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ABSTRACT

The main purpose 0f the investigation described
here was to examine the metzbolism of chloroplast
ribosomal RNA in an attempt to determine the funection
of the chloroplast ribosomes.

Initial experimentetion was devoted to character-
izing the chloroplast rRNA. Sucrose density gradient
.centrifugetion, methylated serum albumin - kieselguhr
column chromatography, and polyacrylamide gel electro-
phoresis were the methods employed. The results from
polyacrylamide gel electrophoresis indicete that the
chloroplast ribosome has one "heavy™ (1.1 m] rRVA
molecule and one "light" (0.56:m} rRWA molecule, in
conmon with ribosomes from other living orgenisms.
Results differing from this 1l:1 retio are most probably
e consequence 0f the fragmentation of the Theavy"™
molecule. Possible explanations for the nature of
this fragmentation are discussed.

The neture of the plastid rRNA in different tissues
0f the same plant was then investigated. It was found
that the non-green portions of the broasd bean plant have
proportionately less rRNA and few ribosomes in their
plastids than green portions. Their plastids have some
internal membranes but no grana. Some ribosomes sre
present in all the major types of plastids in the normal
plant. In comparison, an albino mutent studied had
no plastid rRWA or ribosomes, although there was some
membrane formation in these plastids. It was thus con-
cluded the cytoplasmic ribosomes are responsible for
the synthesis of some plastid proteins, but formation
of grena does seem to require the presence of plastid
rRNA and ribosomes.

An attempt was made t0 correlate the development
of plastid rRNA with chlorophyll and grana synthesis
in etiolated leaves as a response to illumination. The
etiolated leaves appear to contain a full complement of
cytoplasmic ribosomes. We have shown that the maximum
differentiation of the plastid occurs during the period
of most rapid synthesis of chloroplast ribosomes.
However, we were unable to detect any radiosctivity in
the separated lamellar proteins made during different-
iation of the plastid.

There is a lag in the synthesis of chlorophyll,
grana, and chloroplast ribozsomes as a response to
illumination, indicating that there may be some rate-
limiting processes not related to nucleic scid metabolism.
Where the individual proteins are made is still not clear.
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Abbreviations and Terminology

Angstrom

adenosine triphosphate

degrees centigrade

radicactivity counts percsminute sbove background
counts

direct current

3, (3,4-dichlorophenyl)l, 1-dimethyl urea

deoxyribonucleic acid

ethylenediaminetetraacetic sacid

‘guanosine triphosphate

million

molar

micron

milliamperes
methylated serum glbumin coated on kieselguhr
millicuries

messenger ribonucleic acid

- molecular weight

2,5,4diphenyloxazole

pounds per équare inch
ribonucleic acid
ribonuclesgse

revolutions per minute
ribosomal ribonucleic acid
Svedberg unit

NNN*N'-tetramethylethylethylene diamine
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tris(hydrozymethyl)aminomethane

~ transfer ribonucleic acid

ultravioclet
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It is now well ostablished that the nucleic acids
direct the coursec of differentiation in living orgenisns.
As outlined in PFig. i, the differentiation pattern 1s
thought to result from the gynthesis of specific cnzynes
which in turn direct the course of metabollc processes.
The synthesls of these protéins from enino acids 1is
brought about by the interaction of the ribosomes,
transfer RNA (¢BNA), peptide polymerase initiation
factors, and amino‘acyl'tfansferase,‘the actual sequence

of emino acids being determined by messenger RNA (mRNA).

' The mBNA is polymerized on a DNA template which is the

primary carrier of genetic information. Of current
Interest is the finding that subcellular organélles
such as chloroplasts and mitochondria have a protein
syntheslizing system which differs from that of the rest

of the cell, and the question 1s therefore ralsed

‘about the degree of genetic autonomy of these organelles.

The nmain purpose of this studyvhas been to compare in
higher plants the cytoplasmiq and chloroplast RNA®s

and study thelr involvement in the processes of plastid
differentiation.. |

Plant BNA - Characterization..

Vhen this study was initiéted in October, 1966,
little was known of the nature of chloroplast RNA,:
although there wers indications that it differed from
that of the rest of the cell., In 1962, ILyttleton

reported that spinach chloroplast ribosomes had a
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Pigure 1. Pisgram outlining the mechanism by which the
nucleic acids are thought to determine the way in which

living organisms differentiate. (as outlined by Drs. e
T.A. Dyer & C.J. Leaver) :
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sedimentation coefficient of 708, whereas that of tThe
cytoplasm was 80s, indicating a larger size in the
cytoplasm., An electron microscoplc study by Jacobson
et al (1963) had also shown that the chloroplast ribo-
somes were smaller than those of the cytoplasm.
Brawerman (1963) desceribed differences in the sediment-
ation coefficients and base compositions of RNA of .=
Euglena gracilis chloroplast and cytoplasmic ribosomes,
but in a similer investigation on higher plants, Odin%sova
et al (1963) had becn unable to detect any differences
between the base compositions of these RNA's. EHowever,
‘the results of Dyer and Leech (subsequently published
in 1968) showed that there was a difference in the
chromatographic properties of.higher plant ribosomal
BNA's (rRNA) on MAK columns. This study was therefore
initiated in an attempt to characterize the plastid
. RNA further. During the course of this investigation
there have been further publications on this topic_
which have greatly increased our understanding of the
subject, (Eig. 2}

One of the first methods used to fractionate
the RNA's was sucrose denslty gradient centrifugation,
Most commonly three fractions were obtainéd, although
récent improvements in the technigue have increased
the resolution of plant leaf high molecular weight
TRNA obtainable (Stutz and Noll, 19673 Jacobson and
Williams, 1968). The slowest sedimenting fractlon is
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ribosomes ribosome
osom sub-units RNA
60S =mm—mmt=25S + TS(2) + 5S
Cytoplasm 80s < '
40S ew=———z>18S
tRNA (48)
1MW - RNA
50S =m=——t» 23S (185 + 13S) + 58
Chloroplasts - 708 <
, 308 =———i> 16S
tBNA (4s)
LYW - RNA

Figure 2. Dliagram summarizing the sedimentation
characteristics of chloroplast and cytoplamsic

RNA and ribosomes. {as outlined by Drs. T.A. Dyer
& C.J. Leaver)
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of low molecular weight, consisting mainly of tRNA
with.molecular weights of 2.8 %o 4.2 x 10% ana
sedimentation coefricilents of 4 to 5s. The other
two fractions are of high molecular weight TRNA (0.4
to 1l.3m M.W.), the one sedimenting more rapldly being
referred to as the “heavy® rRNA and the slower as
W1ight® rRNA. In bacterial cells there is one molecule
each of & 1l,1m and a O.56m RNA per 70s ribosome, and
in animel cells one each of & 1,8n and a 0.7m RNA
molecule per 80s ribosome. Since the molecular welght
of the larger BNA molecule 1s approximetely twlce that
of the smaller molecule, the results of The U.V. ab-
sorption of the Yheavy® fraction is twlce that of the
®light® in the sucrose denstiy gradiénts. A similar
ratio was fourid in piants by Click and Hackett (1966)
and Click and Tint (1967) in rRNA from etiolated stem
aplces, the RBNA'Ss having sedimentation coefficients
corresponding to molecular weights of l.3m and 0.7m
(see Fig.2). Hdwéber, when the nuclelc acids from
chloroplast containing tissues have been fractionated,
the ratio of PheavyV to ¥light® RNA was commonly
less than 2 to 1,. Pollard et al (1966) concluded that
there is one RNA molecule of each type present in the
cytoplasmic ribogomes, but that there is more of the
®light® species in chloroplast ribosomes. Spencer and
Whitfield (1966) could not identify a “heavy® RNA af
all in RBRNA 1solated from chloroplast ribosomes. They
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claimed that the ®heavy® ribosomal RNA had not been

degraded, since Escherichia coli RNA of comparable size

wag not degraded when isolated from & mixture of chloro-
plasts and bacterlia. Using convex exponential sucrose
gradients, Stutz and Noil (1967) were able to resolve
"the Sheavy® ribosomal BNA®s of chloroplast and cytoplasmic
ribosomes, but not their "light® components. They
derived sedimentation coefficients corresponding to
molecular weights of l.3m and 0.56m for the RNA's of
cytoplesmic ribosomes and of l.lm and 0.56m for that

- from the chloroplast ribosomes. They also found a2
relatively higher proportion of ®light® chloroplast
rRNA than expected.

The technique of fractionating the nucleic acids
by weak anion exchange chromatography on methylated
serum albumen = kleselguhr (MAK) columns has also been
used to study plent nucleic acids, By this method three
main fractions are obtained. At low'sélt concentrationé
the low molecular weight BNA is eluted. As the salt
is lncreased, the DNA and finally a fraction of high
molecular RNA, in which the “heavy®™ and “light® rRNA
are partially resoclved, are removed from the column,
Wollgiehn et al (1966) and Dyer and Leech (1968) noted
differences between the olution profiles of total leaf
nucleic acid and ochloroplast nucleic acld., As was
found with sucrose gradients, the YIight® rRNA frections

was proportionately larger in chloroplast RNA preparations
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then it was in total leaf BNA.-VAoki and Hase (1967)
distinguished by MAK column chromatogrephy tvhe appeare
anée of a discrete chloroplast rRNA {raction during
the greening of glucose-bleached Chlorella, Four
partially resolved hiszh molecular welgnt »BNA sub-
fractions were obtained by Vedel (1968) in nucleic
aclds from cotyledonz, two of which were of chloroplastic
origin.. |
An explanation forthe uncxpected behavior of the
chloroplast rRNA is suggested by the results of Ingle
(1968)¢ Using the high resoiution afforded by poly-
acrylamide gel~electrophoresis, he was able to distingzuish
BNA of 0.7m and O.4m molecular weight in chloroplast
enriched preparations as well as some l.lm (a Theavy"®
TRNA) end 0.56m (a "light® rRNA)., Ingle suggests.that
the 0.7m and 0.lm RNA are fragments of the l.lm RiA and
has showm that the ratio of ®heavy® to Viight® rRNA ,
ig 231 if a correction for this fragmentation is mzde.
The corresponding cytoplasmic rRNA's were found to have
molecular weights of }QBm and Q.7ms. The results to be
presented here will show that both fragments of the
®heavy® chloroplast rRNA afelfractionated with the

 ®light® rRNA in sucrose gradlients and on MAK columns,

| explaining the relatively higher than expected proportion

of this fraction that has frequently been found,

Although it has been demonstrated by Brawerman

(1963) that in Euglens grecilis chloroplast rRNA contains
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higher proortions of adenine and uracil than there is in
cytoplasmic TrRNA, Odintsova (1963), Spencer and Wnitfield
(1966), Wollgiehn et al‘(l966), and Leech and Dyer (in |
press) found thelr base compositions to be similer in
higher plants., Pollard et al’ (1966),. however, found
. That the "light® rRNA from lettuce chloroplésts hed a2
different base comﬁosition froﬁ that of eytoplasmic TRNA,
although the differences were not so great as in
Euglenaa Possibly these discrepancies will only be
resolved when both the methods for the preparation of
the RNA and determination of base compositions have been
improved., |

Intact cytoplasmic and chloroplast ribosomes have
several distinctive features, In addition to the
dlfference in thelr scdimentation properties (the chloro-
Plast ribosomes: having sedimentation coefficients of
70s and those of the cytoplasm 80ss Lyttleton, 19623
Clark et al, 1964; Sissakian et 21, 19653 Boardman et
el, 1966; Stutz and Noll, 1967), the proteins of
chloroplast and cytoplasmic ribosomes differ from each
other in thelr elesctrophoretic properties (Lyttleton,
1968; odintsova, 1969; Hoobér and Blobel, 1969).
According to Boardman et al'(1966),-the 708 chloroplast
ribosomes reqﬁire an environment of relatively high
magnesium ion conicentration (more thanm 1 nml) in order
to maiatain theirﬂintegrityo At lower molarities the

ribosomésrdissociate into subunits with sedimendation
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coefficients of 50 and 30s, Which_can be re~agsociated
by increasing the magnesium concentration of the medium,
Mo dissociate the cytoplasmic ribosomes to 60 and L40s
subunits, 1t is necessary to remove most of the magnesium,
and once they are dlssoclated they are not recounstituted
by increasing the magnesiun concentrations

In addition to differences between chloroplast and
cytoplasmic RNA and protgins,.Dyer and Leech (1967,
1968) found thgt the 539 low molecular weight RNA of

chloroplast and cytoplasmic riboscmes could be distinguished

from one another in Vicia faba, Chlorqplasts were also

 shown to contain unique soluble BNA's. At least sone-
species of tRNA within chloroplssts are ﬁot the same
es that in the cytoplasm (Sissakian et al, 1965), and
Eisenstadt and Brawermen (1967) have found that, in
comnmon with bacterial systems, transcription in Euglena
chloroplasts is initiated with N-formyl-mecthionine..
There have been numerous reports that the DNA of
chloroplasts differs from that in the nucleus (of. Kirk
and Tilney-BasSett, 1967). The size of the chloroplast
genome 1s thought to be between 1 and 2 x 108 daltons,
whereas 1t is many times this size in the nucleus ( Wells.
and Birnstiel, 1969). The DNA is not associated with
histones in the chloroplast, but is in 25 °A thick
| fibrils as is found in bacteria (Ris and Plaut, 1962).
Little is known as yet about the mitochondrial

nucleic acids of green plants; although the ribosonmes
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appesr to be similar bo those in the chloroplasts (Wilson
et al, 1968). Studies of these nucleic acids derived
| from the mitochondria of fungal and animal tissues also
suggest that they differ from those of The cytoplasm
and have many features in common with the chloroplast
mucleic acids (&f. Roodyn and Wilkie, 1968):

Plastid nuclele acids =-0Origin,

Since the chloroplasits contain uwnigue nucleic acids,
it is necessary when declding the extent of tThelr
genetic autonomy %to determine the origin of these nucleic
aclds. As far as the synthesis of RNA is conéerned,
isolated chloroplasts have been shown to contain RNA
polymerase (Xirk,. 1964; Spencer and Whitfield, 1967),
and Spencer and Whitfield (1967) have demonstrated
their ability to synthesize RNA. However, the BENA made
in isolated chloroplasts of higher plants has.yet to
be fully characterized. The RNA produced in vitro
appears to be polymorphic inm neture (Spencer and
Whitfield, 1967; M.. Hartley, unpublished results),
which 1s a feature of most rapidly labelled RNA of
plant tissues (Ingle et al, 1965). The ability of the
isolated chloroplasts to synthesize RNA decreases falrly
rapidly'with time and hes ceased in most preparations
after 1 hr, Even in intact tissues little newly syn-
thesized rBNA can he detected after this time, so it is
possible that the synthesis of RNA has stopped in isolated

chloroplasts before significant quantities of rRERA have:
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sccunulated, Schweiger et al (1967) found that

Acetabularie cells continue to mgke RNA after the

removal of the nucleus and that the rENA syathesized
has sedimentation cheracteristics closely resembling

that of Escherichisa coli rENA. It wes concluded that

nuclear DNA is not necessary for chloroplast rRNA
synthesis and tha% the chloroplast DNA is the template
upon which this RWA is manufactured. Berger (1967)
also claims to have obtained ribosomal RNA synthesis

in isolated Acetebularia chloroplasts. Arthough these

results apparently provide counclusive evidence that fhe
chloroplast TRENA is synthesized within chloroplasts,
this cannot be teken as fully proven until these results -
have been substantiasted in a raunge of plant tissues.

If the chloroplast DNA is the template on which
the chloroplast rRNA is made, then thls RENA should hybridice
with the DNA under suitable conditions.. Scott and
Smillie (1967) were able to hybridize the total TRNA
of light grown Fuglena cells with the chloroplast DNA,.
The total cellular RNA from dark grown cells did not
reduce the propértion of this hybridization. From these
results it can be 1nfefred that the chloroplast DNA
could be the template for chloroplast but not cytoplasmic
rRNA synthesis. An understending of this aspect of RNA
metabolism has been complicated by the finding of Tewari
end Wildman (1968) that the chloroplast RNA can also
be hybridized with nuclear DNA. The dégree of hybrid-
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ization found inmplied thaet there are more cistrons for
chloroplast »RNA per cell in the nuclear DNA than there

are in tne chloroplast Lih,. TFurthermore, Richards (1967)

These findings it will probvabiy be NECCESLTT TO Anvesitie

gote the purity of the nucican pTgperations and to proTe

Bassett, 1967).. Although the incorporation 0f »aldite-
actlve amino acids into protein oy isolataé chioroplasts
hes been reported exbenzively, much of the early work :
ig of aoubﬁful ﬁigniz“@amce besause of Pussible conton-
ination of the chiorooplasst breparationg by bacteria,

App end Jagendor? (1964} showed that all the syztheszis

n an earlier study {Aj

[N

Tound
could be aceocunted for o
Subséquentlyg.heweverg‘Bambi and Jegendor? (1966) demone
strated beyond roeazonable doublt the ability efFEHOlated

.

wheat chloroplasts o incorporate amino acids into

.

proteinsoi A method now commonly used o purify the
chiorcpi&sﬁ Traction is to trea’t the incubation mixtures:
with Triton X-100 detergent before isolating he radios
actlve product {Spencer, 29653 Parenti and fargulies,.

1967). Tnic troatmont dizperses Fhc chlcrcplasts bub
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does not affect bacteria or nuclei present in the
preparations,-

A characteristic of the in vitro protein synthesize
ing system of isolated chloroplasts 1s that the rate
of amino acid incorporation rapidly declines after
ebout 1 hr (Banbi and Jagendorf, 1966; Spencer, 1965).
This is apparently due to a deterioration of the chloro-
plasts and not to & depletion of a compbnent derived
from the nucleus,. since Goffeau and Brachet (1965) were
able to isolate chloroplasts capable of ﬁrotein synthesis

from Acetabularisa that had been cnucleated 12 daye

previously., Shephard (i965) in fact showed by auto-
radiography that enucleation had had little effect on
14

incorporation of ~C=leucine even after 3 weeks. This
is consistent with the finding of Haemmerling (1963)
that both totel end plastid protein increase for at
least 2 weeks after ecnucleation of Acetabulariz.

The mechsnism of plastid protein syntheszis appears
to be similar to that of other systems.. In addition
to the ribocsomes and amino acids,. incorporation is
dependent on the presence of an ATP gen@rating systen,
GTP, potassium, magnesium, and a soluble fraction con-
sisting of protein and £RNA. Spencer {1965) and
Elsenstadt and Brawerman (1964} have shown that ATP
generated by photosynthesis in intact chloroplasts can

“be used to energize the synthesis of pfotein. A differ-

ence between the in vitro systems isolated from chloro-
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plast and cytoplasm is that chloramphenicol inhibits

‘the former but not the latter (Smillle,. 1968).. Also,

Boardman et 21 (1966) showed that optimal amino acid

incorporation is at a magnesium ion concentration of

- 5.mil in the cyboplasmic system and 15 mii in the chloro-

plaste.
The ability of cell free prepmrations from the

cytoplasm Yo inqorporate anino acids appears to be
correlated with their polysome content (Leaver and

Key, 1967)s Consistent with this,. Chen and Wildman
(1967) showed that chloroplast polysomes are active

in protein synthesis, but they found that the mono--
somes were also active in vitro without added mRNA..
Chinese. cabbage polysomes have been characterized by
Clark et al (196%4) and pinto bean polysomes. by Stutz
and Noll (1967). Clark (1964) was also able to show
that these polysomes were only present in small

numbers in plants képt in the dark but appeared rapidly
on illumination. This observation correlated well with
the findings of Partier (1965) and Wollgiehn and Mothes
(1963) that the raté of leaf proteln synthesis is
greatly enhanced by light.

In an assessment of the role of the chloroplast
nucleic aclds 1t is necessary to establish what '
Proteins are made in the isolated chloroplasts. The
rates of amino ecld incorporatioa into protein so far

achieved with in vitro thoroplést preparations have
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besen very low, maling identificatibn of the procducts
Gifficult. Spencer (1965) found that radioactive amino
ecids were incorporated into both stromal and lemellar
protein, and Margulies and Parentl (1968) revported that
these two protein Uypes were made a% approzimately the
szgze rate, but that Fraction I protein, a soluble protein,
was not made as rapidly as The others.

Since the nuclelic acids of chloroplasts and mito-
chondria have many features in common, a comparison
between the proteins synthesized in these orgenclles is
of signiflicance, Tnhis is particularly so since mito-
chondrial protein synthesis has been studied in detail,

Whgreas incorporatibn of labelled amino acids is
into both stromal and lamellar protein in chloroplasis,
incorporation in isolated mitochondria is almost entirely
into a lemellar protein fractlon (Kedenbach, 1966).

This particular prétéin fraction, which was first chare-
acterized by Criddie et al (1962); was called “strucéurarﬂ
since it did not appear to have any enzyme activity end
readlly formed a complex with itself. It was described

as being a water insolubla species of protein with
molecular weight betweeen 2 and 3 x 104w Criddle et

al (1962) suggested that this protein might be the
“backbone® of mitochondrial membranes. lMore recently
Haldar et a2l (1966) and Green et al (1968) were able to
fractionate "structural® protein into several compoments

by polyacrylamide gel electrophoresis. A similar protein
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has becen isolated by Crlddle (1966) from chloroplest
lamellee, and Schmitz et al (1968) were able to
fractionate 1t into three distinct components by gel'
electrophoresiss |

The mitochondrial Yestructural® protein was found
to be radioective by Halder et a1 (1966) when it was
isoclated from a mitochondrial preparation that had beén
incorporating rediocactive amino acids into protein. On
the other hend,- Kadenbach (1966} showed that protein
synthesized by cyteplasmic microsomes could be transe-
ferred to mitochondria and in a leter report (1967) he
provided evidence that cytochrome ¢ is one of these

nitochondrial protelns made in the cytoplasm.. Taus it

seens thet both mitochondrial and cytoplasmic nucleic

acids are involved in mitochondrial protein synthesis,

The question remains whether a similar situation

exists in the chloroplasis, and, if so, which proteins

are synthesized where, Ohad et al (1967) suggest that
the chloroplast ribecsomes are concerned primarily with
the synthesis of lamellar proteins. In a mutant of

Chlemydomonas reinhardil in which the chlorophyll

%disappeers® and the plastids “de-differentiate® when
the cells are placed in the darl, these workers found
that the activitlies of the soluble enzymes were not

affected.. Uhen re%urnéat@o the light, the chlorcplast

structure and photosyathetic capacity of the cells wore

rapidly restored.. It was suggested that the re-assenbly
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is controlled by lamellar nmembrane synthesis. However,
the résults of experimen®s wilth Euglena, in which chlor=
smphenicol and cycloheximide were used to selectiveiy
irnhibit chloroplast and cytoplasmic protein synthesis
(Smilile,. 1967), indicate that some of the soluble

- photosyﬁthetic engymes are made on chloroplast ribo-
somes, but that the Wstructural® protein may not be.

It should be noted that there is some controversy about
the action of these inhibitors (Ellis, 1969). Taus,
although there are similaritles between the blogencsis
of mitochondria and chloroplasts, it is not yet clear

where they differ;

The effect of light on etioléted leavéée
‘ The effect of light on etiolated leaves has besen
widely studied in relatlion to chloroplast differentiation.
It is a suiteble system fbr this purpose since in etioleted
leaves the plastids arevin a relatively undifferentiated
form and they undergd substantlial structural changea

when the plants ére illuminated (Wettstein and Kahh, 1960;
Gunning and Jagoe, 1966)., The stioplasts are character-
ized by the prescnce within them of a prolamellar body
which consists of tubular membranes arranged in a crystalline
lattice. The prolamellar body dispcerses almost imnmed=
lately on illuminatlon,-the nembranes forming long

lamellae in the stroma,. This stage is followed by an
overlapping of the lamellae, resulting in stacks being

formed at regular intervals., GCumning and Jozos (1966)
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- have shown that 1t is not until overiapping begins that

thefe is.an increase in membrane content of the plastid.

At this stage, also, 42 novo chlorophyll synthesis

commences, LU has been suggested that the synthnesis

of chlorophyll is dependent on the sinultaneous prod-

uction of membranes onto which the chlorophyll is

attached (Kirk, 1968; Bergfeld, 1968). Pirson and

Boger (1965) have shown, however, that in some algse

the development of chlorophyll and membranes is not

synchronized, the lamellze requiring more light for

thelr synthesis,. As well as membrane reorganization

end synthesis, illumination results in an increase in

plastid size (lego and Jagendorf, 1961) and in an

increase in the activities of the photosynthetib enzymes.
(cf. Kirk and Tilney-Bassett, 1967}.

| Many kinetic stﬁ@ies have been carried out in

ordér to establish the sequence of events during the

adifferentiation of etioplasts to chloroplasts, In

nearly all processes there 1s a lag period before any

changes occur. Although the conversion to chlorophyll

of the small amount of protochlorophyll present in |

etlolated leaves occurs immediately in light, the syn-

theslis of néw chlorophyll molecules commences somewhat

later (Sisler and Klein, 1963; Gassmen and Bogorad, 196?).

This lag in de novo synthesis can be abolished by |

supplying the plants with g—amino-levulinic acld, which

is a precursor of chlorophyll. The developmen: of the
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oxygen evolving and carbon dloxide fixing capacities
of the tissue also do not commence immediately.

Changes in the nucleic acids on illumination of
etiolated plants have been studied extensively, and
the results indicate that the nucleic acid metabolism
differs considerably from plant to plant. ' In general,
there seems to be an increaese in the nucleic acid con=-
tent of bean and radish in light (L'Ieti‘:sfein9 19673
Tngle, 1968), and in maize Mens (1967) found that the
newly synthesizeds BNA had & base composition differing
from that of unilluminated plants. As to the nature
of the newly synthesized BNA, 1t appears that both cyto-
plasmic and chloroplast BNA’s are made, but that the
chloroplast component accumulates at a greater rate.
Bogorad (1967) reported that cytoplasmic ribosomes
synthesis in maize was only slightly stimulated by light
and a similar conclusion was réached by Boardman (1966)
in a study on Phaccolus. Boardmen (1966} found that
there was a 70% increase in chloroplast ribosomes per
leaf whereas the cytoplasmic increase was only 30%.
These changes were both relatively small compared to
the 770% accumulation that occurred ih Fraction I protein.
Light in itself does not appsar to be necessary for
chloroplast ribosome synthesiz, since ribosome=like
particles have been demonstrated to be present inketio-
plasts by Wettstein (1967) and Bogorad (1967).. |

It seems likely tha% the lag in chloroplas®t
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differcntiation in etiolated plants when placead in light
is the result of an initial rate-limiting process, which
night be assoclated with the nuclelc aledz. Althougn
Bogorad (1967) reported an increase in chloroplast RHA
polymerase activily and in the amounts of all kinds of
chloroplast RVA during the lag in maize leaves,. letistein
(1967) found‘in bean that at first the amount of RNA
remeined constant, only doubling later. The inerecase

inn bean chloroplaests occurred Jjust prior to the syathesls
of grans.

In light,.after a delay, there is a2n increase in
the polysome content of eticlated leaves together with
a rise in the abllity of the ribosome population to
incorporate amino acids into protein in cell-free systems
(Villiams and Novelli, 1968), Brown and Gunning (1965)
also observed by electron microscopy an increase in the
number of ribosomes in polysome configuration on
11lumination..

The important role of nucleic acid and protein
metaboliem in chloroplast differentiation is cmphasized
by inhibitor experiments in which this differentiation
in the light is prevented. The inhibitors ineclude
chloramphenicol and cycloheximide, which are reputed
to inhibit chloroplastic and cytoplasmic protein syn-
theais,nrespectifely (Smillie et al, 1968), actinomycin
D, which stops the synthesis of RNA (Bogorad and

Jacobson, 1964), and amino acid and nucleotide analogs
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(ef. Kirk and Tilney-Bassett, 1967). Berger and
Feierabend (1967) reporived that the plastids of
chloramphenicol-trcated etiolated ryc secedlings frequente
ly lack a prolamcllar body, thylakold development 1s
inhibited, and the stioplasts are much sealler than

in untreated plants., Syanthesis of photosynthetic enzymes
such as carboxydismutase and NADP glyceraldehyde-3-
phosphate dehydrogenase is elso prevented.

A feature of the effect of light on etlolated
plants is that only a short puise of red light is
necessary to stinmulate the activity of photosynthetic
enzymes such as ribulcse diphosphate carboxylase,. NADP
glyceraldehyde=-3=-phosphate dehydrogenasge, and ferre-
doxin NADP reductase (Grahem et al, 1968), The reduction
of protochlorophyll to chlorophyll cccurs with a short
pulse of red light. Increases in Tresh weight; protelin,

and RNA are also initiated. Precursors of chlorophyll

accumulete, so that the usual lag in chlorophyll synthesis

in white light ig eliminated. The effect of the red
light can be nullified by subsequent treatment of the

Plants with far red light, suggesting that these changes

are mediated by the rhytochrome system (lego and Jagendorf,

1961; Grahem et al, 1968; Filner and Kleim, 1968)..
In the study reported here the RNA metzbolism

during greening of etiolatéd_leaves of higher plants

haz been further investigated %o debermine how their

metabolism changed and chloroplast ultractructure
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developed. Also, an attempt was made To measure the
develoément of chloroplast lemellar “siructural® protein
during the same period.. By theze experinents, it was

possible to deriire some information as to how the nucleic

‘acids are invoived im the initial phase of development

during which there is a lag in chlerophyll synthesis and
how they change subszcquently during the sbtages of rapid
differentiation.-“Stfuctural“ érotein was studled in
this coﬁtext in gn attempt %o sce wacther changes in i¢
correcsponded to those occurring in the chloroplast
nucleic acids, The particular relevance of this is that
it has been suggested by Smillie et al (1968), from work

with inhibitors on Buglena, that his structural protein

_1s not synthesized on chloroplast ribosomes and thercfore

the protein and nucleic acld syntheses need not be
synchroncus.. Alternatively, synchrony of syntheses wouid
support the suggestion of Wettstein (1967), based om
work on Phaseolus, and Chad et al (1967), from

Chlamydononas, that the chloroplast ribosomes are

involved in the manufacture of this protein..
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The growing

soaled overnight in tap water. [ierlmblbed seeds were
then placed in 3 in.of John Innes lice.d soll mixture in
woodcn secd Trays and covered with a2 Ghin layer of soll,
After being watercd, the secd trays werc placed in a
greenhouse maintained at 20 to 25°C,. Light of eapproz-
inately 600 ft-candles intensity supplementing the
daylight wae supplicd for 16 hm & day by 80 watt fluore
escent tubes., Plants werc watered at least twice a
weelkte Unless otherwise gtated, plants used for snalysis
were a%_least 2 weekes old and never more then 3 weeks
old and had developecé at least 4 fully expanded leaves.

Pea, Pea sceds (Pisum zativum, Carter's variety
cmm—— 9

Laxton Superb, Raynes Park, London S.W.20) were soaked
overnight. They were then planted in “guarter® grade-
‘Duprea Vermiculite (Hortford, Herts.) in plastic secd
trays. The seeds were covered with & thin layer of |
Verniculite, watered, and covered with a plastic sheet.
The seceds were grown in a constant temperature cablaet
maintained at 25°C, and illuminated by 1light of 200
ft-candles intensity for 16 hr, per day. After the
seede had germinated, the plastic cover was removed.
Growth was for two wecke, the tiays being watered well
during this times. |

Malzec. Halize sceds (Zoz mays, Carter’s vericby
A —— 9
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Golden Bantam, Raynes Park, Londen S.W.20) were grown

Jere used

-t

in a way simiiar to the broad bean. Plants
for anelysis when they had outer leaves approximately
3 in., long. -

T

e srowing of plants in the darylt and their subscoucnt

11iunmination. Broad bean and nalize seeds were plaanted

in the same menner as for growth in light. Oance plented,
the seed trays were placed in uwnilluminated growth
cabinets in a‘constant temperature room sebt at 259C,
They were vatecred at lezievituwice a uveek in total dark-
ness, Broad beans were grown for elther 1 or 2 wecks

in this manner end the maige for 2 weeks.

Etiolatéd plants which were tovbe illunminated were
transferred to a constant temperature cabinet'at 25%¢,
and continuously illuninated by fluorescent light of
200 f?%-candles intensityc The plants were growna in this
cabinet for up to 6 deys., TFor comparison, several plants
were maintained in the dark while others were 1lluminated.

The lsabelling of plant components with radicactive

isotopes.

Nucleic acids. The nucleic acids were labelied by

supplying to the plants orotic aci&-é-iubtmonohydrate
(specific activity 60.8 me/ull, from the Badiochemical
Center, Amershem}, whiéh is a precursor of pyrimidine
nueleotides, - Aliquots of the oxétic acid salution
containing 8 pc of radioactivity were dried oato 2 x
15 mm, stripa of Millipore filter (AAWP 02500 --8&u pore

e en
LSV )
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size, Millipore, U.Ke, Lbd.J. 4 longitudinel slif t
nade in the stem with.a scalpel just belew the firs
leaves, A radioasctive strip wes imserted into the slit
and the slit was sealed DY wra3p¢ng a 1 en. wide band
of Parzfilm around The sSicChe The Parafiln vas thgn
covered with Vascline.

Incorporation of radloactivity into nuclelc acids
was studied in etiolated plants and in grecn plants
under dark and light conditions, Tne radioactive strips
were inserted into the etiolated plants by the light of
e dark room safe light fitted with a2 dark green filter
(Wratten series, Kodak, Ltd., London). The manipulations

vere carried out as qulckly as possible and The seed

trays returned to the dark for a further psriod of

24 hr. before being illuminated.

Protein., In an abtempt to label the Fsiructural®

protein of broad bean chloroplasts in green and ctioclated
plants‘two different technioues were employed.. In the
first, either 1 pc valine-14¢ (U) (specific activity

6.9 me/mil, Batch 38, the Baﬁiochemieai Center, Amershean}
or 10 jc L-leucine-%,5-7 (specific activity 29.1 o/ml,
Batoh 15, the Radiochemical Center, Amersham) was dried
onto Millipore strips and inserted into the plant stezs
in the same way as the orotic acld, ne plants were

then grown for 3 Gaye whilst illuminated continuously

P

by fluorescent light of 200 ft-condles intensity..
=11

-

In the second method of labelling the plants were



was transferrcd To a & in. pot thrce days bofore suppli=
iﬁg the Tadiozctivity. To lgbel the plants, the potv

was placed under a 10 gal, bell jar on Top of a giass
plate and all the joints were secaled with Veseline. Tae
14002 was supplied through thrce glass tubes which

pazsed through a2 Tubber stopper into the top of the

jar.,. A small szide arm Test tubc vas joined to The end

of each of these tubes. The radiocactive carbon, in the
forn of Ba14603 (specific activity 51 me/mii, Extch 128,
the Radiochemical Ceonter, Amersham) had been Weighed in
cquael amounts into cach test tube and a2 scrum cap’fitted
over the mouth. To generate the 14002, 0.1 ml, of
dlstilled water wazg injected with a Hamillton syringe
{CGlark Hamilton Manufacturing AG, Bounsdusz GR, Swliz..)
through Tthe serum cap, Thls was followed by 0.1 ml.. of
50% lactlc acid,. The liguid was boiled to insure release
of all the 1“0020
The radioactivity'Was'supplied at 8 hr. intervalgs

. to etiolated plants that had previously recdived 48 hr..
f11lumination. The total treatment was for 24 hr, under
conditions of illumination by fluorescent light of

200 ft-candles intensity. Normal light grown plants

were supplied with 14002 under different conditions,.
Badloactivity was supplied at the start of the experiment
and then 5 end 19 hr. later., TFor the first 5 hr., the

plants were in light, followed by 14 hr. inm the dark,.
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followsd by 5 hr. light.

Af%er incorporation of radioactivity, The leaves
wefe removed from the nlants and the chloroplasis
cxtracteds- -

Preparation of tissues fron planiSe-

Rootz. Pese end maize root material was prepared

by washing the roobs frece from Vermlculite or soil,
The more fibrous portions were discardced and unuclelce
acids extracted from the remainder. TFor broad bean,
imbibed seceds were germinated for epproximately 3 days
on 2 layers of lhatmen No.l filter paper in Pelri
dishes, The young roots were then exbracited..

Apicol moristems, The whlte epical reristcona

were excised under @ discecting microscope after the
surrounding grecn leaves had been removed. They Wére-
then stored in ico cold tap water until sufficient
numbers had been collected Tor oxtraction of nuclelce
acids,

Leavésa. Only-the firet two fully developed lecaves
were used.. In the study of The effect of light on
ctiolated plents, progressively fewer leaves vere
required for extraction a8 éﬁe leaves increased in size
‘and welght.. The nunber of leaves and their weight were
recorded.-

Teolablon ol organclilos,

Pea and moige chloroplastsS, TRGSC WSl OX=

tracted as described by UValiker (1964).. The leaves
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{100 g.) were homogenized ab 0°G 1n 250 ml, of sculie

frozen exbtracting medium (G.1 I HapHPOy = KHEPO buffer

el

PH 6.8 containing 0.1% ¥aGl, 00,15 g0y 0.1% codium
ascorbate, aend 0.33 K sucrosc) by éroppiag them into
the 1 1, chamber of a Varing blonder sci at half spcode

Af%er 1 To 2 scc. they were then honogenized at fuil

=3

speced for £ scse.-

and then 8 laycrs of absorbent musline It was conbrli-
fuged in 50 mi,. centrifuge tubes in an [SBE YHigh: Spced®

rofrigerated cenbrifuge at 0°¢.. When a speed of 6,000

[
0y

rpn was reached, the centrifuge was rapldliy stoppcd. Tane

gnernatant was discarded and the pellet used for RUA

extractvions-

Broad bean chloronlasts, Road dbean chloroe--

plaste were izclated by & method modified from that
deScribéd by Leech (1964).. Fiftcon plants that were
12 to 17 days old were destarched by placing thenm in
the dark for 24 to 48 hr., The leéaves were chilled end
all subsequent procedures carried out at 4OG, Fully
expended 1eaveé were homogoenized at full speed for
20 se6.. in a 400 ml; chamber of an Omnimixer (Ivan
Sorvell, Inc., Norfoll, Comne, UsSehe) With 120 ml.
O.%4 ! sucrose in 0.15 M Triz-acctate buffes:'9~ PE 7050
The Blade of the homogenizer was replaced with a
double=- eégedvrazor blaede, The breil was filtered
through & layers of absorbeat muslin oud the resuli-

ing sucpension layercd onto 8 gradienitz in 50 mi. clear

‘he brel was filtered throuzgh 2 layers
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plastic centrifuge tubes. The gradients consisted of
12 ml, of 50% suczose im o.15 ii Trise-acetate buffer,
PH 7.5, overleid wita 8 ml., of 46 sucroze in the same
buffer.. The gradients wexre %hen centrifuged in a2 swing-

out rotor in an MSE rofrigerated cenbtrifuge at 2,200

o 2,600 zpm (1,000 gy for 20 min., The intact chloro=-

plasts, which accumulated betwcen the 467 and 507 sucroesc
layers, were carefully removed with & Pasteur pipetie.
The chloroplast suspension obtained was diluted with
an equal volume of the Tris-azcetate buffer and the
ghloroplasts were precipiteted by centzifugation at
2,600 rpm (1,000 g) for 10 min. Tre supernatant was
doecanted and the recculting pellets stored over lice or
frozen until neceded Tor nucleic acid extraction,

Intact chloroplasts could be obtained in thls manner

in 45 min, The purity of the chloroplast fraction was

‘checked by dark-phase microscopy. At least 50% of the

- chloroplasts had intact outer membranes and therc appeared

to be 1little contamination by other organclles.. The
Vield of ribosomal RNA from Yhese chloroplasts was in
the order of 1 mg..

Chloroplast lamellae, Preparatlon of chloro-

plast lamellae was by the method of James end Das (1957)..
Leaves (15 go) Tron Two~-week old broad bean plants

Were homogenized for 20 sec: at full spsed in 120 nl,.

0.4 M sucrosc in 0,05 N Tris-ECL buffer, PHi7.8, in a

200 ml, chamber Omnimixer.,. The dlade of the homogenizer



" muslin, bthen centrifuged for 2 min. at 600 g. The
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was replaced with a double-edged razor blade, The drel
was then strained throuszh & layere of absorbont muslin
2nd centrifuged in an MSE Wedium® refrigera

fuge at 4°C.et 1,800 rpu (600 g) for 2 min.. The Supere

netent was decentcd and centrifuged at 2,600 rpn (1,000 g)

for 10 min., Pcllets were resuscpended in 32 ml. of the

-honmogenizing neditm with a snall paint brush.. The

suspension was layered onto 8 gradients in 50 ml. clear
plastic centrifuge tubes. The gradients consisted of
10 ml, of 60% glycerol in 0,05 M Tris-HGL buffer, PHE 7.8,

overieid with 10 ml. of 25% glycerol in the same buffer

The grediente were then centrifuged at 2,600 rpm (1,000 g)

in the HSE refrigerated coutrifuge for 20 nin. The
chilioroplast layer between the 60% and 25% glycerol
layers was removed with a Pasteur pipetie and diluted
with an egual volume of buffer. The chloroplasts were
pelleted by cemtrifugetion at 2,600 rpm (1,000 g) for
10 min. The pellet consisted mainly of chicroplasts
lecking thelr outer membranes and stroma. It was stored
on ice until needed.for chloroplast “atructural® protein
extraction.

113

i.!:

coshindria, Hitochondria were isgolated from

20 g. of etiolated broad been leaves, Thae leaves were
homogenized in 120 mi. of 0.% I sucrose in 0,05 M'Trisuv
HCL buifer, pE!{7.8, in the szaone manner ag for the prepar-

ation of chloroplast lamelliac. The brel was put through

1,
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supernatant was then centrifuged at 1,000 g for 10 min.

- The suﬁernatanb was deeanted and centrifuged in an LSE
“High Speed 18% centrifuge (8 = 50 mi, zotor) at 20,000 g
for 10 min. at &°C., The Ystructural® protein was extracted
from the resulting mitochondrial pellev.

Extreaction oL ENA., Unless otherwisce stated, the pro-

cedure for RNA exbraction was the one used by Dyer and
Leech (1968), Approximately 5 g. of leaves or 10 go

of roots were homogenized for 30 sec. in an 80 ml,
chamber of an Omnimixzer at full speed with 10 ml. of

a 6% agueous sclution of b=aominosalicylic acid, Na sald,
(British Drug House) and 20 ml. of a redisbtilled phenol/
water mixture {80/20, /) ‘The brel was filtered
throughh two layers of nylon muslin. The filtrate vas
centrifuged in an MSE bench centrifuge at full spsed
(2,000 g) for 10 min. at 4°C, The upper aqueous layer
was reméved with a Pas%eur ripette, and fhe nucleic
acids ln it were precipitated by the addition of ethanol
2t -20°9C and stored at this temperature for between

L to 24 hr° fter this time, the nucleic acids in the
suspension were pelleted'by centrlfugation at 2,000 g
for 10 min. at 4°¢. The supernatent was discarded and
the innexr walls of the centrifuge tubes were drled with
tissue, The procxpitutc was resuspended in between

5 to 15 ml, of 3 1 sodium acetate, pH 6.0, sufficient

To obtein a cloudy suspension of fthe materialc» it vas

stored overanight at 4°¢C, during which time the low
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molccular weight RFNA and the DWA were sclublilized

(Eastings and Kivrby, 1966). The high molecular

welght T¥RINA was pvllc ted by cenbtrifugation et 2,000 g
for 10 min. at 4°C, The supernstan’t was decanbted end
the tube dricd as before. Thc yicld was approximately

5 mge. of ITRA,

In a variation of the above extraction proccdure
(Loening and Ingle, 1967}, 3 g. of tissue werc placed
in 10 ml. of ice=cold 6% l-amincszalic¥lic acid, Na
sal%, and 19 nephthelens disulphonate la 0.05 i Tris
buffery, pE 7.5, Homogenization was for 5 scce in &
100 ml. chamber of o Virtis “459 (Gardiner, Ne¥., UsS.4.)
homogenizer. Ten ml, of an ice-cold solution of phenol
seturated with the Trisc buffer containing 105ucresol
and 0.,1% 8=hydroxyguinocline was added. The nixbture
was stirred well in icc. It was ceantrifused in a
50 ml, glass centrifuge tube at 1,000 g for 10 min,
in an USE “Nediunm® re“*ibeva%ed centrifuge at LOc,

The aqueous layer was %hen removed with & Pasteur
Pipette and reextracted WLth 10 ml, of the phenol mize
ture. After a second centrifugation, the agueous layer
was removed and 20 ml. of ice-cold absolute ethanol
added., Precipitation was carried‘out at 4°C for at
least 1 hr. The nucleic acids were then pelieted by
centrifugation at 1,000 g for 10 min, at 49C. The
pellet was washed twice with 10 ml. of ethanoi/water

(80/20, v/v) 2t roon Temperature. It was then




dissolved in 2 ml, of 0.15 I sodlivm aceta
pH 6.0, conteining 0.5% scdiun

(specially purified, British Drug House), To determine
the quantity aand purity of the nuclelic acid preseat,
the absorbance of the solution between 220 and 320 op
was determined using an Optika CFUNI recording speciro-

-

photometer., The nucleic acids were Tthen reprecipitated
with two volumes .of othenol at 4°C and left overnight
at this temperature. After pelleting The nuclelc acids
by centrifugation, the supernatant was decanted, the
vells of the tube dried with tissue, and the material
used for polyacrylamide gel electrophoresis. |

K}

Nuclelic acid fractionation.

Suerose-density centrifumation. The method of

.suwerose density centrifugation used was that of Tissieres

and Hopkins (1961). Gradienis were prepared at least
1 hr. prior %o c@ntrifugatiéng Seven solutions con-
taining 20, 17.5, 15, 12.5, 10, 7.5, =and 5% sucrose in

0.1 M sodlum acctate bu;rerg PH 6.0, were made, Thae

gradients were prepared in cellulose nitrate tubes

(3 in. x 1 in., Beckman, Palo Alto, Calif., UeSols)o
The sucrose solutions were delivered into them through
rticelly mounted plungerless syringes fitted with 21B
hypodermlic needles The neclles were bent so that they
touched the sides of the tubes. TFirstly, 3.4 ml. of
the 20% sucrose solution was placed in each syringe,

and when nearly dreined it was replaced with 3.4 ml. of
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the 17.5% sucrose solution. Successively less con-
centrated soluticns were added in seguence, care beling

taken to insure & continuous flow of liguida during the

The rRNA was dissclved in 0.1 ! scdium acetatle
buffer, pH 6.0. The gbsorbence of an allquot of the
solution was determined at 260 my usiag an Opbtike CFANI
recording spectrophotometer. iesuming 2 gram extinctlon
coefficient of 20 for RNA at this wave length, the
concentration of the solution was calculated. It uas
then adjusted so &8 to coutain 1 mg. RNA per ml. of
burfer. Then 1 ml. of the nuclelc acid sblution was
layered onto each of the 3 gradients, The gradients
were positioned in a prechilled Spinco (Beckmen, Palo
Alto, Celif,, U.S.4.) SW 25.2 rotor.. Centrifugation
was in a Spinco Model I Ultracentrifuge at 20,5000 rpm
(49,000 g) for 16,5 hr. at 09C,

The centrifuge was allowed to stop without braltingi.
Then the tubes were punctured at the bottom with a No. 1

digposable syringe needle and 10 drop aliguots collected.
There were approximately 30 aliquots per gradiente.
Distilled water (i ml.) was added to each aliquot and the
ebsorbance was then meaéured ate 260 mpt using an Optika
CPUNI spectrophotometer. If the fractions were needed
for fyuwther analysis, the RNA in them was preciplated

with two volumes of ethanol for at least 4 hr, &t -20°C°

lethylated servn-aibun’n - kicselgvhr (LIAY) chromatogranhy,




were used both to separate the rRNA from Tha DNA and
the low molecular weligh®t RNA and alco Yo anelysze the
TRNL:.. The method of chromatography used was that
deseribed by Dyer and Leech (1968). To roclaim RUA
from the column efflucnis, rfiections located by their
absorbance of u.V. Light at 254 m were collected,

Each of these fractions was mixed with an equal volume
of absolute cunhnOT and pourcd omnto a cellulose column,
The column hzd been previously prepared by suspeniing

5 g. Whatman GFii powder in 100:ml. ethanol/weter (1/%i,
v/v) and packing the slurry under pressure chio &
scintered plate at the bottonm of @ column i.7 cm. in
diameter. After the nuclelic acid solution had dralned
to the top of the column, 100 ml. of 0.1 ¥ NaCl/ethanol
(65/35, v/v) was added, This proccdure was required to
remove the phosphate buffer used in the elutvion of the
MAK columns, since it precipitates with the nuclele
aglids at alechel concentrations greater than 50%.
Finally, the adsorbed nuclelc acids were removed from
the cellulose column with three 10 ml, aliguots of

0.1 K NaCl, ENA was precipitated by adding 60 ml. of
ethanol at =20°C. After being left overnight at «20°¢,
the suspension was centrifuged at 2,000 g for 1C mine.
at 0°C in an HSE bench ceni trifuge. The supernatant was
decanted and the RNA pellet stored at =20°C until

roequircd Tor electrophoresis.
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buffer. The W&garose“ ﬁas dissolved by heating intan
autoclave ror 15 min. at 15 psi. The solution was

cooled to 209C beforc being poured inio & 5 ile X 3¢5 ihke X
0.25 in. Perspex mold,. Thc wmold was covered with a
Perspex plate exeluding all eir bubbleso Alvernatlive
covers had elther 2 or %4 projections of 1/16 in. thick
rlate vwhich formed sample channels in the gel 0,75 in.
from one end. After the gel had se%, the cover was
romoved-and 60 pge. of BNA in 60 pl. of buffer was deposite-
cd with a Hamilton syringe into each chﬁanu_o Electr 0=
phoresis was carried ocut in a Shandon'(Shandon Sclentific
- COoy- Ltdo, London) “Universal® eclectrophoresis apparabus,
using 0.2 ¥ Tris-=citrate bulffer, pH 7.9, in the electrode
compartments.. Uhatman 30 filter paper, in strips

395 1n. wide, were used as wicks. A Dec; current of

b ma/en? (at about 100 volts) was applied across the

gel using a Shandon “Vokan" @“abilizod power SUPPlye.
After 10 min., the gel was covered with polythene sheeting
to prevent condensation of water on top of it. Electro-
phoreais was cerricd out for 90 min. , after which time

the gel was removed from thé mold and stained for 1 hx,

with 0,018 toluidindtbluc. Dsstzining was accompliched



Polvacrvlianide mel electrovhoresis., A modificetion

ena———— W

of Loening's (1967) methed was employed for polyacyyi-

emidec gel clectrophrorcsis of the high molecular weight

ERA.

Proparabion of _gels. Soluticns were prepared

1mnediately before clectrophorezis. The gel buffer
contained 180 mH Trls (Anzlar, British Drug House),
150 =M NaH,PO,, end 5 il EDTA (Wa Salt)o. To 12,5 ml.
of this burfer, 39.4 ml, distilicd water and 10 ml. of
an acrylamide solution (15% acrylamide and 0.75% E&ﬁ"
acryiamide in distilled water) were added., The escryl-
aemide had been recrystallized from chloroform and the
Qigaacrylamide from acetone, as dezcribed by Loening (Q957)o
The solution of buffer and acrylamide was degassed
under vacuum and 0.4 ml. of a freshly-prepared 10%
ammoniuwm persulphate solution and 0,04 ml., of NNWN°=-
tetramethylethylethylene. élanine (TENED) added. (The
final concentration of acrylemide in the gel solution
was 2.4%.) The solution was swirled gently and placed
with & Pasteur pipette into Perspex tubes 13 cm.. long
end 0.7 cm. in dianecter, Dialysis tubing held in plece
with & rudbber ring covered the bottem of each tube.
The tubes were filled with gel solubtion to a mark 10 cm.
from the botitom, After removing any trapped air bubbles

from the gel solution In the tubes, approximaitcely 0.2 =ml,
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of distilled waler was layered very carefully over each
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gol with a Pasbteur pij
to disturb the gel surfacc. Onge:it had been assured
that all the tubes iwrere vertical, the gels were left to
polymerize. This occurred within 3 h».. Of the 12 gels
prepared, 8 were selected for electrophoresis. Gels
were rejected 1f the dialysis tubing had leaked, if the
top surface of the gel was not horizontal, if there
Were any air bubbles or cthoer irreguleritics ia the gel,
or if the water layered on top had‘disturbed the surface
during apﬁlicationo

A slight varistion of this method was introduced
for the electrophoresis of radioactive RNA, The gels
were 7 -cm, long instead of 10 cm., During preparation of
the gels, the bottom end of the tubing was closed with
a rubber stopper instead cof dialysis tublug. After
polymerization, the stopper was replaced with a plastic
ring and the gels used for electrophoresis,.

Flectrophoresis, Electrophoresis was carricd

out in an Shandon (Shandon Sclentific Co., Lid., London}
disc electrophoresis apparatus, modified to acconmodate
thé Perspex tubing which Was‘of larger diameter and
longer them that of the originel eguipment. The tubes
were placed vertically between the two electrodeichaumbers

and 300 ml, of the reservoir buffer of 36:ul Tris, 30 nl

o
°
™
T

‘aHéP049 i rlf EDTA (Na sz2it), and sodiun dodecyl.

v

culbdhete (Epecially purifiecd, British Drug House) was
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placed in cach elecitrode chamber. The negatlve electrode
? o Shandon “Voken® stabiliged D.C. powcr sSupply was

attached to the ecloctrode of The uwppcr chamber and the
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positive to that of the lower chamber,

6 mt/gel was appliceds- Undedr these conditions,. the

voltage was between 60 and 70 volis.. The cntire systen
was cooled with a fan. The gels were drerun for 4 hr,

before the nucleic zcids were appiled,

¢ aclids were dissolved in the reservoir

=

The nuclel

% sucrosc to meke the solution more

n

buiffer containing
dense then the buffer and thus insure thav it Tormed &
discrete band on the top of each gel when appllied, I

the amount of nucleic acid had not previously been
determined, an aliquot was removed for This purposc.

The absorbance between 220 and 320 mp was determined with

a Unicam SPE00 spectrophotometer. Assuming thet 1 mg./ml.
of nucleic acids has an absorbance of 20 at Zéonmp,

the concentration in the soliution was determined. IT

was adjusted to be between 1 and 4 mg.. RIA/ml..

The nucleic acid solutlion was subsequently laycred
onto the prerun gels with a Hamilteon syringe. Dach
nuclelc acid sample (between 10 and 100 pg..in 10 to 60 nl.
of solution) was applied to two separate gels for electro-
phoresis.. To follow the progress of electrophoresis,. .
20 pls of 0,019 bromophencl blué.in buffered sucrosec wes
applied to one of Tthe gels, The rate of movement of

this dye is not re@uced by the geol matrix.. Currcal was
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passed through the gels for 3 hr. from the time that

" After elecitrophoresis, Tthe gels were exbruded from
the %uﬁing by epplying geantle pressure to the Ttop with
& rubber teat, To reduce background abosrption in the
gels, they were either rinsed overnight with about
25 ml, of 309 ethanol or with the same volume of water
for 1 hr, The latier method was cmployed whenever LT
was necessary to rrecze the gels for determination of
radiocectivity in the znuclieilc acids,

Scannine and radicactivity neasurcnehis. The

-

nucleic acid bands in the gel were detected by their
absorption of light at 260 mp. The gels were scanned
continuously using a Unicem SP500 mounochromator and a
Hilger=Gilford photometric unit. The gel was placed
in a 0.6 cm, wide quartz cuvette wWhich was passed at
a uniform rate in front of a vervical beam of light
0.2 mm, wide and 2 mm., long. The absorption was con-
tinuously‘recordeﬂ with e ﬁén recordera

The profile of radioactivity in the gels was
vdetermined by cross-scctioning them and detecting the
radioactivity in each sectioho The gels were placed in
an aluminun trough 10 coibng znd frozen on a bed of
crushed solid COso The gels could then be stored at
-20°C, Siicing weas accomplished on & macrotome bhased

on the design of Dr. U.E. Locning. The gel was secured

to the mzcrotome stage by plecing 1¢ on a water saturated
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piece of TilTer paper on the stvage and surrounding it
with crushed solid cozo The Trczen gel was crosc-
sectioned invo 1 mm, Thiclk slices and the sliices were -
placed in segucnce with forcceps onto 2 1 cme wide strip

a
ilter paper. The sections were then lefv To dry

)

of
on the paper before the strip was cut up into pieces,
each of which had an sdhering section. The pieccs of
filter peper were plseced in 10 mi, of 0;6% 2,5, Giphenyle

oxazole (PPO, Nuclear Enterprises, Edinburgh) in toluene

=

igintegrations

+

in a2 scintillation vial, The nuaber of d
occurring Guring -10 min. was determined for each section
in a Nuclear»Chicagé medel 720 scintlliation shectroneters.
Background radiocactivity was measured in & vial conta$n=
ing filter paper with no abttached gel, Eificiency orf
radioactlivity mescsurements was determined by drying
radloactive sucrosé.of known radloactivity (éupplieé by
Mr. I.P. Bird) onto filter paper and cevéring the sucrose
With a gel slice, After the gel had dried, the strip
was placed in scintilliation fiuvid in a vial, The effice
iency of measurement under these conditions was found
to be 424,

To assess the relative amountz of each of the
nucleic acid Tractions in the polyacryamide gels, the
peaks on the paper of the oﬁtical density absorbance
scans of the geis were cut out and weighed, To asgess
the radioactivity assoclated with each optical density

peak, the disintegrations/min. in each mm, sectlon Were
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x

plotted on the same graph as the opbtlcal densities, and

ciding with the p sks on the optical

b
‘.‘2

those sections col:
density profilcs totaled.

Chlorovhyll estimations (Arnon, 1949). Approximately

0.5 go- OFf tissue was homogenized for 30 sec. in 25 ml..
of en accione/water (80/20. v/v) solution in an 80

chamber of an Omnimixer. The extract was clarificd

spectruﬁ of the filtrate in the visible range vas
determined using & Unicam SP800 spectrophotometer with
some of the acéione solution ia the reference cellg
To calculate the chlorophyll concentration, the following
formula was useds

(20.2 x 0D6&5 + 8,02 x OD663) x 0,025
there ¢ is mg.. chlorophyll in 25 ml,. From this the

content of. chlorophyll per leaef and per g. wet weight

of tissue were calculated

NA content of

v

Total ANA content determinations. The

-

leaves wes determined by the metnod of ih glend i
(1963),. Leaves were frogen in liquid nitrogen and
stored inm solid COp at =20°C. Approzimately 1 g. web
welight of leaves wés homogenized in 25 ml, of lce-cold
deionized water (containing 1 drop ethanol as sn anti-
foam agent) in a 100 ml. chamber of a Virtis Wig®
homogenizer at full spped for 30 sec.. The brel was
filtered throuzgh glass wool and 15 ml, of the filtrate

was removed and made 0.2 N with respect vo perchlioxkc
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acig &t 0°C. The v precipitate was pelleted by centri=
fugation av 19000 2 for 10 min. at 5P¢ in an HSE Ficdium
refrigerated centrifuge.. The pellet was washed with

10 nl, 2liguots ¢f 0.2 N perchloric acid at 0°¢,

I% was then wacshed &t OOCL 3n 870,02 I Tormic acid

5
{(2/2/1, v/v/v) at 37°G for 30 min. on each occasion.
The RNA in the pecllet was nyarolyzel in 5 ml, of 0.3W
XOH for 18 hr. at 37°C. The suspcnsion was subsequenie

o

f=]]

e

2

1y cooled to 0°C and ice-cold perchioric acld a
e finel concentration of 0.3 .. The precipitate was
pelleted by centri ;ugiz at 1,000 g for 10 nmin., and
reserved for DNA estirationss. The ribonucleotide cone-
centration in the supernatent was determined by absorption
between 220 and 320 mp in & Unlcam SPG0O specirophoto=
neter, with 0.3 N perchloric aci d in the reference cell.
Tt was assumed that a zolution of 1 mg./ml. would have

an absorption of 25, A portion cf the supernatant

(10 ml.) was éried dowm in & scintillation vial and

10 ml. of O, 6ﬂ PPO solubtiocn in btoluenc addeds. The:
redicactivilty in the v;als was determined using a
Nuclear-Chicago model 720 scintillation counter,

Total nVA content de ninationg.. The perchloric aclid

prccipi tate left after hydrolyslis of the RNA was washed
twice with 10 ml, of 0.3 N pcrchloric acla ab 0%, It

was then suspended in 1 ml., of 5 mil NaOH end an cgual



51 -

volume of 1 N perchloric zcid added. The susvension

was heated ot 70°C for 15 min. AfGer diluting with

an eguel volume of 0.5 N perchlcric acid, sanples were
removed for use in the Burion (1956) DA estimation.
Highly polymerized salmon’’estcs DA (British Drug Housc)

eference stendard., DRlphenylamine reagent

=
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was added to each stendard end szmple tube anéd the Ttubcs

5]

incubatcd for 16 to 20 hz. at 30°C.. The absorbance at
600 mp was measured using & Unlcam 3PE00 spectrophoto-
reteirs The amcunt of
from & plot of the s

was determined in the same way as for the BNA..

Fiwation and embedding of material for use in electron

microscepVe . The method used for the Tixation and cm-

bedding was that suggested by Mr. A.D. Greenwood, The
plant tissue was cut inbto 2 mm, sgquares With a new razor
blade and placed immediately in a fixative cousisting

of a 2:5% glutaraldchyde =solution in 0.1 M =sodium phosphate
buffer, ph 7.0.- The tissue was inflltrated with fixzative
by subjeéﬁing 4t to a vecuum four vimes, quickly return-
ing to atmospheric pressuve on each occasion. The

tissue was then left in the Fizative for & hr. at 0%C..
Etiolated material was treated in the same way, except

in derknress or in dim green light provided by & Safe
Light lanp (Kodak, London) fitted with a Wratien “dark

=, o Xal

he edges were cut off

(Ja

xation,

5
1=

grocn® filter, After

each square of ticsuve aund it was then cut into 4 pieces.



The fizative was removed with a Pasteur piretic and
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replaced with e wash solution ccn
h

was then cariricd ocut by inmersing the material oz
2 hr;.a“ 0°¢ in the wash solution contain 1ing 19 ocniua
tetroxide, Afterwvards, vo dehydrate the material, it
was immorsed in segucence in 20, 30, 40, and 505 cthanol/
rater solutions, each for 5 min. abt 0°C. I% was then
imzersed in 75% and then 95% ethanol/water for 20 min,
each at room btemperature, followed by 100% ethanol for
30 mine. at To0m teﬁperatureo The |
in fresh ethanol and 1e t overnight at 0°C, Before
embedding the tissue was placed in a further change of
ethanol for 30 min. at room temperature. Half the
ethanol solutlion was then replaced with 1,Z2-epoxypropane
and the tissue left in fthe mixture for 10 min., Half of
this solution was replaced with fresh 1,2-epoxypropanc
and left for an additional 10 min.. This step was repected
& third time.. Then the material was immersed 3 times
in 100% 1,2-epoxypropane for 10 min. on cach occasSionie
Epon resin (Epikote 812, TALB Labaratoriesg Recding)
(6 p%”t" BB® to & parte YAV mized with 1 Zwep0"yDrODﬂne
in the ratio of 1 %o 3 was placecd with the material in

small covered dishes, After 2 hi.,. the 1lids vere partially

opencd and the dishes left in this position for 24_hrw
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Approwimetely 12 pieces of tizsue were placed Iin a

imeter of 4 cm, dlameber

®

circle about 6 mm. Trom the p

-t
ci

jas put in the cups ©o

o]

plastic cups., Fresh Epon resin

e do

cover The sampics. The cups were left for 48 hr. at
room temperature, then put into an oven set at 70°C
for 48 hr. in orxder to harden the resin.

The scctioning and staining of the material in

4% lead citrate (=ccording to Reynolds, 1963) and

lire A.D. GrecnvWood axd Dre Tl Dycr on an MSE “EI6B®
elcctron nicroscope.fittcd with 2 cooled grid stagste.

Statistical analvais of clectron micremraphs. To assess

the congentration of ribosomes in both the chloroplast
and cytoplasm, electron micrograpns orf approx i ately
50,000 megnificetion were used. The microgranhs were
covéred with a2 grid dividing the picitu into 1 nmm,
squares.. By using random numbers, it was determined
what percentage of chlo;onlas sgquares contained a
rlbosome. The same was done for the cytoplasm. To
assess the relative volume occupied by both cytoplasm
and chloroplast, electron micrographs of approzimetely
2,000 to 6,000 magnification Wwere usado The micro--
graphs were covered with a grid of 13 wires equally
gpaced along the length of the pileture.. The length of
wire covering the chloroplasts and cyvoplasn was measured

and rccorded. The ratio of chloroplast length to cyto-
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plasm length is equal %o “he railo ef chloropnlast voluze
%0 cyboplasa voliume (Loud, 1962).. Once these Lo mezsure-

d determine the relative

contribution of the chlorcplast riboscmes to the total

'-!\
o
B
1+

()

ribosome popuiz

tructural® protein cxmtiaction.. The method Zor the

igsolation of vhe Ystructural' protein from chloronlast
is based on that of Criddle (1966)., The chloroplasis

purified on glycerol gradients were suspended in 20 nl,
0

water at 09C. The suspension Was slowly added to 200 nmi,
ecctone at -20°C.. The acetone solubion was kept in ice
and stirred continuously during the addition., It was

meintained at -20°C for 1 hr. %o insure precipitation
of all proteins.. The suspenslion was then ceatrifuged
in an MSE “High Speed 189 centrifuge at 10,000 g for

30 min. at 0°C.. The pellet was washed once with 50 ml,
anhydrous diethyl ether at 09C: The white powder obe
tained was stored in a desiceator at 4°¢C, 98tructural®
protein was extz actcd in an identlcal manner from
mitochondria..

When the protein was precipitated with smmonium
sulphate, 1t was dissolvced iﬁ 100 ml, of a soiution of
0.3% sodium dodeeyl sulphate and 3% urca in water..
Lmnmonium uqubauo was added to & inal concentration
of 20%.. The sugpension uaé left to precipitate 1 hr.
at Oou, efter waich Ttime it was cenvrifuged as for the

acetone powder.. The supcranatant and pelle
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in clectrophoresis.

to the method of Summers ot
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the Shandon aisc electrophorceis apparatus, Tthe GLliord-
Unicam SP500 gel scanner,. and the gel chopper that were'
uscd for the study of Tthe nucleic acids. Cyanogun
(British Drug House) (1.75 3.} and 0.75 g. urca were
dissolved in 25 ml, of the electrode buffer of 0.1 I
sodium phosphate buffer, pi 7.2, containing 0,15 =odium
dodecyl sulphate (spececially puriiied, British Irus
House). TEMED (25 ple.) and 0.2 ml. of a freshly-preparcd
5% ammonium persulphate solution Were_addeda The gels
were made in the same menner as for bthe nucleic acid
electrophoresis., Gels were either 0.4 % 7 cme or 0.7 X
10 om. in size. Samples of the “struectural'™ proteln
were dissolved to give a concentration of 109 (w/v)

in the electrode buffer, which contained 3% urea and
10% sucrose, Between 350 and 100 ul. of this solution

was loaded onto each gel. DBromophenol blue was used

C]
]

to indicate the progresz of vhe electirophore i ag in
the case of the nucleic acids, Llocbropno~e ig wae
condiicted for 4.5 to 6 hr..at 4 voltas per cm.. After
extrusion of the gels from'the tubes with a rubber teat,
they were stained overnight in & solution of 1% ami&o

" black 10R in 7; ecetic acid that had been filtercd jusse

Lofore use.,. Unbound dye was removed by immersing the



£els in soveral changes of 1% acetic acid until no

further dye vas removed, Tae 1ight absorption of proiein-

bound Gye bznds vas dotermined a% 600 Ljle Gels coin=
. L o e - s -
taining 1 G labglled proteins were frozen in solid

002 and I mm.. sectionrs Cuvoe- Rhaloacciv’“y was qetermined

in sechbions dricd oato Tilter paper and immersed in

-

I

PPO=-toiuvene seintillation fiuid as previously describe

o

=

for the anucleic acids. For the determinaticon of e

.

distribution of tritium labelled protein componenvs in

L=

the gels, each gel slice wog piaced in & scintillation

vial with 1 m. of 30% H {Young and Fulhorst, 1955)..

(\) .

. : ; U « iy - 3 .,
They were left overnight at 50 ¢ during which time the
gel diszolved and the liquid evaporated. Then 10 mi.
of the PPO~-tolucne scintillation fiuld was added and

The racdicactivity cdeternined asg for nucleic acids,

Thin-laver chronme ooraphy of the amino scilds from chioro=

- 5 el

plast Ystructural® protein. YStructural® protein (8 mgzg.)

was hydrolyzed by 5 ml. of 63 HCL in a closed vessel

in boiling water Tor 2 hr, It was cooled to OOC?overnighta
The vessel was opencd and the material dried at 10°¢ in

8 rotary evaporaitcr. Thne regidue was then dissolved in

6 ml, water and placed onto an AG 50W=-X4 cation exchange
resin {hydrogen form, Calbiocchem, Los Angelcez, Calif.,
U.SoA;) colunn 0,7 che in diametsr and 2 cm.long. The
Vcolumn was washed with 6 ml. of water and the amino

acids eluted From the column with 6 nl. of 2V emmoalum

hydroxzide, The eluate was dried using a rotary evaporator



water and 50 ml. spoticd onto each of two 10 = 20 cm.
Whatman CPL1 thine~loyer Chromedia,. Tne chromatographs
were developed for 2 hr. in butanol/acetone/ diethyliamine/

water (10/10/2/59 v/v/v/v) as described by Arz and
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Neher (1963}, After dryinz in al

with ninhydrin-coliidine reagent ( 0.25% ninhydrin and
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0.1% collidine
pattern photogravhed., 4 sheet of Kodek “Estar® X-ray
Tilm was placed im contact with the cellulose layer of
the Quplicate plate and left for one week in the dark,
The autoradlograph was then developed with Kodak 19B

developers.
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Initlal experimentation was devoted to character-

izing the chlorcplast rRNA. A4As can be scen Plge. 3

in
there are distinet differences in the sedimentation

P

properties of leal, root, and chloroplast high molecular

£l

O
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e
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weight TRNL, Cu:rent theory (cf. Loening, 1
tains that ribosomes contain one relatlively large RNA
molecule, one about half the sizsg of the large ENA
molecule, and a much smaller BRNA having a molecular o
weight of about £42,000. Since the heavier of the high
molecular weight RNA's is approximately double the
weight of the lighter one, in absorption profliles of
sucrose density gredients on which TRNA hés been sepsr-
ated, the ratio areas of the pesaks of the Yheavy®.and
“light® components i 2 to 1. The absorbance rTatio

of these areas in the profiles of the gradient-Traction-
ated chloroplast rRNA diffexs from this (Fig.3;3e).Als0,
the presence of chloropiast YENA in the total leaf

TENA modifies the leafl profile so that the ratio is

not 2 to 1 in this tissue (Table 1)}. In the chloroplast
fraction, there appear ©o be two ¥lightV PRNA molecules
for every ¥heavy® molecule. From this it can be con-
cluded that either the chloréplast ribosome is an

e

exception to the general theory of ribosome constite-

[

ution or the “heavy® molecule is fragmented in some
manner. Non-gpecific brealdown by nucleases would

probably result in the dispersion of u.v. absorbing

material with an accumulation at the top of the gradient..
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Pigure 3. Comparison of abosrbancy profiles of pea
IRNA Tissues that had been freciionated on suecrose
density gradients.
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Figure 3a. Comparison of ebsorbancy profiles of broad
bean rRNA tissues that had been fractionated on sucerose
density gradients.

a. Leaf rRIA

Bbe ROOU TREA

¢. Chloroplast rR¥A
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This does nct occur. However, & specilfic cleavage of

@]
o

the heavier chloréplast molecule near 1ts center would
produce tWo f:agnents of about the same size as The
lighter »EKRA molecule, A re=run of The
frections from the sucroze densi
of TRENA from both pea lea? and psa root tisssue (Figse
L & 3) show that there is some contamination of each
fraction by the other. If the ¥heavy" chloroplast
material is rraegmented after isolation, an increase
the VY1ight® fractlon contamination of The Yheavy®
fraction might be found when the nucleic acids of the

leaf tissue are fr ctioneted, The resulits do not chow

&

An

this. The resulis presented in Fig. 6 are of the clution

profiles of Fheavy® and “light¥ rRNA fractions teken
from the sucrose gradlients and chromatographed on
methylated serum elbumin-kieselguhr cqlumnsg. Here also
there 18 no great increase in & “light¥ component in
the “heavy® fraction resulting from fragmentation.
It appears, in fact, That the ¥“light® rRNA fraction
from the gradientz contains more *heavy® rRNA than
vice-versa, |

The two leaf rRNA Tractions separated by sucrose
density gradient centrifugation were electrophoresed
in YAgarose® gel, These fractions, as well as'the

corresponding ones from chloroplast rBNA were subjected

[

elso to polyacxylamide gel elecirophoresis. Similaxr

A}

results by both theoe nethods were obtained. In the



- 64 -

b

bsorbaney et 260 mp

3

S

s

Figure 4. Comparison of absorbancy profiles of pea root

rRINA that had been fractionated on sucrose density gradients.

Total root rREFL

—— —— Refractionation of fraction I recovered from a .gred-
ient on which the Hoval rRifA had been fractionated

= == =~z Refracitionation of fraction II
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BPigure 5.
YRNA that-

Suerose Concentration

e

Comparison of absorbancy profiles of pea leaf
had been fractioneted on sucrose density gradients.

Total leaf rRI
Refrectionation of frecticn I recovered from & grad-

-

ient on which the total rRNA had been frecciionated

-

Refractionation of fracition IX
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Figure 6. Absorbancy profiles of broad bean leaf rRNA
fractiongted by chromatography on methylated serum
elbumin - kieselguhr columas.
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one With lowest elecirophoretic mobility, is present
in the theavy¥ fractlon from the densi
the lighter species were derived Trom the “lIlght® gradlient

fraction. The “lightY components Gid not contaminate

a
is pesolved (Figs. 8 & 9). fThe large rRVA of relatively
low elecirophoretic mobility is fractionated into ©Wo
componients which are both present in the “heavy™ gradientv

sk molecular weight leaf
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fraction. Thus, in The hi

Ty gradient centri-
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fugation, there are at least two RNA speslies in the
“heavy" gradient peak and three in the ¥light® gradlent
peak,. The chloroplast fraction high molecular weight
*RENA contains a minimum of four compoanents., The presence
of a relatively large »ENA molecule results in the
Theavy¥ gradient peak and three sneller types of TRUIA
in the Y1light¥ fraction (Fig. 9J. If the Fheavy® rRNL
from the chloroplast does fragment into two components
of about the éame gize as the “lighﬁﬂ rRNA, it would
seem that this ocecurs in 3&22 or during extraction of
the BNL, hose molccules remaining intact during

extraction appear to be stable during subsequent treat-
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Figure 7. Photograph of an "Agarose® gel on which broed

bean leaf rRIA had been fractilonated by electrophoresis

then stained with toluidine blue.
&. Total rRNA - 60 ug.
be "Light® rRNA fractlon from a sucrose gradlenu - 30 uge
G. "Heavy" rRUA ZLraction from & sucrose gradient - GG Uuge
d. Total rRi¥A - 30 ug.
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Pigure 8. Absorbancy profiles of broad bean leaf rRNA
fractionated by polyacrylemide gel electrophoresis.
a. Total rRNA
_ b. The "heavy" »RUA fracilon derived from totel raxi
that had been fractionated on sucrose density gradients
Ce The "light® rRWA from sucrose density gradients
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Figure 9. Absorbancy profiles of broaed bean leaf chloroplast
rRNA fractioneted by polyecrylamide gel electrophoresis.
‘ g. Total rRNA
b. The Theavy® rREA frection derived from totel rRilhA
thet had been frectionsited oa sucrose densiity gradients
c. The "light® »RNL from sucrose density gradients



of chloroplast rRWA. As has been noted previously,
three componecnts are resolved from the clectrophoresis

of the chloroplast “light¥ rRNA Traction from the

sucrose gradients. Thilsg isg from 2 highly purlficé
chloroplast fraction {(Leech, 1964)} and therefore these
gpecies are delinitely derived from the chloroniastis.

&

Either the chloroplast has three dilfferent varietiecs
of Wiight® »RN&L, or Ttwo of the components are formed
ag a result of the fragmentabtion of the “heavy® »RENA,

Using Escherichiz colli rEBNA's as markcrs on Tthe geis,

ol
&L

it is possible to determine the molecular weight o
variocus RNA fractions on the gels, according Tto &
relatlionshlp between distance travelled and molecular
weight (Loening and Ingle, 1967%. The molecular
weights of the RNA in the WlightV gredient fraction
were calculated to be 0.4, 0,56, and 0.7 m. If the
molecular weights of the largest and smallest of these
are totalle@, a figure of 1.1 m is obtained which
corresponds to the welght of the rRWA derived from the
Yheavy' gradient fraction of chicroplast rRNA., I one
molecule of intact chloroplast Yheavy" rRNA splits into
one moleculo of 0.4 m and one molecule of 0,7 u, the
regments would be present in cqulimolar amounts, This

correvpondo with what ig found. Also, if the nuaber of

-~

moles of O.% m or 0.7 m TANA iz edded vo the aumber of

moles of 1.1 r {(or intact



» with ribosomes from ¢LTher

Yhen the conditions for exitracition of RBNAL are

A\l

altered %o contain naphthalene disulphonate; m=crescl
and 8~hydrozyguinoline (Fig. 10), chloroplasi-svecife

TRWA €3 be maintained largely iatact, The Yheavy?®

)

*rgetvion of lea? »RAVA has twice

of ©The lighter fractiono When relatively unfregmented

TENA is elecbmophorcsec on polyacrylanide gels (Fig. i},
the component with molecular weight c O.4 m is no longezr
present.. In Table 2, the relative molér'quantitiés of
the RNA components are given., It can be seen that there

are approximately egqual numbers of “heavy® and Ylight®
chloroplast and ocytoplasmic TRINA molecules from both the
chloroplast and the cytoplasm. When fragmentation of
TBNA molecules from the chloroplast does occur, correction
for it must be made when calculating the numbers of
chloroplast and cytoplasmic ribosomes or amount of TRNA,
end it is only the 1.3 m» (cytoplasmic Yheavy¥) and
0.56 m (chloroplast “lighﬁw)jmolecules which maintain
both 1ntegrity and purityo.

 The absorbancy proflles of the polyacrylami&e gel
elcctrophoretograms of leaf, root, and chloroplast arec

compared in FPig. 12, These rcsul s demonstrate in greatex

——
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sorbency at 260 my
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208 > e
Sucrose Concentration

Figure 10. Comparison of the absorbancy profiles of broad
bean leaf rRNA that had been extracted by different methods
and then fractionated on sucrose density gradients.
a. Extraction method 4 (see Methods) in which the l.l m
cnloroplast rRNA is largely fregmented
be LEritraction methodé © in which the 1.1 m chloroplast

rRXA largely remained intact
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Figure 1ll. Comparison of the absorbapncy profiles of broad
bean leaf rRN¥4 thaet hed been exitracted by different methods
and then fractionated on polyscrylamide gels.
a. Bxtraction method 4 (gee Methods) in which the 1.1 m
chloroplast rRNA is largely fragmented
be Exirection method E in which the 1.1 m chliaroplast
TRUA largely remained intact
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Figure 12. Absorbancy profiles of rRNA that had been extracted
from different tissues of broad bean and fractionated by
polyacryleamide gel electrophoresise.

&.Leal rRIL '

beChlorcoplest TREA

c.noct rRIA
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plast components, ané The »atio of
plasmic 1.3 m and 0.7 1 RNA’s is 2 ©oc 1. In the leal,
there are approximetely the same molar guantities of
chiloroplast and cytoplasmic components. Thnis implies
that the chloroplast ribogomes congtitute about hal?l
of the total rivoszonme populg tion of tThe green leat,
(Thus, in Tablec 1, it was possible to add the chloro-

plast ratio to The roct ratio and derive & “heavy® to

Other tissue besides roots also cppear bto lack
the chloroplast TRNA's (Fig. 13). These inciude the
plcal meristems of green pTaz g8 and the fully-ecxzpanded

leaves of a spontenecously occurring mubant of the broad

bean. The root, meristem, end albino tissue all eppeared

to contaln no chlorophyll (sec photograpn of mutant in

Fifgo 3.4’) ©

contaeln any plestid ribosomes, Important differences

in Tthe plasgstid structure an&‘ribosome content betweon
the root, apical meristem, albino leaf, and green leafl
of the broad bean are Gistinguishable by eleciron micro-
5C0DP7. In the normel grceen leal (Fig. 15), the chloxro
plasts contain well-developed grana and are relabtively

large {(approxinately 3 B in ciameter, which is about



Absorbancy at 260 my

Eiectropharetic lobility

Figure 13. Comparison of the sbsorbancy profiles of broad bean rRVA extracted from
different tissues and fractionated by polyacrylamide gel ClOCbYOphOlC“lSa

8.
be
C.
d.e

Green leaf rRNA
ROO [V rPL_iA

Apical meristem rRNA
Albino leaf ¥RUA
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5 times that of the mitochondria present). ERElbosomes
are clearly visible in both the cytoplasm znd the chloro-
plasts. The chloroplast ribosomes represent 509 of the
total ribosome population present (Table 3)e The root -
tissue (Fig. 16) has very different plastids. These
have very little internal structure and contain a lot
of starch. There are ribosomes present in both the
plastlids and the cytoplasm, but they are in lower con=-
centration in the plastid. Plastid ribosomes are less
than 107 of the total ribosomes (Table 3),. The cells
from the apical meristems of green plants (Flg. 17)
contain mostly sma%l (1 - 2:a diameter) proplastids.
The grana have just begun to develop and the ribosome
concentration in the proplastids 1s also lower than
that in the cytoplasm, The chloroplast ribosonmes
constitute less than 10% of 21l the ribosomes (Table 3).
The 2lbino leaf is the only example of tissues invest-
lgated where the plastids appear to have no ribosomes
(Fige. 18), although ribosomes are readily distinguish-
able in the cytoplasm of these cells. The plastids
are withouf much internal structure, although they do
contaln some small vesicles and osmiophilic globules,
Thin fibers resembling the DNA in chloroplasts are visible
in the stromna.

The results from the polyacrylemide gel eleciro-
phoresis of the rRNA correlates well with those obiained

from the electron micrographs. Although the concentration



Table 3. Values obtained from electron micrographs for percentages of plastid and

cytoplasmic volumes occupied by ribosomes and ratios of plestid to cytoplasmic

volumes egnd ribosome numbers in green and etiolated leavez, roots, and stem apices of

broad bean. The relative numbers of ribosomes in the plastid and cytoplasm were

determined by multiplying their respective volumes by the percentages of their volumes

occupied by ribosomes.

Percentage of

volume occupied

Ratio of plastid Ratio of plestid Percentage of

by ribosomss to cytoplasmic to cytoplasmic total ribosomes
Plastid Cytoplasm volume ribosome numbers in plastid
Green leaf 32 Q0 | 3.090:1 1.09:1 pr
Etiolated leaf 30 92 0.661:1 0.22:1 < 18
Root | 24 60 0.108:1 0.04:1 4
Apex of green 30 68 0.114:1 0.05:1 5

plants
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o
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of ribosomecs in the mature chloroplast is leas than

in the cytoplasm surrounding it, the chloropiast ITakes
up more of the celrl volume then the cytoplasm., Chloro-
plast ribosomes constitute oné-half of 2ll the ribosomes
and chloroplast-specific RNA is qLe-half off all the
TRNA of the cell (Tables_ﬁ}&lﬁ)o In the root and the
apical meristem, the plastid ribosomes are in a lower
concéntration than those of the cytoplésmo In addition,
these plastids occupy less cell volume then the cyto-
plasm., The proportion of the total ribosomes lu These
organelles, and thus the proportion wich their TRNA
constitutes, is too low to be distinguishable on the
gels.. Thne albiné has no chloroplast ribosomes and no
chloroplast-specific rEN4, although it does seem to
have chloroplast-specific DNA and some plastid structure
(Fig. 18).

The sedimentatlion profile of rRNA from etlolated
broad bean leaves is shown in Fig. 19, The absorbanoy
profile resembles that of root tissue rRENA more than
that of green leaf rBNA., The implication is that chloro-
plast ribosomes are in low numbers in ebiolated tissue.
Since these leaves develop iﬁto green leaves when exposed
to light; they provide a useful tissue for the study of
the developument of the chloroplast ribosomes,-

Polyacrylamide gel elébﬁrophoresis of the rRNA of

etiolated broad beans (Fig. 20, .profile A) also shows

that there is 1little chloroplast rBRNA in the tissue.




Table &, henwea in The relative vproportions of cyics
plasnic and chleorcoplast »RNAYE in ciicgleted broad boan
leaves on Lllumination. The plants werc 2 weecks old

when exposed to lighte The retlos were delermined from
the absorbencics at 260 mp of the 1.3 m and 0.56 m
fractions divided by thelr molecular weights, following

separation by polyocrylamide gel electrophore=zis.

liclar zatics of

5

cytoplasmic to Moler» porcentaees

Hio.. illuminated chloroplast TERNA Cyltoplasm CGnicroplast

o  6u3631 o 8605 1305

y 7.0631 8705 i2.5

L8 - 2,6951 73:0 27.0

72 1.45:1 5943 - 0.7

96 | 1okl 58.3 1.5
120 . 1.61351 61.5 38,5
ik 1.3bs1 57.3 42,7

Maintained in L,3821 : 8i.5 - 1i8.5
dark for 96 hr.. '

Light grown 1.55:1 60,8 39.2
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bsorbancy et 260 mp

20;5’1 : I 332‘
sucrose Concentration

Figure 19. Comparison of the ebhsorbancy profiles of broad
bean rR¥A extrescted from different tissues and fractionzcted
by sucrose density gredient centrifugation.

2. CGreen leaf rRWL

b. Root rREA

c. Btiocleted leaf rRNA
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tbsorbonce &t 260

Electrophoretic iobility

Figure 20. Comparison of the absorbancy profiles of the
nucleic acids extracted from etiolated broed bean leaves
that haed been illuminated for increasing periocds of time.
The nucleic ecids were fracticnated by polyascrylamide gel
electrophoresis.
& - e 0, 24, 48, 72, end 96 hr. of illuminetion,
respectively
f. Control - Plants meintained in the derk for an
edditional 96 hr. while the experimeniel plants
were being illuminated.
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An electron microscopic czemination of the leaves showed
that they contain etioplasts with well-dceiined pro=-
lemellar bodics (Fig. 21). There are ribosomes in the

lestids, although they represent approximately only

o

20% of thetotal ribosomes of the cell (Table 3), The
plastids contain no chTOrophylL (Fige 22)o - -

Many altcraulons occur when this tissue is placed
in the light. It cen be secn from Figg 23 and Teble &
thet the chloroplast rRNA components do not imcxmease
significantly relative to the cyuoplasmic components
in the first 24 hr. Between 24 and 72 hr., there is
a rapid increasse in the proportion of chloroplast riNA,
and by 72 hr. the levels are the same as those of the
green leaf. The proportion does not change, even after
14l hr, of illumination. In Fig. 22a, it can be secen
that the chlorophyll concentration increases at the
greatest rate.after 2l and 48 hr. of 1llumination, and
only after 72 hr. does the rate of chlorophyll synthesic
begin to level off. Thus there is a lag in both chloro-
plast rHENA development and chlorophyll synthesws for
the first 24 hr. The total RNA levels (Table 5} and the
wet weight of the tissue (Table 6) remein constant for
24 hr, Between 24 and 72 hr,, the amount of RNA per
1eaf doubles and the wet weizght increases four fold,
but the amount of DNA remains consbtant (Table 7). The
increasg in total RENA occurs at the same time as the

increase in the chloroplast components (Table 8).
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Figure 22. Changes in the chlorophyll c
in light.

ontent of etiolated broad hean leaves when placed -

Ae Tllumination of 1 - week 0ld plants
B. Illumination of 2 - week 0ld plants _
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Figure 23. Changes in the RNA content of etiolated broad bean leaves when placcd in
lighte. '
4« Illuminaetion of etiolated plants
B. Control - Plants maintained in the dark for an asdditional 96 hr. while the
experimentel plants were being illuminated
C. Light grown plants

..gé..



e b - 3
SCL0LENCO

=
I59]
OJ
tJ
»
(W%
L]
)
oy
)
5
3
o
w
1=t
"
I
oy
o]
<
O
<4
S
l.d
o
=]
O
[
s
<
(o]
[}
g
L’ +
s
[
i~
»
e}

+

NNNNN

broad bean lecaves on illuminaticn. Tne radloactivity

jo
k3

tiec acid

3

in the nucleic acids was dorived {rom -0

supplied to the plantse

RT\‘ &\‘
Specific activity
T, Slluminated RZ./leaf  ng./m. Wet ute {com/vz. )

0 0,60 11.8 ‘ 21,3
2L 0,61 11.8 32,5
48 0,72 902 34,8
72 1.35 6.5 - 25.3
96 0,97 4,5 | 23.9
Maintaiﬁea in 0.63 10.9 26,6
dark for 96 hr, ' , ‘

Light grown 101 3.1 | -




4 . P P A PLoamd demn T s
Teble 6., Chanecs in wet weight of the Fixst Two icaveg
o7 ctiolated broad tean plonts upon illiumination.
Er, iilluminsbted Icef weishd (mg..)

o

2l
18
72
96 ’ -

Mainteined in dark for 96 hire-

Light grouwn




Toble 7. Chenges in the totael amount of DNA in ctiolatcd

broad been lcaves on illunination. The recdioactivity
i

in Thez nucleic acids wos derived Trom Cworotic acid

supplied To the plants.

-

Speciflc acUlvisy
Hr, illuminated mz./ical mz./®. Wet UWie {orn/nge.)
0 40,5 0,71 3032
2l 17 5 0047 6
L8 +5.0 0,44 18,9

72 ¥7.5 . 0,30 1005

96 5107 Oo 32 ‘,\"o 85
Mainbtained in k5.0 0.40 10,8
Gark for 96 hr. : .

Light grown 57,0 0.41 —
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6]

ablec 8. Chonges in anounts of varioug rRNA Traction:

of broad bean leaves on illumination of ctiolated plante,

DA

These velucs were calculated by assessing how much RUA
in the ftotal gel volume would give & uniform gbsoriznce
of 1 at 260 mp and then calculating what proporiion

of this each frection represents,

Veight {(ng. RWA/fracti c“/lc .7 )

Hre illuminated 1,3 m L.im 0.7 m 0.5 m Ookm
0 280 20 250 &0 8
24 290 30 220 Lo i8

- 48 270 50 270 160 50
72 450 90 430 300 80
96 . 300 70 350 190 65

Maintained in 4

dark for 96 hr. 260 - 20 270 60 i3
Percentege

increase between 7% 2509 40%  375% 7125

0 and 96 hr.
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Ynen the leaf RVA's arec labelled with

£

Iy
Yo derive

(Fig. 24 and Table 9). The sSpecific activity of the
chloroplast components doubles within the first 24 hr,
The cytoplasmic components also become moire radlioactive
during the first 48 hyr, of illumination, but to 2 lessexr

degree than that of The chloroplast. Tie most radio-

active species is chloroplast-specific 1.1 m rBNA.

Ingle (1968) has hypothesized that the newly-
synthesized 1.1 m rENA is more stable thaen the oldexr
1,1 m vENA. If this were true i1t would explain why
the 1.1 m chlorcplast component has a higher specific
activity than the 0.56 wm component in these experiments,
The older, non-labelled RNA would fragment into the 0.7
and O,Q'm fragments, and thus the 0.7 m peak {rom the

cytoplasm would be contaminated by unlabelled chloro=-

plast rRNA. ‘The cytop;asmib‘ieg m component has a

higher specific activity than the 0.7 m component in

our system. The decline in specific sctivity of all
components by 96 hr. of continuous illumination might
be duc to an Increase in endogenous synthesis of nuclelic

ecid precursors from The products of photosynthesis,



)

L

ice

-
2

/1

Redicactivity cumy

s
i

N0 R d o LT PP
—sn

——— s

A s e
R e

D)

(7

it

260 m

A
8%

sorbance

Dlectrophoretic Mobilivy

Figure 24. Comparison of the absorbancy and radicactivity
profiles of the nucleic acids extracted from etiolated
broad bean leaves that had been illuminated for increasing
periods of time. .The nucleic acids were fractionated by
polyscrylamide gel electrophoresis and the rsdiozctivity
was supplied t0 the plants as %5 - orotic acia starting
24 hr. before illuminstion.
& - €. 0, 24, 48, 72, and 96 hr. of illuminstion,
respectively
f. Control -~ Plents maintalned in the derk for en
edditional 96 hr. while the experimentel
plants were being illuminated
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Eiectron micrograpvhs of etiolated broad bean ieaves

samples after 0, 24, 48, and 72 hr. of illumination

(Figse. 21, 25, 26, & 27} éhow the gradual Pransition of
the etioplast into the chloroplast. The prolamellax
body éisperses within 24 hr, Long strings of veslicles
radiate into the stroma. Ey 48 hr., therc are numersus
grena stacks within the piestids, but they are not all
oriented in the same direction as they are in the mature
chloroplast. By 72 hr., the grama stecks are orientated
and the chloroplasts are morphologically identical to
those in light-grown plents (Fig. 15).

In the control meateriel maintained in the dark
for an additional 96 hr., there is still no chlorophyll
(Fig. 22), but there is additional incorporation of
“radioactivity into the BN4 (Table 4) and a slight increase
in the proportion of'the total rRNA which the chloroplast
TRNA constitutes.(Flg. 23 and Table 4).

Since there ic a gradual increase in the chlero-
plastic rRNA in etiolated nlants maintvalned in the darlk,
the age of the plants used for experimentation appears
to be important 1ln assessing the degres of rRNA develop-

ment. The rate of changes which occcur as a response

to light are also dependent upcn the age of the etlolated

plants. 1In Fig. 22, it can be seen that when one-tecke-
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figure 25. ‘RElectron micrograph of & plastid Ffrom & leaf
cell of an eticleted broad bean planu which had heen
illuminated for 24 hr.






Pigure 26. Electron micrograph of a plastid from a leaf
cell of en etiolated broad bean plant which had been
illuminated for 48 hr.
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edlings are expvosed to light, the rate
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The chloroplast-specific rRNA’s also seem to take lounger
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Responses to light z2lso scem to vary betlWeen

- -,

ifferent species of plants. In Fgo mays tissue there

o
[

S no comparable 24 hr, lag in Tthe synthesis of chloro-

-

<

piiyll as there iz in the broad bezn on illumination

(Fig. 29), The chlorcplasi-specific rRNA componentse

light (Flg.29&4 and Table 10}, The etlolated leaves of

[

maigze heve meny more ribosomes in thelr plastids than
comparable broad bean (Jzccbson et al, 19633 Wettstein
and Kehn, 1961}, While chloroplasts of green maize
leaves contein many ribosomesy, they do not have as
well-developed graﬁa stacks as the broad bean.

In summary, it appears that in broad becan leaves
grown in darkness for two weeks, the wet weight, chloro=
phyll, EBNA, and chloroplast rRNA levels remain fairly
constant for the first 24 hr, of iilumination. During
this time, There is:1ittle new membrane synthesis within
the plasﬁidsg but digpersion of the prolamellar body
does occur, Also, little synthesis of cytoplasmic rRNA
seens to occur during this reriod. Between 24 and 72 hr.
after the'start of illuminaulon9 chloroplast differenti=

ction vakes place. Chlorophyli, cﬂ70“0D1”SL ¢ TRE.L and
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bsorbance at 260 m
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Eloctrphoretic Mobility

Figure 28. Comparison of absorbancy profiles of broad bean
leaf rR¥4 that had been frectionated by polyacrylamide gel

eélectrophoresiz.
&. Lezves from 2 - weeck 0ld etioleted plents illumingted

fOI' ‘{.‘8 ‘.’:‘o
b. Leaves from 1 - week old etiolated plents illuminated

for <5 avr.
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Abzorbance at 260 mn

S

Figure 2%a. Comparison of absorbancy profiles of maize
leef rRY¥A that e

a

gel electronh sis.
&. Etiolsted planis
b. Etiolated nlsnts thet hed been illumineted for 48 hr.
e¢. Light gruo dlants |
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nembrancs arc rapidly synvhesized, but cytoplasmic rRik

S

D]

is bteing syanthesized at approximatiely the same rate
1T was duriag the first 2% hr,

During the differenticstlion of the membranes in the
chloroplast, it might be cxpected that éhere would ke
synthesis of the ¥"structural® protein of the chloxo=
plast lamellze, It 1s only when the membrenes differs=
entiate and granza stvacks are formed that the chloro
plast can particlipate in photosynthetlic processes

(Hoober et al, 1969), The development of membrane

@

5

can be monivored by studying the development o structural®

otein

g
&

protein., There are some indications tThat this

is made on cytoplasmic »ibosomes {(Hoober et al, 1969;
Smillie. et al, 1967), It was of interest to know whether
the development of this inmporta protclr occuraw:

when there is rapld chloroplast rRNA synthesis..

To characterize the chloroplaszt ¥structural? protein,
i1t was electropnoresed on polyecrylamide gels. The
absorbancy profile of the electropherogran {Pig. 30)
shows that there are several distinet couponcais To

assess which compoents are characteristic of the chloro-

&

Plasts, various emounts of mitochondrial ¥struchtural®

rrotein were addea to the gels and electrophoresed with
the chloroplast material (Fig. 30). Ffom the resulbs

of this experiment, it can be scen that several chloro-
plast proteins have distinchive electroovnoretic mobil=~

ities {identitied in the figure by asterisiksVe In his
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Figure 30. Abosrbancy profiles of broad bean chloroplast
and ' mitochondrial" "gtructural”® protein that had been
stained with Amido Black Tollowing frectionation by
polyacrylamide gel electrophoresis. :

a. Chloroplast fraction

b. Ghloroplast - Mitochondria mixture (4:1, w/w)

¢c. Chloroplaest - Mitochondris mixture (1:4, w/w}

d. Mitochondris fraction
The fractions identified with asterisks appear to he
enriched in the chloroplast fraction.



£

ammonium sulphate fractionation. The profiles from
gel clecitrophoresis of the originel powder as well as the

&

rofein vreciplitated by smmonium sulphate at 20% of its

e

protein, and the obher components that are not precipe-
tated are lamellar bound proteins. When The results of
Figs. 30 and 31 are compared, 1T can be secn tnat There
are two characteristic chloroplast “sitructural® proteins
as well as two ¢ther components which might a2lso be

in this categoiy..

To determine the rate of syathesis of this protein,

e
sl

attenpts were madcecito labe t with radiozctive prew
cursors, Attempts to label iT in vivo with radiocactive
carbon have beén for the most par’t unsuccessful. In
green plants, the most redioactive material bbtaiﬁed
contained 1,000 cpm per mgovprctein; The meaximum amount

of protein that can be placed on the gels is 1 mg. due to

ite extremely low solubility. With approximately 10

@

componenis on each gel, there would be an average of

gach »roteln band in the

®

100 cpm per component. Sinc
gel is cut into 5 to 10 gel slices, the maximum number
cpm that could be obtaincd per slice would be betieen

10 and 20, Thisg is voo low to bec dstected over the



o)

Elec*ronae tic ilobility

Figure 31,
abcorbanCJ profiles of broad bean lamellar protein
fractionated using emmonium gulphate. The fractions
were then genparated by polyacrylamide gel electrophoresis.
2. Lamellar protein before fractionation
b. Ammonium sulphate precipitate ("structural® Drote;n)
c. fmmonium sulphate supernatant

Asterisks identify comvonents enriched in the ammonium
sulpnaete vrecivitate.
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UstructuralY protein in green vlants by iancubating them
e amino acia o 14002 or JH amino
acid in the derxk as well asg in light were also unsucce
An alternative method was tried in order to label The
Uggructural® protein with radioasctivity. Plants that
had been etliolated were supplied with 1}002 for the

period of 48 to 72 hr, affer the start of illumination

Substantial chloroplast differentiation occurs during

o]

this period and so it scemed likely that Ystructural®

the radiocactivity incorporated was also below the limits

of detection,

P
SSIULl,

luring this time., However,



Figure 32. Thin layer chromatographs of the amino acids

; O Y TR T P )
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ceastes a% 8 o

derived by the hydroclysis of "structural® protein isolated

from plants which had been incorporating

L4zo

&+ Chromatograph spraeyed with ninhydrin
b. Autoradiograph of a chromatograph

=
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The mein purpose of the investigation described

here wes Lo examine Tthe metabolism of chlcroplast rHNA

cytoplasmlic components were not separated from ong
another, Comparable differences were found by Pollaxrd
et al (1966} and by Spencer end Wnitfield (1966). The
‘maln feature of the results was the uancxpectedly high
proportion of Wlight® »RN& Trom chloroplasts or {rom
tissues countaining chloroplasts. Spencer and Whitlield

(1966} did no% find any Yheavy® »RNA in the plastids

(o

P

and thought that degredation was unlikely since

Gscheiichia coll rRENA weas not fragmented when mixed

with the chloroplast prepzration. A similar dispro-

ortionately large amount of Y1light® rRNA was found

o]

when the leaf and chloroplast rRENA were fractionated
by chromatography on methylated serunm albumin- klesel-
guhr columng (Wollgichn ot a1, 1966; Dyer and Leech, 1968),

'l

Only as a conscquence of the greatly increased

resolving capacity obtainable by polyacrylemide gel

.
ool
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s
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o
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“he chloroplst rRNL in detzil., The results presentved

ingle (1967) and Ingle

The nature of the fragmentation of the chloroplast
"l.1 m RENA component is of considerable interest since
1

ently occur cven wnen BNAse actlvivy is

ci
=]
W]
<
9}
(¢
ko]
©
H

rigorously suppressed Guring isclatvion of the RWNA. The
results~indicate (Pigse, & Through 9) furtLermoré chat
once isolated, little further cleavege of the intect
1.1 » rRNA ococurs. The proportion of unfragmented 1.1 n
TRNVA recovercd is very variable. Avparently of con-
siderable importance in the isoclation medium is the
presence of Mg+2 or similar divelent catlon although
totally unfragmented l.1l m TRNA may be sxtracited even

in thelr absence.(Fig, 10}, It has recently been shown
that the 0.7 m and 0.4 m fragments wlill re-associate

in the presence of divalent cations (Br. J. Ingle and
Dr. G.J. Leaver, unpublished resulis), although if there
iz much additional degradation, total reconstitution

of the l.1 m rRNA cannol be alffected in This uay (Dre Cudo

.

Leaver end K.J. Hertiey, unpuivlished resulosz;, These

N



can be suggeste

of Ttwo chains Tthat

id b

the 1.1 mn rR

A

not usually cccur unde:

examined, Also,

gevarately, there will

of each chain and no phosvhate on

the ribose at the other end, since

Tormed by polymerization ol 5%=nucl
If the sccond possibility is the cor
ation has occurred as a result o

then there would be a 57 spha

a 3°hmonopho sphate at the other end

no phosphate on either ead of the o

determinavions, although ftechnicall

be quite difficult to perform as ju

that was encountered when an atienmph

with radloactivity the terminal »ib
in order Tvo determine their chain 1
results). Several factors sugzesi

W

the 3%-po

the RNA occurs
> possibility
e possible ©o com-
NA, & BiT

conditions so

nanufactured

the molecules are
cotvide triphosphates,

ect one and degrad-

ribonuclease action,

te at one end and

of one chain and
ther chain, Suéh
y feasible9 would
dged by the difficulliy

was made to lebel
ose of the

=th

ength (unpubl



nucicase, the activity of which is apparently inhibived.

. ™
by Mg"s has becn Tound to be a2 component of mEschewichia
3 - = - o~ 3 Zh -
coli and cceveral cother ribosomcs {Petermenn, 196L) and

known to occcur (Gould, 1966). The specific re-sssoclation
¢f The 1.1 m »RNA either Ffrom Two &is

el

from one that

of TRENA 1s known to have & doublcec helical configuration
and it has been suggested that it may have & secries of
CYhalirpin-like¥ regions in which there is basce pairing
~and that these are 1ilked by lengths of single stranded

REN£Lo - 5

1,

<

The mostl Tik cly sites for engymatic degradation To ccour

ingle stranded (Could, 19663

first are vhere the RNA is s
MePhic.et al, 1966) either betwecen the haripin loops
(A = AY or at their apices (B = Bj. A4 breck sited in the

result of enzyme action

7]
o)

apical segucnces either as

¢

or because there are two chains could be masked by the
base palring in the helical region which could alge mgke
possible specific re-azssoclation., A discontinuity vetween
the hairpin-like reglons, however, could not be masked

and would ecxplain why more cxtensive degradatlion reoult



T ROP Y, v e . " EN >
in PTragments which cannct be re-asscoiatscte-

Yheavy? conpounent is either composcd of two scebions

- FA O « D e 2 o - . - oyl e s
or thet 1t congisis of 2 cingle chicim With Ay}

'in which there are considerable base sequence hemologics
1

sequences (PFellner and Sanger, 1968)s. It appears, there-

fore, that fragmentation of the “heavy? rRNA is &

general phencmenon notv coniined to that from chloro-

plasts. Although in the broad bean only %Hwo componcnts

Ly

erived from the 1.1 m »RWA, morc extengive Trase
o o

o)

are
wentation occurs in maize (Fig. 22) and radish cotyliedon
as has been Tound by Ingle(1968), The resulis prescnted
here confirm the precence within chloroplasts of rENAL
which i8 comparable in size to thet of bacteriz. ALlso,
in pure chloroplast preparations there is no rRNA similer

To that in cytopicsmic ribocoomeg, which suggests thet

brotein synthesis which cccurs in plastids is guite

¥

distinct from thet taking place in the cycoplasi,.
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between proplastlds, etloplasis, chloroplasts, and cnromo=-

tids, amyloplasts aad chlero-

plastids of a pilant are not intcrrelated.

ds in plent cclls,

-y
]
.}
9]
®
C{
Ho

Dzspite The cmmiprescence of
the plastid-specific ONA'S are not distinguishable in
all the tissues of the same plant (Figs. 12 & 13). In

the broad bean these RNA's can only be found in leaf or
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micrographs suggest that the resszon why the chloroplst

type rRENA could not be distinguisghable in some tissues
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some mRENA synt

cnloroplast and

icance o The

chloroplast formatlon, thc Giffercntabtion of the leavesz

from the lack of chioroohyli the euternal morrholosy o

in verious tissues appcers to be corrclated with the
of chloroplasts either from proplastids or from etioplastc

ied by a corresponding increasc inm the proportion of
the total ribosome population which the plastid ribosomes
represent.. Doterminations of the nucleic acid content:

hanges on iilumination of etiolated icaves chow that

[¢)
o
O

the increase in the total ANA is all in the plastid
fraction (Tables 5 & 8).. TFrom this it may be eonciuded
fhat eviclated leaves convain their full complencnt of
cyloplesmic riboscmes dospite the leaves being sreatly

redused in sige when comrared with those from normal

Light-grown plantz., In maige, in which the leaves are



7

9]

3

completely inhibited

» chlorophyli-dos:

oD RRPUb

‘span of developmente.

The study of tThe kinetics

ninating in the differ

from cetlopias

0]

plast

ntia

(o]

increase
evidence of

T the &if

]

teds W

ucida
apd chioroplast

2

uevur

d

oy daray

P>
Sl C L3 O

¥
-

Cion och¢vﬂ6 during the period of mo

in chioroplast

cntiation of fTunctional

t

3
o

8¢

Their role in this 1

of the procezses cul-



)
e

-

DETTLoUL

»

iC

Th

- 126 -

]
H

0]
&
8

"¢

envisage

o

3

VA e
S

4

ropla

T

chl

cchronce
nembrancs

v

n ol
Y

:)
iy

that
various

cho:

0]
w1

O
(]

-

renc-tou

-
TIATY ™
LS e

ic

ment

<o G

ey o
reat

(v

1%

on the nuecle
gh

L
[

ligh
on &

g W

n polysome configuration

i

ki

o

ol

&

1ce

«

Lue

Somes
A
S S

0 be resolved

L

da

d Novelll,

i

&
Do R o

o)

g yet
tran

a.

Y,

this

11liam

5

i

in the nuober of ribo

(

lead to gen
illumination, sinco
appears Vo be on vacuola
that h

r
i1



. ’ - - IS ELS “~ a olm e - o &8 - u .

ment.. In oider Uo caterligh whother cytopliacmle protein
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syubthesis iz activeted before That of the ckioroplast

S de mpd . oy e 2w g e R S n delm 4 5 \ .
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- - 2 5 s dele o - . - & Ry e S e S emeee
incrcasc during the first 2L hy, in Sotal amount of Bii
a9 -l - 7 el . Pl da v 3 - | e ., e
Tollowing illumination of ctiolated brozd besn leaves.

< It
Ty o ey Ja oy ey ooa ., o oy . 8 e o ..,hd.. -~ t. e -L"/G:
LOWESVEY, vhe racve or incorporavicn of EQLOZCUTIVE -

vhat appcars to be mainly chloroplast rRNA (Fig., 2&

end Table 9}, Incorvoration into cytoplasmic TENA 1z

of 32P‘when radish cotyledons were grown for 2 days in
light insztead of the dary. L pozsible explanation of
screpancy is that the radish cotyledons combinuc.

Co accumulate cytoplasmic »RIA even When maintcined

& &=, = e mn T = -y~ S ey - - - -nl - k4 -
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