 19 3.88+0.16 7.55+0.1 137.0+ 7.0 1 

aThe senescent leaves in Trial 1 were smaller rounder leaves found on 
nodes 2 to 4. 

^These leaves were the same color as mature leaves, but they were con
sidered. pre-senescent because they were older than mature leaves. 

Two or more leaves of the indicated, class were pooled., ground in dry ice 
and lyophilized, and. two aliquots of each were analyzed, for the indicated compo
nents. Each value represents the average of two determinations plus or minus the 
difference between the mean and the observed values. 
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plants which were grown in a large amount of soil developed 

much larger leaves which contained much greater amounts of 

DNA than plants grown in smaller amounts of soil. 

The DNA analyses in Trials 1 and 2 made on apical, 

expanding, and mature leaves gave results that were 

compatible with the suggestion made by Avery (4) that 

relatively little cell division occurs in expanding leaves. 

Within Trial 1 expanding and. mature leaves contained, about 

the same amount of DNA, but these leaves clearly contained, 

more DNA than apical leaves. The same trends are found, in 

Trial 2; furthermore, the DNA content of the senescent 

leaves was about one-half that of the mature leaves even 

though both leaves were of comparable size. 

The analysis of RNA, protein, and chlorophyll 

contents in Trials 1 and. 2 also shows that mature leaves 

had as much and generally more, of these materials than 

leaves of other ages. In the case of apical, expanding, 

and. mature leaves, the contents of these materials generally 

paralleled, the increase in leaf size. However, senescent 

leaves clearly contained, lower amounts of these materials 

than mature leaves and leaf size was not a factor in 

Trial 2. 

The results are in general agreement with those of 

Smillie and. Krotkov (58) who found, that in the case of peas, 

the amount of DNA, RNA, protein, and. chlorophyll per leaf 
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increases until leaves reach full size. Aging beyond, this 

point was associated with a loss of all four components. 

Further evidence regarding the composition changes 

during senescence is given in Trial 3 of Table I. In this 

study leaves from plants containing 10, 20, and 30 leaves 

were examined for DNA, RNA, protein, and chlorophyll 

content. Apical leaves were obtained from nodes 8, 9, and 

10, and expanding leaves were obtained from node 6 of 10-

leaf plants. Mature, fully expanded leaves were obtained 

from node 6 of plants that had an average of 20 leaves and 

pre-senescent leaves were obtained from node 6 of 30-leaf 

plants. Leaves in the latter category were classified as 

pre-senescent since they still retained green color. 

Since the leaves of node 6 were followed from 

expanding stages through a pre-senescent stage, the data of 

Trial 3 were considered to provide a better idea of the 

developmental sequence that occurs before a leaf becomes 

senescent than the data of Trials 1 and 2. The general 

trends of Trials 1 and 2 were observed, in Trial 3, but in 

Trial 3, rather remarkably, the content of chlorophyll, RNA, 

and. protein in the pre-senescent leaves was found, to be as 

high or higher than that of mature leaves. The much larger 

amount of DNA in mature leaves compared, to expand.ing leaves 

(Table I, Trial 3) is in agreement with the find.ings of 

Lyttleton and. Hole (40) who concluded, that DNA synthesis is 

continued, in leaves as long as they continue to expand.. 



This conclusion is not in agreement with the data in Trials 

1 and 2, but it must be pointed out that the expanding 

leaves in Trial 3 were only one-sixth the size of mature 

leaves. However, when comparing the amount of DNA per leaf 

in expanding versus mature leaves, it is difficult to account 

for the large difference if cell division is assumed to 

cease when the leaves are one-third, full size. This dif

ficulty arises even though the expanding leaves were 

comparatively small. 

The DNA content of pre-senescent leaves was 

noticeably lower than that of mature leaves. Although they 

are incomplete the data raise the possibility that leaves 

may lose part of their DNA before they lose their green 

color, the criterion that is normally used to state that a 

leaf is senescent. 

Although quantitative studies of the type shown in 

Table I as well as those obtained, by others (12, 33, 49, 50, 

55, 58) suggest that senescence is characterized by a loss 

of RNA and. protein as well as chlorophyll, they do not show 

changes in the subcellular distribution of RNA and. protein 

that occur during senescence. Furthermore, they provide 

little insight into synthesis and. degradation of organelle 

RNA and. protein in senescent leaves. The subsequent work 

reported, here was directed toward, gaining a clearer under

standing of the synthesis and. degradation of chloroplast 
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and cytoplasmic RNAs and chloroplast proteins in senescent 

leaves. 

Ribosome Content of Developing 
and Senescinq Leaves 

In order to test the hypothesis that chloroplast 

ribosomes are selectively lost during senescence, ribosome 

extracts were isolated from leaves of various ages and were 

sedimented in an analytical ultracentrifuge. The resulting 

schlieren patterns, shown in Fig. 1, indicate that apical, 

expanding, and mature leaves all contain both 70s and 80s 

ribosomes. This observation was first reported, by 

Lyttleton (38), and. a number of studies since have shown 

that 70s ribosomes are located, in the chloroplast whereas 

80s ribosomes are located, in the cytoplasm (9, 14, 39). 

These investigators considered, the 70s ribosomes to be 30 to 

50 percent of the total ribosome population in leaves. In 

the present study, however, it was generally found, that 70s 

ribosomes constituted, a maximum of 25 percent of the total 

ribosome population, but corrections were not made for the 

Johnston-Ogston effect (28). 

The most striking feature of the sedimentation 

studies of ribosomes prepared, from senescent leaves is that 

these preparations invariably lacked a distinct 70s ribosome 

peak although these ribosomes were clearly evident in 

extracts from mature leaves. Senescent leaves also con

tained lower amounts of 80s ribosomes than were found in 
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Fig. 1. Ultracentrifugal analysis of ribosome extracts of 
(a) apical, (b) expanding, (c) mature, and (d) 
senescent tobacco leaves — Sedimentation was 
carried out in an AnD rotor at 22°C, and photo
graphs were taken at a bar angle of 60° and 12 
minutes after reaching speed of 34,000 RPM. As 
indicated in (a) the largest peak corresponds to 
80s ribosomes, the slower moving peak immediately 
to the left of the 80s peak corresponds to 70s 
ribosomes, and the slow moving peak to the far 
left corresponds to 18s (fraction I) protein. 
Sedimentation was from left to right in all cases. 
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Fig. 1. Ultracentrifugal analysis of ribosome extracts of 
(a) apical, (b) expanding, (c) mature, and (d) 
senescent tobacco leaves. 
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mature leaves. Since r-RNA generally represents about 65 to 

80 percent of the total cellular RNA (13, 46), these data-

are compatible with those of Table I, which suggest that the 

total RNA content of senescent leaves was less than that of 

mature leaves. 

Although sedimentation data suggest that the virtual—* 

elimination of 70s ribosomes can occur during senescence, it 

was not possible to fully exclud.e the possibility that the 

extraction procedure discriminated, against 70s ribosomes in 

senescent leaves and. thereby enriched, the proportion of 80s 

ribosomes in these preparations. Stud.ies made with various 

centrifugal preparations showed, that only about 15 percent 

of the total leaf RNA was normally present in the ribosome 

preparations used, for sedimentation stud.ies (Table II). 

Table II shows also that a remarkably large propor

tion of the total RNA of tobacco leaves is present in the 

20,000 g pellet. This fraction should, contain intact cells, 

cell walls, nuclei, chloroplasts, and mitochondria and. is 

normally discarded in ribosome stud.ies. An attempt made to 

increase the recovery of ribosomes by adding 1.5 percent 

d.eoxycholate to the grinding buffer resulted, in neither an 

increase in the amount of RNA in the ribosome fraction nor 

an enhancement in the ratio of 70s to 80s ribosomes as seen 

by schlieren optics. In all cases, senescent leaves had 

relatively low amounts of chloroplast ribosomes. 
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Table II. RNA analysis of whole leaf tissue and various 
centrifugal fractions. 

RNA content 

Fraction 
mg 
of 

RNA per gram 
fresh tissue 

Percent of 
total RNA 

Whole tissue 0.70 100 

20,000 g pellet 0.52 74 

226,000 g supernatant 0.10 14 

226,000 g pellet 0.09 13 

Mature leaves were ground, in two volumes sucrose-
Tris buffer (see Method.s) and centrifuged. at 20,000 g for 
20 minutes. The pellet was saved, for RNA analysis, and. the 
supernatant was further fractionated by centrifuging at 
226,000 g for 1 hour. All steps were performed on ice. 
Whole tissue, the pellets, and. the supernatant were analyzed 
for total RNA as in Methods. Nucleic acids were initially 
precipitated from the 226,000 g supernatant with two volumes 
of 95% ethanol. 
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Polyacrylamide Gel Fractionation of RNAs 

In an effort to more clearly resolve the fate of 

both 70s arid 80s ribosomes during senescence, leaves were 

extracted for RNA using phenol (29), and the several 

components making up this extract were examined using 

polyacrylamide gel electrophoresis. Since the RNAs from 

both kinds of ribosomes can be distinguished in gels, this 

examination provided an estimate of the relative amounts of 

70s and 80s ribosomes present in leaves. In addition, the 

gel method coupled, with labeling studies provided, a means 

for studying the metabolism of not only r-RNAs but also 

other RNAs and DNA. 

The separation of plant chloroplast and. cytoplasmic 

r-RNAs was first performed, by Loening (34) and. subsequently 

d.eveloped. further by Loening and Ingle (36) and Ingle (25). 

Loening (35) showed, that the electrophoretic mobility of RNA 

on gels is directly related, to the log of molecular weight. 

Based, on gel fractionation of RNAs, Loening and. Ingle (36) 

conclud.ed. that the 80s cytoplasmic ribosomes contain 25s 
° 

(molecular weight of 1.3 x 10 ) and. 18s (0.7 x'.lO ) RNAs, 

6 whereas 70s ribosomes contain 23s (1.1 x 10 ) and. 16s 

(0.56 x 10^) RNAs. Later, Ingle (25) found, that the 13s 

RNA found, in RNA extracts from green tissue is also 

chloroplastic in origin. 

A representative profile of root RNA extracts 

separated, by gel electrophoresis is shown in Fig. 2. 
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in 

25 DNA 18 

Electrophoretic mobility 

Fig. 2. Electrophoretic fractionation of root nucleic acids 
in polyacrylamide gel — The peaks labeled 18 and 
25 are cytoplasmic r-RNAs with sedimentation 
coefficients of 18s and 25s, respectively. The 
peak on the far right" is considered to be DNA. The 
shaded area is background, optical density due to • 
the gel. Low molecular weight RNA was run off the 
gel. 
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Examples of profiles of RNAs from apical, mature, and 

senescent leaves are shown in Fig. 3. In all stud.ies 

absorption measurements were made with ultraviolet light 

at 265 mn. Since absorption at this wave length is a 

function of the amount of nucleotides present in a given 

cross-section of a gel, determination of areas und.er peaks 

provided, a means of calculating the relative amounts of 

various RNAs found, in plant extracts. As an example, area 

calculations mad.e for Fig. 3 are shown in Experiment 1 of 

Table III. The basis for making the various corrections is 

discussed, later. 

In Fig. 2 it can be seen that root extracts have 

only 25s and. 18s r-RNAs characteristic of cytoplasmic 

ribosomes. These extracts also contained, a slow moving 

component which was identified, as DNA. In contrast, Fig. 3 

shows that RNA extracts from leaves generally contain, in 

addition, 23s, 16s, and. 13s chloroplast r-RNA. The latter 

data are in agreement with those obtained, by Ingle (25) for 

radish cotyledons. The fast moving components in Fig. 3 are 

probably 4s transfer RNA and. 5s RNA. 

Examination of RNA extracts from a large number of 

leaves showed, that leaf development and subsequent senescence 
G ° 

consistently results in (a) a significant alteration in the 

ratio of chloroplast to cytoplasmic r-RNA and. (b) an altera

tion in the ratio of 23s :16s and. 13s r-RNAs. 



Electrophoretic mobility 

Fig. 3. Comparison of the relative amounts of chloroplast and cytoplasmic r-RNA 
in nucleic acid extracts from (a) apical, (b) mature, and (c) senescent 
leaves — RNAs were fractionated, in gels without MgCl^ (see Methods). 
The RNAs are referred to in terms of their sedimentation coefficients. 
The RNAs with sedimentation values of 23, 16, and 13s are considered to 
originate from chloroplast ribosomes whereas those of 25 and 18s are 
considered, cytoplasmic in origin. The shaded area is background optical w 

density due to the gel. cn 



Table III. Relative amounts of chloroplast and. cytoplasmic r-RNAs in tobacco 
leaves of various ages. 

Relative peak areas of RNAs of given s values 

Uncorrected for 23s Corrected for 23s Chloroplast 
MgCl2 breakdown breakdown r-RNA per-

Class of in gel : cent of 
leaves mM 23s 16s 13s 25s 18s 23s 16s 25s 18s total r-RNA 

Experiment 1 

Apical 0 6. 5 5. 8 1.0 30 19.0 9. 3 5. 8 30 17. 5 24 
Mature 0 0. 6 6. 0 2.0 13 8.0 6. 2 6. 0 13 4. 9 41 
Senescent 0 0. 5 1. 2 0.3 14 9.5 1. 3 1. 2 14 9. 0 10 

Experiment 2 

Mature 0 1. 1 5. 0 2.0 27 15.0 6. 7 5. 0 27 11. 9 23 
Mature 10 7. 3 5. 0 1.3 26 14.0 10. 9 5. 0 26 12. 0 30 

Experiment 3 

Apical 10 7. 3 5. 5 1.0 37 18.0 10. 1 5. 5 37 16. 4 24 
Mature 10 4. 5 3. 4 1.0 16 11.0 7. 3 3. 4 16 9. 4 30 
Senescent 10 0. 9 0. 5 nil 14 5.0 0. 9 0. 5 14 5. 0 7 

Experiment 4 

Mature 10 7. 2 6. 8 1. 7 37 19.0 11. 9 6. 8 37 16. 3 26 
Senescent 10 1. 9 1. 3 0.4 25 12.0 3. 0 1. 3 25 11. 4 11 

RNAs separated, in gels with and. without MgClo were scanned and the rela
tive areas under each peak were determined as indicated, in Methods. The gel 
tracings generally showed, the presence of 13s RNA. The presence of 13s RNA was 
attributed to breakdown of 23s RNA according to the scheme: 23s 13s + 18s RNA, 
and appropriate corrections were then made according to methods outlined in the 
text. The chloroplast r-RNA percentage was then calculated as: area (23s + 16s)/ 
area (23s + 16s + 25s + 18s) x 100%. In Experiment 2 comparisons were made using 
the same RNA extract. 
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Figure 3 shows that the ratio of chloroplast to 

cytoplasmic r-RNAs is considerably lower in senescent than 

in mature leaves. These data are quantitatively expressed 

in Table III. In addition, these results indicate that the 

ratio of chloroplast to cytoplasmic r-RNA is higher in 

mature leaves than in either apical or senescent leaves. 

These observations agree with and extend those of Ingle 

(25). They are also in agreement with results from ribosome 

sedimentation stud.ies (Fig. 1), and. they provide further 

evidence that senescence leads to a selective loss of 

chloroplast ribosomes from leaves. 

The ratios of large to small RNA molecules in ribo

somes has been the subject of many investigations. Kurland 

(31) concluded, that 70s E^. coli ribosomes contain a single 

23s and. a single 16s RNA molecule. Later, Click and Tint 

(15) concluded, that plant, animal, and. bacterial ribosomal 

subunits each contain a single RNA molecule, and. they and. 

others (36) concluded, that there should, be equimolar amounts 

of cytoplasmic 25s and. 18s r-RNA in plants. Similarly, the 

chloroplast 23s and. 16s r-RNA were consid.ered. to be present 

in equimolar amounts (25). Because the molecular weights, 

and. hence the nucleotide contents, of the large r-RNA 

molecules are about two times those of small r-RNA molecules 

in both kinds of plant ribosomes, the areas und.er the "25s 

peaks should, be two times those of the 18s peaks. 

Similarly, the areas under the 23s peaks should, be two times 
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those of the 16s peaks. This relation would, not exist if 

the RNAs did, not remain intact. 
O 

Comparative studies of the type shown in Figs. 2 and 

3, using both root and leaf RNA extracts, consistently 

showed, that the area under the 25s peak was about twice that 

of the 18s RNA. These data are consistent with the model 

that each 80s cytoplasmic ribosome contains one 25s and one 

18s RNA molecule, and that both molecules remain intact. 

In contrast, Fig. 3 shows that a 2:1 ratio of 

23s :16s chloroplast r-RNAs was not obtained, in any of the 

RNA extracts from leaves. Since Ingle (25) considered, that 

the chloroplast 23s r-RNA of radish cotyledons separated. 

into one 13s and. one 18s molecule, the absorbance found in 

the 13s region was used, to correct for the amount of 23s RNA 

that underwent a cleavage. This amount was calculated using 

the following relationships proposed, by Ingle (25): 

amount of 13s product 
amount of precursor 23s RNA = 0-36— 

where: 0.36 is the ratio of molecular weights of 
13s:23s RNA. 

Similarly, the absorbance due to cleaved. 23s RNA that lies 

under the 18s peak can be determined, by the following 

relationship: 

. j- , r> j amount of 13s product 
amount of 18s product = 6T"64 

where: 0.64 is the ratio of molecular weights of 
18s:23s RNA. 
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These corrections were applied to the RNAs in Fig. 3 and to 

other RNAs and. the data are presented in Table III. The 

extent of 23s RNA cleavage was found to be affected con

siderably by leaf age. The data from Experiment 1 of Tables 

III and. IV and. Fig. 3 show that the uncorrected 2 3s :16s 

RNA ratios of apical leaves more closely approached the 2:1 

ratio than ratios from mature or senescent leaves. Results 

of this type were obtained, consistently. 

The application of Ingle's correction to the values 

shown in Experiment 1 of Table IV raised, the 23s :16s ratio 

in apical leaves from about 1:1 to about 2:1. In contrast, 

in mature and senescent leaves, the corrected ratios were 

still about 1:1. Since application of these corrections did 

not fully account for all 23s RNAs, it appeared that cleavage 

or degradation of a nature d.ifferent from that suggested by 

Ingle (25) occurred, in mature and senescent tobacco leaves. 

A variety of experiments were conducted in order to 

gain a better understanding of the basis for the apparent 

selective loss of 23s r-RNA. in one group of experiments, 

an effort was made to determine if senescent leaves con

tained. a nuclease that digested. r-RNAs during the extraction 

process. To test this possibility, 1 gram of senescent leaf 

tissue (which contains a relatively low amount of RNA) was 

included, in the grinding of 3 grams of mature leaves. The 

mixture was extracted, for RNA and subsequently fractionated, 

in gels. Figure 4a shows that the extract from mature 



41 

Table IV. Ratio of 23s to 16s r-RNA and 25s to 18s r-RNA of 
tobacco leaves of various ages fractionated, in 
gels with and without MgC^. 

Ratio of peak areas of large to 
small r~RNA 

Uncorrected, for Corrected, for 
MgCl2 23s breakdown 23s breakdown 
in gel Class of 
mM leaves 23/16 25/18 23/16 25/18 

Experiment 1 

0 Apical 1.1 1.6 1.6 1. 7 
0 Mature 0.1 1.6 1.0 2.7 
0 Senescent 0.4 1.5 1.1 1.6 

Experiment 2 

0 Mature 0.2 1.8 1.3 2.3 
10 Mature 1.5 1.9 2.2 2.2 

Experiment 3 

10 Apical 1. 3 2.1 1.8 2.3 
10 Mature 1.3 1.5 2.1 1. 7 
10 Senescent 1.8 2.8 1.8 2.8 

Experiment 4 

10 Mature 1.1 2.0 1.8 2.3 
10 Senescent 1.5 2.1 2.3 2.2 

Areas under RNA peaks in optical density profiles of 
gel electropherograms were compared to obtain these ratios. 
The corrected, ratio was computed, by attributing 13s RNA to 
breakdown of 23s RNA (see text). 
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Fig. 4. Gel electropherograms made from RNA extracts of (a) 
mature, (b) senescent, and (c) a mixture containing 
3 grams mature and 1 gram senescent leaves — 
Leaves were extracted, for nucleic acids and. scanned 
as indicated in Methods and. Figs. 2 and. 3. Low 
molecular weight RNA was run off the gel. 
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leaves was low in 23s RNA but this extract clearly contained 

16s and 13s RNAs, which were virtually absent in the extract 

from senescent leaves (Fig. 4b). The optical density pro

files of gel electropherograms of the RNA obtained, from the 

mixture of leaves was found, to be identical to that of 

mature leaves alone (Fig. 4c). This suggests that senescent 

leaves do not contain a large amount of a diffusible nuclease 

that degrades r-RNA during extraction. However, it is still 

conceivable that senescent leaves contain a nuclease closely 

associated, with chloroplast ribosoines which is effective in 

degrading chloroplast r-RNAs. 

Efforts were also mad.e to determine if the fraction

ation procedure had some effect on the properties of the 

r-RNAs. Ingle et al_. (27) found, that Mg++ tends to 

stabilize the 23s RNA during electrophoresis. This observa

tion led. to extensive studies on the effect of this cation 

on the fractionation of r-RNA.s. An example of the profiles 

obtained, when a mature leaf RNA extract was fractionated, in 

gels which contained, either 0 or 10 mM MgC^ is shown in 

Fig. 5a and. 5b, respectively. A comparison of these pro

files showed, that 10 mM MgC^ resulted, in (a) a reduction in 

the rate of migration of all RNA fractions and of DNA, and 

(b) a clear detection of 23s RNA in extracts that had. 

previously yielded little or no 23s RNA. However, the 

addition of MgC^ to the gel did not alter the inference 
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Fig. 5. A comparison of electropherograms of the same RNA 
samples fractionated in gels that contained (a) no 
MgCl2, (b) 10 mM MgCl2 — Running time in both gels 
was 1 hour 50 min., and the actual distance of 
migration is given on the abscissa. Sedimentation 
coefficients and shading are as given in Fig. 3. 
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made earlier that senescent leaves have relatively lower 

amounts of chloroplast r-RNA than, mature leaves (Fig. 6). 

It is conceivable, that MgC^ effects some type of 

non-specific aggregation of molecules to yield a 23s RNA, 

but this is considered unlikely because non-specific 

aggregation should result in a heterogeneous population of 

RNAs. It is clear from Fig. 5b that no detectable hetero

geneous RNA results from adding MgC^ to the gel. Also, 

MgC^ did not greatly alter the ratio of 25s:18s RNAs. If 

a non-specific aggregation phenomenon exists, it seems 

likely that the latter ratio would also be affected. 

The results shown in Experiment 2 of Tables III and. 

IV summarize the effect of Mg++ addition and. Ingle's correc

tion on the ratios of 23s:16s RNAs. The values presented 

here were obtained using the same RNA extract and. they show 

that without applying Ingle's correction procedure, the 

addition of MgC^ to the gel resulted in a 23s :16s ratio 

that approached. 2:1. Application of Ingle's correction 

procedure together with MgC^ consistently yielded, about a 

2:1 ratio of 23s:16s RNAs in all extracts (Experiments 2, 3, 

4 in Tables III and IV). These data indicate that, in 

addition to undergoing a 23s 18s + 13s transition, at 

+ + least some of the 23s RNA also exists in some Mg stabilized, 

form made up of two or more subunits. Experiments were 

conducted to determine if the addition of 5, 10, or 20 mM 

MgC^ to the RNA isolation buffers tends to preserve 23s RNA. 
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Fig. 6. Comparison of the relative amounts of chloroplast 
and cytoplasmic r-RNA in (a) mature and. (b) senes
cent leaves — RNAs were fractionated, on gels 
containing 10 mM MgCl2. The RNA components are 
referred, to in terms of their sedimentation 
coefficients (see Fig. 3). 
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The optical density profiles of gel electropherograms of 

RNAs isolated in the presence of MgC^ were no different 

from those of RNAs isolated in the absence of MgC^. 

Although neither the nature of the Mg stabilization nor 

++ the physiological basis for the Mg stabilized, form is 

known, all results suggest that this form makes up a larger 

proportion of the total chloroplast r-RNA in senescent and 

mature leaves than in apical leaves. 

RNA Synthesis in Mature and Senescent Leaves 

Although the d.ata from Table I suggest that leaves 

lose RNA during senescence, it has been shown (13) that 

peanut cotyledons continue to actively synthesize RNA 

after the amount of RNA per cotyledon starts to d.ecline. 

In ord.er to gain a better understanding of the nature of 

RNAs synthesized, during senescence, excised mature and. 

32 senescent tobacco leaves were incubated for 8 hours in P 

orthophosphate. RNA was extracted, and. fractionated, in gels 

and. examined, for OD265 an<̂  radioactivity (Fig. 7). It can 

be seen that in both mature and. senescent leaves a signifi

cant amount of the total radioactivity incorporated into 

r-RNA lies under the chloroplast components as well as the 

cytoplasmic components, which indicates that both ages of 

leaves are capable of synthesizing chloroplast r-RNA. Such 

data suggest that even though senescent leaves are losing 

RNA, they are capable of synthesizing both cytoplasmic and. 
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Fig. 7. Comparison of r-RNA synthesis in (a) mature and (b) senescent leaves 
incubated in orthophosphate for 8 hours — RNAs were fractionated in 
gels without MgCl2« Radioactivity was determined for 1 mm thick slices. 
Sedimentation coefficients and. shading are as in Fig. 3. ' ^ 

oo 
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chloroplast r-RNA. The relatively large amount of radio

activity associated with the low molecular weight RNAs from 

senescent leaves is of unknown origin. 

In similar experiments with radish cotyledons using 

6 hour pulses, Ingle (25) found the ratio of the areas of 

23s:16s radioactivity peaks to be about 1.4:1. This ratio 

was found before correcting for 23s RNA breakdown, and. 

Ingle concluded that the newly synthesized. 23s r-RNA has 

a greater stability than 23s r-RNA that has been subject to 

aging in the cell. The radioactivity profiles in Fig. 7 

indicate that in tobacco leaves the ratio of 23s:16s r-RNA 

synthesized, during an 8 hour pulse is less than 1:1. These 

data suggest that the newly synthesized. 23s r-RNA is subject 

to rapid, loss of stability during aging in vivo. 

In order to determine if the 23s and 16s radio

activity peaks were due to bacterial contamination, intact 

32 plants were allowed, to take up P orthophosphate through an 

incision in the stem. The RNA from leaves of all age 

classes labeled, in this manner showed the presence of 

radioactive 23s and. 16s RNA. These data indicate that 

bacterial contamination was not a critical factor in the 

labeling studies. 

DNA Synthesis 

When RNA preparations were fractionated in gels, an 

optical density peak was usually visible at the far right as 
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in Fig. 7. This high molecular weight component was 

identified, as DNA by its susceptibility to digestion by 

DNase and. its resistance to digestion by RNase as shown in 

Fig. 8. In Fig. 7 it can be seen that only mature leaf DNA 

32 became radioactive during a P orthophosphate pulse. The 

senescent leaf DNA never became radioactive during such a 

pulse. These data suggest that there is some DNA synthesis 

in mature leaves, but in senescent leaves there is none. 

The nature of this DNA is still unknown. A similar DNA also 

occurs in phenol extracts of roots (Fig. 2), and it may or 

may not be the same DNA as that found, in leaves. 

Chloroplast Protein Synthesis 

The selective loss of chloroplast ribosomes d.uring 

senescence is very likely attended by a selective loss of 

chloroplast protein synthesis. Although others (45, 52, 57) 

concluded, that certain chloroplast specific proteins are 

synthesized, by isolated, chloroplasts, the involvement of 

chloroplast ribosomes in the synthesis of chloroplast 

proteins is still unclear. Stud.ies have been attempted, to 

answer this question by poisoning either 70s chloroplast or 

80s cytoplasmic ribosome mediated protein synthesis (44, 

57). Generally, these studies have resulted, in the con

clusion that some of the chloroplast soluble proteins are 

synthesized on chloroplast ribosomes and some are synthesized 

on cytoplasmic ribosomes. 
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Fig. 8. The effect of DNase and RNase on nucleic acids 
— Extracts were fractionated in gels without 
MgCl2« About 100 ng of nucleic acid, extract in 0.1 
ml 85 mM Tris, 5 mM MgCl2, pH 7.0, was treated with 
either (a) 45 units Worthington RNase or (b) 10 
units Worthington Electrophoretically Pure DNase; 
(c) left untreated.. The samples were allowed, to 
incubate for 1 minute at room temperature, and. 
10 (Jl of each was fractionated, in gels as in 
Methods. Sedimentation coefficients are as in 
Fig. 3. Low molecular weight RNA was run off the 
gel. 
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Chloroplast protein synthesis experiments were con

ducted in the present study, to determine if senescent 

leaves are capable of synthesizing chloroplast proteins. 

Since senescent leaves exhibit a selective loss of chloro

plast ribosomes, it seems likely that chloroplast ribosomes 

should not contribute greatly to protein synthesis by 

senescent leaves. 

Excised mature and senescent leaves were incubated 

in 0.1 mc tritiated leucine for 4 hours, and chloroplasts 

were prepared by the method of Honda, Hongladarom, and 

Wildman (24) and. isolated, in sucrose gradients. This method 

is believed, to prevent rupture of the chloroplast membranes 

during isolation. The chloroplasts were fractionated into 

a water soluble and. a Triton X-100 soluble fraction. Each 

fraction was analyzed, for total protein content and. hot 

trichloroacetic acid, insoluble rad.ioactivity as shown in 

Table V. The 20,000 g pellet (mitochondria rich fraction) 

and. 20,000 g supernatant (cytoplasmic soluble fraction) were 

analyzed, in the same way. As seen in Table V, the total 

radioactivity incorporated, into senescent leaf fractions was 

about the same as that incorporated into the corresponding 

fractions of mature leaves. Furthermore, the data (Table V) 

ind.icate that (a) senescent leaf proteins in a given frac

tion had. greater specific activities than mature leaf 

proteins and (b) there is no indication that senescence is 

accompanied by a decrease in the specific activity of 



Table V. Amount of radioactivity and protein in chloroplast, mitochondria, and. 
cytoplasmic soluble fractions from mature and. senescent leaves pulse 
labeled, with tritiated leucine. 

Mature leaves Senescent leaves 

Fraction 

Total 
protein 
(mg) 

Total 
cpm x 
10~3 

cpm/mg 
protein 
x 10~3 

Total 
protein 
(mg) 

Total 
cpm x 
10-3 

cpm/mg 
protein 
x 10-3 

Chloroplast water soluble 
Chloroplast Triton soluble 
Mi tochondria 
Cytoplasmic soluble 

Chloroplast water soluble 
Chloroplast Triton soluble 
Mi tochondria 
Cytoplasmic soluble 

Experiment 1 

3.9 62.0 16.0 
1.8 18.0 10.0 
1.3 192.0 150.0 
17.0 910.0 53.0 

Experiment 2 

3.9 5.0 1.3 
1.0 1.3 1.3 
1.4 20.0 14.0 
50.0 88.0 1.8 

1.1 
1.3 
0 . 8  
11. 7 

0 . 6  
0.33 
0 .  66  
16.0 

126.0 
19.0 
144.0 
850.0 

7.0 
3.8 
8.2 
74.0 

110.0 
15.0 
180.0 
73.0 

11.5 
11.5 
12.4 
4.6 

Excised, leaves were pulse labeled for 4 hours with 0.1 mc tritiated 
leucine. Fresh tissue was homogenized, in Honda medium with razor blades, filtered, 
and centrifuged at 1,000 g for 15 minutes. The chloroplasts in the pellet were 
purified, by sucrose gradient centrifugation. Purified chloroplasts were further 
separated, into water soluble and Triton X-100 soluble fractions. The supernatant 
from the 1,000 g centrifugation was fractionated, into a 20,000 g pellet (mito
chondria rich) and a 20,000 g supernatant (cytoplasmic soluble components). Each 
fraction was analyzed for protein and radioactivity as in Methods. 
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chloroplast proteins relative to that of cytoplasmic 

proteins. These results suggest that both mature and 

senescent leaves have the ability to synthesize chloroplast 

and cytoplasmic proteins. Since Triton X-100 solubilizes 

the entire chloroplast (61), it appears that both water 

soluble and. membrane associated, chloroplast proteins are 

synthesized by senescent leaves. However, conclusions 

regarding the rates of synthesis must be made with caution 

since amino acid pool sizes will greatly influence the 

amount of radioactivity incorporated. 

Since the senescent and. mature leaves were about the 

same size, the lower amount of protein in senescent leaf 

fractions compared, to that of mature leaves is in agreement 

with the gross compositional analysis that indicates the 

amount of protein d.ecreases during senescence. 

O 



CHAPTER 5 

DISCUSSION 

\ . \ 
Senescence xni plants leaves usually is recognized by 

a loss of green color, and. it may occur naturally as leaves 

age, or it may be induced by leaf excision. Although the 

basis for the loss of green color is not understood, recent 

studies (12, 33, 49, 50, 55, 58) have shown that senescence 

is generally characterized by a loss of DNA and. RNA as well 

as protein and chlorophyll. Table I shows that this is also 

the case with attached tobacco leaves. 

The loss of DNA by senescing leaves is particularly 

interesting since DNA is generally considered, to be meta-

bolically stable, and its loss should, therefore, be 

irreversible. In this regard, Experiment 3 of Table I 

suggests that a loss of DNA may be an early event of 

senescence. The gel profiles of labeled and unlabeled. 

nucleic acids from mature and senescent leaves provide 

further information about DNA. Figure 8 shows that the slow 

moving component found, in the optical density profiles of 

gels, has the properties expected, of DNA, and it is noted. 

that this peak occurs in root extracts also (Fig. 2). 

Labeling studies, such as shown in Fig. 7, indicate that 

32 mature leaves incorporate P orthophosphate into a 

55 
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component that behaves as DNA in gel electrophoresis. How-

32 ever, there is no incorporation of P orthophosphate into 

DNA in senescent leaves. Therefore, it is concluded that 

mature leaves are capable of DNA synthesis but senescent 

leaves are not. 

The labeling studies were of interest because they 

suggest that mature leaves, which presumably carry on little 

or no cell division (4), nevertheless do incorporate pre

cursors into DNA. The following three possibilities are 

considered, likely: (a) specific cells in the mature leaf 

may continuously synthesize their entire DNA content; (b) 

a selective portion of the DNA complement of the cell may be 

synthesized.; or (c) the incorporation of rad.ioactivity may 

reflect the existence of some kind, of DNA repair mechanism. 

At this time it is not possible to distinguish among these 

possibilities. It is clear however, that cells in senescent 

32 
tissues lack the ability to incorporate P orthophosphate 

into a phenol extractable DNA fraction even though they are 

32 able to incorporate large amounts of P orthophosphate 

into RNA. 

A large number of gel electrophoresis studies showed 

also that the ratio of chloroplast to cytoplasmic r-RNA in 

senescent leaves was considerably less than that found in 

mature leaves. In Table III for example, the chloroplast to 

cytoplasmic r-RNA ratio in the senescent leaves was about 

one-third, of that in mature leaves. These results, taken 
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together with the data from Table I, indicate that as leaves 

turn senescent they lose their ability to maintain levels of 

both 70s and 80s ribosomes, but the 70s ribosomes are 

selectively lost. This is in agreement with the data from 

ribosome studies shown in Fig. 1 and with the fine structure 

studies made by Barton (6). Although it is not clear if 

this selective loss of chloroplast components occurs because 

of relatively higher rates of degradation of chloroplast 

ribosomes and r-RNA or because of reduced ability to 

synthesize chloroplast r-RNA, the labeling studies (Fig. 7) 

do show that synthesis of both chloroplast and. cytoplasmic 

r-RNAs occurs in both mature and senescent leaves. 

In considering the results from the labeling stud.ies, 

the possibility of bacterial contamination has not been 

entirely excluded.. In the studies reported, here, however, 

effects due to bacterial contamination are considered, 

negligible since similar results were obtained, when label 

was incorporated into intact plants. In addition, mature 

and senescent leaves clearly differed, in their ability to 

incorporate label into DNA. These differences can be more 

easily explained as being due to differences existing 

between physiologically different leaves than to selective 

contamination of mature leaves by bacteria. 

As leaves age, in addition to losing their ability 

32 
to maintain 70s ribosomes and to incorporate P ortho-

phosphate into DNA, they also undergo an alteration which 
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results in the modification of the 23s r-RNA. This modifi

cation becomes evident upon examination of the 23s and 16s 

RNAs which have been separated in gels with and without 

MgCl2. 

Fractionation of RNAs in gels containing no MgC^ 

showed that the areas under the 23s and 16s peaks of apical 

leaves were about equal. In contrast, mature and senescent 

leaf RNAs fractionated, in gels without MgC^ showed the 

presence of almost no 23s RNA (Fig. 3). When fractionated 

in gels containing 10 mM MgC^, however, RNA extracts from 

leaves of all ages were found to have noticeable amounts of 

23s RNA (Fig. 5). This Mg effect is in agreement with 

the findings of Ingle ejt aJL. (27). When corrections were 

made for the separation of 23s RNA into 18s and. 13s RNA as 

proposed, by Ingle (25), the 23s :16s area ratios in all 

tissues were about 2:1. 

To account for the stability of only a portion of 

the 23s RNA in young leaves and. the lack of stability of 

23s RNA in mature and. senescent leaves, it is proposed, that 

23s RNA occurs in three states. State I is considered, to 

be a single large stable RNA molecule that migrates as a 

23s RNA in gels with or without MgC^. State II is con

sidered. to be the 23s RNA that is subject to reversible 

dissociation as follows: 

with Mg++ 
n pieces of unknown size 23s RNA. 

without Mg 
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State III is the 23s RNA that dissociates to form 18s and 

13s RNA as described, by Ingle (25). Numerous gel scans 

ind.icate that about one-half of the 23s RNA in apical leaves 

is in State I and that the remainder is made up of States II 

and. III. In contrast, mature and. senescent leaves contain 

no State I and. most of their 23s RNA is in State II. How

ever, Fraser (20) found a 23s:16s area ratio of greater than 

1:1 in 5 cm long N. tabacum leaves. 

The physiological significance of several states of 

23s r-RNA is unclear. However, Spencer and. Whitfeld (60) 

were not able to obtain 23s r-RNA from isolated, chloroplasts 

that were capable of incorporating nucleotide precursors 

into RNA. Surprisingly, the newly synthesized RNA, as 

indicated, by a radioactivity peak, contained, a relatively 

large amount of 23s RNA. Also, Ingle (25) found, that newly 

synthesized. 23s RNA in leaves is more stable than 23s RNA 

which has been subject to aging iri vivo. Thus, aging in 

some fashion effects an alteration of the 23s RNA. 

The processes that alter the 23s RNA appear to be 

closely associated, with chloroplasts. Evidence for this is 

derived, from the data shown in Fig. 4. This experiment was 

conducted to determine if a homogenate from senescent leaves 

contained, a nuclease that would alter the RNA found, in the 

homogenate from mature leaves. The data in Fig. 4 suggest 

that if a nuclease exists in senescent leaves which affects 

23s r-RNA, the nuclease must be one which is closely 
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associated with chloroplasts and not freely diffusible. In 

this regard it is interesting that Hadziyev et al. (22) 

described a chloroplast RNase that initially cleaves 

chloroplast r-RNA into 10s and 13s fragments. 

As suggested, by Ingle (25), the instability of 23s 

RNA may be due to breaks or to conformational changes that 

occur in 23s RNA during development. It is difficult to 

distinguish between these two alternatives and. it is pos

sible that both must occur if State I is a precursor to 

States II and. Ill RNA. Certainly a change in conformation 

without the occurrence of at least one break will not account 

for the reversible d.issociation of 23s RNA. The role of 

conformation in this dissociation is unclear. However, it 

is clear that the mere presence of from 5 to 20 mM MgC^ in 

the extraction of RNA is not sufficient to prevent the 

dissociation of some of the 23s RNA upon gel fractionation 

without MgC^ in the gel. Conversely, the addition of 

MgC^ to the gel will maintain the bulk of the 23s RNA in 

++ an aggregated condition even though Mg is absent during 

extraction and. purification. It is possible that all 23s 

RNA is composed, of two pieces of RNA in vivo and it has been 

suggested, that this is the case for 12. coli 2 3s RNA (48). 

Yet, if all E^. coli 23s RNA is composed of subunits, one 

would expect to be able to dissociate them. But, according 

to Watson and Kidson (68) large changes in sedimentation 

properties of E. coli 23s RNA can be induced, which are due 
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solely to changes in conformation. It is clear that State I 

RNA from apical leaves does not dissociate under conditions 

used in this study and., therefore, it is probably a single 

piece of RNA. Further characterization of the various 

states of 23s r-RNA would be facilitated by the extraction 

and. purification of chloroplast r-RNA. 

The selective loss of chloroplast ribosomes in 

senescent leaves opened, the possibility that the role of 

these ribosomes in chloroplast protein synthesis could, be 

determined.. It was reasoned, that if the bulk of chloroplast 

proteins are synthesized, solely on chloroplast ribosomes, 

then senescent leaves which lack chloroplast ribosomes 

should, show a reduced, capacity to synthesize these proteins 

when compared, to mature leaves. 

The data of Table IV support the hypothesis that 

there is continued, synthesis of both chloroplast soluble 

protein and. chloroplast membrane bound protein in senescent 

leaves. This conclusion is reached, because the chloroplast 

fractions contained a significant amount of the total 

radioactivity incorporated, into proteins as a result of a 

tritiated. leucine pulse. Since Triton X-100 has been shown 

to completely disrupt chloroplasts (61), the Triton X-100 

soluble fraction probably represents membrane associated, 

proteins. Furthermore, senescent leaves incorporated, as 

much labeled, amino acid, per milligram protein into chloro

plast proteins as they did. into cytoplasmic proteins. It is 
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difficult to account for the relatively high rate of 

synthesis of chloroplast proteins in senescent leaves by 

chloroplast ribosomes alone since senescent leaves are 

losing both chloroplast ribosomes and. chloroplast r-RNA. 

Id.eally, the nature of the chloroplast proteins synthesized 

by senescent leaves should be determined by an appropriate 

assay since trichloroacetic acid, insolubility does not dis

tinguish between different proteins. It may be argued, that 

since chloroplast r-RNA is synthesized, in senescent leaves, 

these leaves contain a small but active pool of chloroplast 

ribosomes, and. this possibility is difficult to assess. 

Although several investigators have concluded that 

many chloroplast proteins are synthesized, by chloroplasts 

(45, 52, 57), the fact that many chloroplast proteins are 

under genetic control of the nucleus (32) suggests that many 

chloroplast proteins are synthesized, on cytoplasmic ribo

somes. Thus, while chloroplasts appear capable of' 

synthesizing many of their components autonomously, the 

results of the present study suggest that there are many 

chloroplast proteins which are synthesized, on cytoplasmic 

ribosomes. 

Thus, the onset of senescence in tobacco leaves is 

characterized, by: (a) a loss of DNA, RNA, protein, and. 

chlorophyll; (b) a loss of ability to synthesize phenol-SDS 

extractable DNA; (c) a selective loss of chloroplast 
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ribosomes and. r-RNA; and. (d.) a retention of ability to 

synthesize chloroplast proteins. 
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