34398 i !

i‘
I * National Library  Biblioth&que nationale CANADIAN THESES THESES CANADIENNES
of Canada du Canada ON MICROFICHE SUR MICROFICNE
H
. ' ) ) ] /e

NAME OF AUTHOR NO/; D; [ AUTEUR i )/\ / / N /)/)"{ﬁ YA NN D L‘*
TITLE OF THESIS TITRE DE LA /H;SE , A 200 \/ /21 s ([ Coer 7‘/‘/ )l

L/))J/ )’/) Rk J(cwr ))/’;/,)f

’

UNIVERSITY  UN/VERSITE - AN S G . AL SN ! -

. . B - s /. N
DEGREE FOR WHIGH THESIS WAS PRESENTED K - (’ R 2/ / J ) S
GRADE POUR LEQUEL CETTE THESE FUT PRESENTEE ] //7 D /(3 / 5. D Che o J )y

Gl

YEAR THIS DEGREE CONFERRED/ANNEE D'OBTENTION DE CE GRADE

A~y /Jé?z( ¢ e [/ék

NAME OF SUPERVISOR/NOM DU DIRECTEUR DE THESE

Permission is hereby granted to the NATIONAL LIBRARY OF L autor/satlon est, par la présenre accordée 4 /a BIBL/OTHE

CANADA to microfilm this thesis and to lend or sell copies QUE NATIONALE DU CANADA de m/crof//mer cette thése et

of the film. ' N de préter ou de vendre des exemplaires du film.
The author reserves other publication rights, and neither the L'aufeur se rdserve [es autres, droits de publication; ni /a
thesis nor extensive extracts from® it may be printed or-other- théseni de longs extraits de celle-ci ne doivent étre imprimés

wise reproduced without the author’s written permission. ou autrement reproduits sans ['autorisation écr/te de I’ auteur

c oy - . ' :
DATED/DATE o\'/yf j) ) 9'2 SIGNED/S/GNE. - ///Q@ %’/

PERMANENT. ADDRESS/RESIDENCE FIXE. (// //&(? &:EW/{C/Q j / L {é; /JW Yo L/ 5/'
- ’ _ ’4’7//'\}70;(/% »@/kg%)ﬂ}/ 4er%
LBacl ol el _ “nata

NL=-91 (3-74)



'

.* National Library of Canada

Cataloguing Branch
Canadian-Theses Division

Ottawa, Canada
KAA ON4

NOTICE

The quality of this microfiche is heavily dependent upon
the quality of the original thesis submitted for microfitm-
ing. Every effort has been made to ensure the highest
quality of reproduction possible. '

If pages are missing. contact the university which
granted the degree. ;

Some pages may have indistinct print especially if
the original pages were typed with a poor typewriter
ribbon or if the university sent us a poor photocopy.

Previously copyrighted materials (journal articles,
published tests, etc.) are not filmed

Reproductionin full or in part of this fitm is governed
by the Canadian Copyright Act, R.S.C. 1970. c. C-30.
Please.read the'aythorization forms which = scompany
this thesis. o '

THIS DISSERTATION
HAS BEEN MICROFILMED
EXACTLY AS RECEIVED

NL-339 (3/77)

Bibliotheque nationate du Canada

Direction du catalogage
Division des theses canadiennes

N\

./\
AVIS

La qualite de cette microfiche depend grandementde la
qualité de la these soumise au microfiimage. Nous avons
tout fait pour assurer une qualité superieure de repro-
duction

«

S'il manque des pages. veuillez communiquer avec
|'ur3iversité qui a confere le grade.

La qualite d'impression de certaines pages peut
laisser a desirer, surtout si les pages originales ont eté
dactylographiées a I'aide d'un ruban usé ou si 'universite
nbus a fait parvenir une photocopie de mauvaise qualité.

tes documents qui kont déja l'objet d'un droit d'au-
teur (articles de revue, examens publiés, etc.) ne sont pas
microfilmes.

La reproduction, méme partielle, de ce microfilm est
soumise a la Loi canadienne sur le droit d'auteur, SRC
1970, ¢. C-30. Veuillez prendre connaissance des for-
mules d'autorisation qui accompagnt ~t cette these.

LA THESE A ETE
MICROFILMEE TELLE QUE
NOUS L'AVONS REGUE



THE UNIVERSITY OF ALBERTA

RTBOSOMAL PROTEINS OF GATEWAY BARLEY

g
AND ITS VIRESCENS MUTANT
by
(:Ei:) KIRPA RAM YOUNDAL
- \\
A THESIS
SUBMITTE . "HE FACULTY OF GRADUATE STUDIES AND RESEARCH

IN PARTIAL {ULFILMENT OF THE REQUIREMENTS FOR THE DEGREE

OF DOCTOR OF PHILOSOPHY
\ o c
IN -

PLANT BIOCHEMISTRY‘
.DEPARTMENT OF PLANT SCIENCE

EDMONTON, ALBERTA
FALL, 1977



THE UNIVERSITY OF ALBERTA
FACULTY OF GRADWATE STUDIES AND RESEARCH

-\

The undersianed certify that they have read, and recommend to
the Faculty of Gréduatg Studies and Research, for acceptance,‘a .
-thesis.enfip1ed'”Ribosomé] Proteins of Gateway Barley and its
Virescens Mutant" submitted by Kirpa Ram Koundal in pértia] fulfilment

7Y

of the requiréments for the degree of Doctor of Phﬂoso;;hy in Plant

Biochemistry. ‘ SN

..................................

\ '\5 A

/,Zzt /( af(,/c

...................

.....................................

Date M¢?/?/7 o o /g

A .
o

it 2.
I PRONPRRIIC WUV LIV SRR

e ' e < R OO

B L W U VU PR eI



Iv

O my parents



ABSTRACT : 0

\[ he proteins of the 8OSAeytop1asm1c ribosomes isolated from dry

.
/

gave'similar patterns with 60 basic proteins. ‘Atter dissociation of
the.ribosomes of the dry embryos the respective subunits of the normal
and mutant had the same number of acidic proteins with similar mobil-
ities. However for the mutant, the hasic.proteins of the\GOS
sutnnlt m1grated Jess than those of the normal and lacked three g)ﬁthe )
proteins present in the normal but had three additional spots 'Also_n |
the protein patterns for the 406 subun1ts d1ffered "The mutant
lacked three of the protelns present in the normaT but hee three
'add1t1ona1 spots Desp1te these differences both homologous and
\hetero]ogous subunits of the.two lines: were able to reassoc1ate into
‘monosomes wh1ch were act1ve in po]y (U)-d1rected polyphenylalanine
. synthesis. ‘ ‘ : |
The patterns of the basic proteins of: ghe 80S cytop]asm1c r1bo—
somes from seedling 1eaves of the normal and mutant were s1m11ar w1th
60 prote1ns and they were like those of the 80S ribosomes 1so]ated
. - from the dry embryos. The basic proteins of the ch]orop]ast ribosomes.
--of the two lines gave 51m11ar patterns with 53 proteins. However, d1sc
ge] e]ectrophores1s of the ac1d1c prote1ns of the éytop]asm1c and

chlorop]ast r1bosomes isolated from seedling leaves of the norma] and

mutant showed d1fferences between the two lines.
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INTRODUCTION

Comparative studies of Gateway bartey‘and its virescens mutant
in this laboratory have shown that although the seedlings of the mutant '
were low in ptgments (Maclachlan and Zalik, 1963) the deficiency in
ch]orOphy]] production was not due to an inadequacy of the cn]orophy11
precursor §-aminolevulinic -~id (Sane and Zalik, 1970). Ch]oroplasts

of young seed11ngs of the mutant were abnormal and contained large
vesicles (Maclachlan and Zalik, 1963; Jhamb and Zalik, 1973). The

total RNA content of leaves ot the mutant was Tless thanlin the normal . -
(Miller, 1965) and in the juvenile state leucine‘U—]4C incorporation

into protein:by thevmutént was less than for the normal (Sane‘and

Zalik, 1970). More recently it haé\been found»that etiop]aéts of the
mutant lacked crystalline prolamellar bodies (Jhamb and Zalik, ]975)T

that the mutant lacked a number of soluble and ]ame]]arvnroteins in

O

the early stages of development and the photoreductive activity of
plastids from 4-day old mutant seed]inés was only 5% of the normal
(Horak and Zalik,.1975). In these studieé it hés been noted that during -
the course pf deve]opment (about 8-day) the ch]orop]aéts of t* “ant
assymed a normal structure and the mutant acquired the same complemen
of proteins and p]gments as the normal.

- Jhamb and Zalik (1973) hypothesized that among the undetec._u
proteins of the mutant in the Juven11e state there was probab]y a key

protein which was affected by the nuclear mutat1on (Stephansen and

Zalik, 1971) and might be prerequ1s1te for the formation of other



Y

proteins and pigments.

It has been i@p]ied that the production of crystalline pro-

lamellar bodies in étioblasts is related to the presence of ribosomes

-<Gunning and Jagoe, 1967; Wellburn et al., 1977) and studies from many

laboratories have established that both chloroplast and cytoplasmic
ribosomes are involved in thé synthesis of_ch]orop]gst membrane proteins
and of RUDP carboxylase (Goodenough and. Levine, 1970; Eytan and Ohad,
1970; Kawashima and Wildman, 1972; Hoober, 1970, 1972; Bourque and

Wildman, 1973; Bar-Nun and Ohad, 1977). Furthermore,. the absence or

alteration of specific ribosgmal proteins have been related to gene

mutations in z. col? (Krembel and Apirion, 1968; Funatsu and Wittmann,

1972; Fdnatsu et al., 1972) and in Chlamydomongs reinhardi (Mets and
Bogorad, 1972; Davidson et al., 1974; Brugger and Boschetti, 1975).

Thus with respect to the Gateway-mutant it was inferred that
during the early stages‘of deve]opment it might have a defect or
deficiency of ch]orop]ast or cytoplasmic ribosomes. Indeed, urpublished
data from this laboratory showed that in comparison with the normal atw
2 to 4 days the mutant had fewer ribosomes of both classes and the
largest difference appeared to be due to a reduction of chloroplast
ribosomes. |

The object of the rz<earch reported in this thesis is to fuffher

these studies. The proteins of the cytoplasmic ribosomes and ribosomal

~ subunits isolated from dry embryos as well as from ch]ofop]ast and

cytoplasmic ribosomes isolated from seedlings were compared by poly-
acrj]amide gel é]ectrophoreSis; Reassociation studies were conducted

and in conjunction with these the incorporation abilities of reformed -

‘homologous and heterologous monosomes were investigated.



LITERATURE REVIEW

Ribosomes

The ribosome is a complex organeT]e made up of three molecules
of ribonucleic acids, many different proteih molecules, and certain
monovalent and divalent cations, arranged in two interacting but sep-
arable subunits (Kurland, 1972; Wittmannuand Stoffler, 1972; Nomura
et al., 1974). The ribésomq is the site of protein synthesis in all
living cells. It carries at least two catalytic sites that participate
in this-proéess and also serves as the focus and organizing center of
‘the protein synthesizing apparatus. As such it interacts with other
macromolecular components of the appard£us: messenger RNA, am%noacyl_
and peptidyl t%RNA and numérous protéin féctors that assist in beptide
chain initiation, elongation and termination. ‘The stfucture and fun-
ctions of ribosomes'hgvevbeen extensively reviewed in several recent
art%c]és (Boulter, 1970; Borst and Goivell, 1971; Kurland, 1971;
Boulter et al., 1972; Borst, i972;'Nomura, 1973; Zalik and Jones, 1973).

“Studies on ribosomes from various.sources.havé shown that they
have many properties in common. From the sedimentatioﬁ'coefficients
which have been ;eported for ribosomes from different speéie% of micro-
organisms, plants and animals, it appeérs that ribosomés fall into two
distinct classes. Prokaryotic (bacterial and,b]ue—green algae) and
Lcrtain cytop1asmic orgéne]leé (ch]orop]a;t and' mitochondria), contain
a "sme11" type bf ribosome which sediments in the 70S range, while the

rvtonlasmic matrix of eukaryotic cells (animals ~d plants) contains a



"1arge“ type of ribosome which sediments in thé 80S range.

Chloroplast and Cytoplasmic Ribosomes of Plant Systems

Ch]orop]ast ribosomes can be distinguished from the cytoplasmic
ribosomes on the basis of their‘characterigtic sedimentation‘coefffcients
as well as the sédfmentation coefficients of their subunits and RNA com-
ponents (Bfawerman, 1963§ Clark et al., ]964;>Boardman ét al., 1965;
. Boardman, ]966; Loening and Ingle, 1967). Several attempts have been
made to characterize ribosomes from greenalgae by their sedimentation
properties (Eisenstadt and Brawerman, 1964; Sager and Haﬁiltqn, 1967. .
Rawson and Stutz (1969) determined the presence of 79S and 69S ribosomes
in Chlamydomonas reinhardi. They found that the ribosomes, particularly
the 69S partic]es,were unstable at a low ratio of divalent to monovalent
jons. Hoober and Blobel (1969) dgmonstrated that chloroplast ribosomes
of wild type cells were more sensitive to changes in magnesium_échen— '
trafion than cytoplasmic ribosomes. 'As the M92+ concentration waé Tow-
_ered a series of changes occurred in the chloroplast ribosomes which
- resulted in a progressive lowering of their sedimentation_ve]ogity.-
These chqueé might be the result either of an'altefation in ribosome
conformation or of a loss in prote%ﬁ bound to 70S ribosomes. The sen-
sitivity to Mg2+ ion concentration together with the susceptibility of
.éh]oroplast r-RNA todegraﬁatjbn probably explains the hetekogeneity in
VSedimentationdve10city of ch]oroplast ribosomes reported previously for
Chlamydomonas (Gillham, 1969; Sager and\yamilton, 1967) and other organ-
_isms. such as Euglena'(Eisenstadt and Bfawerman, 1964; Smillie et al.,
1968). Bou%que et al. (1971) confirmed the opservation of Hoober and

Blobel (1969) that chloroplast ribosomes of Chlamydomonas can undergo a

i



progressive decrease"1n seqimentatlon ve]oc1ty in -response. to sequent1a1

reductions in magnes1um con t1on,_pr1or to their actual dissociation:

stabi]ized’and’cou]d be isolated in the'presence'of 20 to 25 mM MgC]Z.
They were,,therefore,‘able to charatterize both the chloroplast and

cytoplasmic ribosomes of the Y-] taht of Cthmydomonas retnhardi with

i
regard to the sedimentation rateg of the monomers, the subun1ts and the

r-RNA and to obtain e]ectrophoret1c patterns of the ribosomal proteins.
They have shown t“" *he 68S ribosomes of the Y-mutant contain 23S and4/
185 RNA. Johnsc ) and Goodenough,. and Lev1ne (1970) have presented
ev1dence that 70S r1bosomes and the 23S and 165 r- RNA are 1ndeed of
ch]orop]ast origin. | |

Subsequent invest{gations by Rawson and Etutz (1969) provided
clear evidence that 1ntact ch]orop]ast ribosomes from h1gher p]ants in
fact sed]ment at 70S and contain 225 and 178 RNA Both Boardman et qi..
(1966) and Van' Kammen (]967) obtained active ch]orop]ast ribosome frac-
tions from tobacco 1eaves but the preparations were 50% contaminated
by cytoplasmic ribodomes Ribosomes of the.cytoplasm can occur bound to
\V\ the membranes of the endop]asm1c reticulum (Blobel and Potter, 1967
Murthy, 1972), to the outer envelope of the nucleus (Whittler et al. 7968
Ke]]ems et«al.» 1974), to the ce]] membrane (Glick and Warren, 1@69) and
to the outer envelope of the m1tochondr1a (Ke]]ems and Butow, 1972 1974
\Kur1yama and Luck, 1973) The ribosomes bound to the endoplasmic ret1c-_
ulum synthes1ze mainly secretory prote]n (Redman and Sabatini, 1966;

Redman, 1967) and membrane bound proteins (Dal]ner et al., ]966; Lim and

Adams, 1967). Op1k (1968) and Payne and‘Bou]ter (1969) also sudgested



that membrane bound ribosomes preferential]y.synthesiie storage pfotein
in the cotyledons of developing pea and broad bean seeds.A Ribpsomés
are bound to endop]asmit reticulum iﬁ part by the nascent protein chain
(Adelman et al., 1973).

Chloroplast ribosomes are either attached to'the photosynthetic
thyiékoid membrane or are free in the chloroplast stroma (Chen and
Wildman, 1970; Margulies and Michaels, 1974). Thylakoid-bownd ribosomes
of both afgae.and Higher plants occur in arrangements which suégest poly-

~ ribosomes (Margu]iés and Michaels, 1974; Falk, 1969; Clark et al., 1964).

A large percentagé of chloroplast ribosomes of Ehlamydomonas reinhardi
arevrecoVered bound to isé]ated ch]orop]ast membranes when completion
of nascent chain is prevented with Ch]O?amhhenico1 (Margulies -and
'Miepae]s,‘]974; Chua et al., 1973). Since thylakoid ribosome§ are
~attached to the membranes in part by nésé%nt chains (Chua et al., 1973;
Mérgu]ieSaand Michaels, 1974) and qarry out amino acid incorporation
into brdducts‘which.arévreieased_t5 the membrane it was suggested that
they synthesize thylakoid protein (Margulies et aZ.% 1975; Michaels and
Margulies, 1975). Only 5% 6f the chloroplast ribosomes of ChZamydémo;as
reinhardi occur free in stréma and over half of the chloroplast ribosomes
are bound to ch16rop1ast thylakoid membréﬁes if completion of nascent"
polypeptide chains is prevented by chloramphenicol (Margu]ies'qhd/
) Michaefs, ]975).. | .

Hadziyev and Zalik (1970) reported thé isolation of ;ibosomes
and polyribosomes from wheat chloroplasts. Using sucrose gradient and
analytical u]trécentrifuge analysis they shdyéd fhét polyribosomes from
chloroplasts of 4-day o]d_seed]ings had mono;, di-, tri-, tetra-, andv

traces of penta-ribosomes while those from 7-day old Seedlings had only



the mono-, di-, and traces of tri—ribosomes.' withpuf ‘Mgz+ in -the sus-
pénding medi um the.p01§iibosomes dissociated into ripgsoméi\SUbunits.
In ear]ier work Hédziyev'et dZ 1(]969) had shown that the y1e1d of po]y—
ribosomes could be 1nc:;ased cons1derab1y by using bentonite in the

isolation medium. However, they found that bentonite 1nh1b1ted RNAase
only about 50%. | ,

Bfeen et aZ.,;(1971)‘s£udied the\po1ysomes from bar]ey‘tissués.
The exti;;ted po]yriboéqmeé were charéétefﬁzed fn sucrose gradienfs by'
their COéversion to monbsomesbwhen incubated with pancreatic RNAase'ahd
by their gependence on adequate amounts of Mg2 during extract1on and |
analysis. The addition of 10 mM DTT was part1a11y effective in prevent-
ing the loss qf higher po]ymerizéd staﬁes of polyribosomes at KC1 con-
centrqtions below 0.4 M. Extraction at KC1 concentration greater than
0.4°M and pH 8.0 reduced the amount of ribosomes obtained from the tis-
sue; They dbserved'the dissociation of monosomes into subunits when the
tissue was extracted in 0.6 M KC1. _ _

Ramagopal and Hsiao (1972) reported the isolation of polyribo-

somes from 4-day old maize shoots, using high pH (8.5) isolatioh media.

They studied tie effect of pH, bentonite and leaf zge on polysomes and ,

concluded that bentonite had nc sighificant effect when polysomes were

isolated from very young.tissue either.af pit 7.5 or 8.5. However, with

older leaves benﬁonjte had to be added to the'hom0genizin¢ bof e to

preserve the larger, polysomes. High pH media.appear to .2 ve

for obtaining pblysomes with minimal degradaticn from riccnuc »ich .
) ‘ - 11

tissues.

<

Larkins'and Davies (1973) attempted to isolate ‘the polyr - :

from pea seeclings by low speed centrifugation of a post -mitocacrir

~dJ



supernatant made 8 mM in Ca2+ concentration. They observed that-exogen-

ous and endogenous calcium st1mu1ated polysome degradation.

Later Jackson and Larkins (1976) reported a 'procedure for extract- .

ing p01y$omes.from tobacco leaves. In their study, they ground young,
expanded tobacco leaves in high pH and h{gh jonic strength buffers con-
taining EGTA'(a divalent.catien chelator with high affinity for metallic
catione). .Their results showed that re;overy of polysomes was reduce
by the'presenCe of diva]ent cations (Ca2+) in 1eaf tissue and. this could
be overcome by chelations of these ions with EGTA. , —
Larktns and Davies (1975) isolated and characterized the total
population of (free and membrane bound) polysomes from eticlated pead '
seed]ings | They achieved a partia] éeparation of free and membrane-
bound polysomes by re]at1ve1y Tow speed centr1fugat1on of the homo-
genate. Based on the r- RNA analysis, they conc]uded that approximately
'45% of the ribosomal mater1a1 was bound to membrane and the rema1n1ng
55% cons1sted pr1mar11y of free po]ysomes The free po]ysomes cou]d
be recovered Tfree from membranous mater1a1 by sed1mentat1on through a .
dense sucrose pad_(700 mg/m1) for vary1ng periods of time up to 90 hr.

Mendiola et al. (1970) separated ch10r0p1ast and cytop]asm1c ribo-

-

somes from Euglena gracilis by zonal centrifugation. The particles were .

characterized by their sedimentation rates as well as by their RNA com-
ponents Total extracts from the green cells contained 30S, 555 and 89S
particles or their aggregates depend1ng upon the M92 concentrat1on
They were unable to detect 70S part1c1es from ch]orop]ast preparat1ons
“Scott et al. (1970)7 and Avadhan1vand Buetow (1972) 1so]ated Fuglena

chloroplast ribosomes although their preparations were .unstable and

3



dissociated sinto subunits when pe]]eted.r Lee and Evans (1970) also
found fhat Euglena chloroplast ribosome preparations contained 46S and
55S components whtCh were often present in greater quantity than the
* monosomes. - o |

Chua et al. (]9735, isolated a mixture of cytoplasmic -(80S) and
ch]orop]ast (705) ribosomes. from Chlamydomonas reinhardi free of membrane
contam1nat1on by sed1mentat1on of a post mxtochondr1a1 supernatant :
through a ]a/er of.1.87 M sucrose. These two species of ribosomes were
present in the ratjo of approximately 3:1. They separated the ribosomes
“into 805 and 70S fractions by centrifugation at a relatively low speed
jnva 16—40% (w/v) sucrose gradient containing 25 mM KC1 and 5 mM. MgCl,.

Extensive physical and chemical: character1zat1on has been made of
r1bosomes from animals, microorganisms and lower plants. In contrast
reasonably complete descriptions of r1bosomes from higher p]ants arg
limited to peas (Ts'o et ai., 1958; Bayley, 1964), white clover (LyttTe—
'ton, 1960), spinach (Lytt]eton, 1962), and wheat (Lytt]eton, 1968 Jones
et aZ 1972). .

In genera], estimates-of—the dimension5~of ribosomes in -solution
obtained by sedimentation ve]oc1ty and other methods are somewhat Targer
than those oota1ned by e]ectron m]croscope stud1es For the 70S ribo-
somes of the prokaryates the d1mens1ons are 200 x 120 x 170 A in dry
state ‘and 290 x 210 x 120 A in so]ut1on (Sp1r1n and Gavr1]ova, 1969).
There have been severa] electron microscopic studxes on eukaryotic
ribosomes from both animals and plants. For some of the plants- stud1ed
by varioos investigators, the d1mens1ons of ch]orop]ast and cytoplasmlc
ribosomes are given in Table 1 which has been extracted from General. .

'phy51ca1 properties of ritcsomes (Van Ho]de.and Hill, ]974).
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Ribosomal Subunits

i." Dissociation - /
‘There are now many reports of(the dissociation of eukaryotic
rvibosomes. Chao and Schacnman (1956) and Chao (1957) reborted the dis- .

sociation of yeast ribosomes and Tsfo and Vinograd (1961) and Lomfrom
and Glowacki (1962) reported the dwssoclat1on of rabb1t reticulocyte
r1bosomes Petermann (1964) and Tashiro and Siekvitz (1965) isolated the
ribosomes from guinea pig liver and dissociated them into their subunits.
In these studies dissociation was acnieyed using buffer high in KC1 and
Tow in'M92+, ~..
| Polyvinyl !u]phate (PVS) was found to induce dissociation of pur-
1f1eo 80S r1bosomes from leaves of Ch]nese cabbage and tobacco as well
as rabbit ret1cu10cytes and yeast (Vanyushin and Dunn, 1967). The sub-
units formed from~the~ribosomes of different origins were all found to.
have-va]ues of about 34S and 50S. In addition to these subun1ts ribo- -
- som~1 preparat1ons from plant 1eaves and rabbit ret1cu1ocytes y1e1ded
two fzster moving componentsuw1th values of 70S and 100S.
Martin ez al. (1969) described the conplete diSsociafion‘of

rat muscle ribosomes into subunits‘using high concentrations of KCI
' ﬂl88 M) at 23°C. They found that 4OS subunits at 4°C formed dimers

which co- sed1mented w1th 60S subun1t in sucrose density gradient
centrifugation. Hoober and B]obe] (1969) studied the disSociation of
‘ch]oroplast and cytop]asm1r ribosomes of Chlamydomonas retnhardz in a
buffer conta1n1ng 25 mM tris-HC1. (pH 7. 5), 25 mM MgC]2 and 25 mM KC1. The

68S ribosomes d1ssoc1ated when the Mg c0ncentrat1on was lowered to

5 mM whereas the 80S ribosomes dissociated when the Mg concentration o

1



was lowered to 1.2 mM.‘ Sgbunits 6f 685  Chlanydomonas ribosomes sedi-
'mented in suérose gradienés containing '0.05 M KC1 and 0.01 M tris-HC]
(pH 7.5) without M92+ at 28S and 33S, and subunits of 80S ribosomes at
30S and 43S. Bourque et al. (1971) confirmed the observations of Hoéber
and Blobel (1969) that chloroplast ribosomes of ChZamydomonas'céh under-
go progressive decreases in sedimentation velocity in response to se- _
quential reductions in magnesium concentration.

App/;;_ai.’(]971) studied the dissociation of ribosomés from
imbibed and nonimbibed rice embryos. Ribosomes from rice embryos were
dissociated into ribosomal subUnits by systematic reduction of the M92+
concentration. The'ribosomes‘ffom imbibed embryos were more easily ;
dissociated than”those from nonimbibed embryos. The resistance to
dissociation was essentially overcbme after 20 min of imbibition at 28°C
at which time Phe rfbosomesvwere activevin protein synthesis. Ribof
~ somes from'eijher imbibed or nonimbjbed embryos could be dissociated .
into subunits when the KC1 concentration was 0.5 M ét] in the dissocia-
.tion buffer. '

Lin ahd Key (1971) reported the dissociation of ribosomes from
'pea rdot by'varying the concentrétion of KC1 to MgC]2 or NH4C] to .
MgC]Z'in the‘presenﬁe of dithiothretol. The moﬁosomés dfssocfated coh-
pletely into~subunits‘a%&6.5 M KC1 or NH4C1.in presence of 5 mM MgCl,.
.ihersedimentapion coefficient of the small subunit was more sUsceptib]é‘
to change‘in KC1 while fhe 6OS’subunif appeared to be more labile in |
NH,C1. | o |

Jones et al. (1972) described the dissociation of zonal purified

cytob]asmic'(BOS) and‘ch]oroplast (70S) ribosomes from 4.5-day old wheat

| séed]ings, in the presence:of the Tow MgC]2 and high KCT buffer. When

"3
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80S ribosomes were centrifuged through 5 to 20% (w/v) sucrose gradiéﬁts
a considerable amount of 80S did not dissociate. From their results
they concluded that the 80S ribosomes d1ésoc1ated into a 60S subun1t
and a 42S or a 49S species. The'chloroplast ribosomes (69S) when

‘  sedfmented_through a sfmi]ar sucrose gradient dissociated into 31S sﬁd
49S subunits. '

"Cammarano et al. (I972a) purified ribosomes (80S) from higher
plants (pea, spinach) by zonal cenfrifugation. Upon dissociatioﬁ$in
high KC] buffer'with Mg2+ at 1.0 mM, the ribosomes dissociated into

‘ subunits-with-sediméntation coefficienf§ of 355 and - 55S. In M§2+’frée
buffer, sedimentation coefficients of fhe subunits were 27S and 42S.
Chua et ai. (1973) used high salt buffer fo dissociate the cyto-
) plasmic and chloroplast ribosome;vof Chiaﬁydomonas reinhardi jnto
///%\ active subunits of 57S and 37S éﬁd 50S and 33S, réspectivéTy | Brugger
h\f Boschetti (1973) obtained a d1reLt separation of total r1bosomes

(70 and 80S)} of Chlanydomonas relnhardt into four subun1ts by zonal

1 4

cen” ifugation using 200 mM KC1 and 2.5 mM Mgz_ in the sucrose gradients.

They assumed sedimentation coefficients of 50S and 30S for the 70S and

60S and 40S for the 80S ribosomal subunits.

o

ii. Reassociation

. Marf’n’and Wool (1968) and Martin et al. '(]969).obtained active
r1bosoma] subun1ts fromj%amma11an t1ssue using high KC1 low M92 dis-
sociation. med1a They suggested that effﬁc1ent reassoc1at1on of the
subun1ts required that the chelating ag@nt EDTA) be exc]uded from the

isolation and dissociation media.

Using dissociation and hybridization methods Martin and Wool

13



(1969) and Martin ot al. (1970) studied the ribosomal subunits from

protozoa, fungi, yeast, plants and mammals. “In general they found that

the small and large subunits of 80S ribosomes of diverse species could

reassociafé to'form hybr. i monosomes.

Van der Zeijst et al. (1972) for yeast ribosomes and Faber and
Tamaoki (1976) usidg_mouse-1iver ribosomes feported the preparation of
active 40% and 60S ribosomal suanits by high salt treatment. The
isolated 4OS.and 60S subunits readily reassociated to form active 80S
moﬁb§§mes when mixed in the ratin>of’ﬁ\g.

Von der Decken.et al. (1970) preﬁg?éd the ribosomal subunits
from liver and skeletal muscle of rats and found that the reconstituted
hybrid monosones were active in the synthesis-ofvpo1ypheny1a1anine.
Cammarano et al. (1972b) also obtained §yv rtic$11y active hybrid mono-
somes from reassociation oflixtoplasmiclribosomal subunits derived from
peas and rats. ) |

Jones 6t al. (1973§\rép0rted the dissociation and reassociation

of wheat chloroplast and ?y oplasmic ribosomes. Tine 70S and 80S ribo-

somes were dissociated through zonal centrifugation in sucrose gradients

y
containing high KC1 to MgCli. The subunits of fhe cytoplasmic (80S)

‘ribosomes combined reédi]yfto form 80S monomers. Although the subunits

of chloroplast ritosomes rezassociated to form:70S monomers, there was.

a relatively large amount of subunits which did not reassociate.

Ribosomal Ribanucleic Acids
Using phenol extraction, Scirin (1961) obtafned ribosomal RNA
with sedimentation coefficientzmgf 16S a d 255 while Glitz and Dekker

\(]963) reported values of 18S and 24S for the ribosomal RNA isolated

14
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from wheat jeriw. In comparing the ribosomal RNA by polyacrylamide gel.
electrophore-is PAGE), Loening (1968) found that bacteria, aétinomy—
cetes, blue green algae and higher plant ch]orép]aéts all had ribosomal
RNA with sedimentation coefficients of 165 and 23S. In comparing the
ribosomal RNA isolated from bacteria, mamma]fan tissue and etiolated
plants, Click and Tint (1967) and Click and Hackett (1966) found that
the sedimentation coefficients of p;ant riboso%a] RNAFwere 165 td 16.5S
and 24.5S.to 24.7S, similar to £. coli (16.55 and 23.5S).

Hadziyev et al. (1968) found that the cytoplasmic high mdich]qr
- weight RNA's from two species of wheat were the same with sedimentation
 coefficients of 18S and 25S. Spéﬁcer and Whitfeld (1966) found only
one high molecular weight RNA (16S) .in isolated chloroplast ribosomes

om several plant species. However for kuglena gracilis Rawson and

Stutz (1969)dreported two distinctly different ribosomal RNA~components
for each of cytoplasmic ‘and chloroplast ribosomeé with'sedimentatiap
coefficients of 20S and 24S,and 175 and 225,réspe¢tive]y. |

Mirault and Scherref (1971) described a method of é]ectrophoresis'
of RNA in;which ribosomes‘were app]iéd directly to.polyacry1amide ge]s.
.Briigger and,Boséhetti (1975) by applying this technique to analyze
ribosomes of Ckiamydomonas rpf-‘;wdi found two RNA bands in each of the

ribosome classes which th - desi, =d as 16S and 23S and 18S and 25S

for the 70S and 80S ribosoi “spaectively,

‘P1ant Ribosomal Proteins
Thére»have been numerous studies on theqproteins of bacterial
(Kaltschmidt et aZ., 1967; Moore et al., 1968; Craven et al., 1969;

Kurland et al., 1969; Traut et ai., 1969; Kaltschmidt and Wittmann,



1970a,b; Mora et al., 1971; Wittmann ot al., 1971) and animal (Bielk
~and Welfle, 1968; Low ot al., 1969 Gould, 1970; King ot a., 1971; Bickle
and Traut, 1974; .Sherton and Wool, 1972, 19745 Peeters et al., 1973)
ribosomes. - However, there is comparatively little 1nformat1on avail-
able on plant ribosomal prote1ns

Janda ang Wittmann (1968) reported a. comparison of protein pat-
terns of 70S and 80S ribosomes from various plants, E. coli and yeast
by disc gel e]ectrophoresis. They found that there is greater similar-
_1ty between chlorop]ast ribosomes from various plants than between
chloroplast and cytop]asm1c ribosomes obtained from the same plant.
Odintsova and Yurina (1969) compared the cytoplasmic r1bosoma] prote1ns
__of pea seedlings and beans. They observed differences in their protein
patterns by gel eJectrophoresﬁs In compar1ng the protein patterns of
cytoplasmic r1bosomes of bean and etiolated pea seed11ngs they found
no differences. The results of Gualerzi and Cammarano (1970) who com-
"pared the r1bosoma1 prote1ns from cytop]asm1c and ch]oroplast ribosomes
of several plant species (spinach, 1ettuce mustard, beet) also showed
that chloroplast ribosomal prote1ns were d1fferentvthan the»cytobiasmic
ribosomal proteins of the same p]anta

Joneézet al. (1972b) descrihed amc. cation of the two-dimen-
| sional PAG method of Kaltschmidt and Wittmann (1970a). Using th1s
metho tm/f found approximately. 85 proteins in the wheat 1eaf cytop]as~
mic ribosomes and noted that 16 of the proteins migrated towards the
anode. The chloroplast (705) r1bosomes conta1ned about 75 prote1ns
which is more “than have been reported for prokaryotic- ribosomes
(Kaltschmidt and Wittmann, 1970b). Upon comparing their ribosomal pro-

teins of chloroplast and cytoplasm from maize and ‘mung beans, Vasconcelos



and Bogorad (1971) concluded that each class of ribosome was distinguish-
able by the electrophoretic pattern. of 1ts'proteins.

Nagabhushan et az. (1974) studied the electrophoretic separation
of the cytoplasmic ribosoma]vproteins of barley, beans, peas, rye, spin-
ach and of two species of wheat emp]oy1ng the method of Jones et al.
(1972b) Among the various sp. exam1ned, they found that wheat had the
highest number of ribosoma] proteins and barley had the least. They
also reported that although the numbers and mob1]1t1es of the prote1ns

“varied to some extent with the species, there was' a s1m11ar1ty in their
pattern,‘efg., beans, peas and spinach were most alike and barley and
rye were similar. They obtained a significant positive correlation
between the number of chromosomes and the number of basic cytoptasmic
ribosomal proteins tn the species.

| Freyssinet and Schiff (1974) founa 75 to 100 cytoplasmic ribo-
somal proteins in Eﬂglena'graciZis:ranging in molecular weight from
10,200 t97104,000¥wh11e the chloroplast ribosomes contaired 35 to 42
proteins with molecular weight ranging from 9,700 to 57,900: They also
obtained 7 acidic proteins in the chloroplast rihosomes and 2 acidic
proteins-in the cytoplasmic ribosepgs .

nGuaIerzi et al. (1974) compared- the cytoplasmic ribosomal pro-
teins of pea seed]ings using urea or SDS two- dfmensiona] PAGE. They
found 32 1ntens1ve]y stained and 8 fa1nt spots in the small subunlt
'and 44 1ntens1ve1y stained and 11 fa1n spots in the large subun1t by
the urea method. By SDS—PAGE, they obta}ned 35-40 and 50-60 proteins
in the small and large subunits, respectively. The majortty of the
ribosomal proteins of both the small and Tahge subunits had molecular

weights between 20,000 to 30,000. Hanson et.az.‘(1974) characterized



the chloroplast and cytoplasmic ribosomal proteih§ of Chlanydomonas
retnhardi by SDS two-dimensional PAGE. They obtained 22 and 26 pro-
teins in the small and large subunits of chloroplast ribosomes and 26
and 39 proteins in the small gnd large subunits of cytoplasmic ribo-
somes, respectively.

Mets and Bogorad (1971, 1972) studied the chloroplast ribosomal
proteins of erythromycin resistant mutants of Chlamydomonas reinhardi.
For a mutant which was under'nuc1ear contro],‘they found alteration
of a singTe protein in the large (52S) subunit and on the basis‘of
electrophoretic mobility they suggested that there was an a1teration
of the primary sequence of the a]tered(proteinﬂ For the mutant wﬁich
vas 1nhérited uniparentally agd postulated as being under plastid con-
trol, a different protein in the 525 subunit was affected and the alter-
ation.Was considered to be either a change in the priméry sequence or
a secondary modification of the proteih. Schlanger et al. (1972)'re—
pofted a cytoplasmic ggne'mutatidn‘in ChZam@domonds which conferred
‘carbomycin resistance and found that this mutation a]tered‘ch1orop1ést
ribosome function. ’ .

Bourque and Wildman (1973) analyzed the proteins of the SOS-Sub-
unit of ch]orop]ést ribosomes and found two differehées between
Nicotiana tabacwn and Nicotiana glauca by PAGE. Whén;they compared the

[4

protein pattern of Fi%hybrid§/of reciprocal crosses, each ofAthe parent
protefns'were found inlboth‘hybrids.: Thérefore, they concluded that
these proteinS'm;st be coded by nuclear DNA.

Schlanger and Sager (1974) studied amino acid incorporation of
five antibiofic resistant strains of Chlamydoﬁonas in order to localize

the resistance at thé ribosomal subunit'leve],_ On the basis of subunit



exchange exper1ments they found that resistance to streptomyc1n, neam1ne
and spectinomycin was localized at the 30S subunit, and the 505 subunit
was the s1te of resistance to cleocin and carbamyc1n They took these
results as evidence that some chloroplast ribosomal proteins are coded
by genes in chloroplast DNA. Davidson et q7. (1974) compared the pro-
'teins of 52S subunits of chloroplast. ribosomes of wild tyne and of four
ery-MI mutants of Chlamydomonas reinhards. For eaeh mutant, one of the
Proteins was different from the wild type on the basis of charge and
molecular weight. Using PAGE Brugger and Boschetti (1975) compared 70S
and 80S ribosomal subunit proteins of streptomycin sénsitive and resis-
ant strains of -Chlamydomonas reznhardz 1nv01v1ng both Mende11an and non-
Mendelian- inheritance. They found 25 and 34 proteins for the 30S and °
50S subunits respectively and 3] end 44 proteins for the 40S and 60S°
subunits.. D1fferences in proteins patterns between stralns were observed
on]y in the subunits of the ch]orop]ast r1bosomes From tne1r results
they concluded that both nuc]ear and ch]orop]ast DNA code ch’orop]ast
ribosomal prote1ns Spiess and Arno]d (]975) found the prote1n pattern
of 70S r1bosomes of wild type cells of Chlamydomonas reznhardz d1fferent
from that of a Mende]1an streptomyc1n resistant mutant but not from that
of a non-Mendelian mutant On rather tenuous ground they - suggested that
res1stance\1n the MendeTlan mutant was assoc1ated with a change in the
ribosomal prote1ns and res1stance in the non-Mendelian mutant was. due

13

toa change 1n the r1bosoma1 RNA.

Prbkaryotic and Eukaryotic Ribosomal] Proteins
Iso]ation purification and character1zat1on of the r1bosoma1

prote1ns of Escherichia coli have. been achieved in a number of

19
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| laboratories (Ka]tschmidt(ct al., ]967§ Traut et az;, 1969; Hardy et al., b
1969; Nomura et al., 1969; Dzionara et al., 1970; Ka]tschmidF and /
Nittmann; 197a3 and Kaltéchmidt et al., 1970). Kaltschmidt and Wittmann

,;]970b) who developed the method of two—dimensiona] PAGE found that the

’.3OS subunits of E. coli contained 21'proteiﬁs and 50S sﬁpunits contained
34‘pf0teins. At bresent,_there is general agreement to the above ﬁoted
nquer of ribosomal proteins present in the E. coli ribosomal subunits.

,Different systems.of nomenclature had been used by the research groups
in Berlin (Kaltschmidt and Wittmann, 1970b), in Uppsala (Kurland et al.,
1969), in Madison (Nomura et al.,?1969) and in Geneva (Traut et al.,
1969). - For cofre]atdon and comparison of the studies done with ribo-
somal proteins inAdifferent laboratories, the plan agrecd to was to co-
opt the numbering system used‘by Kaltschmidt and Wittmann (1970b) based
oﬁ_the'mobility of proteins in two-dimensional PAGE (Wittmann et al.,

~1971). - 3 - . . ‘ ;ﬁ

Dzionara, Kaftschmidtrandiwittmann (1970) determined the molecu-

| lar'weight of the isofated'proteins‘frop the 30S and 50S ribosbma] sub-

units of E..co[i by using two independent methods,‘e.g., SDS-PAGE aﬁd |
equil{brium sedimentation. The results by the two methods agreed well
and gave molecular weights ranging from 10,000 to 65,000 for bfoteins
of the 40S subunits and from 9,600 to 31,500 for those of . the 505 sub--

units. | | .

Sun &t al. (1972) compared the ribosoma]’proteins from nine sp.
of prokaryotes by PAGE in the presencé of SDS; Frbm thef? reSu]ts‘they

showed that ribosomal proteins from all the sbecies closely resembled

each other in number and molecular weight.



Fractionation studies of eukaryotic ribosomal proteins are not
as far advanced as those of E.-coli. However a:number of workers have

investigated eukaryotic ribosomal proteins by various one- and two-

dimensional PAGE techniques (Gould, 1970; Bickle and Traut, 1971;

King et al., 19715 Martini and Gould, 1971; Welfle, 1971; Welfle et al.,
1971, 1972 Lambertson, 1972; Chatterjee et al., 1973; Pratt and Cox,
1973); Thomas, 1973; Howard et al., 1975). |

Bickle and'Trau}a(1971) compared the molecular weight of the

. ribosomal proteins from two prokaryotes, E. coli and Micrococcus

Zysodeiktféus and the cytoplasmic ribosomes of Euglena'and mousg}p]as—

macytoma_ce]T§ by SDS-PAGE. They found that .the average moJecular

Mveights of the bacterial ribosomal proteins were substantially smaller.

than the eukaryotic ribosomal proteins. :

‘Sherton and Wool (]972)}determihed the number of proteins in
rat liver ribosomes énd ribosomal subunits by two-dimensional PAGE.
They'fouhd 30 proteins iﬁ the'4OS‘SUbunit and 39 proteins in the 60S
subunits. The 80S ribosom ééntained'thkee-proteins not present iﬁ
either subunit thus th;jO:§i;;;;;E\?ﬁa{ eukaryotic ribosomes contéined

between 68 and 72 proteins. Howard et al. (1975) separated the ribo-

somal prqteins from 40S and 60S subunits of rabbit reticulocytes by two-

dimensional PAGE.and determined their individual molecular weights.
From their studies they identified 32 proteins in the 40S subunit with

molecular weights ranging from 8,000 to 39,000 and 39 proteins in the

60S subunit with molecular weights from 9,000 to 50,000. Welfle et al. -
, : \ : : _

(1972) reported 70 ribosomal proteins in rat liver ribosomes by two-

- dimensional PAGE. Thirty were found in the small subunit and 39 in the.

S



1arge subunjt. In addition, they also found two acidic proteins in the
large subunit. Ishiguro.(1974) analyzed. the yeast cytoplasmic ribo-
somal proteins by two-dimensional PAGE methods of’Ka]tschmidt.and

" Wittmann (197Qa) and_Mets and Bogorad (1974). By applying these mgthods,
_he obtained 28 and 29 proteins in the 40S subunit and 40 and 41 proteins
tn the 60S subunits, respective]y; He reported the MO1ecu]ar weights

to be less than 40,000 and 60,000 for the protelns in the sma11 and

large subun1ts, respectively.

Amino Acid Incorporation by'Plant Systems
Although protein synthesis by cell free systems from prokaryotes

espeéia]]y Escherichia coli has been extensiveTy studied (Tissieres

et al., 1960, Schlessinger and Gros, 1963; Mangiarotti and Scr1essinger,f

1966, 1967; Schlessinger et al., 1967; and Sherman,-1972) relatively
few similar detailed investigations have been conddcted with higher
plant material. Protein synthests in p]ants‘may~occur on free or
'membrane bound riboso;es of cyt0p1asmic, chloroplast or mitochond-

rial origin (Zalik and Jones, 19735.1:Thus far, studies have been done
' mainly with cytoplasmic and ch]orop]ast ribosomes Cytoplasmic ribo—v
somes isolated . from wheat germ have been a preferred mater1a1 of study.
Marcus and Feeley (196€) reported EFETETﬁ\synthetwc act1v1ty of r1bo—
tsomes isolated from imbibed wheat embryos and poly (U)- d1rected
synthes1s by r1stomes 1so]ated_from dry embryos in the presencelof an
ATP energy generating system. A]]ehde and Bravo (1966) and de Groot
et al. (1967) also.found similar results with wheat embryo systems .
They found that activity depended upon poly (U), supernatant, Mg2 s K+’

‘GTP and an energy generating system. From their studies on amino acid

%
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incorporation by rice embryos App and Gerosa (1966) also demonstrazed
an absolute requirement for po]y vy, M92 , K+, (NH4 ), GTP and super-
natant factors. They found that incorporation decreased when the'ribo-
somes wefe weshed with deoxycholate 'and the incorporation was completely
restored when supernaeang factors were.added. Later App (1969) purified
two factors obtained from rice’embnyo supernatanfs which were required
for i<n vitro polyphenylalanine synthesis. Mehta et al. (1969) found
that.cytoplasmic ribosomes isolated frqm wheat TeavesAe]so had a'similar
cofactor requirement for amino acid incorpohation, moreover; ribosomes -
obtained_by ribonue]ease digestionv of pqurfbosomeS"had negligible -
activity but it cou]d be increésed by the addition of poly (U).
Sissakian et al. (1965) studied emiho acid ihcorporatjon by
ribosomee isb1ated from pee seedling chloroplasts. Boardman et qi.
(]966)'WOrkihg with tobacco leaves and Hadziyev and Zalik (1970) with
wheat compared'the amino acid incorporating abi]ity-of the ch]oroplast
and cytoplasmic hibosomes;. Although both groups fodnd higher ineorpora—
'f{on rates for ehlorop1ast than cytoplasmic ribosomes, Jones et ai.
(1973) who studied the 1ncorporat1onof’pheny]a]an]ne by 80S and 70S
wheat ‘Teaf ribosomes. separated by zona] centr1fugat1on found the rates f
to be the same. They also obseryed'{ﬁa@ the 70S ribosomes were inhibit-
ed by ch]oramphehico] and both 7OS and 80S were ihhibited by_puromycin;
| Gulyas and Parthier (1971) found cytop1asmic ribosomes of pea
seed]1ngs were act1vated in the1r poly (U)- d1rected synthes1s by wash1ng
with NH4C1 KC] detergents or Sephadex gel f11trat1on They 5uggested

the st1mu]at1on was due to remova] of an 1hh1b1tor of the synthes1s of

' pheny]a]any] tRNA :
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Tucker and Zaiikn(T973) studied the pheny]aianine incorporatiod
of whéat seedling cytop]asmié ribOSOmesl When the two subunits of_the
cytoplasmic ribdsqmes were mixed in a ratio of 2:1 (60S:40S), they
‘reassociated to form monosomes but the'reassociated monoéomes were not

active in polyphenylalanine synthesis. Lin et al. (1973) in comparing

9

3

phenylalanine incorporation by ribosomes isolated from pea root and corn
leaves at different ages found much higher activity for preparatiqns

from the younger tissue.



MATERIAL AND METHODS

S

Chemicals
The chemicals used in this study were reégent grade and.were

obtained'from various supp]iere. Acrylamide, N,N]—methylene bis--
acrylamide, N, N, N], N]—tetramethylethy]enediamine and 2-mercapto-
ethanol were from Eastman Organic Chem1ca1s (Rochester, N.Y., USA).
‘Ammon1um persulphate, boric acid, glycine, potassiuﬁ chloride, sodium
ethy]enediaminetetraacetic acdd, sod1um dodecy]su]phate, triethano-
lamine, copper sulphate and phenol reagent were from Fisher Chemicals
(Edmonton, Alberta, anada). Triton X;IOO,.magnesium chloride, pot-
assium hydroxide, ur;a,'sodium acetate, sodium hydroxide, acetic acid
and methanol were from Baker Chemical Co., (Ph1111psburg, N. J , USA). )
U]trﬂ/pure sucrose was from Schwarz/Mann Division of Becton Dickinson
and Co (Orangeburg, N.Y., USA), and Trizma-base, crystalllne bovine
serum albumin and coomass1e brilliant blue R-250 were fiom Sigma 7
- Chemical Co. (St. Louis, M1ssour1, USA) Sodium deoxycho1ate was from
K& K Laboratories Inc., (P]a1nv1ew, N.Y.) and tricine [N-tris(hydrbxy-
methyl) methyl-glycine] was obtaIned from Ca]b1ochem (Los Angeles,

Ca]]forn1a, USA)

Plent material.

Hordeum vngare c.v. Gateway and 1ts ch]orophy]] def1c1ent mutant‘
were used in th1s study. Dry seeds of both 11nes were cut w1th a scalpel '
S0 as to remove most of the endosperm and the dry embryo ends (un1mb1bed)

_were used for most of the studies deal]ng with cytop]asm1c r1bosomes

- 25
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For sump]1c1ty the dry embryo ends will be referred to as embryos.

For stud1es of ch]orop]ast and cytoplasmic r1bosomes,seed11nrs

of both lines were grown under continuous light at 600 ft.c at 22 C.

The seeds were grown in vermiculite and prior to harvest 6 days after

‘ p]ant1ng, the seed]1ngs were chilled at 4°C for 15 min.

Buffer Composition

Extraction buffer: (50 mM tricine pH 7.8, 5 mM MgC]Z, 40 mM KCT,
Buffer I
5 mM 2-mercaptoethanol) -
Resuspension buffer; (]O mM tr1c1ne PH 7.8, 5 mM MgC]Z, 5 mM
Buffer II
2~ mercaptoethano])
Dissociation buffer' (buffer II, containing 400 mM kC])
_Reassoc1at1on buffer: (25 mM tricine, pH 7.8, 25 mM MgC]Z, 25 mM
Buffer I1I
KC], 5 mM 2-mercaptoethanol)
Grinding buffer: (buffer III, containing 4% triton X-100)
Buffer IV: (25 mM tricine, pH 7.8, 5 mM Mgc12, 25 mM KC1, 5 mi

2-mercaptoethanol)

‘Isolation of Ribosomes from Embryos

Ribosomes were 1solated by a mod1f1cat1on of the procedure des-

cribed by Jones et q1. (1972). A1l operations were performed at 4°¢.

Twenty grams of embryo ends of barley seeds were homogen1zed 3 times

intérmittently w1th a polytron homogen1zer (Brinkman Instruments

[Canada] Ltd.) type P.T. 200D for about 40-50 seconds in 80 m1 of

extractionvbuffer (buf?er I). On the basis of many pre]1m1nary trials

this med1um and volume gave the most reproduc1b1e preparat1on of pure

ribosomes. The homogenate was clarified by passing through an Acme

Super1or Juicerator (Acme Juicer, Mfg Col, S1erra Madre, Ca11f., USA)



]ined with mirac1oth The filtrate was brought to a final concentrat1on
of 4% Triton X-100 by the addition of 20% Triton X-100 in extraction
buffer. The resulting suspension was stirred for 15 min dnd then
centrifuged first‘at 10,000 rpm in a 970 IEC rotor for 15 min to remove
the heav : 1nants and then the supernatant w s recentr1fuged at
20,000 ri;t::f§2>in1n The Supernatant obtained was filtered through
miracloth (Ca1biochem., La Jolla, Calif., USA) and layered on'top of

7 ml of resuspension buffer (guffer I1) confaining 1 M sucrose in poly-
_ a]]dmer (#320823) ultracentrifuge tubes obtained from Beckman Instru-
ments (Pd]o Alto, Calif., USA). Ultracentrifugation was done at 55,000
~rpm for 2.75 hr.in a Spinco Ti GOlrgtOr (Beckman Model L2-658B U]tra—
centrifuge). The ribosgg;} pe]]ets were resuspended in 1.5 ml of
resuspension buffer and‘centr*fuged at 17,000.rpm for 15 min in a 970
rotor. beosoma] yie]d was estimated by determfning the Ob of‘the |
‘Supernatant at 260/280 nm using a Beckman 25 spectrophotometer (Beckman
Instruments, Palo Alto, Calif., ¥SA) and the ribosomes were used immed-
jately for further study. This methodvof extraction norma]]y yielded
ardund'SOO A and 400 A260 un1ts of ribosomes from 20 g of normal and

mutant. embryos, respect1ve]y ’ ' | . ' 0

Dissociation of Cytdplasmic Ribosomes

In order to dissociate the cytop]asm1c ribosomes obta1ned from the
‘dry embryos, the r1bosomes were suspended in. dlssoc1at1on buffer wh1ch ‘
consisted of buffer il including 400° mM KC1, and 50 A260 unlts (approx-
'1mate1y 200 u1) of this reparat1on were ]ayered on a 7-37% (w/v) linear

‘sucrose densify gradi in dissociation buffer in 38.5 m] n1troce1]ulose

tubes (Beckman Instruménts #302237, Palo Alto, Calif., USA). The linear
¢ ‘ o :
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sucrose density gradients were prepared by mixing the high and low suc-

rose solutions using a density gradient mixer (Buchler Instruments, Fort
' P
hr in a

Lee, N.J., USA). Centrifugation was done at 22,000 rpm for 16
Beckman SW 27 rotor. After spinning, the tubes Qere punctured at the
bottom and the gradient was pumped at a constant rate of 1 ml/min with
a peristaltic pump (LKB-Produkter AB, Stockholm, Sweden) through a flow
cell and absorbance at 260 nm was recorded. Tﬁe linearity of the sucrose
gradients was confirmed in fwo se;arate runs by adding-O.d mg/ml (w/v)
ATP to the high sucrose soTlition used in pfepa?in§'the gradient in one
tube. After centrifugafionithis tube gave a 1ineaf scan with 0D rang-_~\
ing from 0.95 to 0.05 at 260 nm. " !

| ‘ The fractions of subunit'peaks denote® in Figure 2 were collected,
pooled and stored frozen at -18°C. Aftef four independent preparations

the pooled fractions were combined and centrifuged at‘SS,OOO rpm in-a

Ti 60 rotor for 14 hr to collect the subunit pe]]éts.

Reassbciation of Ribosomal Subunjté

The isp]éted subunit pellets were fesuspended in dissociation
buffer- or in reassociation buffer (buffér IV) by genf]y rubbing with a
Q-tip from which most of fhe cotton had been pulled off and the sus-
jpension was c}arified by spinning at 17,000 rpm for 15 min in a 970
‘rotor. The 60S and 405 sUbunits-suspended in either the dissociation

or reassociation buffer were combined in the proportion of 1:1 A260
. Q1

\

units. After incubation for 0.5 hr at room temperature 2 Aygo units of
each mixture wac Tayered on a 5-20% (w/v) sucrose Tinear gradient in -
4either dissocia..on.or reassociation buffer. The tubes wefe'centrifuged

~at 26,000 rpm for 4.25 hr at 20°C in an SW 27 rotor. The gradients were °
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eluted and monitored at 260 nm as already described.

Isolation of Ribosomes from Seedlings

inghty grams of 1egves from 6-day-old barley seedlings were cut
with a scissors 1nto‘O.5 to 1 cm pieces and were ground in a Waring
blender for 1-2 min intermittently using 160 ml of buffer IV containing
4% Triton X-100. The homogenate was clarified by passing through an
Acme Superior Juiceraton31ined with Whatman #1 filter paéer. The super-
natant was centrifuged at 20,000 rpm for 40 min in a 970 rotor to remove
the debris and cell organelles df the resultant supernatant. 29 ml was
added to each of the polyallomer tubes and 7 ml of buffer III ﬁontaining
1M suc;ose was underlayed before centrifugation at 55,000 rpm for 5 hr
in a Ti 60 rotor. The ribgsome pellets were combined by %uspending them “
in 3 ml of gradiént buffér (buffer IV) and after c]arifyigg at 17,000
rpm for 15 min in a 970 rotor, the supérnatant was inmediately used for

separation of 70S and 863 ribosqmes.

e

Separation of’Ribbsomes-into 708 and B80S Monosemés
From the above ribosome preparation 150 A°60 units (approximately

‘“306¢L1) were layered on 38.5 mj of a 7;37% (w/v) linear sucrose gradient

g .

in gradient buffer. After cenfrifugat%on a$222,000 rpm for 16 hr in a
SNA27 rotor, the’gradient was eluted and monitored as éTready described.
. Absorption was measured at 290 nm rather than 260 nm because of the
large quantities of ribosomal matefia], The fractions corresbonding to
70S and 80S ribosome peaks as denoted in Figure 7 were co]]eétéd, pod]ed
and stored frozen at -18°C.

" In order to prevent dissociation of the ribosomes during subse-

quent centrifugation the Mg?+ condénts@tion in the pooled fractions was ~

K



raised to 25 mM by addition of appropriate amounts of a 1 M MgC]2 sol-
ution. After 5 ihdependent preparations, the pooled fractions were
combined and centrifuged to pellet the ribosomes at 55,000 rpm for 10 hr

in a Ti 60 rotor.
Lv

Analysis of Purity of Ribosomes and Ribosomal Subunits

i. Sucrose density gradient centrifugation

| To analyze the purity of the ribosomes and subunits sedimented

- from the pob]edAfractions, 2 A260 units (apprbximate]y 100 u1) of ribo-
somal material was layered on top of 17 ml of a 5-20% kw/v) Tinear '
sucrose gradient prepaked in the apprqpriate bhffek and centrifuged at
26,000 rpm for 4.25 hr at 25°C inan SW 27 rotor. The gradients were
eluted and scanned at 260 nm as already described. E. coli ribosomes
(Miles Laboratories, Inc., Eﬁkhart, Indiana, USA) were uséd,for

comparison.

ii. Polyacrylamide gel e]ectrophoresis of ribosomal RNA

The purity of ribosomes and ribosomal Subunjt preparations was
also ?ssessed'by ana]ysjs of their.ribosomal RNA components by pbly;
acrylamide gel é]ectrophoresis (PAGE). The procedure of Mirault and
Scherrerﬁ(1971) based on that of Loenihg (1969) was used.

Uniform 2.5% (W/v)'pojyacrylamidevgel solution was prepared: by
hixing 2}0 ml of stock buffer (0.4 M triethano]aminé, 0.02 M sodium .
acetate, and 0.02 M EDTA, pH 7.4), 2.5 ml of 20% aéry]amide stock‘(ZO'g
recrysta1iizéd'acry]amide, and 1 g bis-acrylamide made to 100 m1 with
water) and 15.3 ml water in a conical f]ask,kept>in ice. The‘so1ut%on

<

was degassed under vacuum for 10 min and 100 ul of each of 10% (w/y)
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freshly prepared. aqueous ammonium'persulphate and TEMED‘were‘added in
sequence. Electrophoresis was carried out in 9.5 x 0.6 cm (i.d.) quartz
tubes which were cleaned with chromic acid and coated with 1:200 (v/v) "
Kodak Photo-Flo (Eastman Kodak Co., Rochester, N.Y.) aqueous solution.
The bo]yacry]amide gel solution was swirled Snd poured to a depth

of 8.5 cm in the tubes. The gel solution was overlayed immediate1y»with

 buffer containing. TEMED and ammonium persulphate all in the same concen-

tration used in préparing the gel. To assure good polymerization the
gels were kept overnight at room temperature.

o The e]ctfophoresis buffer consisted of stéck buffer diluted 1:10,
2.5% glycerol, O.Z%ISDS and 0.1% sodium deoxycho]até. Thé gels were pre-
run‘at 5 mA/tube for 1 hr at 4°C and 25 ul of ribosomal material cpntain—

ing 0.36 A units in 1 mM Tris-HC1, (pH 7.4), 1 mM MgCl,, 10% glycerol

260
and 2% SDS was qpp]ied. Prior to electrophoresis 100 u1 of 0.1% (w/v)
bromophenol blue in<buffer was added to the upper reservoir and electro-
phoresis was at 5 mA/tube for 2.5 hr at 4°C. The gels were scanned

‘directly in the tubes at 260 nm using a gel scanning assembly attached

to a Beckman model 25 spectrophotometer. : N

S

ii{. Determination of sedimentation poefficénts ‘. R
Ribosomal samples Eontaining 25 A260 units/ml in the susbension
medium specified with thé figures were centrffugeq at 20°C, in a Spinco
méde]'E ultracentrifuge fittZd with Schlieren optics (SpincobDivisidn,
Beckmah Ihstruments, Iné., Palo Alto, Caiif., USA),.and pictures were
taken at 0, 4, 8, 12; 16 and .20 min oﬁ koqu metaj]odraphic’p]ates after
reaching a speed of 39,460 fpm,_ . ' '

The plates were developed -and read with a Gaertner micro-

31



comparator (Gaertner Sc. Co., Chicago, I11., USA) by Mr. Morris R. Aarbo,
Department of .Biochemistry, who calculated the sedimentation coefficients

using a computer program.
Ribosomal Proteins

(1. Extraction of ribesemal pfoteins

Proteins were extracted from ribosomes and‘from r1bosoma] sub- -
ue1ts by acetic acid essent1a11y as descr1bed by Jones et al. (1972).
Pure r1bosoma1 material was resuspended in buffer II or buffer III
(pH 7.8) containing 100 mM MgC]2 and two volumes of glacial acetic acid
were added. The mikture was stirred for 45.min at 4°C, followed by |
centrifugation atA24,OOO g for 15 min to pellet the ribosomal RNA which’
was‘discarded. The supernatant fraction containing 'the proteins was
- lyophilized overnight and after 1yoph1]1zat1on the proteins were d1s—
so]ved in the first- d1mens1ona] e1ectrophore51s buffer. Protejn con-
centratic 'S were determined by the procedure of Lowry et al. » {(1951)

us1ng cryo “iiine bovine serum albumin as standard.

BRI Po]yatrylamide gel e]ectrephoresis of ribosoma1 proteins

a. First-dimensional. po]yacry]am1de gel electrophoresis: The
methods used were descr1bed by Ka]tschm1dt and Wittmann (]970a) ande
modified by Jones et a7. (1972). First-dimensiona] e]ectrophoresis'was
carried out in 4% acry]am1de ge1 in 15 x 0.6 cm (7.d.) g]ass tubes. The
gel so]ut1on conta1ned 4 g recrystallized acry]am1de ‘O 133 ¢ bis-
acry]am]de, 0. 800 g EDTA- Na2, 3.200 g bor1c acid, 4.866 g trlzma (pH
8.6) and 36 g urea made up w1th water to 99 ml. After degass#ng the
gel- so]ut1on it was made to 0.3% TEMED and to 0.07% with respect to

3
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ammonidmhpersu]phate. The tubes were filled to 13.5 cm with‘ge] solu-
tion and then overlayered with water. ~After the gels were polymerized,
the water was sucked off with the aid.of rolled filter paper. Pre-
e]ectrophores1s was done at 4 mA/tube for 1 hr using the f1rst dimension
e]ectrophores1s buffer conta1n1ng 6 M urea, 0. 15 M borate, 6.5 mM EDTA-
Na2 and 0. ]2 M trizma (pH 8 6) in both the upper and the lower trough.

Then 0.5 mg of r1bosoma1 prote1n sample (approximately 300 ul) in 10%

- sucrose was ]ayered on top of the gels and 10 ul of 0.5% methy] green

was p]aced on top of one gel as a marker dye. Electrophoresis was
carried‘oot at. 5 mA/tube towards the cathode till the marker dyé band

had reached the bottom of the gel (15-16 hr). The gels weré'equilibrated
in urea-acetate buffer (6 M urea, 0.0]2 N KOH, pH 4.6) ior 20 min before
laying them on top* of the second-dimensional gel.

One-dimensional po]yacry]amioe gel e]ectrophoresis of acidic
ribosomal proteins differed from the above in that only 150'ug of each
protein sample and 10 ul of 0.5% bromophenol blue were layered on top
of the gel and the run.was made towards the anode. Electrophoresis was .
stopped whgn.the tracking dye was within 1 cm. of the bottom of the gel
| (10 hr). The gels wére staihed with 0.1% éoomassieybki]]iaht blue R-250 -

(in 10% methanol and 10% acetic acid} for 3 hr and oestainedbby shak{ng‘b
the gels overnight in the destaining solvent (10% acetic'acid and '10% |
.methano]) After c0mp]ete desta1n1ng, the gels were photographed and

: scanned at 550 nm. ' -,

b. Second=dimensional po]yacry]amide gel electrophoresis: The
apparatus used in the second-dimension was the same as prev1ous]y des-

cribed by Jones et al. (1972) to accommodate ge] slabs of 14 'x 14 x 0.6 cm.



. The fo]]ouing gel solution was»used for the second-dimension: 360 g
urea, 180 g acry]aoide, 5.0 g bis-acrylamide, 52.3'ml g1acia1 acetic
acid, 9.6 ml 5NYKOH, 5.8 ml‘TEMED, and water to make 967.0 ml. The gel
so]ution was deaerated in 250 51 batohes'for_10 min and polymerization
was‘initiated by.the addition of 8.25ml of 10% freshly prepared
ammonium persu]phate The 2-D gel apparatus was placed in a shallow tray
and 250 m1 of ge] 'solution was poured around the apparatus and a]]owed
to po]ymer1ze. After the chamber was sealed about 125 ml gel solution
- was poured into each chamber. In order to prevent formation of air
bubbles in the gel slabs the chambers were fiP]ed from the bottom using
fine tubing.attaohed to a column. Immedfately an equilibrated 1-D gel
‘was laid horizontally on tbe 2-D gel and additional Aﬂ)gel'Was poured
over the 1-D gel. A pfece of plastic 3 mm2 was ioserted into the‘secOnd—
- dimension gel before polymerization to‘mark the end of 1-D gel. The
gel solution was kept in ice before pouring and the.equipoent was’kept
at 4°C for 1 hr prior to pouring to avojd too rapid po]ymeriéation of
the acrylamide. | -
After po1ymerization, the apparatus was 1ffted from the tray, -
iézaned of superf]uous gel and put into the cathode buffer container
containing 750 ml of 2-D buffer (0. 018 M g]yc1ne acetic acid, pH 4 6)
Also, 750 ml 2-D buffer was poured into the anode buffer conta1ner.
After removing the 3 mm2 piece of p1astfc, 10 ul of 0;5% metby]ene-b]ue
was applied to the hole as a tracking dye. Electrophoresis towards the
cathode was carried out at 120 volts with the current 1imited to~f20 mA .

at 4°C. E]ectrophores1s was stopped when . the track1ng dye reached 1 cm

from‘the bottom of the gel s]ab (]8—20 hr).

34
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Staining and Destaining o

After e]ectrophoresis the gel slabs were carefully taken out of
the chamber and placed in a tray containing 0.1% coomassie bri]]iant\
" blue R-250, for 3 hr with occasional agitation.. The slabs were placed in
a destaining .apparatus f11]ed with desta1n1ng so]vent and were destained:
e]ectrophoret1ca]1y by app1y1ng 220 mA current for 6 hr.

F1na11y, the gel slabs were placed in a glass tray and were de-
stained by slow shaking on a mechanical shaker using several chahges
of desta1n1ng solvent over a perlod of 10-12 hr. After’comp]ete de-
sta1n1ng the ge] slab in the tray containing desta1n1ng 'solvent was.
1]1um1nated from below on a light box. and photographed with a Pentax .

Spotmatic Camera f1tted‘w1th a 50 mm lens.

]4C—pheny1a1enine‘Incorporation Studies

For incorporation studies, the ribosomes and ribosomal-sobunits
from barley embryos were derived as described earlier. These studies
were carried out- in co]]aborat1on w1th Dr A.S. Cohen and the resu]ts

are given in the Append1x



RESULTS AND DISCUSSION o
Isb]atjon of Ribosomes and Ribosomal Subunits from Barley Embryos

i. Characteristics of isolated ribosomes

‘Each ribosoma1 préparation was examined for hemogeneity by
sucrose density gradient centrifugation and by analytical untracentri-
fugafjon.. Ribosomes isoJatéd from barley embryos sedimented as a

A

"‘siﬁg]e homogenous peak which remained symmetrical throughoup fhe run
(Fig. 1). |

"~ As seen ffom Figure 1, there was no evidence of subunit§ or poly—
somes in the preparation and the calculated sedimentation value of the
monosome Qas 81S. Thfs was ta'-n as,conffrmation that the dry (ynimbib—
ed) embryo ends of barley seeds yielded only cytoplasmic mogbsomes.
Other reséarch workers Using dry’embryog of varioﬁs seeds have‘feported;
obtainfng on]y'8OS‘cytop1asmicvmbnosomes (WOife and Kay, 1967; App et al.,
]971;'Gﬁmilevskaya et al., 1975). Ribosomal preparations:from the‘mutant
bér]ey embryos gave the same patterns as the normal Gatewéy both in |
sucrose density gradﬁent aqd analytical centrifugétion, Thus these‘pre—

parations were also composed of only -80S monomeric ribosomes, but the

yield of ribosomes appeared to be 1e$§ than that of normal embryos.

ii. Dissociation of ribosomes and isolation of ribosomal §ubunits
The purity of the ribosomal preparatioﬁs that were to be uSed in
dissociation studies was' assessed by absorbance readings at 235, 260 and

280 nm (Refermanh,'19§4). Only those preparations having absorption
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FIG.

1.

Anaiytical ultracentrifuge pattern and sucrose gradient

analysis of ribosomes isolated from embryos of Gateway barley.

A- the ribosomal pe]iet in resuspension buffer was centrifuged
in the analytical ultracentrifuge and the picture was taken
12 min after reaching a speed of 29,460 rpm at 20°C.
Direction of the run from left to right.

BQ Sucrose gradient.ana]ysis of ribosomal pellet. Two‘A260
units of ribosomal preparation were applied to a 5-20%
(w/v) sﬁcrose density gradienf in resﬁspension buffer and
centrifuged at 26,000 rpm for 4.25 hr at 25°C in a Beckman
SW 27 rotor (small buckets). After centrifugation the

~eluant was monitored at 260 nm.
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retios 260:235 and 260:280 greater than 1.40 and 1.80 respectively were \
used. Using such prepérations the optimum conditions in terms of KCI
concentratien sucrose gradient and quantity of mater1a] to obtain com-
p]ete d1ssoc1at{en of the ribosomes and isolation of their subunits were
determined. From these preliminary studies it was found that comp]ete
dissociation anq.separation of ribosomal subunits in high yield coule
be obtained consisfent]y by usinglthe procedure given'ﬁn the methods
section. After,dissociatjon,ef the-ribosomes and separation of the
subunits on sucrose grédients the separate portions of the 40S and 60S
subunits indicated in Figure 2 were cQ11ected and pooled for the 6
tubes. . As seen from the figure there was complete dissociation of the.
mdnosomes and‘the subunits were well separated. The dissociation pattern
of the mutant embryo ribosomes‘was the'same as thét_of the ﬁofmé]. These
methods madé it possible to ise1ate both subunits from the normal and
mutant Tines of barley 1n'sufficient quantities to carry out further
studies. = |
vAna1y51s of" Pur1ty of R1bosoma1 Subun1t Preparat1ons

“The insert in Figure 2 shows that pur1f1ed 40S subunits (A) were
almost free of contamination with 60S subunits and purified 60S subunits
(B) were free of eontaminetion with 40S sybunits. The extent to which
the small subunits were c%nteminated by ]arde subunits was marked]yo'
dependent oﬁ the ribosomal c,. :ntration in the highxsa1t sucrose grade
ients and cou]d be reduced to almost nil when the amount of ribosomes

loaded on the 7-37% (w/v) sucrose grad1ents did not exceed 50 A260

units.
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FIG. 2. Sucrose gradient separation of 40S and 603 ribosomal

subunits of Gateway barley embryos

A}

g > Fifty A260 units-(ZOO y])éof ribosomes suspended in'diss@cia-
3tibn buffer were layered on a 7-37% (w/v) linear sucrose gradjent in
‘dissociation buffer. After centrifugation at 22,000 fpm for 16 hr

at 4°C in SW 27 rotor the eluant was monitored at 260 nm. The portions
of the 40S and 60S subunits indicated by the arrows.were collected and
pbo]ed. The subunits in each fraction were pelleted by centrifugation
in a Ti 60 rotor a€'55,000 rbm fo” 14 hr at 4°C. Two A260 units of
each subunit were applied to 5-20% (w/v) linear sucrose gradient in
buffer iﬁc]udiqg 40 mM KC1, and centrifuged at'ZG,OOO rpm for 4.25 hr

. N .
at 25°C. in an SW{.27 rotor.  The contents were monitored at 260 r.

Insert A- 40S; B- 60S.
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i. Polyacrylamide gel electrophoresis of ribosomal RNA isolated from
individual subunits ‘ ’ : v »
To confirm the purity of each subynit preparation, ribosoma] RNA

WD
telectrophoresed. Using 2.5%

from individual subunits was extracted?éﬁﬁ
po]yacry]aé{de gels. As indicated in Figures 3A and B-each]yielded only

one RNA component assumed £o be 255 and 185 RNA for the Targé and small
subunits respectively. From‘thefe1ectrophoretic patterns it is apparent )
that these RNA's were still intact aftef'dissociation of the monosomeé.

. karlier Glitz and Dekker (1963) wbrking with wheat .germ reported values

of 24S and 18S for the high molecular RNA.

ii. Sedimentation coe?ffcients of ribosomal subunits

The purity and sedimentation coefficients of the ribosomal suB—
units was determined by analytical u]tracentrifdét}bn as described in
‘the Materials and Methods and are given in Figure 4. As seen from
Figure 4A the large ribosomal subunit was free from 40S contaminafion
and gave an S value of 59. The small SUbunitl(Fig. 4B) gave a major
. peak with a sedimentation coefficient of 37S and a_mfnor peak with a
sedimentation coefficieﬁt of about 605."This h%%vier peék was assumed
to be‘a dimer of the.sma]f'subunit rather than confamfnation'by the
1érgé SUbunit.v There are two reasons for this assumbtiOn; firsf]y the—
purity of the subunits assessed by the sucrose gradients'gnd secondly
the absence of ény RNA in the small sdbunit fraction heavier than 18S
upon SDS :olyacrylamide e]ectrobhoreéis,(Fig; 3B). Gumi1evskéya et aZ;
(1975) and Faber and Tamakoi‘(]976) repOfted the capacity of small
subunits from dry:pea seeds énd rat-Tiver ri «coes respecti"éTy.to

form aggregates.
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FIG. 3. Pc .crylamide gel electrophoresis of RNA extracted from

ribosomes and ribosomal subunits of Gateway barley..

Fifty ug ribosomes in 1 mM tris-HC1 (pH 7.5), 1 mM MgC]Z,_
10% glycerol aﬁd 2% SDS were applied to a uniform 2.5% gel. Electro-
phoresis was for 2.5 hr at 5 mA per gel. The gels were scanned directly

?

in the.quartz tubes at 260 nm.
RNA of R%bosoma] subunits ffom barley embryos:
A- 60S; B- 40S.
RNA of cytoplasmic and'chldrop1dst ribosomes from leaves of

barley seedlings:

C- 80S;. D- 70S.
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FIG. 4.- Analytical ultracentrifuge pattern of ribosomal subunits

isolated from embryos of Gateway barley. /

The ribosomal subunit pellets in resuspension buffer were
centrifuged in the analytical ultracentrifuge and the pictures were
taken 12 min after reachihg a speed of 39,460 rpm ét 20°C. Direction
~of the run was from left to rjght.

A- large subunit; B- small subunit.
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Jones et al. (1972) carried out dissociation studies on cyto-
b]aénlc (80S) ribosomes from wheat seed]ings'using high KCT to MgC]Z'
buffer. They concluded that the 80S monomer could dissociate into a
large (61S) subunjt and a small subunit which might have an S value

+ - .
2 . The sedimenta-

of either 425 or 49S depending upoh‘thc level of Mg
tion coefficients of high salt derived cytoplasmic subunits in the
presence-'of‘Mg2+ reported in this study were hicher than fhose found hy.
Hoober and Blobal (1968) for Chlanydomqnasircinkardi ribosomés but they
"were;similar to those obtained by Jones et aZ;.(1972) for wheat and

Chua ¢z «l. (1973) for ChZamydoﬁonas réinhardi. The lower sedimentation
boefficiénts (SOSvand 435) obtained by Hoober and Blobel (1969) ﬁay,have
been due to their obtaining the riboscmal subuhits ét 50 mM KC1 and 0.1

mM Mg’2+ o 50 mM KC1 without M92+. It is now known that absence of Mg2+
in the djssociation buffer results in lower sedimentation values for'the

'ribosomal subunits (Cammarano et az.,’1972a§‘Chua et al., 1973).

‘Reassociation of Ribosomal Subunits

For reassociation studies‘thefribosomél subunits collected as .
'shown in Figure 2 were used.‘ In addition to'the purity tests already
referred to, the 405 and 60S ribosomal'sqbunits'were ﬁixed in a ratio of .

1:1 A units in dissociation buffer ahd'centrifuged in sucrose grad-

260
ient in dissociation buffer. As seen in Figure 5 the subunits of bath
. ' ’ ‘ H :
the normal and mutant remained intact and there was no reassociation.

On the other hand when purified large and small ribosomal subunits
isolated froal normaT‘and mutant barley embryos were mixed in a ratio
units ih_rea5§ociation buffer they reassociated readily to

of 1:1 Ao

form stable 80S mbnosomeé; Figure 6A shows thé‘réassociqtion of the



48



FIG. 5. Sucrose gradient centrifugation of 40S and 60S subunits of

ribosomes from normal and mutant Gateway baf1ey embryos.

Five A units of each of the subunits collected as shown in

260
Figure 2 were mixed (1:1) in dissociation buffer and incubated for 20
min at room temperature. Two A260 units were analysed on a 5-20%

(w/v) linear sucrose gradient in dissociation buffer by centrifugation

at 26,000 rpm for 4.25 hr at 25°C_in a Spinco SW 27 fotor;_

‘A- Normal; B- Mutant. _ : PO,
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medium containing 1

' '.ch]oroplasts and subsequently extract1'

ribosomal subunits of normal embryos and Figure 6B indicates the

re-

association of the ribosomal subunits of the mutant. It can be seen

as well that ribosomal subunits ofdnorma] and mntant barley were

to recombine to form hybrid 80S monnsomes (F1g 6C and D) Both

able

the

hom01090us and heterologous combination formed monosomes having a sed-

imentation value of 805 as judged by sucrose density gradient (F1

g. 6).

S1r ce almost all the mater1a1 of the -gradients was in the 805 component

it seems that the r1bosoma1 subun1ts were almost completely used

format1on of the monosomes. ' v .

in

The phenylaganine 1ncorporat1on ability of the reconst1tuted

ribosomes will be presented in: the Appendix.

. The present results are in agreemént with the previous findings

mM Mg2

the wheat embryo ri

and 60 mM KC1. The 1nab111ty to reassoc1ate

somal subun1ts by Wolfe and Kay (1967) cou]d be

exp]a1ned on the bas?s that they dissociated the r1bosomes without Mg2

or very Tow Mg2 concentrations whereas it has been found that reasonab1e

concentrat1ons of Mg2 are necessary in the dissociation media to obtain

active subun1ts (Cammarano et al., 19727},

Separation of Total Ribosomes into 7OS and 80S Monosomes

P

To compare the chloroplast and cytop]asm1c r1bosoma1 prote1ns of

norma] and mutant bar]ey seed]1ngs 1t was 1mportant to obta1n pure pre-

parations. of ch]orop]ast and cytop]asm1c r1bosomes Ch]oroplast
somes have been obta]ned from severa] p]ant sources by 1solat1qg»

the r1bosomes from them

e

ribo-~

pur1fjed



51



-

FIG. 6.” Reassociation of cytoplasmic ribosomal subunits from embryos

of Gateway barley and its mutant.

v R
al

260 units of each of the subunits collected as shown in
Figure 2 were mixed (1:1) in reassociation buffer and incubated for 20

Five A

min at room temperatﬁre; Two-A260_units were analysed on a 5-20%
(w/v) linear sucrose gradient in reassociation buffer by centrifuging
at 26,000 rpm for 4.25 hr at 25°C 1in a Spinco swv27 rotor.

A< Normal 60S + Normal 40S. '

B- Mutant 605 + Mutant 40S. . .
C- Normal 60S + Mutant 405. . ’
D-

Normal 40S + Mutant 60S.

LL ]
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A

N60S +N40S

D

N40S+Mb0S
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(Hadziyev and Zalik, 1969; Odintsove and Yurina, 1969; Vasconce]os and
Bogorad, 1971; Schwartzbach et al., 1974). In pre11m1nary studies a
'few_attempts were made to 1so1ate pure chloroplast. ribosomes by isola-
ting chloroplasts from barley seed]ings but the procedure.did not‘giVe
satjsfactory results. The yield of chloroplast ribosomes from barte-
seedlings was very low and the breparation. conta1ned more 80S thar 70S
>5r1bosomes “Rawson and Stutz (1969) ana unes et ai. (1972) 'also en
tered difficu]ty_in obtaining good yields of ch]orop]asf monosomes - free
of ,loplasmic ribosomes from EujZena gracilis and wheat seedTings
o respectively ' U1t1mate1y 1t was dec1ded to separate chloroplast (70S)
ribosomes from tota] leaf ribosome preparat1ons The barley leaves .
were ground in buffer containing 4% Triton X-100 as descfﬁbed in‘the
methodsf The detergents, sodium deoxycholate and Triton X-100, have
been used to release ribosomes from membff‘~s. S1nce it hss been re-
ported that sodium deoxycho] e induces dissociation of ch]orop]ast
o rfbosomes (Scott et aZ 1970; Munns, 1972), Triton.X-100 was- used in

- this study Total r1bosome yfe]d wae about ]4OO and 1000 A260’uﬁits
per 80 g of normal and mutant_barﬂey séed]ings, respective1y Thus
normal seedlings gave approx1mate1y 40% higi -, y1e]d of total ribosomes
than the mutant. }

FlgureWZ illustrates the separation of the total 1eaf rfbosomes.

On]y two peaks which were not especially well separated were oetained
However, by collecting these as 1nd1cated in the f1gure clean fract1ons
»of chloroplast and’ cytop]asm1c ribosomes were recovered (F1g 7A and

B). Using these method< with, a maximum 1oad1ng of 150 A266 units per

tube the results were reprodUC1b]e but 5 independent preparat1ons were

required to provide enough ch]orop]ast ribosomes for further studies.
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FIGuV7. Sucrose gradient separation of chloroplast (70S) and cyto-
plasmic (805S) ribosomes from leayes of 6-day old Gateway

barley seedlings.

’Ribosoma1 material resuspended in buffer IV containing 150

A260 units (300 ul) were layered on a 7-37% (w/v) linear sucrose

gradient in the same buffer. Afte(,centrifugation at 22,000 rpm for 16 -

hr at 4°C the portions of 70S and 80S ribosomes indicated by arrows

were collected and pooled. The ribosomes in each fraction were pelleted

by . centr1fugat1on in a Spinco Ti 60 rotor at’ 55,000 rpm for 10 hr at
4?C. Two A260 units of each ribos oma] fraction and 2 A, un1ts of
‘ E. coZz r1bosomes were applied to 5 20% (w/v) linear sucrose gradlents
1; buffer III and’ centr1fuged at 26,000 rpm for 4.25 hr at 4°C. The
€1uants were nmn1tored at 260 nm. '
A- C;tgplasm{c r1bosoma1 fract10n;
B~ Ch]orop]ast ribosomal fraction.

C- E. coli.

Wﬁbd oy
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When more than 150 A260 un1ts were loaded the separat1on was poor
‘The total r1bosomai preparat1on yielded approximately 20% 70S

r1bosomes and 80% 80S ribosomes. Similar yields of 70S and 80S ribo-
~ somes were reported by Jones et aZ,'(1973), from wheatf1edves using

zonal centrifugation. Chua et al. (1973) 1so separated the total

ribosomes from. Chlam.domonas reinhardi into 70S and 80S monosomes by -
.:zonalecentrifugation. They (Chua et al., 1973) ‘obtained good separé—
tion at 22500 rpm for 14 hr, but at é speed of 48000 rpm for 5 hr under
the same ionic conditions the 70S but not the 80S ribosomes dissociaéed
a]most-comp]eté]y.e From their_resu]ts they suggested that chloroplast
ribosomes are more pressure sensitive than the cytopTasmic‘ristomes.
In this study it is evidenf'that 708 ch]orop]ast ribdsomes and the 70S
ribosomes 'of E. coZz were not as stab]e as the cytop]asm1c ribosomes.
Q'Upon recentr1fugatlon, 70S r1bosomes showed cons1derab]e d1ssoc1at1on

(Fig. 78.and C)
Purity-Ana]ysis of the Separated Monosomes ¢

i. 'SUCroee gradient 3na1ysis‘_ '
| Wheh the cytoplasmic and ch]oroplastbribosomal fractions indfcated
in Figure 7 were ana]yeed on suerose denSity éradients a‘sing1e peak was
obtained for the cytoplasmic (803) ribosomes-withbut'any contamination
by 70S hib%gomes (Fig. 7A) The ch]orop]ast 70S r1bosomes were free of
'805 contam1nat1on but the ch]orop]ast r1bosomes partially d1ssoc1ated
hnto 50S -and 30S subunits during centr1fugat1on (F1g 78B). To further
~assess -the pur1ty of these r1bosoma1 fract1ons their RNA's were extracted

and electrophoresed.

56
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As indicated by Flgure 3C and D the cytoplasmic and ch]orop]ast

r1bosoma1 fract1ons each yie]ded two distinct RNA components in PAGE.

- Those of the 80S r1bosomes were heavier than the corresponding RNA

fractions from the 70S ribosomes and their respective § va]ues were
taken as{$55 and 18S and 23S and 16S. From the e]ectrophoret1c pattern,

it is apparent that the RNA' S were intact anﬂbthere was no cross con-

tam]nat1on of e1ther fractions.

ii.  Sedimentation coefficjents

. The sedimentation coefficients of the two. ribosomal fractions
were determined by ana]}tica]lu]tracentrifugation As shown in F1gure 8A
the cytop]asm1c ribosomal fraction gave a’ sed1mentat10n coeff1c1ent of
82S and was almost devo1d of 70S contamInatlon The chloroplast fraction
gave a sedimentation coefficient of 66S (Fig. 8B) and was a]most devoid
of 805 contamination. The sedimentation coefficients here are in agree-

ment w1th those obta1ned for ch]oroézgat»and cytoplasmic r]bosomes of
J

- various p]ants (Clark et al., ]964 BogFdman et az,, ]965, 1966 Sager -

and Ham11ton, 1967; Stutz and No]], 1967, Hoober and Blobel, ]969;_\

Hadziyev et aZ, ]969 Gua]erz1 and Cammerano, 1969). .

Ribosoma] Proteins

‘Two D1mens1ona] Po]yacry]am1de Gel ETectrophores1s of Ribosomal Proteins

v from Bar]ey Embryos

- At least three separate ribosomal preparations were made for each

of the normail and mutant barley embryos Separate electrophoret1c runs

- were carried out for each preparatIOn by two- ~dimensional PAGE. The pro-

tein patterns of the 1nd1v1dua1 runs were s1m1]ar and were therefore
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FIG. 8.

Analytical ultracentrifugation pattern of chloroplast and

cytoplasmic-ribosomes from leaves of 6-day old Gateway barley

seedlings.

[y

I ,
The ribosomal fractions collected as indicated in Figure 7

£

were pelleted, resuspended in buffer III and centrifuged. Pictures

were taken 12 min after reaching'a speed of 39,460 rpm'af 20°C. The

direction of the run was frdm left to right. : J(\f 

"A- Cytoplasmic ribosones.

B~ Chloroplast ribosomes.






used to compare the ribosomal proteins of the normal and mutant

on the basis of their‘mobilities. To help in making the comparisons the
gels werevphotographed and a grid was placed over the photographs to

, count the spots (Nagabhushan et al., 1974). Each of the stained spots
was ass1gned a number depending upon the mobility of the individual pro-
: te1n in the second- d1mens10n (Kaltschmidt and Wittmann, 1970b). A]though
-a number of prote1n spots which stained on the ge]s were fa1nt or barely
‘ detectab]e in the photographs they were c]ear]y visible when the gels
were placed on a 1ight box. Moreover when twice the usual amount of
r1bosuma1 protein was e]ectrophoresed these spots were d1st1nct

There have been a number of reports (Jones et aZ., 1972; Sherton

TN\~ and Wool, 1972; Gualerzi et al., 1974; Hanna and Godin, 1975) which

po1nted out that different r1bosoma1 proteins may shov di fferent intén-
sities upon sta1n1ng. Thus even the faint spots were regarded as indi-
cating the presence 6£ a ribosomal protein. However, these spots might
represent . ribosoma} proteins which are'present in oh]y part of the total
population of ribosomes. | 4

As seen from Figure 9 the 80S protein pattern of normal (A) and
mutant (B)Vwere'similar. Both resolved into 60 basic ribosomal protefns.
The majority of the ribosomal proteins of the normal and mutant were
'strong1y stained with no apparent differences between the’twollines.
However, , for the'1ess strongly stained prateins the mutant had sharper
bands for numbers 1, 7, 25, 50, and 58.than did the normal. Because of
the 1arge numbers of proteins in the monosomes and inadequate separat1on
of them even by two—d]mens1ona1 PAGE a more deta11ed comparison was made

by electrophoresing the proteins of their respective subunits.
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FIG. 9. TWo-dimensidna] gel electrophoretograms of proteins from
3 R "
the cytoplasmic ribosomes from embryos of Gateway barley (A)

and its mutant (B).

‘Samples of 50 ung of ribosomal protging”were applied to 4%
disc gels and electrophoresed with buffer containing 6 M urea, 0.15
M boric acidé 6.5 mM.NazEDTA and 0.12 M Trizma, pR 8.6, for 15 hf¢af
5 mA per gel at 4°C. After the firsi-dfmensiona] run the ge]'Wa55
equi]ibréted in 6 M urea in acetate buffer pH 4.6 and placed on the
18% gel Slab. E]ectrophofesis in the second-dimension using 0.018 M
g]yciné—acetate buffer pH 4.6 was for 18 hr at 120 V with current N
.liQited'to‘ZZO mA at 4°C. Electrophoresis in both dimensions was from
anode to cathode. Details of the procedure and for)staining with’

coomassie are given in the Materials and Methods.
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Two- D1mens1ona1 PAGE‘of Prote1nst£rom R1bosoma] Subun]ts of Bar]ey !

b2

Embryos- _
: ‘?'.
i. Protejns of small subunits

The nrotein patterns of ghe 40S subunit of. the norma1'anﬁ“mutant

"?ﬂre.shown'§ﬁfFigure 10. A]though the cond1€‘bns of e]ectnﬁphoresws were
. Y “,'4 -

P

-monb the durat1on of the run sin each d1mens1on, the current applied

and the temperature, it can be seen that the paftégiagof'the'proteinsfﬁf e,

the 40S ribosomal subun1ts of the normal and mutant were d1fferent For -

Ty

,__;;i;

‘example proteins number 7 and 27 wh1ch are 11ke1y the same pfote1ns in
EY 2
both lines migrated differently espec1a1}y in the secqu d1mens1on
DO
hyi ous exp]anat1on for th1s observat1on,,but it was coun- o

80 tnree 1ndependent runs; - o ot R

hd : . . L ot

ad. and mutant’ 39ﬁ%a1ned 84 bas1c prote1ns but evon ;\és L0
o)

fierence in patter somg of .the proteins of the

norma] Subun11 are ab;ent from the mugant, ites, 26, 29 30 Another
»d1Tferenre bttWeen the two is *the: gppearance,gf bands a, b and o on]y ?
in the mutant In addition band 31 wh1ch.feéfa1nt in- the n;rma1 is

d1>t1nct in the mutant . A? . ﬁ?ivf
Proﬂz1no of theOSmall subun1ts of both the normal and mutant
appeared cS bands upon e]ectrophores1s ‘Si‘he\:ery few bands were ob— N

served when ‘the nrote1ns of the monosomes, whic shou]d have-conta1ned

{
. all of the prote1ns .of the subun1t were e]ectrophoresed it is probab]e

that format1on10. oand; may have beeri: due to overload1ng Sherton and

Wool (1972 reported band formatlon upon e]ectrophoreq&pg r1bosoma1

k3
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FIG. 10. Twdo-dimensional gel e]écﬁrbphb%étograms of the proteins of
‘the 40S subunit of cytoplasmic ribosomes from embryo: of
gapeWay'bar]ey~(A)ﬂaﬁd ﬁts'mqtant {B). - T -

Samples of 500 ug of prot;in of the.ribosomal siv-:nits wére'J

IS
applied to the 4% disc ge]s‘and electrophoresis in.the . nd 2nd
fﬁﬁ.,diméﬁsioh was performed as described in Figure 9.
v
. A

Y v >
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subunit proteins of rat liver.

ii. Proteins of the large subunits
The two-dimensional polyacrylamide gel étéctrophgretic pétterns

of fhie 605 subunits of normal and mutant bar?ey are shown in Figure,il.

As seen from Fiﬁure 11 the protein patternsof the two lines differed(

As with the smalier subunit the proteins of the mutant 60S migrated

1ess than those of the norma] subunit in the second dimensiofg. Both

the norma] and mutant contained 4] basic prote1ns of which A few were
11ght]y'sta1ned. In the case of the prote1ns designated. as 39 and 41'

~ the spots were 1ntense in the normal but were faint 1in thegpptant The
ay e

three prote1ns 4, 5 and 13 wh1ch were present in the norma] 605 subuﬁ1t ,J

‘were absent. from the mutant wh11e the mutant 605 subun1t showed three

add1t1

T,
v . ﬁ*%q W

” gﬁ: 7 d1fferences in the protém« patterhs of the two lines were
T ' x L S : : L
7 eproduc1b]e ' f(v; - SR i, fﬁ

3

onal Erote1n spots a, b and c*wh1cﬁ were absent .ffom the nf

Regard1ng the additional protein spots obta1ned for both “the.
- sma]] and ]arge subun1ts of the mutant it should be noted that even if
bands b and c had been present in the subun1ts of the norma] they m1ght
‘have run off the ge]s because of the highér mobility of the prote1ns
of’ the norma] 1n‘zhe second- dimension. o |
In. compar1ng the prote1n patterns of - the small and 1arge subun1ts

(F1g 10 %§§~]1 , 1t can be seent that the prote1ns of the 40S differ

cons1derab1y from prote1ns of their respect1ve“60$ subunlt in number,

| mob1]1ty and band formation. These rences.wene observed for the
. B . ‘ - 4 . Y @ ot A .‘ . N N
L - . Brig v ul ’ )
- subunits of both the normal and the mutamtie L
There were several spots wfth‘identiCa] electrophoretic mobilities*
. oo - . , ’ ‘ . ‘ A N
(‘ AN

66



S-

<
o VA
'
v
b
¥
v
.
A
-
e

»)

-~

v
.
g ¢
\
o . . N
4 oy
T B
>
7
g
v
. . \ .
. & | ,
. 1‘ A
. : s |
O N ,
’ "
" : .
R
, . :
P %
.l
) e 13 7}
-

“ “
- w " ,
<
- - 2
‘ sw . .
. ‘ |
L
o
>
. .
: ~ - oy
R »
i
3
o
.
& YE
.
N o
. .
\ L)
g ‘
¥ . . '
N
.
. .
.
S
LA
! -
s s
| .
* .

67



. VN -
w .v""~ ,.w_‘f' o ) -’

- AN !

'f:éiectrophbretogramsrof

-
!
4 ¢

- FIG. 11.. Two-dimensibna}f the proteiﬁs of

q : L §
the 60S cytop]aﬁm; ‘ribosomal subunit from embryos of Gatewa*P

; AR
barley (A) and 1%s mutant (B)..

Samples of 500 ug of tein of the ribosomal subunits were
_ . N o .
_applied to the 4% disc gels and electrophoresis in the 1st -and 2nd

dimension was performed as described in Figure 9.
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in the small and large subunits but it is dlff1cu1t to- dec1defwhether

these represent identical proteins occurrl y1n both the subunits or

whether they represent prote1n with 1den@¥ha 'm1grat1on. The summation

of the basic ribs 'al_prote1ns of "both smalt and large subunits gave

] Ja“3? monosomes had only 60 protein spots for both the

}"t. This may have been due to poor resolution of

.;;the h1gh number of prote1ns present in the monomeric r1bosomes or to

dﬁ%ent1ca] mob111t1es of prote1ns from the twO subunits.

The ribosomal qubun1ts were a]so ana]yzed for the1r ac1d1c .

~proteins. The proteins of each of the ribosomal subunits were electro-

‘phoresed by one- d1m°ns1ona1 PAGE at pH 8.6 and run from the cathode to

the anode. The results are shown in F1gures 12A and 13. As seen. from
these figures 4 acidic 5$gte1ns were Jresent 1n;each~o. the ribosomal

subunits of the embrycs from both the horma1‘qnd mutant. Thos the

isoetectric points of thase proteins were Tower than pH 8.6. 'In add—

-

ition to these bands there was protein qrd.n1na mater1d! at the top of

the gels. The mob1]1ty o1 the prote1ns in repli rate rons vas

Con°1d°r1ng the acidic and basxc cytop1asm1c r1bosoma1 ‘subygpit

‘prote1ns of tﬁe embryos of both Tines tnere were'/qxogether 38 proteins

present in thg,snm]l subun1t, 34 of'wh1ch m1grated oationically (F'g ‘
: ¢’

10} and four an1on1ca11y'(Fig"12Aﬁ There were. 45 prote1n§ in 1he

]a'ge subbn1t Fs of wh1ch m1grated cat.onﬁca11y (F1g 114r@nd gganlon#
’ W

1ca]]y (F1g 12A) o , - L M

There is no reported two- d1mens1ona1 PAGE study of the r1bosoma1

prote1ns isolated from the r1bosomes of dry embryos The only studles'

“of this kind for h1gher_p1ants “have involved ribOsomes;iso]ated from .

o
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Fig. 12. a0One-dimensional polyacrylamide gel electrophoresis of acidic
proteins of ribosomes and ribosomal subunits of Gateway

barTey.'

Samples of 150 ug of ribosomal proteins were applied to 4%

disc gels and e]ectrophoresed wi%w buffer containing 6 M urea, 0.15 M

bomc acid, 6.5 mM Na EDTA and 0,42 M Trizma, pH 8.6, for 10 hr at 5 mA

2
per- ge“f at 4°C.. The procedure ﬂ).r e]ectrophores1s and sta1n1ng w1th

¥

coomassie are given in Ma’temaﬁ and Methods.

A- Ac1d1c protems gi ribosomal Subunits from bar]ey embryos.
. Norfal- N:60S, 21OS Mutant- M: 6OS 40s.

B- Acidic mbosomé‘f proteins of ch]orop]ast and cytoplasmic

.r]bosomes from leaves of barTey seedhngs

o a;‘** - Normal- N:80s, 708; Mutant M:80S, 7os
. ~
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FIG.

13.

-

Densitometric tracingé of gels of acidic proteins of ribo-

somal subunits of barley cmbryos.

The stained gels shown in Figure 12A were scanned at.550 nm.
A- Normal 60S; B- Mutant 60S.

C- Normal 40S; D- Mutant 40S. i
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imbibed seeds or from Teaves. "Since d1fferént 1so]ates and s]1ght dif-
ferences 1in the electrophoresis p:SEedure may resu]t in 1arge differences
in the pattern of ribosomal proteins by two- d1mens1ona] PAGE, there 1s_
no basis for making direct comparisons of my results with previous‘
stud%es. For example Nagabhushan ot al. (1974) reportéd 44 cytoplasmic
ribosomal proteins from &5-day old leaves of Gateway‘barley, 31 of which
were basic and 13 were acidic. The owe' number-of ribosoma]'b?bte}ns
obtained by them mighi have‘been due to the lower M92+ concentration in
the acetate used for the extraction of ribosomal prateins-since a high
level of magnesium ions (100 EM) has been fougd to increase the yield of

ribosomal proteins (Hardy e¢ aZ.? 1969). -
| p ( )./ a ) \

Two-Dimensiona] PAGE of Chlaroplast and Cytoplasmic Ribosomal Proteins
»i 2tad from Leaves of 6-Day 01d Barley Seedlings

To study the chloroplast and cytop]aémic kiLosoma1 proteins at
least three separate chloroplast and cyfop]asmic ri@osoma] preparations
were made for each of the normal and the mutant scedlings as mentioned ’K;\\
.earlier. Sgparate é]ectrophoretig runs were carried out for each prepa%— T
atfon by two-dimensional PAGE. ﬂ ” :

The two-dimensional electrophoretic protein patterns of 80S normal -
and mutant seedlings are shown in.Figuke 14. Both the normal and the
mutant had 60 basic proteins. Except for some minor differences in
mobility and intensjty of §pot; these prdtein patfernsvwere remarkably
similar and reproducible. |

| A comparison of the patterns of the basic proteins of cytoplasmic

ribosomes from barley seedlings (Fig. 14) and barley embryoé‘(Fig. 9)

shows that there is a similarity in their protein patterns'and they
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FIG. 14. Two-dimensional gel electropharetograms of the proteins from
cytoplasmic ribosomes prm‘the 1éaves of Gateway barley

(A) and its mutén; (B).

I
Samples of 500 yg of protein of the cthp1asmic ribosomes

were applied to the 47 disc gelk and electrophoresis in the 1Ist and

-~
2nd dimension was performed described in i*gure 9.
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contain the sa. number of proteins. On the basis of the shape of the

spots,the [ntensi{y and their position on the slab many of the proteins

" are probably the same in both the embryo and seedling material as well

as both lines. For example spot§ 49 and 51 of the embryo (Fig. 9) are
préhab]y the same as spots 43 and 47 of . the Sucdlings'(Fig. 14).

As secen from Figure 15 th,protcin pattern and number of proteins
in the 70S ribosomes of both lines were similar. There were minor dif-
ferences in the mobility and intensity of ﬁﬁme'proteins. Both lines had
53 basic protéinsl .,

To analyze the acidic proteins of the 708 and 80S leaf rfbo§bmos
the proteins were clectrophoresed by dne—diménsiona1 PAGE and run frow
the cathode to the anode. The cytoplasmic ribosomes of the normal i

9 acidic proteins while the mutant had 8 (Figures 42B and 16A and ©).

Four of the prcteins of the mutant migrated differont1y than those of

the norma] The chloroplast r1bo<ome$ of the norma] and mutant seed—

1ings had 10 and 9 acidic prote1ns, reSpect1ve1) Again some of the

. acidic proteins of the mutant m1grated differently than those of the

normai. In 011 of these one- d1mens1ona1 runs a cons1derab1e amount of

protcin sta1n1n5 material remained at the top cf the ge1 )
Considering the cytoplasmic rihosomal prote1ns of the seed-

lings thore were alt ‘ocether 69 proteins prcsent in the norma] 803 r1bo—

somes of whizh 60 were basic,proteins (Fig. 14A) and 9 were acidic’

proteins (Fig. 16A). The mutant £0S coptained a total of €8 proteins,

60 of which were basic (Fig. 148) and 8 were acidic (Fig. 168). A

tota1 of 63 praoteins were present in the ch]orop]a%t ribosomes of ﬁorma]

barley seedlings, 53 of whlch were basic (Fig. 15A) and 10 were acidic

(Fig. 168). The proteins of the chloroplast ribocomes of the mutant
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A
contained a-total of 62 proteins, 53 of which were basic (Fia. 15B) and

9 were acidic (Fig. 16B)

As alrcady mentioned, the patterns of the basic proteins of the
cytopla;mic ribOSOﬁCS isolated from the embryos ur the leaves were
esgentia11y tﬁe saﬁe and were similar for both linas. Likewise the
e]ectrophoretic(oat£erns Qf the basit proteins from chloroplast ribo-
- somes of both lines were alike. On the other hand, the pattern and
number of basic proteins in the ch]érop]ast ribosohes was quite dif-
ferbnt‘%rqm‘those of the cytoﬁTES@ic ribosomes and was consistent for

v

inter- as well as intra-line comparison.
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GENERAL DISCUSSION AND CONCLUSIOMS

As mentioned previously, on a quantitative basis dry embryos
of Gateway barley gave a slightly, h1gher yield of ribosomes than the
embryos of the v1rescens mutant and'a1so the fresh leaves of 6-day
old seedlings of the normal yielded ebout‘4 % more total ribosomes
(70S and 80S) than the mutant wf‘e this is in accord with the pre-
vious unpub11shed resu]ts from this 1aboratory on the yield of r1bo-
somes from the two 1ines, it cannot be presumed to be the E3%se nor

central to the symptoms manifested by the mutant. Pather, at _early

stages in. deve]opment the mutant has fewer r1bosomes 31ong with its

4 other deficiencies like a low 1eve1 of pigments, poorly developed

@

plastids and lack of some aof the soluble and lamellar prote1ns

(Jhamb and Zalik, 1973, 1975). On the other hand since this mbtant
is the result ot a single gene nuc]ear mutation (Stephansen and
Zalik, 1971) a 9uantitative difference between the ribosomes of the
normal and mutant, especially between tbeir cytoplasmic ribosomes
might indicate a close link with the mutetion. There fs‘a number

of documented .. .es of gene mutations:being related to the altera-
tion or absencc of specific ribosomal proteins (Funatsu and Wittmann,

1972; Davidson et «l., 1974; Brugger and Boschetti, 1975). Con-

.seQUeht]y, this study was devoted primarily to a comparison of

ribosomal proteins af the two lines by‘PAGE. Ribosomes were isolated
from dry embryos and leaves of 6—day‘b1d seedlings as at this stage

it was possible to get sufficient ribosomal yield for the studies of
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ribosomal proteins of both the lines.

The ribosomal structural proteins of £. coli have been identified
Qp the basis of two—dimensioné] PAGE and their designation has been
verified by other criterﬁa including the reconstitution of ac* ve ribo-
.soma1 subunits from individual proteih and RNA components. The ribo-
somes of higher organisms have thus far not been characterized to this
1e\)e1.I Therefore, in this study it was necessary to assume that by
employing a consistent parallel proce&ure, only ribosomal structural
proteins were being compared:. Furthermore, since many ribosomal
proteins of E. coli have been found in.less than one copy per
paftic]e (Kurland et al., 1969; Weber, 1972, Kjeldgaard and Gausing,
'1974); the mere occurrence of a spot at similar mobilities in both
lines, regard1ess‘of intensity, was inierpreted as presence of that
~ polypeptide. |

Making thesg major aésumptions, the major fiﬁdings of the study
can be summarized as follows. By two-dimensional PAGE the proteins of
80S monosomes isolated ftom'e}ther dry embryos or seéd]ing leaves of
both Tines gave similar pattérns and all showed 60 basic proteins. Thus
thesé rather complicated pfotein patterné for the monosomes(showed no
difference between the normal and the mutant. \However,,wheﬁ the
cytoplasmic ribosomes isolated from the dry embryos were dissociated,
and the proteins of thg subanits compared, differencés‘between theh <
normal and mutant were detected. For the large (60S) subunits of‘the‘
mutant, the basic proteins migrated'1ess thqn those_of'the normal and '
the mutant iacked proteins” 4, 5, and 13 but had three additional spots
a, b‘and ¢ (Fig. 11).. The protein patterns for the small (40S) sub-

units also differed. The mutant lacked Vroteins'26, 29 and 30 and had



three additional spots a, b and ¢ (Fig. jO).

It is difficult to explain the 16ss of three proteins jn eéch
of the ribosomal subunits of the mutant. As this mutant is a result
of a single gene nuclear mutation, only one:protein would be expecfed
to show alteration. However, the organization of different proteins
in the ribosomes is very complicated and it has been shown that both
the assembly process and the functional structure of the ribosomes are
controlled by precise interactions between ribosomal proteins and their
binding sites on the ribosomal RNA (Nomura et al., 1969). Theréfore,
it may be possible that a]tératipn in one ﬁrotein due to change in amino
acid sequence or a secondary ﬁédification of the po]ypeptidelstructure
- might result in the a]teration or absence of the other proteins. Re-
garding the additional proteins found in'the mutant these may be
weakly bound to the normal ribosomal subunits'and thus Qashed of f
during the prebération procedure, but in the mutant where a structural
change has possibly occurred elsewhere in the subunit, the affinity Of,‘
these proteins might be enhanced and thus could remain attached to the -
particles. It is difficu]twtd say whether they are true ribosomal
protéins.dr not. Another possibi]ity is tﬁat these additional proteins
might be the same broteins whicﬁ were found missing but due to altera-
tion they migrated differently.

‘Since these differences were not evident from the protein pat-
terns of, the monosomes, theiPossibility cannot be ruled out that during )
"~ the dissociationAprocedure, alterations occurred in a few related pro-
teins of the two subunits and accounted for the differences in mobility.
Despite/these differences between the gespective subunits, both homologous

and heterologous subunits of two lines were able to reassociate when
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mixed in a ratio of 1:1 A260,P”it5 (Fig. 6) to form monosomes. As could
be seen from Table II poly (U)-directed polypheny1a1anine'éynthesis was
equivalent for all the reassociated monosomes. On the basis of these
results it can be concluded that the ribosomal subunits that wer:
analysed contéined a complement of proteins sufficient to support in-
corporafion activity and the Toss of several proteins in the mutant sub-
units did not affect thfs activity adversely. However, since in vitro
polyphenylalanine synthesis is not the same as protein synthesis in vivo,
thére is still the possibj]ity that ribosomes of the mutant or a portion
of its ribosomal population may be defective in the synthesis of a

part roteéin. | ' .

Sad otheﬁ major differences between the‘norma] and mutant were
the differences in number of bands and mobility of acidic proteins
derived;from leaf cytoplasmic (80S) and ch1or§p1ast (70S) ribosomes
(Fig. 12B and 16). It is probable.that among the ribosomal proteins,
the acidic proteins are priﬁari]y affected by the nuclear-mutation.
Since this part of the study was‘done at the'end of the¢inve;ti§ation
~ period the observed differences in the acidfc proteins indicated the
need for‘further‘rqsearch. It is suggested that additional studies

with the acidic proteins uﬁing two-dimensional PAGE would be useful in

obtaining further information.

In addition, while the gel electrophoresis/technique can identify

. . . ' s R . . .
differences between proteins, it cannot distinguish differences in pri-
mary amino acid sequence from differences due to secondary modification

of identical sequence. The utilization of. immunological methods could

help in making this distinction and thus would be valuable in eStiméting

the structural homologies between the ribosomal pfoteins'of Gateway

' 7
barley and its virescens mutant.
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APPENDIX

Pheny]aianine Incorporation by Cytoplasmic Ribosomal Subunits

-As shown in Table II, in the present study neither 4OS nor 60S
subunits individualty could support active in vztro poly (U)-d1rected
incorporation of phenylalanine. Both subunits were required for poly-
phenylalanine synthesjs. The individual ribosomal subunits were added
directly in various cdmbinationsto the incubation mixture, or various
combinations ofsubudits were first reassociated and.the recominants or
hybrids were added to the incdbation“mixture. When the four possible ;'
combinatidns of the subunits weFe assayed, the actfvify of the previously -
reassociéted subunits Was.s1igh£1y higher than that for the correspond- -
ing subunits added directly to‘the incubation mixfure.

Recombination of the subunits (605:4OS)'in a ratio of 1:1 and
2 2:1 (A260) yielded monosomesBthat‘were'equallxactive in fhe po]y’(U)_.,
directed polyphenylalanine Synthesis, The attivity of the recombinants
wasrfound to be abeut 50% of the activity of the undiSSOCiated monosomeé.
To determine whether ribosomal subun1ts from normal and mutant r]bosomes
d1ffered in activity, po]ypheny]a]an1ne synthes1s by hybr1ds containing
normal and mutant subun1t$ was studied. A comparison of the activities
of different possib]e‘hybrids (N60S + M40S and N4OS‘+ M60§) gave almost

- 14

the same incorporation of " "C- pheny]a]an1ne as h0mologous comb7nat1ons

(N60S + N4OS and M60S + M4OS) " Thus the subunits used in ‘these stud1e5‘

contained intact RNA and a suff1c1ent comp]ement of proteins to reasso- -

-

ciate into monosomes wh1ch could support active po]ypheny]a]an1ne
synthesis.
102

FPSAPY SV U0 SO S ropes



103



| . . L . .
Ribosomes werc resuspended in the resucpension buffer containing
20% glycerol and isolated subunits were resuspended in resuspension buf~
~ fer containirng 20 glycerol and 40 mM KCT. A1 ribosomal preparations

were stored in liquid nitrogen at a concentration of ]OAZGO units/ml.

?Components in the reaction mixture were at the following concen-
trations in a final volume of 0.5 ml: 40 mM tris-HCT, pH 8.4;5 12 nM
‘MgCIQ;'7Q w4 1015 9 mM DTT; 0.5 mM GTP; 1°mM ATP; 8 mh éreatine—
phosphate; 20 ug/m1\creatine phosphokinase; 0.7 uti/m1,~]4C—pheny1a1a4:
nine (sp. act. 4806 mci/nmé1); 240 ug/m]’poly.(U);ZGO ug/ml brewer's
yeastl tRNA; 0.3 AZbO u&its/m] ribdsomes; 600 g/m1 dia1y§ed'post-r1ho—

somal. supernatant progein. After incubation for 60 min at 30°C,1C e

)

aliquets were rallected an Whatmann 3 M4 filter paper discs (21 mm 493)

and hot trichioroacetic i&id-iuso]ub]e radioactivity was,measured.
Separate subunits added directly to the incubation mixture.

4 . ‘ . - . . . .
Freviously reassociatad subunits added ‘to the incubation mixture.



TABLE 17,

Phenylalanine incorporation by Cytop]aﬁmic ribosomes and

combinations of the ribosomal subun1t5 from embryos of

Gatoway bar]ey and its mutant

Ribcsomes or
" ribosomal subunits

14

(cpm)/10x incubation mixture

added’ Ratio
NGOS 64
NAOS ’ 166
MGOS 85
Ma9s 149
N6OSIRAOS a:1)° 799
NGOS+M4 0% (1:1) 786
MEOS 1 14.0S (J:]) 791
MGOS+MI0S (1:1) 212
N60S+N4CS  ;; N (2:1)3 728
| N60S4MACS (2:1) 704
M6GS+1405 (2:1) 722
M60S+M4 0S (2:1) 718
'f§603+ﬁ4o:] i (1:1)4 932
»/LN6OS+M4OS] (1:1) .93
[M60S+N40S ] (1:1) j 916
[M60S+M40S] (1:1) d 931
WEts 1734
M80S - 1762

C-Phenylalanine incorporated

2

Data in the table represent the average of at least two independent
experiments with three sample replicates.
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