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. ABSTRACT .

The effect of growth at low temperature on polysome

. metabolism in winter rye (Secale cereale cv Puma) has been
. - -

investigated. A method for isolation of highly polymerized

polysomes from mature leaf tisgt_xe_s has been developed. The
. - .

degree of intactness of isolated polysomes was monitored by

two independent but complementary methods: size aglass

distribution on sucrose gradients and 'in"iri‘tro:translation; a

The composition of the ptimal polyagie isolation buffer
fof mature rye leaves is similar »fé l s grown at low

(5*) or high’ (‘20 y. te@erature but —d ferent from that

reported for young tobacco and pea legves. The quantity of -

polysones (per unit. BNA) increases hy, a factor of 2.7 at

»
1ow temperature. These polysomes ,are -.‘targer and their

melting point is decreased by 3.7°. Analysis of ribosome

composition by one- and two- dimensional electrophoresis

4
.

revealed that only a.few peripheral ribosomal proteins (anad

‘possibly'a subunit of - initiation factor 3) are modified.

No significant change in the rRNA could be _ detedted.

Polysomes 1isoclated from ‘le‘sves’ grown at low température

incorporate twice as‘vm'uch label as polysomes isolated from

control -prants, 'regardless of fthe temperature of

translation. Polysoneb'from low temperature plants require

¢

ﬁigher laagnesiuu levels for optimal translation and were

more’ s‘n\sitive “to detergent Blectrophoretic analysis of
translation products -revealed that some transcripts are

newly expressed (16 kD to 170 kD), some are repredsed (35



kD ‘to 105 kb) and others increase or decrease in qualntity;

It suggested that gi.‘owth of rye at low temperat}n:e leads

td [alterations in both the ribdspme Jcon_formation and

peripheral pro'!':e:l_.ns which in turn provides for a more
efficient -tra"nslation .sys"tem.‘ .Enhanced translational
ac.tivi‘ty‘ does not-: dppear to 'be due to the _méNA, although
i:ranscripti'on does appear'to be plferegi at low temperature.

These changes: are considered significant in the adaptation

and growth of rye at low temperature. _ .
. \ . . !
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. CHAPTER 1

GENERAL INTRODUCTION |

1.1 Grawth and temperature.

The response of plants to the severity of their
environment has occupied the man's attention 1long before
the beginnings of the  science of biology (Levitt, 1980).
‘Temperature is one of the major environmentél constraints
governing the distribution of both wilé and cultivated
plants (Graham and Patterson, 1982). Effects of
temperature on the development of plants have been obéérved
fbr over a century (Levitt, 198b). «Low temperafurg-as.well
as high temperature has been shown to be detriméntal to
plant growth (Levitt, 1980) and td afféct the growth
kinetics of plants (MacDowall, 1974). Some plants; termed

. ¥ . .
cold tolerant, are able to acclimate at low temperature by

lowering the temperature at which the plant is damaged or

-~

L

killed. In others plants which a<§hintolerant, the freezing

tolerance is not lowered (Graham d Patterson, 1982).

The economic importance of cold acclimation studies
should be obvious but 1S not always well recognized

(Weiser, 1978). Since most crop plants are of tropical and

subtropical origin and are usually cultivated up to their
northern .l1imit, an increase of 2°C in..their degree of cold
hardiness could extend their geographic distribution

(Weiser, 1978). On the other 'hand, a decrease of only 1°C
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globally would decrease rice crops by more than 403%
(Weiser, 1982, 1978). \Thus, there is a real practical
importance to understanding the cellular mecﬁanisms which
allow plants to accfimate to low temperature.
1.2 Acclimation of plenxs-to~low temperature,

Generally, plants are cold acclimated Sy exposure to
low temperature. Recently, the possibility of mimicking
the- low temperature effecf, at 1least partly, has been

reported by us}ng the abscisic acid (ABA). . ‘The temperatu:e

"“at which®lant were killed by freezing frost was decreased

following an ABA treatment (Chen et al., 1983; Gusteugg

al., 1982; Orr et al., 1986).° o .
Historically, two apprcaches.haQe been used to study
plant cold hardiness. One approch compares cold- acclimated
with non-acclimated: plants of Jﬁe same species while the
‘other compares different species within a genus with
‘different inherent ccld’hardiness (Li, 1985).
Unfoftunately, a large amouQF of the cold hardineds
literature is based on experiments in which mature plant
material (egq., spinach‘or potato leaves) are subjected to
short term -tow temperature treatments. - In these

trea(yénta, no significant development occurs and the plant

material is probably responding to a cold stress.



1.3 Low temperatﬁre and cellular metabolisa.
. ﬁbody spec?es have been used in early studies on the
acquisition df cold hardening and an increase in RNA,
protein, sugar and lipids content were noted in most cases
(Gusta and Weiser, 1972; Levitt, L?BO: Siminovitcp et al.,

-1968, 1967; wvan Huystee et al., 1967). Later similar
studies were extended to crop species with analogous
results obserQed (Chen and Li, 1980; Chen et al., 1983;
Devay and Paldi, 1977/ Guséa et al., ‘1982; Kacpersa-
Palacz, 1978; Macbowall, 1974; Sin&% et al., 1975; Trunova,
1982). Differenqe§ in the complement of proteins.have also
been reported between nén—acclimated and acclimated species
(Bibe and Brown, }975; Brown, 1978: Brown and Bixby, 1975:
Cloutier, 1983; Huner éi gl.,~1984; Kacherskalpqlacz, 1578;
Siminovitch ég al., 1968; Uemura and Yoshidé, 1984). RNA

or protéin syntpésis inhibitors have been shown to preuent

cold acclimation (Chen et al., 1983; Hatano, 1978; Hatano

®

t al., 1976: Kacperska-Palacz, 1978; Trunova, 1982).

Since protein sfnthesis pllays a major role in cell
regulation, it |is reasonable to expect that protein
synthesis be involved in a metabolic process such ‘as a
M
development of cold hardiness (Brown, 1978). Despite the
apparent importance of protein %ynthesfs during cold
acclimation, few studies have. been directed toward the
3
translational machinery. Ribosomes with a lowered melting

"point and a differ'ent complément of ribosomal proteins have

been obrserved in.cold-hardened black 1locust seedlings



Rochat et Therrien, 1975).

L’/

(Bixby‘ and Browﬁ, 1975). However, contrasting results
have been reported with regards to size class distribution
of isolated polygomes and on amino acid’ incorporation.
Larger polysomes have been observed in potato and barley
leaves but not in mimosa épicotyl_s_ (Brown, 1972; Kenefick
et 5 1974; vigue et al., 1974). Similarly, protein
synthesis has been.reported to be acéivated in blagk locust
tissues but to be decreased {n wheat leaves (Brown, 1978;

-

More recently, a decrease of
.polysomes activity and the expgession of new genes products
have been répgrted following a short ‘exposure of plant
seedlings to low temperature (Fehling and Weidner, 1986
Guy gﬁ gl., *1986, 1985; Mahopatra et gi.,‘1986: Méza-Bésso
et al.,"1986). However, a single study on polysome melting
ﬁoint, size class distributioni composition and

synthesizing 'activity in. the same plant or same tissue

following a cold acclimation has yet to appear. -
v - -

. p ' /—‘ .

1.4 Ribosomes and protein synthesis.

~ Since the effect of low temperature on. ribosome

function is to be addressed in this thesis, a;bri'ef review

on ribosomgd is presented. The only known func.tionc‘ of

‘ribosomes is to catalyze protein synthesis (Wqol,1979). In

the cytoplasm. of " eucaryote _cells, this 'ofginel le 1is

' composed by two subunjts of 60 Siand 40 S which are made up

-

of proteins and rhN):. In plaht.:s","'the larger subunit

containe the 25 §, 5.8 S and 5 S rRNA and ‘the small subunit
. 3 . - - V.,

s
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contains fhe 18 S rgNA (Davies and Larkins, 1980). The

-rRNA seems to be the scaffold on which the proteins are

organized. In pian%s, the exact mecﬁgni&n-of protein
syné%esis is not known but it is thought to be very similar
to that occurring in mammalian cells (Davies and Larkins,
1980; Weeks, 1981). In the absence of proéein synthesis,

the two subunits are separated. The deccding of the codouns

in mRNA occurs in three distinct phases. The three phases

are inifiation, elongation and termination. During the

initiation step, the initiator species of methionine-tRNA

" (Met-tRNAi) binds to the 40 S subunit. Subsequently, the

mRNA binds at the level of its initiation codon (AUG) to
form a 40 S ribosome preinltlatlon complex. Finally, a 66’5
ribosomal subunit couples %o this complex to fbrm a
complete 80 S £ibosoma1 initial complex 'This 80 S-comblex
with the Met tRNAL at the’P ste is functional 'in peptide
bond formation., At the e&onéation step, an aminoacyl-tRNA
binds to triplet codon of mRNA-' at the A site. fhen the

4

formation of a peptide bound occurs betwepn the &wo am;no

acids. Subseguently, this tRNA’ bearing the growing .

polypeptide chain is transferred .from the A site to the ¥
’ . . !

site with the cancomitant movement of the ribosome on the
mRNA by a distance of three nucleotides in the 5'---->3°

direction. New cycies of elongation occur until the

terminationlﬁtep. The codons UAA, UAG and UGA serve as’

signals for the termination of ﬁebtide chain elongation.

At the termination step, the appropriate codon 1is thus

-
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brought. into position at the A site and a release factor is
bound to the vacant A site. This allows the peptidyl
traﬁsferése to cleave the bond between the tRNA and the
terminal cart?o;yl group of the" protein. This releases the
finished: protein. In a subsequent step, the mRNA is free
to disengage from the ribosome and t'he two ribosomal
subunits dissociate (weeks,. 1981).

When there is more than one ribosome traversing the

same mRNA, such functional units are known as polyribosomes

or polysomes (Davies and Larkins, 1980). The degree o
polysome pol'ymerization is .- usually analyzed by
centrifqgafion cf polysomes on sucrose gradien
Alterations ir; polysome size class distribution wguld
reflect‘ﬁodification of the synthesizing activity of
polysomes (Davies and Larkins, 1980; Gast et al., i9'85). .
There are two typ&s of polysomes depending on their
.
location 11; the cell. Some polysomes are found associated
w:{th'enddplasmic reticulum membranes and form the rough
endoplasmic. reticulum. These polysomes are termed
membrane-box;nd polysomes. Other polysomes appear free in
the cytosol arm dre termed membrane—free polysomes. These
nembrane froe polysomea are in fact attached to the cyto-
skeleton as revealed by studies using high voltage electron
microscopy’ (De Robertis and De Robertig, 1980). Both
monbrano-bound and membrane-free polysomes form the tota.l.
polyoong fraction Their relative proportions may vary

doponding on the tiasue and the physiological stage of the
{



cell.‘ A greater proéortion of free pélysomes rather than..
bound polysomes has' been repofted in plant cells and
reticulocytes (Bielka, 1982; De Robertis and De Robertis,
1980; Pfisterer and K.loépste‘ch, 1977). ~ But a ‘greater
'proportion of bound polysomes has been observed in plas;E::><::>
cells, exocrine pancreas and 1liver (De Robertis and De

Robertis, 1980).

1.5 Winter rye (Secale cereale cv Puma) as a system for

the study of low temperature effects.
Puma rye has been used for more than a decade to study
- responses to low temperatgre. Rye 1s characterized by its
large increase of freezing toleranée during acclimation at
low temperature. Ry% has the highest. known fredzing

tolerance among all -the winter cereals. Futhermore, rye is

sometimes psed‘as a control in studies on acquisition of
frgezing tolerance involuing different species or cultivar
{Cloutier, 1983). Composition, function and devglopment of
chloroplasts have been thoroughgy studied as a function of
low tem;;rature (see Huner, 1986 for av;@viéh)i‘
Differences in cell anatomy and morphology have also been
observed. (Huner et gl.,'1984, 1981). . Rye \has also been
used for atudigg on the plasma membrane (Steponkus, 1985;
Uémuég afid Yoshida, 1984) and freezing tolerance of
isolated protqplasts and cells (51ngh;'1981, 1979).
Furthermore, and'perhaps the most important point, the

growth kinétics of Tye grown at 5°C and 20°C have been

- 8
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thoroughly documented (Krol et al., 1984). Consequently,

at——

it is possible to obtain material of predictable

developmenté‘l stage regardless of the temperétpre at which

the plants gre'grown.

Most of the work addressing acclimgtion at 1low
‘témperature .1n the literature was done on mature ]:eaves
which are first grown at high temperature and then trans-
ferred to low temperature for period of time varying ftom a
fow days up to two or three weeks. This period of time is
not long enough to allow growth of tissues but ié long
emough to induce necrosis in leaves. It has also been
reported 'rthat leaves developed at 20°C but exposed ;at 5°C

had a lower freezing tolerance and w}re senescing faster

than leaves developed at 5°C (Krol et al., 1984). In many

-“studies, the importance of testing plants of comparable

developmental stage has been overlooked and the -results
obtgi_ned wogld reflect the capacities of tissues- of
differing developraental stages to fully adapt to low
temperature. With rye' these problems are circumvented.
Th.e results should then reflect changes due to acclimation

and subsequent development at low temperature.

~

1.6 Proposed research and thesis objectives.

The objective of the research described in this thesis
ia to study the effect of growth at low temperature on the
-composition, function and translation products of polysomes

isolited from rye. There were two main reasons for
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. initiating’ this research. First, my ccuripsity was
stimulated by the observation'showiﬁg a large increasé of
cytoblasmic polyéomes in micrographs sf tissues isﬁlated
fraom 1leaves gro;ﬁ at 1low temberature when comparéd to
tissues isolated {rom'leaves growﬁcét highér temperature.
In addition,: polys..omes in leaves grown at’ 5°C appeared
'.arger than those in leaves grown la’t 20°C .(Fig 1).
Secohdlyy although .it has beéen suggested Fhat Jprotein
synthesis. is affected during cold acclimation, there has
been no systematic study addressing,'the 'gffgct of 1low
.S\témperature on polysomes metabolism.
Sinre intact p&lysomes are required for the subsequent
study it was first necessary to optimize methods for
isolation of <ntact cytoplasmic polysomes frdﬁ mature .rye
seedlings grown at normal andllow temperatures. In most,
- if not all, previous studieé bolysomes had beenlisolated
from young plants and etiolated leaves. -The rationale for
using‘.oung.materials waé that RNase activity is known to
increase. with the age =<of leaves. Havingh defined the
coOnditions necessary for isolating polysomes.with a minimum
of disruption, the second objaective is to determine.whether
growth at low temperature affects polysome composition and
Function. Analysis of quantity, purity, size class
distributi'on, meltil_'xg point, ribosomal protein, rRNA and in
vitro synthesizing activity of polysomes will be cérried

out. Finally, translation products will be resolved by 1-D

and 2-D PAGE and revealed by fluorography in order. to

- . N
.
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~ . Figure 1. Electron mierographs of rye leaves grown at,S“C
{RH) ahd:‘ZO‘C ‘(RNH). “Arrows 4ndicate polysomés, / The

magnification is different for RNH and RH tissues.
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CHAPTER 2

ISOLATION AND IN VITRO TRANSLATION OF RNH AND RH POLYSOMES

FROM TI'-IE LEAVES OF MATURE RNH AND RH SEEDLING§
2.1 INTRODUCTION

Plant polysome metabolism is most often studied in
young, . immature 1leaf tissues which appear to vield
poly#omes with the least amount of degradation (Arglebe and
Hall, 1969; Breen et al., 1971; Davies et al., 1972: Erkeev
and Kudoyaréva, 1981; Fehling and Weidner, 1986; Gray and
Kekwick, 1974; Hogan et al., 1983: Jackson and Larkins,
1976; Larkins and Davies, 1275, 1973; Lcaver and Dyer,
1974; Lin et al., 1966; Pearson, 1969; Ramagopsl‘and Hsiao;
. 1973). The variety of tissues used for the i§olation of'
polysomes is reflected in—the diversity in the composition
of isolation media emploféd ({Anderson and Key, 1971:
Arglebe and Hall, 1969; Brady and Scott, 1977; Breen et
él., 1971: Davies'gg al., 1972; Dunlop and.Waldgn, 1985;
Erkeev and Kudoyarova, 1981; Fehling and wéidhe}, 198¢;
Gonzalez, ;980; Gray and Kekwick, 1974; Hogan et al., 1985;
Jackson and Larkins, 1976; Larkins‘and Tsai, 1977; Leaver
and Dyer, 1974; Lin et al., 1966; Pearson, 1969; Ramagzpab
and ﬁsiao, 1973). Oftgn the media used for isolagion of
plént polysomes. (Anderson and Key, 1971; Daviés gg al.,
1972; Gray and Kekwick, 1974; Hogan et al., 1985; Lin et

al., 1966; Pearson, 1969) are similar to those used for

13 .



mammalian tissues (Dunn, 1970; Heikkala and Brown, 1981;

Venkatesan and Steéle, 1971). quevér, polysomes isolated

7 .
under these conditions show. only a small proportion of

large polysomes. A s;;tematib study with young pea leaves
has focuéed on improving the degree of polysome
polyﬁerizatioz by reducing ribonuclease activity (Davies et
al., 1972; Larkins and Davies, 1975) or by .chelating
divalent cakions (Larkins and Davies, 1973). A study of
eticlated barley seedlings has demonstrated the importance
of KCl1 concentration and reducing agent (Breen et al.,
1971). Thus it appears that methods f?r paant polysome
isolation vary widely, dépendingQPn ghe tissue chosen and

other factors. They are not in-all cases interchangeable

(Arglebe and Hall, 1969), It may be .desirabl® for the

‘purposes of some physfbloggpal studies to examine the-

metabolic role of . polysomés’ fh older plant tissues (Brady

@ a
and Scott, 1977). Re&uirements maijar§ with the physio-

iqgical age or status_ of the tissues to be ‘extracted (Brady

and Scott, 1977). It is known, for exampla, that

ribonuclease activity increases with age (Ramadopal a:d

Hsiao, 1973) and succesgful isolatjion of highly polymerized

polysomes from older tissue may require even “greater
. ~ *

protection.

) t °

The degree of polysome polymerization will reflect the
extent to whiéh native mRNA is protected during isolation,
although 1t 1s not clear to what extent in vitro

translation is dependent on polysome polymerizafion. In a

<



study with maize (Ramagopal and Hsiao, 1973), in vitro
amino acid incorporat.on did not appear to 'be affected by
the degree of polysome integrity. On the other hangd,

animal studies have shown latent ribonuclease activity to

Q

be sufficient to inactivate in wvitro translation (Dunn;

1970) and that in vitro amino acid incorporation increased

-

when polysome populations with a higher proportion ofalarg%
polysomes were used (Nowak et al., 1984). The traditional

crité:gon for characterizing polysome 1ntegrity is the

proporficnu of largé polysomes (LP, hexamers and 1larger)
relative to small polysomes (SP, dimers to® pentamers)
(Jackson and Larkins, :1976). Whi}e it may be assumed that

the ratio LP/SP correlates th the accuracy with which

o

polysomal in vivo protein synthgsis is- reproduced in vitro

¢ Nowak et al., 1984), this correlation has mot been clearly

o

demonstrated for plant tissues (Daﬂ&es and larkins, 19@0).
/ o

o . ' A <

¢

In the present part of this study on polysomes isolated
from rye seedlings grown at low and high_temperature but of
csmparable developmen%al ‘stage, conditions neqessaxy for

isolation og highlf polymerized polysoﬁes from leaves of

]

. . . P

relatively. old (20-22 days) rye seedlings were examinqu~

(=]

In addition, polysomal profiles.were correlated with

L -] . 9

kinetics of incorporation and SDS-PAG% analysis of the
<

products of pB@ysomal protein synthesis. Fihally, size
chasd distribution was different beiween RNH and RH

polysomes.

[+
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2.2 MATERIALS AND METHODS

2.2.1 Plant Materials.

Winter rye seedlings (Secale cereale L. cv. Puma) were

grown Jin vermiculite at 1low (5°C) or high (20°C)
temperature at a light intensity of 200 pmol guanta m-2g-!

with a photopericd of 16 h. The day/night temperature

_cycles we;e15°C/5‘C and 20°C/16°C respectively. Seedlings

grown at low temperature were imnitially germinated for 7?7

days at 20°C then subsequently transferred to the growth

. >
regimg df 5°C for 7 to 8 additional weeks. Plants were

watered daily to }eplace'waterqlost by evapotréﬁ%piration.

Under, these growth conditions, the rye seedlings (RH) were’

at their maxfmum of°cqld hardinhess as demonstrated~by Krol
et al. (1984). Control, non hardened plants (RNH) were
grown }or a_  total of 20-24 days at the high temperature
regim¥. In a systematic sfhdy by‘Krol-gg al. (1984), these

\ .

RH and RNH. planté have been shown to be of comparable
developmentél stage. “ . . .

Triticale seedlings (OAC wiﬁt;i, a hexaploid triticale
variety) were grown at low temperature exactly as deécribed

for RH seediings. Corn coleoptiles were isolated from corn

seedlings (Zea mays cv Seneca 60) germinated on a hoistened

'f":l.lt':'er~paper into’ a_ petri dish for 5 days at 31°C in

-darkness}

16
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2.2.2 Polysome isolétion.

Regar&less of the composition Sf the medium, the
following protocol was used fof isolation of polysomes..
All glassware was 'sterilized or baked and all solutions

sterilized. All work was carried out at 0-4°€. Disposable

gloves were worn in order to minimize contamination of the °

extract with exogenous ribonuclease. Only the uppermost
fully expended leaves were harvested from RNH and RH
seedlings as previously described by Krol et al., (1984).
Contamination by ch}oroplast ribosomes was minimized by
- homogenizing the leaves in a Waring blender ({3x5 s bursts)
with liquid nitrogen as reported by Rhodes and Kung (1981).
Aftef the 1liquid nitrogen evaporated and as soon as -the
temperature of 'the éulverized leayes reached -4°C to 0°C,
the 1liquid nitrégen powder was resuspended in the
apéfopriate buffer solution (3 ml/g fresh weight). In
’adéixion, isolation media included a high concentration of

. »
osmoticum (0.6 M for RNH or 0.9 M for RH) in order to

further minimize chloroplast rupture and contamination by

chloroplast polysomes as suggested by Arglebe and Hall

(1959) and Ramagopal énd Hsiao (1973). Prelihina;y-work
also indicated that it was easier to -remove the chloro-
plasts 1n the presence 6f sorbitolirather than sucrose,
érobably becausexqf the lower density of the sorbitol

_ solution (1.036 g cm 3 &s 1.081 g cm~3).

\\ The homogenate was filtered through one layer of

M{racloth and centrifuged at 5,000xg,,, (40 min; HB-4
. . - . ‘

-

\

1 AN

-

g

17



- \ . . ' 18

rotor), to” remove the dhloroplast fraction. This
sup'ernatent was the soqfce of total polysomes. When

\ . membrane-free or membrane-bound polysomes were required,

.

membrane-free (MF) polyeomes were separated froin membrane-

[y

bound (MB) polysolhes by centrifugation of the S,000xg, , ,

-

: supernatant at 81,500xg.v, 15 min, (SW 41 rotor) as

-
L]

‘de/scrtbed. (Davies et al., 1972). 'The MB polysomal pellet
L3

wa\e resuspended in the extraction buffer. In order to free

3

the polyeomes from the membranes in total or MB, their
Aw

- membranes were selubilized with Triton X-100 and sodium .

(>
deoxycholate- both at 1% (w/v) final-g oncentration. To 4. %}

ensure an efficient recovery of MB polysomes from the

~

membranes the - samples were treated with 4 strokes of a
glass-Teflon homogenizer. The detergent-insoluble fraction

was removed by centrifugation (24, OOOxg_", 10 mimr,” SS-34

o Tt rotor). ‘'The 24, OOE)xg'.‘..x supe.rnatant was the soufce_ of M8

‘_or total polysomes. A polyéomél pellet was ob'tained from
o ..
MF, MB and” total ponsome fractions by centrifugation over -

. ! \hlnﬁ.—’— ]
‘a 1.9 M sucrose (RNase free) cushion (4 ml) containing 40

" M ‘l'rie-HCl .10 aM MgClz, 20 mM KC1, 5 mM EGTA, 5 mM DTT,
~ p\“.\ .. -
"pH 8. 5 (Solution B). Centrifuget’ion was' at 145 OOng"x

[ Id ‘- ‘y o e . - ¢ &,

for 4 heurs. The supernatant was decanted and the tube
weile wee'bed witﬁ sterilized wet.er and dried with a

v, Kinwipe. a‘be polysomee were resuspended in Solution B

-

v withcut eucrese and eeparat on a 12%- 50% (w/v) iinear

T,

AT eucroee gred.tent (40 mM Trie-—HCl 10 mM MgCl,, ._20 oM KC1,;

pH 8. 5) for 90 .-nin et 260, OOOxg.. x - . The. sucrose gradients




were analyzed with a UV monitor (ISCO model UA-5, 254 nm)

attached to an ISCO model 640 gra nt fractionator. A

schemg of polysome isolation is also presented (Fig. 2).

Under these isolation conditions, the °degree of

contamination of RNH and RH cytoplasmic polysomes by
N L 4

chloroplast polysomes was at the most 15%. Given the
consideration that chloroplast polysomes have a 1lower
proportion of large polysomes (Brady and Scott, 1977) and

require’ a much highér Mg'*®' concentration for An vitro

>

1]
translation (Boardﬁan et al., 1966) this degree of

contamination was. }ullged écceptablé for the experiments to

>

be- carried out.

2.2.3 Po{ysomej%' e tlass distribﬁtion.

Size distriBution of polysomes was detekminéd as the
area under the cu:we in different regions of the polysomdl
profiles, using a LI-COR area meter (LAMBDA I'nstrufent
*Corporation model'LI—BOOO)n_ These .different fggions are:
the ribosome subynits (Sj,‘the monosomes (M), the small
bolysbmes'(sp) }maferialnsedimenting faster than the
monosomes but slower than hexamers), the lafée polysomes
(LP) (mgteria{ sedimenting faster than the pentamers), the
polysomes (P) where P = SP + LP and the total (T) wgere- T
= S + M + P. Each profile was corrected for - baseline,
monitored with a blank g;adiénf as.fpported by Davies et

1., (1972). From this data, the following ratios were

determined: S/T, M/T, SP/®, LP/T, PyT and LP/SP. - This last

<
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figure 2.

»

Flowchart for polysome isolation.
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Polysome isolation aotat. n-s. #-,

Rye; leaves

~ homogenized n liquid nitrogen

- resyspension buffer (3 mi/g Fi

= 1 layer mracloth .

?

‘¥ - S5.008Xg, 19 mn (HB-4 wtor)
S .

- 4 T
* . MB +N-F

|

‘L 81,008xg(av), 1S min (SH 41 rotor
H-B n-F

- 1% (wv) Triton X-100
- 1% dwrvs DOC
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“24.000xg, 18 man (35-34 rotor)
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' pH '85)
l&b%q, 6 h ¢ty 48 rotor)

-
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Polysomes’
! : / - .A \ .
amount A tran:latnon

size class distribution
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ratio has been reported the best criterion- by which to
describe polysome integrity, since tM® “magnitude of the

ratio indicates the extent of polysome preservation

’

(Jackson and Larkins, 1976). B

2.2.4 Polysome purity.

Polysome purity was monitored by measuring absorbance

at 235, 26Q and 280 nm (Petermann, 1964). All readings

o rére _ﬁ:irrected for Rayleigh 1light scatterving '(Fréifelder,

’ .':‘ 1982).  Values for 260/280 and 260/235 ratios higher than
C

1.6 and 1.4 respectively have been reported by Jolicoeur
and Brakier—Gingrés (1983), Leaver and Di(er (1974) and

Verikatesan -end Steele (1971) to indicate acceptably conta-

: £
minant-free polysome preparations. The contaminants

usually reported are cytoplasmic proteiﬁs adsorbed to

polysomes.

(N

<

¥ 2.2.5  Polysome estimation.

The quantity of polysomes was estimated using an
EQ44% = 11.1 (Martin et al., 1969) (1 A,,, unit = 90 pg of
polysomes). -

[ ]

2.2.6 Cyclohexiuide, diethylpyrocarbonate and RNase
treatments. ‘ '
Cee Cycloheximide was added to the high Tris buffer prjor

to the rﬁsusbensibn of the 1iguid nitrogen ppwder.

’ X " Concentration of 20 pg/mi and 50  pg/ml of buffer-, were

o

22
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respectively used for isolation of RNH and RH polysomes.
Diethylpyrocarbonate (DEP) was added to the high Tris
buffer prior to the resuspension of the liquid nitrogen
power at ; concentration of 20 pg/ml of buffer. Polysomes
were treated with both ENases A and T1 or with RNase A
alone. With both Rﬁases, 10 ug of éa;grwere added to 90 ug
of polysomes resuspended in solution B withoué sucrose as
described in section 2.2.2. The mixture was incubaéed for
12 min at 35°C, cooled down and loaded on the sucrose
,gradient fér the separation of the different size classes
of polysomes. In the second case, 2 pg of RNase A were
added to 90 pg of polysomes resuspended .in soluti‘.onQB
without sucrose, incubated for 10 min at 25°C and 10 min at

4°C then loaded on the sucrose gradient. This second

treatment is less severe than the first one.

2.2.7 Wheat gérm\extract preparation.

Wheat germ was pufchasqd at 8 ‘local mill and stored
desiccated at 4°C. Extraction was carried out on ice in a
cold room at 5°C (Reisfeld énd Edeiman, 1982). Wheat germ
(6 g) was mixed with 6 g of glass powder arid grouné for one
minute witﬁ a prechilled mortar and péstle! Fifteen ml of
a .solution con'aining 100 mM po::ssium acetate, 1 mM
mégnesium Acetéte,-ﬁ mM B-mercaptoethanol (added fresh), 1
mM Hepes-KOH (pH 6.6),' 0.1 mM PMSF were added and the

extract was ground for an additional minute. The slurry

was centrifuged.(30,000xg,,,. 10 min, SS-34) and the middle
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third of the supernatant fraction was removed from the
centrifuge tube. Twenty pl of 1 M Hepes-KOH (pH 7.6) was
added per ml of supernatant to bring up -the final con-
centration of Hépes to 20 mM. This extract was then
applied to a Sephadex G-25 (medium) columq_ (37 ;:m X '2.6 cm)
equilibrated 'with 20 mM Hepes-KOH (pH 7.6), 120 mM
potassium acetate, 5 mM magnesium acetate, 0.25 mM EDTA, 15
mM B8-mercaptoethanol and 0.1 mM PMSF. The appropriate high
molecular weight fraction was collected and centrifuged_ at
185,500xg,, for 4 hoixrs {Spinco type 40 rotor) (Nirénb‘érg
and‘Matthae'i, 1961;) to obtain the S$-105 fraction. This
high-speed supernatant (S-105) was divided into®aliquots
and stored in liquid ni'trogen‘.
'2.2.8 In vitro translation.
For in vitro translat.ion; the polysomal pellets were
resuspended in 50 mM Hepes-KOH (pH 7.8) '‘containing-100 mM
ﬁotassium ‘acetate, 10 mM magnesium acetate, 0.5 mM EDTA and
-~ 5 mM DTT. Translation in a cell-free prote:in-syﬂthesizing
system derived from wheat germ (Reisfeld and Edelma;, 1982)
was performed in sterile 0.5 ml microcentrifuge tubes. A
typical reaction mixture fn a final volume of SO ul
contairreq: 25 mM Hepes-KOH (pH 7.6), 3.5 .mM magnesium
acetate, 120 mM potassium acetate, 5 mM DTT, 1.3 mM ATP
(disvodi'um salt), 0.25 mM ‘GT? (sodium sali:), 15'mM creatine
phosphate, 2 pg creatine phosphokinase (type 1), 0.66 mM

spermidine, 25 uM each of 19 L-amino acids (without
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methieni'ne), 12.5 pCi of [*5S)methionine (>1000 Ci/mmol),
48.9 uM (non-radioactive) methionine, 2 pg of wheét'germ
tRﬁ%s, 10 pl of the S-105 wheat germ extract and 45 ug of
polysomes (20 pg of RNR). /The reaction was carried out fo;

90 min at 25°C. Preliminary work showed the necessity of
1nc1ud1ng the non- radioactive qethionine inm~order to insure
.that the added polysomes, not methignine, wes the lim;ting
factor in the translationx‘ The‘addition of human placental

¢

ribonuclease inhiéitor ( HPRI, 50 unite) did not influence
the ‘total number of counts incyl:l;o'ratedgqr the protein
patten after SDS-gel eiectrophofesis. - This translation
mixture used is also simflar:to the one reported by Morch

t ‘al. (1986) to obtain th@¥fsynthesis of high molecular

weight proteins in vitro using the wheat germ translation

. system. The in vitro translation was also carried out with

tﬁe rabbit'fetieulocyte lysate system (Promega Biotec)
accofdingly to the manufacturer-ins;ructions. The
translation was carried out in a 25 pl volume into a 0.5 ml
mférocentrifuge tube. To 17.5 pi of lysate were added 0.5
pl of 1 mM amino acid mixture (minus methionine), 2.5 pi of
[35S]methionine (>1oqo Ci/mmole, 2 5 uCi/pl), 1.0 ul of
polysomes (1 ug/pl), 3.0 pl of H,0-and 0.5 pl of 2.0 M

-

KCT(/ The temperature of translation was 30°C for 60 or 85

mig whether the translation were used for ‘FAGE analysis or

‘e time course experiment was carried on. In addition, in

the case of time course experiments, 1.66 upl of 0.2 M
~ .



o

non-radioactive methionine was addeé to the translation

mixture and the water volume was decreasec;l concomitantly.
Incorporation’ of [3*®S]methionine into polypeptides

during the in y_im reaction was. measured by TCA precipita-

tion of 2 or 5 pl aliquots on small paper disc (S & S

#S?—GH, 12.7 mm diameter) as reported- by Mans and Novelli

(1961).
+ -

2.2.9 'Gér‘électrophoresis

’ The translation products were geparated Ly SDS-PAGE on
a 7 5-17. 5% linear grad:.ent using the Laemmli discontinuous
buffer system (P¥ccioni et al., 1982).- Following
e:lectrophoresis,_ tﬁe éeis were stained with Coomassie Blue

o

R-250 and destained (Piccioni et al., 1982). The following

-prote,in standards were used: phosphorylase B, 94 kbD;

albumin serum bovine, 68 "kD; ovalbumin, 45 kD; carbonic
anhydrase, 29 kbD: éwbearx trypsin inhibitor, 20 kbD;

cytochrome c, 12.5 ‘xD.

.2 .2.10 Fluorography.

After destaining, .gels were prepared for Quorography

by treatment with PPO in DMSO prjior to drying (Bonner,

.1984; Laskey and Mills, 1975). Fluorography was perform'ed

on dry gels using preflashed Kodak XAR-5 X-ray film
(Bonner, .1984; Laskey and Mills, 1975): The film was

exposed at ~-70'C for an appropriate interval.

e o “ ’ .
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2.3 RESULTS

2.3:1 The effec£s of Tris concentration. .

Two buffers dif}ering by fheir Tris‘concéntration (low
and high)-were selected in order fo compére théir efficacy
for isolation of highly polymerized polysomes from mature
RNH léaves. The 16# Tris buffér contained 0.25 M éucrése,
50 mM Tris-HCl,- 250 mM KC1, 5 mM MgCl,, 2 mM DTT, pH 7.4,
and is iden ical_to_the one designated TKMD and ﬁséd

previously for isolation of polysoﬁes from animal and plant

. .
,tissues (Hogan et al., 1985; Venkatesan and Steele, 1971).

The high Tris buffer contained 200 mM Tris-HCl, 0.6 M

sorbitol (0.9 M for RH), 60 mM KC1l, 30 mM MgCl,, 25 mM EGTA

and 2 mM DTT, pH 8.5, and is similar to the one used for

polysome isolation from tobacco leaves and corn kernels
(Jackson and Larkins, 1976; Larkins and Tsai, 1977). The.
fnitial results (Fig. 3 and Table 1} show that the high

Tris buffer is the more efficient buffer for isolation of

polysomes from 20-22 day ©ld rye leaves. The proportion of

LP and the LP/SP ratio are both higher with the high:?ris
buffér. The polysome yield was markedly 1lower when RNH
polysomes were isolated with the low Tris buéfef. In the
_c%se of RH polysomes isolated with fhe high Tris buffer,
although the yield was similar to the one obtained for RNH
-polysomes,'the proportion of LP and the LP/SP ratio were
higher (Fig. 4 and Table 2). In addition to a high Tris

concentration, DEP, cycloheximide, EGTA, 'DTT, MgCL;, KC1

’7



Fiéure 3. Size class distribution of RNH polysomes

isolated with low Tris, high Tris or standard buffer (SB).
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Table 1. Effeqﬁs\of three different resuspension buffers
' on the proportion bf different size classes of
RNH polysomes. . |

- low - : high .

Tris * Tris SB
S/T : 0.10 0.18 0.12
M/T 0.31 0.31 0.22
SP/T 0.37 0.23 0.23
LP/T 0.22 0.28 0.43
1.00 1.00 1.00
P/T 0.59 o 0.51 : 0.66
LP/SP ) 0.58 1.22 2.0r

HP 2 5 6
yield 74 172 . 185

(/ Bg T/g FW ‘

o | V2 SO 1.80 1.73 ., “1.81
Preo/Byas 1.69 1.57 1.71

. ., AN
. ’



Figure 4.. Size class distribution of RH polysomes isolated

with high Tris or standard buffer (SB).

e

cl

i




-
-




7]

-

: kY
Effects of two different resuspension buffers

Table 2.
. on the proportion of different size classes of
RH polysomes.
’ high
Tris SB /
S/T 0.10 0.07
M/T -~ 0.36 0.18
SP/T 0.21 0.23
LP/T 0.33 0.52
_ 1.00 1.00
P/T 0.54 9.75
LP/SP 1.58 2.27
HP N 5 6
yield . «198,' 682 ’
. ug T/g FW . -
( . ’ - '\\\
Ay eo/Are0 1.68 1.71 ‘\~_~
Ryeo/Ryss 1.41 1.61 '
., \ ¢
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and high pH have also be}n reported for the preservation of

polysome polymerization.

2.3.2 DEP, cyclShdxiniﬂe and RNases.

h.The influence of DEP and cycloheximide on the
isolation of rye polysomes was examined since both have
previously. been recommended for plant polysome isolatién
- (Anderson and Key, 1971: Br;en et al., 1971: Weeks and
°Marcus, 1969). It was'not possible to obtain srghificant
quantities of large polysomes with the addition of DEP
while the hddit;on of cycloheximide at a concentrat{on of
20 Hg/ml or SO0 pg/ml did not improve polysome profiles-
(Tables 3 and 4). In order to demonstrate that this method
was effective in isolating polysomes rather than ribosomal
aggr‘égates, both RNH and RH polysomal fraqti'ons were
treated with RNase(s). Following these'treatments;
subunits and monosomes\rather than polysomes were observed

on the sucrose gradient, as” shown by the size class

distribution (Table 4).

2.3.3 The effects of EGTA and DTT concentrations.
The effects of EGTA and DTT on polysome isolation from

nptu}:e RNH sgd ‘RH leaves are shown in Tables 5-8. Highest

i.P/SP and P/T ratios were obtained in the presence of 1 mM

D'l"l' with an EG'!‘A eoncentration in the 'range of 12 5 mM to

v between 0 and 25 mH for RH polysomes (Table 6). Increasi_ng

; : .

B j. ) N

25 mM for RNH polysomes (Table 5) although that range was -



Table 3.

C
Effect of cycloheximide on the proportion of
different size classes of RNH and RH polysomes
isolated with high Tris buffer. Concentrations
of 20 pg/ml and 50 pg/ml of cycloheximide were
used for RNH and RH polysomes respectively.




‘Table 4.

. -
Effects of DEP, RNases A plus Tl and RNase—Xk
alone on the proportion of diffgrent size classes
of RNH and RH polysomes isolated with high Tris
buffer in the presence of 10 mM DTT 9r SB. With
both RNAses, 10 pg of each were adde?’to 90 pg of
RNH polysomes. For the second treakment, 2 png of
RNase A were added to 90 pg of RNH _ or RH

polysomes. A

-
-

S/T
M/T
SP/T

LP/T

P/T

-LP/SP

o
RNH RH RH RngV/
DEP RNases RNase A RNase A
0.36 0.93 0.20 0.34
0.33 -0.07 . 0.43 0.51
0.26 — 0.34 0.15
0.05 - —_ 0.03 -
o0 Too 1o Too
0.31 _— 0.37 0.15
0.19 — © 0.09 —
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" Table 5. Effect'oskchA concentration on the proportion of
g9

differen) size classes of RNH polysomes isolated
_with hi Tris buffer in the presence of 10 mM
DTT. - .
- / ,
/
EGhA (mM)
v.
0 12.5 25 37.5 50

S/T 0.08 0.14 0.18 0.30 0.80

M/T 0.28 0.30 0.32 0.13  0.16

SP/T 0.32 0.22 0320 0.23 - 0.04
LB/ 0.32 0.34 0.30 0.34 0.00

’ 1.00 1.00 1.00 1.00 1.00
P/T 0.64 0.56 0.50 O © 0.04

- LP/SP 1.00 1.52 v1.50 1.45 —_
HP 2 5 7 5 p—
Rreo/Arg0 1.80 1.81 - 1.74  _1.82 2.11

.

Ago/RArss 1,71 1.67 1:64 1.06 1.65°




f‘ -
Table 6. Effect of EGTA concentration on the proportion of
. different size classes of RH polysomes isolated
with high Tris buffer in the presence of 10 mM
DTT. ' : .
*
) EGTA (mM)
d
) 12.5 25 37.5 50
S/T 0.04 0.07 0;12 0.12 0.27
M/T 0.25 0.33 0.25 0.25 0.14
SP/T 0.22 w0.17' 0.1% 0.24 0.23
LP/T 0.49 0.43 0.44 0.39 0.36
' 1.00 "1.00 1.00 1.00 1.00
' ]
P/T 0.71 0.60 0.63 0.73 0.59
- LP/SP 2.19 2.46 2.26 1.63 1.56
r .
HP 5 6 . 5 2 4
Ateo/Prso 1.73 1.72 1.73 2.03 1.72
Areo/Azss 1.61 1.59 1.53 1.60 1.49
[ ]
‘ k4l
-
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the concentration of DTT to 15 mM in the presence of 25 mM

EGTA significantly improved the LP/SP ratio for both RNH

and RH polysomes (Tables 7 and 8).

2.3.4 The effects of pH, MgCl, and KCl.

————— T —

Increasing the MgCl, concentration to 35 mM and. pH to
9.0 resulted in a further indrease in the LP/SP ratio
(Tables 9 and 10). A still further increase in the LP/SP

ratio was obtained by increasing the KC1 concentration fo

200 mM. However an additional increase ileC]. 1
concentration tc 400 M appeared to cause a signif¥cant

L4 _ R
dissociation of polysomes. : ‘

2.3.5 standard Buffer.

On the basis of these results, a standard buffer (SB)
was established for the isolation of highly polymerized
polysomes from'mature RNH and RH leaves.. SB contains 200
AM Tris-HCI, 0.6 M sorbitol (0.9 M for RH), 200 mM_KCl, 35
mM MgCl,, 12.5 mM EGTA,.IS mM DTT, pH 9.0. The efficacy of
this buffer for the isolation of rye polysomes is coﬁpared .
with the léw and.high Tris buffers in Tebie 1 and 2.
Isqlation o; polysomes in SB gave the lowest proportions of.
‘M, tha highest proportions of LP and P, the highest LP/SP

ratio, the 1largest value for polysomal'size class of

maximum absorbency, and the best yield of‘recoveréd » <7

polysomes. The high values for the A,,,/A,,, 8nd Y7 VO

ratiés show that the 1.5 M sucrose cushion efficiently

o

Iy N . e . : ! * - . IS -‘fa
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Table 7. Effect of DTT concentration on the proportion of
different size classes of RNH polysomes isolated
with the high Tris buffer in the presence of 25

mM EGTA.
[ ]
DTT (mM)

2 10 15

S/T 0.18 0.18 0.14
M/T 0.31 0.32 0.2i~

, SP/T 0.23 ’ 0.2 10.22

LP/T 0.28 0.30 0.43

1.00 . 1.00 1.00

| P/T 0.51 0.50 0.65
" LP/SP | 1.22 1.50 2.00

HP 5 7 6

, Aco/Arso 1.73 1 " 1.74 1.76
g 4 Aieo/Ayss . 1.57 ‘ 1.64 1.66
* - . =~ T .




Table 8. Effect of DTT concentratioﬁ~on the proportion of
different size classes of RH polysomes isolated
with the high Tris buffer in the presence of 25

mM EGTA.
N
DTT (mM)

2 10 15

S/T - 0.10 0.11 0.08
M/T 0.36 0.25 0.20
SP/T 0.21 0.19 o 0.20
~—re/T 0.33 0.44 "~ 0.52
1.00 . 1.00 1.00
P/T 0.54 . - 0.63 ,0.72
LP/SP 1.58 .2.26 ‘ 2.60
HP 5 s 6
A,co/RAs00 . 1.68 ‘ 1.73 1.69
Ayco/Byss 1.49 , 1.53 1.55

L]




-Table 9. Bffects of KCl and MgCl, concentrations and pH on size .
class distribution of RNH polysomes. Buffer contained 200

M Tris-HCl, 15 mM DTT and 12.5 mM EGTA. KCl, MgCl, and
pH were as indicated below. — '
N - \ *
60 mM KC1 60 mM KCi 200 mM KC1 400 mM KC1
30 mM MgCl, 35 mM MgCl, 35 mM MgCl, 35 mM MgCl,
pH 8.5 pH Q.O pH 9.0 pH 9.0
'S/ 0.20 0.21 0.21 0.32
M/T 0.34 0.36 ‘ 0.31. 0.28
P/T - 0.18 0.16 0.17 0.19
LP/T 0.28 "'0.27 0.31 ; 0.21
‘ : 1.00 1.00 . 1.00" *1.00
P/T 0.46 0.43 0.48 0.40
LP/SP 1.56 +ET70 . . 1.87 1147
HP ° _ 5 5 . s 5
Aco/Mso’ 1.83 1.82 . 1.77 1.81
Areo/Alss . 1.62 - 1.63 1.63 1.64
.\\.' -
; ) .
3 . ®
-‘:', - . ) ' -
; . - L]
. .
) .\
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Effects of KCl and MgCl, concentrations and-pH on size

Table 10.
. class distribution of RH polysomes. Buffer \contained 200
mM Tris-HCl, 15 mM DTT and 12.5 mM EGTA. KCl, MgCl, and
pH were .as indicated below. . .
60 mM KC1 60 mM KCL 200 mM KC1} 400 mM KC1
30 mM MgCl, 35 mM MgCl, 35 mM MgCl, 35 mM MgCl,
pH 8.5 pH 9.0 pH 9.0 pH 9.0
S/T \—~ 0.10 0.08 0.06 0.11
M/T 0.33 0.31 0.22 0.18
SP/T 0.18" . 0.20 0.20 0.27 5
LP/T 0.39 0.41 0.53 0.45
L- —— -
: 1.00 i 1.00 1.00 1.00 \,
P/T 0.58 \ 0.62 0.73 0.71
LP/SP v 2.15 2.03. 2.63 1.66
. \
" HP 5 5 6 5 -
Aleo/RAza0 1.67 1.73 1.72 1.55
. r .
A'*.u‘,/h,’s 1.62 1.58 1.66 i.52
R LY - M : Y
. . - *
N o s
. ’
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separaped polysomes from the microsomal fraction, and that
the 1ionic strength of SB was high engrgh to efficiently
remove sOluble proteins -adsorbed on RNH and RH polysomes
both during homogenitation and resuspension procedures.
These resulteach-intact RNH and RH polysomes reveal in
addition som mporfanf_featuresf Following growth at low
temperetgre, the size~c1ass distribution of polysomes is
skewed toward .larger polysomes and there is an increase in
the‘quantity of polysomes (Tables 1 end 2).
Polysomes.frbm mature triticale leaves and corn
—- coleoptiles were ailso isolated usieg SB. This buffer
appeared to be suitable since in the case of triticale

grown at low temperature ithe‘bropcrtion of LP is similar

e LP value reportcd for RH polysomes. In corn

coleop les, the results showed that SB was more

" as was ver fied for RNH polysomes (Table 11).

are compared'in Fig. 5. Polysomes lsoléted-gith high Tris

-
wa |

_buffere were four times more ective than those isolated

-

" with iow Tria buffer (?1g’ 5). There is'no statistical

difference between the total amino acid 1ncorppration by

.the polyebmee isolated. with SB and high Tris buffer.

SQturation was reached mcre‘quicklg’gith'polysomes iSplaied

By

appropria -] than the low Tris buffer to isolate polysomes

44
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Effects of different resuspensjon buffers on the
proportion of different size classes of corn
coleoptile polysomes and size class distribution
of polysomes isolated from leaves of triticale
seedlings grown at low temperature.

Taple 11.

corn trigicale
low

. Tris SB SB

S/T 0.02 0.03 0.06
M/T 0.23 0.29 0.14
SP/T ) 0.35 0.10 0.27
LP/T 0.40 0.58 o 0.53
" 1.00 .00 1.00

P/T 0.75 0.68 0.79
LP/SP 1.15 6.14 1.94

s HP 3 10 5
Rreo/Prso 1:79 1.73 » - 1.77
A,go/By3s 1.52 1.51 1.67

.-’




- Figure 5. - Tine course of [3ss]methionine incorporat‘ion

) - into protein by polysones 1solated with. law Tris; rhigh Tris
- ' ‘or SB. at 25°C.- Brotein synthesis:was carried out with the

S-105 wheat ‘germ fraction. l~!‘he _C?M'vaiues were determined |

*by TCA precipitation of 5 Bl aliquots on papér discs as

A reported_ {Mans . and Noveni i961) The error bars repre-
= ' " sent the standard error from the average of three inde-
- . pendent 1ncofporaticms. All the walues were correctecd by
. al ’ [ ) -
.8 “’ subtractin,g‘the value of the' a'ppropi:iate sblank. All the °
‘ -vaiu&s for the blank obtsined st differgnt timé were within
. ‘ " ) . .
. .. "1050.+ 100 CPM.
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in low Tris buffer than with tnose»iaoiated wtth high Tris‘}

'polysones !hen these polysomes ‘were tr‘anslated with the

'rebbit reticulocyte lyset,e, the differences 1n the . .

1ncorporetion of amino acids previously observed using the

wheat germ system, be!:wean the high ‘rris buf.fers polyeomes

‘.end the low Tris buffer polysomes and the high Tris MF

polyeomee were further am;:li-fied él"ig. 6) -

_ Transletion products also differed among the three
-'different polysome prepa:ations '(Fig 7) Larger'

polypeptides were found 1:1 the translation products Qf_.;

'butfera. In addition, ’Ehe membreme—free polysomes isolated

) . with SB were noz:e aetive than the high 'rris or SB total .

.polyao:ges isolated with " both high ‘l‘.r.ts buffers, but the-

highest proportion of 1arger polypepti:des were associated}"‘

_‘j,observed in the conplement of - translation products of both

'SB total and fmee polysomes. :
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'the polyaomes isolated with SB. However, no. difference was.., '



Figure 6. Time course of [(3%S]methionine incorporation
into protein by polysomes isolated with low Tris, high Tris

-

or SB' at 30°C. Protein synthesis was carried out with the
rgbbit feticulo&yte lysate. The CPM values were d;termined
by TCA precip‘i‘tation of 2 pl aliquots on paper discs as
repor*ll:éd"'(uans and Novelli, 1961).‘ All the values were
"ﬂqur'recte;l by subtracting the value of the aﬁpropfiate
Slaﬁk.- All the values for the blank obtained at different
time -\ieré varying pé';:wéen 1950 and 2850 CPM.
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Figure 7. SDS-PAGE of translétion products of ryve
polysohes igplated with 1low Tris, high Tris or SB.
Products are det;ected by fluorography. Lan.e 1, blank;
lane 2, low Tris touval polysomes; 1lane 3, high Tris total
polysomes; lane 4, SB total polyscmes; lane 5, SB MF

polysomes.
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2.4 DISCUSSION

S—”
Most ,;studies with plant polysomes have been carried

éut in young tissues. In all these studies two principal

buffer systems }'&ave been used for the isolation of
polysomes. One buffer, cha:.:acterize'd by low Tris (50 mM or
less) and }ow pH (7.4) and used extensi:rely with mammalian
systems (Heikkala and Brown, 1981; Venkatesan and Steele,
1971) has also been used for isolation of polysomes from
corn po'llen, coleoptiles and plumules (Baszczynski et al.,
1984: Dunlop and Walden, 19&5;:Hog.an et al.; 1985).
Polysom'e-s‘frcm beans and radish have also_ been isolated
with similar buffers (Anderson and Key, 1971; Gray and
Kekwick, .1974; Lin et al., 1966; Pearson, 1969). Profiles
~f polysomes isolated in 1low Tris/low pH buffér have
generally shown sig;ms 'of degradation since an accumulation
of monosomes and a low propdrtion of 1large pc-)lysomes are
observed. The second buffer-.characterized by high Tris
(200. mM) and high pH :;.5)‘ and initially developed for
isolation of more highly polymerized polysomes from young
etiolated pea leaves (Daviés et al., 1972) yields polysomes
with profiles 'contai'ning a . larger .pro_portion of 1large
polysomes. The presence of KC1, Méclz, EGTA, DTT, DEP and
.cyclgheximide in addition to a buffer of high pH and ionlic

strength has been reported as effective during polysome

.isolation in a wide variety of young tissues (Davies apd

Larkins, 1980).
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Howevef, no report gddresses the problem of isolation
of intact polysomes J£rom older, ﬁature tissues. _The
results obtained confirm that high buffer concentration.and
high pH are necessary not only for isolation of polysomes
from young tissues such\as pea or tobacco (Davies et al.,
1972; Jackso an; Larkins, 1976;'Larkins and Davies, 1973)'
gut also for isolation of highly polymerized polysomes from
older, more mature rye 1leaves grown under -different
temperature regimes. The medium (SB) used for the
isolation éf polysomes from mature rye leaves is, however
different from the media used for the isolation of
polysomes from young pea and tobacco leaves with regard to

the specific requirements for EGTA, DAT, MgCl,, KCl and pH.

[ 4
A d

EGTA has been reported to prevent RNase activity by
removing'the endogenous calcium whi?h activates RNases
(Jackson and Larkins, 1976; Larkins and Davies, 1973). .In
the presence of EGTA a higher. LP/SP ratio is obtainéd.

presumably\Que to an inhibitior. of the RNase activity. The

-optimal concentration of EGTA 1is°12.5 mM. It 1is also

1ntereatihg to robserve that an excess ‘of EGTA (50 mM) ~
causeézvirtually complate dissociation of RNH polysomes as
previou$ly reported foribqbacco (Jackson and ‘Larkins, 1976)
bul: ﬁot in RH polysomes. A:-I.though these RNH and RH
pol&iqggs required s}nilar optimal concentration of EGTA,

P -
they algsd showed subtle differences.
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In geqeral, the efficacy of DTT in preserving polysome
integrity has been overlooked. DTT keeps thekiaﬁses
reduced further 1nhibiting their action (Breen et al.,
1971). It some cases, 1 to 5 mM reducing agent @DTT or
B—mercaptoéthanol).‘has been added on a routine basis
(Arglebe and ;all, 1969; Baszj;;dgki et al., 1984; Dunlop
and Walden, 1985; Dunn, 1970; Gray and Kekwick, 1974;

"Heikkala .and Brown, 1981; Hogaa et al., 1985; Larkins and

Tsai, 1977; Noll et al., 1963; Pearson, 1969: Ramagépal and
-ésiao, 1973; Tucker and Laties, 1984; Venkatesan ahd
Steele, 1971). On the other hand, since no benéficial
effeét of B-mercaptoethanol could be demonstrated for pea
polysomes (Davies et al., 1972), ofhers have not included a
reducing agent (Brady and Scott, 1977; Erkeev and
Kgdoyarova, 1981; Gonzalez; 1986; Jackson and Larkins,
1976; ﬁarkins and Davies, 1975). Howe;er the importance of
DTT during th; isolation of polysomes from barley has been

shown (Breen-et al., 1971). The results obtained with DTT

are iniugreement with those fog:df!h.barley (Breen et*ﬂf#—‘“\\

1971), although, polysomes isoMNgted from maQEEZ\ENH :nd RH
leaves require a concentration 50%.higher.

Magnesiuﬁ and potassium ions have also been reported to
inhibit RNase activity (Davies and Lérkins,‘l980). . It was
found that, in  mature RNH and RH.leaves, the LP/SP ratio
was higher with 35 mM MgCl, and a pH of 9.0. These values

'/or MgCl, concentration and pH are similar for those

feqﬁirqd for tobacco (Jackson and Larkins, 1976) but higher'
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than those found optimal for pea (Davies et al., 1972).
The optimal KCl concentration (200 mM) in rye is much lower
tha;m the 400 mM reported for polysome isolation from yoqng‘

barley and tobacco leaves (Breen et al., 1971; Jackson and

Larkins,. 1976). This difference in the KCL Trequirement

‘could be due to differences inherent in the plant material

-

(eg. age) or perhaps, to the difference in the ioni-c/

strepgth of the isolation buffer. The buffer used_ during
the 1isolation of polysome.s from bar}ey .Ie'aves oontained
only 50 mM Tris (I en et al., 1971). However in tobacco,
the isolation buffer ccntained 200 mM Tris but, only 60 mM
KCL and J-IOO mM KCl1 were compared (Jackson a.nd~ Larki“s,.

1976). The obser\_red dissociation of rye monosomes into

. subunite at high KCl concentration (Tables 9 and 10) s

presumably an effect of the high ionic strength of thigh

4 g . :
buffer (Davies and Larkinsg, 1980). In barley an excess of

KCl 1in the isolation buffer also caused monosomes to
disscciate (Breen et al., 1971). :

Other‘addi%ives such as DEP and cycloheximide have beeﬁ
used in isolation buffers in order to improve the profile
of isolaced polysomes (Anderson and: Key, 1971; Breen et

al., '1971; Weeks -and Marcus, 1969).. DEP, a highly

- effective 1nhip1top of RNases is known to inactivate a wide

.variety of enzymes (Davies and Larkins, 1980) and to react

with RNA (Ramagopal and -Hsiao, 1973) further re;xdering the
(3 . ' :
paty“aomes unsuitable for. in vitro synthesis. Inclusion of

DEP in the 1solation medium did- - not . protect polysomes
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against degradation, but in fact led to markedly feduced
polyséme yields. Cycloheximide has been shown to prevent
ribosome run-off in barley (Breen et gl:, 1971). .Howpver
cycipheximide did not improve. the polysome profiles in the
present gtudy; indicatiné that riﬁdsomé run-off was not a
problem. Recently, a high concentraiion of Tris and basic
p}i we‘re used for -isolation of polysomes from wheat
seedlings (Fehling>apd Weidner, 1986): However, EGTA was

absent and the DTT ®omtentration was low (5 mM). Since the

proportion of polysomes was relatively high (75%), EGTA and

a high DTT concentration were probably not required because
these authors used Qounger leaves in which RNase activity
is generally lower (Brady and Scott, 1977; Ramagopal and
Hsiao, 1973).

The higher proportion of LP in RH when compared with
RNH could result from the arowth at 1low femperature.
Formatioﬁ of larger polysomes has been observed in potato

leaves grown at low temperafure (Vigue et al., 1974). An

increase in the’ quantity of ribosomes and rRNA has also

been reported dﬁring growth at low temperaturd (Bixby and-

Brown,‘1975; Browh, 1978; Paldi and Devay, 1983; Sarhan and

D'Aoust, 1975; Siminovicth et al., 1967; Siminovitch et
.al., 1968).

The proportion of polysomes (66%) in mature RNH leaves

is lower than the values repoxrted for youhg pea (B80%-85%) -

3

and young wheat (75%) seedlings (Davies et al., 1972;

Fehling and Weidner, 1986) although it is sigrificantly

"

'y
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‘higher than the'4;°,% rep_orted for wheat seedlinga of
compatable age (Brady and Scott, 1977). The difference in
the proportion of polysomes between rye and the younger
tiséues could reflect the difference in-the age of tissues.
used.

'Hog:ever the higiﬁer proportion of _polysomes- fron; rye.
compared with wheat of similar aée further emphasizes the
need to provide adecjuat_e protectioh for t.he polysomes* when,
isolated from older tissue. ' ' u

It has been shown that the .decrease in the proportion

of polysomes was accompanied 'by a decline 1in protein

" synthesdis activity as wheat grew oIder (Brady and Scott,

.‘ . L . - -
‘ 1977). The lower proportion of polysomes in mature rye

leaves compared withl_:th'ose reported for younger :ti'seues

“ could also reflec® a lower in ,vivo grotein syothesis'

v

activity. This is substantiated by the observation that

synthetic activity of isolated polysomes is directly

et

a——
-—

related to the degree of pglysome polymerization (Nowa.
al., 1984). Thesb results further show that more highl
polymeriz—ed"polysom‘es, when translated i__1n w_g, oetter
represent in v:l_vg.‘ protein'lsyrithesis. ﬁolysomes isolated
wi:th high Trig .and high pH not only incorporated ‘hd.gher
1eveis of emino acid, but also continued .to incorporate
methionine over a loriger period o'f‘.tihle and directed the

synthesis of larger polypeptides. It is assumed that more

: . X
highly polymerized- polysomes indicate a greater intactness

of the mRNA complemerd® ‘and that the synthesis of larger
.‘

NN
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"polypeptides gives a more accurate representetion of the

synthesis of protein in vivo. It appears, then, thel’t'here :
is a direct pelationship bhetween the state of mRNA

’ degredation’during isolation and the 'capacity. of that mRNA
. . to_oireot protein -synthesis. . A similar;orrelation wasAnot'
“ ob_serv’ed with pol‘ysomes from madze (Rarqagopal and Hsiao, -
1973). Howevez’ the results .obtained wlth rye. polysomes
agree with those reported for polysome.s from mammalian
systems that a. lower degree of integrity of polysomes will
reduce the amino acid incorporation in vitro (DQunp, 1970;
Nowak et al., 1984). ‘ . -
' During isolation of polysomes in presence of detergent
in animal sys&ms factors necessary for maximal poilysome
~activity were removed: reducing the synthetic activi.-ty of
these d;etergen‘t tre&ted polysomes when compared with ‘non
geteréent treated poiysomes; However'the activity oouid be
) res,tored-_by.r adding the cell ‘,sep (Ramsey and Steele, 1976).
B ¢ . SB membrane-free polys'on;e's were found .-to' be more active
than SB total polyeomes. These results suggest that the

E @

synthetic activity of membrane- freg polysomes would be more »

Rl

"’r&resentative of the original cellular activity than the
activity of membrane-bound or total polysomes. Although" |
detergents have been used during isoletion of plant

g polysomes ‘(Ramagopll and Hsieo 1973' Haggmen f1986), it,

l.‘ seems that-this is the first time thet a deleterious eft'ect

« ) ,of detergent on eynthetic activity of plant polysomes is

3

B pointed out. ' : @

’ - -, ..
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ot . in nclusion, o-complementery 'epproeches ( In vitro

-
P <

- trarwruti:ee—-and sucroee gradient centrifugation) heve been
P used to evaluate di(ferent buffer systems for the isolation
' ral

, of highly .polyner zed polysomee from mature ‘RNH and RH

- K J leevee. The , components required for  (the isoletion of
| v polydomes from ha*\ure rye leaves which are similar for RNH
‘end RH?- differ from those required for the isolation of
polyspnes from ydung pe¥ leaves. These differ‘enées

probebly reflect a higher RNese acthity in older plant

I
T T{;\ N tieeues- In, vitro tre_,neletion “of RNH polyso.mes) /
B ;_ deaonetratea the importence of using highly polymerized
. ;' " poiyeouee. These results reinforce the fact /i'-a’t the
- g 'ccmnonerﬁ:e “of the isolation buffer Just he c itioally .
‘: - ‘, . evaluated when * ueing polysomé. isolati;'l buffers previously
. g ': 'developed for plente p_ sioiogicelly different.; On the

Tt . @ther hand, J:heee reeulte ve revealed ﬂ'xat following the

.. - . .growi;h at low. teepe;et;ure ' rye seedlings, there is more

.. ‘polyeo-en | and these vpolye es are gkewed toward larger .r3
‘f. ‘ o bolyeom’ee. Intact pglysonee ave been isolated from RNH ’
. b\ -f‘,t.. end lul eéedlinge end eppeqr to be- different :least with y
EL > ,'"‘.- "’- . reepect to their size class dietribution. Thee poly‘e';mes

ox 3 uill -'be further cheracter ed, 'ae deecribed in the nex-t

K

éhbpter,. by evalueting 4 i;' eize class dietribution with

'°_-o.re .dete.ile‘,v qye'leti,ti e, melting\ points -and their

-
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CHAPTER 3

POLYSOMES FROM WINTER RYE SEEDLINGS GROWN AT LOW
TEMPERATURE.' QUANTITY,. SIZE CLASS DISTRIBUTION, MELTING

POINT AND COMPOSITION.
L )

3.1 INTRODUCTION
Growth at -low femperatufe induces morphological and

cellular modifications. Thése modifications include (i) an
‘ k]l

incredase in the amount of cytoplasm (Huner et al., 1984),

¢ii) a decrease in leaf area and plant height (Krol et al.,
1984) (1ii) an increase in tetal protein and total RNA
(Bixby and Brown 1975 Brown 1978; Brown and Bixﬁ# 1975;
" Cloutier, 1983: Paldi and Devay, 1983;* Sarhan and D'Aoust,

1975; Siminovitch et -al., \1968 1967) and (iv) a relative

increase in ribosomal RNA (rRNA) (Brown, 1978). _The
‘obserQed parallel increase in protein and RNA was thought

to reflect the&proposed role of RNA.in promoting protein

4 -

synthesis (§iminovitch et al., 1967). . Alterations to the

) eomplement of soluble and membrane polypeptides havg also '

+

been reported in cold-hardened plants (Bixby~ and Brown,
1975; Brown, 1978; Brown and.Bixby, 1975; Cloutier, 1983:;

_Elfman et al.; 1984; (Ebiffith et al., 1982- Huner ot.al.,

L]

1984' s:lninovitch et" al., 1968). 1IN addition, themel

,  p—

melting profiles and ribomal protein anelyeis have shown
differances ia. ribosones 1colited from cold.-hardened and
. nonhardened blac‘k lecust eeedlings (Bixby and Brown, 1975).
| Although the effect of various treat-ents on the degreo -of ., -

- . . ce .. . ) ’ » *
L] : . .’ -
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poiyso-e poly-erfzation in plants is well documented_(for a
' ' <

. review see Davies‘ and Larkins, 1980), the influence of 'low

tenperewture on pc?ly'souie size class distribution has not
been extensively' studied. Following growth ét -'1--°w tempera-
ture, pélysome size class distributions in mimosa epicbtyls
and potato leaves show different trends (Brown, 1972; Vigue
et al., 1974). While the size class distribution of
polysomes was unaffected‘in mimosa, redlatively larger
polysomes werd isolat:d from potato leaves a\fter a short
cold hardening treatment; 1;11 of these previous sj:udies

3
have been carried out on different plant tissues subjected

LY

to various periods of time a4t either cold-hardening or

non-hardpning growth temperaﬁpres. ‘It is not clear whether
" ) - . 0 . - * -4

the differences obberved are due primarily to sSpecies

differences. or growth at low temperature or to differences

in devalppmental stage of the plant used. 1In order to-

clarify these points, data on .size class distribution,
L ] N ‘e .

conposit:l\bn and stability of polysomes isolated from leaves
of rye seedlings grown ‘at low (5°C) and high- (20°C)

temperatures will be presented in this chagter.:

a



3.2 MATERIALS AND METHODS e

3.2.1 Polysome isolatidn.
Polysomes from RNH and RY seedlings were isolated as

described in section 2.2.2.

3.2.2 Polysome distribution. ' \
: ; / -~
The method for determining polysome size class

distribution was described in section 2.2.3.L

A
3.2.3 Purity and quéntity'of polysome.

Polysome purity and quantity of the membrane-bound,

membrane- free and total fractions were evaluated as
’

reported in ‘sections '2.2.4 and 2.2.5. 4An Ezso' = 25 was

used for RNA determination.

. 3¥2.4 4 Subunit isolation. e . .

¢
Large and small ribosomal .qubunits‘ from RNH and RH
. N,

polysomes weréd obtained by dissociation of polysomes with

puromycin as repofted (Blobel, 1971) .except that 2 mM DTT

w'és- ‘included in ‘all solutions.. B}iefxly, a bolysome,

-

suspencion ( {Oizsounits) was prepared to-a volume of 0.5

"‘ml with a buffered' solution containing ' at final .conhcen-

P

mM DTT and 1 mM putomycin. 'rhe -suspension was 1dcubéted

tration 50 mM Tris-HC1 (pH 7.5), 500 mM KCl; 5 mM MgCl,, 2.
| MgCl,,

for 15 min at 0°C and 10 nin at 37°c, cooled down and 0.16% -

t

ml wa_g 1oaded a 10 m]. 5-*2(_)%. l.inear sucroga (RNase free

.V
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grade) gradient in 50 =M Tr'i's.-HCI (pH 7.5), 500 mM KC1, .5
m® MgCl,, 2 mM DTT (solution C). Gradients were
centrifuged for 3.5 h at 2‘72,000xg__', (SW 41 roi:or).
Gradients were anelyzed‘ with a UV monitor previously

X )
described (section 2.2.2). Fractions of 0.6 ml were

.collected. Central fractions of either small or large

subunit peaks_were pooled; diluted with 2 volumes of
soluti~n C without sucrose and centrifuged at 196, OOOxg_"

for 3 h (Type 65 rotor). Large and small subunit pellets

were resuspended with 0,6 ml of 0 mM Tris-HCY (pH 9.0), 10 .

‘l
mM EDTA and 0.1% SDS and the rRNA was - extracted .from

aliquots of this suspension with pheoolf

3.2.5 Polysome and rRNA stability...

. P e S
The melting point of the total polysome fraction was’

determined by ':'_aJmodification of a reported technique (Bixby
and Brown, 1.975~) The melting point of 'lerge subunit rRNA
was detemined in SO mM Trig-HCl (pH 7.5) buffer gontaining
0.08 mM MgCl, (Camarano et g‘l.; 19&3) A Unicam SP876

Series 2 Temperature controller in combination with a

) = R T
SP1800 uv Spectrophotome‘ter was. used. ‘Temperature was

. inc:eeeed at the rate of 1.0° C/min. Melting curves were

plottod on a X-Y recordor (Onnigraphic 2000 Hoyston

..:‘dlolvo differenceo in nplting -point as small as 0. 1 C..

Changes of as little as 1% were recorded for the, hyperc_:hro—_

-

micity. . C - - | \

S
Imtru-ont-) Undor these conditions, it’ was poasibl-e to

[ X ]



3.2.q\ Electrobhoresis of ribosomal proteins. -

-

3.2.6.1 One-dimensional electrophoresis.

The polypeptide complement of polysomes was chara-

cterized by SDS-6M urea-PAGE on a 10%-14% linear gradi;nt
.using the Laemmli discontinuous buffer syséem as previously
describ;;\by Piccioni et al. (1982). Gels were. run at foom
temperature at 4.5 mA for 1'4 hours. ., To calibrate the
SDS:urea g%ls, tﬁe following molecular weight protein
standards were electrdphoéésed} bovine serum_albumin, 68
kD; ovalbumin, 45 kD; carbonic anhydrgse, 29‘kD and
cytochrome ¢, 12.5 kD. Followiﬁg electropﬁoresis. the ggls
wre stained with Coomassie Blue. R-250 (0.1% w/v) and

~

destained with acetic acid-methanol-water (Piccioni et al.,
’ - Ve = T ,

1982).
N : .

]
>

'3.2.6.2 Two-dimensional electrophoresis.,
. In-prder to run a first-dimensibﬂar gel efectrophoresis
without SDS, ribosomal proteins were freed from the rRNA by
the 'acetic acid method (Waller and Harris, 1961).
Polysomes.gamples (1.1-1.3 mg) were brouéht to a volume of
0.5'ml with a sclution of 40 -mM Tria-HC1,” 10 mM MgCl,, 20
mM KC1, 5 mM EGTA, 5 mM DTT, pH 8.5. ‘Then 0.5 m! of 0.8 M

magnesium acetate was ad ed.. This suspensioh waslstirred

'

hnd_ 2 n;i of cold gla al aeetic acid were added slowly. .

- . . H
The suspensiori was gsted with 5 strokes of the pestle in

a'glasé-Teflo;Ahémogenizef in order to disperse the

-

precipitated RNA. This suspension was stirred for 1 h at

. oo -

-
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'0-4°C and centrifuged at 2¢¥,000xg,,)> during 20 min ($S-34

rotor). The supernate'ht' was saved. end kept on ice while
the pellet (was re-extracted twice with 0.5 ml of 60 mM
magnesium acetate and 1.0 ml of cold glacial acetic acid.
'i‘he three eube;natents were pooled, dialyzed® overnight

(16 h) against 1 ‘M acetic acid and 5 mM B-mercaptofthanol

-.and iyophilized. Acidic proteins were 'separated by

iscelectric focussing (IEF) in the first dimension,
(O'?erre.l, 1975). The f@’llowing proportion of ampholines

: » o
(LKB. ampholine) was used: (pH 3.5-10, 1% (v/v); pH 5-7,

0.7% (v/v); pH 9-11, 0.3% (v/v)). The pH gradient. for 1EF

gels was determined by meesurihg the pH on intact gel witix

-

.a flat surfafe pH electrode. Basic proteins were

electrophoresed to the ‘tcathode at .pH 5.5 in ~the first,
dimension (system 1) as reported (Madjar et al., 1979). 1In
either case, the second dimension was carried out on

SDS-urea gels as described above.

3.2.7 Electrophoresis of ribosomal. RNA.
Total RNA was extracted with phenol ‘and the 18 S and 25

S rRNA were rescived on SDS-polyecrylam.Lde'ge'le (byer and™

Leaver"QBl,)' 'l‘he no‘lecular size qf phenol extre’cted g s

.end 25 S gRNA was estineted by electrophoresis on egarose

gel 1in the presence or absence of a dentturing agente

.(cheeter end Cemichael 1977).

- 3
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3.2.8 Chloroform preparation.

_ Iso-amyl alcohgl (3-methyl-1-butanol) was add;d to ‘

chloroform to reduce foaming and facilifate separation of

the two phases. The chloroform:iso-amyl alcohol proportion

-

was 24:1 as specified by Maniatis et al. (1982).
: 3

. é
3.2.9 Phenol preparation.

Phenol was prepared essential1§ as repofted by Maniatis
et al., (1982).. White lique€ied phenol was used and stored’

at -20°C in small aliquots under nitrogen gas. As needed,

phenol was removed from the .freezer, allowed to warm at

room temperature .and melted at 68°C. 8-hydroxy-quinoline

which is an antioxidant, -partial inhibitor of RNase and

- L

'we'ak chelatos‘ of metal ions was added to the liquefied

» . ' :
¥ phenol at a final concentration of 0.1%.° The phenol was
: . % ‘ .
then extracted several times with'an.equal,volume of buffer

Tris (pH 8.0), 0.2% B-mercabtoethanol) until the pH of the
aqueous phase is greater than 7.6. The solution wags stored

under the equiff?rium buffer at 4:C-{or periods up to 1\
month. ‘J"!’ . : ‘

22.10 Phenol- extraction. '

v

Aliquots of 0.2 ml of polysomes or subunits, in 50 mM
Tris-HC1 (pH 9.0), 10 WM EDTA, 0.1% SDS were added to
."0.2 ml 'of phenol in a 1.5 ml polypropylene microcentrifuge

. | J
‘tube, mixed for 1 min and centrifuged in ¢ .Fisher

i
L

' F 4

(1.0 M Tris, pH 8.0) followed by & second buffer (0.1 M
. " 1Y ] . . [4 -

67
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microcentrifuge model 235A (13,000xg,,,) for 15 sec. The
upper agueous phase was removed, kept on ice. and an equal

volume of 50 mM Tris-HCl (pH 9.0), 0.1 % SDS was added to

*the\ interface and the organic phase, mixed and
centriXuged. The two pooled aqueocus phases were added to

mixed and centrifuged.

0.4 ml
&
The agQueo then re-eiatracted with 0.4 ml

chloroform, mixed and centrifuged. Th two wvolumes of

_cold 95% ethanol (-20°C) and 0.1 volume of 3.0 M sodium

acetate (pH 6.0) were added to the aqueous phase. RNA was

allowed to precipitate overnight (16 h) at -20°C and.

* centrifuged at 12,000xg,,, for 20 min. Pellet were drained

and reésuspended in sterile double distillated H,0 or with
. % .

‘an appropriate buffer as specified.

3.2.11 DNA. ‘ "
DNA was extracted u%}ng the perchloric acid (PCA)
method (Volkin and Cohn 1954). Briefly, RNH andlﬁﬂyleeves
"wero ground in liquid nitrogen. Aftgr the 1jquid nitrogen
‘had e§aporatdd and as sodn'as the temperature of the

pulverized laaves reached -4 to O C, the 1liquid nitrogen

L]

powdcr was resuspended with 5 ml of 1solation .buffer

(section 2.3.5). One ml aliquots were mixed with-2.5 ml of
cold "10% PCA and cuntrifuged (10 min et 12, OOOxg__x, ss 34
-'rotor). The supernatant waa discarded whi the
-procipitato was rosuopendad 1n 2 5 ml of cold 10% P and
ccntrifugod. The supcmatdnt qu discarded and the- tipsue

L4
.

*

’

*
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Yesidue was resuspended with 1.0 ml of H,0, mixed with 4 ml
of 95% ethanol and centrifuged. The tissue residue_ was
resuspended. in 5 ml of ethanol and centrifuged. The
precipitate was then re-extracted three timeg with 3 ml -of" ,
ethanol:ether (3:1) at room temperature. The pr‘:ecipit‘ate
' was then treated with (;.IN KOH (10ml/g fresh tissue) at

37°C for 16 hours. Following the neutralization of the

-7

shspensiog with 6N HCl, DNA and protein were precipitated
by 1 volume of 5% PCA. Tie supern.atant was‘saved ahd the
pellet was washed with 5% PCA and centrifuged. Both
»supernatants were p'ooied and ‘saved to give i&e RNA
fraction. The;‘n tr{e precipitate was resuspended with 5.0 ml
of 5% PCI;, heated for 15 min at 90°C,. cooled and
centrifuged (sa;re superﬁat'ant).' Tt;e precipitate ﬁa's washed
with -2.5% PCA‘ ané‘ ;:_entrifuged. Both éuprnatants were
.poole_'d to forql the DNA fraction; The remaining precipitate
was retained as the protein f'raction. .DNA e.onc;:entration
_was estimétgd' by spectrophotometry using an E§;3*= SO
(Mania-tis ‘et al., 1982) or by the dipﬁenyla'mine method
(.Vol-yk:,ln and Cohn, 1954). - ‘

H \
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3.3 RESULTS .
| "

3.3.1 Proportion and. quantity of membrane-free,.

i_ge-brene-bound and totel polysomes. .
. _ _ o
Both mature RNH and RH leaves contain- a larger

'proportion of membrane-free than membrane-bound polysomes .

(Tai:le 12). Groﬁth at low temperature resulted :fn ‘an
R 1nc;ease in the quer;tity of polysomes in \vth~e ‘three
different oolysome fractions’. The quentiti-es of .bound
. free and total polysomes in 'RH leaves increased by factors
of 1.5, 2.4 and 2.7, respectively. Therefore, the free

wiysome fraction increased to a -greater extent then the

bound fraction. The larger increase in the membrane-free

- A
RN

" fraction relative to the membrane-bound fraction: resulted-

in an increase in the MF'/MB ratio from, 5.5 in RNH to 8.5 in
RH leaves. Aithough the sum of beund and free polfsomes
was einiler to the amount of total polyeomee ieolated from

RNH leavee, the sum of bound and free polysomes represent

only 80% of the total poly'some fraction isolated “from RH

leaves. It is not possible to ascertain whether this

. result represent an incomplete recovery of bound an'd/or

- ~

free polysomes from RH leaves or an overestimatjion of the

total boly’soﬁe fraction. Whichever the cabe, the 1ne;‘eesell

in the quantity of polysomes following the cold herdening

.
- >

treatment is clearly significant.
The dry matter of RH seedlings has been reported ‘f:o

incresse from 12%“1:0 298 over RNH ee'edl:lngs of q'omp'arable'f

- )

[ . 4 ’
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- Table 12. Quantity of MB, MF and T polysomes isolated from

* RNH_and RH leaves. The amount of polysomes is

" expressed per unit of DNA, fresh weight or ‘dry

wekght. MB, MF and Total polysomes were obtained
from separate isolations.

3 .
) . ug poiysomes/mg DNA
I L 3
MB MF Total
T rwm 100 + 46 539 + 121 . 675 + 104
RH . 151+ 54 - 1283 ; 330 1843 + 354
RH/RNH 1.5 . 2.4 .. ) 2.7
pglﬁplysdﬁés/g fresh weight
v N MF o ' Total
* :-RNH - 27 + 13 151 +34 . 189 + 29
: _ RH © 56 +20 . 475 + 122" . ° 682 + 131
’ _RH/RNH, = 2.1 3.1 ' 3.6
Hg polysomes/g dry weight
MB ' MF \ - G3ta)
.. RNH 234 + . 1263—+284 . 1575 + 242
" RH 195 + 70 . 1638 + 420 ' 2350 + 450
. L B _ .
RH/RNH .. 0.8 1.3 | 1.5
' »

- . - v e

L
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developmental stage (Krol et al., 1984). .On the other
hashd, the DNA content appear toc remain relatively c&nstant
- during a cold;hardening treatment (Brown, 1978).
C;Jnsequently the increase in the gquantity of polysomes
depends oﬁ the parameter selected to express the results.
The iAcregse WQQ maximum when the results were expressed on

a fresh weight basis but minimum when a dry wéight basis

was used (Table 12): -
. L)

. [ 4
3.3.2 Purity of polysomes.

' ‘Polysome purity was estimated using 260/280 and 260/235

ratios which 'supply' information on the homogeneity of

polyabhb fractions (Petermann, 1964). Our results show no

differences in the degree of purity between membrane-bound, __

pémbkéne-free and total RNH‘polysomeé (Table ;é). \\'
Polysomes iéolated from RH plgnt§ also show an equivalenf‘r“~]
degree of purity. Finally, the high values of these ratios
inditate that all these different polysome preparatfbns are
substantially free of céntéminants. . ! i .
K e ~ . . J |
3.3.3 ' 8ize class distribution of polytone#.

. Polysome size glass.distributio; was analyzed by

centrifﬁgatioﬁ on sucrose gradiants (Fig. 8). Bach prériier~v~
is characterized by a prominent peak toward the top of the
gradient. This peak represents the ribosomes or monosomes -
whilp'the other ;eaks.on the £I§ht repre'ent polyéo;;sfof

. incroaling_. sizes. Growth ’at 1<;w temgerature a;)pears to

» - * J \P .
. , o ' T e . - . . \\‘

i
\
\
b e
. » ) o O ¢ -— (-' . .
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Table 13.

a -

- 3

Purity of RNH and RH polysomal preparations as | S
expressed by 260/280 and 260/235 ratios.
v : N

t -2

. . _ s 4
TN 260/280 ratibs. '
- RNH & . " RKy
MB 1.75 + 0.04 . 1.61 » 0.08
MF 1.80 + 0.02 1.76 + 0.02 °
+1.81 +,0.04 »~ 1.74 + 0.03
-
* 260/235 ratios = 4
——— °I
RNH *  RH
. 4
o L ) . N -~
MB 1.66 + 0.02 1.53. + ‘0,06
=~ MF 1,72+ 0.02 Wl1:66 + 0.01
T 1.61 +: 0.02
-t
"Q' - s
oy € -
. r
» §] -
S 2
l.' . .
& A P .o
‘ . &
. . J . "
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Figure, 8. Density gradient profiles of RNH and RH

-

msmbrane-bour}d (MB), membrane-free (MF) and total

. polysomes. The base line of each gradient is represented

by the dashed line. A 2.5 times more sensitive sgcale was
required to obtain p'rofiles oflmembrane-bognd' polysomes
during fractionation of sucrose gradden.ts indicating a
re;Lati\;ely smaller quantity of membrane-boﬁnd polysomes

compared to the quantity of membrane-free ‘or total

polysomes.
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affect-mgggsomes and” polysomes inverseiy. The proportion
of monosomes.clearly decreases and the préportion of large
polysomes increases in bound,‘fpee and total polysome
fractions from RH leaves. .

The proportion of each size cléss fo} bound, free and
tottal polysome fractiong were rélatively similar for R&H
leaves (Table 14). MonosbOmes accohnt fﬁf approximately 20%
of the total RNH pblysomeé‘\duxégg small polysomes and
large polysomes collectively account for 70% of the total.
In addition, the ratio of large to small polysomes (LR/SP)
. inﬁicates that polysome integrity was adequately protected.
These results élso show that during growth at 1low
temperature there is an increase in the formation~of large
polyso.mes at the expensg of monosomes in membrane-bound,
membrane-free and total polysome fractions. This increase
in the propdftion of large polysomes is more obvious in the
membrane-free fraction and is reflecfed by the é;bsttﬂtial
increase in the LP/SP ratio from 2.08 to 3.39 (table 14).
Although the free polysomes represent more than 70% of
total polysomes in RH leaves, th: size class ‘distribution
of total' polysomes is more sgimilar to. the.distribution
observed in membrane-bound polygshes than in membran3:¥ree
polysomes.' _ .

A ‘"difference between membrane-free polysomes and both
membrane bound and total polysomes fractions 1s that the
free fraction ;s not detergent t;eatég while the two others

are. In order to verify whether this difference in - the

.
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size class g@§stributi resulted from an artefaadyial effect
B~

of detergent, Triton X-100 an‘ DOC were added to 1% final

concentration to aliquots of membrane-free polysomes.

s

Membrane-free polysome hliqbots were incubated for 10 min

at 4°C and centrifuged on sucrose gradient (2.2.3). The -

[

sresults clearly show that RH polysomés are detergent

sensitive. -Consequently, the observed difference in the
size distribution between membrane-free and total polysomes
isolated from RH leaves reflects the great sensitivity of

[ 4

polysomes to dete%éenfs_following growth at low temperature

.(Table 15). These results also -demonstrate that only the’

membrane-free polysomes should be used to describe “the

influence of 1low Yéﬁpevafure on the .slze class

diétribution. . L ' € -

- ! - .

3.3.4 Melting point of rRNA and polysomes. .

.Melting pRpoints were determined for 'both RNH and RHY

polysomes and the rRNA isoldated from RNH and RH 1large

ribosomal subunits. A decrease in the stability of RH

e

polysomes and RH rRNA isolated fro& the 1large ribosomal-

78

-

subunit is ereflected by melting points 3.7°C and 3 2°C,~

lower, respectively, than the melting points obtained for

-RNH polysomes and rRNA (Tabre 16). However[ no difference
: L]

-was observed either between RNH and RH polysomes and gﬁy or

RH rRNA with respect to the hyperchromicity.

1



)

Table 15. Influence of Triton X-100 (1%) and sodium
deoxycholate (1%) on size class distribution ef-
membriwme-free (MF) polysomes isolated from RNH
and RH leaves. MF polysomes were incubated for

B ‘ 10 min at 4°C with detergents ‘prior the
centrifugation.on sucrose gradients

X
. e ] control . " + detergents
o . RNH RW RNY:;‘ T " RR
- S/T 0.10 0.06 .. m,_\ 0.0
e M/T - 0.21 ofo. ' -Toar Y oam
o SP/T 0.23 ° ' o.18 - g3 . 0.2 T -
LP/T - 0.46 + 0.65 - _ “o_..»_:a ' 0.52

> . N
R — An———— - - ——
©

1.00 1.00 1.00 - 1.00




LN

Table 16. Melting point and hyperchromicity of RNH and RH

polysomes and rRNA isolated from the large

ribosomal subunits isolated from RNH and RH

-

. : polysomes.

RNH polysomes

. RH polySomes
RNH rRNA
RH TIrRNA

melting point
(°C)

“ 57.8 + 1.5 "

54.1 + 0.5

65.3 + 0.9
62.1 + 0.6

hyperchromic.ty

1.38 + 0.03
1.41 + 0.06

1.23 + 0.04

1.25 + 0.05
. @
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3.3.5 Poly;o-al 'proteins .
RNH and RH ribosomal poly\peptides were analyz‘e'&:‘ to
determine whether mo'd.tfi::ations to: the protein complenient

X ’
occurs concomitantly with the differences observed with

'x:espect to size class distribdtion and melting points_ of

. - .
RNH and RH polysomes. Analysis by 1-D-gel electrophoresis

revealed '.changes in polypeptides larger than 70 kD. A
Jolypeptide of 117 kD'observed in :ch'e RNH polysomes was
absent from RH polysomes. On thé other hand, a polypeptide
of 140 kD. obsérved in the RH polysomes was absent from RNH
polysomes. These two high molecular weight proteins were

[

di's’qociable from the ribosomes with 0.6 M KCl. No

" .differences _were observed in, molecular weights among the

ribosomal proteins less than 70 kp/(Fig. 9). The basic
ribosomal proteins were analyzed by .wo dimensional
electrophoresis usi'ng an acidic pH gel for the first
dimension and a SDS gel for the seéond dimension. Under
these cénditions, the 'complement. of basic ribosomal
proteins from RNH and RH polysomes were found to be
virtually identical (Fig. 10). The acidic ribosomal
pro'teins we.re ahalyze_d b§ two dimensional: electi‘ophoresis'
using an IEF gel for fﬁe first dimension and -a SDS gel éor
the second dimension. Arn.ong the twelve RH acidic ribosomal

proteins detectable on the gel, three polypeptides differ

froim the RNH acidig proteins. Two RH polypeptides of

isoelectric points (pIs) of 7.6 and 7.3 and of Mr of 37 kD ® -

and 10 kD were observed. Howéger these two polypeptides

¥ - . . ' .
N . e el ea '
e N I P =3 % S S T SAE MR .



- Figure 9. Blectrobhoretic separétion of ribosomal péoteins

o}an 10%$-14% 1linear gradient SDS-6M urea polyacrylamide

gel. A:inon KCl-washed RNH and RH polysomes, B: KCl-washed

RNH and RH poiysomes. Protein standards, 68 KkD: BSA: 45
R ,

kD: .ovalbumin: 29 kD: carbonic anhydrase; 12.5 KkD:

° A4 B ;‘:.\
cytochrome c. ' gr







. Figure.lo.“‘Z-D electrophoresis of basic‘ribosomal proteins
extracted from KCl-washed RNH and RH pélysomes: The first
aimension is a éeparat n on the basis of mobility of the
proteins at acidicf'pH "in " the preserrce of B8M urea (4%

polyacrylamide gel). The second dimension is on the basis .

.

H

- of the Mr of thg proteins in presence of SDS wiéh 6M uraa
(10%-14% 1linear gradient polyacrylamide gel). ‘'The same

protein standards as reported in Figure 9 were used. *
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,wéré absent in RNH gels althougﬁ’siﬁilar polypeptides of
pIs of 7.9 and 7.5 and of Mr of 38.5 kD and 11 kD were
present instead. Finally, the RNH polyﬁeptide of éI of 5.6
and Mr of‘15.5_}d) was also different from the RH

polypeptide of pI of 5.7 and Mr of 15 kD (Fig. 11).

3.3.6 Polysomal rRNA. . :

The mobility of 18 S and 25 S .rRNA were compared by
electrophoresis on 2.6% gel in presence of SDS. No
differences were abserved in the mobifity'of the 18 S and
'25 S subunits from RNH and RH rRNA (data not shown). In
addition, the Mr determination of the 18 S and 25 S rRNA
from RNH and RH were the same regardless of the absegce or
presence ch‘the:denaturing agenps DMSO and glyoxal

(Fig. 12). The mélecﬁlar sizes of these 2 rRNAs were

0.69x10° and 1.30x10% daltons regpectively. s



‘ )4

Figure 11. 2-D elecérophoresis of acidic ribosomal
pr.oteins extracted from non KCl-washed RNH and RH
pelysomes. The first dimension is a seéaration on the basis
Sf mobility of the isocelectric point of the acidic proteins

in the ﬁresence of 8M urea (4% polyacrylamide gel). The

. B second dimension ds on the basis of the Mr of the proteins
i .

R . in presence of SDS with 6M urea (10%-14% linear gradient

;/ polyacrylamide gel). The same protein standards as

) reporteéd in Figure 9 were used.

~ []

- L)







Figure 12. Electrophoresis of ribosomal RNA extracted from
RNH and RH polysomes. Thé\g}ectrophoresis was done under
native and denaturing col:\dition on a 1.5% agarose gel.
Laﬁes 1-4, native conditions:; lanes 5-12, denaturating

conditions: lanes 1, S5, 16 S and 23 S TRNA; lanes 2, 6,

tRNA; lanes 3, 8, 10, RH rRNA; 1lanes 4,9,11, RNH rRNA.
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3.4 DISCUSSION 7

Only a few studies have addreussed the influence of low
temperatlxie/n RNA or ribosome metabolism. An increase in

the quantity of rRNA or ribosomes has been reported in the

stem and 1living bark ‘of black locust (Bixby and .Brown,

1975; Brown, 1978:; Siminovitch et al., 1968, 1967) and

- N -
leaves of wheat seedlings and potato (Devay and"Paldi-;

1977; Paldi and Devay, 1983: Sarhan and D'Aoyst, 1975:

B4
-

Vigue et al., 1974) following a low temp_erature' ti‘eatn]ent

1)

for various lengths of time. An increase ip the qua'nti,t;\;!

of ribosomes has been reported for overwintering pine budsé RS
, { R

(Haggman et al., 1985). All, these reports suffer from<,.

several deficiencies. One of the major problem is that

neither was pfeceded by thorough developmental study.

Consequently, the 1low temperature plants were at a’

different developmental stage than the controls. Giveﬁ...the

» T

general observation. that the rate of plaﬁt de{relopment is
temperature dependent and the specific observation-that
ribosome metabolism 1is subject to age ‘related changes
(Davies and Larkins,~1980), it seems important that in any
study of ;:emperature effects on ribosome me'gab,o'lism, the
test and ccatrol plants. be of comparable developmental

stage. . For this report, plants which on the basis of

previous, systematic deJPlopmental.studies (Krol et al.,.
' 1]

1984) appear to satxs{y/%hat requirement have been used.
This study 3hows that the guantity of. ribosomes in.rye

seedlings grown ‘at low 'temperature (RH) 1.s 2.7 and 3.6

w e,
£ * AXSTENEE
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times higher than for ribosomes in seedlings grown at high
tempegeture (RNH) when expressed reietive to DNA and fresh

weight respectively. However, -on a dry'weight‘basie, there

appears to be no significant difference. 1t has -been, shown -

]

that, following developmmgpt of ryesseedliegs at‘loe
temperature, the leaves are characterized b{ larger cells
wi?h decreased vacuolar volume and increased probortion ef
dry matter\Tﬁfol et al., 1984). Our results indicate that

? . .
the ribosomes constitute the same proportion of cytoplasm

in both' cold grown and control plants. The apparent,

increase in the‘quantity of ribosomes on a DNA or a fresh
weight basis thus merely reflects this relatively larger

proportion of cytoplasmic volume in the cold §rown pTants.

-

This last point may have been Overlooked when a DNA basgis °

was suggested to express results obéained during studies: on

acclimation akgldw temperature (Chen'and Li, 1980 Singh;e

‘,

-1

al., 1975). On this basis; .a simple increase igitfﬁ?ﬁﬁ

quéntity of ribosomes would not appear to be a signfffgent

-

factor with respect to acclimabion to groﬂgg d%rlow'

. i S v";«'f" {'
temperature. T e T

P A

In'spite of the'above discussioﬁ“ several observations .

point toward sub le cﬁanges in the architecture of the

ribosome or mRNA/riboséme camplex which could relate more
1 - i N
directly td acclimation to growth at low temperatures. ° RH
: - &
polysome profiles are definitely skewed toward larger

polysomes. 'Varlatgons in polysome size class distribution

have been reported for other t138uee‘1d response to eu&in

o —

t i -

W
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or gibberellin applications or during diffe_roent s'tages of-
‘ dagelop@eqf‘(bavies and Larkins, 1980). Following éfowth-
at lou; _t,emperatu'rei, larger polysomes have been obser-ved in
Bérle’},gn& potat;) leaves (Kenefick et al., 1974; vigue et
“al., 1.974) but %ot in inimoéa-«(Brown, 1972). Larger

polysomes were also observed upon rehydratb%ion ef the moss

Tortula ruralis at 2°C rather than at 20°C ‘(Malek and
Bewley, 1978). Although 1argen'polysom_eé were observed by

EM in intact tissues of averwintering pine buds, smallex

DS

polysomes wezj_g"obtained on sufcrose gradient (Higgman. et

1., 1985). Qn the basis of thé_observations‘regarding the
.sens;‘iivity ,éff pol'ysomes to detergent (Table 15), the 1pss
of - large pplysomes'previously reported:kayxpossibly be
. attributed to ‘the use of detergent in the isolation of the
free&‘as -well as the bound. polysomes from pine buds.
Although low temperature diad noj: appear to éffeéi: polysome
size ‘class distributibn in mimosa (Brown, 19‘72),"‘,1arge‘r.;'

pcglys,omes ‘have Been detectéd in lcaves of rye, barlejn

<

-

' (Kenefick et al., 1974) and potate (Vigue et al., 1974)

follqwing'_'growthc at 1low temperature. These 1a~£§er

polysomes suggest that polysomal .activity is’ modified in B

o [

ryé grown at low temperature. Lérger‘ polysomes could «

resu%t from either. a more rapid initiation or a ' slower v

L4

termination ,0f protein synthesis (Davies and ‘La'rkins{

-
- -

'1980). .It was demonstrated recently that larger polyso?nes

in mammalian tis‘sueos were corredtated with a ‘higi\er

[+

polysomal activity (Nowsk et al., 1984)% Furthermore, it



is useful to note that few KCl-dissociable and/or acidic

‘94

proteins were modified in RH polysomes while none of the-

basic ‘(core) ribosomal proteins were affected during growth
at low temperature. Some of these KCl-dissociable and/or

acidic proteins (also identified as peripheral ribosomal

proteins) have been fep_p;ted to have an enzymdtic function\'

or to be .factors \req‘uire_d for pretein synthesis and
conseqguently to affect ribosomal functign (Browning et al.,
1985; Yurina et al., '1983). Whether the presence of larger
polysomes results from the modification of these proteins

can not be assessed rat’ this time but a KCl-dissociable

polypept\ide of 116 kD has been identified as one of the

subunits of in"tiation factor 3 (eIF3) in wheat germ

AN

(Brocming et al.,‘ 1985) It is interesting to speculate

that the 117 kD poly‘gaeptide present on RN’H polysomes -which

is apparently replaced by a 140 kD on RH polysomes could be
a subunit of elF3. If this true, the RH eIF3 couxd have a

different -conformatign which might be- more active than RNH

K4

eIF3. A more activg eicl\guld (1) contribute to a higher
. - . . s R . -
initiation rate' of prbdtein éyﬁthesie, (2) explain the

e . _ "
increase in the ‘pro_p'c':rtion of large polysomes and (3)
,suggest a higher'_syntb‘etic, activity for these pol;}somes.

Since the isol-e.tion' of membrane-bdund polysomes

- ’
.

requires the presence of a detergent (bay;l.es and Larkins,

1980; Venkatesan ot al., 1971) and since free i:olysomes

. -«

from RH leaveet were sensitive to Jdetergents, the resultd

" obtained for size class distribution of both RH bound and



R

.
t.

total podyscmes could be artefactual. Until a new method
is ava'iletile_;to free the ‘polysomes from the membranes, .t
will not be.possible' to. ;\7reri_fy whether an increase in sjize
class distributiof® of memb}'ane—bound and total polysome
fractions simtlar to the one observed in the. free polysome .
fraction occur's' at Pow temperature. Given the presen‘t.

.

isolation .conditions, the free polysome fraction more

ap—

correctly refl-ects the influence of . growth at_low

)

temperxature on poleome size class distribution than rather

membrane- bouhd or total polysome fractions. ‘ o
Other modifications to ribosomes such as*a decrease in

the melting point .an increase in the degree of

hyperchromicity ‘and modifications to the. complempnt of

[

basic ribosomal proteins have been reported in black locust
following growth at 1low temperature (Bixby and prown,
1975). In wheat seedlings grown at low temperature‘,""the
rRNA base composition does not appear to be affected
(sarhan and D'3oust, 1975). On'the other hand, an in®rease .
in the melting point of rihosomes . concomitant wih the

increase 1in the maximal growing temperature, but ,wi.thout
any change in their degree of hyperchromicity r_:.a:s_ been
reported for thermophilic bacteria (Cammarano et al.,
1983). In bihelical rRNA, unlike in DNA, A and U bases.and
C and G bases are not all \?aired and the extent of pairing
is wvariable. A higher‘—d_egree of hyperchromicity 1is
generally believed to -/reflect a higher proportion of Jpaired

A-U bases while a lower melting point is a measure of
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structural stability indicating a l'ower‘ pr—opof?:.t‘oa. of
paired G-C bases (Bixby and Brown, 1975; Cammarano et al.,
‘1983). ‘A lower melting point, which results from..e lower
proportion of paired G-C bases could resu_lt erm. (1) a

difference _in the rRNA base sequence, (2) a differenhce in

the proportion of paired G-C bases or (3) a chan.ge in the

rRNA—ribosomal protein association. The 1latter could}

result from changes in the complement of basic proteins

which bind to the rRNA or from other factors. such as

divalent cations and/or po*lyamines which may modify "the
. [ 4

secondary structure of the rRNA (Cammarano et al., 1983).
Finally, it has been shown that the secondarxy structure of

RNA can be predicted b{r selecting the base pairing :schemé

which is favored in terms of free energy level (Tinocd et,

1., 1973). The secondary structure of RNA predicted by

both ‘aequencing and free energy level are very simil_er
(Tinoéo et al., 1973; Noller and WOese 1981‘»Stiegler et

al., 1981) although some exceptions were observed speci{h

fically ‘with regards to rRNA (Noller and Woese, 1981;

Stiegler et al., 1931). The temperature at which' the

secondary structure is cnnsidered affects the free ener:gf(.

At lower temperature, the free energy values for A-U and.

G-C base pairs decrease (Tinoco et al., 1971). Given the
same "proportion of paired G-C bases, a bihelical RNA
. structure would then be more stable at 0°C than at 40°C.

Following growth of rye seedlings at low temperature;

the melting points of both the ribosomes and the isolated ’

\

>
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rRNA decreased. There was no change in the .degree of,
hyperchromicity. Theré was also no change inxthe electro-
phoretic mobility of RNH and RH rRNA analyzed under
different' conditions or in the complzement of basic

ribosomal proteins. Taken together, these results suggest

. that the rRNA primary sequence is not affected during

gfowth at low temperature. This suggestion is supported by
the absence of any modification to the rRNA base
composition in wheat seedlings subjected to a similar

cold-hardening treatment (Sarhan and D'Aoust, 1975). It

"s'eems probable then that the observed decrease in' the

] .
melting points oferibosomes and rRNA following growth at

low temperature would ‘result from a 1lower proportion of
paired G-C bases in ribosomes and in rRNA from RH leaves.
A lower proportion of paired G-C bases‘qould itself result
from- changes in the binding of cations and/or polyamines to
the rRNA during rRNA maturation (Cammarano et al., 1983).
There is another possible.explanatio_n for the apparent
decrease in the proportion of paired G-C bases and
consequent decrease in meltind point. It is.based..on
tegperature effects on the free energy level of G-C and A-U
base pairs (Tinoco et al., 1951). Data of free energy
level Pfor a fragment of R17 virus“expressed for a

>
temperature of 25°C has been reported (Tinoco et al.,
1973). I have recalculated the free energy  level of this
fragment of R17 virus for temperature of 5°C and 20°C. The

free energy lével of -21.8 kcalories aésessed for that R17

87
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RNA fragment (Tinoco et al., 1973) was lowered by 11% at
20°C (-24.3 kcalories) and by more than 44% at S°C (-31.5
kcalorieg). A similar event could be invoked to explain a
lower proportion of paired G-C bases in ribosomes during
growth at low temperature. At B;C,.a lower proportion of
:aired G-E: bases during either the maturation éf TRNA
and/or the -;ssembly' of ribosomes would be necessary in
order to obtain similar free energy level and consequently
a similar degree of stability than would be necessary at
20°C. Both Ehe results obtained with rye in these
experiments and their intérpretation differ from those
previously reported for black locust seedlings where the
melting point decrease was thought to result from the
substantial differences observed i;x the complemégt of
‘'ribosomal proteins which would affect the ’rRNA/p:ptein
interaction (Bixby and Brown,'q975). |

Since a decreasé in the proportion of paired G-C '‘bases

affects the secondary structyre of rRNA (Tinoco et al.,

1971), it would cleariy alter the ribosome conformation and

consequently the ribosomal activi (Davies and Larkins,

L}

1980). The adaptation of ribosomes for fidelity and
efficacy of translation at different temperature (Bixby and

Brown, 1975; Cammarano et gl., 1983) would certainly be of

biological significance.

In conclusion, rye polysomes ere modified during growth

at low temperature. Although the increase in the number of

polysomes does not represent per’ se an adaptation for



- d
growth at low temperature, other more subtle adaptations

such as larger polysomes, lower melting point of polysomes,

different complement of peripheral ribosomal proteins take

place. These modifications would be necessary to allow rye

seedlings to grow and develop at low temperature.




CHAPTER 4
. L. \
e N
GROWTH AT LOW TEMPERATURE MODIFIES IN VITRO TRANSLATIONAL
ACTIVITY OF POLYSOMES AND mRNA.

-

4.1 INTRODUCTION ~

Interest is increasingly recteé toward the protein
" synthesis ;nachinery and traer&aE‘(o/n products following
growth at 1low temperature. Recently results on the in
vitro translation of polys'om.es from 6 days old wheat
seedlings and in %@_ synthesis of new polygaeptides from
spinach both expoged at 4°C for \48 h hf‘ave been reported
(Fehling and Weidner, 1986; Guy et al., 1985). But, in -
spite of this new 'information, these in vitro systems have
not been characterized yvet. Acidic ribosomal proteins a;'md
modifications to r?bosomal pro?:eins (eg., phosphoryiation,
ADP-ribosylation, acetylatiofr:) have been reported as
mechanisms for regulating protein synthesis (Bielka, 1982;
Browning et al., 1985:; Clemens, 1983; Floyd and Traugh,
1979; Hathaway et al., 1979:. Mumby and 'rrau.gh, 1979;
Nishimura and Deuel, 1983;"Nygard and Nilsson, 1985; Ochoa
and de Wero ™ 1979; Scharf and ,Nover, 1982; Traugh -and
Sharp, 1979; Tuhackova _e:j:_ al., 1985; }(urina et al., 1983).

In the previous chapter, it was suggested that the
decrease in the:melting point of RH polysomes and the

occurrence of 1argzr polysomes in RH leaves with four

diffez;ent. peripheral and/or acidic proteins reflected a

100



" Wifferent ribosome conformatiorn and a higher initiation

rate of protein synthesis leading %o more active polysomes.

.

As previously point&d out, these differences between RNH

LY e

' and RH polysomes could.also affect the polysome
. . translational ac@ivity. "Initiation® is the rate 1limiting
s . step in protein synthesis and has been‘considered the major
_ point of regulation of translational activity (Kramer et

. ¢
al., 1980; Ochoa_and de Haro, 1979: Weissbach, 1980). In

. addition, protein synthesis on cytoplasmic ribosomes has

' been reported as indispensable for the development of frost

hardiness in Chlorella ellipsoidea and higher plants (Chen

et al., 1983; Hatano, 1978; Hatano et al., 1976; Kacperska-

Palacz, 1978; érunova, 1982).
To in;restigate tﬁe synthesiz;ng capacity of polysomes.
in higher plants, im vitro cell-free systems are more
. appx:bpriate than in vivo systems. An in vitro system helps
to avpid the uncertainty related to\ variable precurso\r
-.-. pem.'eabili.ty anqx_'pc.;ol size and to disting;a&ﬁ‘t'he changes
occurring at various steps of prot'ein synthesis (Klyacb}:é
B N\ '_e_g‘ﬂ.,. 1982). Generaﬁ.ly, during polysome translation with
a wheat germ in vitro sygtem, the reinitiation is véfy low
og_nonexistept (Clemegg, }984; Jolicoeur, and Brgkief%
! ) Ging;ﬂs, 1983; Klya::‘hko et al., 1982). .Conseq‘henlt'l.y,‘ the .
synthesizing activit;( of pdlysc;iest is a measure of the .
) 'e.ieng_atio,n rater (Jolicoe_uf and'far_akier-—qin‘gras, 1983:.
- . S\ 'l(l*yach_ko et al., 1982). Ipitiatidn ‘.:‘rate can also be

- inferred g{rom this elongation: system. when ‘results are

/o | I




expressed in terms of polysome specific activity (Klyachko
et al., 1982).E\Dn the cher hand, the translation of mRNA
with @ rabbit reticulocyte 1lysate is a 'measure of the
efféctiveness of mRNA to direct protein synthesis (Clemens,
1984). .

In order to determine whether the function of rye
polysomes and mRNA were altered follo;ving' growth at 1low
éémperature, the requirements for their optimal in vitro
translation were determined. Since these in vitro assays
were designed to focué on ribosomes or mRNA, 1t is
essenfial that polysome or mRNA be the limitiné factor in
the in vitro assay. ‘ jhese results show that tﬁe
requirements are different for' optimal transjlatiqn‘ of

polysomes and mRNA isolated from nonaaccjlmated and cold-

acclimated rve seedliﬁgs of comparable developmental étage.

e v
P 4 - ¥
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4.2 MATERIALS AND METHODS )
° s
4.2.1 Polysomes isolation.
- 3
* Membrane-free polysomes !iom RNH and RH seedlings werg{

isolated as dascribed in section 2.2.2, resuspended in 50

mM Hepes (pH 7.@); I'00 mM potassium acetate, 10 mM

4

magnesium acetate, 0.5 mM EDTA and 5 mM DTT ,(section 2.2.8)
and aliquoted in 50 pl sample, frozen in -liquid nitrogen

and kept at -70°C.

4.2.2 mRNA isolation.

N Cytoplasmic méNA was isolated essentially as described
) by Casgrore (1982) excepted that the RNH and RH leaves wer
homogenized as for polysomes i1isolation (section 2.2.2)
the 1liquid nitrogen ®owder was resuspended in SB
(section 2.3.5). Once the mitochondrial fraction was
removed, the buffer was made 1% SDS and 50 mM EDTA and the

RNA extracted with phehol-chloroform and chloroform as
! ’

‘\\\\\ described (Cashmore, 1982) with the exception that the
. phase was back extracted with 50 mM Tris (pH

first orga

.2% SbS. Both aqueous phases were pooled The RNA

was then precipiteated with ethanol overnight centrifuged

and re’uspended in 0.5 M NaCl, 10 mM Tris-HC1 (PH‘B.d), 1

mM EDTA (pH 8.0) anad 0:1% SDS at a final concentration of 1

c ) - mg/ml. POly-A’ fractions were ootained'by affinity

chromatography on poly-U Sepharose. ; , -
Polysomal mRﬂA wds obtained by phenol extraction of RNH

and RH polysomes as described in section 3.2.10. .
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The amount of cytoplasmic, and polysomal mRNA was ‘
estimated by hybridization with [’H]poly-U. The poly-A
content of the mRNA was assumed to be 6% (Buffafd et al .,
1982). | ' &
4.2.3 Poly-U.affinity chromatography.

Affinity chromatography was done as reported by
Cashmore (1982). .One g of poly-U sepharose was swollen in
an excess of 0.5 M NaCl, 10 mM Tris-HCl (pH 8.0), 1 mM EDTA
(pH 8.0) and 0.1% -SDS (S buffer), washed with 90%
férmamide, 10 mM Tris-HCl1 (pH 8.0), 1 mM EDTA, re-equili-
brated with S buffer and poured into a;small column (10 ml
disposable syringe previously plugged with glass  wool).
The-formamide was deionized with Biorad AGS501-X8 mixed ‘bed
resin by stirring 20 ml of formamide with 2 g of resin for
1 h. The RNA sample in the S§ buffer was heated for 10 min
at 65°C to dissociate aggregates, cooled on ice and
filtered through the column of poly-U sepharose at 4°C. To
increase the efficiency of the technigue, the poly—&'

7~ .
fraction was recirculated a second time through the |

column. The column was washed with.10 ml of 10 mM Tris-HCl
(pH 8.0), 1 mM EDTA (pH §.0), the pqu-A’ fraction was
eluted with 4 X 2 ml of 90% formamide containiné 10 mM
Tris-HC1 (pH 8.0) and 1 mM EDTA (pH B.0) and ethanol
precipitated twice. The column was stored at 4°C in 10 mM

Tris-HC1 (pH 8.0), 1 mM EDTA (pH 8.0), 0.2% SDS and 0.02%
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sodium azide until further use and're-equilibratéd with

buffer S just before a new poly-A° fractionation.

4.2.4 [3H]Poly-u'preparation.

.{3H]Poly—U was ‘synthesized essentially as described by
Buffard (1980). The reaction was carried out in & final
volume of 1 ml containing 150 uCi of [*H]JUDP 1lyophilized,
1.3 mM of non-labelled UDP, 6 units of polynucleot'ide
.phosphorylase (PNPase) and the volume was brought to 1 ml
with 100 mM Tris-HCl, pH 8.3, 5 mM MgCl, and 0.1 mM EDTA.
Polymerization ®©f UDP was complete after 30 min at 37°C.
Following the addition of 50 pg of yeast <tRNA, ;he
{3H]poly-0 w;s precipitéted with two wvolumes iy cold
ethanol (-20°C) and 0.1 volume of 3 M sodium aceta%e
(pH 6.0). After 2 hours-at -20°C, and a centrifugation,
the [3H]poly-U pellet was resuspended with 0.5 ml of 50 mM
Tris-HCl1l, pH 7.4, 10 mM NaCl and purified on Sephadex G-7§
(5 mi, 8.6 -cm x 0.5 cm) equilibrated in the same resus-
pension buffer. The [?*H}poly-U fractions (0.5 ml) elu&ed
in éhe void volume was‘monitored by counting the
radioactivity of 10 pl aliquots. Fractions containing
[*H]lpoly-U were poolea and frozen at -20°C until needed.

4.2.5 [3H]Poly-U-mRNA hybridization.

Hybridization was done.with an excess ©of [H]poly-U.

(*H]poly-U (4dpl) and diluted mRNA or poly-A (up to 20 pl) -

were added to 76 pl of 2xSSC (1xSSC= 0.15 M NacCl, 0.013'M

’

-~
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eodium citrate). The mixture was incubated at 45°C during
20 min, cooled on ice for 5 min and treated with°10 ug o;
RNase A during 30 min at 4°C. (*H)poly-U-poly-A hybrids
were then TCA precipitated (6.7% final concentration) in

n

preSenée of cgrrigr\(so'pg DNA) during 15‘min ‘at 4°C and
collected on GF/C filt;ers (Bufard et al ., 1983). Filtérs
weﬁ' then rinsed with 20 ml” of cold 10% ,TC;\ and 10 m.l' 95%
ethanol, dried under a heat lamp End_counted with 10 ml ‘of
a toluene b.ase cocktail (Econofluor-2, NEN) 'in a Beckman
LS-230 scintillation counter. Under thése‘constibns, a

linear standard curve was obtained with 0 to 400 ng of

poly-A.

4.2.6 Wheat germ preparation.
Wheat germ extract was prepared as reported by Reisfeld
and Edelman (1982) and was described in section 2.2.7.

4.2.7 In vitro trggslation.

.

RNH and RH membrane-£free polysbmes were translated in-
vitro with the S-105 wheat germ fraction ,a:q source of
soluble enzymes while RNH and RH mRNA weré t;anslated with
a rabbit‘reticuldcyte lysate (Promega Biotec) as @escribed
in section 2.2.8 with some modificatidns for both as
described in the coming results section. The translation
waé carried out at 10°C and 25°C for polysomes and 39'C for
mRNA. In order to make sure that polysomes or mRNA ‘were

the 1limiting factors during in vitro assays, some non-

N
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labslled methionine was added in the tra;slation mixture as '

-.  shown in the results section. .
Dufing ;ranslation of polysomes,with wheat germ,'puman
placenta ribonuclease inhibitor (1 unit/pl of trédélation
mixture; blemgﬁs, 1984; Jolicoeur and ﬁréuiér-cingras,
1983; Morch et al.., 1986; Scheele and BlacKburn,” 1979) and
° aurintricaréoxylic;acid~(ATA) at a concentration of so‘pM
_(Jol%coeur and érakier-Gingras, 1983; Fresnp and. Vasquez,
1979) were added-fo determine the activity of RNaée in the
tfaqslation mixture,and the capacity of - that' translation

system for reinitiation of protein synthesis. ) .

»
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4.3 RESULTS .
4.3.1 Tran§ia§iqna1 activity of polysomes.
+« For these;ﬁxperiments, mémbrane—free polysomes were
usgd.' Membrane-béund and total polysome fractions were not
used because detergeqt interferes withfsize class dis-
tribution (sgction 3.3.3) and translation (section 2.3.6).
It is generally accepted that the temperature at which in
vitro translation is carried out will affect the
translation. A temperature of '25°C has’ been reported
optimal for translation with the wheat germ system
(Clemens, 1984; Reisfeld and Edelman, 1982). In this
present study, it was desirable to exsmine translation at
temperatures near the érowing temperature. RNH and RH
polysomes 'were thereforé translated at 10°C and 25°C thch
are 5°C above the growing tempe:ﬁture of RNH and RH

éeedlings, respectively;

.
-

4.3.1.1 EfféqF pf temperature. ' .
Incorporation éf methionine by RNH and RH péiysomes at
10°C was-reduced and slower when compared to the results
obtained at 25°C (Fig. 13 and 14). Fo? both RNH and RH
pél'ysomes, a plateau was reached after 45 min at. 25°C

" instead of 125 min at 10°C (Fig.13).

~
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‘ Figure 13. Time-course of amino acid incorporation by RNH
and RH polysomes (45 pg) at 10°C and 25°C. with 1.3
picomoles of labelled [33S]methionirg. The volume of the
in vitro translation mixture was 50 pl from which aliquots
of 5 pl were removed at given times. The Mg'*® ‘and K* final
concentrations were 3 mM and 120 mM respectively. Results
are from one experiment. This experiment was repeatedypaCe -
, with similar results.
’
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Figure 14. Time-course of amino acid incorporation by hNH
and RH polysomes (45 ‘pg) at 10°C and 25°C with 2.6

picomoles of labélled T’ss]metgioq}ne.' The volume of the‘
in vitro tranélation mixture was 50 ul from which éliquots
of 5 ﬁl were removed at given times. The concentration of

-

labelled [35Simethionine was 2.6 picomoles. The Mg** and

K* final concentrations were 3 mM and 120 mM respectively.

Resultg are from one experiment. This experiment was

repeated once with similar results.
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4.3.1.2 Effect of methionine concentration. .
The incorporation of methionine by RNH and RH polysomes
" was also regulated by the amount of methionine available in
the translation mixture (Fig. 13 vs Fig. 14). RNH and RH
polysomes were affected differently by a limiting amount of
methionine. Total incorporation by RNH polysomes was
inére%sed by a factor of 3.5 times when the amount of
labelled methionine'was doubled from 1.3 to 2.6 picomoles
regardless of temperature. Comparable values -for RH
polysomes were\2.8 and 2.0 times at 10°C and 25°C, respec-
tively. At a concentration of 1.3 picomoles of methionine,
RH polf¥somes be;e ¥.4 (10°C) and 1.7 (25°C) times mere
active than the‘RNH polysomes to synthesize polypepéides.
etcﬁlﬁ picomoles of methionine, RNH and RH polysomes
incorporated similar quantities of méthignine gt 25°C (Fig.

13 and 14). The incorporation at 10°cC by RH polysomes was

less reduced than f;r the RNH polysomes.

The cmapacity #f RNH and RH polysdmes to incorporate
methionine varied with the incféagg in the céncentration of .
the labelled amino acid. In~order'to'1dentify whether RNH
and RH polysémes had the same synthetic capacities in
vitro, the determination of the ndnimal quantity of
meth{ﬁnine‘to saturate the incorporation and the optimiza-
%iqp of the translaéionél mixture for RNH and RH.polysomes
appeared necassgfy. } Concentrations of 1.3 and 2.6

picomoles of methionine were clearly suboptimal. -

Satuthtionldn the inéorporatibn of methionine was reached

-

L1
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when 300 picomoles of nw*?ionine were present in the
translational mixture for R lysomes (Fig. 15). Taking
into acco £ the concentra:j:§ggf,the other amino acids
(1500 bi moles) in the translation mixture, 1000 picomoles
of methionine were added in subsequent translations. In
order to _achieve that concentration of methionine, non-
labelled methionine was added to th% translation mixtur; in
the following proportion 26:974 (labelled:non-labelled).
This 1lowered the specific activity of methionine and the
TCA-precipitable counts but increased the gquantity of
incorporated picdmoles of methionine in-subseq?ent experi-

ments.

4.3;1.3 Effects of magnesium and potassium.

Magnesium titrayion revealed that the optimal Mg**
concentration appears to be temperature and polysome
dependent (Fig. 16 and Table 17). At 10°C, 2.2 mM Mg'® was
optimal for the translation of bo;h RNH and RH polysomes.
However at 25°C, optimal Mg°' concentrations were 3x$ mM
and 5.5 mM for translation of RNH and RH ponsomes'respec—
tivel&. In .addition, RH polysomes appear tq be less
susceptible than RNH polysomes to an excess of magnesium

during translation.

114

The optimal concentration of K° was different for RH

polysomes at 10°C and 25°C (Fig. 17). At 10°C, the optiﬁal

K* concentration for:in vitro translation was 130 mM for

.

both RNH, and RH polysomes. However, at 25°C, the optimum
: -~

¢
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Figure 15. Saturation.curve for methionine incorporation

by RNH polysomes (45 pg) at 25°C. ' The methionine .
concentration was incfeasing'from 1.3 to 510 picomoles.
~ "  The volume of the in vitro translation mixture was 50 ul
ffrom which 2 aliqguots of 5 ul each were removed after 90
) " min of incubation. The Mg * anq K* final concentrations

were 3 mM and 120 mM respectively. Results are from one

~ ' experiment. This experiment was repeated once wf§h similar
* .

results.
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Figure 16. Effect of Mg"® concentration on in vitro

trans}étion of RNH and RH polysomes (45 pg) at 10°C and

25°C. - The Mg"* concentration was increased from 1.5 to 15
. .

mM. The volume of the in vitro translation mixture was 50
A4
bl from which 2 alfquots of 5 pl each were removed after 90

min (25°C) or 180 min (10°C) of incubation. The final

A

concentration of K' was 120 mM while 26 picomoles of

[35S]methionine and 974 picomoles of non-labelled

methionine were present in the translation mixture.

-

Results are from ohe experiment.  This experiment .was

repeated three times with simil*‘esults.
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Table 17. O\ptimal M *° concentrationﬂn‘m) for in vitro

‘ translation of RNH and RH polysomes (20 pg) at
10°C and 25°C. The Mg**® concentration was
increased from 1.5 to 15 mM. The volume of the
in vitro translation mixture Was 50 upl from which
2 aliquots of 5 pl each were removed after 90 min

: (25°C) or 180 min (10°C) of incubation. The final
concentration of K' was 120 mM while 26 picomoles

: of [?°S]methionine* and 974 picomoles of non-

.- labelled methionine were present in the
translation mixture. Each point is the mean - f
four different experiments.

RNH RH -
. :
10°C 2.2 2.2
25°C | 3.5 5.5

ey



" Figure 17. Effect of K+ concentration on .ig»vitro
translation of RNH and RH polysomes (45 npg) at 10°C and
25°C. The K° concentration was increased from 50 to 200
mM. The voiume of the in vitro translation mixturxe was 50
pl from which 2 aliquots of 5 pyl each were removed-after 90 -
min (25°C) or 180 min (10°C) of incubation. Obtimal con-
centrations of Mg'* were used for RNH and RH polysomes as
described in Table 17. 26‘picomoles of [}°S]}methionine and
974 bicomoles of non-labelled methionine were éresent in'
_ﬁhe translation mixture.’ Rqsults-are from one experiment.

This experiment was repeated once with similar results.
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value was 130 mM for RH polysomes while. 90 mM was optimal
for RNH éolysomés. "In all cases, an excess of potassium is
not as —inhibitory' as magnesium on the translational
activity. *

4.3.1.4 Saturation by polysomes.
. .
Methionine incorporation byjﬁvﬂi and RH polysomes at

.
’

10°C and 25°C. increased llﬂédr%} with the quantity of

A}

polysomes indicafing_that polysdmes were the limiting
factor during translation (Fig. 18)." -

Y Y

~ ‘ .

4.3.1.5 ' Effect of human placenta ribonuclease inhibitor.

-Addition Aof human plac&t.a rihonuclease inhibitor
(HPRI) at the re;ommended concentration of 1 luut/pl of
translation'mixéure (Clemens, 1984; Jolicoeur and Brakier-
Gingras,‘1983; Morch et al.., 1§86: Scheele and Blackburn,
1979)'qid not increase theitotal incorporation by either
RNH or RH polysomes. Apparently, ribpnuéleaées were not
prbsént in the S-100 wheat germ fraction used és source of
‘soluble fr;ction for the in glgggﬁfransla;ion assay, .
4.3.1.6 Effect-of aufiﬁtricarboxyLic acid.

' During translation of RNH and RH polyéqmes in ‘presence
of 50 uM aurintricarboxylic acid (ATA), the total
incorporation by RNH and RH podysomes was decreased by only

128. This résult demonstrates that the sS-100 wheat germ

~



Figure 18. Effect of polysome concentration on methionine
incorporation at 10°C and.35°c. RNH and RH polysome
. quantities were increased from O to 45 nug. The volume of
the in vitro translation mixture was 50 pl from which 2
aliquots of 5 pl each weré removed after 90 min (25°C) or-
186 min (10°C) of incubation. Optimal concentrations of
Mg* * aﬁd.K' were used fcr RNH and RH polysomes as described
(section 4;§,1.2). 26 picomoles of [3°S]methionine and 974
picomoleé o% ..non-labelled ;r.ethioninf were p;esgnt in the

translation mixture. Results are the mean of two

experiments.
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fraction was unable to effectively reinitiate protein

synthesis.

4.3.1.7 Incorporation under optimal conditions.

Under optimal conditions, RH polysomes were always
twice as active as RNH polysomes énd regardless of
temperatures. In addition, the total incorporation by RH
polysomes at lO‘C was 1.7 times higher than the RNH one at
25°C. The t'ime required to incorporate half of the total
incorporated methionine was 1longer for RH than for RNH

polysomes at 10°C and 25°C. For both RNH and RH

polysomes, total incorporation was reduced by less than 15%

at 10°C while saturation occurred after 105 min at “25°C
instead of 150 min at 10°C|(Fig. 19). In order to estimate’

whether the initiation step was affected for polysome

fractions with different proportion of large polysomes and

transl'a_‘tged with $-100 wheat germ system, the results for
the amino acid incorporation by polysomes should be

expressed in “terms of nspecific activity of polysonmes

(Klyachko t 1., 1982), The specific activity of

polysomes is the ratio of the total incorporation of
polysomes by th‘roportion of small and large polysomes in
the preparation of polysomes used (Klyachko et-al., 1982).

Expressed in terms oft spec’ific activity of polysomes,- the

synthesizing activity of RH polysomes was increased by more

than S50% when compare to RNH polysome activity and regard-'

less oflthe temperature of translation.

k]
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Figure 19. Time-course of methionine incorporation by RNH
and RH polysomes (45 pg) under optimal cofiditions at 10°C
and §5°C. The volume of the in vitro translation mixture
was 50 ur from which aliquots df 5 pl.were removed at given
times of incubation. Optimal concent¥ations of Mg** and K°
were used for RNH and RH po;ysomes as described (section

4.3.1.2). 26 picomoles of [}°SImethionime and 974

3
o

picomoles of non-labelled methionine were pyesent in the
translation mixture. Results iére;Jfrom one experiment.

: [ : T
This experiment was repeated once with similar results.

“ «
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s 4.3.2 Translational activity of mRNA. ~

»A Since growth at 1low temperature affected polysome
Cactivity, it was interesting to compare the effectiveness

of mRNA from RNH and RH leaves with respect to directing in
vitro translation. M%ssenger RNA was 1isolated and
‘translated with airabbit reticulocyte lysate,

4.3.2.1 Effect of methionine cencentration.

Due to differences in the preparation of the wheat germ

-~ and rabbit reticulocyte lysate systems, the endogenous pool

. . of methionine is removed in wheat germ system but not in
rabbit reticulocyte lysatg (Clemens, 1984). The
concentration of’ methionine has been.establighed as 5 pM in
rabbit reticulocyte lysate (Clemens, 1984). Although this
value 1is close to the saturation point observed during
polysame translation, é%e influence of the methionine
concenﬁraticnl was nevertheiess verified. This was

necessary mainly because the rabbit reticulocyfe lysate, 1in

contrast to the wheat germ system is able to reinitiate
. -
protein synthesis (Clemens, 1984). The saturation point

was reached around 300 picomoles of methionine (Fig. 20).

4.3.2.2 Effect of magnesium and potassium.
*

The optimal Mg"* concentration was different for RNH

.

and RH mRNA (Fig. 21). Magnesium titration of RNH mRNA
] ’ " -
showed a narrow erofile with a maximum of translational

activity at 0.7 mM Mg'* while the profile for RH mRNA was

v a X,




' \ . ., *
- Figure 20. Saturation curve of methionine incorporation by

RNH polyéomal mRNA (OLj Hg). The methionine concentration
T " was increasing frém 3 to 500 p}coﬁoles% Protein synthesis
was carried out with the rabbit reticﬁiocyte~1ysate at
" ’
“30°¢C. xhq volume of the in vitro translation mixture was
25 pl from which 2 aliquots of 2 Y1 each were removed after.s
.60'miﬁ of incubation. The Mg*'® and K° final concentrad%ons
were 0.7 mM and 145 mM.respectively. Results are from one

~ : experimenw. This experiment was repéated once with similar

results.

©
. ¥




130

1
)
o |
’ So‘ '
-~ '—E-
< ©
A
ca O
a -
v of [
@)
O
<
. w <
; 3 .
< J
© - -1
- I . a . : ]
- . 1. ‘
‘ L2 ISR
' ‘ NERRE SIS AR
o . RIS SR
..J . \ ': . .‘{ .:--‘.: -
’ K..ﬂﬂz
_ 2 " ) " PN S A 1 PRI ¥ } s j . | bxr'_f.;.' o :i’ ’

RN - O . 9. 180 270 360 450 540

. ! METHIONINE CONCENTRATION
. ' . . rpic.omOIOS)




Figure 21. Effect of Mg°*' concentration on in vitro

translation of . RNH and RH _c_y‘toplasnlic mRNA (3.5 ug). The
Mg-©*° concentration .was in¢éreased from 0.5 mM to 3.7 mM.

Protein synthesis was carried out with thé rabbit

reticulocyte lysate at 30°C. The volumé of the in vitro
translation miz_tture was 25 ul ifrom which 2 aljquots of 2 ul
each were removed after 60 min of incubation. * The final
concentrat:ion of K' was 100 mM while 8.8 picdmoles of

[33S]methionine were present in the translation mixture.

.

Results are the mean of two experiments.
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much broader and maximum at 1.7 mM Mg"°. incorporation of
m@thionine by RNH' and RH\mRNA decreased sharply at
* magnesium coﬁcentrations less than 0.7 mM and was)almosF
qoﬁﬁlexely %nhibited at a concentration of 0.5 mM Mg"*. On
the other hand, an increase of magnesium concentratign from
0.7 to 1.7 mM resulted in a 50% reduction of amino acid
.incorporation by RNH MmRNA. In contrast, incorpcration of
methionine by RH mRNA was reduced by orly 17% when the
magnesium concentration increased from 1.7 mM to 2.7 mM.
This reduced sensiti;ity to excess magnesium and the higher
optfimal Mg'°® concentration were similar to that observed
for RY polysomes (Fig: 16). Differences were also observed
in the K° titration between RNH and RH mRNA (Fig. 22).
Although the differences were not as great as for
magnesium, optimal mean values of 145 mM and 135 mM K* for
RNH and RH mRNA were obtained. Specific requirements for
K°' appear to be different for polysomes and mRNA since RH
polysomes and RNH mRNA need a higher optimal K" concentra-
tion.
4.3.2.3 Saturation by mRNA.

The optimal .quantity of mRNA to direct amino acid
incorpor;tion'was twice as low for RNH mRNA (1 pg) than for
RH mRNA (2 ug) (Fig. 23). An excess'of RH mRNA dic_l noj'

inhibit the ipcorporation of amino acids as severely as RN

MRNA .




P e

Figure 22. Effect of K+ concentration on in vitro

translation of RNH and RH cytoplasmic mRNA (3.5 pg). The

K* concentration was increased from 70 to 210 mM. Protein

. £
synthesis was carried out with the rabbit reticulocyte.

lysate at 30°C. The volume of the jn vitro translation
mixture was 25 ul from which 2 aliquots of 2 pl each were

removed after 60 min of incubation. Optimal concentrations

of Mg'* of 0.7 and 1.7 mM were used for RNH and RH mENA

— white 8.8 picomoles of {3?°S]methionine were present in the

translation mixture. Results are from one experiment.

This experiment. was repeated once with similar results.
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Figure 23. Effect of mRNA concentration on methionine

incorporation. RNH and RH polysomal mRNA quantitie's_‘ ware
increased from 0 to 5 ug. Protein synfhesis was carried
out with the rabbit reticulocyte lysate at 30°C. The
volume of the in vitro translation mixture was 25 .pl from
which 2 aliquoﬁs of 2 pl each were removed after 60 min of
incubation. Optimal concentrations of Mg'® and K®' were
Qsed for RNH anq RH mRNA as described (sectién'4.3.2.2)
while 6 picomoles of. [}°S]methionine and 334 picomoles of
non-labelled ‘n‘\ethionine’ were present in the translation

' 4
mixture. Results are the mean of two experiments.
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4.3.2.4 Incorporation under optimal conditions.‘

At a concentration of 1 pg of mRNA/25 pl of translation
mixture, the capacity to incorporate the methiqnine was
similar for both RNH and RH polysomal mRNA contrasting with

the previous results obtained with polysomes PFig. 24).



oft , : .

Figure 24. Time-course of methionine incorporation by RNH
and RH polysomal mRNA (1 pg) under optimal conditions.

Protein synthesis was carried out with the rabbit

reticulocyte lysate at 30°C. The volume of the in vitro

translation mixture. wa.;*. 25 pl. from which aliquots’ of&pl
were removed at given times of incubation. Optimal
' concentrations of Mg'® and K° were used for RNH and RH
pblysomes as described (section 4.3.2.2) while 3 picomolesf
of [?*®S]methionine and 167 picomoles bf non-labelled

methionine 'were present in the 'translation mixture.

-

Results are the mean of two experiments. .
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4.4 DiSCUéSION ~ . s

;_rl vitro tra;nsiation of protein using a wheat germ
system 1is usuail_y carried out at 25&: (‘Clemens, 1984;
Reisfeld and Edelman, 1982) bu’t translation at temperatures '
as low as 10°C and even 0°C have been reported (Fehling and
Wefdner, 1986; Gast et al., 1985). It was desirablé if not
necessary in a‘ tudy on polys’ofnes isoiated' from leaves of
rye seedl.'ings grown at low and.high tempe;atures, to
attempt translation of these isolated polysomes at/qr near
thé same temperatures. A temperature of 25°C was selected
because this temperature is optimal for translation with a
wheat germ system (Clemgns, 1984; Reisfeld and Edelman,
1?82_)..' As‘ the 1low témperétpgg of trenslation, 10°C was
selected bec\ause the translatio‘ni of,'isolated wheat
polysomés has _peel:x repdrte’d to be alm-ost completely

inhibited at 5°C (Fehling and Weidner, 198S5).

Total incorporation appears to be affected by the

3

temperature of translation. A decrease of 15% to 35% as

well as a8 lower rate of incorporation were observed at 10°C
.S R . 2 —
..~ for both RNH and RH polysomes when compared to results \

- obta'ine_d at 25°C (Fig. 13 and 14). But vefore drawing any
conclusions: a'bout"tM of temperature on synthesis in

vitro, 1t isg first .necessary. to verify'efwhether the
N 3 .

"incorporation of amino acid by both RNH and RH polysomes.

was carried out under optimgl conditions.

«

. ) s_everal' aspsects of the Tesults presented ‘support the

] “

e ° " conclusiord that the establishment of optimal conditions’ for
: ) SRS




each temperature of translation was necessary before trying
to assess polysome activity. Optimal concentration of Mg*:®

and K° were found to be temperature dependent and were

142

different for RNH and RH polysomes. Magnesium .

.concentration had a greater effect on the translation than
— .

that of potassium. It was also found that total

incorporation wés'limitgd py the quantity of polvsome
present in the translation mixture. A low concentration of
'methionine regulated amino acid incorporation and RNH and
RH polysomes were affected differently by methionine con-
centration. Finally, the rate of amino aqid incorporation
was temperature deéendent.

The resul?s obta{neb on the infl'énce of Mg** and ;' on
polysomes isolated from RNH and RH leaves shbw that the
Mg** and K requireménts differ fér RNH-and RH polysomes
and are temperature dependent. Values 6f 2.2 mM Mg'* and
i30 mM K* for RNH and RH polysomes:translgted aﬁ 10°C and
3.5 mM Mg** and 90 mM K* for RNH polysomes and 5.5 mM Mg-®
and 130 mM K for RH polysomes translated at 25°C are in

the range of optimal values reported in other systeAs
] ’

(Boardman et al., 1966; ‘Clemens, 1984; Haggman, 1986;
Jolicoeur and Brakier-Gingras, 1983; Morch et al.., 1986;
Reisfeld and Edelman, 1982). These results also confirm

that the, optimal concentration range of K° is much broader

- a “ e .
than for Mg*"® étlemens, 1984) and conseqguently an excess of
. 4 »

£

K* 1s not as inhibitory as a Mg’ ‘- excess on theq transla-

“tional activity.

L3

..,
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-The importance for -optimal concentration of Mg** and K°

during in vit¥o tranglation 1s well recognized.

<

" Determination of optimal concentration  of Mg++ and K+ for

i’:he;‘i:ranbiatioh 6f mRNA isolated from differe'nt ,specie.s is

v - »

always recommended in technical papers describing method
for in vitro trangla#igrr (Clemens, 1984; Reisfeld- and

- Edelman, ‘-1982)_ and by® suppliers of translation kits (BRL,

'-Dup'ont,‘ Promegé Bioteé;). 'Op-timal Mg'* concentration has

by

' been shown and reported 'tc: gi\}e lthe optimal ribosome
- fa confétmatip'n. for optimal biosynthesis (Boardman ét_ al.,
| R .i96-6,' (::lemehé, 1984; Jolicoe:tr and VBr‘gkieg-Gingr'as‘: 1983; -
Rgisféld .and Edelma}r}, ‘1982'; Sim and Klambt, 1973).‘ "For
optimai {:_rénslation‘ of mRNA with wheat'gem,. concentrations .
h . | .;arfing wqugn ‘1",5‘3“5 mM Mg' and 70-125 mM K° have been

: . : ® ... :
T L a8 reported as optimal (Clemens,- 1984; Morch et "al..., 1986;

. -

, Reisfeld and E;:lelman, 1982). Concentrations of 4 mM Mg'*
A SR and 120 M K* and 3.5 MM Mg'* and 140 mM K - for re"s;;ec-
L S tively pine polysomes and polysomes isolated from hamster
skeletal and heart m%s?cles have been reperted optimal for
ol l. t;.'anslaticn .with- the S-100 wheat germ fractions ({-laggman
1986, Jolic!o!'ur and ,Srskier—Gingras, 1983). Simtldarly
optima]. conCentration of 5 mM Mg®'° and 140 ﬁM.K' ‘and;lo mM:
".'.~ . Mg‘ﬁ'and 50 mM K' " for cytoplﬁsmié t-obecco and "c‘orn
.“‘_‘»1 -t ._ ponsonas have been reported during translatioh with the

C &
s ". 8- 100 fraction :Im homologous systems (Boqrdman g_t_:; _a_];.,

) . .
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5 Increase in the optimal Mg'® concentration from 3.5 mM

- ———

. .
to 6.5 mM for in. vitro translation between polysomes"

isolated from rskeletal muscle “and heart of normal and o

e
dystroph( hamster has been reported while the optimal

oncentr\ation of K* was not affected (Jolicoeur and -
Brakier-Gingras,"1983). Polysome fractions from dystrophic

*

hamster tissues were also less sensitive to an excess of

. -
- »

~

Mg-~ than the control and consequently more active at a
concentzration of 10 mM Mg‘:’ (Jolicoeur and Brakier-Gingras,

. 1983) ‘ : | -
R Man the other h;md it is not known whether a high
temperature treatment will induce a diffe;ent ion
- requirement for Q vitro %ranslation of po’i&somes in a
similar way as low temperature. In the only known study on
the -influence of the increas‘in'g growing temperatore of
Sseedlings on polysomc ac:tiv;lty, thilslpoint was not

apparently verified (Fehling and Weidner, 1986, 1985).
within the range of RNH and RH polysomes_:_v(O to 45 ug)
translated, the amino acid incorporation was proportional

o

to the amou_pt of polysomes present. Apparently large

- quantities of polysomes are n;cessary to saturate such
3. '/‘ir_)corporating systems (C. Rees, personal communication)
although concentration higher than 18 ug of polysomes have
been reportod to saturate a poly -U incorporating systen"l
(‘Fehling and Weidner 1985).

The capacity of RNH sand RH polysomes to 1ncorporato

anino acid into polypeptides was o_ependent on the !

- ‘. .




L T L
‘goncentration of methion!iﬁe present ' at 1.3 piconoles 'o‘f
"nethlonine RH polysomes hed higher synthetic activity than
'RNH* polysomes. ﬁowever at 2.6 picomoles the capacaty of
RNH and RH polysomes to synthesize proteins was similar.
. Bven if. the exact meaning of these results is difficulf to
evaluate, they do show that RNH and RH polysomes differ
nitb respéc.t'to the Kkinetics of incorporetion. Hhile the
) min'im'a.l co_ncentration gﬁ; labelled arnino acid is critical
for in vitro 'translation and has been pointed out (Clemens; -

«

1984; 'Nowak et ‘al;, 1984), tnere is no particular study

~

addressing the regulation of translationa‘l capacity of ‘
polysomes by a particular amino acid in limited quantity '
Methionine was elearly limiting the incorporation and at
Yegst 300 picomdles’ were necessary to saturate the
‘incorporating system In a study on ribosome translational
'-capecity, one must ensure that enough amino acid is present

in the reaction mixture to pre’ven‘t limitation of total ’
incorporetion \(Clemens 1984; Noyak et-al.,. . 198'4}; .parti-
cularly’ when labelled aminb' acid o‘f_hi__gh specific 'acti-vity_ .

is ueed’(CIemiens, . 1984) - This prohlem i's: --also more N

apparent when wheat germ is used rather s than rabbit

L

-------

reticulocyte lysate since during wheat germ prepecatiaﬁ

amino acids and low molecular weight componente are removed
during the gel filtration step while this stép . is absent

from the preparetion of rabbit reticulocyte lysate

(Clemens, 1984 ).

-

I ) ) .




The establishment of optimal ion requirements support

" the conclusion that growth at 1low temperature alters

' _.ribosoma conformation. .

;ihe ribosome is presently viewed as a dynamic structure

“""fthet.’ is capable of assuming a variety of conformations

ﬁhgch are stabilized. by interactions among its RNA and

e !p:oféih» components. These interactions are, - in turn,

.'.{greatly affected by the ionic environment. Cations, in

Ubar.ticular have been shown _to play a central role 1in
maintaining the s*tability and activity of the ribosome.

"They are critlcal for all aspects of protein biosynthesis

e and afﬁect essentielly every step of this process from the

association of the.subunits to the individual events in
amino acid incorporation (Moore and Spremulli 1985). For
example, Mg* and the polyamines have been shown to promote
‘the associatlon—of ribosomal subunits while the monovalent
cations clearly promote dissociation (Moore aﬁd Spremulli,

1935) Recent studites using whewet germ ribosomes have also

shown that -a critical number of Mg** ions must be present

1486

on the ribosomes if they are to maintain their activity in’

. protein biosynthesis (Sperrazza and Spremulli, 1983). In

addition, variation in the millimoiar_range for Mg'* and in

a higher range for K' were able to induce modifications in

. the conformation of wheat germ ribosomes and its subunits .

tMoore and Spremulli 1985).
i
This different requirement With respect to Mg'* and K*
ions for maximal translation suggest differences in the

-“‘ .

- . ¢

‘-



conformation of kNH and RH polysomes and that conformation
appears to ba temﬁerature dependent for both RNH and RH
polysomes. Consequently, temperatur_e in addition to the
ionic environment alsc affects ribosome conformation and
protein s&nthe;is. However these -results do not éllow one
to determine whether RNH and RH polysomes hadqd different‘
conformations or need a different conformation tp‘tr;nslaﬁg
mRNA from RNH or RH leaves. These results also show for
the first time that temperature influences ribosome confor-
mation. This complements previous reports éh the modifi-
cation of ribosome conformation by different concentration
of Mg**' and k‘ and by post-translational modification of
ribosomal proteins (Hallberg et al., 1981; Moore and
Spremulli, 1985; Sim and Rho, i985). These conformational
changes in addition to conferring the optimal spatial
organization for mRNA translation, might also reduce the
accéssibility to ribonuclease- or protease-sensitive sites,
thus increasing the flfe time of the ribosomes. . Longer
life times have beep used to explain the observed increased
ribosomal content in d;fferent tissues (Goldspink apd
Goldspink, 1977; Li, .?980; Melvin et al., 1976).

Pogt-transcriptional modifications of ribosomal proteins,

such as changes in the d%gree of phosphorylation (Bielka,

1982; Browning et al., 1985; Clemens, 1983; Floyd and

Traugh, 1979; Hathaway et al., 1979; Leader, 1980; Mumby

and Traugh, 1979; Nishimura and Deuel, 1983; Ochoa and. de

Haro, 1979; Scharf and Nover, 1982; Tuhackova et al., 1985;

-».
L)

[
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Yurina et al., 1983: Wool, 1979) could also induce confor-
mational changes in the ribosomes and consequently regulgte
protein synthesis (Hallberg et al., 1981; Sim and Rho,
1985). Although no study was done on the phosphorylat;on
of rye ribosomes, the different Mg°'* and K° requirements
.for translation of RNH and RH polysomes at 25°C could be
due at leaét partly to differences in the degree of
ribosomél protein phosphorylation. However, differences in
the degree of phosphorylation of ribosomal proteins between
RNH and RH polysomes is surely not the only faétor which
might explain conformation differences between RNH and RH
polysomes since (1) the optimal‘ ion requireaénts are
similar for translation of RNH and'RH pSlysomes at 10°C but
different at 25°C and (2) the melting point of both RH rRNA
and RH ripdsbmes“is lowered as }eported in the previous
chagﬁer. At this present time, it 1is not possible to
explain.why the optimal. Mg*"* requi;ement was the same fbr
RNH and RH polysomes at 10°C but different at. 25°C.

Although it is also impossible to' assess clearly whether
Fhé difference in ribosome conformation would result from:
(1) the assembly of ribosomes-or (2) from thé effect of the
temperature,. the former -possibility  appears more'probable.
Thg results presented support the conclusion that under
optimal conditicns RH polysomes were twice as active'as RNﬁ
polysomes in incorporating amino acidg regardless of the

temperature of translation. In the previous chapter, it

was 'shggested that RH polysomes th/ch' had a higher
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proportion of large polysomes than RNH polysomes would
reflect polysomes with a higher synthesizing capacivty due
to a higher initiation rate rather than a lower
synthesizing capacity resulting from a 1lower termination
rate. In addition, different conformations for RNH and RH
polysomes might also confer a different translational
capacity between RNH and RH polysomes.

The in vitro system used, “measured the elongation step
of protein syn%hesis. Unles‘s the termination step is
blocked, the initiation step is the refulatory step of
protein synthesis in eucaryote systems (Kozak, 1983; Kramer
al., 1980). Using a similar elongetion'system (Klyachko

l., 1982), the synthesizing capacity of polysomes

s 16

isolated from piants under different Phyeiological condi-
tions and differing in the proportion of small and- large
polysomes was expressed :I.n terms of specific activity of
polysomes. This specific activity of polysomes is the
ratio of. the total incorporation by polysomes to the~
proportion of small and large polysomes in the preparation
of polysomes used.. A paral‘f/l percentage increase in
epeéific actiyity and in the proportion of small and large
- polyeomee would jindicate. an increase in elongation
activity. A higr;er percentage increase in the specific
activity over the percentage increase in the proportion of

L J
small and large polysomes would characterize a polysome

-

preparation with' both higher elongation and initiation

. activity (Klyachko et al., 1982). .
. * Y
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Under optimal conditions, the RH polysomes were always
twice as ?c/tive.as RNH polysomes with respect to incorpo-
ration of"‘"amino acid at 10°C and 20°C. The incorporation
at 10°C was reduced by less than 15% when compared to the
values obtain at 25°C £&r both RNH and RH polysomes
adthough the rate of incorporation was slower. Total
-incorporation was 1.7 times higher for RH polysomes at 10°C
than RNH polysomeé at 25°C. To the extent that the in
vitro ‘system measures primarily measures the elongation
step in protein synthesis (Jolisoeur and Brakier-Gringras,
1983) these results would suggest that the-elongation step
was stimulated in polysomes isolated from RH seedlings.
The specific activity of RH polysomes compared to RNH
polysomes increased by more than 50% which is more than the
incrcase (i?%) in fhe'proportion of polyscmes in RH leaves.
(86%) compared to RNH 1eaves.(69%).(Tab}e 14). This would
suggest that in addition to the proposed increase in the
synthesizting activity at the _elongatio: step, the initia-
-tion step would also be more active in RH polysomes. : -
These results differ from those reported fof polysomes
isolated from wheat seedlings grown at 20°C in \:}hich
phenylalanine incorporation during 60 min by wheat
"polysomes was minimal at 10°C aﬁd with a Q,, (15°C-25°C)
higﬁer than 3.0 (Fehling and Weidner, 1986). The dif-
ference in the results between the synthetic activity o%
rye‘and wheat polysomes may suggest that rye polysomesaor

the wheat germ system used are not as sensitive to a low
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translation temperature as the wheat polysomes or wheat
‘'germ used (Fehling and Weidner, -1986). But there is
another possible explanation. - Apparently no ver-i:fica:tion
on the saturation time required for compiete translation of
wheat polysomés was done (Fehling and Weidner, 1986). In
addition, in thdt repor\t on adaptation of wheat ribosomes
to differ.ent temperature in which the incorporation of

[3H]phenylalanine with a  wheat germ extract was assayed

from 10°C to 40°C by increments of 5°C, the optimal .ion

requirement was not determined at each temperature (Fehling
and Weidn.er, 1986). The weak incorporation at 10°C.___
reported for wheat ribosomes (Fehling and Weidner, 1986)
could result from an excess of Mg**' and a slower
incorporation at 10°C. The results ébtaihed ith RNH and
RH polysomes showed thaf a lower optimal concentration of
"Mg*'* was regquired for translation at 10°C rather than at
25°C. At 10°C and . in presence of 5 mM Mg‘*, the transla-
tion of polysomes isolated ¥rem RNH ‘and RH 1leaves was
inhibited to al large extent. Apparently, the fact that
t-empqrature\\cwhly regulates the tz_‘anslational activ.ity of
‘polysomes- by sl'owing down the incor.porétion has not been.
taken in consideration in previous s.tudies, with the
exception of fhg use of a'low temperature to slgw down the
- elongation in E. coli ribosomes (Gast et al., 1985). ’
Finally, these rasult_s also demonhstrate that ,_[-:olysomes

isolated from tissues which are maximally hardened do not

exhibit the same characteristics as thosé from tissues
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exposed %o low temperature for only 48 hours (Fehling and
Weidner,‘1986). While RH polysomes were always twice as
active as RW polysomes, polﬁrsomes isolated from wheat
seedlings adapted at 5°C for*2 days were always less active
than the control polysomes isolated from seedlings grown at
20°C. * e

Séme similarities betwegn polysomes 1isolated from
tigsues of dystrophic ani%al (Jolicoeur and Brakier-
Gingras,'1983) and RH polysomes regarding the ions require-
ment for maxiﬁal translation have been pointed out above..
However, dystrophic animal polysomes translated under
optimal conditions were not more acfive than the‘control
polysomes. By contrast, RH poiysomes were twice as acfive
as RNH polysomes.

The‘absence of reinitiafion of protein synthesis during
translation of polysomes with the.S-IOO wheat germ fraction
in presence of 50 pM ATA was predicted since that
concentrati?n of ATA has been widely used to show that, the
§$-100 wheat germ fraction is generally non-reinitiating,
(Fresno and Vasquez, 1979; J4licoeur and Bgakierfbingras, e
1953; Vasquez and Jimenez, 1980). h -

The S-100 wheat germ fraction used as source of soluble
factors for tranélation was also free of RNase activity.'
Incorporation of amino acid in presence of HPRI was not

enhanced. Consequently the modifications brought by

Meisfeld and Edelman (1982) to the origimel method (Marcu
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and Dudock, 1974; Roberts and Paterson, 1973) to prepare -~ ™. _

the wheat germ extract weré useful.
+ Similarly as for polysomes,' several aspects of the.

results presented‘ with respect tc mRNA support the

following conclusion. The establishment of optimal
d'conditions for traqslation is necessary before trying to
assess the effectdveness of mRNA to direct prote&}/{
synthesis. First, optimal concentrations of Mg** and K*
were different for RM and .RH mRNA. Magnesium
. concentration had“ gréater influence on the translation
N than that of potassium. .Second, the total incorporatioh
was limited by the optimal guantity of mRNA present in the ‘
translation mixture. An excess of mRNA 1nhibited Qhe
translation. Third, a low concentration of methionine wgs:'
regulating the amino acid 1n;orporation. ib-
An optimal concentratioq;of Mg** (0.7 mM) and a narrow
peak of maximal activity have been reported for optimal'
- translatioA of most mRNA (Clemens, 1984; Promega Biotec).
This value 0:7 mM Mg** is much lower than the -values
observed for optimal-translation of RNH and RH polysomes
even if the endogenous Mg'*® concentration present ln rabbit
reticulqcyte lysate translation kit as been established at
“< 1 mM (Ciemens, 1984). -The lowe; required Mg°*
concentfation when mRNA rather .than pélysomes directs amino
E’ . acid translation reflects that the two translation systems .
ere different. During translstion with mRNA, i  addition

*

3
! ' to the elongation and termination step, the initiatiom step
, .

.
s

’
L4
. -
r



. . 154

is alsd involved. Lower concentration of Mg'®' have been

shown to be required in an initiating system rather than
for oniy an elongating system (Merrick, 1979);;

Although the optimal Mg'* requirement and the peak of
maximal activity for RNH mRNA' were similar to those
reéorted for most mRNA, a higher optimallMg’°'concentration
(1.7 mM) was required for optimal translation of RH mRNA.
In addition; he peak of maximal activity was much broader.
These data clearly*indicéte that thessg two mRNA are
different. Thef data also suggest that a higher
concentration of Mg'* is necessary for RH mRNA than for RNH
mRNA in order to obtain a more effec%ive recognition of the
codon AUG at the 16;;I;tion step. Thése results also show
that the effect of growth at low temperature is diffgreﬂt

]

from the heat shock response on mRNA . In the latter é?se,

noifference was observed in, the requirement 1n'Mg°' for

.

optimal translation of mRNA isolated from control and heat
shoek treated corn’ seedlings (Baszczynski,‘ 1984). In
addition, no difference in the incorporation of amino acid
was observed between 0.6 mM and 1.0 mM Mg'* for both
control and heat treated mRNA while incorporation by RNH
mRNA was decrease bg more.than 23%;when the optimal Mg*'*

concentration (0.7 mM) Qés increase to 1 mM.

Optimal concentration cf mRNA for in vitro translation -

a =
has been reported to vary from 5 to 100 ‘pg/ml of
trvanslation mixture (Clemens, 1984) On the other hand,

the effectiveness of mRNA to direct pfoteiw synthesis
L 4



' - reportedly depends oh the 5' cap structure of translated.
mRNA (Kozak, 1983; Moldave, 1985). Optimal quantities of

Ny

P 3 RNH and RH mRNA‘for'ig vitro translation were 40 ug/ml and

- A
™ -

ig}ﬁo pg/ml of translation, respectively. This is anéther

= differedce between RNH and RH mRNA. The "higher quantit& of

N .

RH mRNA to gaturate the incorporating systeﬁ could result
from a difference at the initiation level due to‘alteration
at the 5' terminal end of RH mRNA. i

The endogenous pool ofvmetﬁioning in rabbit
reticulocyte lysete has been established at 5 pM (Clemens,

°-\”'1984.) and it was then suggested that. methionine was not a

limiting factor of translatloh‘when a rabbit reticdlocyte

4 lysatebis used (Clemens, 1984). Even though experiments

‘ with BMV "RNA indicated a relatively high level of

methionine in_the translation mixture, methionine was still

‘1imiting for RNH ;RNA jﬁst as it was for RNA polysomes.

The necessit; to include enough methionine méy reflect the

higher capacity of rabbit reticulocytg lysate to polymerize

amino acid due to the possibility of rejinitiation of
protein synthesis in that aqétem.

The establishment of optimal ions requirements support
the conclusion that growth at low temperature alters mRNA
structure.' A’ higher magnesium concentration é&ggegts that
the 40 s, preinitiation complex mus_t"ha've a different
conformation to effectively bind to RH mRNA.

The results presthed support the conclusion that under

. optimal canditions of f}anaiationj RNH and@ RH mRNA were
ey,




equaiiy' effective in directing protb;n synthesis. Thisg
-observed\rgsult would indicate that the differences
observed in the activity of RH and RNH polysomes wWould be

due more to the ribosomes than to the mRNA.

In conclusion, these results‘clearly'show the

ise

iniportance of determining the optimal conditions for

translations of both polysomes ané mRNA before any
| assessment of theif translational capacity is possible. An
“adequate level of methionine is regquired and .the optimum

requiremgnts for translatioq are temperature dependent and

different for both RNH and RH poly;omes ahd mRNA. Finallg,
translational capacity of RH polysomes is twice as high as
RNH polysomes'fegardless of the temperature of translation.
RNH and RH mRNA had- a ‘similar capacity to direct amino acid
incorporétion suggestipg that the difference observed 1in
“the activity of RH and . RNH §olysomes ,wouid result from
observed modifiﬁations of ribosomes rather than %RNA.

L4
.

-

e



“PRODUCTS ‘OF IN VITRO YRANSLATION OF POLYSOMES AND -

POLYSQMAL mRNA.
4 o

*

5.1 INTRODUCTION

- . . .1t

A .

..

R}

5

The atructure and function of cells are -.largely

de‘temi.ned by the proteins they contain. The pattern of

-

3 o .
.grovﬁ:h‘.‘and differentiation of en organism can thus. be

Ji’suaiizad as ‘a

combination &f* enyironmental and ‘genetic.

'
‘o

fector"s whicrh dictate 'the kinds and amount of ,proteins

eequentially produced during the’ life of the organism

,(weeks 19’81-)

'

T anatonic:al and

.
“

-
| 1

. Pad
’

. (Huner et al., _1984: 1981}, mad

Given the previous\observations of '
norphologica/i modifications of RH c¢ells

tionsgs to -the compléement .

- 4 - I 4 . - - .
af proteins during growth at/19w temperature would be

e

- L 3 T > ’
-e‘xpected. _Both Qualfitative and quantitative changes ‘to the

14 ' -~

,oonplenent of soluble and menbrane-bound‘ polypeptides have

been reported :I.n cold ﬁerdened plants (Bixby and Brewn, *

\

1975, a;own, 1978; Brown _and Bixby, '1975; Cloutier, 1983;

- i -

‘s 4 -

et ., 1968,

Jh«:‘b‘rng 1979):

’ .H'\j'ner ‘et al., 1984; quhat‘ et Therrien,- 1975; Siminovitch 6

1.967")- Studies with inhibitors of RNA

syntheeia have ehown thet ¢ ANA "trana'eript:l.on was necessary

for told- accl!.nation!(l-la‘tano et al., 1976; Scheele and

. ruttheruore, etudiea' wfth an 1nh1bitor ,

ol protom oynthooie ‘by cytoplaenic riboaonee have clearly

lhowq both -ehat the. 1ncreau 1n totdi protein results from

LA
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de novo protein synthesis And that de novo synthesis is
also required for colq acclimation (Chen ‘gt éi., 1983;
Hatano, 1978; Hatano et gi., 1976; Kacperska-Palacz, 1978;
Trunova, 1962). Recently, differences in in vivo and/or in
vitro éranslation products followiné a short cold treatment
of spinach’ and brassica have been reported (Guy et al.,
* 1585; Meza-Basso et al., 1966). . - .

| - .In. order to determine whether the complement of
polypeptides synthesized in RH seedlinés was altered, an in

. ’
’ vitro translation study was carried out with both polysomes

-4
and mRNA. Polysomes were translated with a S-IOQ wheat
. germ system while mRNA' were transliated with a rabbit
reticulocyte lysate. - . _
d r :
¥
N L]
[y ' b 2
) !
o
“ . . .
h [ ¢ [} \ -
- . - ~
* - » .. ‘
. + ‘ . - '] y ‘e .
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$.2 MATERIALS AND METHODS
‘ .

5.2.1 Polysome isolation.

Membrane-free polysomes were isolated from RNH and RH

seedlings as described in section 2.2.2, resuspended in the |

[ ]
translation buffer and. stored as described in section

4.2.1. Polysome quantity was estimated. as desc;ibed in
section.2.2.5. P
5.2.2 Messenger RNA isolation. i N \

Messenger RNA from RNH and RH seedlings was isolated
as described in detail in section 4 2.2. mRNA quantity was

estimated as described in section 4.2.5.

. . .
[ 1 : »

5.2.3 ' Polysome and mRNA -in vitro translation.

.

In vitro translation of polysomes and mRNA ﬁsing'

respectively the §-100 wheat derm system and a rabbit

reticulocyte lysate were described in section 2.2.2 and

5.2.4 MAnalysis of translation products.
. Tramlation\ptoducts were separated by one-dilmensional
)
SDS-PAGE as described in section-2.2.9. Usually, 50,000

’

acid-preci-the ocounts were“_loaded on each lane of the gel.

: ' , . :
Translation products also analyzed by two-dineneioml PAGE
wNere cepekated'gy IEF in the first dimension (3 2.6. 2) and'

e !

by SDS 901 for the sepcond dimension® (2.2. 9) For the first



¥

" dimension, the proportion of ampholfnes (LKB ampholine)

used was 1.6% pH range 5-8 and 0.4% pH rangq 3.5-10. In
preliﬁinary experiments; anounacceptably large quantity of
non-solubilized proteins -remained near the top ©f the IEF

LY

gel. For this reason, aliquots of translation mixture were

first solubilized by adding 0.2 volume of 10% SDS (2% final
n

concentration) and boiled for 1 min iq/water a8 coolgg aQn

-~
ice. NP-40 was added to the mixture to give a NP-40:SDS
. . {
ratio of 8:1 (1.6%) followed by 4 volumes of a wsolution
containing 9.5 M urea, 2% ampholines (pH range 5-8) and 5%

B-mercaptoethanol. This mixtyre was incubated for 30 min

at room temperature and loaded on a IEF gel. Usually, °

100,000 acid- precitable counts were loaded on each IEF gel,
Electrophoresis was carried out as’ reported {section
3;2 6.2) except that after 16 h at 400 volts the voltege

was increased to 800 volts for 1 h.

[ 4
[ V3 . A .- .
4

1.
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5.3 RESULTS
_6

5.3.1 Analysis of translation products by 1-D PAGE.

translations produéts analyzed by "1-D SDS PAGE
revealed that some, products were altered a}though most of
‘them were unaffectetl during growth at low temperature.
Among’ the ;ltered polypeptides, seven new polypeptides
characterized .by the following molecular mass: 171, 166,
163, 152, 135, 110,and 75 kD were translated at both 10°C
and iS'C (Fig. 25). In- a\ditiop, the quantities of five
polypeptides of molecular mass of 134, 100, 85‘, 15.5 and 14 :
_kD ‘incre?sed, the quantity 'pf a !polyp\eptide of 72 kD
\decreaséd considqrably while a polypeptide of 105 kD'w_as no -
1ong.ér_. detected.. 'Finslly, a 24 kD polypeptide was
transiated only at 10°C in both RNH #&nd RH'polysomes
(Fig. 25) whil'eva few.polypeptides- translated from both RNH
and RH pol'ysémes were e'.xp‘ressed in lower .quantity'at l10°C.

81-1131: results were obtained from translation of mkNA

with the rabbit reticu.locyte lysate. Most of t!’\e
pﬁelypeptidqs ' were una_ffectpd during' growth at 1low
'.tenperature. Howevér‘, five new polypeptides of 167,. 161,
’ 158;\ 151 and 16 - ‘KD were translated “In add,it-idn, 'the
juantities. of five.other polypeptides of 110, 107, 102, 42
and 40 kD increased whilo_ four polypeptides of 80, 40, 44 ‘
',lnd.28 kD decredsed in quantity and one of 33 kD
disappeared (Fig. 26). , : - )
-

[ E) A ' 1‘1
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Figure 25.° Fluorpograms of 1-D SDS-PAGE séparations of

translation products of RNH, and RH polysomes. Polysomes

were translated with an optimized S-100 wheat-germ fraction

at 10°C or 25°C. Lanes 1,2,6,7, RH; lanes 3,4,8,9, RNH;

—

lanes 5,10, blanks:’ lanes 1,3,5,6,8,1Q, translation at /

25*C; -lanes 2,4,7,9, translation at 10°C. Lane 1-5 were

- exposed twice as lony as lane 6-10. +, new polypeptides ,

(171, 166, 163, 152, 143, 110, 75 kD); =, polypeptid'es/

with increased intensity (134, 100, 85, 15.5, 14 kD);

0 ., polypeptide with decreased {ntensity (72 kD);

”.,‘ polypeptide not any longer detectable (105 kD): .
.

—, polypeptide tra;'xslated at 10°C only (24 kD). Protein

standards, 94 kD: phosphorylase b;\FB kD: BSA; 45 kbD:

ovalbumin; 29 kD: carbonic anhydrase; 1;\. 5 kD: cytochrome
. * ‘ » -. v 5}
c. . .
. e '
h . °
/. ' |
- [ . ' '
- - T
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< . .
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Figure 26. Fluoregram of 1-D SDS-PAGE separatilas of
translation products of RNH and RH polysomal mRNA. - mRNA
were translated with an optimized rabbit ?eticulocyte
lysate at 30°C. Lane 1, blank; lanes 2,3, RNH mRNA;
lanes 4,5, RH ﬁRNA; -, n;p polypeptides (%67, 161, 158,
151, 16 kD); -, polypeptides with increased intensitg
(111, 107, 102, 42, 40 kbD); 0, polypeptides with
decreased intensity (80, 46, 44, 28 kD); ¢ . polypeptide’
not any longer detectable (43 kD). Thé same protein

standards as reported in Figure 25 were used.

Q2
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The resolution of the 1-D gels did not allow a precise
determination with precision of the number of éolypeptides

affected. This was especially true for the translation

products from polysomes. Thus, in order to improve

+

-

L]
resolution, translation products were compared using a two-

dimensional gel e}ectrophoresis system.

5.3.2 Analysis of translation products by 2-D PAGE. -
. \ *

Results obtained H& 1-D PAGE were confirmed and

extended by 2-D PAGE analysis.’ Due. to the highér

resolution obtained by 2-D PAGE than by 1—%.PAGE,
additional differenées in translation products were

I

observed with both polysomes and mRNA.
Additionaltdiffe;ences, both qualitative and

quantitative, in the translation products. obtained at 10°C
- ®

and 25°C from RNH and RH polysomes were revealed by 2-D

PAGE analysis-.(Fig. 27 and 28). Some proteins-among those

1l

newly expreéssed or translated in larger quantitieé appeared
" to be affected by the temperature of translation since they
showed up as new proteins at 10°C but as protein in, larger

quantities at 25°C. The new polypeptides of high molecular

. | - .
size observed in 1-D PAGE were absent from these

' \

fluorograms although thei were preaesent when 2-D fluorograms
. . - . ' '
wére overexposed as for 1-D fluorograms. (The fact that

numerous polypeptides around 12.5 kD were observed on 1-D

gels but were apparently absent on 2-D gels woﬁld suggest

that most of these proteins wou13 be basic. Similarly,



Figure 27. Fluorograms of 2-D IEF-SDS-PAGE sepd~ptions of
products of RNH and RH polysq?es‘translated at 10°C. ng
translation was carried out with an optimized S-100 wheat- .
germ fraction. +, new polypeptides;- -, poigpeptides with
increased intensity; .0, pélybeptides with.deqreased
;ntensity: ?, polypeptide not any longer detectable. . The

same .protein standards as reported in Figure 25 were used.







Figure 28. Fluorograms of 2-D IEF-SDS-PAGEQ separations of
products of RNH and RH polysomes translated at 25°C. The
‘translation was carried out with an optimized S-100 wheat-
germ fraction. +, new pblypep_tides; -+, polypeptides with
increased S intensity: o, polypeptides with decreased
intensity; ¢, .polypeptide not any longer de;eptpble. The
same protein standards as reported in Figure 25 were uséd.

*
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£ L L
tranéi;%idn pxodﬁcts of RNH and RHApolysomgl mRNA revealed °*
aé&ltional differences when analyzed by 2-D PAGE (Fig. 29).
The four new polypeptides of hiéh molecular size observed
by 1-D PAGE were resglved into at least eight different

v—polypgptides. - The polypeptide of 16 kD. present on 1-D

i PAGE, was absent on 2:-D gels. This could suggest that this

particular poiypeptide would be baéic' and consequently
unable to migrate into the first gel.

The distribution of polypeptide spots 6q gels was’
distinctly different for translation products for both
poclysomes and mRNA translated with the S-105 wheat germ
fraction "and the r;bbit reticulocyte respectively.

Finally, these results indicate that both qualitative

and quantitative changes in gene expression occurs during

growth at low temperakure.:

.
PR
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Figure 29. Fluorograms of 2-D IEF-SDS-PAGE separations.of
translation products of RNH and RH polysomal mRNA. The
franslation\was carridd out with an optlmized rabSit
reticulocyte 1lysate. -+, new polypeptides; -+,
polypeptides with increased intensity; 0. polypeptides
v with decreased intensity; ®, polypeptide not any longer

detectable. The same protein standards as reported in

Figure 25 were used.
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5.4 DISCUSSION . . . L
'Prelininery results . shosed that when a sample. was’
first solubilized with SDGS‘, the p91ypeptid~es- shoged
different pls ‘than ‘those from untre@ted samples.

. Appsarently, not all the SDS was dislodged from the

- 2

polypeptides by ‘the “excess of NP-40. These preliminary
results agree with- those reported by Helenius and Simons

(19757 that SDS and - NP-40 had different binding sites on

!

polypeptides and once the S'.: binds -to a poiypeptide_it is
impossible to dislodge it, at, least with non-ionic _
detergent. - Similhr results on the effect of ' SDS on pls of

polypeptides have elso been obssrved by Baszczynski (1984)

~

an,d Dupn and Burghes (1983). Consegquently, the p;.

indicated in the 2-D fluorograms are -only an approximation.

. ' : :
h . A number of reports have shown that gene expression fs

Q - LJ

affectéd following. exposure of plsnts' to low tewperature

for short period of times varying from few hours up to 18

days (Guy et al 1986 1985; Mahopatra et -al., 1986; Meza-
Basso et al., 1966, Tsen end‘ Li 1986 Similarly, -’
s A 9 ). m z
alteretion of gene expression was observed in the trans&a-
tion products of both RH polysomes and RH mRNA . New

polypeptides were enpressed, some gene . p'roducts Qere

¥ o . repressed while the quantity of other polypeptides was :

' . . . increesed or decreesed Howe\‘r thesse" results obtained on

“\/ R 'differentiel gene expression during growth‘of rye ‘at ‘1ow
- “  temperature differ in one nejor respect from thoee reported

LN o
L

)
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above: both polysomes and mRNA were isolated from plants of

. . *‘-L
comparable developmental stoge and translated under

carefully optimised conditions.

178

. In rye new polypeptides of high molecular weights'

(>110 kD) were observed in addition to the new polypeptides
ranging from 18 kD to llQ kD. Similar high nolecular
- weight polypeptides ({>110 kD) have been observed in spinach
(Guy et al., 1986, 1985) but not in rapeseed, potato or

alfalfa (Mahopatra et al., 1986; Meza-Basso et al., 1986

. -
hd L]

.Tseng and -Li, 1986).

-
.

Whether the translation temperature affected the

. translation products was a»legitimate question since

-

polysomes and mRNA were isolated froq‘leaves grbwn_at'low'

and high--temperature. . Under the conditions used, the

temperature of translation did not significantly affect the

complement of, translation products. )

The differences obsérved in translation products from

both polysomes and mRNA correlate with the anatomical and

¥
morphological differences previously reported for rye

(Huner et al., 1984; 1981). It is generally accepted that,
.- . the protein complement changes during plant development.

. As pointed oué'earlier ‘the leaves”frdm RNH and RH
. : ‘'seedlings were of comparable developmental ‘8tage. Thua

any differencee observed in translation products from both

. ‘
__polyeomes and mENA probably reflect a cellular response to
low temperature. Givert the central role of pmotein

metabolism, it is xeasonable to-expectAeuch changes .

.




along with an increase in freezing tolerance. Changes have

also been noted with respect to charge heterogeneity of the
. ™

polypeptides associated with the ‘large subunit -of rubisco

although these charge changes ‘g_e‘re' thought to be
. ‘ ) - - - -
posttranslationeal - rather than transcriptional (Huner and

Hayden, 1982). . . .

--{lthough studies with respect to regulation of gene

-

expression at 1ou temperature are relatiyely new, high

temperature treatments have been used im#:easingly to study

mechanisms of. gene axprqssfﬁ’:"(xey, g& g:_l._.,e 1995). These

s

176

heat shock treatments, which' aré usually of. short duration_. .

.o ' ey
({0:5 ‘h to 3 h), induce a new set of proteins. Some of. -

-

: i SR .
these heat shock proteins have been ghown to be similar for
plant’ ‘and -animalv" tissues (Baszczynskif 1984; Heikkila et

al., 1984; Key et al., 1985). Heat shock t‘i'eatlitent‘_s‘fdiffer

. ) - - e b . . '
.from growth at: low temperature since the time of exposure

is i-elatively shorter in the former. -This time of exposure-

is only few hours for heat shock treatment and” days cm'

weeks for cold acclimation. For exan\ple, rye was gréwn fo;/:-/

seven to eight weeks at-'S‘C. Heat shock treatment furt(er
differs from development at low temperature by the fact
that in the latter case thdre 1g growth ¢Krel et al., 1984)
and a full renge of poiypaptit;es 1s synthesized while in

the fomer'éé\ne .plant growth and synthesis ot most of the

proto:l.nc are auppreaaed (Baszczynaki 1984;: Heikkila et

\a,l‘ 1984; Key et ad., 1985). _In addition to thvese

:giiferincos, ‘ths new gene products obs_erved in spi-nach‘
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leaves during a cold hardening treatment are different from

the products ' induced during heat ‘shock treatment (Gu;r et

al., 1986; 1985). ° The .study of induction of new gene
products <during growth at low temperature is relatively
. new. Although polypeptides ,0f -similar size have been

observed in a-veriety of plant tissues, it is not known

-

whether some of these products ere the same prateins.

Induction of coid hardening by ABA insteed of 1low

-

¢ temperature has also been reported (Chen et. al.,' 1983,\

Gusta et al.; 1982; Orr et al.; 1986; 'Tseng and Li, 1986) -

following the-observation- that the level of ABA increase in
Ps—— g

leaves upcm exposure of"* plants td low temperature (Chen et .

a_l_.¢ 1983, Kecperska-Pelecz_, 1978). Following exposure of

'poteto to ,either low temperature’ or ABA a similar e
complement of pOlypeptides especially one of 71 kD has
been observed (Tseng and Li, 1986). It is “not known yet .

whether that polzpeptide is similar to the stress

n

polypeptide bf 70 kD induced 'in maizé mesocotyls hy heat
. fend ABA (Heikkile et al., 1984) " Unlike potato no 70 kD
polypeptide has been observed in rye. This result suggests

once more thet rye leaves under ective growth at 5° C)and
R * n *
mature leaves cold stréssed. to low temperature for faw days

.1 »

. * iy .
up .to .two wet.s ‘represent t\ro completely different systeme

in which to st dy cold ecclimation. However. cDNA libraries

.
. are ““now being mede (Guy et el., 1985; ,Mahopatre et al.,

. ‘ ’1986,_ Meza-Basso et  al., 1986) and it should soon be
' : e . ,




poasiblé to km;i.r whether there are common genes which are

exprésse_d at low tenpei_‘ature in 'diff'e;:ent plant species. -
In' addition to the cap s:l_:ruc:tnre itself, pr'oteins
assoéiated with cap structure have'.also been’ reported to
affect ‘the translation. of mRNI; (T(_bzak, 1\983). The
differences obserwved ‘between the tra-a:u\sila.tion products
obtained from polysomes and iihenola‘chlorofom extracted
polysomal mRNA would suggest that 'diffgrences in :I.nitia-t.lon

of protein synthesis y_x vivo and-in vitro could be related

. at lvast partly to the presence of these cap binding

pfdtains, ‘Differences have also been ohserved between -

»

produc:ts obta.:lned with wheat, germ system and rabbit

reticulocyte 1ysafe (.Baszczynski_., 1984).

It is not possible at this time to assign the)

identification, . function .and localization fdr'the newly
expressed and-the repressed gene products dﬁring{ growth at
low temperature alfhough such iAnformation would be
necéssary in order to ultimately understand the role of

¥

altered gene expression in cold acclimation. Not
withstanding the. above, it is clear from the results of
.this preaen't_ study that low temperature reéhla'tes gene :

expression. .




. , CHAPTER 6

-GENERAL DISCUSSION

. In order to examine the effect §f growth at low.
teqﬁeratufe on polysome metabolism in mature rye 1liaves, it
was 'f'i-rst necessary to isolate intact polysomes. Although
s&stematic studies have beén reported with respect to the
isolation of intact polysomes *f_'rom‘ young‘ and etiolated
tissues, there are no comparable studies available for.
mature tissues. This may be due at least in part to the
well documented fact thaf RNase activity is. hi-gher in'olde_r
tissues ‘and the assumption" that higher RNAse level would -
: neceséarily inj:erfere with polysome iéolation. The dégree
pf preserva.tio;'x csf isolated polysomes is usua;[ly judged by
the ratio of large polysomes to small ~poly‘some.s. _However,
this study has shown that in vitro translation may be used
éffectively in con'Junctibn with LP/SI.> ratios to evaluate
. polysome integrity. At-'the same time, it was also-
.neces:sary to establish the optima'_l condit'iops for
translation. In this ;'egard, it 1s clearly 1@po;‘t_:ant to>

-

establish 'approp'riate' concentrations of magneéiu’m ib_t'; and
methjionine. Potassiﬁm ion _has a small."'e.;}fect but it is not
that cr:‘tical. ‘Both polysome ,concentratiqn and the effect'
of temperatt;re mu_st be carefully monitored. ‘ There was a
strong correlation between LP/SP ratio and 'trans,‘l'ati‘o.n-.‘
Polysomes with higher LP/SP .fatioa had both a higher

translation rate- and "a higher proportfon of large

: 179
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translational products. The results obtained by these twq’

indepeddent but complementary ‘'methods show that, in

contrast to some supposition, it is clearly possible to

isolate structurally intact ‘and functionally effective
S \ .

polysomes from mature leaves tissues.
) In, electron micrograph§~of tissues from leaves growﬁ
at low temPerature, an increase in both siie and qUﬁRtit&
of polysomes has Qeen oliserved. This observation is not
artefactual since data confirm that cold grq?n tissues
yield ;grger quantities of polysomes and that those
polysomes .are Mmore highly polymerized. These results are
in substantial agreement with those prev{ouslg reported for

barley and potato leaves. The 1increased quantity of

polysomes in rye can be attributed to a parallel: increase
~

in the cytoplasmic volume of those cells rather than a.

o
direct consequence of growth at low temperature on polysome

mefabolism. On the other hand, the large; pclysomes
suggest that translational activity of polysomes could be
altered d?é to an effect of low temperature on initiation

-

and/or termination rate.

RNH and RH polysomes were similar to the extent that’

neither‘ ri!NA nor core ribosomal proteins appeared to. be
significantly affected by low temperature. These
- observations are not surprising because of'the high degree
of ribosome Sénaer&ation through ;voldtion. On the other
hand, these polysomes are different An a substantial number

of points. Modifications such as a decrease in. the melting

" f
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.

point &nd. differences in-the complement of' peripheral

proteins and sensitivity to detergent were found.

-

Collectively these alterations in the RNA-RNA and/or RNA-

protein associatMsomce' subunit association and the '

complement of peripheral proteins would suggest.a change in

ribosome conformation. Whether RH pblysomes had a.‘
. L2

different conforﬁation or require a different conformation

in order to tranélate effectively RH mRNA is not ‘clear.

I
Y

However there is cleariy a conformational difference since

the data showed a different optimal ion requirement ‘;an’d,

~more sparticularly, a sharp diffecence in the magnesium-

requirement. A difference in conformation was further
3 .

L2

supported by the reduced sensitivity of RH-polysomes to

excess of magnesium during translation. R

if is generally agreed that ribosome conformatiop..

P

affects ribosome function and:differences in the fﬁnction

of RNH 4nd RH ribosomes: wére observed. RH polysome .-

.

translational capacity was twice as high as for RNH

-

polysomes regardless of translation temperature. This

enhanced translational capacity could 'r:.eflect": either or
both a higher- rate of&‘elongation ‘and/or initiation. A
higher rate of initiation of protein'synthesis would
explain the occ'urlrencé of - larger p'olysomes‘. The data .on:
tr§e effectiveness of mRNA to diréct protein syn.thesis
showed that alteration in translational capacity was due

solely. to the polysomes themselves. 1

~

-
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;"rranscripts are also different at 1low temperature.

o

. - First, trans]:.ation pro_ducts.charecterized by 1-D anq 2-D
PAGE are differént. This indicates that new mRNA is
expressed and that others are repressed at low temperature;-

-These results on "differential gene expreésibn are
consistent with the notion that c¢ells with different,
anatomy and morphology contain a different comelement of‘

. polypeptides. Second, a higher 1level of magnesium is
required to translate Rﬁ mRNA, suggesting a chéhge“in tne
secondary'strusture of mRNA. /. o

- . The rye system used in this study involves seedlings
Awhicn have undergone extensive development at either low er

high temperatures. -As previously pointed out, this system
differs from others in which plants exposed to low
tempefq&yre,are apparentlQ uneergeing senescence. "These
results shew clearlg} that assembly of ribosomese ar low
temperature (i) results in ribosomes with a differen'l:.
. ° conformation, (2) the translational activity of polysomes
is more efficient regardless of the temperathre of
transletion.and (3) new genes‘are expressed while other are
repcessed. While 1t is not.possibl_e to assess cause or
effect at this time, given the central role of
transcriptionr and translation in developmentdzhese cﬁanges
in poly?ome activity and gene expression are clearly.

signific'nfsin the colad hardening precess.

. Two 1nteresting points should be investigated in oxder

“to further understand the molecular mechanism of growth and

Ll
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development. at law temperature. First, the variatiom in
the proportion of paired G-C basges at low 1:e1;1pera‘l:ur:e~
should be examined in order to understand the nature of the
:changes iﬁ the polysome brganizationw Sgcond, work on the
. identification and regulation of genes newly expressed and

repressed at low temperature should be pursued.

]
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