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Chromatography on plain cellulose of RNA from rabbit retlcu- 
locyte polysomes or chicken oviduct results In the retention 
and enrichment of a RNA fraction wlth messenger propertles. 
hddltlon of appropriate amounts of thls RNA to a cell-free 
system from Krebs-If-ascltes cells, supplemented with rabbit 
retlculocyte Initiation factors, leads to 20- to 30.fold 
stlmulatlon of protein synthesis. The product of the reaction 
directed by RNA purified from rabbit retlculooytos was shown 
to consist of botha- and @-globin chains. as judged by SDS- 
gel electrophoresls and CM-cellulose ohromatography. RNA 
isolated from chicken ovldudt directs the synthesis of oval- 
bumln which has been fdentifled by SDS-electrophoreels of 
the released chains after lmatunopreclpitatlon with antloval- 
bumln. 

INTRODUCTION 

Polynucleotlde sequences rich In adenyllc acid at the 3'-end 

of messenger RNA from cellular and viral orlgln have been 

recognized as a dlstlnotlve characterlstlc of eukaryotlc 
(l-10) 

messenger RNhs, the messengers for the hlstones being 
(11) 

the only thus far reported exceptlon. Thls unlque 

property of animal messenger RNA has enabled thelr selective 
(2,121 

Isolation by absorption to Mllllpore filter8 
(6.7) 

and by 

bindlng to poly-(U) or ollqo d-(T)(") oovalently 

linked to cellulose. The latter method has been success- 
(14) 

fully employed for the lsolatlon of the mRNA for globln 
(IS) 

and a myeloma light chain. Recently, Kltos et al(16) -- 
have demonstrated that at high ionlo strength CSllUlOSS 

pr se IS able to retain poly-(A) and poly-(A)-contalnlng 

RNA. In thl8 communlcatlon we present evidence indicating 
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the ability of nucleotlde-free cellulose to selectively 

retain mRNA for globin and ovalbumln, and reoommend this 

procedure as a very simple way for the Isolation of eu- 

karyotlc messengers. 

MATERIALS AND METHODS 

Sigmacell type 38, ob lned from Sigma Chemical Co., w s 
used as cellulose. P ( H)-Leuoine (31.6 Cl/mmole) and 8 ( H)- 
Serlne (2.23 Cl/mmole) were purchased from New England 
Nuclear Co. 
Extraction of RNA. a) Rabbit reticulocytes: the retlculo- 

Isolated from rabbits treated wfth 
The rlbosomes were suspended In 50 mM 

Trls-HCl (pH 8.;). 5 mM EDTA, 75 mM NaCl, 0.5% sodium do- 
decyl sulfate (SDS), and an equal volume of buffer saturated 
phenol, adJusted to pH 8.3, was added. The mixture was 
shaken for 5 mln at 4oC and the aqueous phase thrice extract- 
ed with phenol, then made 0.3 M with respeot to LlCl, and 
the RNA preclpltated with 2 volumes of ethanol at -20° C. 
The preclpltated RNA was washed twice in ethanol and dis- 
solved In H20. 
b) Chicken oviduct: 20 g of the magnum portion of the oviduct 
from laying hens were homogenized In 130 ml of aold 50 mM 
TrlsTHCl (pH 8.3). 5 mN EDTA, 75 mM NaCl, 0.5% SDS, and 
150 ml of cold buffer saturated phenol, pH 8.3, In a Warlng 
Blender for 1 min. The RNA was extracted as described 
above, the only difference being that the phenolizatlon was 
repeated 5 times. 
Cellulose Chromatography. 100-300 Ai;~k' units of total ovl- 
ifuct RNA and retlculocryte polysomal In 1 ml of H20 were 
diluted to 10 ml w%th Trls-HCl (pH 7.6). 500 mM KCl, 0.2 mM 
MgCl and applied to a 2-4 ml cellulose column (dry uelght 
abou z 0.5-l g) which had been equlllbrated with 10 mM Trls- 
HCl (pH 7.6). 500 mM KCl, 0.2 mM MgCl The column was 
washed with application buffer until %e A 

26t! 
had dropped 

below 0.01 and fractions of 1 ml were collec ed. The ab- 
sorbed RNA was eluted with neutralized water. The non-ab- 
sorbed and absorbed material was brought to 0.3 M in LIC12, 
precipitated with ethanol, washed twice wlth ethanol, dis- 
solved in H20, and used as such for the In vitro protein 
synthesis. -- 

The chromatography was performed at room 
temperature. 

Cell-Free Protein Synthesis. A cell-free protein synthe- 
;~~~;;~$;$8 prepared from Krebs-II-ascIte c$ells 

with the modlflcatlon Introduced by Meta- 

Routine assay8 contained In 50 41: 30 &4 Trig-HCl (pH 7.5), 
95 mN KCl, 3 mN magnesium acetate, 1 mN dlthlothreltol, 
1 m19 ATP. 0.1 mM GTP, 0.6 ml4 CTP, 5 mN creatlne phosphate, 
0.16 m&ml creatlne kl 

73 
8e. 0.04 mM of 19 unlabeled amino 

acids, 2.5 or 5*cC of ( H)-eerlne or (3H)-leuclne, respec- 

a8 described In (19). Incubation was at 370 C for the 

681 



Vol. 49, No. 3, 1972 BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS 

times indicated. For determination of the radioactivity 

t 
ncorporated 
20) 

Into proteins, the method described by Bollum 
was used. 

Characterization of Cell-Free Products. Following the 
incorporation period, the ribosomes were removed by centri- 
fugation of the assay mixture at 150,000 B for 60 mln and 
the supernatant used for characterization of the products. 
The specific lmmunopreclpltatlon for ovalbumln was done In 
a total volume of 0.335 ml, which contained: 10 mM sodium 
phosphate (pH 7.0), 014 M NaCl. 2% Trlton X-100, loo-150 

~1 of the supernatant of the 1.n vitro reaction, 1O~g of 
carrier ovalbumin and antlova?rbuGabblt ?-globulin In 
an amount to give optimal precipitation. The mixture was 
kept at room temperature for 30 mln and then overnight at 
40 c. The lmmunopreclpltates were separated by centrl- 
fugatlon and then washed 3 times with a volume of 0.35 ml 
of 10 mM sodium phosphate (pH 7.0) and 0.14 M NaCl. The 
precipitates were dissolved In 10 mM sodium phosphate 
(pH 7.01, 1% SDS and 1% p-mercaptoethanol, and electro- 
phoresed as described below. 
For analysis of the reticulocyte RNA-directed products, 
0.2 ml of 0.1 M KOH was added to the released chains. 
After Incubation for 20 min at 37O C, 1 ml of cold 10% 
Cl CCOOH was added. 
co d 5% Cl 

9 3 

The precipitate was washed twice with 
CCOOH and twice with acetone. The precipitate 

was final1 dissolved In 10 mM sodium phosphate (pH 7.0). 
1% SDS and 1% t-mercaptoethanol, and electrop$pj'es;~ls 
following the procedure of Weber and Osborn. 
were cut into 1.6 mm slices and placed in scintillation 
counting vials. One ml of H 
overnight to dissolve the age f 

O2 was added and Incubated 
slices. The samples were 

then counted In Aquasol. 
Hemoglobin uniformly labeled with (14C)-vallne was prepared 
using reticulocytes from phenylhydrazine-treated rabbits 
and the KlObit'l chains prepared by acid-acetone extraction. 
The isolated qlobin had a specific activity of 20,000 
c pmhw . The proteins synthesized In vitro In response 
to retlculocyte mRNA were mixed wlth'm-labeled globln 
and the globln chains pxepared as above. They were then 
separated on CM-Cellulo$82followlng the procedure of 
Rablnowltz and Fischer. 

RESULTS 

Chromatography of RNA on Cellulose. As can be seen In 

Figure 1, 1.1% of the RNA from rabbit retlculocyte poly- 

some8 Is retained by cellulose under conditions of high 

salt. The retained material can be eluted with water as 

a sharp peak. A pattern similar to the one described was 

obtained when total RNA from chicken oviduct was fractlon- 

ated on the column except that, In this case, about 2% of 

the RNA was retained by the cellulose. The unfractlonated 
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FRACTION NUMBER 

Figure 1 

Chromatography on cellulose of rabbit reticulocyte 
260 A260 were applied in 20 ml of 10 mM 

500 mM KCl, and 0.2 mM MgC12, and ex- 
tensively washed wlth the same buffer. Elution with 
water is Indicated by arrow. 

RNA and the RNA retained by the column were each checked 

for its ability to direct protein synthesis in a Krebs- 

II-ascltes cell-free system. Whereas the material re- 

tained by the column stimulates total protein synthesis 

20- to 30-fold, the unfractloned RNAs are much less active 

In Increasing the rate of protein synthesis (Fig. 2). 

demonstrating that enrichment of RNA with messenger 

properties has occurred during cellulose chromatography. 

The efficiency of translation of these two mFiNA fractions 

is dependent upon the 0.5 M KC1 salt wash fraction from 

rabbit reticulocyte ribosomes, as has been described for 

the translation of globin mRNA(19) (Table 1). As indi- 

cated In Figure 3 protein synthesis Is dramatically stimu- 
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Owduct 

1.0 2.5 40 

ua RNA /assay 

Figure 2 

Effect of unfraotlonated and cellulose-ourlfled RNA on 
protein synthesis. Incorporatlon of (JH)-leuclne Into 
Droteln was measured In 50 U-l reaction mixtures after 
60 mln Incubation In the-presence of the Indicated 
amounts of unfractlonated (o---o) or oellulose-purified 
RNA (o-o). 

TABLE 1 

EFFECT OF RABBIT RETICULOCYTE RIBOSOMAL SALT WASH (RSW) ON 

CELLULOSE RNA-DIRECTED PROTEIN SYNTHESIS IN THE KREBS-II- 

ASCITES CELL SYSTEM 

Cellulose-RNA 
Added (.w/50 ,a ) 

RSW KCl+ 
(ml 

(3H)-Leuclne Incorporated 
(Cpm/50Ml) 

-- 
None 65 760 

oviduct (2.5) 65 1.770 
Retlculocyte (0.3) - 65 3,055 

None + 95 10,740 

oviduct (2.5) + 95 258,100 

Retlculocyte (0.3) + 95 234,200 

*Previous experiments had shown tnat In tne aasence OI mw 
the optimal KC1 conoentratlon for (3H)-leuclne lncarpor- 
ation was 65 m?t. When RSW was added the optimal conaen- 
tratlon of KC1 shifted to 95 mM. 
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0 40 I20 155 
INCUBATION TIME (MIN) 

In the absence of added RNA (A---A ), with 1.2~43 retlou- 
locyte RNA purlfled on oellulose (o---o), and 1 (o-o) 
and 2.5~~ (o-o) oviduct RNA purlflsd on cellulose. 
At the lndlcated times 5~1 were removed from the reaotlon 
mixture and the radioactivity Incorporated Into protein 
determined as described In Methods. 

lated by)(g levels of oviductal and retlculocyte mRNA and 

continues well up to 150 min. 

We believe that the selective retalnment of a small portion 

of the RNA 18 due to the poly-(A) content of this RNA 

for two reaaont3: a) Slgmaoell oellulose type 38 retain8 

poly-(A* under these salt conditions (ref. 16 and our 

own unpublished results), and b) the globln-m-RNA and 

the ovalbumln-m-RNA both contain poly-(A). 
(1,5.12) 

Characterization of the In vitro Products. -- In order to 

get an lnslght Into the fidelity of translation, the 

In vitro product8 have been analyzed. The protein ayn- -- 
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O,.ul reaction mixture containing 0.72Mg of 
cellulose-purified retlculocyte RNA were analyzed on an 
SDS-polyacrylamide gel. The arrow Indicates the position 
of hemoglobin used as internal marker. The direction of 
anodal migration is from left to right. 
b) Separation of In vitro synthesized a- and/?-globin 
chains on CM-Cellxose. The globin chains released after 
b0 mln Incubation from a 100~*1 reaction mixture contaln- 
inq 2.5~ of cellulose-purified retlculocyte RNA were 
prepared after addition of 2 mg of (I%)-labeled globin 
as described in Methods. Then- and b-chains were 
separated on CM-Cellulose by the method described. (22) 

thesized in response to the reticulocyte RNA retained 

by the cellulose column has been analyzed by SDS-poly- 

acrylamlde gel electrophoresls. More than 90% of the 

labeled polypeptides released into the supernatant after 

spinning out the rlbosomes co-migrated with rabbit globln 

(Fig. 4a). The synthesis of&- and p-globln chains In 

approximately equal amounts was confirmed by chromatography 

of the (3H)-leuclne-labeled products on CM-Cellulose with 

uniformly labeled (l" C)-rabbit globin as a marker (Fig. 

'+b). 
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Ovolbumin 

1 

0 L 

hiduct RNA 

0 20 40 60 
SLICE NUMBER 

5 Figure 

SDS-polyacrylamlde electrophoresls of the proteins 
In vitro in the 

%%%%ojFioGlsolated 
presence of oviduct mRNA 
. The released polypeptlde 

chains after 60 mln Incubation Derlod of a 90~~1 reaction 
system containing 4.5 ti oviductal mRNA we% lsolated 
lmmunochemlcally with rabbit antlovalbumlnr-globulin. 
The lmmunopreclpltate was subjected to SDS-polyacrylamlde 
electrophoresls (see Methods). The arrow Indicates 
the position of authentic ovalbumln used as an Internal 
marker. The direction of migration Is from left to right. 

The products directed by the fraction of chicken ovl- 

duct RNA retained by cellulose was analyzed for ovalbumln 

content by specific lmmunopreclpltatlon with rabbit antl- 

ovalbumln%-globulin and subsequent SDS-polyacrylamlde 

electrophoresls of the lmmunopreclpltate. As shown in 

Figure 5. this RNA directs the synthesis of a product 

which forms a specific lmmunopreclpltate with antloval- 

bumln and which, in SDS gels , migrates as a single peak 

slightly ahead of the ovalbumln marker. This may be due 

to the absence of the carbohydrate moiety of 1500 molecular 
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weight of ovalbumln which may not be synthesized or ln- 

corporated Into the nascent ovalbumln polypeptlde under 
(23, 24, 25) 

these In vitro conditions. -- 
Three conclusions can be drawn from these studies: 

1) Cellulose can be used for the Isolation of the messenger 

RNA for globln and ovalbumln. The same procedure was suc- 

oessfully employed for the Isolation of RNA with messenger 

properties from rat and chicken livers. A complementary 

sequence of ollgo-(dT) of poly-(U) Is not required for 

the selective binding of these mRNAs. Therefore, we sug- 

gest chromatography of RNA on cellulose as an effective 

procedure for the purification of eukaryotlc messenger 

RNAs. 2) The Krebs-II-ascltes cell-free protein synthesls 

system allows the faithful translation of the meeeenger 

RNA for ovalbumln as well as globln, 3) Supplementation 

with 0.5 M KC1 extract of rabbit retlculocyte rlbosomes 

not only stimulates total protein synthesis, but also 

selectively enhances the translation of heterologous 

messenger RNA In the Krebs-II-ascltes system. These 

flndlngs provide additional evidence against the need of 

messenger-specific lnltlatlon factors. 
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