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Abstract-Paul’s Scarlet rose cells m suspension culture synthesned a non-nbosomal, non-polyadenylated RNA which 
had a sedlmentatlon value of ca 10s m sucrose gradients At all stages of growth, the 10s RNA was preferentially 
associated with the non-polysomal part&es m the cytoplasm Of the newly synthesti polyA( -)RNA m the cell, 20 to 
30”/;, was 10s RNA and its synthesis was regulated durmg growth It was transcribed throughout the growth cycle 
except for a short penod m lag phase Late loganthmlc and stationary phase cells synthesized more than the 
exponentially growmg cultures Several lines of evidence suggest that the 10s RNA IS messenger RNA 

INTRODUCTION 

The cytoplasmtc RNA m eukaryottc cells can be resolved 
mto two mam classes, a poly A( +)RNA and a poly 
A( -)RNA, depending on thar atnbty or mabtltty to bmd 
to an affinity column such as ohgo cellulose or 
poly(U)-Sepharose respectively The poly A( +)RNA ob- 
tamed m this way has been shown to contam long 
stretches of A residues (60-200) at its 3’ end and represents 
the cellular mRNA The poly A( -)RNA class, on the 
other hand, may lack a poly A segment entirely or may 
contam a short stretch of lC-15 residues Tins fraction 
which IS predommantly rRNA has also been shown to 
contam mRNA species [l, 23 At the moment, the exact 
role of poly A at the 3’ end of mRNA molecules largely 
remains unclear Both RNA forms apparently coexist m 
most higher plant and animal cells and their kmetlcs of 
synthesis and abrhty to function as a template m poly- 
peptlde synthesis appear to be similar [3-6] 

Whde studymg the RNA metabolism m Paul’s Scarlet 
rose cells, It was found that both the polyA(+) and 
A( -)RNAs are synthesized m this cell line [7-91 This cell 
line, which can be grown m suspension culture, has now 
been used to mvestlgate the de novo synthesis and 
regulation of poly A( -)RNA m higher plants The 
present study provides evidence for the existence of a 
dlstmct class of poly A( -)RNA of ca 10s and shows Its 
synthesis 1s regulated durmg the growth cycle of the 
culture Further analysis of this RNA fraction dem- 
onstrates that it 1s an mRNA 

RESULTS 

IdentlJicatton of 10s RNA m the newly-made rlbosomes 

A culture was labeled with [‘H]urldme and the RNA 
from total rlbosomes was extracted It was freed of 
contammatmg tRNA and DNA by washing with 2 M 

*Present address USDA-ARS, WRRC, 800 Buchanan Street, 
Berkeley, CA 94710, U S A 

hthmm chloride [7] and the polyadenylated mRNA 
fraction [poly A( +)RNA] was removed by bmdmg to an 
ohgo cellulose column The sucrose gradient analysis 
of the final non-polyadenylated RNA [poly A( -)RNA], 
as shown m Fig 1, displayed three distinct peaks Two of 
them correspond to nbosomal 1% and 26s peaks and a 
new, third peak sedlmented at ca 10s m sucrose gradients 
and will be referred to as ‘10s RNA’ hereafter for the 
purpose of dlscusslon The 10s RNA was present m cells 
labeled for 3 or 6 hr 
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Fig 1 sedmentatton of newly made, poly A( -)RNA from 
total rlbosomes on a sucrose. gradlent A stationary phase culture 
was dtluted tn fresh medmm and labeled with 5 &l/ml of 
[5.63H]urtdme (lo-’ M) for 3 hr Total nhosomes prepared, 
RNA extracted and a poly A(-)RNA fraction puntied by 
ohgo cellulose chromatography as descrthed m 
Expenmtntal It was sedimented through a 5-20 % hnear sucrose 
gradtent m 10 mM Trts-HCl, pH 7 6,50 mM NaCl and 10 mM 
Na,EDTA, pH 7 2 (7), fractions collected and precqntated with 

cold 5 7; TCA 
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To further locahze the 10s RNA m the cytoplasm, 
pulse-labeled rlbosomes were fractionated into two 
groups by dlfferentlal ultracentrlfugatlon One group 
contained prlmanly polysomes and the second, the re- 
mamder of the particles (non-polysomal fraction) Figure 
2 shows an example of a preparation from 6-day-old 
cultures labeled with [‘H]undme The non-polysomal 
fraction contamed a trace amount of smaller polysomes 
but mamly particles that sediment less than 80s (Fig 2) 
The two types of particles were treated with 10mM 
Na,EDTA and separated on sucrose gradients as de- 
scribed before [7] Gradients of polysomes showed two 
peaks corresponding to 40s and 60s subumts On the 
other hand, the EDTA-treated non-polysomal fraction 
displayed three distinct peaks two representmg the 40s 
and 60s subunits and a third at ca 20s (data not shown) 
Furthermore, the poly A( -)RNA was prepared from the 
two kinds of rlbosome preparations and analysed on 
sucrose gradients As seen m Fig 3, only RNA from the 
non-polysomal fractton showed three peaks, one of which 
corresponds to 10s RNA Snmlar results were obtamed in 
the non-dmdmg (lag phase) or rapidly dlvldmg (5 day) 
cells (Fig 3) 

In an expenment to find whether the 10s RNA 
originated from the membrane-bound or free nbosomal 
particles, lysates were prepared with and Hrlthout treatmg 
with the non-iomc detergent, TWon X-100 The data 
showed that 10s RNA was associated only ~th the non- 
polysomal fractions and Its relative amount was smular m 
both the detergent treated and untreated lysates (not 
shown) 

The poly A content of the poly A( -)RNA fractions 
obtamed after ohgo cellulose chromatography was 
further analysed by hybr&zatlon with [‘H]poly U The 
poly A(-)RNA fractions from the non-polysomal and 
polysomal particles indicated neghgble amounts of poly 
A compared to the poly A(+)RNA fractions of the 
corresponding particles (Table 1) The sednnentation be- 
havlour and the proportion of 10s RNA m the poly 
A( -)RNA were unchanged even after recycling through 
ohgo column 2-3 times (not shown) 
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Fig 2 Sucrose gradlent analysis of polysomal and non- 
polysomai particles A 6day-old, loganthnucally growmg culture 
was labeled with [“H]undme for 4 hr and polysomal and non- 
polysomal components prepared as described m Experunental 
They were separated on 5-45% linear sucrose gradtents In 
50mM Tns-HCl, pH 7 6, 50mM KC1 and 5 mM MgClz, 
mdlvldual fractions prectpltated with cold 5 7; TCA and counted 

(A) Polysomal fraction, (B) non-polysomal fraction 
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Fig 3 L,ocaluation of 10s RNA m subcellular fractions Cells 
from lag (O-4 hr) and exponential phase (5&y) of growth cycle 
were labeled for 4 hr with [3H]undme Polysomal (P) and non- 
polysomal (nP) components were prepared as described m 
Expenmental The poly A( -)RNA fractions were analysed as m 
Fig. 1 (A) lag phase, P, (B) lag phase, nP, (C) growlrg, P, 

(D) growing, nP 

Table 1 Determmatlon of the poly A content of the 
various RNAs by hybndlzatlon with [3H]poly U 

cpm m 
RNA hybrld/pg RNA 

Non-polysomal, poly A( -)RNA 21 
Non-polysomal, poly A( +)RNA 17 182 

Polysomal, poly A( -)RNA 26 
Polysomal, poly A( +)RNA 14961 

RNA samples were prepared from the non- 
polysomal and polysomal particles of a 5-day culture 
Fractions of poly A( -)RNA and poly A( +)RNA 
obtamed after 2 cycles of ohgo cellulose chro- 
matography were hybrldlzed with [3H]poly U as 
descrrbed m Experlmental 

Synthesis of 10s RNA durrng the growth cycle 

In these studies, the cells were labeled with [3H]urldme 
and the poly A(-)RNA was prepared from the non- 
polysomal particles The kmetlcs of 10s RNA synthesis m 
a growing culture 1s compared to that of rRNA m Table 2 
In the mitlal45 mm, over 50% of the RNA made 1s 10s 
RNA Although the synthesis contmues, its proportion 1s 
reduced later on as the transcrlptlon of rRNA increases 
(Table 2) The relative synthesis of 10s RNA at various 
periods of culture growth 1s given m Table 3 Two features 
are noteworthy Fust 1s the complete absence of 10s RNA 
synthesis on days 1 and 2 (Fig 4), It was not associated 
with the polysomal fraction either (not shown) Secondly, 
late logarlthmlc and stationary phase cells synthesize 
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Table 2 Time course of synthesis of 10s RNA and rRNA 

Permd of 
labehng 

45 mm 
2hr 
4hr 

Incorporatlon (cpm) 
10s RNA rRNA (1% + 26s) 

2045 1888 
10265 21813 
17 584 45216 

10s RNA 
(“/, of total) 

52 
32 
28 

A S-day-old, growing culture was labeled with C3H]undme and 
the poly A( -)RNA was Isolated from non-polysomal fractions 
It was further analysed on a sucrose grtient and radmactlvlty 
under 10s and rRNA (18s + 26s) peaks are shown 

Table 3 Relatwe synthesis of 10s 
RNA durmg the growth cycle 

Duration of 
culture (days) 

10s RNA 
(% of total) 

0 31 
1 0 
2 0 
3 22 
4 22 
5 21 
6 22 
12 34 
16 26 

A stationary phase culture (21- 
day) was inoculated mto fresh 
medium and a 20ml ahquot was 
labeled lmmedlately (0 day) Other 
cultures were labeled after mcub- 
auon for different times dunng the 
growth cycle In all cases, cells were 
labeled for 4 hr wrath [3H]undme, 
poly A( -)RNA from non- 
polysomal fractions prepared and 
analysed on sucrose gradients as 
described m Expenmental The syn- 
thesis of 10s RNA relative to total 
poly A( -)RNA IS presented 

FRACTION NUMBER 

Rg 4 Synthesis of 10s RNA durmg the resumption of growth 
cycle Cultures were sampled at 0 (A), 1 (B), 2 (C)and 3 (D) days of 
growth cycle and each labeled for 4 hr as m Fig 1 Only poly 
A( -)RNA from the non-polysomal fractions were analysed on 

sucrose gradients 

more than the logarrthrmc phase cultures (Table 3) The 
extensive syntheses of 10s RNA during the early hours of 
lag phase (1 e 0 day) probably reflect a ‘carry over’ of the 
process m the stationary state cells Lag phase culture dtd 
not transcnbe the 10s RNA tf labeled after 12 hr of 
starting the growth cycle (data not shown) 

Characterlzataon of 10s RNA 

Smce the poly A( -)RNA may contam both rRNA and 
mRNA, It was of mterest to determme to which category 
the 10s RNA belonged As the mRNA and rRNA have 
characterlstlc methylated ohgonucleotrdes [lo], they can 
be identified by labeling the RNA with [Me’H]- 
methlonme first and separating the nucleotldes on DEAE- 
Sephadex columns m the presence of urea [8] Fractions 
from the 10s regon and rRNA (18s + 26s) peaks were 
pooled and dlgested exhaustively with RNase T2 For 
companson, poly A( +)RNA from polysomes was semi- 
larly treated The elutlon of RNase T2 resistant nuc- 
leotldes on a DEAE-Sephadex column IS shown in Fig 5 
and the dlstrlbutlon of radloactlvlty m drfferent peaks 
calculated m Table 4 It 1s clear from the data that 10s 
RNA resembles poly A( +)RNA than rRNA (Fig 5, 
Table 4) The peak elutmg at a charge of - 4 5 IS seen only 
m 10s RNA and poly A( +)RNA It would represent a cap 
0 structure, m’GpppX [lo], found only m mRNA The 
peak elutmg at - 2 has been shown to include m6A found 
internally m mRNA [l l] The promment radloactlvlty in 
10s RNA and poly A( +)RNA at this peak compared to 
rRNA (Table 4) suggests the presence of internal methy- 
latlon Further analysis of these peaks could not be carried 
out because of low radloactlvlty Only a trace of the - 4 5 
peak 1s seen m rRNA, presumably due to contamination 
of 10s RNA Obvtously 10s RNA and poly A( +)RNA 
were also contammated with some rRNA as evidenced by 
radzoactlvlty m the - 3 peak (Table 4) 

Smce the cap structure m 10s RNA suggested that it 1s 
an mRNA, Its function m protem synthesis was examined 
m a wheat germ cell-free system (Table 5) Its activity was 
compared with a poly A( +)RNA preparation from 
polysomes Both RNA fractions stimulated mcorporatlon 
of labeled ammo acid mto TCA-msoluble protems 
However, the mcorporatlon was nonhnear with the 10s 
RNA fraction, probably due to the unavoidable contaml- 
nation wrth rRNA (Table 4) An analysis of translational 
products by SDS gel electrophoresls revealed that dlstmct 
polypeptldes were coded for by both the RNA fractions 
(Fig 6) The translation of more than one protem from the 
10s RNA preparation suggests that the 10s RNA fraction 
may, m fact, represent more than one mRNA species 
Only proteins below 40000 Mr were observed m the 10.9 
RNA sample, most of which also appeared m the poly 
A(+)RNA products One protem of 10s RNA 
(arrow, Fig 6) apparently was not made by the poly 
A( + )RNA 

DISCUSSION 

The results of this study show that a non-poly- 
adenylated RNA of about 10s tn size 1s synthesized m rose 
cells grown in suspension culture It was important to 
characteruR this RNA further because no rRNA species of 
this size class IS known m the cytoplasm of plant cells [ 121 
The following propertles of 10s RNA demonstrate that It 
1s mRNA (a) m short term pulses mRNA 1s known to 
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FRACTION NUMBER 

Fig 5 DEAE-Sephadex chromatography of RNase T2 resistant 
nucleotldes m poly A( + )RNA, 10s RNA and rRNA A stattonary 
phase culture was dduted and labeled with 6pCl/ml of 
[Me3H]methiomne (80 Cl/mmol, New England Nuclear 
Corporation, Boston) for 3 hr as before [7] and polysomal and 
non-polysomal fractions prepared Poly A( +)RNA was isolated 
from polysomal fraction and the non-polysomal, poly A( - )RNA 
was separated mto 10s and rRNA (18s + 26s) peaks on sucrose 
gradients They were repreclpltated with ethanol and washed 
once with 707; ethanol and 0 1 M sodium acetate Hydrolysis 
and separation were done as described m Expenmental (A) Poly 

A(+)RNA, (B) 10s RNA, (C) rRNA (18S+ 26s) 

label rapidly and m fact the labehng kmetlcs of 10s RNA 
followed such a pattern (Table 2) (b) EDTA treatment of 
non-polysomal particles released a 20s component in 
ad&tIon to nbosomai subunits Such a treatment has been 
demonstrated to release mRNA from nbosomes [13] 

Table 4 r)lstnbutlon of RNase T2 ret&ant nucleotldes m 
10s RNA, rRNA and poly A( +)RNA 

‘A Dtstnbutlon 

Source of RNA (-2) (-3) (-4) (-45) 

10s 286 558 22 133 
18s + 26s 95 807 74 24 
~01~ A(+) 50 1 230 13 256 

The data from Fig 5 were used to calculate the dlstnbutlon 
of radloacttvtty m different ohgonucleotlde peaks 

Table 5 Stlmulatlon of ammo acid m- 
corporation m a wheat germ cell-free 

system 

RNA /cg 
Incorporatlon 

(cpm) 

Poly A(+) 009 64 080 
017 122209 
034 196809 

Poly A( -) 008 2953 
017 4238 
034 3729 

RNA samples were prepared from a 5- 
day growmg culture Fractions of poly 
A( -)RNA (from nonpolysomal particles) 
and poly A( + )RNA (from polysomes) were 
passed twice through oJlgo(dT) cellulose, 
washed m 0 1 M KOAc, 70% ethanol and 
resuspended m water The poly A( -) 10s 
RNA was obtamed from a sucrose gradient 
fraction (Fig 5) The mcorporatlon of 
[35S]methlonme mto TCA msoluble pro- 
ducts was determmed as described m 
Expenmental 

(c) The methylatlon pattern of 10s RNA was similar to 
poly A(+)RNA (Rg 5, Table 4) (d) 10s RNA directed 
the synthesis of proteins m a wheat germ cell-free 
translational system (Fig 6) 

Previous studies have shown the presence of poly A( -) 
mRNA in both plant and animal cells [l, 61 The present 
data provide further evidence for the existence of poly 
A( -)RNA m another higher plant and extend mforma- 
tion on the regulation of synthesis of a 10s RNA w uwo 
Unfortunately, we cannot conclude on the number of 
component mRNA molecules m the 10s RNA prepar- 
ation because of the other contammants It appears from 
its translational ability that it must contam many A major 
difficulty in obtaining a pure 10s RNA fraction has been 
that It was present m cells m extremely small amounts 
While it was not difficult to locahze the 10s RNA peak 
from a labeled RNA preparation, no such peak could be 
discerned from the unlabeled RNA preparations (data not 
shown) These technical dlfficultles hinder any addmona 
detailed studies of the mdlvldual species m the 10s RNA 
fraction 

The data suggest that the synthesis of 10s RNA m the 
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have shown the preferential assoclatlon of ferritm mRNA 
with the post-nbosomal part&s whose transport into 
polysomes was regulated by iron [14] That nonpoly- 
somal particles m rose culture might serve as intermediate 
storage units for the 10s RNA before bang moblhzed into 
polysomes remains an attractive hypothesis 

60- * EXPERIMENTAL 

21 

14 

3 

Fig 6 Translation products of the RNA fractions in a wheat 
germ system RNA was translated as described in Table 5 and the 
products separated by SDS gel electrophoresls The gel was 
treated with PPO, dried and exposed to a prefogged X-ray film 
(1) Poly A( +)RNA (2) Poly A( -)lOS RNA (3) No RNA blank 

rose culture was controlled by the state of cell growth The 
proportion of 10s RNA that was transcrtbed was greater 
m late logarithmic and stationary phase cells compared to 
exponential phase cells Except for a short period during 
the lag phase, Its synthesis could be detected throughout 
the growth cycle of the culture The slgmficance of the 
absence of its synthesis during this time IS not yet clear We 
have earher shown that the synthesis of other RNA 
species, DNA and proteins proceeded normally at thts 
penod [7-91 Synthesis of 10s RNA was observed mltlally 
on day 3, comcldent with the first cell dlvlslon m the 
culture This suggests that this RNA may preferentially 
code for hlstones Both the size of the RNA fraction and 
the MWs of products translated from It suggest the 
presence of hlstone-hke products 

It IS also interesting to note that this 10s RNA fraction 
was found only m the nonpolysomal particles throughout 
the growth cycle of the culture Experiments m rat hver 

Cell he and labehng Cells of Rosa sp (Paul’s Scarlet Rose) 
were grown m suspension culture in a synthetic medium [15] 
Details of Isotope mcorporatlon and processing of cells have 
already been described elsewhere [7-93 Other particulars are 
explamed m figures and tables 

Isolation of polysomes and non-polysomal partrcles Frozen cells 
were ground m dry ice and resuspended m 6 ml of extraction 
buffer (40 mM Tns-HCl, pH 7 6, 2 mM Mg&, 20 mM KCI, 
5 mM 2-mercaptoethanol and 0 25 M sucrose) The lysate was 
treated with 1 “/ Trlton X-100 and a 14OtXl g supernatant was 
prepared [9, 151 For the preparation of total nbosomes, the 
supernatant was layered over 1 5 ml of 075 M sucrose m 
extraction buffer and centrifuged for 2 5 hr at 160000 g m a 
Spmco 65 rotor to obtam the pellet For polysomes, the 14000 g 
supernatant was layered over 1 5 ml of 1 8 M sucrose m extrac- 
tion buffer, sedImented for 90 mm at 160000 g and the pellet 
saved, the post-polysomal supernatant was recentrlfuged at 
160000g for 2 hr to obtain the non-polysomal fraction The 
pellet m each case was resuspended m a sultable buffer and 
clanfied for 5 mm at 12 Ooo g 

Purlficatton of RNA and analysts The procedures described 
earher [7] were followed RNA from the various subcellular 
fractions was extracted with 0 5 “/, sodium dodecyl sulfate (SDS) 
and phenolCHCl,-isoamyl OH soln and the EtOH ppts were 
washed extenswely with 2 M LICI [7] The final RNA was 
dissolved in 0 5 M NaCI, 10 mM Tns-HCI, pH 7 6 and 0 1 “/, SDS 
and apphed to an ohgo cellulose (Type T-2, Collaboratwe 
Research, Mass ) column The unbound fraction was repreclpl- 
tated with EtOH and washed once with 707” EtOH, 0 1 M 
NaOAc The resultant RNA, termed the ‘poly A( -)RNA’ was 
resuspended m 10 mM Tns-HCI, pH 8 0, 50 mM NaCl and 
10 mM Na,EDTA, pH 7 2 and clardied The poly A( +)RNA was 
the fraction bound to the column, and was eluted with 10 mM 
Tns-HCI, pH 7 6 and 0 1 “/, SDS Before preclpltatlon with 
EtOH, 50 c(g of wheat germ tRNA and NaCl to 0 1 M were added 
to this fraction RNA was analysed on hnear sucrose gradients as 
before [7] 

Hybrdzatton with “H-poly U The various RNA fractions 
from the polysomal and non-polysomal particles were hybridized 
with ‘H-poly U (Mdes, 360 &l/pmol) and analysed as before 
Cl51 

DEAE-Sephadex chromatography of nucleotldes RNA was 
resuspended m 50 mM NaOAc, pH 4 5 and incubated with 10 
units of RNasc. T2 (SIpma) at 37” for 19-20 hr The hydrolysate 
was diluted m starting buffer (20 mM Tns-HCI, pH 7 6,50 mM 
NaCl and 7 M urea) and applied to a 0 4 x 55 cm column of 
DEAE-Sephadex A-25 (Pharmacia Fme Chemicals) The column 
was developed with 200 ml of a linear gradient of NaCl(0 05 to 
0 35 M in above buffer), fractions (18 ml each) collected, and 
counted m Aqueous Counting Scmtdlant (Amersham-Searle) 
The charge of the nucleotlde peaks was determined by co- 
chromatography of “C-labeled (Ap)n markers [7, 81 

Cell free protein synthests and product analysts The various 
RNA fractions were translated m a wheat germ m mtro system 
modified from [ 161 A 50 ~1 reaction mixture contained 20 mM 
HEPES-KOH (PH 7 4), 2 5 mM ATP, 04 mM GTP, 25 mM 
dlthlothreltol, 3 mM Mg(OAc),, 90 mM KOAc, 10 mM creatme 
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phosphate, So&ml creatme phosphokmase, 05 mM sper- 
midme (neutrahzed with KOH to pH 7 4), 0 06 mM unlabeled 
ammo acids mmus methome, 14 @ of 35Smetluomne (1300 
Ci/mmol, Amersham), 20~1 of wheat germ S30 treated unth 
nucrococcal nuclease, Sl [17] and RNA The mcubatlon was 
carned out at 24” for 90 mm Radmactmtly m a 5 ~1 ahquot was 
determmed after treating urlth alkali (0 5 ml of 0 5 N NaOH, 
10mm at 37”) and precqutahon with cold 5% TCA [9] The 
translation products were separated on a polyacrylarmde gel m 
SDS buffer [18], unpregnated with PPO and ~suahzed by 
fluorography [ 191 
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