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ABSTRACT 

A 50-mer of thymidylic acid, (dT),,, was coupled to silica inside prepacked columns using the N-hydroxysuccinimide chemistry. The 
resulting (dT),,-silica columns were used to resolve oligomers of adenylic acid, (dA)i9_+, and to separate poly(A) mRNA (messenger 
RNA) from Succharomyces. Oligomers which differed in length by a single nucleotide base were readily resolved. Using either (dT),,- or 
(dT),,-silica, poly(A) mRNA could be purified in as little as 8 min. The poly(A) mRNA isolated appeared to be full length and could be 
used directly for T, RNA ligase and RNAse A and T, enzymatic reactions. The (dT),,-silica column was used to fractionate total 
poly(A) mRNA by tail length. While the separation was primarily due to poly(A) tail length, most fractions appeared to contain 
multiple tail lengths. Whether this represents an intrinsic feature of the RNA or a limitation of the method is discussed. These studies 
show that polynucleotides in the kilobase size range can be separated rapidly and with good resolution on DNA-silica. 

INTRODUCTION 

Recently, we reported experiments to determine 
the usefulness of high-performance affinity chroma- 
tography (HPAC) of DNA [l]. In the method, an 
octadecamer of thymidylate, (dT)ls, tethered by 
way of the 5’-terminus to macroporous silica was 
shown to hybridize with and allow the separation of 
(dA)6_ 1 8. Differences of a single base pair were suffi- 
cient to resolve samples using either temperature or 
salt gradients. Here, we extend these studies to the 
fractionation of polydenylated messenger RNA 
[poly(A) mRNA] from Succharomyces cervisiue. 

buffer to elution buffer and require rechromatog- 
raphy to obtained sufficient purity [3,4]. Higher res- 
olution with high-performance liquid chromatogra- 
phy (HPLC) could improve the purity obtained and 
increase the speed of isolation. Since degradation of 
RNA by ubiquitous RNAses is a source of concern 
[4], rapid isolation which lessens exposure to diges- 
tion should produce more intact mRNA. Thus, the 
higher speed and resolution of HPAC on DNA-sil- 
ica should prove useful for the preparation of 
mRNA. There may also be important analytical us- 
es for this support in the analysis of poly(a) tail 
length polymorphism. 

The first affinity chromatography of polynucleo- Poly(A) mRNA from the yeast Succharomyces 
tides used oligothymidylate-cellulose synthesized by cerevisiue has an average 3’-poly(A) tail length of 
Gilham [2]. Today, poly(A) mRNA is routinely iso- about fifty [5,6]. Poly(A) tail lengths are thought to 
lated by affinity chromatography on polythymidylic be important to mRNA turnover and translational 
acid or polyuridylic acid covalently attached to cel- efficiency [7-91. Other investigators have used poly 
lulose, agarose, or Sepharose supports. Most estab- (U)-Sepharose to crudely fractionate by tail length 
lished procedures use abrupt changes from loading and have observed that factors such as types of cell 
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strain, growth phase, transcription inhibition with 
actinomycin [IO], translation inhibition with cyclo- 
heximide and other antibiotics [ 111, and the osmotic 
state of the cell [12] affect tail length. After syn- 
thesis, some poly(A) tails are progressively short- 
ened with time. The mechanism is unknown but one 
component may involve the poly(A) binding pro- 
tein(s) [7,8,13]. There is thus considerable interest in 
tail length and a facile method for the analysis of 
tail length could have important potential. Since we 
have previously shown that (dT)is-silica cannot re- 
solve lengths longer than 18, a new silica would be 
needed for tail length analysis. 

Here we report on the synthesis (dT)SO-silica and 
its use to fractionate total mRNA by poly(A) tail 
length. Methods for selective elution using temper- 
ature, formamide, and salt gradients are also de- 
scribed. 

METHODS 

DNA synthesis 
5’-Aminoethylphosphoryl-(dT)50 was synthe- 

sized using standard phosphoramidite chemistry 
and was purified by reversed-phase chromatogra- 
phy using volatile triethylamine-acetonitrile gra- 
dients as previously described [l]. This purified po- 
lynucleotide will be referred to as amino-(dT),,. 

DNA-silica column preparation 
N-Hydroxysuccinylimidyl ester-silica (NHS-sil- 

ica) was prepared immediately prior to use from 
Macrosphere-WCX (Alltech) as previously de- 
scribed [14]. The activation chemistry was perform- 
ed inside prepacked 30 x 4.6 mm I.D. cartridge 
columns. Amino-(dT),, was coupled to NHS-acti- 
vated silica using two different protocols. In one, 
the amino-(dT)sO was recirculated through the acti- 
vated column as previously described [I]; 8.6 units 
of amino-(dT)50 was recirculated for an hour at pH 
7.5 and 2.7 units (31%) coupled to the column. An- 
other column was made by a stopped-flow proce- 
dure at pH 5.0. In this case, the column was activa- 
ted and washed with 2-propanol as previously de- 
scribed [l] and then rapidly flushed with 1 ml of 
water at 10 ml/min. Then 85 ,~l of 0.2 M sodium 
phosphate, pH 5.0 containing 6 units of amino- 
(dT)50 was injected and the flow stopped with the 
DNA inside the column. The column was removed, 

the ends sealed, and the column was then incubated 
at 50°C for 3 h. This procedure resulted in 4.4 units 
(73%) coupled to the column. 

RNA isolation from Saccharomyces 
RNA was prepared essentially as described by 

Sherman et al. [15]. Briefly, yeast (Saccharomyces 
cervisiae strain A184D Mat a) were grown in yeast 
extract-peptone-dextrose medium at 30°C to be- 
tween 50 and 115 Klett units. After adding 10 mg 
cycloheximide per liter, the cultures were mixed for 
10 min at 5°C and then centrifuged (Sorvall 
GLC-2B) for 5 min at 6500 rpm (5400 g). The pellet 
was resuspended in 2.5 ml of LETS buffer [O. 1 M 
LiCl, 0.01 M EDTA, 0.01 M Tris-HCl, pH 7.4, 
0.2% sodium dodecyl sulphate (SDS), 0.1% dieth- 
ylpyrocarbonate]. Phenol equilibrated with LETS 
buffer (3 ml) was added and the cells were homoge- 
nized by vortexing with l/4 volume glass beads (0.4 
mm) for 7.5 min. An aliquot of 5 ml LETS buffer 
was added and the mixture was centrifuged (8000 
rpm, 10 min, 8200 g) and the aqeuous layer was 
recovered and extracted twice with phenol-chloro- 
form-isoamyl alcohol. The final aqeuous layer was 
made 0.5 A4 LiCl and the RNA precipitated. The 
RNA was collected by centrifugation and washed 
with 70% ethanol. 

RNA fractions were 3’-labeled by the method of 
Cobianchi and Wilson [ 161 using 5’-32P-3’,5’-cyti- 
dine bisphosphate (32P-pCp) and T4 RNA ligase. 
(dA)12_18 and (dA)40_60 size markers were 5’-la- 
beled when necessary using Y-~~P-ATP and T4 poly- 
nucleotide kinase [4]. 

Poly(A) tail length analysis 
Poly(A) tail length of RNA from various frac- 

tions was determined by first removing non-tail 
RNA by digestion with RNAses Ti and A and de- 
termining the size of the tails on acrylamide gels. 
The method used was similar to Nichols and Wel- 
der [17]. Briefly, mRNA fractions obtained from 
chromatography were made 8 A4 LiCl and precip- 
itated at - 70°C. The precipitated RNA was 
washed once with 70% ethanol and redissolved in 
20 mM Tris-HCl, pH 7.5,2 mM EDTA. NaCl was 
then added to 0.2 M and RNAse A and Tr were 
added to a final concentration of 0.003 and 0.1 
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units/pi, respectively. The final reaction volume was 
typically 10 ~1 and digestions were for 30 min at 
37°C. The samples were then diluted with an equal 
volume of formamide and applied to 10% acryl- 
amide gels and electrophoresed [4]. 

Electrophoresis and autoradiography 
The gels were 10% acrylamide, 0.3% bisacryla- 

mide, and 8 M urea as described by Sambrook et al. 
[4]. Electrophoresis was at 20°C and 50 to 100 V for 
4-8 h. (dA)12_18 and (dA)40_60 mixtures were run as 
size markers. For autoradiography experiments, 3’- 
labeled mRNA and 5’-kinased markers were used. 
After electrophoresis, the unfixed gels were sealed in 
seal-a-meal bags. Autoradiography was at - 70°C 
using DuPont Chronex film and Chronex intensify- 
ing screens. 

Chromatography 
The chromatograph was a Varian 5000 ternary 

gradient instrument outfitted with a Varichrome de- 
tector. Mobile phase composition and the solvent 
and temperature gradients used were optimized for 
each separation and are given in the legends to the 
figures. Column temperature was maintained by 
immersion in a Lauda RM-20 refrigerated water 
bath (Brinkman Instruments); since heating rates 
were dependent upon the bath volume, this was 
kept at 15 1 of water. For most experiments, the 
heater and circulator in the Lauda bath were used 
to raise the bath temperature with refrigeration 
turned off; this combination allowed a temperature 
change of about l.l”C min. For one experiment 
(Fig. 5) a slower heating rate was obtained by using 
the circulating pump with both refrigeration and 
heating turned off and using a small immersion 
heater and a Variac variable transformer set at 60% 
of line voltage (120 V). The immersion heater is 200 
W and is of the type sold in department stores to 
heat individual cups of water for tea or coffee. 
. Two precautions were taken to prevent degrada- 

tion of RNA during chromatography: (1) The chro- 
matograph was cleaned monthly by pumping 10% 
nitric acid through the system (without a column) 
for 30 min. (2) All mobile phases and samples were 
prepared using water that had been treated with 
0.1% diethylpyrocarbonate and autoclaved. 

Sample preparation is also important. Before in- 
jection onto a column, ethanol precipitated RNA 

(either crude or previously purified Saccharomyces 
mRNA) is redissolved in either diethylpyrocarbo- 
nate treated water or TE buffer (10 mM Tris, 1 mM 
EDTA, pH 7.5), heated to 8o”C, and rapidly cooled 
in an ice-water bath. Immediately prior to injection, 
sufficient 2 M or 5 M NaCl is added to the sample 
to give a final concentration of 1 M NaCl. 

RESULTS 

When (dT)50 was coupled by either the pH 7.5 
recycling protocol or the pH 5 stopped-flow proce- 
dure, columns with good chromatographic per- 
formance were obtained. At room temperature in 
mobile phases containing 1 M Na+, either column 
quantitatively bound 0.5 unit injections of either an 
oligoadenylic acid mixture (lengths 19-24) or poly- 
adenylic acid (average length, 5000) that had been 
sonicated. Neither was bound when the column was 
equilibrated at 40°C in water or 0.005 M Na+ con- 
taining mobile phases, demonstrating that low ionic 
strengths and moderate temepratures can be used to 
completely elute the columns. Since the length of 
poly(A) tails (average length is 50 bases for Saccha- 
romyces [5,6]) is small relative to the length of 
mRNA (greater than one kilobase), a column that 
binds 0.5 units of (dA),, would be expected to bind 
at least 10 units (~0.3 mg) of poly(A) mRNA. 

lime. min 

Fig. 1. Formamide gradient separation of adenylic acid oligom- 
ers on DNA-silica. An aliquot of 20 ~1 of 0.025 unit/$ of the 
(dA),,_,, mixture was injected at zero time. Buffer A was 1 A4 
NaCI, 57 @I thymidylic acid (TMP), 50 mM Tris/phosphate, 
pH 7 and buffer B was 50% (v/v) formamide, 0.5 M Tris/phos- 
phate, pH 7. The flow-rate was 0.2 ml/min and the temperature 
was 27°C throughout, and the gradient (open circles) was 0 min, 
0% B; 9 min, 0% B; 25 min, 75% B; 40 min, 93% B; 55 min, 98% 
B; 70 min, 99% B. From left to right, the peaks eluting after 30 
min are (dA),, to (dA)24, respectively. 
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Since the experiments here required capacities of 
less than ~3 units of mRNA, these columns had 
adequate capacity. 

More selective methods for eluting the columns 
using salt, temperature, (data not shown) or forma- 
mide gradients were developed using oligoadenylate 
mixtures. Since we have previously demonstrated 
the use of salt and temperature gradients for sep- 
arating oligomers [I], here we show only the forma- 
mide based separation. The separation of a (dA),,_ 
24 mixture using a formamide gradient is illustrated 
in Fig. 1. All six components of the oligoadenylic 
acid mixture, (dA)19_24, were readily resolved (Fig. 
1). The most challenging aspect of this separation 
was to develop a gradient in which the high UV 
absorption of formamide in buffer B would not in- 
terfere. This was accomplished by adding a small 
amount of thymidylic acid (TMP) to buffer A just 
sufficient to obtain the same absorption at 260 nm 
for both mobile phase buffers as specified in the 
figure legend. Even with this refinement, the base- 
line was still not ideal (Fig. 1). Since equivalent or 
better separations were also obtained with either 
salt or temperature gradients similar to those previ- 
ously described with considerably less baseline 
problems [1], we used salt and temperature gra- 
dients to carry out all other separations presented 
here. 

Fig. 1 shows that all six of the different length 
oligoadenylic acids present in the mixture could be 
separated. Previously, we had shown that a (dT),, 
column could separate a (dA)12_Is mixture but 
could not fractionate oligomers longer than 18 from 
one another [I]. Fig. 1 shows that by increasing the 
length of the column bound DNA to (dT)50, longer 
oligomers such as the (dA)19_24 mixture can be re- 
solved. 

The separation of crude, LiCl-precipitated 
mRNA from Saccharomyces was then investigated 
as shown in Fig. 2. For these experiments, a (dT),,- 
silica column previously described was used [I]. 
Similar separations were found with the (dT)SO-sil- 
ica columns. The individual peaks and the starting 
material were also investigated using polyacryl- 
amide gel electrophoresis (data not shown). LiCI- 
precipitated RNA is known to contain other RNAs 
(e.g., ribosomal RNA) in addition to mRNA. These 
other RNAs and nonpolyadenylated mRNA elute 
in the flow-through peak (peak 1). mRNAs that 

contain only short stretches of oligoadenylic acid 
elute next (peak 2) when-the column temperature 
was abruptly increased by immersion in a 40°C wa- 
ter bath. This was confirmed by determining the 
poly(A) tail length using RNAses A and T1. Peak 3, 
representing 28% of the LiCl precipitated cellular 
RNA, represents the bulk of the poly(A) mRNA. It 
elutes in this experiment when the salt in the mobile 
phase was rapidly decreased to 0.005 M. Notice 
that this fraction was obtained in about 7 min and 
peak 3 in Fig. 2 represents about 2.2 units of 
mRNA collected in a total volume of 2 ml. Thus, 
the (dT)ls-silica is capable of very rapid isolation of 
mRNA in amounts adequate for most experiments 
and in a more concentrated form than is typically 
obtained by low-pressure chromatography. Peak 4 
(which elutes when the column is placed in a 55°C 
bath) represents the longest poly(A) tail mRNAs 
(lengths of about 80). 

The poly(A) mRNA (peak 3) obtained from the 
rapid chromatography in Fig. 2 showed no evidence 
of degradation. Degradation could occur by either 

0 5 10 15 

lime, mln 

Fig. 2. Rapid isolation of messenger RNA. An aliquot of 100 $ 
of 1 M NaCl containing 6.7 units of LiCI-precipitated Saccharo- 
myces RNA was injected onto a (dT),,-silica column (30 x 4.6 
mm I.D.) prepared as previously described [I]. Buffer A was 1 M 
NaCl, 10 mM sodium phosphate, pH 7. buffer B was 5 mM 
sodium phosphate, pH 7, and the flow-rate was 1 ml/min 
throughout. Initially, the column was equilibrated in buffer A at 
20°C. Temperature (circles) was that of the water bath and was 
changed abruptly at 3 min and at 8 min by immersing the column 
in 40 and 55’C water baths. respectively. The salt gradient (trian- 
gles) was 0 min, 0% B; 5 min, 0% B; 6 min. 100% B; 15 min, 
100% B. 
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the shear forces expected during chromatography 
or by RNAses contaminating the apparatus. That 
the RNA was not degraded was shown in two ways 
(data not shown): (1) the poly(A) mRNA obtained 
by HPLC (Fig. 2) was shown to be the expected 
length by comparison on acrylamide gels to A phage 
Hind III digest and +X174 DNA length markers 
and (2) the size distribution of HPLC purified poly 
(A) mRNA does not change upon rechromatogra- 
phy. Degradation by RNAses was of special con- 
cern since RNAses are frequently found to contam- 
inate laboratory apparatus and a chromatograph is 
a particularly complex piece of apparatus. Evident- 
ly, monthly cleaning of the chromatograph, the 
treatment of water with diethylpyrocarbonate, and 
the rapid separation performed are adequate pre- 
cautions to ensure that the RNA is isolated intact. 
On autoradiograms of gels, the mRNA appeared as 
a diffuse band in the l-2 kilobase size range. Previ- 
ous studies [l] with DNA-silica had used only short 
oligonucleotides. Fig. 2 demonstrates that 300 A 
pore DNA silica can be used to fractionate polynu- 
cleotides in the kilobase size range. 

The poly(A) mRNA purified as in peak 3 of Fig. 
2 was used for all subsequent experiments. This 
mRNA was 3’-labeled with 32P-pCp and the com- 
plete labeling reaction mixture was applied to the 
(dT),,-silica column for further fractionation as 
shown in Fig. 3. 

As stated above most of the length of mRNA is 
not contained in the poly(A) tail; an average 
mRNA is l-2 kilobase while an average tail length 
is 50 [5,6]. The previous fractionation [l] of (dA)12_ 
1 s and (dA), 9_24 (Fig. 1) leaves little doubt that iso- 
lated tails could be readily fractionated. However, 
except for the poly(A) tail, most of the polynucleo- 
tide sequence of mRNA will not hybridize to the 
column and represent a heterogeneous mixture of 
sequences which test the selectivity of the column. 
This challenging separation should test polynucleo- 
tide HPAC resolution. Such a separation was car- 
ried out in Fig. 3 using increasing temperature and 
decreasing salt gradients. 

Most of the radioactivity and absorption con- 
tained in the flow through peak (Fig. 3) comes from 
unincorporated pCp and other components of the 
labeling reaction; unlabeled poly(A) or poly(A) 
mRNA was shown to be quantitatively retained by 
the column (data not shown). The fractionation ap- 
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Fig. 3. Fractionation of polyadenylated messenger RNA on 
DNA-silica. The mRNA was purified as shown in Fig. 2 (peak 
3), 3’-labeled with 5’-32P-pCp, and 500 ~1 (0.025 units, 1.5 . IO6 
cpm) was applied to the (dT),,-silica column [30 x 4.6 mm I.D., 
containing 4.4 units (dT),,]. The flow-rate was 0.085 ml/min and 
I-min fractions were collected for further analysis. The lower 
part of the figure shows the absorption (solid line, from the flow 
detector) or the counts per min (“C.P.M.“, dotted line, measured 
for the fractions). The arrows show where the indicated length of 
poly(A) was calculated to elute using the gradient conditions and 
an equation [18] for predicting hybrid melting behavior. Gra- 
dient: buffer A was the same as in Fig. 2, buffer B was 0.1 M 
NaCl, 10 mM sodium phosphate, pH 7, and buffer C was water 
titrated to pH 7. The solvent gradient was 0 min, 100% A, 5 min, 
100% A; 20 min, 10% A, 90% B; 40 min, 100% B; 80 min, 50% 
B, 50% C; 120 min, 10% B, 90% C; 130 min, 100% C. At 165 
min, 500 ~1 formamide was injected to further elute the column. 
The upper part of the figure shows the measured NaCl concen- 
tration (dotted line, measured by conductivity of the fractions) 
or temperature (solid line, measured using a J-type thermocou- 
ple) of the water bath during the separation. The temperature 
gradient shown was obtained by immersing the column in the 
Lauda RM-water bath cooled to 10°C. At 114 min, the refriger- 
ation was turned off and the bath set temperature was changed 
to 35°C. At 154 min, the set temperature was changed to 40°C. 
The temperature gradient shown simply represents the intrinsic 
heating rate of the water bath used. 

pears to show an unequal distribution of tail lengths 
in Succharomyces. For DNA-RNA hybrids [such as 
between the column and the poly(A) mRNA], an 
empirical equation describing the influence of 
length, temperature, salt and formamide concentra- 
tion on hybrid melting temperature has been de- 
scribed [18]. From this equation and the elution 
conditions, the main peak eluting at 78 min corre- 
sponds to a hybrid with a predicted (A)25 length 
tail. The presence of large amounts of mRNA with 
(A)2 1 tails has been previously reported for Szccha- 
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romyces [6] and perhaps this is the peak at 78 min. 
The conditions used to elute the column would have 
eluted tail lengths up to about length 200 and yet 
clearly some possible lengths are not observed. For 
example, calculated tail lengths in the 15-25 range 
are quite common and abundant and another some- 
what less abundant cluster of tail lengths between 
30 and about 80 is also seen, but tail lengths be- 
tween 25-30 and greater than 80 appear to be un- 
common. 

Since the above analysis is based on lengths cal- 
culated from an equation rather than actual 
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lengths, we further investigated the individual frac- 
tions using RNAse A and TI to recover the poly(A) 
tails which were sized on acrylamide gels. The re- 
sults are shown in Fig. 4. Before RNAse digestion, 
the fractions contain kilobase size RNA (Fig. 4A). 
After RNAse A and T1 digestion, the densitometry 
scans of the gel autoradiographs (Fig. 4B) show 
that only poly(A) tails between about 15 and 60 in 
length are recovered. These densitometry scans are 
of long exposure (3 days) autoradiographic films 
which increases the apparent broadness of bands 
and thus underestimates the resolution obtained. 

B 400 
11 11 

R Fraction 170 

0 20 40 60 80 

Mobility, mm 

Fig. 4. Analysis of fractionated messenger RNA and its tail lengths. The autoradiography is of a 10% acrylamide, 8 M urea gel. (A) 
Lane 1: the sample was from the fraction eluting at 78 min, Fig. 5, showing intact mRNA (i.e., before RNAse digestion). Lane 2: 
mRNA isolated as in peak 3 of Fig. 2 and 3’-labeled with pCp. The entire, unfractionated labeling reaction was applied to the gel. (B) 
Fractions (1 min, 0.085 ml) from the experiment in Fig. 3 were precipitated, digested with RNA A and T,, and electrophoresed. The gel 
was then sealed in a plastic bag and used to expose X-ray film for 3 days at - 70°C and the film was then scanned for densitometry. The 
results of the densitometry scans for fractions (Fig. 3) eluting at 48, 68, 78, 122, and I70 min. are shown as indicated in the figure. The 
tracings were all scaled so that the largest peak represents 100% which results in larger amounts of noise in weakly detected fractions 
(e.g., fraction 170). The arrows at the top of the figure shows (from right to left) the position of (dA),2, (dA),,. (dA),,,. and (dA),, size 
markers, respectively. 
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The digests of all the column fractions contained 
radiotracer at a position corresponding to a tail 
length in the (dA)12_18 range (the most rapidly mi- 
grating band in each sample) What this represents 
will be discussed further below. Also, salt carried 
over from the early eluting HPAC fractions is re- 
tarding their mobility on the gel (notice how the 
most rapidly migrating peak is retarded in fractions 
48 and 68). In spite of these factors, the result is still 
readily seen: fractions eluting early during chroma- 
tography contain short poly(A) tails while those 
eluting later contain longer tail lengths. Thus, frac- 
tion 48 contains only the rapidly migrating (A),,_,, 
peak. Since the average size determined was a 
length of 15, we will refer to this band as (A),,. 
Fraction 68 shows an additional band represented 
as a shoulder on the (A)15 peak, fraction 78 con- 
tains additional tail lengths in the (A)20_50 size 
range, and fraction 122 contains primarily (A)50. 
Fraction 170, eluted by a formamide injection 
(which should elute even very long tails) in fact 
elutes very little (notice the low cpm in Fig. 3 and 
the baseline noise in Fig. 4B resulting from densi- 
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Fig. 5. Alternative gradients for fractionating mRNA by tail 
length gave similar results. The experiment is similar to that in 
Fig. 3 except that an alternative gradient was used (shown in the 
upper part of the figure) in which temperature and salt were 
varied simultaneously. In this case, the Lauda water bath was 
used with only the circulating pump running (initial temperature, 
21°C). The temperature increase up to 75 min (to 22.8”C) was 
due to heating by the pump alone. At 75 min, a 200 W immersion 
heater and a variable transformer set at 60% was turned on and 
used to obtain a slow rate of heating. The sample load (1.5 . lOa 
cpm) and the mobile phase buffers were the same as in Fig. 3. 
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tometry scanning of a faint band) and that is of 
length z(A)~,,. However, it is also clear that more 
than one tail length is present in some of the frac- 
tions. Whether this is due to a limitation of the 
chromatography or due to an intrinsic feature of 
the mRNA will be discussed below. 

A somewhat different elution protocol in which 
salt and temperature were varied simultaneously 
gave similar results as shown in Fig. 5. The largest 
peak (at 8 1 min, Fig. 5) has a calculated poly(A) tail 
length of about 25. Again the length of the poly(A) 
tails present in various column fractions was inves- 
tigated using the RNAse method (gel not shown) 
with results similar to those already discussed for 
Fig. 4. 

DISCUSSION 

Here, we were primilarly interested in DNA-silica 
chromatography and used mRNA fractionation to 
test the usefulness of these columns. The experiment 
in Fig. 2 leaves little doubt that DNA-silica can be 
used for the rapid purification of poly(A) mRNA. 
This alone would be a powerful use of DNA-silica, 
but for that (dT)ls-silica would be sufficient (Fig. 2) 
and perhaps preferred because of its lower cost of 
preparation. For the analysis of poly(A) tail length 
polymorphism though, columns such as (dT)SO-sil- 
ica would be needed. Here we show that such col- 
umns can be made and are capable of high resolu- 
tion of oligomers (Fig. 1); however, their usefulness 
in the study of polymorphism requires further dis- 
cussion. 

Fractionating mRNA by tail length using low- 
pressure supports [6,10,19] shows lower resolution 
than our HPLC fractionation (Figs. 3 and 4B); 
HPLC thus represents a significant improvement 
over the previously used techniques. However, Fig. 
4B also shows that after fractionation, most frac- 
tions contain at least two different lengths of poly 
(A). One poly(A) stretch is about 15 in length and is 
present in almost every fraction examined (except 
for fraction 170). The other poly(A) stretches are 
longer and the length increases in later column frac- 
tions. This may result from mRNA containing 
more than one stretch of poly(A) of different origins 
[6,19]. In Dictyostelium, two different stretches of 
poly(A) are present in the mRNA; one of about 
(A)25 in length is apparently coded in the genome, 
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while another of variable length is added post-tran- 
scriptionally [19]. Both tail lengths are observed in 
poly(U)-Sepharose fractionated mRNA, even those 
eluted at high stringency [lo]. Succharomyces 
mRNA is similar is some respects [6]. Here, the ge- 
nome coded, constant length stretch is apparently 
(A)21 [6] which is somewhat longer than that esti- 
mated from Fig. 4B (x 15 long), but this could be 
accounted for by differences in the procedures used 
for RNAse A and T1 digestion and the ways length 
was determined in the two experiments. This short, 
constant tail length was found in most fractions 
from fractionated mRNA (in this case using oligo 
(dT)-cellulose) and is apparently at the 3’-terminus 
of some of the mRNA [6]. Thus, our results are 
consistent with previous studies [6,10,19] with two 
different organisms in that we also find a short, con- 
stant length poly(A) as well as a longer, variable 
length poly(A) in fractionated mRNA. However, 
the presence of two kind of poly(A) tail indicated by 
this (Fig. 4) and previous studies [6,10,19] compli- 
cates the use of chromatography to estimate tail 
length. Thus, while DN&silica can be used to im- 
prove upon the fractionation of mRNA by tail 
length, the analytical uses of,,,,uch separation should 
be approached with cautroti > 

The studies presented here show that polynucleo- 
tides of kilobase lengths can be fractionated by 
HPAC. The mRNA recovered is apparently full 
length and shows no evidence of short fragments 
being produced by either shear forces or RNAse 
digestion during the chromatography experiment. 
The mRNA recovered is equivalent to mRNA iso- 
lated by more traditional techniques in size and that 
it can be ligated and specifically digested by en- 
zymes (e.g., T4 RNA ligase, RNAse A and T1). It 
could presumably also be used directly for the vari- 
ous other enzymatic manipulations commonly used 
in molecular biology. When kilobase size mRNA 
was fractionated (Fig. 3 and 5), the fractionation is 
again clearly based on the length of the poly(A) tail 
(Fig. 4) and is of higher resolution than that ob- 
tained in similar low-pressure applications. Using 
DNA-silica preparatively, poly(A) mRNA can be 
isolated from crude RNA in as little as 8 min (Fig. 
2). DNA-silica can separate oligonucleotides which 
differ by a single base in length (Fig. 1 and ref. 1). 

Thus, DNA-silica, because it is a fast, high-reso- 

lution method for fractionating polynucleotides, 
represents a significant improvement over existing 
low-pressure chromatographic supports. 
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