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1 Introduction 

Eukaryotrc mRNAs exist m the cytoplasm as 
protein-bound complexes (messenger rrbonucleo- 
protein or mRNP) m polysomes (PmRNP) and m 
several instances as free nonpolysomal (CmRNP) 
particles [l-3] . The orgamzation and brologrcal 
functron of the proteins m mRNP are not well under- 
stood, and the published reports on their varratrons 
and drversrty remam a matter of considerable dispute 
[2] . PmRNP derived from a large number of cells 
contains two maJor protems, iWr SO-52 X lo3 
(P52) and 74-78 X lo3 (P78), and a number of 
additional polypeptrdes, usually 2-13, m the 
15-150 X lo3 mol. wt range [2,3,5-161 The P78 
protein and a protein of srmrlar size have been reported 
to be specrfically bound to the 3’-poly(A) tracts of 
PmRNP [5,6,9,12,15] and heterogeneous nuclear 
RNP (hnRNP) [ 171. Several conflrctmg reports have 
indicated that the sodmm dodecyl sulfate (SDS)-gel 

electrophoretrc patterns of the protein components 
of PmRNP and CmRNP are erther identrcal [4-61 or 
different [7,8] . This varrabrhty may be partly due to 
differences m the methods of rsolatron and also to 
possible contammatron by non-mRNP components 
[2,3]. Whether or not some common proteins, e.g 
P78, remam associated with mRNA sequences m 
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CmRNP and PmRNP has not yet been settled 
[2,3,5-81. 

In this report we describe the rsolatron of poly(A)- 
containing eukaryotrc mRNP by oligo(dT)-cellulose 
chromatography of subcellular fractions using 
thermal elutron. Using this methodology we have 
shown that the two classes of mRNP isolated from a 
wide variety of cells show significant differences in 

their characteristic protein patterns, although a number 
of maJor proteins, including P78, were observed m 
both classes of mRNP m the cell types examined. 

2. Materials and methods 

Leg and breast muscles of day 12-14 chick 
embryos or liver from young adult rats were homog- 
emzed m TMKED buffer, 10 mM Trrs-HCl, (pH 7.6), 
10 mM MgClz, 0.25 M KCl, 0.1 mM EDTA and 
0.1 mM drthrothrertol (DTT) contammg 0 25 M 

sucrose; and postmrtochondrial supernatant was 
prepared as m [ 18,191 . Ehrhch as&es tumor cells 
and rabbit retrculocytes were processed to obtain 
lysates by published procedures [5,20] and fractron- 
ated as above. Total polysomes (105 000 X g, 1 h) 
and postpolysomal pellets (255 000 X g, 4 h) were 
used as the source of PmRNP and CmRNP, respec- 
tively, and were obtamed by further centrifugation 
of the postmrtochondrral supernatant, supplemented 
with heparm (100 r_lg/ml) and phenylmethylsulfonyl 
fluonde (0.25 mM) as m [18,19] Samples of total 
polysomes, resuspended in TMKED buffer (without 

84 ElsevrerfNorth-Holland Biomedzcal Press 



Volume 97. number 1 FEBS LETTERS January 1979 

sucrose) and containing 0.5 M KCl, were centrifuged 
through a discontinuous sucrose gradient (1.35, 1.6 
and 2.0 M sucrose m TMKED buffer at 0.5 M KCl) 
at 177 000 X g for 16 h in a TI 60 rotor to give KCl- 
washed free polysomes. After drssociation of the 
polysomes m 10 mM Trrs-HCl, (pH 7.6), 0.25 M KC1 
and 20 mM EDTA, the samples were used to isolate 
PmRNP. 

About 500 A260 units of postpolysomal pellets, 
suspended in the bmdmg buffer (10 mM Tris-HCl, 
(pH 7.6), 1 mM EDTA and 0.4 M NaCl) or dissociated 
polysomes dialyzed against the binding buffer, were 
stirred wrth 0.4 g ohgo-dT-cellulose (type Ts, 
Collaboratrve Res., Inc.) for 6 h at 4’C and packed 
into a small glass column (5 X 0.6 cm). After washing 
the column at 4°C stepwrse wrth the bmding buffer 
and a low salt buffer (10 mM NaCl, 10 mM Tris-HCI 

(pH 7.6)) the bound matenal was eluted by using a 
combinatron of temperature change from 4-45”C 
and the low salt buffer (fig.1). Thrs was achreved by 
preheatmg the buffer and placing the column m a 
heated water jacket. Finally 50% formamide in low 
salt buffer was used to remove any residual mRNP 
not released by elevating the temperature. The frac- 
tions contaming mRNP were pooled and collected by 
precrprtation with 2 vol. ethanol or centnfugatron at 
255 000 X g for 16 h. 

RNA was isolated from the mRNP fractions by 
extraction with phenol/chloroform/rsoamylalcohol 
[21] and preciprtatron with ethanol, at pH 5.0, as 
in [18,19,22]. Radioactive mRNP were isolated by 
oligo(dT)-cellulose chromatography of the subcellular 
fractions obtained from chick embryos which were 

pulse-labeled m ovo by injection with 1 mCr [2,8-3H]- 
adenosine (spec. act. 45 Ci/mmol, New England 
Nuclear Corp ) and incubation at 37’C for 60 min 

WI. 
Electrophoresis of RNA samples was carrred out 

using 2.5% gels contammg 0.5% agarose crosshnked 
wrth 0.175% brsacrylamide for 3 h at 4 mA/tube [19] 
The gels were scanned at 260 nm, sliced and the 
radioactivity of each slice was determined [22] The 

protein components of mRNP were alkylated with 
rodoacetamide and analyzed by SDS-polyacrylamide 
gel electrophoresis using 7.5% gels [18,19]. The 
buoyant density of formaldehyde-fixed mRNP was 
determined by centnfugatron m a preformed CsCl 
gradient as m [ 18,191. The messenger actrvrty of 

RNA samples was estimated by measurmg the amino 
acid mcorporatron in a preincubated wheat germ 
embryo S30 system [23], programmed with the 
RNA samples as in [ 181. 

3. Results and discussion 

The rsolation of the two classes of mRNP by 
ohgo(cellulose chromatography of the subcel- 
lular fractions of chick embryonic muscles 1s shown 
in fig.1. In both cases about 97% of the apphed 
matenal was recovered as an early unbound peak. 
Elution with the low salt buffer at 4°C released about 

4-l 0% of the bound material. The AZ6e/A sse ratio of 
this fraction was about 1.95-2.05, suggesting that it 
contained mostly protein-free poly(A)+-RNA likely to 
be present in small amounts m the preparatrons 
About 90% of the bound material was subsequently 
eluted at 45’C with the low salt buffer. The A& 
A 2s0 ratros of these fractions were 1.40-l .45 (for 
CmRNP) and 1.55-1.65 (for PmRNP). The remam- 
ing 5-10% of the bound material was eluted at 25’C 
with 50% formamide m low salt buffer, an eluant 
used for the isolation of eukaryotrc hnRNP [ 121 and 

PmRNP [6,12] . When subcellular fractrons prepared 
from embryos pulse-labeled with [jH]adenosine were 
chromatographed, the relative distnbutron of counts 
in the 4 fractions gave the same pattern as shown m 

fig 1 Moreover, rechromatography on ohgo(dT)- 
cellulose of the deprotemrzed labeled 45’C fractions 
showed that about 95% of the mitral counts could be 
rebound to and then eluted from the column at 4°C 
with the low salt buffer, as would be expected of 

typical poly(A)‘RNA. 
Electrophoresis of [3H]adenosine labeled RNA 

obtained by deproteimzatron of the 45°C fractions 
(fig 1) shows that both RNA samples gave a similar 
heterogeneous drstrrbutron with about 75% of the 
counts migrating between 8-25 S (fig.2). Thus 1s m 
agreement with the expected size of most eukaryotic 

mRNAs [24] . Furthermore, no discrete peaks comr- 
grating with the marker 28, 18 and 4 S RNAs were 
detected m the samples. Both RNA samples also gave 
a similar degree of stimulation of ammo acid mcor- 
poratron m a wheat germ embryo S30 system (table l), 
thus confirming their mRNA nature. In agreement 
with this view we have recently observed that total 

85 



Volume 97, number 1 FEBS LETTERS 

Unbound I 

Fig 1 

Fct2 

86 

Elute 
40 50% fOrmamIde 

January 1979 

10 40 50 ‘,‘, 7’) 85 100 110 

FPACIION N IJ Ml\ t: K 

28s 18s 

2 4 6 8 10 

DISTANCE km) 

4s 

1 



Volume 97, number 1 FEBS LETTERS January 1979 

Table 1 
Sthnulatron of ammo acrd incorporatron by RNA samples isolated from 
embryomc muscle mRNP fractrons in wheat germ embryo S30 system 

Source of RNA clg RNA 
used 

Amino [“Cl acids 
mcorporated 
(cpm/assay) 

Degree of 
stimulatlon 

- 
Rabbit globin 
9 S mRNA 

RNA from CmRNP 1.5 4300 3.9-fold 
RNA from CmRNP 4.5 7500 6.8-fold 
RNA from CmRNP 8.5 9400 8.5-fold 

RNA from PmRNP 2 4500 4.1-fold 
RNA from PmRNP 5 8100 7.4-fold 
RNA from PmRNP 9 9800 8.9-fold 

Chrck muscle 
28 S rRNA 

Chrck muscle 
4SRNA 

3 

12 

20 1250 

1100 control 
13 100 11.9-fold 

1000 

Assays were performed as m [ 181. Incubatron mrxtures contained m total vol. 
100 ~1 40 ~1 wheat germ S30 fraction; 20 mM Hepes (pH 7.6); 2 mM DTT; 1 mM 
ATP; 0.1 mM GTP, 8 mM creatme phosphate; 5 ng creatme phosphokmase, 
80 mM KCl; 3 mM magnesmm acetate, 2.5 nmol of each of 20 ammo acids, mdr- 
cated amounts of RNA samples, and 3 r&r uniformly-labeled ammo [ r4C] acid 
mrxture (New England Nuclear Corporatron) 

pulse-labeled poly(A)+RNA and two muscle-specific 
mRNAs, viz., actin and myosin heavy chain mRNA, 
are distributed in about a 65.35 ratio m CmRNP and 
polysomal fractrons of chick embryonic muscles 
(unpublished results). 

SDS-polyacrylamide gel electrophoresis of the 
protem moieties of the 45“C fractions (fig.1) indicate 
that CmRNP contams 7 major and 4-5 minor bands 
in the mol. wt 35-l 10 X lo3 range (fig.3, gel 2). The 
major bands of mol. wt 52 000 (P52) and 78 000 

(P78) daltons constitute about 40-45% of the total 
CmRNP proteins (fig.4, scan A in panel A). The 
unbound fraction from the oligo-dT-cellulose chro- 
matography of post-polysomal material contained 
the bulk of the cytoplasmrc proteins (gel 4). In con- 
trast to CmRNP, the protem pattern for PmRNP was 
relatively simple (gel 3), contammg only 3 major 
proteins - P52, P58 and P78 - amounting to about 
80-85% of the total proteins. Interestingly, P52 and 
P78 from PmRNP and CmRNP coelectrophorese 

Frg.1. Oligo(dT)cellulose chromatography of subcellular fractions of chick embryonic muscles. For detds see section 2. Two 
separate runs using postpolysomal particles (e- - - - l ) and EDTAdrssocrated polysomes (o-o) for the isolation of CmRNP and 
PmRNP, respectrvely, are shown. The arrows indicate the posrbons where the columns were washed stepwrse wrth different 
eluants. 

Fig.2. Electrophoresrs of deprotemrzed RNA samples obtamed from [‘Hladenosme-labeled muscle mRNP fractrons For detarls 
see sectron 2. Key. A,,, scan of a gel run of a mrxture of marker 28 S, 18 S and 4 S muscle RNAs (-_), radroactrvrtres of gel 
slices of RNA samples, (o- - - -0) RNA from PmRNP and (X-X) RNA from CmRNP. 
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2 3 4 6 

Frg.3 SDS-polyacrylamrde gel electrophoresrs of protein moretres of 45°C fractrons. (see tIg.1). For detarls see section 2. Gel 1 
A mrxed sample of transferrin (10 pg), bovine serum albumm (8 fig), rabbit muscle actm (8 erg), and troPomyosm (14 ccg). Gel 2 

0 SA,,, unit of CmRNP (50 pg protem). Gel 3: 0.4 A,,, umt of PmRNP (12 rg). Gel 4 unbound fraction (120 pg) obtamed by 
chromatography of CmRNP (fig.1). Gel 5 unbound fraction obtamed by chromatography of PmRNP (80 ccg) Gel 6: natrve 40 S 
muscle nbosomal subunits (120 Mg). 

A B 

E 

I L 
a. 

suggestmg that the same proteins may be present in 
both classes of mRNP (data not shown). Typmal 
ribosomal proteins in the mol. wt 1.5 000-30 000 
range which are found m the native 40 S subunit 
(gel 6) are also found in the unbound fraction from 
the chromatography of PmRNP (gel 5) indicatmg 
that this fraction contams dissociated ribosomal 
subunits. The high mol. wt proteins in the 
50-100 X 10’ range and banding m gel 6 presumably 
result from eIFa which is known to bmd to the 
native 40 S particle [25] The thermally eluted 

Ag.4 SDS-gel electrophoresrs of CmRNP and PmRNP 

C 
proteins Isolated from various eukaryotrc cells. Amount of 
samples loaded. CmRNP, 0 4-O 5 A,,, umts (about 45 -55 ug 
protems), PmRNP, OS-O.6 Asso units (15-18 pg protems) 
Panel A CmRNP partrcles Panel B. PmRNP particles. Scans 
A, chrck embryomc muscle; B, rat hver, C, rabbit retrculocyte; 
and D, Ehrhch ascrtes tumor cells. 
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mRNP (gels 2,3) drd not contain the typical ribo- 
somal or cellular protems m the mol. wt I S-30 X lo3 
range which have been previously observed in many 
mRNP preparations ([7,8] , reviewed [2] ). The 
nucleoprotem nature of the 45°C fractions was also 
indicated by their characteristic buoyant densities 
(1.40-1.42 g/cm” for CmRNP, and 1.50-l .53 g/cm3 
for PmRNP). In sucrose gradients both CmRNP and 
PmRNP gave a polydisperse and similar size drstribu- 
tron (about 20-100 S; results not shown) which 1s 
different from the size range of their RNA moieties 
(8-30 S; fig.2), agam suggestmg that the particles 
are nucleoproteins. However, differences in their 
buoyant densities, their A260/A280 ratios and the 
SDS-gel electrophoretrc patterns of their protein 
moieties indicate that the nucleoprotein nature of 
the two types of mRNP is significantly different, 
the CmRNP being relatively protein rich. 

Using the technique of thermal chromatography 
we have examined the mRNP particles from rat hver, 
rabbit retrculocytes and Ehrlich ascites tumor cells, 
selected as representative eukaryotrc cells which are 
known to vary widely in their protein synthetic 
actrvity. The chromatographic elutions of mRNP in 
each case were very stilar to those shown in fig. 1. 
CmRNP isolated from these cells contained a complex 
set of protems with major protems srzed at mol. wt 
44,.52,58,64 and 78 X IO3 and several minor com- 
ponents (fig.4A). The relative amounts of the higher 
mol. wt proteins (80-100 X 103) vaned among cell 
types. PmRNP from these cell types contained only 
3 major proteins wrthmol. wt of 52,58 and 78 X 103, 
the relative amounts of which also varied among cell 
types (figAB). These results suggest that a set of 
srmrlar, possibly common, mRNA-associated proteins 
1s present in a wade variety of eukaryotic cells. The 
variations m relative distribution of P52 and P78 
proteins strongly suggest that not all eukaryotrc 
mRNP contains equrmolar amounts of these com- 
ponents as was prevrously thought [26]. 

The biologrcal functions of the protein moietres 
of mRNP are not yet understood. The set of proteins 
present in CmRNP but absent in PmRNP, whrch we 
have observed m a varrety of cell types, may regulate 
in vrvo the entry of mRNA into the polysomes. With 
regard to the possible role of the P78 component, it 
has been suggested that rt is involved m the transport 
of mRNA [ 151, and rt remains associated with 

mRNA only during translation [6]. More recently 
we have demonstrated that P78 is associated with the 
3’-poly(A) tracts of the RNA moieties of thermally 
eluted CmRNP and PmRNP of chick embyronic 
muscles [27] . In conjunction with other reports that 
P78 is associated with poly(A) m hnRNP and PmRNP 
[2,3,6,9,1 l--15,17] our results suggest that the P78 
component remains always bound to the mRNA 
sequences m the cell independently of the transla- 
tion process. In summary, the present results show 
that thermal chromatography is a useful technique 
for the isolation of purified preparatrons of poly(A)‘- 
mRNP from a wide vanety of eukaryotic cells. 
Furthermore, the two types of mRNP described here 
contain several common proteins of identical srze, yet 
their nucleoprotein nature 1s quite distinct. 

Acknowledgements 

This work was supported by grants from the 
National Institutes of Health (AM 13238) the 
Muscular Dystrophy Association of America, Inc. and 
the United Cancer Council, Inc. The work was carned 
out durmg the tenure of a Research Fellowshrp from 
the American Heart Association, Massachusetts 
Affiliate, Inc. to S. K. J. and a Fellowshrp from the 
Muscular Dystrophy Associations of America to 
M. G. P. 

References 

[l] Spurn, A. S (1969) Eur J. Brochem. 10,20-35. 
[2] Wdhamson, R. (1973) FEBS Lett. 37, l-6. 
[3] Greenberg, J. R. (1975) J. Cell. Brol. 64,269-288. 
[4] Baghom, C. (1974) Ann. NY Acad. Ser. 241,183-190. 
[S] Barrieux, A , Ingraham, H. A., David, D. N. and 

Rosenfeld, M. G. (1975) Btochemrstry 14, 19151921. 
[6] Van Venrooq, W. J., Van Eekelen, C. A. G , Jansen, 

R T. P. and Prmceu, J. M. G. (1977) Nature 270, 
189-191. 

[7] Gander, E. S., Stewart, A. G., Morel, C. M. and 
Scherrer, K. (1973) Eur J. Brochem. 36,455-464 

[8] Liautard, J. P., Setyono, B., Spindler, E. and Kohler, K. 
(1976) Biochrm. Brophys Acta 425,373-383. 

[9] Blobel, G. (1973) Proc. Natl. Acad. Sm. USA 70, 
924-928 

[lo] Lebleu, B., Marbarx, G., Juez, G., Temmerman, J., 
Burney, A and Chantrenne, H. (1971) Em J. Blochem. 
19,264-269. 

89 



Volume 97, number 1 FEBS LETTERS January 1979 

[ 1 l] Lindberg, V. and Sundqurst, B. (1974) J. Mol. Brol. 86, 
451-468. 

[ 121 Kumar, A. and Pederson, T. (1975) J. Mol. Brol. 96, 
353-365 

[13] Jeffery, W. R. (1977) J. Brol. Chem. 252,3525-3532. 
[ 141 Vander Marel, P., Tasseronde Jong, J G. and Bosch, L. 

(1975) FEBS Lett. 51,330-334 
[ 151 Schwartz, H. and Darnell, J. E. (1976) J. Mol. Btol 

104,833-851. 
[ 161 Brawerman, G. (1975) Ann. Rev Biochem. 43, 

621-693. 
[ 171 Kish, V. M. and Pederson, T (1975) J. Mol. Brol. 95, 

227-238. 
[18] Bag, J. and Sarkar, S. (1975) Btochemrstry 14, 

3800-3807 
[ 191 Bag, J. and Sarkar, S. (1976) J. Biol. Chem. 251, 

7600-7609. 

[20] Adamson, S. D., Herbert, E. and Godchaux, W (1968) 
Arch. Biochem. Biophys. 125,671-683. 

[21] Aviv, H. and Leder, P. (1972) Proc. Natl. Acad Ser. 
USA 69,1408-1412. 

[ 221 Mondal, H., Sutton, A., Chen, V. and Sarkar, S. (1974) 
Biochem. Brophys. Res. Commun. 56,988-996. 

[23] Roberts, B. E. and Paterson, B. M. (1973) Proc. NatL 
Acad. Sci. USA 70,2330-2334. 

[24] Brawerman, G. (1974) Ann. Rev. Bmchem. 43, 
621-642 

[ 251 Frrenstem, C. and Blobel, G (1975) Proc. Natl. Acad. 
SCI. USA 67,1782-1788. 

[ 261 Barrieux, A., Ingraham, H. A., Nystul, S. and Rosenfeld, 
M. G. (1976) Biochemistry 15,3523-3528. 

[27] Jam, S. K., Pluskal, M. G. and Sarkar, S. (1978) The 
10th Mramr Winter Symp. on Drfferentratron and 
Development, abstr. p 82. 

90 


